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Emergency Contact Information

• Email address for organizers: coolstars23tokyo@gmail.com

• LOC Representatives

– Takeru Suzuki (stakeru@ea.c.u-tokyo.ac.jp)
– Issei Yamamura (yamamura@ir.isas.jaxa.jp)

• Venue security center, TOC Ariake Security and Disaster Prevention Center: +81-3-5500-3535

• Police TELL (Tokyo Wangan Police Station): +81-3-3570-0110

• Police emergency TEL: 110

• Medical emergency TEL (ambulance and fire services): 119

• Tokyo Medical Information Site for Foreign Tourists and Residents:
https://www.hokeniryo.metro.tokyo.lg.jp/iryo/iryo_hoken/medical_info_eng

• A 24/7 call center for travelers in Japan (available in English)
https://www.hokeniryo.metro.tokyo.lg.jp/iryo/iryo_hoken/medical_info_eng/japan_visitor_
hotline
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Sponsors and Patronage

• Supported by Tokyo Convention & Visitors Bureau.

• Supported by the Astrobiology Center (ABC).

• Supported by the Nakatsuji Foresight Foundation.

• Supported by the National Astronomical Observatory of Japan (NAOJ) Research Coordination
Committee, NINS (NAOJ-RCC-2601-0205).

• Supported by the Japan Society for the Promotion of Science (JSPS) KAKENHI Grants (24H00248
& 120269403 PI: Daisaku NOGAMI, 24K00654 PI:Masanobu KUNITOMO, 24KJ0241 PI: Mayuko
MORI, 24K07093 PI: Ayumi ASAI, 24K00689 PI: Akihiko FUKUI, 24K00685 PI: Hiroyuki MAE-
HARA, 25K01041 PI: Kosuke NAMEKATA, 25K24620 PI: Norio NARITA, 25K01033 PI: Yoshi-
fusa ITA, 25K07387 PI: Kento MASUDA, 26H02065 PI:Takeru SUZUKI).

• Patronage from the Astronomical Society of Japan.
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Code of Conduct

The Cool Stars 23 organizers are committed to making this meeting productive and enjoyable for
everyone, regardless of gender, sexual orientation, disability, physical appearance, body size, ethnicity,
nationality, or religion. We will not tolerate harassment of participants in any form. Please follow
these guidelines:

Behave professionally. Harassment and sexist, racist, or exclusionary comments or jokes are not appro-
priate. Harassment includes sustained disruption of talks or other events, inappropriate or unwelcome
physical contact, sexual attention or innuendo, deliberate intimidation, stalking, and photography or
recording of an individual without consent. It also includes offensive comments related to gender,
sexual orientation, age, disability, physical appearance, body size, ethnicity, or religion. All commu-
nication should be appropriate for a professional audience of people from many different backgrounds.
Sexual language and imagery is not appropriate. Be kind to others. Do not insult or put down other
attendees. Participants asked to stop any inappropriate behavior are expected to comply immediately.
Attendees violating these rules may be asked to leave the event at the sole discretion of the organizers
without a refund of any charge. The full Cool Stars 23 Code of Conduct is available here (PDF).

7

https://coolstars23.github.io/docs/codeofconduct.pdf


Splinter Schedule

Monday
Open Clusters as laboratories for cool star evolution

Deepak Chahal, Beatrice Caccherano, Ed Gillen (Queen Mary University of London), Rob Jeffries
(Keele University), Dario Fritzewski (KU Leuven)

Young Stars with Evolving Planetary Systems

Norio Narita (University of Tokyo), John Livingston (Astrobiology Center, Japan), Kiyoe Kawauchi
(Ritsumeikan, Japan), Enric Palle (Instituto de Astrofisica de Canarias), Jaume Orell-Miquel (Univer-
sity of Texas at Austin), Eric Gaidos, Fei Dai (University of Hawaii)

The coolest massive stars: winds, companions, and the aftermath of red supergiants

Elvire De Beck (Chalmers University of Technology), Miguel Montargès (Paris Observatory), Markus
Wittkowski (ESO), Emma Beasor (Liverpool John Moores University), Lee Patrick (Astrobiology
Centre, Spain)

Tuesday
Connecting Granulation and Magnetic Activity in Radial Velocities: The Next Break-
through for High-Precision Spectroscopy

Ancy Anna John, Federica Rescigno (University of Birmingham), Khaled Al Moulla, Carmen San
Nicolas Martinez (Center for Astrophysics at the University of Porto), Thomas Wilson (University of
Warwick), Nadège Meunier (Institut de Planétologie et d’Astrophysique de Grenoble), Andrew Collier
Cameron (University of St. Andrews), Sophia Sulis (Laboratoire d’Astrophysique de Marseille)

Connecting Cool Dwarfs’ Stellar Chemistry to Exoplanet Structure and Atmospheres

Diogo Souto (Federal University of Sergipe), Katia Cunha (Steward Observatory), Nuno Santos (Insti-
tuto de Astrofísica e Ciências do Espaço), Rafael Luque (Instituto de Astrofísica de Andalucía), Enric
Palle (Instituto de Astrofísica de Canarias), Ian Crossfield (University of Kansas), Yui Kawashima
(Kyoto University, Japan), Verne Smith (NOIRLab)

Multiplicity of cool stars and their evolution

Leen Decin (KU Leuven), Matthew I. Swayne (University of Glasgow), Orsola De Marco (Macquarie
University), Pierre Kervella (Observatoire de Paris), Dorota Skowron (University of Warsaw), Theo
Khouri (Chalmers University), Ayush Moharana (Keele University), Nikki J. Miller (Uppsala Univer-
sity), José A. Caballero (Centro de Astrobiología, Madrid), Krzysztof G. Helminiak (N. Copernicus
Astronomical Center, Toruń), Thibault Merle (Université Libre de Bruxelles & Royal Observatory of
Belgium), Valentin D. Ivanov (ESO, Garching), Swetlana Hubrig (Leibniz-Institut für Astrophysik
Potsdam)

Thursday
Rotation and Magnetism off the Main Sequence

Joel Ong (University of Sydney), Li Yaguang (University of Hawaii), Sébastien Deheuvels (IRAP
Toulouse), Rachael Roettenbacher (University of Michigan)

Dissecting clouds and atmospheres of the coldest substellar worlds with JWST

Emily Rickman (ESA/STScI), Daniella Bardalez Gagliuffi (Amherst), Elena Manjavacas, Julien Gi-
rard (STScI)
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From Grains to Galaxies: Dust from Evolved Stars—Bridging Hydrodynamics, Chem-
istry, and Observations

Matthias Maercker, Theo Khouri (Chalmers University of Technology)

Talk events
Data: June 14, 2026

Centennial Solar Variability: Reconstructions from Historical Documents
Presenter: Hisashi Hayakawa (Nagoya University)
Specialist in the reconstruction of extreme solar storms and long-term solar variability using historical
records. He will present several examples of how past solar activity can be quantified using historical
records.

The Sun Among the Stars: Activity, Variability, and the Path to a Habitable Earth
Presenter: Alexander Shapiro (University of Graz)
Specialist in stellar and solar activity and variability. He will compare the Sun with other stars using
multiple activity proxies and discuss how typical the Sun is as an active star. He will also discuss
which combination of factors contributed to making the Sun a hospitable host star for a habitable
Earth.

Special Talk
Data: June 16, 2026

Discovery History of Superflares
Presenter: Kazunari Shibata (Doshisha University and Kyoto University)
In 2012, Hiroyuki Maehara et al. published a paper entitled “Superflares on Solar-Type Stars” in
Nature, based on a detailed analysis of a large amount of Kepler data, in collaboration with five
undergraduate students: Takuya Shibayama, Yuta Notsu, Shota Notsu, Takashi Nagao, and Satoshi
Kusaba. Here, superflares are defined as flares with energies more than 10 times greater than those
of the largest solar flares observed during the past 30 years (i.e., superflare energies exceed 1033 erg).
Since then, research on superflares has become very active worldwide, not only in relation to space
weather in the present Sun–Earth system (i.e., the possibility of future solar superflares), but also in
the context of the habitability of exoplanets (i.e., exoplanetary space weather). In this special lecture,
I will review the history of how superflare research began in 2010, which was the actual first year of
our search for superflares on solar-type stars observed by Kepler, and discuss prospects for further
development of superflare studies worldwide.
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Plenary Talks

ID: I11
Current understanding of solar and stellar convection zones: insights from numerical
simulations

Presenter: Hideyuki Hotta (Nagoya University)
Author list:
Hideyuki Hotta
Nagoya University
Session: Fundamental properties and processes of Cool Star Interiors

The magnetic field in low-mass stars is generated by dynamo action in their convection zones. Tur-
bulent thermal convection, in combination with stellar rotation, plays a central role in shaping this
process. Because direct observations of solar and stellar interiors are extremely limited, numerical
simulations are essential for advancing our understanding. In this talk, we summarize recent progress
in numerical simulations of solar and stellar convection zones, with particular emphasis on the gen-
eration of differential rotation. On the solar side, there remains a significant discrepancy between
helioseismic constraints and numerical models, known as the convective conundrum. On the stellar
side, growing observational evidence for differential rotation and magnetic activity across a wide range
of stellar parameters provides new opportunities to test and refine simulation-based models.

ID: C101
The Relationship Between Solar and Stellar Tachoclines, Dynamos, and Spin-Down

Presenter: Loren Matilsky (University of California, Santa Cruz)
Author list:
Loren Matilsky (1); Lydia Korre (2); Nicholas Brummell (1)
(1) University of California, Santa Cruz; (2) University of Colorado Boulder
Session: Fundamental properties and processes of Cool Star Interiors

Spin-down, the process by which stars slow their bulk rotation rate over time, remains a central
unsolved problem in stellar astrophysics. In the canonical ”Skumanich relation,” the magnetic field
strengths and rotation rates of relatively young stars are observed to decline with stellar age t like
t( − 1/2). However, recent asteroseismic measurements suggest that Skumanich-style spin-down is
abruptly halted around t ∼ a few Gyr in a process called ”weakened magnetic braking.” Spin-down
torques are ultimately caused by the global stellar dynamo, which drives mass and angular momentum
loss through a stellar wind. Understanding how the dynamo generates these torques and how they
propagate inward is thus essential for explaining the recent observations and more fundamentally
for quantifying how angular momentum transport and dynamo activity affect stellar evolution. To
complicate matters further, the Sun (and likely other cool stars) are observed to have internal layers
of intense shear known as tachoclines, which separate the differentially rotating convective envelope
from the rigidly rotating radiative core. How these tachoclines stay thin is another major dynamical
puzzle of stellar angular momentum transport. Recently, we have implemented extremely large-scale
3-D MHD simulations of a convective envelope/radiative core system that for the first time are able to
confine tachoclines by the nonaxisymmetric modes of a global dynamo in a fully self-consistent manner.
Furthermore, these simulations possess Maxwell stresses that propagate the spin-down torques deep
into the radiative interior in order to rigidify the system at depth. Our new models suggest a unified
picture for the dynamo, tachocline, and spin-down in cool stars, wherein the dynamo (which is itself
primarily driven by the tachocline’s shear) not only confines the tachocline but also propagates the
surface spin-down deep into the underlying radiative interior.
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ID: C102
Bridging helioseismic observations and 3-D numerical simulations: the case of meridional
circulation

Presenter: Yoshiki Hatta (Nagoya University)
Author list:
Hideyuki Hotta (1); Laurent Gizon (2,3,4)
(1) Nagoya University; (2) Max Planck Institute for Solar System Research; (3) The University of
Göttingen; (4) New York University Abu Dhabi
Session: Fundamental properties and processes of Cool Star Interiors

The solar MC reflects the internal dynamics (angular momentum transport, thermal convection, etc.),
as well as plays an essential role in the solar dynamo by transporting magnetic fields. It is therefore of
great importance for us to reveal the solar MC profile. We can infer the solar MC profile by inverting
acoustic travel times, which are times it takes acoustic wave packets to propagate through the solar
interior. Still, mainly due to tiny velocity amplitudes (predicted to be, e.g., a few m/s around the
bottom of the convection zone), the MC inferences have not converged yet; whether the solar MC is
single- or double-cell is not completely clear. A promising alternative way is the forward modeling
where a model MC profile is used to theoretically compute travel times, which are then compared
with observed ones. Since current 3-D MHD numerical simulations of the solar convection predict
either cylindrical or double-cell MC profiles, the forward modeling may allow us to distinguish these
two profiles. In this talk, I will share results of forward modeling based on a state-of-the-art 3-D
MHD numerical simulation conducted by Hotta (H25), which exhibits a double-cell MC profile. The
comparison between the modeled travel times and those measured by Gizon et al. (G20) shows a
reasonable agreement. This contrasts with previous attempts by Stejko et al. where cylindrical MC
profiles in their 3-D MHD models are prone to leading to significantly smaller travel times than G20’s
measurements. Moreover, differences between our modeled travel times and those computed based
on the previous helioseismic inversion results can be explained by numerical artefacts in H25’s MC
around the subsurface equatorial region. Thus, this study gives us a hint for improving 3-D MHD
numerical simulations as well, which clearly highlights the relevance of the forward modeling approach
to investigate the solar MC from the both theoretical and observational perspective.

ID: C103
A Rotational Threshold for the Collapse of the Global Stellar Dynamo

Presenter: Travis Metcalfe (Center for Solar-Stellar Connections, WDRC)
Author list:
T.S. Metcalfe (1); J.L. van Saders (2); M.H. Pinsonneault (3); T.R. Ayres (4); O. Kochukhov (5); K.G.
Stassun (6); A.J. Finley (7); V. See (8); I.V. Ilyin (9); K.G. Strassmeier (9)
(1) WDRC; (2) Univ. Hawaii; (3) Ohio State Univ.; (4) Univ. Colorado Boulder; (5) Uppsala Univ.;
(6) Vanderbilt Univ.; (7) Univ. Paris-Saclay, CEA; (8) Univ. Birmingham; (9) Leibniz-Institut für
Astrophysik Potsdam
Session: Fundamental properties and processes of Cool Star Interiors

Standard models of stellar angular momentum evolution fail to describe the rotation of stars older
than the Sun, which exhibit anomalously rapid rotation in Kepler and TESS field samples. This phe-
nomenon, known as weakened magnetic braking (WMB), is hypothesized to stem from a fundamental
shift in magnetic morphology. We present a uniform reanalysis of a broad sample of stars (late F to
early K) using direct spectropolarimetric magnetic field measurements and X-ray inferred mass-loss
rates to bypass traditional, indirect activity proxies. Our results demonstrate an abrupt, two order of
magnitude decrease in wind braking torque as the Rossby number approaches a critical point slightly
above the solar value (Ro ∼ 1.01Ro⊙). Notably, our results indicate that the Sun is already well
within this transition, with its current wind braking torque significantly suppressed relative to the
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predictions of traditional spin-down models. The transition is clearly reflected in both large-scale
magnetic field strengths and X-ray luminosities, signaling a disruption of global organizing flows and
weakened coronal heating. We interpret these findings as evidence of a rotational threshold for the
influence of Coriolis forces on global convective patterns, a transition that can be modeled as a super-
critical Hopf bifurcation where global dynamo excitation ceases. This work provides a physical basis
for the observed ”flat-activity” state in old stars and establishes a new paradigm for the limitations
of gyrochronology beyond the middle of main-sequence lifetimes.

ID: C104
Spontaneous magnetic flux-concentration in global convective dynamos: towards spot
formation

Presenter: Antoine Strugarek (CEA Paris-Saclay)
Author list:
Quentin Noraz (2), Sacha Brun (1), Adam Finely (3)
(1) CEA Paris-Saclay; (2) KU Leuven; (3) ESA, ESTEC
Session: Fundamental properties and processes of Cool Star Interiors

Magnetic activity in cool stars manifests itself through surface structures such as plages and starspots,
which dominate photometric and spectroscopic variability and are key diagnostics of stellar magnetism.
These structures arise from the concentration of magnetic flux at the stellar surface, yet the physical
mechanisms on how they form and where they are rooted remain poorly understood, even in the solar
case. In particular, spots form at intermediate spatial scales and follow the large-scale magnetic cycle,
indicating an interplay between global and local dynamical processes.

We present a series of global convective dynamo simulations that approach photospheric conditions
and explore increasingly turbulent regimes relevant to cool-star envelopes. In these models, magnetic
flux concentrations form spontaneously near the surface, without imposed flux tubes or surface forcing.
The resulting structures are strongly magnetised (local ME/KE > 100), and develop on spatial scales
larger than the local convective scale. They preferentially arise in the low-density near-surface layers,
where magnetic back-reaction is able to suppress convective heat transport. This suppression produces
localized cool regions with reduced convection, resembling spot-like features and providing a plausible
pathway toward sunspot and starspot formation in global dynamo models.

ID: I12
Recent Discoveries and Ongoing Mysteries of Cool Star Interiors

Presenter: Jamie Tayar (University of Florida)
Author list:

Session: Fundamental properties and processes of Cool Star Interiors

We now regularly make models of low-mass stars, predicting their interior structure and evolution
as a function of mass and metallicity. While these predictions have been extremely useful, the ever-
improving landscape of data has made it clear that there are still many things left to be learned
about evolution, mixing, rotation, and magnetism in all phases from the pre-main-sequence to white
dwarfs. I will describe recent improvements in our understanding of cool stars, as well as some of the
open questions. Finally, I will highlight some of the opportunities for continued improvement in our
understanding of cool star interiors, including ongoing work and upcoming missions.

ID: C105
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Helioseismic Detection of Solar Dynamo Waves and Implications for Magnetic Activity
of Cool Stars

Presenter: Alexander Kosovichev (New Jersey Institute of Technology)
Author list:
A.G. Kosovichev (1); K. Mandal (1); K. Villamayor (1); A.V. Getling (2); V.V. Pipin (3)
(1) New Jersey Inst. Tech.; (2) Moscow Univ.; (3) Inst.Solar-Terr. Phys.
Session: Fundamental properties and processes of Cool Star Interiors

Magnetic cycles in solar-type stars reflect the physics of stellar dynamos, yet the basic mechanisms
of magnetic field generation and transport remain debated. Using uninterrupted helioseismic ob-
servations of the Sun’s internal differential rotation since 1996, we detect migrating bands of zonal
acceleration (torsional oscillations) that originate near the base of the convection zone and propagate
in both radius and latitude, forming extended 22-year cycles. The inferred propagation is consistent
with dynamo-wave behavior and points to the tachocline as the primary seat of cycle initiation. He-
lioseismic observations also show that these migrating wave patterns are accompanied by coherent,
cycle-dependent changes in the meridional circulation and the internal sound-speed structure, consis-
tent with thermal perturbations induced by magnetic modulation of convective heat transport. We
discuss how the combined constraints - variations of the internal differential rotation and meridional
circulation, coupled with thermodynamic signatures - can discriminate among flux-transport and dis-
tributed dynamo models and provide a helioseismically calibrated benchmark for interpreting magnetic
activity in solar-type stars.

ID: C106
Radial differential rotation leading to dipole collapse in pre-main-sequence stars

Presenter: Anna Guseva (Polytechnic University of Catalonia (UPC))
Author list:
A. Guseva (1,2), L. Manchon (2); L. Petitdemange (2); C. Pinçon (3, 2)
(1) Polytechnic Univ. of Catalonia (UPC); (2) The Paris Observatory; (3) Institut d’Astrophysique
Spatiale (IAS), France
Session: Fundamental properties and processes of Cool Star Interiors

Despite significant progress in observing stellar magnetic fields, the physical processes that determine
their strength and structure - likely shaped by their formation history - remain poorly understood.
During the pre-main-sequence (PMS) phase, a star’s inner layers contract, gradually forming a radia-
tive core, while its convective envelope slows due to magnetic interactions with the accretion disk and
winds. This creates internal differential rotation, which can disrupt the dynamo processes generat-
ing strong dipolar fields observed in protostars. Such disruption could explain the diverse magnetic
properties observed in main-sequence stars. In this talk, I’ll share our recent work on the stability
of dipolar magnetic fields inherited from the protostellar phase, focusing on how large-scale radial
differential rotation, driven by stellar contraction and interactions with the surrounding medium, af-
fects them. To this aim, we developed 3D convective dynamo simulations of rotating spherical shells,
where we imposed differential rotation between the inner and outer boundaries, and density and grav-
ity profiles close to those in PMS low-mass stars, based on predictions from the 1D stellar evolution
code Cesam2k20. Our results show that radial differential rotation can indeed trigger dipole collapse,
leading to weaker, oscillatory magnetic fields, when it becomes stronger than the vigor of convection.
We derived a collapse criterion from our 3D dynamo simulations and applied it to 1D PMS stellar
evolution models, qualitatively reproducing the observed trends in the magnetic topology of low-mass
stars when assuming efficient angular momentum transport in stellar radiative cores. This suggests a
strong connection between stellar magnetic properties and PMS angular momentum evolution.
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ID: C107
Extra Mixing During the Main Sequence: Whatever Depletes Lithium Does Not Touch
Beryllium

Presenter: Henrique Reggiani (NOIRLab)
Author list:
H. Reggiani(1); J. Yana Galarza(2,3); D. Lorenzo-Oliveira(4); S. Covarrubias(2,5); M. Oyague(6); R.
Valle(6); J. Chanamé(7)
(1) Gemini South/NOIRLab; (2) Carnegie Observatories; (3) Univ. de Concépcion; (4)Laboratório
Nacional de Astrofísica; (5) Caltech; (6) U. Nacional Mayor de Saan Marcos; (7) Pontificia Univ.
Católica de Chile
Session: Fundamental properties and processes of Cool Star Interiors

Standard Evolution Models are incapable of explaining the observed lithium depletion as a function
of stellar age in solar-like stars. To do so, one needs to include extra-mixing theories into the models.
Proposed mechanisms range from stellar rotation all the way to gravity waves. From an observational
perspective, lithium alone seems to be insufficient to constrain which extra-mixing mechanism is re-
sponsible for the observed depletion. Along with lithium Beryllium it is one of the lightest elements
that can be observed in stellar photospheres and that can be burned in relatively low effective temper-
atures (3.5 and 2.5 Million Kelvin for Be and Li, respectively). Its measurement in the photosphere
of solar-like stars can thus help constrain stellar mixing models because the level of the combined
lithium and beryllium depletion as a function of time will indicate how deep the photospheric material
must be dredged to explain the observed abundances. In Reggiani et al. (2025), we studied Be in
a sample of 20 solar-twins of different ages, which show the typical lithium depletion, to provide an
extra constraint to models proposing different extra-mixing mechanisms. Based on our data, models
that invoke convective overshoot and convective settling are preferred over typical rotationally induced
mixing models, as the latter burn Be in excess while the former do not. Previous works also proposed
mixing due to gravity waves as a possible explanation for observed abundances, which can fit our
data as well. Furthermore, based on our solar twins, Be depletion likely happens within the first ∼1
Gyr. We also confirm previous findings of an increase in Be abundance as a function of metallicity,
indicative of galactic production via cosmic-ray spallation solar twins.

ID: C108
A Long-Lived, Deep-Seated Main-Sequence Magnetic Field Emerging in the White Dwarf
Phase

Presenter: Maria Camisassa (Universitat Politècnica de Catalunya)
Author list:
Camisassa, M. (1); Castro-Tapia, M. (2); Fuentes, J. R. (3); Zhang, S. (2); Schreiber, M. R. (4);
Rebassa-Mansergas, A. (1); Torres, S. (1); Raddi, R. (1); Dominguez, I. (5)
(1) Universitat Politècnica de Catalunya; (2) McGill University; (3) University of Colorado Boulder;
(4) Universidad Técnica Federico Santa María; (5) Universidad de Granada
Session: Fundamental properties and processes of Cool Star Interiors

White dwarf stars represent the final evolutionary stage of stars with initial masses lower than ∼ 10M⊙.
As such, their study provides valuable information on the properties of main-sequence, red giant, and
asymptotic giant branch (AGB) stars. Recent analyses of volume-limited samples of magnetic white
dwarfs indicate that the incidence of magnetism increases with both stellar age and mass. In this
presentation, I show that these observational trends, as well as the inferred magnetic field strengths,
are consistent with the emergence of a long-lived, deep-seated magnetic field. We propose that this
field is originated by dynamo action within the convective cores of main-sequence stars. Under specific
assumptions, we track the evolution of this magnetic field through the red giant and AGB phases and
model its subsequent emergence during the white dwarf phase. We demonstrate that a magnetic field
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of order 50 kG, generated in the convective cores of main sequence stars and preserved within the
stellar interior throughout later evolutionary stages, can naturally emerge at the white dwarf surface
with strengths and timescales consistent with current observational constraints.
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Session: Advances in Models and Observations of Atmospheres in Cool Objects

Models of stellar atmospheres underpin nearly everything we know about stars. They enable quantita-
tive diagnostic spectroscopy, i.e. the physical interpretation of stellar spectra. The availability of such
models across a wide stellar parameter space is a prerequisite for the operation of large spectroscopic
surveys, such as LAMOST, GALAH, and 4MOST, as well as high-resolution spectrographs on tele-
scopes like Keck Observatory, Very Large Telescope, Subaru Telescope, and soon the Extremely Large
Telescope. These facilities push the limits of the observable Universe while delivering unprecedented
spectral data. Their scientific return critically depends on stellar atmosphere models matching the
quality of the data.

In this talk, I will review recent advances in 3D stellar atmosphere modelling and non-LTE stellar
spectroscopy. I will outline the physical principles underlying this new generation of models and
discuss the challenges of combining them with complex, noisy observational data. Finally, I will
highlight key examples illustrating how the interplay between new data and improved models drives
progress in understanding stellar evolution, chemical composition of stellar populations, and the star-
planet connection.
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Cool M dwarfs have become prime targets in modern stellar and exoplanet astrophysics, as their
magnetic activity strongly influence both planet detectability and the interpretation of observed signals.
At the same time, their cool atmospheres are dominated by complex molecular opacities, making
them among the most challenging stars to model reliably. We present a new set of fully 3D radiative
magnetohydrodynamic (MHD) simulations of cool M dwarfs spanning spectral types from M0 to M8,
computed with the MURaM code. These models resolve surface convection and magnetic structuring
self-consistently, allowing us to investigate how convective dynamics and magnetic fields shape the
photosphere and the manifestation of faculae across the M-dwarf sequence. Using the MPS-ATLAS
code for detailed radiative transfer, we compute synthetic spectra and wavelength-dependent limb
darkening (LD) from the 3D simulation cubes. We examine how stellar parameters and magnetic
activity imprint on spectra and LD, and compare these results to 1D models, providing physical insight
into model limitations and uncertainties and guiding future improvements in stellar characterisation.
We also present preliminary quantitative comparisons with observations of selected benchmark targets.
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Session: Cool Stars with Protoplanetary Disks and Exoplanetary Systems

Stellar surface heterogeneity in cool stars—arising from spots, faculae, clouds, variable convection, and
magnetic fields—introduces coupled degeneracies in stellar spectra that complicate inferences from ex-
oplanetary transmission spectra. NASA’s recently launched Pandora SmallSat Mission enables a dedi-
cated stellar science program to quantitatively disentangle these effects for 20 exoplanet-hosting K and
M dwarfs through simultaneous visible photometry and near-infrared spectroscopy acquired over long
time baselines. Here we show that multi-epoch, multi-band Pandora observations can break degenera-
cies that are otherwise intrinsic to single-epoch stellar spectra, enabling percent-level constraints on
spot covering fractions and temperature contrasts for cool-star photospheres and identifying regimes in
which stellar complexity dominates the error budget of exoplanet atmospheric inferences. We further
show how Pandora’s spectro-photometric constraints are augmented by high-resolution spectroscopy
and long-baseline photometric monitoring, which provide independent constraints on magnetic ac-
tivity and surface morphology. This talk presents the stellar heterogeneity analysis framework imple-
mented for Pandora that integrates long-baseline spectro-photometric monitoring of exoplanet-hosting
cool stars, grid-based and Gaussian-process-assisted retrieval techniques, complementary ground- and
space-based observations, and refined determinations of fundamental stellar parameters with well-
calibrated stellar models. Together, these results establish Pandora as a key facility for quantitative
cool-star characterization and provide a pathway for mitigating stellar contamination in current and
future exoplanet missions, including JWST and the Habitable Worlds Observatory.
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As our understanding of stellar physics increases, supergranulation remains one of the biggest mys-
teries in the study of stellar variability. We have a very limited understanding of how it affects our
spectral observations of stars other than the Sun, and as such we do not fully understand the complex
physics that underpins this phenomenon. In this talk I will outline how we can use high signal-to-noise
solar observations to start to untangle the spectral impact of this signal. Using a novel time-domain
Gaussian Process model, as opposed to the traditional frequency domain modelling techniques previ-
ously used, I will show how we can probe supergranulation flows, specifically timescale and amplitude,
at different physical depths in the stellar atmosphere. We will investigate how modelled formation
temperatures can be used in the context of supergranulation, and look at how the signal changes
between spectral lines, the first step in the hunt for a ‘spectroscopic supergranulation indicator’. I will
show preliminary results of applying this to other stellar types for the first time, in order to test the
stellar scaling laws that we assume, but have not proven, govern the supergranulation signal. From
this, I will demonstrate the need for a dedicated supergranulation observational campaign and talk
about the Terra Hunting Experiment’s potential SHE survey, one of the first of these campaigns, and
the preparations taken for it, as well as multi-instrument campaigns to characterise the signal.
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Stellar wind models are crucial in order to understand the environment around a star, and its possible
impact on surrounding exoplanets. However, most models suffer from the same limitation: they
compute quasi-static relaxed states that are not evolving. In order to take into account active stars
that can have rapid changes of structure in their magnetic field that propagate up to the corona, we
need to have time-dependent wind models that have assimilative boundary conditions.

We present such a model, improving the Wind Predict model (Réville+2015, Perri+2018) based on
the PLUTO code (Mignonne+2007). We start with the simple polytropic version (no Alfvén waves
included). Focusing first on the solar case where we have more data, we have modified the boundary
conditions of the code in order to assimilate magnetic observations at regular times. We compare first
to a standard test case from Lionello+2005, and quantify the impact of various interpolation technics
on the quality of the final solution. We finally show a physical case, where the time-dependent model
and quantify the addition of the time-dependency for the solar case. We then discuss the impact for
stellar winds and stellar models.

ID: C206
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Candidate events on stars, supported by clear events on the Sun, suggest “coronal dimming” signals
may be a powerful way to study coronal mass ejections (CMEs) across a range of stars. However, mag-
netically confined events can also produce signals that resemble CME-induced dimming, complicating
identification. Here, we present modeling and observational analysis of both confined and eruptive
events on the Sun to quantitatively compare dimming morphology and evolution. We show that
eruptive events preferentially produce deeper, longer-lived, and more spatially extended dimmings,
whereas confined flares tend to yield weaker, shorter-lived, and more localized signatures. Using the
newly developed SPECTRUM code, we synthesize EUV/UV spectra to identify features that dis-
tinguish eruptive from confined cases. We then extend these results to stellar scenarios, identifying
challenges and recommending solutions for using coronal dimming to detect stellar CMEs. With
insights from models validated with detailed solar observations, we argue that it is possible to use
coronal dimming as a reliable indicator of stellar CMEs.
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The advance in the high-angular-resolution techniques from the visible to the infrared to the radio—
down to a few milliarcseconds—has enabled us to directly see the complex and dynamical nature of
the atmosphere and innermost circumstellar environment of cool evolved stars.

High-angular-resolution ALMA observations of asymptotic giant branch (AGB) stars have revealed, in
unprecedented detail, inhomogeneous clumpy structures and complex dynamics within several stellar
radii, far from monotonically accelerating spherical stellar winds. By combining the ALMA imaging in
different molecular lines with dust formation maps obtained by contemporaneous visible polarimetric
imaging, it has been shown that some molecules participate in dust formation, while others form in
shock-induced non-equilibrium chemistry. This helps us better understand the role of dust grains in
accelerating the AGB stellar winds. Furthermore, infrared interferometric imaging with the Very Large
Telescope Interferometer (VLTI) and the Center for High Angular Resolution Astronomy (CHARA)
array has allowed us to resolve the surface structures of cool evolved stars.

In the case of red supergiants (RSGs), multiwavelength high-angular-resolution observations have
unveiled the multicomponent nature of their atmospheres. Our recent contemporaneous imaging of
the well-studied RSG Antares in the Halpha line, visible polarized light, and radio continuum using
VLT/SPHERE and ALMA indicates the coexistence of material at widely different temperatures
within a few stellar radii—from dust-forming cold gas at < 1500 K to hot plasma above 8000 K,
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suggesting that the material at the different temperatures may exist in spatially distinct small cells.

High-resolution imaging is also a key for shedding new light on binary effects on the evolution of stars.
We discuss the VLTI imaging of the LMC RSG WOH G64 that is changing on a human time scale
and the peculiar Li-rich red giant BI Ind.
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The significant mass loss of Asymptotic Giant Branch (AGB) stars enriching the galactic environment
originates in a dynamic extended atmosphere, a turbulent region where giant convective cells and
pulsations create the necessary conditions for dust formation. Historically, observational constraints
on this critical zone have been fragmented: radio interferometry (e.g., VLA, cm-wave ALMA) resolves
the classical thermal surface, while infrared interferometry (e.g., VLTI) probes the outer molecular
and dusty layers. Consequently, the continuous physical transition between the hydrostatic stellar
surface and the extended envelope has never been directly observed. In this presentation, I bridge
this gap using high-resolution ALMA observations that reveal the evolution of the stellar atmosphere
from the radio photosphere to the dust or molecular (pseudo)-continuum.

We utilize high-resolution ALMA continuum observations of the AGB star R Leo, spanning a wide
frequency range to probe the stellar atmosphere layer-by-layer and constrain changing opacity sources.
Crucially, this dataset includes multi-epoch monitoring in Bands 4 and 7 to capture intrinsic temporal
variability. To interpret these data, we developed an enhanced implementation of UVMultifit utilizing
nested sampling for robust visibility fitting. This robust Bayesian framework allowed us to meticulously
measure the brightness temperature profile, separating the subtle deviations driven by atmospheric
dynamics from frequency-dependent opacity trends.

Our results map the evolution of the radio photosphere: low-frequency emission aligns with shock-
heated convective layers, while higher frequencies reveal a significant surface expansion. We char-
acterize the frequency-dependent behavior of the spectral index and stellar size, providing empirical
constraints on the dominant opacity sources. By analyzing these trends, we offer new insights into
the transition from gas-phase dynamics to the onset of the wind-driving zone.
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Cool, dark starspots are caused by the suppression of convection in the stellar photosphere due to
strong magnetic fields. These features are readily observed, often as they rotate into and out of view.
With indirect methods that require inverse techniques, information on the exact starspot location,
number, and size can be lost due to degeneracies that cannot be broken. Long-baseline optical inter-
ferometry, however, provides the opportunity to unambiguously observe the stars and their spots as
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they appear on the sky. With the 330-m Center for High Angular Resolution Astronomy (CHARA)
Array and the H-band MIRC-X and K-band MYSTIC beam combiners, we achieve sub-milliarcsecond
resolution and directly image the spotted surfaces of active giant and main-sequence stars. We present
interferometric images of stellar surfaces at multiple epochs showing short- and long-term evolution,
which emphasizes the strength of this method for tracking changes that can go unobserved with other
methods. We additionally highlight the utility of these images for modeling and isolating the radial
velocity signature of the stellar surface in exoplanet searches, like the 100 Earths Survey using the
EXPRES extreme precision radial velocity spectrograph.
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With a temperature less than 300 K, the brown dwarf WISE 0855–07 occupies a regime where at-
mospheric chemistry, clouds, and dynamics operate on truly planetary scales. This object serves as
a tantalizing analogue for cold exoplanets, yet our understanding of its atmosphere has been shaped
almost entirely by time-averaged spectra—static snapshots of what is, in reality, a dynamic world.

JWST has changed that picture. In this talk, I will present an 11-hour, time-resolved spectroscopic
sequence of WISE 0855–07 obtained with JWST/NIRSpec, revealing a richly structured pattern of
variability across the 3–5 µm window. The variability is not uniform: it is strongest within specific
molecular bands, with carbon monoxide dominating the signal and additional contributions from
carbon dioxide and phosphine. These modulations reach amplitudes of several percent, indicating
that the atmosphere is neither chemically nor thermally homogeneous.

By applying atmospheric retrievals to individual rotational phases, we move beyond qualitative vari-
ability and instead track how the atmospheric state itself changes with time. We find that much of
the observed spectral variability can be driven by modulations of the thermal structure, but that the
abundances of species in chemical disequilibrium must also change. Complementary self-consistent
modeling shows that these chemical modulations are naturally explained in the presence of patchy
water clouds interacting with vertically mixed gas, linking horizontal weather patterns to vertical
transport in the coldest brown dwarf known.

These results offer the first time-resolved view of weather on a free-floating atmosphere at cold tem-
peratures. WISE 0855–07 emerges not as a static benchmark, but as an active climate system, where
clouds, chemistry, and dynamics leave measurable fingerprints in JWST spectra. This work provides
a critical bridge between brown dwarf variability studies and the emerging era of spectroscopy of cold
exoplanets.
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About one in a hundred stars shows Li-enhancement compared to other stars at similar metallicity
and evolutionary status. Among them, those unevolved and before the first dredge-up are the most
enigmatic ones since the internal Li production, which is the promising scenario for those evolved and
on the red giant branch, is unlikely to provide an explanation for such stars. While about 2/3 of the
known unevolved Li-rich stars show no sign of radial velocity variation, all three metal-poor stars that
were found to have massive (>1.2 Msun) compact objects as companions were found to be Li-rich.
We report on additional radial velocity observations for the first group of stars, confirming the lack of
companions. Nonetheless, we discuss potential external polluters that could have enriched the surface
of the currently observed stars with Li through a comparison of observed detail chemical abundances
and nucleosynthesis models. Classical novae of a massive ONe white dwarf and intermediate AGB stars
are found to be the most promising polluters from a chemical perspective. While the binary status
poses a challenge to the AGB scenario, we show via a binary population synthesis model that capture
of novae ejecta in triple-star systems can provide a viable explanation for the chemical abundance and
the binary status of the unevolved Li-rich stars. We further show that there is a potential smoking
gun that can confirm the nova scenario by future observations in the ultraviolet.
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The growing number of exoplanet discoveries has emphasized the importance of stellar magnetic activ-
ity in shaping exoplanetary atmospheres. Kepler and TESS have revealed that some exoplanet-hosting
stars produce frequent flares, highlighting flare-related XUV radiation and particles as potential key
drivers of atmospheric chemistry and escape. Not only M dwarfs but also solar-type stars are capable
of producing superflares, giving an indication of extreme solar activity in the past. However, much less
is known about whether coronal mass ejections (CMEs)—a major factor of star–planet interaction—
accompany these events, especially for solar-type stars. Motivated by this gap, over the last six years
we have pursued spectroscopic searches for CMEs, primarily using time-resolved Hα spectroscopy with
the 3.8-m Seimei telescope. From extensive monitoring, we discovered the first evidence of gigantic
filament eruptions, interpreted as the initial phase of CMEs, associated with superflares on young
solar-type stars, supported by comparisons with Sun-as-a-star observations and solar models. These
observations demonstrate that superflare-related eruptions can be far more massive and energetic than
the largest solar events. By accumulating multiple events, we have constrained the characteristic fre-
quency, mass, and velocity scales of CMEs, which are critical for evaluating their impact on young
exoplanetary systems. Recent studies on M dwarfs and close binaries have also reported CME-related
signatures using different wavelength diagnostics, and together these efforts are opening a broader
stellar-mass perspective. We have recently extended these to multi-wavelength observations and iden-
tified simultaneous signatures in Hα, X-ray, and far-UV, marking a transition from detection toward
physical characterization of stellar eruptions. I will also discuss future prospects for advancing stellar
CME studies through coordinated observations and upcoming UV missions.

ID: C301
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M-dwarfs produce frequent flares, and their associated mass ejections are expected to significantly
affect the habitability of close-in exoplanets. Recent spectroscopic observations have revealed several
prominence eruptions—indicative of stellar mass ejections—on M-dwarfs through Doppler shifts of
the Hα line. However, systematic and statistical studies, particularly regarding their association with
white-light flares, have been limited due to the lack of intensive and continuous simultaneous photo-
metric and spectroscopic monitoring of the same target star. We conducted one month of continuous
spectroscopic observations of the active M-dwarf YZ CMi using the 3.8-m Seimei telescope with an un-
precedentedly high time cadence of ∼1 min, simultaneously with TESS. We detected four prominence
eruptions, among which two events showed rapid, short-duration eruptions with velocities of ∼300–
500 km s−1 and durations of approximately 5 min (Kajikiya et al. 2025a, ApJ). Such short-duration
events may have been missed in previous observations due to insufficient time cadence. We further
performed a systematic analysis using a total of 35 Hα flares on YZ CMi observed simultaneously with
TESS. Notably, most prominence eruptions (6 out of 7) were not associated with detectable white-
light flares (Kajikiya et al. 2025b, ApJ). This result suggests that most observed prominence eruptions
on M-dwarfs may have occurred near the stellar limb, where white-light flares are difficult to detect,
which may imply a potential observational bias in their detectability due to low contrast with the
background emission. These first statistical constraints, together with the discovery of rapid, short-
duration prominence eruptions, indicate that previous observations may have underestimated both
the frequency and velocities of mass ejections on M-dwarfs due to observational biases and highlight
the necessity of reassessing their impact on close-in exoplanets.
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Coronal Mass Ejections are predicted to play an important role in planetary atmospheric erosion,
especially for planets that are close to their host star. However, this conclusion remains controversial
because, despite decades of searches, there has not been an unambiguous detection of a CME from a
star beyond our Sun. A clear signature of a CME is a type II radio burst, which is emitted from the
shock wave produced as the CME travels through the stellar corona into interplanetary space.

In this talk, I will present the first detection of a stellar Type II radio burst, originating from the early
M dwarf StKM 1-1262 (Callingham et al., Nature, 2025). I will show how the burst constrains the
CME shock properties and the coronal environment of a low-mass star, and discuss the implications
for space weather and atmospheric loss for a hypothetical planet in the star’s habitable zone. I will
conclude with new radio-burst discoveries from our ongoing wide-field survey of the northern sky,
opening a path toward population-level constraints on stellar CMEs.
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Session: Magnetic Activity and Large-scale Events

M dwarf stars are the most abundant stars in the galaxy and have a high frequency of Earth-sized
planets, making them favored targets of upcoming missions to detect and characterize exoplanets.
However, these stars are known to exhibit high levels of activity and flaring, which can deplete a
planet’s atmosphere of ozone over time, raising questions about the habitability of planets around
these stars. We detected the first millimeter flaring event from Proxima Cen using the Atacama Large
Millimeter/submillimeter Array (ALMA) during which the star brightened by a factor of 1000x over
1 minute (MacGregor et al. 2018). Since then, numerous millimeter flares have been discovered with
both ALMA and other facilities suggesting that these events are actually common and allowing for
construction of the first flare frequency distribution (FFD) at millimeter wavelengths (Burton et al.
2025). This emphasizes the need for observing campaigns across the entire electromagnetic spectrum
targeted at catching and characterizing stellar flares. I will present recent results from ALMA, JWST,
TESS, HST, Swift, Chandra, and other ground-based facilities showing the multi-wavelength behavior
of stellar flares. This work is especially time critical to inform the interpretation of JWST observations
of exoplanet atmospheric spectra and ultimately target selection for HWO.
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Fast but quiet: why do some ultra-fast rotating M dwarfs not flare?
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Ultra-fast rotating (UFR) M dwarfs with rotation periods below one day occupy an extreme and poorly
understood regime of stellar magnetism. Despite expectations from the activity–rotation relation, sev-
eral UFRs exhibit surprisingly weak optical flaring, raising fundamental questions about how magnetic
energy is stored and released at the fastest rotation rates. We present a multi-wavelength study of
ten UFR M dwarfs (M2–M6) combining TESS photometry, optical spectropolarimetry, and X-ray ob-
servations to directly test leading explanations for this behaviour. Using TESS light curves spanning
up to seven years, we identify more than 950 flares with energies between 1031 and 1035 erg and
quantify changes in flare rates and light-curve morphology on multi-year timescales. While some tar-
gets show evolving spot-modulated variability indicative of changes in large-scale magnetic structure,
we find no consistent evidence for long-term flare suppression or coherent activity cycles. Kilogauss-
strength magnetic fields are detected in half of the sample, preferentially in the more flare-active stars,
demonstrating that strong fields alone are insufficient to guarantee efficient flare production. X-ray
luminosities from Swift and XMM-Newton place these stars at or above the saturated activity level,
ruling out supersaturation as the primary mechanism limiting flaring. If neither rotation rate, mag-
netic field strength, nor supersaturation controls flare efficiency in ultra-fast rotators, is it the magnetic
field topology, or even the underlying dynamo behaviour, which ultimately governs magnetic energy
release in these stars?
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Stellar activity and its related magnetic processes broadly take place in three distinct timescales,
ranging from short timescales spanning hours to month (flares, CMEs, spot lifetimes), intermediate
timescales on the order of years to decades (stellar cycles), to long timescale evolution of several Gyr
(spin down of stars). In this talk, I will discuss the evolution of magnetised winds of solar-like stars,
focusing on typical timescales of magnetic cycles to long-term spin down evolution. I will discuss
recent progress in numerical models of stellar winds, their successes and limitations, including future
prospects for advancing our knowledge of winds of solar-like stars.
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The extreme-ultraviolet (EUV; 100 – 911 Å) spectra of F, G, K, and M stars provide diagnostics
of the stellar chromosphere through the corona, with line and continuum formation temperatures
spanning roughly 104 - 107 K. The EUV stellar spectrum in turn drives atmospheric photochemistry
and numerous escape processes on orbiting planets. We present a new study of the EUV history of
solar-type stars, using new and archival Hubble Space Telescope observations of solar analogs (T⊙ ±
150 K for stars older than 100 Myr) and “Young Suns” (age < 100 Myr) that will evolve into main
sequence early G-type stars to predict the 90 – 360 Å EUV flux from a sample of 23 stars. We find
that the EUV activity evolution for solar-type stars follows a two-component behavior: a saturated
L(EUV)/Lbol plateau (at a level of about 10−4) followed by a power law decay (α ≈ −1.1) after ages
of ≈ 50 – 100 Myr. Consequently, the EUV flux incident at 1 AU around solar analogs varies over
the lifetime of the Sun, ranging from 100 × the present day UV irradiance at 10 Myr to 0.3 × the
present-day level at 10 Gyr. We find that the EUV luminosity is approximately the same as the soft
X-ray luminosity up to approximately 1 Gyr, after which the EUV luminosity of the stars dominate.
In comparison to Sun-like stars, the EUV saturation level of early/mid M dwarfs is several times
higher and lasts ∼10 – 20 times longer.
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The rotational spin-down of cool main-sequence stars governs their long-term magnetic evolution. In
recent years, substructure in the age-rotation relationship of cool stars has been identified, showing
deviations from the historical Skumanich law. A weakened magnetic braking regime and potentially
a break-down of the magnetic dynamo have been proposed as reasons for this deviation. We have in-
vestigated a sample of mature main-sequence stars with solar-like masses which display faster rotation
than expected. We collected deep observations of those stars in soft X-rays, yielding information on
their coronal magnetic activity, and in particular on their X-ray surface fluxes and average coronal
temperatures. We detected the majority of the sample in X-rays, at flux levels that are at the low end
of the empirical rotation-activity relationship, but not indicative of a full break-down of the magnetic
dynamo itself. However, we do find a trend that the more over-rotating a star is for its age, the more
under-active it is for its rotation period. We also find that the strongest outliers from the empirical
rotation-activity relationship are characterized by very low X-ray fluxes through the stellar surface and
very low coronal temperatures. Therefore, angular momentum loss through the stellar wind may be
impeded for such stars, while overall magnetic activity can still be observed. An open question is why
there are no rotational outliers detected so far in middle-aged open clusters such as M67, challenging
an interpretation that relies purely on a reduction of the angular momentum loss rate for middle-aged
suns.
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Session: Magnetic Activity and Large-scale Events

Cool dwarf stars, including the Sun, commonly host outer atmospheres composed of 104-Kelvin chro-
mospheres, transition regions, and million-Kelvin coronae emitting X-ray and extreme ultraviolet
(XUV) radiation that affects planetary atmospheres and habitability. Understanding the heating
mechanisms operating in these outer stellar atmospheres is a major challenge in solar and stellar
physics. For the Sun, it is thought that magnetic fields transport energy upward; however, whether
this process is universal among stars has long been uncertain. To address this, we analyzed decade-long
multi-wavelength solar observations and compared them with stellar data. Our findings reveal that
power-law scaling relations between magnetic flux and emission-line luminosities across temperature
regimes from 104 to 107K demonstrate that solar scaling laws extend to Sun-like stars aged 50 Myr
to 4.5 Gyr. This suggests that magnetically driven heating operates universally, independently of
age or activity. We then derived empirical laws that link magnetic fluxes to XUV spectra, enabling
reconstruction of stellar XUV outputs from observed magnetic fluxes. Although the XUV radiation
is crucial for planetary atmospheric escape, EUV is currently unobservable due to strong interstellar
absorption and thus reconstruction is necessary. Our modeled spectra serve as critical inputs for pho-
tochemical modeling of planetary atmospheres and habitability assessments, including conditions on
early Earth and rocky exoplanets around young Sun-like stars. Furthermore, we find that the mean
stellar magnetic field strength and its variation follow the same scaling law for pre-main-sequence stars,
zero-age main-sequence stars, and main-sequence stars. This work establishes a universal framework
for stellar atmospheric heating and XUV prediction, essential for exoplanet habitability studies and
future missions.
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High-resolution X-ray spectroscopy is the most direct probe of the hottest plasma produced by
stellar flares. For the Sun, pioneering results were obtained with Hinotori/SOX, SMM/BCS, and
Yohkoh/BCS in 1980-2000, but no comparable mission has been realized since then. For distant stars,
diverse results were obtained with Chandra/LETGm, HETG and XMM-Newton/RGS since 1999. The
launch of XRISM in 2023 introduced Resolve, the first high-resolution X-ray microcalorimeter spec-
trometer for distant stars. Its resolving power in the 2-12 keV band enables, for the first time, direct
measurements of fine-structure and satellite lines in giant stellar flares.

We present XRISM observations of two RS CVn-type binaries, GT Mus and HR 1099 (Kurihara et
al. 2025, 2026). In GT Mus, we resolved the Fe XXIV-XXV K-shell main and satellite lines for
the first time in a stellar source, enabling quantitative tests of collisional ionization equilibrium and
of the Maxwellian electron energy distribution. In HR 1099, XRISM captured the first stellar flare
ever observed with a microcalorimeter, lasting approximately 100 ks. The detection of inner-shell
Fe XIX-XXIV and outer-shell Fe XXV-XXVI lines allowed precise reconstruction of the differential
emission measure and elemental abundances. We find a significant enhancement of low-FIP elements,
particularly Ca and Fe, during the flare, providing the first direct evidence of FIP-related fractionation
in stellar flares and demonstrating that XRISM opens a new regime of quantitative stellar flare plasma
physics.
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Planet signatures revealed from high-resolution stellar spectroscopy
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Ingestion of planetary material and planet formation can imprint chemical signatures on stellar photo-
spheres. Detecting these “planet signatures,” however, is challenging due to their unknown occurrence
rate, the small amplitudes of signals, and systematics introduced by heterogeneous stellar samples.
“Co-natal” stars (i.e. wide binaries, open clusters, and stellar siblings) provide ideal laboratories to
overcome these limitations since they share common origins and identical initial chemical compositions.
In this talk, I will demonstrate how high-precision, line-by-line differential spectroscopy in homoge-
neous samples can isolate subtle abundance differences associated with rocky material sequestration
and the ingestion of planetary material. Using a large co-natal sample, we identify clear evidence for
metal pollution consistent with planet engulfment in 8% of systems, and show how Bayesian indica-
tors can disentangle planet-driven signals from stellar evolutionary effects such as atomic diffusion. I
will conclude by discussing what we can learn from these co-natal benchmarks and their far-reaching
implications for planet formation and evolution, stellar evolution, and Galactic chemical evolution.
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Hot Jupiters are sometimes found on strongly spin–orbit misaligned orbits around hot stars, but
tend to be aligned around cool stars. This “stellar obliquity transition” is often assumed to coincide
with the Kraft break in stellar rotation. Yet the oft-quoted obliquity transition in the literature
(6100K or 6250K) lies several hundred kelvin cooler than the well-determined rotation break near
6500 K, creating an apparent inconsistency. We show that this mismatch arises largely from different
treatment of stellar multiplicity: rotation studies typically exclude binaries, whereas obliquity samples
historically could not do so uniformly — because there was no systematic, homogeneous way to identify
stellar companions of the sample prior to Gaia. When we restrict the obliquity sample to single-star
systems, the inferred obliquity transition shifts upward to 6500K, matching the single-star rotation
break. This revision has two immediate consequences. First, there are very few Rossiter–McLaughlin
measurements for planets beyond hot Jupiters around truly hot stars (Teff>6500K), limiting current
tests of whether large misalignments are specific to hot-Jupiter-like planets (e.g., high-e migration) or
instead reflect a broader property of hot-star hosts across architectures. Second, the 6500K coincidence
favors convective-envelope tidal dissipation that weakens in tandem with magnetic braking. It disfavors
resonance locking as the dominant explanation, which instead predicts a cooler transition near 6100K,
at the onset of a convective core.

ID: C402

27



Linking stellar and rocky exoplanet material compositions using polluted white dwarfs

Presenter: Claudia Aguilera-Gómez (Pontificia Universidad Católica de Chile)
Author list:
L.K. Rogers(1); A.Bonsor(2); P. Jofré(3); S. Blouin;O. Shorttle; A. Buchan; Y. Li; S. Xu
(1)NSF NOIRLab;(2)University of Cambridge;(3) Universidad Diego Portales
Session: Cool Stars with Protoplanetary Disks and Exoplanetary Systems

Planets form from the same molecular gas and dust as their host stars. However, the extent to which
rocky planetary bodies preserve the elemental composition of their natal material remains uncertain,
and key questions persist: Do planets retain refractory elements? Are volatile and moderately re-
fractory elements depleted during formation? Polluted white dwarfs, i.e., those with atmospheres
containing metals from recently accreted rocky material, provide a unique window into the bulk com-
position of exoplanetesimals.

I will discuss how polluted white dwarfs in wide binary systems can be used to compare the composi-
tion of planetary material with that of the host star. In these systems, the main-sequence companion,
often an M dwarf, serves as a proxy for the composition of the natal molecular cloud while the polluted
white dwarf traces the composition of the disrupted planetary body. Through detailed spectroscopic
abundance analyses of both components, we can directly test whether planets preserve stellar abun-
dance patterns.

Using this framework, we find that planetary material can show differences relative to the host star,
with lower abundances of elements such as Mg, Si, and Fe compared to more refractory species like
Ca and Ti. Considering elements as a function of their condensation temperature helps link stellar
and planetary compositions, showing that processes during planet formation and early evolution can
modify element ratios. The observed behavior is similar to the difference between the bulk Earth and
the Sun, indicating a common chemical processing mechanism in rocky planets. I will highlight the
importance of wide binaries containing polluted white dwarfs as laboratories to link stellar abundances
and the interior composition of rocky exoplanets.
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A recent asteroseismic analysis suggests that Kepler-56 � a planet-hosting red giant � exhibits a unique
spin structure: (1) the spin axes of the core and envelope are misaligned; and (2) the envelope rotates
approximately an order of magnitude faster than typical red giants. In this paper, we investigate a
feasible scenario to reproduce this spin structure by estimating the amount of the angular momentum
(AM) supply from the planets through the simplified calculation of the time evolution of AM. As a
result, unless the tidal efficiency is extremely high, we show that the tidal interactions between the
known close-in planets (Kepler-56 b and c) are insufficient to supply the AM required to accelerate
Kepler-56 from the spin rate observed in typical red giants. We also show that the engulfment of a
hot Jupiter can be expected to provide sufficient AM supply for the acceleration and that the mass
and orbit of the engulfed hot Jupiter are constrained by a mass of 0.5�2 Jupiter masses and an orbital
period of 1�6 days. On the other hand, if Kepler 56 was already rapidly spinning before entering the RG
stage and requires no acceleration, the obliquity damping by the known close-in planets can reproduce
the spin structure of Kepler-56. Even in such cases, planetary engulfment during the MS stage might
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be involved in achieving rapid spin before the tidal alignment. These discussions demonstrate the
importance of Kepler-56 as a candidate for planetary engulfment that may leave traces of its spin
structure.
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In the past decade, hundreds of exoplanets have been discovered in extremely short orbits below 10
days. Unlike in the Solar System, planets in these systems orbit their host stars close enough to disturb
the stellar magnetic field lines. The interaction can enhance the star’s magnetic activity, such as its
chromospheric and radio emission, or flaring. So far, the search for magnetic star-planet interactions
has remained inconclusive. In this talk, I present the first detection of planet-induced flares on HIP
67522, a 17 million-year-old G dwarf star with two known close-in planets. Combining space-borne
photometry from TESS and dedicated CHEOPS observations over a span of 5 years, we find that the
15 flares in HIP 67522 cluster near the innermost planet’s transit phase, indicating persistent magnetic
star-planet interaction in the system. The stability of interaction implies that the innermost planet is
continuously self-inflicting a six times higher flare rate than it would experience without interaction.
The subsequent flux of energetic radiation and particles bombarding HIP 67522 b may explain the
planet’s remarkably extended atmosphere, recently detected with the James Webb Space Telescope,
potentially doubling its mass loss rate. Our results establish HIP 67522 as the archetype system for
flaring star-planet interaction, and urge further characterization of the dynamic magnetism of this
and similar star-planet systems.
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Young planetary systems offer a unique advantage in that their atmospheric compositions are more
representative of primordial formation conditions. This is particularly advantageous when compared
to more evolved planets which have experienced significant stellar irradiation processing and pollution.
The 23 Myr M star AU Mic and its transiting exoplanets are an ideal laboratory for understanding the
impact of stellar activity on young planetary atmospheres. In this talk, I will present a comprehensive
analysis of four transit observations of the young Neptune-sized planet AU Mic b as observed simulta-
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neously with JWST/NIRCam (2-5 micron) and Hubble/COS (1060 - 1360 Angstrom). I will present
a characterization of AU Mic the star at these wavelengths, specifically highlighting the measured
flare temperatures and unique features observed. Despite the challenge of disentangling a constant
background of flares and starspot crossing events, I will present the detected suite of CNOS-bearing
molecules in the atmosphere of AU Mic b. These results represent the first atmospheric detection of a
young planet orbiting an M star. I will contextualize our measured abundances against more evolved
exoplanets, which suggest that young planetary atmospheres are chemically distinct from their mature
counterparts, likely reflecting their evolution processes.
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Determining the age of an isolated field star is one of the most challenging inferences in astronomy,
especially for hot Jupiter systems that may have experienced angular momentum exchange that vio-
lates the assumptions of most age–stellar rotation calibrations (i.e., gyrochronology). One promising
alternative approach to the age inference problem is to use 1% precision host star mean density mea-
surements based on James Webb Space Telescope (JWST) mid infrared transit light curves of hot
Jupiters that are substantially unaffected by stellar limb darkening. Using these density measure-
ments as constraints on state-of-the-art stellar age inferences based on all available Gaia astrometry,
multiwavelength photometry from the ultraviolet to the mid infrared, and high-resolution spectroscopy
results in age precisions exceeding similar approaches based on short-cadence Kepler asteroseismology
of its LEGACY sample. Supporting its accuracy, our approach produces 1% precision stellar masses
and radii consistent with star–planet SB2 solutions and interferometric measurements for nearby stars,
along with precise photospheric elemental abundances. Applying our approach to the sample of 12
hot Jupiter hosting stars observed in the JWST Grand Tour program, we obtain unparalleled age
precisions. As an example, for the JWST Cycle 1 target HD 189733, we find an age consistent with
previous inferences but nearly an order of magnitude more precise. HD 189733 is rotating more quickly
than open cluster K dwarfs of similar masses and ages, and we interpret its excess angular momentum
as evidence of approximately 0.04 AU of inward tidal migration by HD 189733 b. Over its expected
10-year lifetime, we expect JWST light curves for hundreds of transiting giant planets to yield similarly
precise age inferences and enable precise studies of the time evolution of giant planet systems.

ID: C406
A Link Between Rocky Planet Density and FGKM Dwarf Host Star Chemistry

Presenter: Aida Behmard (Flatiron Institute)
Author list:
Aida Behmard (1); Casey Brinkman (2); Soichiro Hattori (3); Ryan Rubenzahl (1); Megan Bedell (1)
(1) Flatiron Institute; (2) McGill University; (3) Columbia University
Session: Cool Stars with Protoplanetary Disks and Exoplanetary Systems

Planets and their host stars form from the same cloud of gas and dust, so we assume that their chemical
compositions are linked. However, a clear correlation between rocky planet interior properties and host
star chemistry remains elusive for planets around FGK dwarfs, and non-existent for planets around
M dwarfs because cool stars frequently lack detailed chemical information. Here, we investigate the

30



relationship between small (RP ≤ 1.8 R⊕) planet densities and host star chemical abundances for
both FGK and M dwarfs. We use datasets from the Sloan Digital Sky Survey-V and an accompanying
data-driven framework to obtain abundances for FGK and M dwarf hosts of 22 rocky planets. We
find that planet densities exhibit a strong, inverse relationship to [Mg/Fe] abundances of FGK hosts
(p = 0.001). This correlation becomes more significant with the addition of M dwarf hosts (p =
0.0005). If we assume that rocky planets have terrestrial-like compositions, this suggests that low
[Mg/Fe] environments form planets with larger Fe-rich cores and thus higher densities around both
solar-like and cool stars. Rocky planets located in the Milky Way’s thick disk help anchor this trend,
illustrating the importance of sampling exoplanet properties across a range of host star populations.
This finding highlights the connection between Galactic chemical evolution and rocky planet formation,
and indicates that Earth-like planet compositions may vary significantly across different regions of our
Galaxy.
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Jets and winds are fundamental to star formation, enabling accretion through angular-momentum
removal while simultaneously providing powerful feedback that shapes disks, envelopes, and the sur-
rounding molecular cloud. They regulate how stars assemble their mass and set the initial conditions
for disk evolution and planet formation. Despite their central role, the physical origin, launching
mechanisms, and evolution of jets and winds remain poorly constrained, particularly during the deeply
embedded protostellar phase when accretion and mass loss are most intense. The protostellar stage
represents a critical yet observationally challenging phase of early stellar evolution, during which disks
are assembled, disk–outflow coupling is established, and much of the final stellar mass is accumu-
lated. Infrared diagnostics are essential for probing this phase, as the key tracers of shocks, molecular
winds, and accretion-powered activity are heavily obscured at optical wavelengths. In this talk, we
will present results from two of the largest JWST General Observer programs targeting the youngest
protostars: Investigating Protostellar Accretion (IPA), a 67-hour Cycle 1 program probing accretion
and outflows across a broad mass range (0.1–10 M�), and High Angular Resolution Observations of
Stellar Emergence in Filamentary Environments (HEFE), a 180-hour Cycle 3 program providing an ex-
tensive spectral-imaging survey of protostars emerging from dense filaments. Spatially resolved JWST
imaging and spectroscopy reveal wide-angle molecular winds traced by warm and hot H2, highly col-
limated jets, and stratified velocity and excitation structures that directly link accretion, disk winds,
and feedback. These observations place strong new constraints on disk-launched wind models and
offer a coherent picture of how accretion and ejection operate at the earliest stages of stellar evolution.
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Disintegrating planets, a unique subset of ultrashort-period planets, produce tails of gas and dust
extending far out into space that can be studied with transmission spectroscopy.BD+05 4868 Ab is
the latest of these objects to be discovered, and the only one definitively identified with TESS, so
far. It orbits a K5V star with an apparent magnitude of V 10,making it the brightest target for the
known objects, every 1.27 days. Using the MIRI low-resolution spectrograph in a Cycle 4 JWST
Program in October 2025, we observed a fullphase curve of BD+05 4868 Ab, including 2 transits of
the central core where the planet is believed to be embedded. By comparing the resulting spectra
of the transiting effluents inthe tails to dust extinction models for various likely minerals we seek to
determine information on the outflowing material. The high signal-to-noise of these observations offers
thebest opportunity to precisely infer the composition of a rocky planet around a main sequence star,
providing insights into the formation of terrestrial planets and their potentialhabitability. Here we
present the preliminary results of our analysis thus far.
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One of the key objectives of modern astrophysics is to understand the formation and evolution of galax-
ies. The Milky Way is an optimal laboratory for testing our theories of galaxy formation. However
dissecting the assembly history of the galaxy requires a detailed mapping of the structural dynamical
chemical and age distributions of its stellar populations. Recently we have entered an era of large
spectroscopic and astrometric surveys which has begun to pave the way for the exciting advancements
in this field. Combining data from the many multi-object spectroscopic surveys already underway and
the rich dataset from Gaia will undoubtedly be the way forward in order to disentangle the full chemo-
dynamical history of our Galaxy. In this talk I will discuss several works in Galactic archaeology and
efforts to chemically map the Galaxy and how these studies can be used to learn about the structure
and cosmic history of the Milky Way using Gaia SDSS-V and explore what the next generation of
surveys (such as After-Sloan-V) will bring.
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Systematic differences in phosphorus abundances of accreted and in-situ FGK stars

Presenter: Dionysios Gakis (The University of Texas at Austin)
Author list:
K. Hawkins (1); Z. Maas (2); C. Sneden (1)
(1) The University of Texas at Austin; (2) Indiana University
Session: Cool Stars in the Context of Cosmic Evolution

Stars serve as long-lived fossil records of chemical enrichment across cosmic time, encoding the forma-
tion and evolutionary histories of their host galaxies through their atmospheric abundances. Among
the elements traced in stellar atmospheres, phosphorus (P) remains one of the least constrained de-
spite its importance for both galactic chemical evolution and astrobiology. This is primarily due to
the intrinsic weakness of P I lines, for which the only viable stellar diagnostics are found in the UV or
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near-infrared spectra of cool stars, requiring high-resolution and high–signal-to-noise observations. In
this work, we present the first measurements of P abundances in FGK stars belonging to the accreted
Gaia–Enceladus–Sausage (GES) merger remnant, together with the largest homogeneous sample of P
abundances in in-situ Milky Way stars to date, using high-resolution near-infrared spectra obtained
with the HPF instrument on the Hobby–Eberly Telescope. By applying detailed spectral synthesis
techniques, we directly compare [P/Fe] trends in in-situ Milky Way stars and ex-situ stars originating
from a dwarf-galaxy environment. We find that GES stars exhibit systematically lower [P/Fe] than
in-situ Milky Way stars at fixed [Fe/H], with an offset of order �0.3 dex. This behavior points to a dis-
tinct phosphorus enrichment pathway in accreted systems, consistent with slower chemical evolution
and reduced star formation efficiency. Current nucleosynthetic models struggle to reproduce observed
phosphorus abundances, and our results provide new empirical constraints on phosphorus production
in different galactic environments. Given phosphorus’s role as a bio-essential element, these results
also inform the chemical conditions under which planetary systems form in dwarf-galaxy environ-
ments, emphasizing the unique role of cool stars’ abundances in linking galactic assembly history to
the broader question of habitability across cosmic environments.
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CVn systems.

Presenter: Barkha Bale (Institute of Theoretical Physics and Astronomy, Vilnius Uni-
versity, Lithuania)
Author list:
B. Bale, G. Tautvaišienė, R. Minkeviciūtė, A. Drazdauskas, Š. Mikolaitis, E. Stonkutė, and M. Am-
brosch
Institute of Theoretical Physics and Astronomy, Vilnius University, Lithuania
Session: Fundamental properties and processes of Cool Star Interiors

Lithium and CNO surface abundances are powerful diagnostics of internal mixing in evolved cool stars.
In standard stellar evolution, their behaviour is largely governed by the first dredge-up, with further
changes expected only after the onset of thermohaline mixing at the red giant branch luminosity bump.
However, in chromospherically active stars, the role of rotation and magnetic activity in modifying
the timing and efficiency of these processes remains poorly constrained.

In this talk, we present a detailed high-resolution spectroscopic study of lithium abundances, C/N, and
12C/13C ratios in a sample of low and intermediate-mass RS CVn stars, which are close binary systems
characterised by rapid rotation and strong magnetic activity. Roughly half of the low-mass RS CVn
giants exhibit lithium abundances consistent with first dredge-up predictions, while the remaining
stars show stronger lithium depletion consistent with models that include additional thermohaline
mixing. In the intermediate-mass systems investigated, lithium is systematically lower than expected
from standard models and is best reproduced by evolutionary models that include rotation-induced
mixing.

Carbon isotopic ratios provide additional evidence for extra mixing processes, as several RS CVn stars
exhibit low 12C/13C values while still located below the red giant branch luminosity bump. This
behaviour implies that extra mixing can be initiated at earlier evolutionary phases in magnetically
active stars compared to inactive stars. Taken together, the observed lithium and CNO abundance
patterns indicate that thermohaline instability, rotation, and magnetic activity play a significant role
in regulating both the onset and efficiency of internal mixing in cool star interiors, thereby placing
important observational constraints on stellar evolution models.

ID: C503
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Tracing cosmic helium abundances using K-dwarfs.

Presenter: Ankita Mondal (Swinburne University of Technology)
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K-dwarf stars offer a unique window into the formation and chemical evolution of the Milky Way.
Their slow evolution and long lifetimes allow them to retain the chemical signatures of their birth
material, making them useful tracers of the Galaxy’s enrichment history. In this work, we present a
study using ∼25,000 K-dwarfs from the GALAH DR4 survey to achieve two key goals: (1) to improve
the precision of fundamental stellar parameters (Teff, log g, [Fe/H]) using a differential approach, and
(2) to constrain the helium-to-metal enrichment ratio (∆Y/∆Z), which has implications for stellar
evolution, galactic chemical evolution, and big bang nucleosynthesis. We apply the EPIC code – pre-
viously used tested for G-dwarfs – to our K-dwarf sample, employing a differential equivalent width
analysis that leverages the existing GALAH stellar parameters. This differential approach with EPIC
significantly improves the internal precision of stellar parameter estimates while minimizing system-
atic errors. With precise metallicities and bolometric luminosities derived from Gaia DR3 parallaxes,
we then fit GARSTEC stellar evolution models across a grid of helium and metal abundances to infer
individual helium mass fractions (Y) for K-dwarfs. This allows us to estimate the ∆Y/∆Z ratio and
extrapolate to Z = 0 to determine the primordial helium abundance (Y�). Our results will provide new
observational constraints on both stellar evolution theory and cosmological predictions of Big Bang
Nucleosynthesis.
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The Roman mission, schedule for launch in September 2026, is ideally suited for cool star science.
Here we focus on the Galactic Bulge Time Domain Survey, a core community survey. We discuss its
properties, and demonstrate that it is capable of discovering large numbers of asteroseismic signals
from cool evolved giants. More broadly, we argue that this survey with a total dwell time in excess of
one year, sampled at a 12 minute cadence, will enable a broad range of cool star discoveries, including
at the Galactic center.
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Session: Cool Stars in the Context of Cosmic Evolution

Very metal-poor stars found in the Milky Way galaxy and surrounding dwarf galaxies record nucle-
osynthesis products by the first and early generation massive stars and their explosions. Detailed
measurements of chemical composition of these stars provide unique constraints on the mass distribu-
tion of the first generations of stars. Large spectroscopic surveys of metal-poor stars also trace the
early chemical evolution. Recent observations are exploring the existence of very massive stars among
first stars and impact of rotation of massive stars on the enrichment in the early galaxies. Whereas
low-mass metal-poor stars preserve the chemical composition when the stars were formed for most
elements, lithium is expected to be depleted by internal processes. A small fraction of metal-poor stars,
however, show significant enhancements of lithium from the expected primordial value. While lithium
excesses are found in metal-rich stars, particularly in clump stars, the excesses in metal-poor stars
are sometimes more significant and found in wide range of evolutionary status. Recent observational
results are reviewed in this presentation. I will discuss the prospects of these studies with new and
future instruments.
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We present the first determination of the Galactic stellar mass function (MF) for low-mass, cool stars
(0.2–0.5 M⊙) at metallicities [Fe/H] ≲ -1. A sample of ∼53,000 stars was selected as metal-poor based
on both halo-like orbits and spectroscopic [Fe/H] inferred from Gaia DR3 BP/RP (XP) spectra. Reli-
able metallicity estimates for low-mass stars were enabled by calibrating Gaia XP spectra with stellar
parameters from SDSS-V. For -1.5 < [Fe/H] < -1, we find that the MF below 0.5 M⊙ exhibits a bottom-
heavy power-law slope of α � -1.6. At even lower metallicities, the MF becomes markedly bottom-light,
with a near-flat slope of α � 0, implying a strong deficit of low-mass stars. This metallicity-dependent
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variation is insensitive to the adopted stellar evolution model, indicating that the Galactic low-mass
MF is not universal in the metal-poor regime. Further calibration of XP metallicities for M < 0.5 M⊙
and [Fe/H] < -1.5 will be essential to verify these tentative low-metallicity trends.

ID: C506
Towards a uniform age calibration of stars, exoplanets and brown dwarfs in the solar
neighborhood

Presenter: Jonathan Gagné (Université de Montréal)
Author list:
J. Gagné; L. Moranta; A. Ruiz Diaz; L.-P. Coulombe
Université de Montréal
Session: Cool Stars in the Context of Cosmic Evolution

Since Gaia, the census of nearby stellar associations has expanded rapidly, enabling precise age-dating
of substellar objects, stars and their exoplanets. However, this has also made it much harder to keep
the census up to date. Recent discoveries also include spatial extensions of known associations, such as
coronae around several nearby open clusters that display complex shapes, making it more challenging
to identify their members, especially when they lack parallaxes or radial velocities. To address these
challenges, my team built the Montreal Open Clusters and Associations (MOCA) database, which
collects members of 10,000 young associations and their properties. I will present our most recent
results enabled by MOCAdb, including a new version of BANYAN Σ that captures complex association
shapes, a population of 50 newly identified isolated planetary-mass candidates, 50 exoplanet hosts with
newly calibrated ages, along with 200 new substellar objects with membership-based age calibration.
In parallel, we are developing Bayesian age-inference tools to place all nearby associations within 500
pc of the Sun on a uniform age scale by combining empirical isochrones with lithium, activity and
rotation measurements from the literature. Our inclusion of many recent surveys such as eROSITA
and large-scale high-resolution spectroscopic programs also enables homogeneous studies of trends in
stellar properties with age and chemistry.
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Globular clusters (GCs) are among the very few objects in the Galaxy for which precise relative ages
can be measured, making them powerful probes of the Milky Way’s formation and evolution. Recent
analyses combining GC ages, kinematics, and chemical abundances have mapped out the Galaxy’s
merger tree and provided a timeline for the emergence of its present-day structure.

Since the announcement of the first discovery of brown dwarf members in a GC at Cool Stars 22,
new JWST observations of these unique objects have delivered independent constraints on GC ages
and chemistries, and offered new insights into the poorly understood processes the drive the internal
chemical evolution of GCs. In this talk, I will review the current state of this rapidly developing field
and highlight new approaches to long-standing problems enabled by observations of cool stars and
brown dwarfs in GCs.

ID: C508
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Time Is On My Side: The Efficiency of Random Forest Retrieval vs. Direct Model
Fitting JWST Spectra
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Brown dwarf spectra are challenging to model as their typically low temperatures result in strong
molecular features, and complicated gas and condensate chemistry. Atmosphere model grids have
steadily increased in complexity to reproduce high-fidelity observations, resulting in more computa-
tionally expensive approaches in traditional spectral model fits. Machine learning models provide
an alternative and efficient approach to spectral analysis, but may also produce worse fits or larger
parameter uncertainties. We report our analysis of comparing Random Forest Retrieval approaches
to direct spectral comparison through Markov Chain Monte Carlo techniques on a JWST spectral
sample of nine T dwarf companions to FGK stars with known compositions and ages. We evaluate
the quality of fits, precisions of inferred atmosphere parameters, agreement with the known properties
of the primaries, and overall fit efficiency. We discuss potential improvements to both approaches
that may facilitate more efficient model fits to large spectral samples of brown dwarfs being uncovered
with JWST, Euclid, and SPHEREx.
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Session: Fundamental properties and processes of Cool Star Interiors

We present TOI-2155 b, a high-mass transiting brown dwarf discovered using data from NASA’s
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Transiting Exoplanet Survey Satellite (TESS) mission and confirmed with ground-based radial ve-
locity measurements from the Tillinghast Reflector Echelle Spectrograph (TRES). We also analyze
ground-based follow-up photometric data from the Wendelstein Observatory (WST), Las Cumbres
Observatory Global Telescope (LCOGT), and Wild Boar Remote Observatory (WBR). TOI-2155 b is
a short-period brown dwarf with a period of 3.7246950 +0.0000029/-0.0000028 days. The radius and
mass of TOI-2155 b are found to be 0.975 +/- 0.008 Jupiter radii and 81.1 +/- 1.1 Jupiter masses,
respectively, corresponding to a density of 110 +/- 3 g/cm3. The effective temperature of the sub-
giant host star is estimated at 6085 +/- 78 K, which identifies it as an F-type star with a radius of
1.705 +0.066/-0.064 solar radii and a mass of 1.33 +/- 0.008 solar masses. With a mass close to the
hydrogen-burning limit, TOI-2155 b occupies a high-mass regime in the brown dwarf mass-radius dia-
gram, making it a valuable benchmark system for testing models of substellar structure and evolution.
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Essentially all cool stars have outer convection zones that extend to the surface. In this study, we
examine two sequences of simulations defined by two parameter combinations. The first set assumes
a convective configuration like the sun (30% of the radius in depth, with a smooth transition from
fully convective near the top to fully radiative at the bottom), but the rotation rate increases across
the cases. Differential rotation is first generated with a negative distribution (slower at the equator
than at the poles), and eventually, a positive super-rotation compatible with helio-seismic results is
obtained. The second set of numerical experiments examines the effects of different convection zone
depths and rotation rates. Negative equatorial differential rotations are again obtained at low rotation
rates, but positive equatorial differential rotations are obtained when the Rossby number gets below
a threshold value (the Coriolis effect becomes stronger). Alternating wind bands as well as long-lived
vortices (similar to the Jupiter situation) are obtained when the rotation rate is adequately fast. These
results clearly have significant implications for the observational study of differential rotation in cool
stars of different types and rotation rates.

Research is supported by FDCT of Macau (0147/2023/RIA3).
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Helioseismic inferences and granulation tracking indicate convective velocities in the deep solar con-
vection zone that are significantly lower than those predicted by many global convection simulations.
This long-standing mismatch – the “solar convective conundrum” – raises the question of whether it
is caused by missing physics, insufficient resolution, or both.
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I will present results from a series of realistic, surface-driven simulations of solar convection in a deep
Cartesian domain that spans the entire convection zone: from a stably stratified layer below its base
to roughly 1 Mm above the visible surface. The simulations are performed with the DISPATCH
framework, solving the fully compressible hydrodynamic (and MHD) equations with realistic solar
stratification and equation of state. Convection is driven self-consistently by radiative surface cooling
using short-characteristics radiative transfer and realistic opacities, rather than imposed volumetric
heating. Adaptive mesh refinement is used to resolve the hierarchy of narrow downflows and “entropy-
rain” plumes that connect the near-surface layers to the deep interior.

I will compare the depth-dependent flow amplitudes and horizontal power spectra from these simu-
lations with helioseismic inferences and surface flow measurements, and discuss what this implies for
the solar convective conundrum.
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We determine the absolute age of the open cluster NGC 6791, one of the oldest and most metal
rich open clusters in the Milky Way, using a combined approach based on calibration field stars,
detached eclipsing binaries (DEBs), and synthetic color magnitude diagram (CMD) fitting. Using
Gaia photometry and the Dartmouth Stellar Evolution Program (DSEP), we generate 10,000 Monte
Carlo realizations of theoretical isochrones that propagate uncertainties in 21 stellar evolution inputs,
including [Fe/H], [α/Fe], mixing length, and helium diffusion. For each realization we construct
synthetic CMDs near the main sequence turnoff and compare them to the observed cluster CMD. In
parallel, we fit the same isochrone sets to calibration stars and DEBs to obtain distance independent
age constraints. For the photometric analysis we perform Hess diagram fitting using a 2D Kolmogorov
Smirnov test to evaluate agreement between observed and simulated stellar density distributions in
the CMD. Combining all constraints, we find an absolute age of 8.42 ± 0.65 Gyr for NGC 6791. We
also quantify the age error budget, showing that no single source dominates: uncertainties in [Fe/H],
distance modulus, extinction, mixing length, and [α/Fe] together account for only about 55% of the
total variance. Finally, we highlight how the dominant terms in the error budget differ between open
and globular clusters, and discuss implications for extending cluster based constraints on the Milky
Way age metallicity relation.
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Magnetic activity in solar-like stars exhibits a systematic dependence on the rotation rate, known as
the “activity–rotation relationship.” While recent observations show that large-scale surface magnetic
fields are anti-correlated with the Rossby number (Ro) in the moderate regime (0.1 < Ro < 1), they
reach a plateau (saturation) at extremely low Rossby numbers (Ro < 0.1). The physical origin of
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this saturation remains a key challenge in stellar dynamo theory. We perform a series of nonlinear
mean-field dynamo simulations, treating the stellar rotation rate and turbulent diffusivity (ν) as free
parameters. Our results quantify the magnetic field strength (B) in the deep convection zone as
B ∝ Ro−0.45ν0.54. Energy analysis reveals that this scaling is maintained by balance between angular
momentum transport via turbulence(Λ-effect) and the large-scale magnetic field. By incorporating
the reduction of convective velocity in the low-Ro regime suggested by recent 3D simulations, our
results indicate that inefficient turbulent angular momentum transport might drive the saturation of
the large-scale magnetic field.
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Recent advances in extreme-precision radial-velocity (EPRV) spectroscopy have opened a new regime
of asteroseismology for cool main-sequence dwarfs down to 4200 K, providing precise benchmarks for
fundamental stellar properties, including mass, radius, and age.

Using this approach, we determine an asteroseismic age for HD 219134 (K3 V), representing the first
such measurement for a main-sequence star cooler than 5000 K. This result provides a critical calibra-
tion point for stellar spin-down relations and will anchor future gyrochronology-based age estimates
for exoplanet host stars, including targets of upcoming missions such as HWO. We also derive an
age for HR 7672A (G0 V), placing strong constraints on the cooling models of its brown dwarf com-
panion near the stellar–substellar boundary. Evolutionary models that incorporate updated opacities
and equations of state show the best agreement with the inferred age, highlighting the importance of
well-calibrated benchmark systems.

Moreover, we find that K dwarfs exhibit radius inflation that cannot be explained by commonly
proposed mechanisms, along with oscillation amplitudes that appear systematically lower than both
theoretical predictions and previous empirical expectations. These results point to gaps in our under-
standing of stellar interior physics that become apparent in the high-precision observational regime
enabled by EPRV asteroseismology.
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A significant weakness in stellar structural and evolution modeling is the simplified treatment of con-
vection, which leads to erroneous near-surface stratification and substantial uncertainties in predicted
fundamental properties of low-mass stars. We developed a novel method that couples stellar struc-
tural models with 3D surface convection simulations during stellar evolution, across a wide range of
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metallicities. This 1D-3D coupling method makes evolutionary tracks effectively independent of the
mixing-length parameter, meanwhile providing oscillation frequencies in much better agreement with
asteroseismic observations. This methodology was systematically validated against 18 main-sequence
stars with high-quality asteroseismic data. The inferred stellar radii, masses, and ages are fully con-
sistent with results from other pipelines.

Building on these successes, we constructed a new set of evolutionary tracks and isochrones, GASTAG,
based on the novel method. Comparing surface temperatures from the APOKASC3 catalog with
GASTAG predictions, we find the theoretical temperatures are cooler by about 70 K near solar metal-
licity. The temperature discrepancy shows a weak correlation with iron abundance [Fe/H], qualita-
tively agrees with previous studies employing standard evolution models. Our isochrones are compared
with observed color-magnitude diagram of clusters spanning from [Fe/H] = 0.3 to -1.9. In all cases,
the synthesized and observed diagrams agree excellently in the main-sequence, turn-off and subgiant
region, while isochrones underestimate temperatures for M67 and 47 Tuc along the RGB. Because
GASTAG is constructed using a method that greatly reduces uncertainties associated with surface
boundary conditions and mixing-length parameters, the difference between modeling and observa-
tion can be more confidently attributed to other factors, such as helium or α-element abundances or
uncertainties in opacities. The tracks and isochrones are publicly available.
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Detached eclipsing binaries (DEBs) with radii and masses with precision sub-percent are poised to
serve as benchmark stars for forthcoming space missions, like ESA’s PLATO mission. We are focusing
on DEBs in PLATO’s LOPS2 field, and these five benchmark candidates were observed in multiple
TESS sectors, along with multi-epoch radial velocities and multi-band photometry. Using diverse
modelling codes, we estimate stellar parameters from light-curve and radial-velocity modelling for
each sector. We found an inconsistency in achieving sub-percent precision, significantly influenced by
stellar activities and atmospheric parameters were derived via spectral disentangling with a focus on
ensuring the consistency between multiple model-independent photometric and spectroscopic effective
temperature estimates. The study emphasises the critical role of precise parameter determination,
highlighting its substantial impact on determining stellar ages accurately.
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Galactic Archaeology relies on accurate stellar ages to reconstruct the evolutionary history of the
Milky Way, with stellar models often playing a central role in connecting observable properties to
age inferences. However, the wide variety of stellar models used by the community differ in their
underlying assumptions about stellar physics, leading to discrepancies in both age inferences and
observable parameters, particularly along the Red Giant Branch (RGB). With large surveys such as
SDSS-V Milky Way Mapper targeting millions of stars, and with Red Giants comprising a substantial
fraction of these samples due to their brightness and abundance, improving our understanding of RGB
evolution is increasingly critical for accurate age mapping. In this work, we use MESA, an open-source
one-dimensional stellar evolution code, to isolate how changes in commonly adopted stellar physics
assumptions shift the location of the RGB and impact age estimates. We validate our results against
models computed with the newly distributed stellar evolution code, YREC. We find that choices
in atmospheric boundary conditions, including the adopted temperature optical depth relation and
opacity treatment, produce temperature offsets of up to 150 K, corresponding to age differences that
can exceed 70%, while variations in opacity tables and equation of state choices lead to shifts of up
to 35 K and age differences of 25%. In contrast, the inclusion of rotation, convective overshoot,
and variations in C and N reaction rates produces no significant impact on RGB temperatures or
inferred ages. Our results identify the stellar physics assumptions that most strongly impact RGB
temperatures and thereby lead to systematic differences in age inferences, providing the foundation
for a new set of stellar model grids for Galactic Archaeology.
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The current (and future) large Galactic surveys are revolutionising our knowledge of Galactic and
stellar physics, providing kinematics, chemical and global properties for a very large number of stars
across the Milky Way. Despite a rich observational background, few spectroscopic studies have dealt
with the measurement of the carbon isotopic ratio in giant stars. However, it is a key element in
understanding the mixing mechanisms that occur in the interiors of giant stars.

We have determined the abundances of CNO, particularly focusing on the carbon isotopic ratio, using
the high-resolution FIbre-fed Echelle Spectrograph on the Nordic Optical Telescope for 71 giant field
stars. Furthermore, asteroseismology data from the Kepler satellite is available for all stars, providing
information on their stellar mass, age, and evolutionary states. Additionally, astrometry data from the
Gaia mission is accessible for the majority of the sample. We compare these new determinations with
stellar evolution models that incorporate the effects of transport processes. To exploit the complete
potential of our extensive catalogue and considering both the Milky Way’s evolution and the impact of
stellar evolution, we built mock catalogues using the Besançon Galaxy model in which stellar evolution
models taking into account the effects of thermohaline instability are included.

During this talk, recent results published in Lagarde et al (2024) will be presented. I will show the
comparison between observations and mock catalogs, discussing the impact of extra mixing concerning
stellar metallicity, age, and mass, as well as considering different stellar populations.

ID: P1013
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Checking it Twice: Using [C/N] and Asteroseismic Masses to Constrain Mass Loss in
Field Red Giants
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Red giants experience significant mass loss, but the mechanism driving it is poorly understood. The
surface [C/N] of red giants is correlated with birth mass, while asteroseismology measures the current
mass of a star. It is possible to infer mass loss by comparing the asteroseismic masses of red giants
with the same [C/N] and but different evolutionary states. Our inferred mass loss values decrease as
mass or metallicity increase. These trends match recent studies using the field turn off, but extend
the data to younger populations. Our results highlight the limitations of the commonly used Reimers’
mass loss prescription and we propose an empirical alternative.
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M dwarfs make up 70% of all stars and host a myriad of exoplanets, making them some of the most
important objects to characterize in astronomy. For several decades, most M dwarf evolution models
have had heritage in the methods of higher mass stars, but their molecule-dominated atmospheres
and partially degenerate interiors share a greater kinship with sub-stellar objects. Previous models
have yielded long-standing mismatches with the fundamental properties of M dwarfs — namely stellar
radii and luminosities. In this work, we use a) new upper boundary conditions from state-of-the-art
atmospheric models (SPHINX), which use methods first used in brown dwarfs and ultra-hot Jupiter
atmospheres, and b) a reassessment of the dense interior H/He equation of state (CD21) in the MESA
stellar evolution code, to begin to close the gaps between models and observations of these small stars.
Here, we show that the early evolution of both early- and late-type M dwarfs are sensitive to the new
H/He equation of state, and that accounting for dust opacity and alteration of the convective mixing
length in M dwarf atmospheres may help remedy aspects of the M-dwarf “radius inflation” problem.
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Lithium is a sensitive element commonly used to trace the internal structure of stars and is expected
to dramatically decrease as stars evolve up the red giant branch. The actual distribution of lithium
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abundances on the red giant branch, including the so-called lithium-rich giants, have therefore long
been a challenge to explain with standard evolution models. For 99% of red giants, the observed
surface lithium abundance is A(Li) < 1.5 dex, but for almost 1% of RGB stars we observe higher
abundances. In order to characterize the masses, evolutionary states, and therefore the evolutionary
history of these lithium-rich giants compared to other stars in the field, we use a tool that will work for
large samples. Using TESS asteroseismology for a simply selected sample of 23,000 stars with lithium
abundances from GALAH, we are able to confirm previous indications that over 95% of lithium rich red
giants are in the clump phase. For our red clump stars, we also find that both low mass (M<1.1 Msun)
and high mass (M>2Msun) giants are overrepresented in the lithium-rich giant sample. Confirming
masses can be used to separate the different mechanisms for lithium enrichment. Suggesting that
large, homogeneous samples of asteroseismically characterized stars are likely to help illuminate the
true origin of the Li-rich red giants.
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Detached eclipsing binaries are the most effective method to measure precise and accurate stellar
masses and radii. These benchmark measurements are widely used to improve stellar models, to
calibrate other mass estimation methods, and to characterize exoplanets. However, the sample of
eclipsing binaries with precise mass and radius measurements is overwhelmingly dominated by systems
at Solar metallicity. For example, the seminal sample of eclipsing binaries presented in Torres et al.
(2010) only includes two systems at [Fe/H] < -0.5. We select 30 eclipsing binaries with -3.0 < [Fe/H] <
-0.5 using Gaia XP spectra and spectra from large surveys such as SDSS-V and GALAH. We conduct
high-resolution spectroscopic follow-up with APF, PEPSI, and CHIRON and simultaneously model
the radial velocities and the TESS light curves to measure precise masses and radii. This is the
first dedicated spectroscopic survey of metal-poor eclipsing binaries and will expand the sample of
benchmark stellar mass and radius measurements at low metallicity by more than a factor of three.
With this sample, we can perform the first model-independent comparison between observations and
stellar theory for low-metallicity stars.
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Magnetic fields of M dwarfs play a key role in shaping the space environment of their planetary
systems and are central to assessing the habitability of planets orbiting low-mass stars. Magnetic field
strength and morphology govern stellar winds, high-energy radiation, and star–planet interactions.
In particular, whether a system provides a benign or hostile environment depends sensitively on the
large-scale magnetic geometry of the host star. Here we focus on low-mass, fully convective stars,
for which magnetic field bistability has been suggested before, based on Zeeman–Doppler imaging
measurements of surface magnetic field strengths. Using a suite of three-dimensional spherical-shell
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dynamo simulations, we investigate magnetic field generation in non-dipolar regimes and derive scaling
laws that extend classical dipolar formulations to multipolar fields. We find that while the small-scale
magnetic energy follows the same scaling as in dipole-dominated dynamos, the dipole component is
systematically weaker - by approximately an order of magnitude - for comparable control parameters.
These results have important implications for interpreting observations of M-dwarf magnetism and for
evaluating the space environments of their planets, with direct consequences for atmospheric erosion
and long-term habitability.
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Lithium and CNO surface abundances are powerful diagnostics of internal mixing in evolved cool stars.
In standard stellar evolution, their behaviour is largely governed by the first dredge-up, with further
changes expected only after the onset of thermohaline mixing at the red giant branch luminosity bump.
However, in chromospherically active stars, the role of rotation and magnetic activity in modifying
the timing and efficiency of these processes remains poorly constrained.

In this talk, we present a detailed high-resolution spectroscopic study of lithium abundances, C/N, and
12C/13C ratios in a sample of low and intermediate-mass RS CVn stars, which are close binary systems
characterised by rapid rotation and strong magnetic activity. Roughly half of the low-mass RS CVn
giants exhibit lithium abundances consistent with first dredge-up predictions, while the remaining
stars show stronger lithium depletion consistent with models that include additional thermohaline
mixing. In the intermediate-mass systems investigated, lithium is systematically lower than expected
from standard models and is best reproduced by evolutionary models that include rotation-induced
mixing.

Carbon isotopic ratios provide additional evidence for extra mixing processes, as several RS CVn stars
exhibit low 12C/13C values while still located below the red giant branch luminosity bump. This
behaviour implies that extra mixing can be initiated at earlier evolutionary phases in magnetically
active stars compared to inactive stars. Taken together, the observed lithium and CNO abundance
patterns indicate that thermohaline instability, rotation, and magnetic activity play a significant role
in regulating both the onset and efficiency of internal mixing in cool star interiors, thereby placing
important observational constraints on stellar evolution models.
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Stellar rotation and convection are fundamental properties that govern the formation of large-scale
flows inside cool stars, including differential rotation and meridional circulation. Understanding how
the stellar rotation couples to the dynamic and thermodynamic properties of convection is, therefore,
critical for revealing the processes that shape subsurface structure, large-scale shear flows, and stellar
magnetic activity, as well as their correlations with global stellar parameters. To investigate the
influence of rotation on stellar interior dynamics, we perform a series of 3D radiative hydrodynamic
simulations of rotating main-sequence stars, spanning a range of rotation rates and latitudes. The
simulations show that rotation suppresses temperature and density fluctuations in the upper convection
zone, leading to a reduction of the mean temperature throughout the convective layer. In addition to
multiscale granular convection, we find the formation of large-scale roll-like patterns whose circulations
drive retrograde flows extending from the photosphere to the base of the convection zone. At greater
depths, these flows transition to prograde motions as the radiative interior approaches solid-body
rotation, resulting in the formation of a tachocline within the overshoot layer. In this presentation,
I will discuss how rotation and the Coriolis force regulate the structure and dynamics of convection
and overshoot regions, and how these results can be applied to stars with deep convection zones,
including the Sun. The presented work has been supported by the Science DRIVE (Diversify, Realize,
Integrate, Venture, Educate) Center Program (COFFIES Project “Consequences of Fields and Flows
in the Interior and Exterior of the Sun”; 80NSSC22M0162).
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The extended main-sequence turn-offs (eMSTOs) and extended red clumps (eRCs) observed in intermediate-
age star clusters challenge the traditional understanding of clusters as simple stellar populations. Re-
cently, eMSTOs have been interpreted as signatures of stellar rotation. In this work, we test the
effectiveness of rotational mixing in shaping the colour-magnitude diagram (CMD) of star clusters.
We computed a set of separate single-age synthetic stellar populations, referred to as ”Base Stellar
Populations” (BSPs), including stellar rotation. These BSPs were generated from two grids of stellar
models that share the same input physics but differ in the efficiency of rotational mixing. We used an
optimization algorithm to determine the best combination of BSPs to fit the CMDs of two star clusters:
the Small Magellanic Cloud cluster NGC 419 and the Milky Way cluster NGC 1817. The synthetic
clusters with weak rotational mixing provide the best fit to both the eMSTO and eRC features for
both clusters, and are consistent with the luminosities and asteroseismic masses we derived for eRC
stars in NGC 1817. In contrast, synthetic clusters with strong rotational mixing result in overly bright
post-main-sequence stars, inconsistent with observations. This suggests that, for intermediate-mass
stars, the influence of rotational mixing of chemical elements on stellar evolution cannot be so strong
as to significantly increase the post–main-sequence luminosity. A simple test suggests that accounting
for self-extinction by decretion discs in equator-on fast rotators could influence inferred rotation dis-
tributions and help reconcile the projected rotational velocity discrepancy across the eMSTO between
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models and observations.

ID: P1021
Abundance Analysis of Benchmark M Dwarfs

Presenter: Anderson Silva-Andrade (Federal University of Sergipe)
Author list:
Anderson Silva-Andrade (1); Diogo Souto (1)
(1) Federal University of Sergipe
Session: Fundamental properties and processes of Cool Star Interiors

M dwarfs represent a substantial portion of the stellar population in the Milky Way. They are
characterized by relatively low temperatures spanning 2500-3900 K and possess atmospheres abundant
in molecules such as H2O, TiO, and CO, which are prominently featured in their optical spectra.
High-resolution near-infrared (NIR) spectroscopy is a powerful tool for characterizing these stars, as
molecular blending is significantly reduced in this spectral range. We analyzed high-resolution NIR
spectra (R = 22,500) from the H-band APOGEE survey for 18 binary systems composed of G and M
dwarfs. Using 1D LTE plane-parallel model atmosphere, we derived three effective temperature scales
(T-A(Fe), T-A(O), and their average) as well as surface gravities (from spectral lines of Fe I, FeH,
OH, and H2O) and individual chemical abundances for the elements C, O, Na, Mg, Al, Si, K, Ca, Ti,
Cr, Mn, Fe, and Ni. We found excellent agreement in the metallicities between the G and M dwarfs,
regardless of the adopted Teff scale, with a maximum abundance difference of δ([Fe/H]) = 0.04 ± 0.07
dex. No significant systematic offsets were identified between iron abundances derived from selected
Fe I lines and those from FeH lines, suggesting that the adopted log gf values for FeH are accurate and
that FeH lines are reliable Teff indicators. For temperature-sensitive elements (Mg, Si, Ca, Ti), the
smallest abundance deviation, δ([Mg/H]M−G) = –0.03 ± 0.08 dex, was obtained using the averaged
Teff scale, indicating that this effective temperature scale is the most robust for chemical abundance
analysis in M dwarfs from the H-band.
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Stellar masses are often unknown or poorly constrained, which limits our ability to test models of
stellar structure and evolution. To meaningfully compare theoretical predictions that use different
input physics and chemical compositions, we require mass measurements with relative uncertainties
below 1%. Such precision can only be reliably achieved in binary systems, where spectroscopy and
astrometry can be combined to derive dynamical masses. For standard stars, my recent work has
demonstrated that mass and distance can be determined with accuracies as high as 0.03%. In the case
of binary Cepheids, which are particularly valuable as primary distance indicators, I have obtained
some of the most precise distances currently available. These results enable direct tests of Gaia
parallaxes and of the period–luminosity relations that underpin the extragalactic distance scale. In
this contribution, I present the latest results obtained by combining high-resolution spectroscopy and
long-baseline interferometry for both standard stars and binary Cepheids

ID: P1023e
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The rotational velocity of stars is a key parameter in the study of stellar formation and evolution.
From spectroscopic observations, we can obtain the parameter v sin i, although the inclination i can
be derived only for a small number of stars. The distribution of stellar rotation rates is poorly
understood, which is why this topic is of particular interest. We used data from major spectroscopic
missions such as APOGEE and GALAH, as well as the Glebocki catalogue, to obtain v sin i for a
variety of main-sequence stars. These observational data were fitted with a power law. We found
approximation for the distribution of stars by rotational velocities for different spectral types.
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Solar and stellar magnetic activity may have similar properties, which can be used to understand the
stellar magnetic evolution. Aims. This paper examines the multiple short-term cycles in the total
irradiance of the Sun and in the light curve of a Kepler star, KIC 6876668. We study the light curve
variations of KIC 6876668, which exhibits a rotation period of 5-6 d. In order to detect cyclic patterns
across rotational and Rieger timescales, we used wavelet and Lomb-Scargle (LS) methodologies. We
found that the light curve of the star exhibits periodicities at ∼47, 59 and 72 d, which are fully consis-
tent with the Rieger period range. Through LS and wavelet analysis, we also found variations in the
total irradiance of the Sun as a star in cycle 23 of ∼185, 240, and 380 d. The ratios of stellar and solar
cyclic periods over their rotation periods revealed striking similarities of ∼8, ∼10, and 12-15. The
observed cycles are interpreted as the spherical harmonics of magnetic Rossby waves in dynamo layers
of the star and the Sun. The corresponding magnetic field strengths are estimated as 40 kG and 10 kG
in the stellar and solar interiors, respectively. The relationship observed between the Rieger cycle and
the rotation period of a young star suggests that the processes in its inner layers driving stellar cycles
resemble those found in the Sun. These results provide an insight into the internal magnetic processes
in a Sun-like star, KIC 6876668, where a short cycle and a strong magnetic field indicate stronger
activity. Sun-like stars as well as other stars may show similar variations in magnetic activity to the
Sun. Therefore, the cycles can be used to extract plasma parameters in their interior. Our analysis
shows that the ratio of the rotation angular frequency and the estimated magnetic field strength might
stay constant (Ω/B = constant) throughout stellar evolution.

ID: P1025
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The Besançon Galaxy Model (BGM2.0, Lagarde et al. 2017) has been selected as the reference stellar
population synthesis model for the preparation and analysis of data from the Gaia and Euclid space
missions—two of the most ambitious astronomical projects to date. While the current BGM stands as
the most advanced population synthesis model available, some numerical challenges remain, leaving
room to further enhance and fully exploit its scientific potential.

An important development for the BGM is the ability to incorporate flexible stellar evolution model
grids. This enables extensions to lower-mass objects (e.g., brown dwarfs) and metal-poor stars, as well
as the exploration of different stellar physics and their impact on global properties such as age and
chemical properties. This expansion will significantly broaden the range of astrophysical questions the
BGM can address, spanning from the physics of stellar interiors to the reconstruction of our Galaxy’s
history through the comparison of observations with mock catalogs.

A major methodological challenge then arises: rethinking how stellar populations are computed, espe-
cially the interpolation within grids of stellar evolutionary tracks. To date, the BGM relies on a full,
regular grid of mass, age, metallicity, and alpha-element content as input. Interpolating within such
a grid requires pre-computing stellar models for every possible combination of these parameters—an
approach that is both numerically and physically inefficient, as many combinations are not physically
meaningful.

To resolve this issue, we have implemented a 3D Delaunay interpolation in metallicity, mass, and alpha-
content, while maintaining a 1D interpolation in age. This method avoids unnecessary calculations
for non-physical parameter combinations, optimizing computational efficiency. The implementation,
developed in pure Fortran, is now fully operational and unlocks new capabilities for the BGM.
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Although solar convection has been studied for a long time in local compressible simulations, building
a realistic global compressible model of the entire Sun, consistently coupling the convective envelope
and the stable radiative interior, remains a major numerical challenge. To address this problem,
we developed the geometrical tools required to map the Whole Sun domain and constructed a fully
integrated solar model starting from a seismically calibrated sound-speed profile [Brun et al., 2002].

To achieve this global domain mapping, the Dyablo code was significantly modified to incorporate non-
cartesian geometries. This was accomplished by mapping the physical grid onto a logical cartesian grid
[Calhoun, 2008]. Consequently, new hyperbolic and parabolic solvers were implemented to account for
these geometries [Toro, 2009], along with a well-balanced scheme specifically adapted to these complex
grids [Berberich, 2019].

By applying this novel numerical framework to solar convection, we successfully demonstrate the self-
consistent excitation and propagation of both acoustic (p-modes) and gravity (g-modes) waves within
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their respective cavities, which are delimited by the Lamb and Brunt-Väisälä frequencies. Spectral
analysis of these modes confirms a strong agreement with theoretical predictions, verified using the
GYRE stellar oscillation code. These are exciting times as we can now self-consistently assess their
respective amplitude and non linear saturation. The model is versatile enough that we can even adapt
it to other stars.
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Understanding the internal distribution of angular momentum in evolved solar-like stars remains an
open problem. Dipolar (l = 1) mixed modes consistently indicate a much weaker core–envelope rotation
contrast than predicted by standard models.

Quadrupolar (l = 2) mixed modes provide a valuable yet underexploited probe, sensitive to different
regions of the stellar interior. Their low amplitudes and distortions due to near-degeneracy have,
however, hindered their analysis.

We develop a new asymptotic framework for l = 2 mixed modes that incorporates near-degeneracy
via off-diagonal coupling terms, allowing analytical computation of asymmetric rotational splittings
without relying on numerical evolutionary stellar models.

Applied within a global Bayesian framework to KIC 7341231, our method reproduces previous results
while reducing uncertainties on core and envelope rotation rates by about a factor of two. We also
present the first seismic study of KIC 8179973, a young red giant with strong l = 2 near-degeneracy,
providing new constraints on angular momentum transport.

This work paves the way for disentangling rotational and magnetic effects, and offers a new window
into the internal magnetism of post-main-sequence stars.
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Understanding the internal dynamics of red giant stars is essential for studying angular momentum
transport and magnetic field generation during stellar evolution. We present three-dimensional hydro-
dynamical and magnetohydrodynamical simulations of a 1M⊙ red giant star at the bottom of the red
giant branch using a star-in-a-box setup with the Pencil Code, together with ongoing efforts to refine
the numerical model.

By varying the rotation rate, we explore a wide range of Rossby numbers and identify systematic
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changes in the convective dynamics and large-scale flows. As rotation increases, convective motions
become more anisotropic, showing clear signatures of rotational constraint and a shift in the dominant
convective scales. These changes are accompanied by variations in the differential rotation profile,
reflecting the redistribution of angular momentum within the convective envelope.

The impact of rotation is also evident in the growth rate of the magnetic field, indicating a strong
dependence of dynamo efficiency on the underlying flow structure. Together, these results highlight
the interplay between convection, rotation, and large-scale flows in shaping magnetic activity in red
giant stars.
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We study the accretion-related activity in Young Stellar Objects (YSOs) thanks to the release of the
deepest stellar catalog of the Carina Nebula star-forming region (Tramuto et al., in subm. to ApJ),
from a dedicated Dark Energy Camera (DECam) z-band campaign (PI: P. Hartigan; Hartigan et al., in
subm. To ApJ). We retrieved dense time-domain data of variable sources including YSOs in this rich
stellar nursery, with unprecedented details and depth. As a useful output for the scientific community
that focuses on the early stage of stellar evolution, we will provide (Tramuto et al.) a catalog of 1200
YSOs candidates with their associated period that we derived from the DECam Light Curves (LCs),
using an algorithm we created adding a multi-metric ranking to the Lomb-Scargle Periodogram, to
perform better against aliases. Given this significant sample of YSOs LCs in Carina, we decided to
statistically analyse their morphological behaviour adopting a ‘Symmetry vs Periodicity’ classification
(Q vs M; Cody et al. 2014). This enabled us to provide information on whether each YSO appears
to be bursting, dipping, or symmetric, as well as its periodicity features. One main goal regards
the physics behind these different types of time variability, and its relationship with the peculiar
environment given by this active stellar nursery, with different surrounding conditions depending on
the sub-cluster considered. We therefore combined the optical LCs morphological analysis provided
by this unprecedented DECam survey, with independent Near and Mid-IR data, given by J, H, K
magnitudes from MYStIX (Feigelson et al. 2013), 3.6-8.0 µm fluxes from Spitzer/IRAC (Teixeira et
al. 2012), as well as the Chandra X-Ray Luminosities. We thus analyse the correlation between LC
morphology, IR markers of circumstellar disks, and X-Ray indications of ongoing accretion.
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The giant planet Jupiter is a natural laboratory for physics and chemistry under a wide range of
conditions. Deep inside Jupiter, the extreme pressure and warm temperature inside Jupiter give rise
to exotic forms of matter, such as metallic hydrogen, which forms an extensive layer of electrically
conducting fluid that hosts the dynamo process that gives rise to Jupiter’s powerful magnetic field.
The Galileo probe and the Juno mission provided key measurements of Jupiter’s deep atmosphere.
The Galileo probe descended into Jupiter’s atmosphere near the equator on Dec. 7th, 1995 and
transmitted signal back until it reached∼ 21 bar. The Galileo probe measured depletion of neon and
helium and enhancement of most other heavy elements, including carbon, sulfur, and other noble
gases, when compared to the proto-solar composition. The Galileo probed measured a factor of two
increase in wind speed between 1-bar and 4-bar and nearly constant wind speed between 4-bar and
21-bar. The deep atmosphere beneath∼21 bar remained largely unknown until the Juno mission.
Juno’s high-precision measurements of Jupiter’s gravitational field, microwave emission, and magnetic
field started to reveal the structure and dynamics of Jupiter’s deep atmosphere, including the vertical
extent of the rapid zonal flows and large vortices. Dynamical models that can reproduce the vertical
truncation of mid-to-high latitude deep zonal flows requires a stably stratification layer to separate
the dynamics in the two layers. However, the depth and physical origin of this “shallow” stable layer
remain elusive.
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Magnetic fields are expected to strongly impact internal processes in stars. However, lacking ob-
servational constraints and prescriptions, their effects had to largely be ignored in standard stellar
evolution models. This fate changed with recent asteroseismic detections of magnetic fields on the red
giant branch: we can now constrain internal magnetic fields along stellar evolution. We thus revisit
the fossil field scenario, under which large-scale stable magnetic fields evolve on nuclear timescales,
adding in observational constraints at key evolutionary stages. For the first time, our study connects
asteroseismic measurements of magnetic fields in radiative interiors of red giants with spectroscopic
detections of magnetic fields on the surfaces of white dwarfs.

We evolve poloidal internal magnetic fields in intermediate-mass stars, accounting for both advection
by the stellar structure evolution and diffusion of the fields across evolutionary timescales. We consider
two different scenarios for the initial field configurations: the magnetic field fills (1) the convective
core during the main-sequence, corresponding to convective-core dynamo generation, (2) the radiative
interior on the red giant branch, corresponding to a fossil field. We find that the magnetic field needs
to extend significantly above the hydrogen-burning shell during the red giant branch to simultaneously
explain observations both on white dwarf surfaces and in red giant interiors. As a result, the field
coming from the convective core on the main-sequence (1) would be unrealistically strong in red giants’
cores. Instead, our study favors the more extended field (2) that fills the red giants’ radiative interior,
easily reaching field strengths in line with current asteroseismic detections.

Thus, for the first time, we show that the fossil field scenario can simultaneously explain magnetic
field detections in red giants and white dwarfs if their stellar interiors are broadly magnetized.
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Asteroseismic measurements of stellar internal rotation from the space-based missions Kepler and
CoRoT provided the first constraints on the efficiency of internal angular momentum (AM) transport
with a sample of almost a thousand red giant stars, eight subgiants and about a hundred main-sequence
(MS) stars. However, the current observational sample of early subgiants with M < 1.11.2 M⊙ and
solar-like MS star with masses M < 1.0 M⊙ is limited, and short lifetimes of the modes, the scarcity
or absence of mixed modes, together with low signal-to-noise ratios, have prevented placing tight
constraints on the internal rotation of these stars. The upcoming ESA PLATO mission promises to
deliver ∼ 80 times more stars in the mass range 0.8−1.2 M⊙, characterised with high-precision aster-
oseismology. Using data from the PLATO Input Catalogue and Kepler observations as a calibration
set, we explore the detectability of radial differential rotation in this mass range by exploiting the
large sample that PLATO will provide. Using rotating stellar models with different angular momen-
tum transport and surface magnetic braking prescriptions, we assess the prospects for testing current
models of internal AM transport and surface AM loss in stars with masses 0.8−1.2 M⊙ from the MS
to the subgiant phase. We find this mass range to be particularly interesting because the internal
rotation profile of these stars is highly sensitive to the magnetic braking and to possible weakened
braking phases.
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Understanding how magnetospheric accretion persists in young cool stars as their circumstellar disks
evolve is central to linking stellar surface activity with inner-disk structure. As a benchmark classical
T Tauri star ( 8–10 Myr) with a massive, structured disk and a near-face-on geometry, TW Hya
provides a key laboratory for this late-stage star–disk interaction. In this work, we present a multi-
epoch analysis of TW Hya based on high-resolution VLT/ESPRESSO and CHIRON spectroscopy. By
removing the photospheric contribution and decomposing the emission lines into broad and narrow
components, we probe the inner accretion structure of TW Hya. From the centroid radial velocities of
the He I λ5876 and He II λ4686 narrow components, we recover a stellar rotation period of 3.51–3.56
d and we constrain the geometry of the hot accretion spot on the stellar surface and the magnetic
obliquity. We developed a model for a partially extended hot spot that indicates a small emitting region
with a filling factor � 0.18%, consistent with previous ultraviolet constraints. Together, these results
show that accretion in TW Hya remains confined to a compact, vertically stratified shock region at an
advanced stage of disk evolution, providing an observational benchmark for magnetospheric accretion
in young stars and their planetary systems.
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Solar calibration of the convective mixing length, αMLT, is a critical step in stellar modeling. However,
traditional methods like running brute force grids of calculations to find the αMLT that best reproduces
solar parameters are computationally expensive, even with adaptive implementation. In this analysis,
we present an alternative approach for solar optimization: Genetic Algorithms, or GAs. We test this
method in the open-source stellar evolution code MESA. We compare GA based optimization against
adaptive brute force grids by evaluating convergence behavior, computational cost, and resulting best-
fit solar parameters. A total of 60 GA runs were performed, of which 44 completed and were included
in the analysis. We find that GAs achieve comparable accuracy while reducing computational cost
relative to adaptive brute force methods. However, GA solutions exhibit random convergence behavior
and consistently undershoot the convective mixing length parameter, αMLT, found using the adaptive
brute force grid. We also studied when the GAs found a solution, the number of times a solution
was found, and how long it took to find the first solution. Traditionally, GAs will terminate at the
first solution. By running our GAs to their prescribed terminal generation, we can also study their
post-convergence behavior. These results suggest that Genetic Algorithms provide a potentially more
efficient method for solar calibration. Future work would include fine-tuning GA hyperparameters for
more reliable and consistent convergence behavior and evaluating performance over a range of physical
assumptions, such as different solar abundance scales, choices of opacity, and choices of atmospheric
boundary conditions.
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The amplitudes of large-scale convective flows in global simulations of the solar convection zone are
substantially larger than those inferred from helioseismic observations. One possible way to resolve
this “convective conundrum” is the entropy-rain scenario, in which small, low-entropy, dense downflows
generated near the photosphere transport heat non-locally and reduce the need for vigorous giant-
cell convection. While previous hydrodynamic studies have suggested that such localized thermal
structures can propagate as coherent vortex-ring-like downflows, the role of magnetic fields, which are
essential in solar and stellar convection zones, remains unclear.

We investigate the magnetic influence on entropy-rain-like heat transport using two-dimensional com-
pressible hydrodynamic and magnetohydrodynamic simulations in a gravitationally stratified atmo-
sphere. A localized dense, low-entropy perturbation is introduced near the upper layer and evolves
into a descending coherent structure. We compare hydrodynamic and magnetized cases by track-
ing the entropy minimum and by measuring the associated enthalpy flux, together with temperature
perturbations and vertical velocities.

55



Our analysis shows that the inclusion of a magnetic field systematically reduces the enthalpy flux
carried by the descending structure. The reduction appears to be associated not only with changes in
the downward velocity, but also with modifications of the entropy/temperature perturbation. These
results suggest that magnetic fields can suppress the efficiency of entropy-rain heat transport, with
important implications for modeling energy transport in the interiors of the Sun and cool stars.
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This poster provides a concise guide to PLATO data products and how they can be leveraged for
cool-star research. The PLATO list of observable targets contains about 300000 stars, for which fluxes
will be measured and 20000 targets for which imagettes will be created. The PIC covers F, G and K
stars which makes the PLATO data products relevant for cool star research. PLATO data product
categories (i.e. Imagettes, planetary candidates, asteroseismic mode parameters, stellar parameters
and catalog of planetary systems) are given and the technical formats for two examples, that is light
curves and imagettes, are explained. The PLATO data release policy is different for the defined
scientific samples. The plato dataproducts are computed by the centers forming the PDC (EAS for
exoplanets, SAS for stellar parameters, PFU for ground based follow up, PIC for creating the input
catalogue). The DAST is used for validating and releasing the data products.
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Detached eclipsing binaries (DEBs), especially double-lined systems (SB2 DEBs), are becoming recog-
nised as high-quality benchmarks for stellar astrophysics thanks to recent improvements in the pre-
cision of their measured model-independent masses and radii. This is thanks to high-quality space-
based photometry (e.g. TESS, Kepler, CHEOPS) and radial velocity measurements from stable high-
resolution échelle spectra, which now make it common to reach <0.2% precision in these properties.
DEBs can therefore provide extremely rigorous benchmarking constraints for a wide range of applica-
tions, e.g. calibrating stellar evolution models, testing asteroseismic scaling relations, and validating
machine-learning pipelines such as those used in exoplanet host star characterisation (e.g. PLATO,
4MOST). However, effective temperature (Teff) remains a persistent limitation on the usefulness of
DEBs as benchmarks, due to large systematic uncertainties and inconsistent methodologies through-
out the literature. I will present results from our ongoing work to address this issue: we use a novel
method to measure fundamental Teff for stars in DEBs by measuring bolometric flux contributions
from multi-band light curves, and angular diameter from stellar radii and parallax. I will highlight in-
teresting examples from our growing sample of well-characterised FGK-type DEBs, and discuss future
extensions to the method and its applications.
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Lithium is a tracer of stellar mixing, with a complex nucleosynthetic origin. We present a reconstruc-
tion of the end of the MS Li depletion pattern across a range of masses and metallicities. We do so
using the GALAH DR4 3D-NLTE lithium dataset and published catalogs to screen out photometric
binaries. We complement this data with masses and subgiant Li dilution factors inferred from YREC
stellar models. We find good agreement between predicted and observed Li dilution trends in cool
subgiants, and some evidence for anomalies tied to gravitational settling in hotter stars. We recover
the 3 main features of the main sequence pattern seen in clusters - a cool plateau (M ∼ 1.2M⊙), with
a median abundance of A(Li) = 2.44), a steep drop into a Li dip (M ∼ 1.35M⊙) dominated by upper
limits at A(Li) = 1.5, and a higher mass population that spans a wide range of Li abundances. The
cool plateau is 0.8 dex below solar meteoritic across a wide range of metallicities, with a significant
intrinsic dispersion. The higher-mass subgiants have a wide range of abundances, with the upper en-
velope below the open cluster analog values. At high and low metallicity, we argue that the hot stars
sample arises primarily from blue straggler stars, with a much lower detection fraction than that of so-
lar metallicity stars. We detect Li in 20-30% of Li dip stars, unlike the cluster patterns. We argue that
binary contamination cannot fully explain this population. Lithium depletion with intrinsic dispersion
is a universal feature of the sample. Our results highlight the importance of non-standard physical
mechanisms such as rotationally-induced mixing, gravitational settling, and radiative acceleration.
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Accurately determining the fundamental parameters and ages of pre-main sequence (PMS) cool stars
is a challenge, hampered by the complex interplay of extinction, distance, and intense magnetic ac-
tivity. In this contribution, we demonstrate how young open clusters can serve as ideal laboratories
to calibrate stellar ages by explicitly accounting for magnetic activity effects, and how these refined
ages can resolve macroscopic debates in Galactic star formation. We present a novel Deep Learning
framework (Tarantino et al. 2025) designed to predict robust effective temperatures for cool stars
(<7000 K). Trained on high-quality Gaia-ESO Survey spectroscopy and applied to Gaia DR3 and
2MASS photometry, our Neural Network bypasses the limitations of purely photometric color-Teff
relations. By combining these temperatures with state-of-the-art evolutionary models parameterized
by the starspot coverage fraction (β), we derive highly precise isochronal ages for a large sample of
low-mass stars in young clusters (<100 Myr). We validate our method against model-independent age
tracers, such as Lithium depletion, demonstrating that the inclusion of magnetic activity (spots) is
strictly required to obtain reliable age estimates and to correctly interpret the intrinsic age spreads
observed in young stellar populations. Finally, we present the Galactic impact of this calibration
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by tracing the 3D spatio-temporal architecture of the Solar Neighborhood. Leveraging advanced sta-
tistical tests, we map the age distribution of young stars across the Local Bubble (LB) shell. Our
unprecedented age resolution allows us to quantify the chronological gradient across the expanding
shock front, providing a purely empirical, data-driven framework to test whether the LB expansion
triggered the birth of nearby stellar associations or the LB is superimposed on, and interacts with, a
broader pre-existing hierarchy of recent star-forming structures (Tarantino et al. 2026, submitted).
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We investigate the penumbral structure of starspots on low-mass stars using radiative magnetohydro-
dynamic (RMHD) simulations for 0.3M⊙, 0.6M⊙, and 1.0M⊙ models, where M⊙ is the solar mass.
While the 1.0M⊙ model reproduces solar-like penumbrae with filamentary structures and outward
Evershed flows, the lower-mass models exhibit fundamentally different behavior. In the 0.3M⊙ and
0.6M⊙ cases, the penumbra lacks solar-like filamentary structures and overturning convection typical
of sunspots, and instead shows strong inward flows with enhanced downflows near the outer penum-
bral boundary. These flows form large-scale converging patterns around the spot and do not show a
clear correlation between upflow and intensity, as seen in the solar case. Mass-flux analysis reveals
that the low-mass cases are characterized by net converging flows toward the spot, in contrast to the
diverging flow pattern in the 1.0M⊙ model. Our results indicate that the mechanisms responsible for
solar penumbral formation and the Evershed flow do not operate in the same way in low-mass stars.
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Infrared colors are efficient probes of the dust and gas envelopes in late type stars.  We present
a mapping from the IRAS color-color diagram to AKARI colors in order to address the confusion
shortcoming of IRAS.  The color regions formed on the new AKARI diagram represent sources that
are grouped together with similar circumstellar envelopes and similar composition.  For example,
these regions separate carbon-rich and oxygen-rich sources, more evolved stars from YSOs, and allow
us to select maser candidates for OH and SiO.  Regions of the color-color diagrams are identified
and presented,  as are statistics on the type of sources within certain color spaces and their maser
detection rates.
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The stability of magnetic fields in radiative stellar interiors remains a key open problem, with impor-
tant implications for the rotational and chemical evolution of low-mass stars. Recent asteroseismic
observations of red giants reveal unexpectedly slow core rotations and signatures of strong internal
magnetic fields, placing new constraints on angular momentum transport, possibly driven by mag-
netic instabilities. We investigate the Tayler instability – a kink-type instability of toroidal magnetic
fields in stably stratified regions – using new 3D direct numerical simulations in spherical geometry.
Our simulations adopt a consistent magnetohydrostatic background and include stable stratification
and diffusive processes. First, in a non-rotating setup, we identify two unstable regimes: small-scale
modes consistent with local (WKB) predictions, and large-scale global modes partially stabilized by
stratification, in agreement with Bonanno & Urpin (2012). By combining these results with stellar
evolution models, we constrain the critical toroidal field strengths for both the onset of the instability
and the transition between regimes in red giant cores. Then, we present preliminary results including
rotation, showing how the Tayler instability operates in rotating backgrounds and providing a first
characterization of the resulting angular momentum transport.
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Accurate stellar ages are essential for our understanding of the star formation history of the Milky Way
and Galactic chemical evolution, as well as to constrain exoplanet formation models. Gyrochronology,
a relationship between stellar rotation and age, appears to offer a reliable age indicator for main-
sequence (MS) stars over the mass range of approximately 0.6–1.3 M⊙. These stars lose their angular
momentum due to magnetic braking, and as a result, their rotation speeds decrease with age. Although
current gyrochronology relations have been fairly well tested for young MS stars with masses greater
than 1 M⊙, primarily in young open clusters, insufficient tests exist for older and lower mass MS stars.
Wide non-interacting binaries offer the potential to expand and fill in the range of ages and metallicity
over which gyrochronology can be empirically tested. In this poster, we demonstrate a Monte Carlo
approach to evaluate gyrochronology models, quantify achievable age precision (∼ 5–20%), and use
wide interacting binaries to assess the consistency and reliability of these models. This work was
supported by NSF Grant AST1910396, Embry-Riddle Aeronautical University startup funding, and
NASA Grant 80NSSC24K0494.
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The ”Spite Plateau” of Lithium abundance remains a critical test for Big Bang Nucleosynthesis and
stellar evolution. We present a study of very metal-poor (VMP) double-lined spectroscopic binaries
(SB2), which offer a unique laboratory where both components share an identical age and initial
chemical composition. Aoki et al. (2022) identified seven VMP SB2 dwarf/turn-off star candidates.
Li abudances can be determined separately for each component, which enable us to examine the
dependence of possible depletion depending on stellar mass. We report on the radial velocity measure-
ments combining archival Subaru/HDS spectra with new monitoring for these candidates obtained
with GAOES/RV, installed at Seimei Telescope, Okayama Observatory. In our binary samples, we
already have one sample which orbital elements were previously determined and chemical abundance
analysis in progress. Our Seimei monitoring campaign has already yielded a significant result: the
confirmation of a short-period VMP binary system (P∼8 days), for which we expect to obtain full
coverage RV data soon. Furthermore, we present the detection of Lithium absorption line of either pri-
mary/secondary/both component in three binaries based on Subaru/HDS data. By combining these
new orbital solutions with detailed chemical abundance analysis, we obtain high-precision masses and
Lithium abundances, offering new empirical constraints on stellar depletion mechanisms in the early
universe.
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Stars on the asymptotic giant branch (AGB) exhibit pulsations that could be closely linked to their
interior structure and convective dynamics. While one-dimensional pulsation models have provided
important constraints on period-luminosity sequences, the non-linear coupling between convection and
pulsations remains difficult to capture under assumptions of spherical symmetry and parameterised
convection. Here, I present results from a new grid of global three-dimensional radiation hydrodynamic
“star-in-a-box” simulations of AGB stars computed with the CO5BOLD code, designed to investigate
the natural emergence of multi-mode pulsations in cool, evolved stellar interiors.

The model grid spans current stellar masses of 0.7, 0.8, and 1.0 solar masses and covers a range of
luminosities and mean stellar densities. Pulsation modes are extracted from time-dependent veloc-
ity and luminosity diagnostics using Fourier analysis, while wavelet transforms are used to identify
temporal changes in mode dominance. The simulations reveal self-excited radial and non-radial pul-
sations, including fundamental, first-overtone, and second-overtone modes. Their relative amplitudes
and persistence depend strongly on stellar parameters, with fundamental-mode dominance favoured
in luminous, low-density models, and overtone activity becoming more prominent at higher mean
densities.

The derived periods follow the expected period-mean density scaling and reproduce the structure of
observed period-luminosity sequences for long-period variables. The models also show mode-switching
behaviour, qualitatively similar to that inferred from observed AGB light curves. These results high-
light the importance of three-dimensional radiation hydrodynamic models for studying AGB pulsa-
tions, where the interaction between convection and atmospheric dynamics is intrinsically non-linear
and time dependent.
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The thermal convection in solar-type stars is thought to be driven by a local entropy gradient. Such a
theory predicts the existence of convection-zone-scale convection (giant cells). However, giant cells have
not yet been observationally confirmed in the Sun. This discrepancy between theory and observation is
known as the convection conundrum, suggesting the need to revise current solar and stellar modeling.

As a possible solution to this problem, a hypothesis that has attracted attention in recent years
proposes that convection in the Sun is driven not by local entropy gradients, but by strong downflows
(plumes) generated near the solar surface, which is known as plume-driven convection. In this scenario,
the entropy gradient in the bulk of the convection zone approaches zero, suppressing the driving of
giant cells.

Several previous studies have performed numerical simulations of plume-driven convection. However,
all of these studies neglected magnetic fields, leading to models that do not fully reflect the conditions
in the convection zones of real stars, where self-consistent dynamo generated magnetic fields are
known to play a key dynamical role. In this study, we investigated the effects of such dynamo-driven
magnetic fields on plume-driven convection by conducting high performance numerical simulations in
a Cartesian box.

The results show that the presence of magnetic fields tends to make the computational domain more
convectively stable and reduces the kinetic energy of large-scale convection. In particular, the kinetic
energy spectrum at large scales is reduced by approximately 10% compared to the non-magnetic case.
These results provide support for the plume-driven convection hypothesis.
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Convection in solar-type stars operates in close interaction with near-surface ionization zones, produc-
ing multiscale flows that strongly influence subsurface mixing, properties of stellar granulation, and
large-scale stellar dynamics. Therefore, understanding the interplay between turbulent convection
and the ionization zones is essential for interpreting the internal structure, surface variability, and the
stellar jitter, which is critical for exoplanet detection. Current computational capabilities allow us to
build models of a high degree of realism, taking into account effects of small-scale turbulence, realistic
equation of state, abundances, and internal structure, coupled with accurate radiative transfer mod-
eling. I’ll discuss the thermodynamic and turbulent stellar properties of stars of different masses. In
particular, I present results from 3D radiative hydrodynamic modeling of the upper layers of the Sun
and solar-type stars in the presence of rotation, revealing a paradigm shift in our understanding of the
turbulent structure of convection with depth. The simulation results also show the development of a
shallow 10 Mm deep substructure of the near-surface shear layer. This shallow layer (‘leptocline’) is
located in the hydrogen ionization zone associated with enhanced anisotropic overshooting-type flows
into a less unstable layer between the H and He II ionization zones, which enhanced turbulent mixing
in this layer. This boundary layer is characterized by an accelerated decrease in the Rossby number
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with depth and by an increase in the length scale and the convective turnover time. In terms of
the thermodynamic properties, the bottom boundary of the leptocline is associated with a noticeable
decrease in the temperature and density fluctuations. The results for stars with different masses and
compositions reveal links between the distribution of turbulent scales in the subsurface layers and
dynamical properties of the stellar photospheres.
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Luminous Red Novae (LRNe) are explosive transients with optical luminosities falling in the “gap”
between classical novae and supernovae and with durations of tens to hundreds of days in the optical.
LRNe are believed to arise from binary star interactions, where mass transfer occurs between a donor
star and its companion. One particular LRN of interest occurred in the Andromeda Galaxy in 2015.
Observations of this event gave us an opportunity to investigate how the role of binary star interactions
trigger such outbursts. Fortunately, a pre-outburst image of the donor star is available, allowing us
to constrain its mass and evolutionary state. In addition, the observed light curve of the transient
helps us estimate the total mass ejected from the system. I will present my work to infer the nature of
the companion star using 1D hydrodynamic simulations to model the binary system interaction and
compare the results with the observed data. I will present the results of three simulations in which I
varied the mass ratio (companion mass to donor mass) to examine how changes in the companion mass
affect the amount of mass ejected. The simulations indicate that the closest match to observations
occurs at a mass ratio of 0.2, which produces an ejected mass of 0.44 solar masses. While this is
slightly larger than the observed value of 0.3 solar masses, it still provides valuable insight into the
possible masses capable of reproducing the event. For future work, I plan to extend these simulations
by not only varying the companion mass further but also exploring the full range of donor star masses
that are consistent with the photometric constraints.
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We present stellar rotation period distributions for 7 young open clusters spanning 10–130 Myr (γ Vel,
25 Ori, NGC 2232, IC 2391, IC 2602, IC 4665 and ABDMG) using TESS photometry. Combining our
distributions with those of seven other literature clusters (NGC 2264, NGC 2547, NGC 2541A, α Per,
Pleiades, Blanco 1, NGC 2516), yields 14 clusters spanning 3–150 Myr with which to probe the early
evolution of stellar rotation. These rotation distributions show coherent mass-dependent evolutionary
trends, first in stellar spin-up followed by spin-down, across the pre-main and early main sequences.
These coherent rotational trends suggest that gyrochronology may be applicable to stars younger than
the currently accepted lower age anchor of 80 Myr. However, significant dispersion between stars of
a given mass and age exists at these young <80 Myr ages, limiting the power of gyrochronology in
isolation. A promising step forward is to combine rotation with additional age-sensitive diagnostics,
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such as photometric variability amplitude, which exhibits a mass-dependent behaviour that decreases
with age. Our current work efforts seek to understand whether the combination of the rotation and
photometric variability amplitude can lower the gyrochronal age anchor when combined with other
age-sensitive diagnostics.
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We present a novel, physically motivated Gaussian process (GP) kernel designed to model starspot
variability from photometric lightcurves. Using an analytic flux model, we derive an analytic kernel
function that describes the temporal correlations induced by rotating starspots as a function of spot
properties and stellar rotation: equitorial rotation period (Peq), differential rotation (κ), inclination
angle (I), spot lifetimes (ℓspot), spot emergence and decay timescales (τspot), maximum spot size
(αmax), spot contrast (fspot), and number of spots (Nspot). Our implementation is available in the
package spotgp, which uses JAX for efficient automatic differentiation and GPU acceleration. Using
simulated lightcurves, we use Markov chain Monte Carlo (MCMC) and Cramer-Rao bound analysis
to systematically explore how inference performs for different parameter regimes, and observational
conditions (cadence, baseline, and noise level). Finally, we apply our GP model to Kepler-63 and
demonstrate that we can infer an inclination consistent with v∗ sin I measurements from spectroscopy
and spot parameters with differential rotation and spot lifetimes consistent with transit spot analysis.
This study is the first to demonstrate that differential rotation can be inferred from 1-dimensional
lightcurves with a physically interpretable Gaussian process.
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The large volume of spectroscopic data available now and from near-future surveys will enable high-
dimensional measurements of stellar parameters and properties. Current methods for determining
stellar labels from spectra use physics-driven models, which are computationally expensive and have
limitations in their accuracy due to simplifications. While machine learning methods provide efficient
paths toward emulating physics-based pipelines, they often do not properly account for uncertainties
and have complex model structure, both of which can lead to biases and inaccurate label inference.
Here we present Lux: a data-driven framework for modeling stellar spectra and labels that addresses
prior limitations. Lux is a generative, multi-output, latent variable model framework built on JAX
for computational efficiency and flexibility. As a generative model, Lux properly accounts for un-
certainties and missing data in the input stellar labels and spectral data and can either be used in
probabilistic or discriminative settings. In this talk I will present several examples of how Lux can suc-
cessfully emulate methods for precise stellar label determinations for cool stars stars in the APOGEE
and Milky Way Mapper surveys. I will also show how a simple Lux model is successful at performing
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label transfer between different surveys. Lux is a powerful new framework for the analysis of spectro-
scopic data. Its ability to handle uncertainties while maintaining high precision makes it particularly
valuable for stellar survey label inference and cross-survey analysis, and the flexible model structure
allows for easy extension to other data types.
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Precise radial velocity (RV) measurements are fundamentally limited by stellar surface processes, with
granulation emerging as a key source of short-timescale RV variability. Understanding its impact at
the level of individual spectral lines is essential both for solar physics and for the mitigation of stellar
noise in exoplanet searches.

In this contribution, I will present the first results obtained with the new PoET telescope, focusing
on granulation-driven RV signals in disk-resolved solar observations. These measurements represent
some of the earliest scientific results from PoET, and the first to specifically address granulation effects
using this facility.

The analysis is performed with TILARA (Template-Independent Line-by-line Algorithm for Radial
velocity Analysis), a line-by-line RV extraction code based on iterative multi-Gaussian fitting of indi-
vidual absorption lines, avoiding the use of spectral templates. TILARA enables direct control over
individual line selection and weighting, making it particularly well suited to explore how different
spectral features respond to granulation.

I will present a first preliminary classification of spectral lines according to their sensitivity to granula-
tion, identifying lines that are strongly affected and others that appear more stable. These early results
provide a proof of concept for PoET’s capabilities and demonstrate how line-resolved RV analysis can
be used to link granulation properties to measurable RV signals.

This work opens a new observational window on solar granulation and establishes a framework to
connect disk-resolved solar measurements with unresolved stellar RV observations, with direct impli-
cations for activity mitigation in high-precision exoplanet surveys.
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Radiative losses play a critical role in the cooling of plasmas in stellar atmospheres. When chromo-
spheric plasma is sufficiently heated, it can flow into coronal loops which subsequently cool down due
to radiation. From observations, we infer that this cooling does not occur uniformly, often result-
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ing in coronal condensations such as coronal rain. To date, coronal condensations have only been
found in simulations of steadily-heated loops, and never in impulsively-heated ones. We implement
spatiotemporally variable elemental abundances in a radiative hydrodynamic code. Flows, including
chromospheric evaporation, directly cause a shift in the local elemental abundances, which then af-
fects the local radiative loss rate. As a consequence, we find that incorporating spatiotemporal low
FIP elemental abundances into coronal loop simulations directly causes coronal condensations, which
are otherwise absent in impulsively heated loop or flare models. We conclude that spatiotemporal
variations in elemental abundances are a fundamental feature of coronae and are therefore necessary
to accurately model radiation.

This work has been published in The Astrophysical Journal (https://ui.adsabs.harvard.edu/link_gateway/2025ApJ...992....4B/doi:10.3847/1538-
4357/ae019d)
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The ultracool dwarf TRAPPIST-1 hosts a compact system of terrestrial planets whose atmospheric
characterization critically depends on the properties and variability of the host star. In this regime,
stellar activity and surface heterogeneity are not secondary effects but key contributors to the observed
transmission spectra.

We present a homogeneous analysis of JWST transmission spectroscopy observations of the TRAPPIST-
1 planets obtained with NIRSpec/Prism and NIRISS/SOSS. Transit modeling includes a systematic
treatment of stellar effects, exploring the impact of flares and wavelength-dependent limb-darkening
assumptions on the reconstructed transmission spectra.

To quantify stellar contamination, we incorporate explicit flare modeling and test multiple limb-
darkening prescriptions derived from stellar atmosphere calculations. Each transit is analyzed with
and without stellar variability to assess transit-to-transit differences. Our results reveal significant
variability in the level of stellar contamination between epochs, confirming that heterogeneous stellar
surfaces can introduce substantial biases in planetary atmospheric inferences.

Atmospheric retrievals are performed using a framework that jointly models planetary atmospheres
and heterogeneous stellar photospheres, enabling simultaneous constraints on molecular abundances
and stellar contamination parameters such as spot and facula covering fractions. We place these
results in the broader context of TRAPPIST-1’s magnetic and spectral properties, highlighting how
its activity environment differs from solar-type hosts.
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In this work, we perform a high-resolution spectroscopic analysis of M dwarf stars belonging to the
Praesepe open cluster, from an analysis of spectra from the survey SDSS/APOGEE. The spectral
modeling was conducted in local thermodynamic equilibrium, focusing on molecular lines of OH and
water, through a validated methodology that derives atmospheric parameters and metallicities with
high precision. We determined effective temperatures, surface gravities, α-element abundances and
metallicities for the Praesepe M dwarfs, finding <[M/H]> = 0.14 ± 0.07 dex, which is consistent with
literature results from high-resolution optical studies of G- and K-type dwarfs and red giants. The
α-element abundances obtained were consistent with Praesepe being from the Galactic thin disk. We
compared our results with those from the publicly available APOGEE ASPCAP DR17 and DESI
Milky Way Survey DR1 pipelines, and found that the uncalibrated ASPCAP surface gravities are
physically implausible and that ASPCAP systematically underestimates [M/H]. Comparing the stellar
parameters obtained in this study with those derived by the DESI SP and RVS pipelines, we identify
systematic differences between the RVS and our results and find that the SP pipeline systematically
derives higher values of [M/H] and log g compared to our determinations; however, its Teff values are
consistent with those we obtained. The results in this work provide a precise reference for M dwarfs,
which strengthens the use of M dwarfs stars as reliable tracers of Galactic chemical evolution and as
key targets in exoplanet studies, and also demonstrates that there are significant issues in the stellar
parameter results for M dwarfs in the publicly available APOGEE and DESI data releases. These
findings highlight important limitations in current parameter derivation pipelines for this stellar class.
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Eclipsing binary stars provide some of the most precise fundamental stellar parameters thanks to their
orbital interactions and eclipses. An issue is that many of the most well-characterised eclipsing binaries
are double-lined spectroscopic binaries, which means that both the photometric and spectroscopic
observations contain significant contributions from both components. This is a problem due to the
fact that the signals of these benchmark stars will be very different compared to what we would expect
from single stars observed in large-scale surveys. We aim to mitigate this issue by characterising a
sample of EBLM targets, these binaries have Solar-like primaries (late F to early G) and M-dwarf
companions that contribute ≲ 1 % of the total flux in the optical. The advantage of these systems,
besides their role as benchmark stars, is that the low flux contribution of the secondary makes the
optical spectrum of the binary very similar to stellar spectra of single stars. This means that these
systems can be used to verify the performance of automatic pipelines of large-scale spectroscopic
surveys. In addition, spectra obtained at NIR wavelengths, where the flux ratio between the two
components is higher, can be used to extract dynamical information on the secondary target, which
further constrain the stellar properties of both components. Using HARPS and NIRPS spectroscopy,
in combination with TESS lightcurves, we obtained accurate parameters for our sample of EBLM
stars. These binaries will likely be useful benchmark targets for large-scale spectroscopic surveys as
their magnitudes are in the range (9-11), similar to what is typically observed in such surveys. The
accurate parameters of the secondary components also allows us to evaluate the agreement between
observations and low-mass stellar structure and evolution models.

ID: P1057
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As the number of known exoplanets grows, the focus has shifted toward characterizing these worlds
and their atmospheres. However, the detection of exoplanet atmospheres is challenged by our knowl-
edge of stellar physics, including activity and center-to-limb variations (CLV), as the spectrum is not
homogeneous across the apparent surface of the star. These inhomogeneities alter the profile of spec-
tral lines and complicate transmission spectroscopy atmospheric retrievals, so understanding stellar
surfaces is crucial for our success.

To solve this problem, we can use the “Doppler Shadow” method, which allows us to study local regions
of the stellar surface, using the planet as a probe. This technique provides insights into stellar surface
physics and how the spectral lines themselves change in function of limb position, as well as allow us
to better understand the behavior of the distortions in transmission spectra. Currently, the Doppler
Shadow technique is the only one that allows to obtain local spectra for stars other than the Sun,
and it has so far been applied only on customized line-lists (CCFs). New-generation instruments like
ESPRESSO, in the optical, offer unprecedented spectral resolution and stability, enabling revisiting
and expanding this technique to a much wider range of planetary systems.

In this presentation, we will present novel results regarding the application of the Doppler Shadow
technique to ESPRESSO observations of HD189733 and HD209458. We will explore the effect of spec-
tral type in the Doppler Shadow retrieval, as well as its capability in extracting both local individual
spectral lines and local CCFs. These results were enabled by HECATE, a robust and flexible analysis
pipeline capable of extracting spectra occulted by transiting planets. This tool introduces automation,
significantly improving reproducibility and scalability, and is fully documented and publicly available.
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We present high-temporal resolution observations (0.1 s exposure time) of the dMe star EV Lacertae,
utilizing simultaneous multi-color (g and r bands) photometry from the TriCCS instrument on the
Seimei Telescope alongside TESS observations. The primary objective of this campaign was to resolve
the rapid brightening phases of flares and investigate their color temperature evolution. Over a six-day
campaign in September 2022, totaling 22 hours of observation, we detected 12 flares. We performed
a detailed analysis of the flare with the largest amplitude, which exhibited relative flux increments
of 23%, 7.8%, and 1.4% in the g-band, r-band, and TESS bandpass, respectively. TriCCS revealed a
complex event consisting of two distinct peaks within a seven-minute window. The first peak displayed
a double-peak structure with a relatively slow decay time (∼5 minutes), while the subsequent peak
reached a higher amplitude with an steep decay (less than 1 minute). Notably, TESS failed to resolve
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both the double-peak structure of the first event and the ”true peak” of the second event due to its
lower temporal resolution. Time-resolved blackbody fitting of the TriCCS flux ratios yielded a peak
color temperature of T ≈ 6800 K, accompanied by a slight increasing trend in the flare area (on
the order of 1018 cm2). The temperature decay was significantly more rapid than the photometric
flux decay, with e-folding times of 4.9 minutes (g-band), 7.2 minutes (r-band), and 0.56 minutes
(temperature). The total bolometric energy derived from TriCCS was 5.88 × 1031 erg, approximately
three times lower than the energy estimated from TESS (1.702 × 1032 erg). These rare sub-second
observations demonstrate a significant advantage in detecting fast flare morphology and ”true peaks,”
providing critical constraints for future flare research.
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With JWST now and HWO in the future, we are entering an era where detailed observations of
exoplanetary atmospheres are possible. Correctly interpreting such observations relies on a compre-
hensive understanding of exoplanet host stars, and in particular the ultraviolet light emitted by stellar
chromospheres and coronae. The ultraviolet light that a planet receives from its star influences the
chemistry and structure of its atmosphere: Near- and Far-Ultraviolet (NUV, FUV) light power pho-
tochemistry in the upper atmosphere, whilst high-energy Extreme Ultraviolet (EUV) photons drive
atmospheric escape processes. Stellar ultraviolet emission is also highly variable on timescales of min-
utes to decades. Unfortunately, characterizing host stars in the ultraviolet is difficult, limited by the
high oversubscription of HST in the NUV and FUV and the complete lack of observatories in the
EUV.

Launching in 2027, MANTIS (Monitoring Activity of Nearby sTars with uv Imaging and Spectroscopy)
is an advanced astrophysics smallsat designed to address this observational gap. Capable of simulta-
neous spectroscopic observations in EUV, FUV and NUV bands, MANTIS will provide the most com-
prehensive view of stellar ultraviolet behavior to date. MANTIS will undertake two primary missions:
First, it will observe planetary transits simultaneously with JWST, providing the real-time stellar
ultraviolet inputs required to interpret JWST transmission spectroscopy; Second, it will undertake a
survey of nearby stars chosen to cover a range of spectral types and ages, providing simultaneous, time
series EUV, FUV and NUV spectroscopy for several days on each target. In this presentation I will
overview the MANTIS mission and science goals, and discuss the consequences for future ultraviolet
stellar astronomy.
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ArmazoNes high Dispersion Echelle Spectrograph (ANDES) for ELT will provide wavelength coverage
of 0.35-2.4 µm. The scientifically important U-band (0.35-0.41 µm) was approved recently since
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multiple science cases envisioned for ANDES at ELT will either benefit from or completely relied on
having it. Covering the Ca II H&K region was the main motivation for many stellar and exoplanet
science cases, but some science cases require having the whole U-band. Especially achieving the top-
priority science case ‘Exoplanet Atmospheres in Transmission Spectra’ critically depends on being
able to characterize the impact of stellar activity during the observations. That can only be achieved
by the simultaneous coverage given by the U-band of the Ca II H&K region, which has been proven
to be the most sensitive activity indicator in cool stars. Lesson learned from JWST observations is
that strong stellar activity contamination hampers the detection of any possible secondary atmosphere.
In relation to cool star science, ANDES U-band will expand our horizon in many ways. It enables
exploring chemical compositions of the most primitive stars known - about 40% of the key observational
signatures are within the spectral range of the U-band. Further, it covers the most sensitive tracers
of stellar activity, the Ca II H&K lines. Several studies have shown that the sensitivity of Ca II H&K
to even small activity changes cannot be matched by other chromospherically sensitive lines such as
Hα, Ca IRT, or the Na D lines. Furthermore, the nucleosynthesis of the heaviest elements have key
absorption lines in late-type stars throughout the U, B, and V bands.
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The chromosphere is key in regulating how energy and momentum are transferred from stellar interiors
into interplanetary space. Yet it remains the most challenging layer to model in cool-star atmospheres
due to the highly non-ideal physics involved. In both solar and stellar coronal models, chromospheric
effects are currently absorbed into simplified boundary conditions, leading to homogeneous and uncon-
strained thermodynamics at the base of coronas. Using the radiative-MHD Bifrost code, we perform
a parametric study of quiet-Sun magnetic flux emergence to quantify how chromospheric thermody-
namics and atmospheric coupling respond to changing magnetic environments.

We first show that increasing magnetic flux redistributes heating from shocks toward magnetic recon-
nection, producing a monotonic rise in chromospheric temperatures. However, the temperature at
the base of the corona responds non-monotonically, reflecting a subtle competition between enhanced
heating, increased radiative losses, and mass loading. These results highlight the importance of chro-
mospheric diagnostics, the need to improve current chromospheric parametrisations, and inform us
on how. We finally discuss advances we are currently making on this aspect in the context of space-
weather environments, and subsequent perspectives for modelling exoplanetary systems and their host
star evolution.
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In this talk, I will present the first results from the PLATO-HARPSpol Activity and Magnetism Ex-
ploration (PHAME) survey: a unique ground-based spectropolarimetric program providing magnetic
and activity context for the upcoming PLATO mission. With an allocation of nearly 340 hours of tele-
scope time to date, PHAME began with a dedicated snapshot campaign using HARPSpol@ESO3.6m
to assess the detectability of surface magnetic fields in targets within the Long-duration Observation
Phase (LOPS2) field of PLATO, establishing activity levels and identifying stars suitable for Zeeman-
Doppler Imaging (ZDI). A complementary ESPaDOnS@CFHT program covers the northernmost part
of the LOPS2 field. Building on this validated target selection, PHAME has progressed to a mapping
phase (PHAME-MAP), where rotationally modulated observations constrain large-scale stellar mag-
netic topologies via ZDI. A proposed extension (PHAME-MAP2) will add a time-domain dimension
through multi-epoch ZDI, enabling the study of magnetic and activity cycles. By combining activ-
ity diagnostics with surface magnetic field maps over yearly baselines, PHAME aims to establish a
magnetic baseline for F-G-K stars within the PLATO field. This baseline will link stellar magnetism
with PLATO’s planned asteroseismic inferences and enable tailored models of star-planet interactions.
The magnetic legacy obtained by PHAME will also inform future atmospheric characterization of
PLATO-discovered exoplanets with ANDES@ELT, where accurate knowledge of host-star activity
and magnetism is essential for accurately interpreting high-resolution transmission spectra.
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April 2026 marks three years since the Near-InfraRed Planet Searcher (NIRPS) spectrograph began
its symbiotic observations with the visible HARPS spectrograph at the ESO 3.6m Telescope (La
Silla Observatory, Chile). Both spectrographs are also connected to the HELIOS solar telescope,
which during daytime operations delivers high-S/N, disk-integrated Sun-as-a-star observations at a
1-minute cadence. Solar observations of this kind are excellent data sets to improve the understanding
and modeling of solar-type variability at the spectral level. While there exists other solar telescope
facilitates at various high-resolution spectrographs, primarily in the visible, the NIRPS solar data set
is the first of its kind to achieve long-term instrumental precision at near-infrared wavelengths and
with substantial baseline to cover solar-type astrophysical signals at multiple timescales.

In this talk, we present a qualitative overview of the NIRPS solar spectra, their tailored data reduction,
and the science enabled by them—both so far and looking ahead. We showcase how the automatized
daily observations (upward of 450 spectra per day) are quality controlled for poor weather conditions,
how the disk-integrated radial velocity (RV) is extracted with a custom spectral line list compatible
with the applied telluric correction, and how the resulting RV time series achieves an improved RV
scatter compared to the default instrument pipeline (with a 54% reduction of the average intraday
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standard deviation, from 7.2 to 3.3 m/s). We also briefly explore the astrophysical signals present in
the RVs (due to oscillations, granulation and magnetically active regions), how they compare to their
contemporaneous counterparts in the optical, and point out some of the promising activity indicators
that can be leveraged in the near-infrared to facilitate the detection and mass-characterization of
extrasolar planets.
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In recent years, the so-called AWSOM models are a new generation of solar and stellar atmospheric
models, which incorporate the heating and forces of Alfven waves on top of more classical effects. They
are capturing well the stellar coronae, but from comparison with solar observations, we know that they
lack heating in polar open field regions. In this contribution, I will describe our theoretical development
of a new formalism that allows to describe the kink waves associated with density structures in stellar
coronae. I will explain the governing equations, and how the kink waves can provide extra heating
power in the open field regions, that more adequately describe the heating and driving of the stellar
wind. The system of equations have now been implemented in 3D numerical codes. I will use such
simulations to show that kink wave heating outperforms the heating by Alfven waves. I will show how
the new simulation tools may be used to construct 3D models of coronae of cool stars.
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Radial velocity (RV) searches for small exoplanets around Sun-like stars are increasingly limited by
activity-driven RV jitter. In stars with near-solar magnetic activity, bright faculae dominate this
variability, yet their disk-integrated RV impact is poorly constrained. In this study, we measure their
spectroscopic imprint with a physically consistent forward model, using the Sun as a testing bed.

We compute high-resolution synthetic spectra for a grid of viewing angles using the MPS-ATLAS
radiative transfer code and 3D radiative MHD MURaM simulations of the quiet Sun and faculae. We
then model the transit of a simple facular patch at the solar equator as the Sun rotates and analyse
its signatures in a small sample of disk-integrated FeI and FeII line profiles.
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Our results reveal that the strongly µ-dependent suppression of convective blueshift by faculae leads
to characteristic RV profiles. Near disk centre the signal is dominated by reduced vertical blueshift,
yielding a relative redshift, whereas toward the limb horizontal inflows into facular flux tubes and
the enhanced weight of the approaching hot wall produce a relative blueshift despite foreshortening.
We find that stellar rotation introduces asymmetry and shifts the RV extrema in phase, producing
a facular-transit phase lag that is observed on the Sun and varies from line to line. RV amplitudes
depend strongly on both line strength and ionisation stage, with the largest signals generally found
for FeII lines and for weaker lines in both FeI and FeII.

Even a single facular region can therefore generate complex, position- and line-dependent RV signa-
tures, motivating line-by-line RV extraction and activity-informed line weighting for extreme-precision
RV surveys.
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We present a new analysis of the spectroscopic variability of the benchmark brown dwarf binary sys-
tem WISE J104915.57-531906.1 AB (WISE 1049 AB, L7.5+T0.5), as observed using the Near-Infrared
Spectrograph (NIRSpec) on board the James Webb Space Telescope. Using time-resolved spectroscopy
across the 0.6–5.3 µm wavelength range, we investigate how variability depends on wavelength, atmo-
spheric depth and molecular absorption features.

We observe systematic differences in the variability amplitudes of the two components, with the B
component showing stronger deviations across all spectral regions. For the A component, the enhanced
variability of CH4 and CO relative to H2O suggests that cloud-driven scenarios alone cannot fully
reproduce the observed behaviour, indicating the presence of additional physical processes, such as
thermochemical instabilities.

We present a 3D reconstruction of the atmospheric structure of both components to highlight the
depth dependence of the variability. As ongoing work, we are expanding the results relating to how
these observational constraints inform current forward modelling and atmospheric retrieval frameworks
applied to median NIRSpec and MIRI spectra. We also outline a pathway towards extending these
methods to time-resolved data. Finally, we discuss the complementary roles of variability studies and
static spectral modelling in advancing our understanding of cool atmospheres.
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Mass loss is a fundamental process that all stars undergo throughout their evolution. However, the
physical mechanisms by which mass is expelled into the interstellar medium remain poorly understood,
particularly for low-mass, evolved, cool stars, i.e., red giants. These stars lose approximately 20-25%
of their initial mass during the red giant branch phase –which may even prevent further evolution–
followed by an additional 10-15% during the asymptotic giant branch, ultimately shaping their fate
and circumstellar environment.

For isolated low-mass red giants, the prevailing picture is that mass loss occurs through stellar winds
driven by the dissipation of mechanical and magnetohydrodynamic waves. The origin of these winds
is closely linked to the chromosphere, which is both the region where the wind is expected to be
accelerated and the layer of the atmosphere where the physical mechanisms –powering both the winds
and the chromosphere itself– operate.

One of the most challenging aspects of this process is its temporal variability. Although variability has
long been observed, it has never been constrained and is likely a major contributor to the discrepancies
between classical steady-outflow models and direct observational measurements. We investigate this
variability using multi-epoch observations of the chromospheric H-alpha line in red giant stars of the
globular cluster 47 Tuc. The H-alpha line is sufficiently opaque in its core to form in the chromosphere,
allowing it to trace the average outflow per epoch. By studying stars within a globular cluster, we
can compare stars with similar initial properties at different evolutionary points.

We found that stars with log(L/Lsun) >2.4 exhibit increasing variability and outflows in mean and
amplitude. As we lack a theoretical framework to explain this, monitoring in other systems will
be necessary to determine whether the onset and the strength of these trends depend on stellar
composition/structure/activity.
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Detailed chemical studies of F/G/K stars have long been routine in stellar astrophysics, enabling stud-
ies in both Galactic chemodynamics, and exoplanet demographics. However, similar understanding of
the chemistry of M and late-K dwarfs—the most common stars in the Galaxy—has been greatly ham-
pered both observationally and theoretically by the complex molecular chemistry of their atmospheres.
This complexity results in extensive line blending and a marked sensitivity to incomplete molecular
data for dominant opacity sources when modelling, limiting the viability of traditional spectroscopic
methods like equivalent width measurement or spectral synthesis—especially in the optical.
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Data-driven spectroscopic models using reliable stellar benchmark training samples offer a way around
this problem while at the same time acting as an empirical bridge between observations and theory.
Such models have been shown to effectively reproduce K/M dwarf [X/Fe] when trained on gold stan-
dard chemical benchmark F/G/K–K/M binary systems, and their generative nature allows empirically
testing the accuracy of physical models. These comparisons can highlight problem spectral regions to
either optimise analysis of current observational data, or guide future improvements in modelling or
line lists.

Here we present a comparison between low (R 7000) and high (R 46,000) resolution optical imple-
mentations of the data-driven Cannon model for cool dwarf Teff, logg, [Fe/H], and [X/Fe]. Both
models show excellent recovery of stellar parameters (≲ 1.5% in Teff; ≲ 0.10 dex in [Fe/H] and [X/Fe])
and stellar fluxes, with the latter allowing direct comparison with current generation MARCS model
spectra. We provide a set of reliable optical windows best suited for accurate spectral synthesis, and
guidance on benchmarking K/M dwarfs in a chemodynamic context—both essential to fully exploiting
the millions of optical cool dwarf spectra set to be observed as part of upcoming massive spectroscopic
surveys.
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Bridging the gap between cool stars and giant planets, brown dwarfs (BDs) play an important role for
understanding the origins and evolutions of these objects. Specifically, young BDs that are actively
cooling and contracting serve as important testbeds for probing the interior physics of low-mass stars
and planets in the early stages of their lives. Transiting BDs are uniquely positioned to advance our
comprehension of this physics: they are among the only BDs for which both masses and radii have
been measured independently of cooling tracks. In cases where the ages of the systems and the internal
temperatures of the BDs are also known, transiting BDs enable rare tests of cooling track models.

We present early results from the Palomar Secondary Eclipse Survey, which seeks to measure the
temperatures of transiting BDs via detections of their secondary eclipses in the near infrared. We
report a detection of the secondary eclipse of LP 261-75b, a 68 Jupiter-mass BD orbiting a 0.3 Solar-
mass M dwarf with a high (>99%) probability of being associated with the 130-200 Myr-old AB
Doradus moving group (J. M. Irwin et al. 2018). Based on our measured Ks-band eclipse depth, the
BD is significantly less luminous than cooling models predict for this age. We note that the circular
orbit and low stellar obliquity of the system disfavor formation via dynamical capture (M. Brady et
al. 2025), meaning that the BD and its host star are likely coeval.

Our results have two potential impacts: (1) If the system is indeed a member of the AB Doradus
moving group, the low luminosity of the BD creates tension with current BD cooling tracks, possibly
hinting at physics missing from the models. (2) If the system is not a member of the AB Doradus
moving group and the cooling models are correct, we have obtained a rare age measurement for a field
M dwarf, facilitating new studies to relate the properties and ages of low-mass stars.
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M-dwarfs dominate the stellar population of the Galaxy, yet their interiors and atmospheres (especially
for cooler M-dwarfs) host tightly coupled physical processes—dust condensation, convective feedback,
and magnetically driven heterogeneity—that challenge standard stellar characterization methods. In
SPHINX I, we introduced a validated grid of self-consistent radiative–convective model atmospheres
and spectra suitable for early-to-mid M-dwarfs. Here, we present SPHINX II, a new-generation model
grid extending to mid-to-late type M-dwarfs, explicitly incorporating both gray and physically moti-
vated condensate cloud treatments alongside reduced convective mixing lengths appropriate for low-
mass stars. SPHINX II is validated using 39 benchmark FGK+M binary systems observed with
SpeX/IRTF and applied to 32 mid-to-late M-dwarfs from the SpeX Prism Library. The models yield
statistically improved fits consistent with empirical benchmarks, achieving typical precisions of 0.078
dex in metallicity and 0.13 dex in C/O. Across the grid, condensate cloud mass peaks between 2100–
2400 K, declines sharply toward both higher and lower temperatures, and reveals a transition to a
cloud-free regime near 2900 K, with deep, buried clouds emerging below 2100 K. As a case study,
modeling TRAPPIST-1 demonstrates that even mass-limited silicate clouds subtly but measurably
suppress near-infrared flux and redden the mid-infrared continuum through shallow cloud formation
near 0.01 bar. Together, these results establish SPHINX II as a physically motivated framework for
interpreting the spectra and fundamental properties of mid-to-late M-dwarfs, with direct implications
for stellar physics, population studies, and exoplanet host characterization.
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High contrast imaging of exoplanets and brown dwarfs typically relies on coronagraphic techniques
for starlight suppression to reach the necessary sensitivity to identify planetary signal amidst the over-
whelming stellar noise. However, a novel technique which employs moderate resolution (R 3000) spec-
troscopic observations combined with computational starlight subtraction has recently been demon-
strated on JWST in Cycle 1 (Ruffio+2024, Hoch+2024) which is capable of detecting and character-
izing exoplanets and brown dwarfs at moderate contrast without using a coronagraph. The technique
relies on spectrally resolving molecular features in the planetary atmosphere and cross-correlating the
continuum-subtracted residuals of the spectroscopic data with model templates to identify the plan-

75



etary signal inside the noisy diffracted starlight. In this talk we present spectroscopic detection and
analysis of the cool exoplanet 51 Eridani b (4.8 sigma in 3.4 hrs, 750 K, 3 M_Jup) and GJ 758 b (40.2
sigma in 3.4 hours, 650 K, 38 M_Jup) using JWST/ NIRSpec (F290LP; G395H) from GO programs
3522 and 6362. 51 Eridani b is the most challenging target we have recovered with this technique
so far, at a separation around 0.3” and 4 micron contrast of 1.1x10^-5. This dataset provides the
first unambiguous confirmation of disequilibrium carbon chemistry through the identification of CO
molecular features. GJ 758 b is the coldest brown dwarf companion with a dynamical mass that has
been spectroscopically detected with NIRSpec and enables investigations into molecules that appear
at the T/Y transition seen in isolated substellar objects.
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Despite decades of surveys, our understanding of ultra-cool dwarf (UCD) atmospheres remains in-
complete. Most studies have focused on individual objects, producing detailed but isolated results
prone to degeneracies caused by the intrinsic diversity of these atmospheres. What is missing is a sys-
tematic, population-level approach that links atmospheric diversity to fundamental parameters such
as age, mass, and temperature. We present an in-depth atmospheric analysis of UCD spectra from
the SPHEREx mission, which provides continuous spectrophotometry spanning 0.75–5 microns and
covers the bulk of these objects’s spectral energy distribution down to late-T dwarfs. The data are
reduced using our custom-built, open-source SPIFF pipeline, which has so far extracted spectra for
over a thousand brown dwarfs. Our spectral extraction and atmospheric retrieval methods are bench-
marked using the well-studied brown dwarf SIMP 0136, which has been extensively characterized with
both ground- and space-based observatories. We find that its SPHEREx spectrum is consistent with
previous observations and enables constraints on key CNOS-bearing species (e.g., H2O, CH4, CO,
CO2, NH3, and H2S) as well as metal hybrides (CrH and FeH), with precision at the 0.01–0.1 dex
level. Finally, we extend this analysis to a sample of L-, T-, and Y-type brown dwarfs to identify
trends in thermal structure, elemental and molecular abundances, and cloud properties. These results
demonstrate the potential of SPHEREx for population-level studies of UCD atmospheres, allowing
us to map for the first time the physical, chemical, and cloud condensation transitions shaping the
M/L/T/Y spectral sequence, and enabling a direct comparison with exoplanet and Solar System gas
giant atmospheres.
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Late-type AGB stars exhibit complex photospheric-chromospheric line formation influenced by cool,
extended atmospheres and the onset of mass loss. I present the construction of an RH radiative-transfer
input model for the M-type AGB star R Leo, developed to interpret spectral chromospheric line diag-
nostics and to test sensitivity to thermodynamic and kinematic assumptions. We analyze HST–STIS
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observations of R Leo and use them to guide model setup and evaluation, focusing on how observed line
shapes and strengths constrain the atmospheric structure. I will describe the adopted temperature–
density structure, boundary conditions, opacities, and microturbulent broadening choices, and outline
how the model is prepared for systematic experiments on line formation and emergent spectra of Mg
II h & K and CII] multiplet lines. Using this setup, I generate synthetic spectra and evaluate how key
features respond to variations in the input structure (e.g., temperature gradients, density scale height,
and velocity broadening). The resulting framework provides a reproducible foundation for (i) compar-
ing predicted and observed STIS spectra, (ii) identifying parameters most strongly constrained by the
data, and (iii) motivating extensions toward more realistic dynamical and non-equilibrium descriptions
of AGB atmospheres.
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The solar coronal heating problem is one of the longest-standing unsolved challenges in solar physics.
However, this phenomenon is not unique to our Sun. Many cool, solar-like stars also possess hot
coronae, indicating that similar physical processes may operate across a wide range of stellar environ-
ments. Magnetohydrodynamic (MHD) waves, such as Alfvén and kink waves, are key candidates for
transporting energy from the solar surface into the corona. Interactions between counterpropagating
Alfvén waves can trigger turbulence, resulting in heating, while kink waves self-interact, triggering
uniturbulence, efficiently heating the plasma. In this presentation, we present results obtained by
incorporating Alfvén and kink wave energy into the MHD equations, constituting the Uniturbulence
and Alfvén Wave Solar Model (UAWSoM), and present each wave’s relative impact on heating the
solar atmosphere and driving the solar wind. In a proof-of-concept paper, we demonstrated that kink
waves have a much higher heating rate than Alfvén waves given the same energy injection, suggesting
they are the dominant mode responsible for heating the solar corona. We also explore each wave’s role
in a global context, where the solar atmosphere is modelled up to 21.5 R_Sun, such that the sonic
point lies within our domain. The surface magnetic field is initialised from an observed magnetogram,
and wave energy is injected according to the local magnetic field. We present this novel approach to
modelling the effects of two dominant wave modes in the solar atmosphere that is highly relevant for
predicting wave heating and mass loss rates in other cool stars.
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Active stellar regions (spots and faculae) introduce rotational photometric modulation and temperature-
dependent signals during crossing events, biasing measured transit depths and inferred planetary radii.
Additional variability arises from stellar granulation, which is itself strongly modified by magnetic
fields and can be partially or fully suppressed in active regions. A realistic treatment of the interac-
tion between surface magnetism and convection is therefore essential for accurate stellar and exoplanet
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modeling. We investigate these effects using the 3D MHD code MURaM. Synthetic stellar disks are
constructed by tiling spatially resolved granular snapshots obtained from MURaM simulations for
G2 and M0 stars across a range of magnetic field strengths. We find that magnetic fields have only
a modest impact on granulation in the G2 case, while in M0 stars the granular pattern is strongly
altered, with detectable granulation signatures emerging only in the presence of magnetic fields. We
also estimate the uncertainties in planetary radii by repeating our calculations with standard CLV
approaches using commonly used 1D models. We further derive center-to-limb intensity variations
from the simulations and compare them with commonly used parameterizations. High-cadence pho-
tometric observations with ULTRACAM and HiPERCAM provide complementary, proof-of-concept
constraints, revealing multiple crossing events and variability consistent with granulation. Together,
these results demonstrate the importance of magnetoconvective surface structure for interpreting tran-
sit observations and for improving the accuracy of inferred exoplanet properties.
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For over four decades now, the Birmingham Solar Oscillation Network (BiSON) has provided Sun-
as-a-star radial velocities with 40-second cadence and near continuous coverage, becoming one of
the cornerstones of helioseismology. Yet, this extraordinary dataset has never been explored for solar
effects with timescales longer than one day: standard calibration procedures intentionally suppress low-
frequency signals, erasing information about solar variability on convective, rotational, and magnetic-
cycle timescales.

We now present a complete re-calibration and re-analysis of the full BiSON archive designed to retain
these ignored signals while preserving BiSON’s unmatched precision. We introduce a generative spec-
tral model coupled to a physics-aware neural network framework for multi-decade, multi-instrument
calibration. This approach isolates local instrumental and terrestrial systematics while enforcing a
single, coherent solar activity signal across the global network, enabling robust separation of solar
variability from non-solar signals and noise without imposing restrictive parametric assumptions.

The resulting product is the longest-baseline solar radial-velocity time series to date with short ca-
dence high-precision data. It opens new avenues for detecting elusive low-frequency seismic signatures,
including g-modes, and provides an unprecedented laboratory for characterising granulation, super-
granulation, and magnetic activity across multiple solar cycles. As such, this dataset also offers
a critical benchmark for developing stellar activity mitigation strategies central to the detection of
habitable rocky worlds with extreme-precision radial velocities.
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Brown dwarfs (BDs) are the last major population discovered on the Hertzsprung–Russell diagram
and form the low-mass tail of the initial mass function, bridging the gap between stars and planets.
They provide key empirical references for the characterization of gaseous exoplanets, yet their physical
properties remain difficult to constrain. Field BDs suffer from a strong mass–age degeneracy, their
dusty atmospheres depend sensitively on metallicity, and rapid atmospheric evolution occurs across
the L/T transition. As a result, several spectral features of L dwarfs are not well reproduced by
current ultracool atmospheric models, and predictions from different models remain inconsistent.

Benchmark brown dwarfs with independently constrained ages and metallicities are therefore essential
to test and calibrate theoretical models. Wide star–BD binaries provide ideal benchmarks, as the
properties of the BD companion can be inferred from the well-characterized primary star.

We present here 40 wide star + L dwarf binary systems discovered through a systematic search using
Pan-STARRS and Gaia data, and confirmed with optical spectra from OSIRIS at GTC. The sample
includes systems in young moving groups, triple systems, binaries with white dwarf primaries providing
robust age constraints, and systems with G–M primaries suitable for precise metallicity determinations.
Combined with constraints from the primaries, this sample provides a powerful benchmark set to test
ultracool atmospheric models across the stellar–substellar boundary, with direct relevance for future
brown dwarf populations from Euclid and LSST and for directly imaged exoplanets.
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Evolved stars on the Asymptotic Giant Branch (AGB) play a crucial role in the cycle of cosmic matter
through their massive stellar winds. The onset of these AGB winds occurs in their dynamic extended
atmospheres, which have long remained observationally inaccessible due to a lack of resolving power.
In recent years, high-resolution interferometric observations have opened a new window into the intri-
cate atmospheres of these cool giants by directly resolving their stellar disks, revealing asymmetries,
variability, and localised surface activity. Mira A (omi Cet), a well-studied AGB star, has been found
to exhibit bright, compact hotspots on its surface at millimetre wavelengths. While their origin, physi-
cal nature, and prevalence remain poorly understood and are not predicted by current 3D atmospheric
AGB models, these hotspots have been suggested to be linked to shocks induced by convective motions
and pulsations, or to magnetic activity. Investigating stellar hotspot activity is, therefore, essential
for constraining models of dynamic AGB stellar atmospheres and for improving our understanding of
their mass-loss mechanisms. In this work, we present a multi-epoch, multi-frequency study of Mira A
using high-angular-resolution ALMA continuum observations to investigate the temporal and spectral
variability of its hotspots and stellar disk. Our analysis, encompassing 18 epochs spanning ALMA
Bands 4, 6, 7, and 9, reveals distinct variations in the properties and occurrence of hotspots between
epochs and across different atmospheric depths, highlighting a complex, time-variable environment in
the extended atmosphere of Mira A.
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Stellar elemental abundances are a critical ingredient in our understanding of planet and substellar
companion formation. In studies of brown dwarfs and directly imaged exoplanets, host star abundances
are often assumed to be solar for simplicity; however, this assumption can introduce significant biases
in atmospheric retrievals and forward modeling. We present a uniform high-resolution spectroscopic
survey of 35 FGK stars hosting benchmark brown dwarf companions. Using optical spectra obtained
with the PEPSI spectrograph on the Large Binocular Telescope (R = 130,000) and analyzed with
the BACCHUS code, we derive precise stellar parameters and detailed chemical abundances (Fe, C,
Mg, Si, Ca, Al, N, S, Y, Ti, and V). We focus on key formation and evolution tracers, including the
carbon-to-oxygen ratio, metallicity, Mg/Si, and the spectroscopic age indicator [Y/Mg]. Our initial
results reveal a trend toward subsolar C/O ratios among solar-type hosts of brown dwarf companions,
distinct from the population of directly imaged planet hosts. We further explore the implications of
host star Mg/Si chemistry using theoretical chemical networks to predict cloud condensate species
expected to form in the atmospheres of the brown dwarf companions. We will discuss our results in
the context of current and future JWST constraints on the brown dwarf companions. Finally, we
assess the utility of the [Y/Mg] ratio as a stellar clock for FGK hosts with poorly constrained ages
and discuss the implications of our results for the characterization of benchmark brown dwarf systems
as a whole
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M-dwarf host stars provide an important opportunity to study in detail the atmospheres of their
sub-giant planets due to their relatively deep transit depths. To accurately characterize these planets,
robust and homogenous measurements of the fundamental properties of M-dwarfs are required. How-
ever, there are discrepancies in measurements of the stellar effective temperature of 200-300K noted
in observations of individual targets measured from optical and near infrared spectroscopy. While
M-dwarf temperatures are often measured from optical spectra, upcoming missions such as Ariel will
be characterizing such stars in the near-infrared. Accurate effective temperature measurements are
essential in characterizing stellar activity and determining abundances in exoplanet atmospheres. We
present a suite of observations of roughly 30 planet hosting M-dwarfs, all potential Ariel targets, ob-
served using ground based optical and near-infrared spectroscopy to characterize systematic offsets in
effective temperature between these band passes as a function of stellar mass.
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Stellar line shapes are sculpted by near-surface convective flows in the atmospheres of cool stars. In
the past, the character of these flows has been studied via measurements of the relative convective
blueshift and diagnostics of line bisector amplitude, etc. Complementary approaches use box-in-a-star
(M)HD simulations to study granulation in cool stars, but these are computationally expensive, cannot
reproduce flows on length scales larger than the simulated box (e.g., supergranulation, meridional
flows), and lack a basis for direct comparison to observations, since stellar surfaces of cool dwarfs
cannot be sufficiently spatially resolved. Here, we present a novel method for inferring the vertical
velocity structure in stellar atmospheres directly from high resolution spectra. First, using a toy
model constructed from 3D HD simulations, we show that we retrieve the correct velocity structure
in granules and lanes. Next, we validate our method on real data with both resolved and ”Sun-
as-a-star” observations, showing that we accurately reproduce the shapes of disk-resolved solar line
profiles and bisectors given only a point-source flux spectrum as input. Finally, we show early results
from applying the technique to other stars, highlighting the potential to quantitatively compare with
theoretical stellar velocity profiles from (M)HD simulations and stellar scaling laws.
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The identification of isolated planetary-mass objects (“planemos”) is critically needed, as they provide
gas giant atmosphere analogs highly suitable to spectroscopic characterization without the glare of a
bright host star. Identifying nearby planemos requires locating substellar members of nearby young
moving groups; these sparse associations of coeval stars have a common motion through space, and
serve as age-dating benchmarks that allows to lift the mass degeneracy in substellar objects. I will
present our most recent Bayesian kinematic membership analysis of new substellar objects discovered
by citizen scientists through the Backyard Worlds: Planet IX project, supplemented by space-based
infrared SPHEREx spectroscopy to identify, validate, and characterize planetary-mass objects in our
immediate neighborhood. Our approach leverages the latest version of the BANYAN Σ Bayesian
classification tool, which includes thousands of young associations. We have so far identified 380 age-
calibrated planemos and brown dwarfs with masses ∼ 2 to 88 MJup, distances ∼ 11 to 81 pc, and
ages ∼ 10 to 800 Myr. Of these objects, 80 already have SPHEREx spectra which have allowed us to
confirm them as substellar objects. Our results highlight the power of combining citizen science and
SPHEREx spectroscopy to uncover and characterize large populations of planemos and brown dwarfs
in nearby young moving groups.
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Stellar atmosphere models for M dwarfs frequently produce inaccurate spectra due to poorly con-
strained opacities and incomplete physical treatments. These deficiencies limit our ability to interpret
high-resolution spectral observations and introduce systematics into downstream analyses, including
exoplanet mass measurements from radial velocities (RVs).

We present postellar, a data-driven framework in which the stellar spectrum is treated as a variable
inferred directly from the data, rather than as a fixed prediction from an atmosphere model. Postellar
combines a machine-learning prior trained on PHOENIX M-dwarf spectra, which captures the common
structure of these spectra and the atmospheric assumptions they typically encode, with a likelihood
that anchors the inference to observations. This approach yields physically informed and empirically
constrained spectral modeling. Postellar further provides direct uncertainties on spectral features
through the spread of posterior samples.

We validate postellar using synthetic SPIRou observations based on empirical spectra of Barnard’s
Star and Proxima Centauri. Postellar recovers the underlying spectrum more accurately than both
PHOENIX models and empirical templates, which are constructed from stacked observations, im-
proving RV accuracy by up to a factor of three. The framework performs particularly well in low
signal-to-noise regimes relevant for faint targets, which can enable improved stellar compositional
analyses. In addition, postellar naturally highlights spectral regions where model predictions are least
reliable through increased posterior uncertainty, providing empirical guidance for future atmosphere
model development.

By explicitly combining information from physical models and observations, postellar provides a more
precise way to interpret cool star spectra and reduce stellar-driven systematics, while informing theo-
retical advances in atmosphere modeling.
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Understanding the atmospheric and orbital properties of giant planets and brown dwarfs is a major
goal of modern astrophysics, but are often plagued by a lack of observational constraints. Measure-
ments of companion brightness, atmospheric parameters, and dynamic environments require thermal
emission measured through direct detection that historically has been difficult to do. High-contrast
imaging has revealed a precious sample of benchmark brown dwarfs that are ideal for comprehensively
characterizing such properties through direct spectroscopy at an unprecedented level of resolution and
sensitivity thanks to JWST, without relying on a coronagraph, complementary to existing data. Our
team has worked on optimizing this technique with the use of JWST NIRSpec/IFU to unveil a new pa-
rameter space for brown dwarf physics. To constrain the atmospheric properties of these companions,
ground-based data is combined with longer wavelength space-based data that goes beyond directly
imaging such companions, but comprehensively characterizing their atmospheric properties through
direct spectroscopic observations in the high-contrast regime.

Here we present results from a unique spectroscopic survey - the Dyn-Atmo Survey - that is, for the first
time, observing a sample of mass- and age-calibrated benchmark brown dwarf companions at moderate
resolution (R 3000) in the 3-5µm range with JWST NIRSpec/IFU. This sample spans across brown
dwarf spectral types, masses (10-80 MJup), and temperatures, providing a gold standard spectral
library to assess the atmospheric properties of brown dwarfs, and make observational comparisons to
test and identify physical processes missing in giant planet and brown dwarf evolutionary and spectral
models.
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Clouds are a critical feature that shape the climate and observed spectra of brown dwarfs. Clouds
impart first order effects on our ability to measure both the atmospheric composition and the thermal
structure of brown dwarf atmospheres and are one of our best probes of atmospheric dynamics. In
particular, clouds are thought to be responsible for many observations across the L-T-Y sequence of
brown dwarfs that models struggle to reproduce. These include the redness of the low gravity sequence
of brown dwarfs and the existence of the 10 µm silicate feature, which is one the most direct probes
of clouds. A complete understanding of brown dwarf clouds, which in turn is required for a complete
understanding of brown dwarf atmospheres, requires an approach which can resolve the composition,
size distribution, location, time evolution of brown dwarf clouds.

We use CARMA to model a grid of L- and T-dwarfs across different temperatures, metallicities,
and surface gravities. As CARMA is a bin-scheme code which includes first principle treatments of
microphysical processes such as homogeneous and heterogeneous nucleation, and can resolve the key
cloud properties discussed above. We present the results from this first-of-its-kind brown dwarf grid
which include complete, first-principles derived cloud particle size distribution profiles. Specifically,
we show how microphysical modeling is able to reproduce the 10 µm silicate feature as well as the
redness of the low gravity sequence of brown dwarfs. Lastly, we introduce CARMApy, an open source
and extensively documented python wrapper of CARMA which will enable anyone in the field to easily
model clouds across a wide range of cool bodies with a robust, widely used, microphysical model.
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Are there spectrally distinct polar regions in brown dwarfs and directly-imaged exoplanets — with
different colors, clouds, and dynamics — similar to those on Jupiter, Saturn, and Uranus? In this talk,
I will present both observational and modeling results from three first-author publications supporting
the hypothesis that polar regions are vortex-dominated and spectrally distinct from equatorial band-
dominated atmospheres. I will present (1) TESS observations of Luhman 16AB revealing long-term
light curve modulation over hundreds of hours and the nature or short and long-timescale modula-
tions; (2) key polar vortex modeling results from our spatio-spectral framework — combining 1D
Picaso/Sonora atmosphere models with 3D-motivated dynamics from Juno’s Jupiter data — to suc-
cessfully reproduce the 0.5-20% variability amplitudes and the puzzling Spitzer color-inclination trends
using spatial difference in cloud thickness; and finally (3) results from our Cycle 4 ’Polar Expedition’
JWST/NIRSpec program — the longest multi-epoch monitoring of ultracool atmospheres to date. Our
program observes 3 targets at low, intermediate, and high inclinations over 112 hours in total. In this
talk, I will present preliminary analysis of the planetary mass object PSO 318.5-22 and our models
explaining its long-term cloud evolution. Our JWST observations demonstrate that the long-term
trends seen in TESS are also present in the spectral data. Combined with our polar vortex modeling
showing that vortex-driven cloud evolution can explain these behaviors, our results enable the first
direct spectral test for polar vortices outside the Solar System. I will discuss the implications of our
findings on the interpretation of brown dwarfs and directly imaged exoplanets population, as well as
upcoming Roman observations for these objects.
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Stellar EUV irradiances play a central role in shaping the thermal structure, chemistry, and long-term
evolution of exoplanet atmospheres and in particular escape processes and habitability. However,
direct observations of the EUV are sparse for stars other than the Sun, essentially limited to nearby
ones. This makes physically motivated stellar irradiance models essential. In this work, we extend our
published, physically driven solar irradiance model to predict stellar XUV irradiances by combining up-
to-date atomic data, physical parameters (such as density and elemental abundances), and empirical
correlations with activity proxies. In particular, we used proxies such as the F30 cm radio flux for the
Sun, and now have extended the models using other activity indices that can be used for other stars,
such as the Mg II and Ca II proxies, which are widely available for other stars, and other UV proxies.
The model predictions show excellent agreement with solar data; the stellar ones are benchmarked
against available EUVE spectra for nearby, bright stars. This framework is helping to bridge solar,
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stellar physics and planetary evolution.
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In the era of JWST, it is now possible to look into substellar atmospheres in unparalleled detail
and precision. With exquisite JWST NIRSpec or MIRI data in hand, atmospheric retrievals are a
leading data-driven tool that can recover an extrasolar world’s fundamental parameters such as mass,
radius, effective temperature, gravity, cloud structure and chemical abundances. However, there is one
clear atmospheric phenomenon that confounds all modeling attempts: the overall impact of clouds on
observational properties. To break model degeneracies largely brought on by issues with clouds, several
works have shown the power that main sequence star–brown dwarf companion systems have when the
host star can anchor metallicity, age, and abundance measurements for its substellar companion. In
this work, we bring together insight from brown dwarf atmospheric theory and our own Solar system
to recently published giant exoplanet analyses. We will show the results of a re-examination of the
retrievals for HD 189733 b, WASP-107 b, WASP-17 b and WASP-39 b – four JWST-observed Hot
Jupiters – using host star abundances for context. We ground our re-analyses using the respective
host star chemistry to benchmark the retrieved chemistry and silicate cloud solutions (i.e. enstatite;
MgSiO_3, forsterite; Mg_2SiO_4, and/or quartz; SiO_2). In applying analytical techniques used in
companion brown dwarf studies, we find confirmation that giant exoplanets form and accrete in the
outer protoplanetary disk, thus inheriting their host star Mg/Si ratio. This talk aims to discuss this
work in detail and highlight the importance that brown dwarf literature plays in understanding giant
exoplanet formation and evolution.
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We present the results of a survey program with JWST’s MIRI LRS that obtained 5-14 micron R∼100
spectra of twenty-three L0-T6 dwarfs. This spectral type range spans the formation, growth, and
sedimentation of silicate condensate clouds, as well as the appearance of methane and ammonia in
the atmospheres of brown dwarfs. As the MIRI data are of considerably higher S/N compared to
existing Spitzer data, they reveal several previously hidden trends in the condensate and molecular
content of brown dwarf atmospheres. The initial onset of silicate absorption at spectral type L0 as
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well as the evolution of this feature with spectral type are both examined in unprecedented detail.
We discuss the detection of a new 7.5-9.5 µm SiO feature in 2000-2400 K L0-L2 dwarfs in agreement
with theoretical expectations for molecular SiO absorption in L dwarfs. We note a tentative surface
gravity dependence of the SiO absorption, with the absorption being weaker at lower gravities. We
also confirm water, ammonia, and methane absorption trends with spectral type from Spitzer IRS
observations. We find two newly resolved binaries in our sample and show evidence for two additional
near-equal flux candidate binaries. After accounting for contamination by these binaries, we find our
single field dwarf sample is underluminous by between 15-22 per cent across all spectral types compared
to existing empirical relations. This suggests that the field population of presumed single L or T dwarfs
is still subject to a 17-29 per cent underappreciated binary contamination rate, similar to our own
field dwarf sample (3/18). We also report a possible Y-dwarf companion to the L7.5 dwarf 2MASSI
J0825196+211552, the confirmation of which requires further observations. Our spectral library offers
a spectrophotometrically calibrated basis for future interpretation of JWST MIRI spectra of brown
dwarfs or of directly imaged or transiting exoplanets.
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For the first time, JWST is opening a window into the atmospheres of the lowest-mass end of the
star-formation process, revealing the full 0.6–18 µm spectra of the coldest known brown dwarfs. At
the same time, the sheer information content of this data poses a formidable modeling challenge.
WISEPA J182831.08+265037.8 (or WISE 1828 for short) is a ∼400 K Y-type brown dwarf, initially
considered the archetype of its spectral class. Prior to JWST, consensus could not be reached on
its characterization; no atmospheric model could simultaneously reproduce its near-infrared HST
spectrum and its WISE/Spitzer photometry. Some suggested WISE 1828 was an unresolved binary
while others suggested it could be showing the chemical signatures of a runaway planet. In this work,
we present atmospheric retrievals on the full-resolution, complete 0.6–18 µm JWST spectrum for the
first time. Our approach is enabled by a novel machine-learning–based inference framework designed
to handle the dimensionality and complexity of this type of dataset. Fitting both the JHK infrared
data along with the MIRI data remains problematic. The tension between model and observation
point to missing or inadequately treated physical processes in current ultracool atmospheric models.
Although this undermines the robustness of inferred bulk properties—particularly mass, radius, and
therefore age—the retrieved chemical abundances are comparatively stable across modeling attempts.
Whether these abundance patterns are physical or symptomatic of model deficiencies remains an open
question. This work adds a new piece in the puzzle of this enigmatic object and places it in context
alongside the population of the coldest worlds observed by JWST. Are these modeling challenges
ubiquitous among Y dwarfs or does WISE 1828 truly stand in a league of its own?
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With masses below the hydrogen burning mass limit, brown dwarfs are not able to generate stable
fusion within their cores, thus never forming a main sequence. Instead, they slowly cool and contract
as they age, resulting in a degeneracy between their fundamental parameters such as age, luminosity,
and mass. Combined with the diverse array of molecular and condensate species present in their
atmospheres, which produce complex emergent spectra, a complete characterization of brown dwarf
fundamental properties remains elusive. While most brown dwarfs are found in isolation, a small
subset have been found as companions to higher mass stars, referred to as “benchmarks”. Assum-
ing coevality between the pair, properties which are more easily obtained for the host star, such as
age and composition, can be applied to the brown dwarf companion, thus forming an ideal sample
with which to inform and test current atmospheric models. In this presentation, we present the full
0.8-14 um spectral energy distributions (SEDs) from JWST for 12 benchmark systems, with spectral
types L0-T5 and each a companion to an FGK type star which provides precise ages and elemental
abundances. Using high signal to noise (SNR) broadband SEDs for the ultracool dwarf companions,
we semi-empirically derive each benchmark’s bolometric luminosity (Lbol) and effective temperature
(Teff), and compare molecular absorption strengths with one another. Our analysis is grounded using
the elemental abundances from each source’s host star. Finally, we investigate the emergence, and
subsequent removal, of silicate condensates within brown dwarf atmospheres. We will present compar-
isons of the 8-11 micron feature, placing morphological differences into context with their ages and
compositions. These JWST benchmark spectra establish a new empirical reference for brown dwarf
atmospheres, enabling stringent tests of cloud physics, chemistry, and evolutionary models
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Broad wavelength observations of substellar objects via JWST offers unprecedented insight into the
atmospheric processes that shape their spectra. Over the past four cycles, JWST has refined our
understanding of extrasolar world clouds by providing high signal to noise and (at times high resolu-
tion) examinations of the 9 µm silicate absorption feature. Cloud formation, growth, and transport
are all physical parameters of atmospheres that we can model using newly acquired datasets. The
abundance of spectral data is exciting but it also creates a challenge for object-specific characteri-
zation via atmospheric retrievals. The computational expense of incorporating cloud microphysics
into self-consistent models prevents robust characterization of the 9 µm silicate feature. In this pre-
sentation, we will demonstrate a novel modeling technique that post-processes self-consistent models
to characterize high altitude silicate clouds in any atmosphere observed to have 9 µm absorption.
Using this technique we constrain possible high-altitude cloud characteristics including composition,
location, vertical extent, particle size, and cloud mass. We demonstrate the power of this model and
technique by re-analyzing the cloud properties of 6 L dwarfs and directly imaged exoplanets with
published cloudy retrievals. Our proposed cloud modeling approach can be used on individual ob-
jects to quickly identify the most likely cloud combinations in preparation for more computationally
expensive retrievals. It can also be used to study cloud characteristics on a population level, which
can identify the most effective parameters needed to bridge the gap between observations and existing
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self-consistent models.
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A successful theory of star formation should predict the number of objects as a function of their
mass produced through star-forming events. Previous studies in star-forming regions and the solar
neighborhood have identified a mass function increasing from the hydrogen-burning limit down to 10
MJ . Extrapolating to 1 MJ , they predict a 2:1 star to brown dwarf ratio and a population of free
floating planetary mass objects (PMOs, < 13 MJ) 65% that of brown dwarfs (13-72 MJ). Theory
predicts a limit to the fragmentation process, providing a natural turnover in the mass function down
to the opacity limit of turbulent fragmentation, thought to be near 1–10 MJ . In GO-5409 (PI: De
Furio), we obtained NIRSpec/MSA prism spectroscopy of dozens of candidate sub-stellar members
down to 1-3 MJ (Teff < 2000 K) in NGC 2024, the youngest nearby star-forming region ( 0.5 Myr at
400 pc), to characterize the end of the initial mass function. In this talk, we present our spectroscopic
observations, the newly confirmed young PMOs, and our constraints on the mass function down to
Jupiter mass scales.
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Big data infrared surveys of the Milky Way bulge and southern disk are generating catalogs of millions
of variable stars, necessitating automated and scalable classification methods to fully utilize their
scientific potential. We leveraged the machine learning technique XGBoost (Chen & Guestrin 2016)
to classify 5.7 million variable stars in the VVV survey (Minniti et al. 2010; Saito et al. 2012). Using
a training set cross-matched from OGLE-IV (Udalski et al. 2015), Gaia DR3 (Gaia Collaboration et
al. 2016), and SPICY (Kuhn et al. 2021) catalogs, we train an XGBoost classifier on a curated set
of photometric and light curve parameters. We provide confidence metrics for each classification on
each source and discuss how to use these metrics for the quantification of classification reliability. We
validate the performance of XGBoost using a 20-fold internal cross-validation to show the robustness
of the classifier. Using the resulting classification metrics, we show how to recover a high confidence
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reference sample of 37,000 RR Lyrae stars in the VVV survey to demonstrate the effectiveness
of the classification method and the use of the resulting catalog for stellar population studies. This
methodology can be extended to other variable star types and surveys to produce robust classifications
for large datasets of variable stars and other time-domain sources. We plan to release the resulting
catalog alongside the publication of our paper. This catalog of classified VVV sources is purpose-built
to be extracted for the study of the structure and stellar populations in the near-infrared Milky Way
bulge and southern disk.
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Short-timescale stellar variability from oscillations and granulation induces radial-velocity signals that
can rival or exceed instrumental noise for Sun-like and cooler stars. While p-mode oscillations can
often be mitigated with carefully chosen exposure times, granulation remains more difficult to model
and is frequently assumed to produce resolvable distortions in stellar line profiles—an assumption that
has seen limited observational testing.

I will present results from an ongoing high-cadence observing campaign with extreme precision radial
velocity spectrographs NEID and the Keck Planet Finder (KPF) designed to resolve stellar variability
within a single night. The dataset spans subgiants observed with NEID to cool dwarf stars observed
with KPF’s fast-readout mode, including several stars of interest for future habitable-planet searches.
A pilot study of a subgiant reveals that large-amplitude oscillations manifest primarily as pure Doppler
shifts in the cross-correlation function, with only subtle asymmetries that evade commonly used miti-
gation diagnostics.

Building on this, I will show how physically motivated Gaussian process models separate granulation
and oscillation signals in main-sequence stars and how each component manifests in cross-correlation–
based metrics and line-by-line diagnostics. These results constrain how short-timescale variability
appears in the wavelength domain, test key assumptions behind current mitigation strategies, and
illuminate how stellar physics sets fundamental limits for precision radial-velocity measurements of
cool stars.
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JWST is looking at the coldest substellar atmospheres, spanning ultra-cool brown dwarfs and exoplan-
ets approaching true Solar System analogs. These objects probe regimes where clouds and chemical
disequilibrium play a central role in shaping atmospheric structure and emergent spectra. Brown
dwarfs provide critical benchmarks in this regime, while early JWST discoveries already include cold

89



sub-Saturns such as TWA 7b, ongoing surveys are pushing toward smaller, ice giants similar to Nep-
tune. In this talk, I will present Sonora Flame Skimmer, a new grid of atmospheric and evolutionary
models designed to reach true Neptune-like properties in mass, temperature, and metallicity for the
first time. Sonora Flame Skimmer includes both chemical equilibrium and disequilibrium models. The
models also incorporate rainout of volatile species such as H2O and NH3, even in cloud-free atmo-
spheres. We run evolution models for a range of metallicities and, for the first time, a range of vertical
mixing strength. We find that high metallicity atmospheres cause objects to cool more slowly than at
solar metallicity, but that the strength of vertical mixing has a negligible impact on the evolution. I
will place these models in the context of recent JWST observations of benchmark systems such as Eps
Indi Ab, 14 Her c, and the ultra-cool brown dwarf WISE 0855, which span similar effective tempera-
tures. For the exoplanet benchmarks, we observe strong flux suppression in the F444W band, likely
driven by H2O clouds and disequilibrium chemistry. Yet, despite theoretical expectations for H2O
clouds on WISE 0855, current data have not provided definitive evidence for their presence, highlight-
ing key uncertainties in cloud formation models. I will discuss our cloud modeling framework, present
early investigations into NH3 clouds and interactions with H2O, and examine how these uncertainties
impact our interpretation of brown dwarf spectra and the detectability of cold planets with JWST
and Roman.
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Brown dwarfs occupy a critical regime between stars and planets, providing long-lived laboratories
for studying ultra-cool atmospheric physics and chemistry. Until recently, atmospheric properties of
the coldest brown dwarfs (particularly late-T and Y dwarfs) remained poorly constrained, as they
emit most of their flux in the mid-infrared. JWST has transformed this landscape with its high S/N
spectroscopy from near- to mid-infrared ( 1–14 µm with NIRSpec and MIRI), enabling chemically
complete characterization of ultra-cool atmospheres. In this plenary, I will present results from three
JWST programs:

First, I will present a uniform atmospheric retrieval analysis of 22 late-T and Y dwarfs observed with
JWST. These data, for the first time, allow direct constraints on elemental abundance ratios like O/H
and C/H in ultra-cool brown dwarfs, demonstrating how molecular inventories trace the bulk heavy-
element content of substellar atmospheres and establishing benchmarks for planet-like chemistry and
disequilibrium processes.

Second, I will discuss time-resolved JWST spectroscopy of the coldest known brown dwarf, WISE
J0855–07, which provides a unique window into atmospheric weather in a regime overlapping directly
with giant exoplanets. Using time-resolved retrievals, we have found that the observed variability is
driven primarily by pressure-dependent temperature perturbations, with secondary contributions from
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chemical abundance variations, directly constraining atmospheric weather on hour-long timescales.

Finally, I will preview results from a JWST survey of metal-poor brown dwarfs spanning the Milky
Way’s thick disk and halo, revealing how metallicity modulates molecular chemistry, condensation,
and opacity in ultra-cool atmospheres.

Together, these JWST programs help us interpret atmospheric chemistry and dynamics across the
ultra-cool regime, connecting brown dwarfs to the physical processes that shape giant exoplanet at-
mospheres and the low-mass stars.
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M dwarfs, commonly known as red dwarfs, are the lowest-mass stars and represent about 70% of the
stellar population of the Galaxy, accounting for roughly 40% of its baryonic mass. There are also
estimates that each of these stars hosts on average 0.15 small rocky planets—with radii between 0.5
and 1.4 Earth radii—within their habitable zones, highlighting the extreme importance of these stars
for astronomy, astrobiology, and planetology.

After significant progress in the census of M dwarfs within 100 pc over the past decades, the main
frontier in improving our knowledge of these stars lies in their chemical composition, which also
directly impacts their relevance for astrobiology. Stellar chemical composition is a fundamental link
in the characterization of planetary systems; however, the low luminosities and complex spectra of M
dwarfs make abundance determinations particularly challenging.

In this work, we develop a competitive method to derive atomic abundances in M dwarfs from
OPD/coudé spectra with R = 10,000, exploring spectral synthesis with MOOG of the Mg I 8806
Å and Fe I 8824 Å transitions, located in a spectral region nearly free of molecular bands and previ-
ously unexplored for these objects. We present results for 23 red dwarfs, with special emphasis on the
components of the binary systems HIP 31292/31293 and HIP 86961/86963, as well as Proxima Cen-
tauri and HD 131977, whose [Fe/H] values are consistent within internal uncertainties and competitive
with values reported in the literature.

The results are excellent for Fe, while improvements are still required for Mg. We plan to apply this
method to an expanded sample of more than 200 red dwarfs within 20 pc. In addition, the data
include the infrared Ca triplet, from which we propose to determine absolute chromospheric fluxes,
exploring stellar chromospheric activity as a potential age indicator.
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We present the first JWST phase curve observations of a white dwarf-brown dwarf binary, which
tells the story of the past evolution and present atmospheric dynamics of ZTFJ0038+2030B. The
companion likely formed in the ‘brown dwarf desert’ around a Sun-like star. As the host evolved off
the main sequence, the system underwent a brief common-envelope phase, leaving ZTFJ0038+2030B
in a short, 10-hour orbit around the resulting white dwarf.

The brown dwarf experiences dynamic atmospheric processes that resemble hot Jupiters, with thermal
structures shaped by both its internal heat and irradiation from the white dwarf. The day-night
heat redistribution is highly inefficient, limiting the effects of irradiation to the dayside hemisphere.
The brown dwarf’s nightside spectrum reveals that neither the irradiation nor the common envelope
phase significantly alter the brown dwarf’s chemistry, and the spectral features closely resemble non-
irradiated, mid-to-late T dwarfs.

The eclipsing geometry enables a complete separation between the brown dwarf and white dwarf signals,
allowing precise determination of fundamental parameters. These results are remarkably consistent
with current frameworks of brown dwarf and post-common envelope binary evolution. Despite its evo-
lutionary history and irradiation environment, ZTFJ0038+2030B behaves much like a non-irradiated,
non-inflated brown dwarf, making it a uniquely well-characterized benchmark for post-main sequence
binaries and planetary systems.
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The Pandora SmallSat is a NASA Astrophysics Pioneers Program mission designed to address the
challenge of stellar contamination. Pandora launched in January 2025, and is observing exoplanet
transits over multiple epochs and long time baselines simultaneously with a visible photometrer and
near-infrared spectroscope. These observations allow us to constrain star spot covering fractions of
exoplanet host stars and disentangle the stellar signal from that of the planetary spectrum, thus deep-
ening our understanding of cool star surfaces and confidently search for water and other molecules in
exoplanet atmospheres. During its 1 year prime mission, Pandora is collecting 10 days of observations
for 20 Earth- to Jupiter-size transiting exoplanets around K and M dwarf stars, a data set that com-
plements the precise but often piecewise exoplanet monitoring performed with other facilities like HST
and JWST. In this presentation, we will provide an overview of the Pandora mission from selection to
launch, update the community on the status of Pandora operations since launch, share initial results
on Pandora performance from commissioning and early science operations, and inform the community
about access to Pandora data.
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Brown dwarf observations with JWST have demonstrated the extraordinary power of modern facilities
to probe substellar atmospheres in remarkable detail, revealing molecular structure, cloud properties,
and atmospheric chemistry in individual objects. The Vera C. Rubin Observatory and the Nancy
Grace Roman Space Telescope extend this progress into the survey era, where atmospheric behavior
can be studied across large and diverse populations and where many new brown dwarfs will be discov-
ered. In this talk, I discuss the emerging capabilities of Rubin and Roman for advancing studies of
brown dwarf atmospheres. Rubin’s deep, multi-epoch survey will provide parallaxes and proper mo-
tions for large samples of ultracool dwarfs, enabling distances, luminosities, and kinematic population
memberships to be determined for objects beyond the reach of previous astrometric surveys. Roman
will deliver high-precision near-infrared time-series photometry and spectroscopy at wavelengths where
variability amplitudes are largest and most diagnostic of cloud structure, temperature perturbations,
and atmospheric dynamics. Together, Rubin’s population-scale physical context and Roman’s atmo-
spheric diagnostics will enable variability studies for a large number of objects, helping place brown
dwarf atmospheres within the broader continuum of cool atmospheres spanning from low-mass stars
to giant exoplanets.
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Alfvénic waves, which are prevalent throughout the solar atmosphere, are believed to play an essential
role in heating the corona. However, the exact dissipation mechanism of the magnetic energy supplied
by Alfvénic waves is not yet fully understood. Several analytical models have been proposed, but it
remains unclear which of them is dominant in the real corona. To address this issue, comprehensive
simulations spanning from the upper convection zone to the corona are effective, as they can self-
consistently capture the sequence from the spontaneous generation of magnetic energy at the surface,
to its transport into the corona, and finally to its dissipation as heat within the corona, without relying
on ad hoc assumptions. In this study, we present results from a three-dimensional radiative magneto-
hydrodynamic simulation of quiet Sun coronal loops that employs such a self-consistent approach. We
find that the dissipation of Alfvénic waves plays the dominant role in heating the simulated corona.
Among the proposed mechanisms, Alfvén wave turbulence provides the primary contribution, while
other mechanisms (phase mixing, uniturbulence, Kelvin–Helmholtz instability) play only minor roles.
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A strong synergy between observations and atmospheric models is crucial for examining substellar data
and enhancing the models. Here, we present an updated grid of ATMO2020 atmospheric models for
ultracool dwarf objects. The models compute temperature–pressure profiles and emergent spectra for
atmospheres in both radiative–convective equilibrium and non-equilibrium chemistry. The model grid
includes effective temperatures ranging from 200 to 3000 K and surface gravities from log(g) = 2.5 to
5.5. We also extend the metallicity range to -1.5 ≤ [M/H] ≤ +0.5 and add extra opacities, such as MgO
and SiO, which enhance the models, especially at sub-solar metallicities. We compare these models to
a sample of 178 spectroscopically confirmed ultracool dwarfs (M7–T7) observed by Euclid (Domínguez-
Tagle et al. 2025) and minimize chi-square to determine the best model fit. The comparison between
the models and Euclid data shows robust results in obtaining effective temperature, surface gravity,
and atmospheric composition, especially for late-T-type objects. We show that the metallicity and
gravity of the sample are spread across all values, with most objects near solar metallicity and log(g)
= 4. The wavelength coverage and updated metallicity range and opacities make the models suitable
for large survey datasets such as Euclid and JWST.
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Ground-based spectra of cool worlds are never purely theirs: every photon first passes through Earth’s
atmosphere. At high spectral resolution, this telluric imprint is treated as a central challenge: absorp-
tion by H2O, CO, CO2, and CH4 can overlap with the same molecular features sought in exoplanets
and brown dwarfs, requiring modeling and correction. At low spectral resolution, however, Earth’s at-
mospheric transmission is usually ignored. Direct-imaging studies interpret spectra with R < 100 and
broad-band photometry under the assumption that transmission is flat within each spectral channel—
an approximation justified by limited signal-to-noise and instrumental uncertainties. As high-contrast
instruments and analysis improve, this assumption warrants re-examination. Substellar atmospheres
exhibit strong slopes across broad molecular bands in the near-infrared. At R = 30 in the J-band,
a single spectral channel spans 40 nm, over which the flux of a T-type object (T < 1300 K) can
vary by up to 30%. These same wavelengths are shaped by telluric water and methane absorption.
In direct imaging, the observable is the planet–star flux contrast, which must be converted to an
absolute planetary flux using a stellar model. Smoothing the stellar model implicitly assumes flat
transmission within each channel, biasing the inferred spectral shape. In this work, we quantify the
impact of neglected atmospheric and instrumental transmission on the characterization of substellar
atmospheres using low-resolution spectroscopy and broad-band photometry. We frame this effect
as Earth-bias: a systematic distortion introduced when Earth’s atmospheric transmission is ignored
in contrast-based measurements. Focusing on direct imaging, we show when this bias becomes sig-
nificant and outline a forward-modeling approach that enables robust atmospheric inference in the
high-precision, low-resolution regime.
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Spectral libraries are a key resource in many astrophysical studies. High spectral resolution is partic-
ularly valuable where the intrinsic line shapes of photospheric absorption lines present in spectra of
late type stars are fully resolved. Thus, the observed spectra of standard stars with accurately known
physical properties allows a direct comparison with detailed modeled spectra to calibrate their theo-
retical input parameters. Using the near-IR spectrograph, NIRSPEC, at Keck Observatory we have
constructed a library of standard stellar spectra at high resolution (R 50,000) with wavelength coverage
spanning the entire near-IR region (i.e. yJHKL bands, 0.95 – 3.5 microns). To achieve this continuous
wavelength coverage with NIRSPEC, we observed each target at 9 separate echelle + cross disperser
grating configurations delivering 59 echelle orders. The library sample is comprised of exoplanet host
stars (Yee et al. 2017), having accurately measured or calculated fundamental properties (i.e., Teff, log
g, [Fe/H], mass, radius and age) characterized from optical spectra taken at high resolution (R∼60,000)
with high signal-to-noise (SNR/pix > 140) using the HIRES spectrograph at Keck Observatory. We
have chosen 45 stars from the optical study, that span a range in spectral type (i.e., F, G, K, & M), lu-
minosity class (i.e., dwarfs, sub-giants, and giants), and metallicity (i.e., ±0.3 [Fe/H]). The library site
is accessible via the NIRSPEC Instrument webpage at: http://www2.keck.hawaii.edu/inst/nirspec/.
We anticipate this spectral library will be a valuable resource for the community, providing the first
high resolution and comprehensive near-IR coverage to date.
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In the solar corona, cool plasma at chromospheric temperatures, such as coronal rain, is frequently
observed. These phenomena are referred to as plasma condensation and are thought to arise when
the energy balance in the corona breaks down. The occurrence of condensation critically depends
on the properties of coronal heating. However, limitations remain in how this process has been
treated in previous models. Many studies assume spatially localized and temporally steady coronal
heating at the coronal base, whereas actual coronal heating exhibits impulsive behavior and temporal
variability. Motivated by these considerations, we conduct 1.5-dimensional magnetohydrodynamic
simulations where coronal heating is treated self-consistently, and we impose single impulsive heating
to investigate the resulting condensation behavior. Furthermore, because the properties of coronal
heating are difficult to identify directly from observations, we systematically explore two heating-
related parameters: (1) varying the duration of localized heating while keeping the total injected
energy fixed, and (2) varying the strength of the coronal background magnetic field. In the first
case, we find that plasma condensation becomes less likely as the heating duration decreases. In the
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second case, condensation occurs more readily in loops with weaker background magnetic fields. In
both cases, chromospheric evaporation enhances coronal density and radiative cooling. Condensation
forms when thermal conduction becomes inefficient relative to radiative losses before energy balance
is reestablished. In weak-field cases, condensation near the coronal footpoints reduces the upward
energy flux from the chromosphere and the effective coronal heating rate, leading to positive feedback
that promotes condensation formation. These results highlight the importance of heating duration
and magnetic field strength in regulating impulsive-heating-driven cooling and condensation in coronal
loops.
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The James Webb Space Telescope (JWST) has dramatically enhanced our ability to observe faint
infrared sources in deep-field surveys, which has revealed a distant and ancient population of low-
mass stars and brown dwarfs that are likely members of the Milky Way’s metal-poor thick disk and
halo populations. Identifying and characterizing these rare objects requires analysis of increasingly
large spectral datasets with high efficiency and accuracy. We report the results of the application of
machine learning (ML) algorithms to deep JWST spectroscopic survey data. We evaluated several
ML classifiers, including k-nearest neighbors, logistic regression, random forests, and support vector
machines,to isolate low-temperature stars and brown dwarfs from predominantly extragalactic sources.
We trained these models using publicly available JWST/NIRSpec Prism spectroscopic data, and ex-
plored performance among the different ML algorithms, variations in the balance between brown
dwarfs and non-brown dwarfs of the training set, inclusion of synthetic spectra, and the use of prin-
cipal component analysis (PCA). A random forest model with PCA and 1000 synthetic spectra per
brown dwarf and 100 synthetic spectra per non brown dwarf achieved the best overall performance,
with a recall for brown dwarfs of 100% and for non-brown dwarfs of 99.99%. We applied this model to
data from the North ecliptic pole EXtragalactic Unified Survey (NEXUS) and identified 23 new brown
dwarf candidates out of 764 spectra, recovering 9 sources previously selected by visual inspection. We
also report preliminary work in the use of the deep learning model of variational autoencoders ap-
plied to atmosphere grid models to characterize the physical properties of the discovered sources. We
present our analysis of these discoveries and recommendations for further development of ML models
for brown dwarf discovery and characterization in deep surveys.
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Brown dwarfs offer vital insight into the atmospheres of planetary-mass objects, acting as accessible
analogues to directly imaged exoplanets. Their temperatures and chemical environments allow us to
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study clouds, vertical mixing, and molecular chemistry under conditions similar to extrasolar gas giants.
The advent of JWST now allows these atmospheres to be probed with unprecedented spectral coverage
and precision. We present a comprehensive atmospheric retrieval analysis of the young, low gravity
L5 brown dwarf 2MASS J0355+1133 (Teff ∼ 1573K). As a confirmed member of the AB Doradus
moving group (∼120 Myr), 2M0355 has a well-constrained age, allowing atmospheric properties to be
interpreted without the usual age-gravity degeneracies that affect field brown dwarfs. It is one of the
nearest and reddest known L dwarfs, its unusually red spectral energy distribution indicates a thick,
silicate-rich cloudy atmosphere, making it an ideal laboratory for studying condensate clouds in low-
gravity substellar atmospheres. We analyse combined JWST NIRSpec and MIRI LRS observations,
which together capture approximately 98% of the object’s emergent flux. While previous studies
focused on deriving bulk properties from partial spectral coverage, the JWST data enable one of the
most complete empirical constraints on a brown dwarf atmosphere to date. These data are interpreted
using the Brewster retrieval framework to constrain molecular abundances, cloud composition and
structure, and thermal properties. In addition, we present higher-resolution MIRI MRS observations
which allow us to probe individual molecular features and search for isotopologues, whose abundance
ratios may provide insights into the formation environment of young substellar objects. Together,
these results deliver a comprehensive view of the atmospheric structure and chemistry of 2M0355,
and highlight the broader role of young, isolated brown dwarfs as benchmarks for directly imaged
exoplanet atmospheres.
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The Gaia mission provides powerful astrometric precision, spectro-photometric observations in the
visible, and medium resolution (R 11500) spectroscopy (by the Radial Velocity Spectrograph, RVS)
around the infrared calcium triplet. The RVS spectra allows for the derivation of stellar radial velocities
and, through the analysis of the GSP-Spec module, the estimation of effective temperatures (Teff),
surface gravities (log g), and chemical abundances ([M/H], [α/Fe], and [X/Fe] for up to 15 chemical
elements). The Gaia DR3 GSP-Spec all-sky catalogue provided these parameters for 5.6 millions stars,
using their mean RVS spectra. Furthermore, the Gaia DR4 will include all epoch RVS spectra for
these stars (and more). Access to these parameters for a large sample of Mira pulsating stars, as bright
intermediate-age standard candles, would allow for a detailed chemical and dynamical study of the
Galaxy’s intermediate-age stellar populations far beyond the solar neighborhood, in addition to studies
of the variability of Mira stars through their epoch spectra. However, due to the cold temperatures
(Teff ≲ 3500 K) and weak surface gravities (log g ≲ 0.5 dex) in these stars’ atmospheres, their spectra
show no continuum and are difficult to model. Thus, reliably parametrizing these stars has been a
challenge. We are working on improving GSP-Spec’s performance for the cold giants domain, with
the goal of reliably characterizing RVS epoch spectra of Mira variables, opening new paths for a large
scale chemical cartography of the Milky Way and its satellites. In this talk, the results of this analysis
with public RVS mean spectra of M-type giants (and reference Teff, log g, and [M/H] values from the
literature) will be presented.
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In this presentation i will discuss the advantages and limitations of using 3D magnetohydrodynamical
(MHD) model atmospheres to determine precise abundances of key chemical elements (Fe, Si, Mg) in
the atmospheres of G–M dwarfs. Based on the results of spectral line synthesis obtained using a new
grid of 3D MHD CO5BOLD model atmospheres, i will show that both convection and “background”
magnetic fields play a significant role in spectral line formation in the atmospheres of weakly magneti-
cally active G–M dwarfs. These effects become more pronounced at higher effective temperatures, but
remain non-negligible even in the coolest M-type dwarfs. I will discuss possible strategies for obtaining
precise abundances in these stars, including ways of accounting for these effects in classical 1D LTE
abundance analysis via 3D–1D abundance corrections.
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Modelling the chemistry of cool stellar environments in 3D hydrodynamical simulations is essential
for capturing the complex interplay between chemistry and dynamics, especially in AGB outflows.
However, directly solving detailed chemical networks in 3D simulations is computationally infeasible.
To overcome this, we aim to couple MACE (Machine-learning Approach to Chemistry Emulation) with
the smoothed particle hydrodynamics (SPH) code Phantom. We detail the architecture of MACE,
optimised to enable fast and accurate chemical evolution and achieving an average 300× speed-up
over classical methods. We show early results of post-processing simulations with MACE, and the
prospects of a full coupling with 3D hydrodynamics solvers.
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The formation of zonal bands is widespread in planetary, brown dwarf, and exoplanetary atmospheres,
yet the role of magnetic fields in shaping these flows remains poorly constrained. While hydrodynamic
models link jet formation to the Rhines effect, substellar atmospheres possess strong magnetic fields

98



and significant degrees of ionisation, suggesting that the Lorentz force may play a key role in atmo-
spheric circulation and zonal band formation. Building on earlier work on zonal band suppression, we
develop a tangent‑plane magnetohydrodynamical model to determine when magnetic effects enhance
or disrupt zonal band formation. Our analysis shows that even modest fields can significantly modify
jet structure and its latitudinal extent. In a fully ionised atmosphere, the zonal band latitude shifts
by approximately 27◦ per decade increase in the mean equatorial magnetic field strength, over the
range 10−3 − 0.1 T. For degrees of ionisation 10−2 − 1, and at constant mean equatorial magnetic field
strength, the zonal band latitude shifts equatorward by approximately 29◦ per decade increase in the
degree of ionisation. We derive a simple diagnostic for identifying magnetically influenced circulation
that can also infer the magnitude of the background magnetic field and the atmospheric degree of ioni-
sation. This framework offers a pathway to interpreting banded variability and atmospheric dynamics
in brown dwarfs and exoplanets.
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Red supergiants are cool and massive stars that are known to lose a part of their mass during this
evolutionary phase. However, the mechanisms responsible for triggering stellar winds remain poorly
understood. The discovery of linear polarization in the atomic lines of the red supergiant Betelgeuse
has unveiled a wealth of information about the dynamics of the photosphere, offering the possibility of
reconstructing three-dimensional images of the surface of the star and revealing the presence of large
convective cells evolving on different timescales. These images showed that some cells exhibited nearly
constant velocities throughout the atmosphere, indicating the presence of a force counterbalancing
gravity, already present at photospheric levels. In 2020, Betelgeuse underwent a historical dimming,
known as the Great Dimming, associated with a strong mass-loss event. Linear polarization revealed
a strong increase in opacity at photospheric levels months before the Great Dimming. This increase
in opacity led to an increase in radiation pressure, thus counterbalancing gravity and allowing the
plasma to escape Betelgeuse’s gravity. At the same time, the spectral line profiles showed the presence
of low velocity gradients propagating through the atmosphere, consistent with a force acting against
gravity. The magnetic field of Betelgeuse remained nearly constant during this period, at a level of a
few gauss, suggesting that the magnetic field plays only a marginal role in the mass-loss process of red
supergiants. These results show that radiation pressure at photospheric levels may be able to trigger
mass-loss events in red supergiants.
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Annual parallaxes of Galactic long period variable stars (LPVs) are essential for determining their
distances and intrinsic properties, but their measurement remains challenging because of their large
stellar sizes, circumstellar matter, and time-variable surface brightness asymmetry. We compare astro-
metric measurements from very long baseline interferometry (VLBI) and Gaia Data Release 3 (DR3)
for 43 Galactic LPVs. The parallaxes are generally consistent within uncertainties for about half of
the sample, although Gaia DR3 values tend to be slightly smaller, consistent with previously reported
systematic offsets. The behavior of parallax uncertainties differs between the two techniques: VLBI
errors increase with parallax, whereas Gaia DR3 errors remain nearly constant. Consequently, VLBI
is more effective for LPVs with parallaxes smaller than about 2 mas (distances beyond 500 pc). Proper
motions also show good agreement, with a 2σ dispersion of about 13 km s−1, consistent with typical
AGB outflow velocities. These results demonstrate the complementarity of VLBI and Gaia astrometry.
We also find slightly larger dispersion in parallax residuals for sources with pulsation periods around
one year, suggesting a coupling between stellar pulsation and the annual parallax. For stars sur-
rounded by thick circumstellar dust, Gaia DR3 parallaxes are often unavailable because observations
at optical wavelengths are severely affected by extinction. For these kinds of stars, VLBI astrometry
of circumstellar maser emission provides a powerful method for measuring accurate parallaxes. We are
conducting astrometric observations of OH/IR stars with thick dust envelopes and present parallaxes
for these heavily dust-enshrouded objects.
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Cool evolved giants and supergiants show large-scale variable surface patterns and clumpy, dusty
outflows. To understand these phenomena and to predict mass-loss rates from first principles, global
3D radiation-hydrodynamical models are required, describing the interacting processes of turbulent
convection, pulsation, atmospheric shocks, dust formation and wind acceleration. Such 3D simulations
are giving important insights, but are computationally very demanding. Therefore they have to be
complemented with more efficient 1D (spherically symmetric) models for testing physical input and
for producing extensive grids that span wide ranges in stellar parameters, providing mass-loss rates for
stellar evolution models. In project EXWINGS, we have built up a modelling environment combining
these two approaches and their respective advantages, as well as post-processing to produce synthetic
observables. We present the latest results, regarding dynamical atmospheres, dust formation and mass
loss of AGB stars and red supergiants.
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A key component of understanding brown dwarf atmospheres is the presence and properties of clouds
as an object cools and evolves. This is due to them acting as major opacity sources and influence
both observed spectra and atmospheric dynamics. A particular region of interest involving clouds is
the L/T transition, where the observed properties of a brown dwarf begin to undergo a significant
transformation; most notably, the shift between cloudy and cloud-free atmospheres. This occurs over
a narrow temperature range (approximately 1400K-1200K), and the physical mechanisms behind this
transition remain unknown. Running atmospheric retrievals on T-dwarfs, with a focus on T4–T8,
offers insights into cloud presence and the role of opacity sources in atmospheres exiting the transition.
In particular, our results show that updated opacity data consistently produces lower CH4/H2O ratios,
but the differences are most noticeable in the later T-types, emphasizing that the updated opacity data
is crucial for accurately modelling the cooler objects. We also find that clouds remain significant well
into the T-sequence. We build on these conclusions to inform model selection for an ongoing study
targeting the L/T transition. By examining approximately 50 brown dwarfs spanning L5-T6 and
combining near and mid-infrared spectra from multiple instruments, we will investigate atmospheric
properties across the regime where brown dwarfs undergo this dramatic evolutionary phase.
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The Solar/stellar Wide-Spectral coverage Polarimeter (SoWiSP) is a dedicated instrument for ob-
serving spectral, temporal, and magnetic field variations during stellar superflares. The aim is for
long-term monitoring of active stars, particularly M dwarfs, to constrain the atmospheric response,
energetics, and magnetic evolution associated with flare events. This goal requires broad spectral
coverage and the capability for four-state polarimetric measurements. The design spectral coverage
of SoWiSP extends from 350 nm to 860 nm, with a resolving power of 30k at 600 nm. This enables
simultaneous monitoring of the shape and intensity of continuum emission, the Balmer jump, as well
as multiple spectral line diagnostics, including the Ca II 854.2 nm chromospheric line.

A first version of SoWiSP, a cross-dispersed Echelle spectrograph, is currently under commissioning
with the 80 cm telescope at the Swiss Optical Ground Station (Zimmerwald Observatory, operated by
the Astronomical Institute at the University of Bern), where it will operate as a facility instrument for
systematic flare monitoring. For the next phase, a polarimetric module for full Stokes measurements,
with a V/I sensitivity of ∼ 10−3, is under development. This presentation will describe the science
goals, instrument design, and the planned observing strategy for observations of stellar flares.
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High-precision infrared spectroscopic measurements with JWST now enable detailed atmospheric char-
acterization of sub-Neptunes, a class of exoplanets with radii smaller than Neptune and densities lower
than those of rocky planets, potentially providing constraints on their interior properties. Theoretical
studies suggest that sub-Neptunes may host hydrogen-dominated atmospheres that are chemically
coupled to an underlying magma ocean. However, no established retrieval framework currently exists
to quantitatively infer interior compositions directly from atmospheric spectra while accounting for
observational noise. In our study, we develop a self-consistent retrieval framework that incorporates
atmosphere–magma ocean interactions in sub-Neptunes, enabling direct constraints on the oxidation
state and volatile inventory of the magma from observed spectra. Our approach combines a magma–
atmosphere model, which incorporates chemical equilibrium and volatile solubility in the melt, with
the open-source retrieval code TauREx 3. In this presentation, we demonstrate this proof of concept
by introducing our retrieval framework, validating its performance through a series of tests, and ap-
plying it to JWST observations of K2-18b. We also discuss the limitations of our model and outline
possible directions for future improvement.
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I will present unprecedented observations of accretion-ejection connection in the young spectroscopic
binary DQ Tau using observations taken from UVES and XSHOOTER. DQ Tau undergoes periodic
accretion bursts along its short 15.8 day orbit making it an ideal source to study accretion bursts
across multiple orbital periods. Spectro-astrometry reveals the [OI]6300 FEL (a key tracer of outflows
from young stars) to be compact (<10au above the disk) and it is concluded that it is tracing the base
of an MHD wind. Changes in the peak velocity and FWHM of the [OI]6300 LVC-BC are detected
which point to changes in the launch radius of the wind during accretion bursts. This is the first time
the launch radius has been directly observed to be changing with accretion rate and on day timescales.
These contemporaneous results offer interesting new constraints to accretion-ejection connection in
young stars and strengthen the need for more simultaneous campaigns to monitor accretion and
ejection.
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Mira variables are among the largest stars in the menagerie of cool stars. These 1-2 M� stars exhibit
dramatic year-long variations with delta_V > 3, the result of stellar pulsations that drive mass loss
at 10-5 to 10-7 M�/yr rates. We have been monitoring a select set of 100 of these stars over the
past two decades with optical interferometry, Spitzer, Sofia, TESS, and other facilities to provide
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unique insights into the dynamical physics and chemistry of these evolved stars. The V-band, K-band,
angular size, and effective temperature variation amplitudes and periodicity have been characterized
by chemical sub-type: oxygen-rich, intermediate, and carbon-rich. Overall angular size variations are
roughly 10-20%, with 150-300K excursions about 2600K average temperatures, with individual stars
having up to 100 distinct epochs of size measurements. This mix of observations is being combined
into a Mira Reference Set, a laboratory to a wealth of different experiments on Miras.
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Auroral radio emissions from exoplanets would indicate the presence of atmospheres and magnetic
fields, providing a basis for evaluating their potential habitability. However, such emissions have not
yet been conclusively detected, making intensity predictions essential. Ultracool dwarfs (UCDs) are
considered key analogs for studying auroral processes in exoplanets. Auroral radio emissions attributed
to strong magnetic fields have been observed from UCDs (Hallinan et al., 2006, 2008), and their
intensities were recently modeled using magnetosphere–ionosphere (M-I) coupling models (e.g., Nichols,
2012; Turnpenney et al., 2017). However, the ionospheric conductance in UCDs remains poorly
constrained, leading to large uncertainties in the estimated M-I coupling currents and auroral radio
emission. Here, we applied the 1D photochemical and transport model PROTEUS (Photochemical
and Radiation Transport Model for Extensive Use; Nakamura et al., 2023) to the atmosphere of
LSRJ 1835+3259, a representative UCD, to test whether the Pedersen conductance of 0.1-10 mho
required by the previous M-I coupling models (Satyagraha et al., SGEPSS, 2025) and 3D global
magnetohydrodynamic simulations (Hara et al., SGEPSS, 2025) can be reproduced. We find that
this conductance range is reproduced when the stellar EUV luminosity is reduced by 1–6 orders of
magnitude relative to the present-day Sun. Under these conditions, our results are consistent with the
previous interpretations that UCDs exhibit weak stellar activity and largely neutral atmospheres (e.g.,
Hallinan, 2015; Pineda et al., 2018). However, our model does not include processes such as impact
ionization caused by auroral electron precipitation, and the scaling of the EUV flux also remains
highly uncertain. We expect to constrain the ionospheric conductance more accurately by solving
these problems in the future. We also plan to apply our model to exoplanets to predict their auroral
radio emissions.
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Brown dwarfs are notoriously difficult to characterise due to their age-mass-temperature degeneracy.
We overcome this by using T-dwarfs in wide binary systems: the properties of Gaia-detected primaries
can be used to anchor the companion’s characteristics. By combining photometric data from the
VISTA VHS and Dark Energy Survey, candidates were identified and followed up with new FourStar
J-band images and FIRE prism spectra. These new observations established a longer 3-13 year baseline,
enabling precise proper motion measurements and statistical confirmation of 10 new T-dwarf/Gaia
star pairs. Our sample is diverse, including M-dwarf primaries, a 8.9 Gyr-old white dwarf primary
and a very wide binary system. By assuming binary co-evolution, we estimate the T-dwarfs’ effective
temperatures, masses and radii. Our sample yields vital new benchmarks for testing evolutionary
models and improving our understanding of ultracool atmospheric physics.
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Spectroscopic Variability monitoring allows us to peer into the different layers of the atmospheres of
brown dwarfs and directly imaged exoplanets, providing an unparalleled insight of what powers their
atmospheres. While objects at the L/T transition have had their variability studied extensively, the
variability of early L-dwarfs remains an understudied region of the parameter space. Early L-dwarfs
share similar effective temperatures and colours as directly imaged exoplanets, such as Beta Pic b,
and understanding what drives variability in early L-dwarfs can help us disentangle the processes
occurring in these directly imaged exoplanets. I will present results from HST/WFC3 IR variability
observations of three known variable early L-dwarfs (Teff = 1800-2200K), 2M1721+33, 2M0036+18
and 2M1906+40, each with a different potential driver of variability. By fitting the spectral variability
amplitude of each object from 1.1 - 1.67 microns with a flexible modelling framework made up of a
combination of physically motivated forward models and atmospheric retrievals, we reproduce three
drivers of variability: silicate clouds, aurorae and magnetic spots. We find that all three objects are
variable and report a new period for 2M1721+33. We determine that the variability is likely driven
by either silicate clouds or magnetic spots in each object. Each object also showcases evidence of long
term stability in their light curve when compared with archival data. This is a stark contrast to the
light curve evolution that is typical of L/T transition objects whose light curves evolve on rotational
timescales. This work provides a foundation for future variability studies of early L-dwarfs and directly
imaged exoplanets to disentangle auroral, cloud and magnetic spot driven variability.
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We present JWST NIRSpec PRISM and G395H spectroscopy of the cold benchmark companion Ross
19B, to constrain its spectral type, atmospheric properties, and understand its formation history. By
comparing the PRISM spectrum to late-T spectral standards, we confirm a classification of ∼T9.5,
consistent with previous photometric estimates by Schneider et al (2021). We interpret the 0.6–
5.3 µm spectrum using both forward-model fitting to multiple atmospheric model grids and a Bayesian
atmospheric retrieval with the Brewster framework. The retrieval yields constraints on the abundances
of key absorbers (H2O, CH4, CO, CO2, NH3, and H2S), along with the thermal structure and bulk
physical properties. We infer a slightly super-solar metallicity of [M/H] ≈ 0.14 and an atmospheric
carbon-to-oxygen ratio of (C/O) ≈ 0.36. The retrieved physical parameters suggest a mass and
radius of M ≈ 27 MN

Jup and R ≈ 0.94 RN
Jup implying a surface gravity of log(g) ≈ 4.9 (cgs). We

also investigate constraints on the 12CO/13CO ratio as a potential tracer of formation environment.
These results demonstrate the power of JWST spectroscopy of cold benchmark companions for testing
substellar formation scenarios and atmospheric chemistry at the coolest temperatures.
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Ultraviolet and optical spectroscopy reveals the effects of the close-in (2.3R_star) companion (Siwarha)
to the supergiant, Betelgeuse (Alpha Orionis). This companion is believed to be responsible for the
Long Secondary Period (LSP) of the star. Optical circumstellar absorption increases in strength and
expands in phase with the companion. In addition, the dynamics of the chromosphere change, as
the companion increases the chromospheric outflow velocity. These characteristics suggest that the
companion produces a gravitationally focussed tail or wake resulting from stellar wind material from
the primary. Other supergiants exhibit Long Secondary Periods as well. We present first results
from a program with the TRES spectrograph at the Whipple Observatory in Arizona, to monitor
circumstellar features in 6 red supergiants to assess the ubiquity and to characterize the circumstellar
effects of a companion.
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The formation pathways of super-Jovian exoplanets are uncertain: did they form top down like stars
and brown dwarfs, or bottom up like other exoplanets? Planets formed by core accretion should
exhibit distinct, enriched abundances compared to their host, but correlated noise, telluric contamina-
tion, and limited wavelength coverage has precluded the unambiguous measurements of these planets’
metallicities. High contrast observations from JWST are revealing key compositional clues in the spec-
tra of directly imaged planets that are inaccessible from the ground, like CO2, and finally revealing
temperate giant planets. I will present on novel coronagraphic images of a sample of systems using
the NIRCam coronagraphs. These images have achieved the first CO2 detection on a directly imaged

105



planet (Balmer et al. 2025b) and opened the door to studying the distribution of metallicities for wide
separation giants as a function of their dynamical masses. These results necessitate a reimagining of
giant planet enrichment during the gas accretion stage.
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For several types of evolved stars the mechanisms driving their winds remain to be understood. For
AGB stars, pulsations and radiation pressure on dust are major ingredients. In other cases, e.g. red
supergiants, effects of magnetic fields and plasma might be of major importance. This requires efficient
ionisation mechanisms. Basic mechanisms include collisional and UV radiation excitation. Elements
with low first ionisation potential may give a degree of ionisation of order 0.0001. In contrast, for
hydrogen in a chromosphere, an essential region for the start of the wind, the gas is typically too
optically thick to allow radiation excitation and too cool to cause much collisional ionisation. Here a
combination of net collisional excitation to the n=2 level followed by further excitation by the optically
thin Balmer continuum radiation can cause hydrogen ionisation up to at least several percent. We
investigate realistic combinations of gas temperature and density, and Balmer continuum radiation
temperature, to find when the hydrogen degree of ionisation becomes significant. Ionisation is sensitive
to the chromospheric parameters, including an exponential dependence on local gas temperature and
on radiation temperature. A realistic scenario is that large regions have a small degree of ionisation
while hotter regions with a small filling factor have a much larger degree of ionisation. We explore
parameter space to find when plasma effects like resistive heating and Alfvén waves are likely to occur.
We compare stellar wind parameters with the conditions in the Earth´s ionosphere and in the solar
chromosphere.
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Betelgeuse is a red supergiant surrounded by a dust envelope characteristic to its evolutionary stage.
From November 2019 to March 2020, it underwent the so-called “Great Dimming”. Images in total
intensity obtained with SPHERE/VLT (Montargès et al. 2021) show significant darkening of the
southern half of the stellar disk. Meanwhile, our differential speckle polarimetry observations, carried
out with 2.5-m telescope of Caucasian Mountain Observatory of SAI MSU (Safonov et al. 2020),
indicate the presence of an envelope surrounding the star at a distance of about 1 R⋆ from the pho-
tosphere, which was reported previously by Haubois et al. 2023. Two main mechanisms have been
discussed in literature to explain the dimming: the formation of a dust cloud along the line of sight
or local cooling of the stellar photosphere. To investigate a scenario in which both mechanisms act
simultaneously, we employ radiative transfer modeling. It is performed using the RADMC3D package,
which we modified to account for an inhomogeneous photosphere. Our model includes a cold spot, a
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dust cloud on the line of sight and a dust envelope and allows us to reproduce resolved observations in
both total and polarized intensity. The modeling demonstrates the possibility of using a single dust
composition for both the cloud and the envelope, namely corundum with grain sizes from 0.005 to
0.13 µm, in agreement with Gail et al. 2020. We find that the cloud and the envelope had masses of
2.5 × 10−9M⊙ and 8 × 10−9M⊙, respectively. The cold spot had a temperature of 3150 K and covered
80% of the visible photosphere.
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Asymptotic Giant Branch (AGB) stars are the near-end state of low-to-intermediate mass stars (we
have focused on stars between 0.6 M⊙ and 2.0 M⊙). Through combined effects of opacity driven
pulsations and dust formation, these stars develop a strong pulsation and dust driven stellar wind and
consequently experience significant mass loss, ultimately losing their stellar envelopes and becoming
white dwarfs. Surveys of nearby galaxies tell us the observable properties of these mass-losing stars, and
ultimately we should be able to replicate the properties of these populations using atmospheric models.
We have been investigating the effects of modifying parameters of atmospheric models generated using
George Bowen’s atmospheric pulsation code on the properties of the resulting grid of stellar of models.
Initial results suggested extreme modifications to both the driving amplitude and dust properties were
necessary to produce stars with the observed mass-loss rates at observed luminosities and pulsation
periods. However, continued investigation has shown that modification of radius-mass-luminosity
and pulsation-mass-radius relations to better match the results of dynamic 3D models of these stars
significantly improves agreement between the properties of the modeled atmospheres and observations.
Further, these modified constraints lead to self-consistent determinations of which stars should be
losing mass from multiple methods. This implies we will need 3D models to correctly determine the
relations between stellar mass, luminosity, radius, and pulsation period on the AGB.
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Solar activity cycles (e.g., the 11-year cycle) are well established, and similar cycles are observed
in many active stars. The time baseline of TESS photometry enables the search for shorter, multi-
year stellar activity cycles. However, despite its high precision, space-based photometry includes
instrumental trends that can complicate simple period searches.

We analyzed active M dwarfs in the TESS dataset with known short-term cycles from ground-based
observations and good temporal coverage, aiming to recover their cycles and evaluate methods such
as STFT and flare-frequency analysis for detecting stellar activity cycles.
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Stellar granulation is known to be a chromatic phenomenon, whose intensity decreases with increasing
wavelength. Understanding the details of this wavelength dependence is key to interpret spectroscopic
observations of rocky exoplanets. In optical photometry, the CHEOPS space telescope is well placed
to analyse granulation power spectra in the blue, while – in very bright stars - TESS can probe them in
a redder band. We are therefore using CHEOPS to monitor a small set of targets with TESS-detected
oscillations, to then compare their granulation parameters in two different bands. At the same time,
we are using CHEOPS’s characteristics as an opportunity to study the impact of data gaps on power
spectra estimates: this telescope’s duty cycle is limited by the South-Atlantic Anomaly and Earth
occultations, but it still takes advantage of the orbital placement.

Through informed injection-recovery tests, we simulated CHEOPS observations of our targets at vary-
ing potential duty cycles, and explored how the granulation signal is degraded and biased. This
allowed us to develop a methodology that can be adapted to other contexts, such as those of JWST,
PLATO and Ariel. With this contribution, we wish to present this project’s progress.
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Multiplicity studies of the Galactic field have revealed trends in companion frequency, mass ratio,
and separation as a function of primary mass. Importantly, studies in young, star-forming regions
(SFRs) have identified an excess of companions to low-mass stars relative to the field in low-density
regions but find a comparable frequency in high-density regions. To further test the role of stellar
density on the formation and evolution of the companion population to low-mass stars, we present a
study of the nearby intermediate-density SFR NGC 1333. Using multi-filter HST ACS/WFC imaging,
we characterize the companion population to 94 primaries with masses of 0.01–1.0 M⊙. We apply
a double-PSF fitting technique with empirically derived, position-dependent PSF models to resolve
companions down to 0.025” (0.5 pixels on ACS/WFC) or 7.5 AU in NGC 1333. With this technique,
we identify more than a dozen companions to stars and brown dwarfs. We compare our survey with
previous studies in young SFRs, e.g. Taurus and the Orion Nebula Cluster, to better understand the
impact of dynamical interactions on the companion population over a range of stellar densities.
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Recent modeling of the spectra of the binary Y-dwarf CWISEPJ193518.59-154620.3 (Faherty et al.
2024; Suarez et al. 2025) and the T-dwarf SIMPJ013656.5+093347.3 (Nasedkin et al. 2025) indicates
the presence of a thermal inversion in their atmospheres. Such a thermal inversion requires a source
of heating, and auroral energy deposition has been proposed as a possible avenue for this heating. In
this work, we model auroral energy deposition processes and the response of the atmosphere to assess
whether a physically reasonable incident auroral electron beam energy spectrum could produce the
inferred thermal inversions. We simulate the effects of several auroral electron beam energy spectra
consistent with observations of the Jovian population of auroral electrons and scaled by the total
electron flux expected from brown dwarfs. We find that the effects of other heating mechanisms
as well as spatial heterogeneity in auroral heating are likely important for explaining the observed
inversions.
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Atomic parameters are a key ingredient for the synthesis of spectral lines to model observed spectra
and to extract meaningful physical information about the observed astrophysical object. The atomic
line parameters can be determined with different approaches from observed solar and stellar spectra.
We use quiet-sun observations to test the reliability of the atomic parameter inference from observed
spectra. Our focus here is on the transition probability of spectral lines, usually denoted as log(gf).
We apply a spectropolarimetric inversion method to quiet-sun disc-centre observations at 1.56 µm
from the GRIS/GREGOR spectrograph. We use the coupled method where atomic parameters are
spatially coupled, and a single value of these parameters is determined for every spectral line over
the entire field of view. The observed spectral lines are modelled assuming local thermodynamic
equilibrium. We carry out tests to determine the sensitivity of the inferred log(gf) values to various
parameterizations of the atmospheric model and the data reduction fallibility. The inferred log(gf)
values for unblended lines are comparable to those from a recent study where log(gf) values were
determined using the same observations but a different method. Significant differences were found for
the blended lines. We use the Markov chain Monte Carlo method to determine the uncertainty in the
inferred log(gf) values, which is in the order of 12% (0.05 dex) for all lines. Our tests suggest that the
log(gf) values inferred using the coupled method are robust against any local contamination to the
observed line profiles, such as spectral stray light, and return a reliable and unique set of parameters
irrespective of the chosen atmospheric model and observation dataset.
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A recent study by Vasiliev et al. reports superflares on solar-type stars to occur roughly once per
century. That study used a sample of solar-type stars observed by Kepler, and for a star to be
classified as “solar-type” it was required to have variability similar to solar, in particular, to have a
rotation period close to the solar rotation period. It is known that periodicity itself is rather hard to
detect in such stars because it usually does not show any periodic pattern. The authors used a catalog
of solar-like stars where rotation periods were measured with a novel method, so-called gradient of
power spectrum (or inflection point method). This method has been described and tested in a series
of papers, however, no theoretical foundation for it was presented. To our knowledge, it still lacks
explanation which is highly desirable taking into account its potential application. In our poster we
attempt to give such an explanation. Using basic properties of Fourier transform, we show that the
power spectrum of the light curve of a solar-type star can be approximated by the spectrum of a
feature which arises in the light curve when a single spot traverses the stellar disk. The width of
this spectrum (hence, the inflection point) depends on the width of the feature which is simply half
the rotation period. We also show that to recognize in the spectrum the inflection point one has to
optimize the spectral resolution of the analyzing wavelet - in the original paper authors have used the
Paul wavelet, but the Morlet wavelet under the right resolution parameter can be applied as well.
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Giant planet formation theory suggests that close-in giant exoplanets should be very rare around M
dwarfs. However, a number of such transiting planets have been found at close separations amenable to
atmospheric characterization via transmission spectroscopy. Though they are located at similar orbital
distances to canonical hot Jupiters, they have much cooler temperatures due to the low luminosity of
the M dwarf stellar hosts. TOI-3714b is one such planet, a 770 K, Jupiter mass planet orbiting an
early M dwarf with a period of 2.15 days. It is one of seven planets in a large JWST survey aimed
at utilizing access to both water and methane to provide a direct comparison to both canonical hot
Jupiters and the Solar System gas giant planets. Spot crossing events were detected in two of the
three JWST/NIRSpec PRISM observations, necessitating inclusion of the transit light source effect
to account for their impact on the observed atmosphere. Bayesian atmospheric retrievals show strong
evidence for CH4, as well as moderate evidence for H2S and HCN. The presence of these species
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provides a constraint on sulfur, carbon, nitrogen, and oxygen in an exoplanet, providing insights into
how and where this planet may have formed.
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Brown dwarfs are interesting and complex worlds that form a critical stepping stone along the path
to imaging Earth-like planets. By examining their atmospheres in detail, we can better understand
their thermal profiles, chemical composition, and cloud properties that are tightly coupled with their
formation and evolution. Additionally, metallicity is an essential parameter for the characterization
of brown dwarfs, as it plays a critical role in shaping the atmospheres we observe. The majority of
known brown dwarfs are members of the thin disk in the Solar Neighborhood with solar metallicities.
However, with the exceptional sensitivity of JWST, we are able to detect distant brown dwarfs in the
thick disk and halo. These distant metal-poor systems enable us to study the early star formation and
chemical evolution history of the Milky Way, and improve our understanding of metal-poor exoplanet
analog atmospheres. In this poster, I will explain how my group uses atmospheric retrievals, a pow-
erful inverse modeling technique, to examine the atmospheres of brown dwarfs. I will present results
from brown dwarf retrievals using JWST spectra from the Arcana of Ancients Program to show how
they have enhanced our understanding of substellar atmospheres and the retrieval approach.
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High-resolution simulations have successfully reproduced part of the sunspot penumbra and the Ev-
ershed flow. Sunspots are known to consist of an umbra with low brightness and strong vertical
magnetic fields, and a relatively bright penumbra with strong horizontal magnetic fields. Further-
more, the penumbra contains an outward Evershed flow. Understanding the physical origin of these
structures is important not only for solar physics but also as a basis for interpreting magnetic spots
on cool stars. The origin of the Evershed flow remains unclear, even over 100 years after its discovery.
For example, Rempel (2012) reproduced the Evershed flow and penumbra by imposing a horizontal
magnetic field at the upper boundary, but the realism of this setting is unclear, and discrepancies
with observations have been pointed out (Jurcak et al., 2020). This study investigated the effects of
increasing resolution to explore the origins of the penumbra and the Evershed flow with a potential
magnetic field boundary condition. While sunspots were typically computed with a grid spacing of
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30–40 km, we successfully simulated circular sunspots at 6 km resolution. Using a 6 km grid, we
reproduced Evershed flows with an average speed of about 2.5 km/s and locally exceeding 10 km/s.
The penumbra is also well reproduced. We analyzed the simulation result and identified the physical
reason why these structures can be reproduced in the high-resolution simulation. The primary phys-
ical mechanism accelerating the Evershed flow is summarized as the Lorentz force redirects upflows
and leads to the Evershed flow. An essential difference between different resolutions is the upflow
structure in penumbral regions. In the high-resolution simulation, small-scale elongated fast upflows
exist that provide significant mass to the Evershed flow. These upflows can only be properly resolved
in high-resolution simulations, and consequently, the Evershed flow appears only at higher resolution
as well.
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ζ Aurigae binary systems (consisting of a red giant and a main-sequence star) offer a unique advantage
for the study of stellar atmospheres: during their eclipses, the secondary star acts as a light probe
over the red giant’s chromosphere, allowing its dynamic conditions to be characterized with height
resolution along the line of sight. Only 10 such systems are known and have been monitored over many
decades, though some have not been explored as extensively in the lower chromosphere, such as 31
Cygni (K4 Ib + B3 V) with its long orbital period of 10.5 years, occurring under favorable observing
conditions only every 21 years. In this work, we investigate the chromospheric density structure of
the K-type giant of 31 Cyg during the 2024 eclipse, using spectra obtained with the spectrograph of
the robotic TIGRE telescope (R=20,000) and recent AAVSO photometry, as well as an analysis of
curves of growth and line profile fitting. From this, we obtained a stochastic velocity dispersion that
is supersonic and increases with height. Furthermore, by making a direct comparison with the 2017
and 2019 eclipses of its sister system ζ Aur (K4 Ib + B5 V), we observed that the excitation effects
in the K-star chromosphere produced by the radiation field of the B-type companion star are weaker,
which is consistent with its larger orbital separation. Future high-resolution spectroscopic studies will
be essential to further constrain these parameters and validate this trend.
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The APOGEE instruments are high resolution, infrared, multi-object spectrographs originally de-
signed to study the chemistry and kinematics of the Milky Way through observations of evolved stars.

112



The northern hemisphere instrument has been in operation since 2011 as part of SDSS-III, while the
southern hemisphere clone began operating in 2017 as part of SDSS-IV. Now in SDSS-V, both instru-
ments continue to both expand the number of red giants with at least one observations and, in many
cases, increase the number of repeat observations of previously observed stars Through both hardware
upgrades and software updates, the radial velocity precision achievable for the highest S/N datasets
has improved from 70 m/s to 40 m/s, while the lower S/N data typically achieves 100 m/s precision.
Here, we present early results of an analysis of 20,000 red giants each with at least a dozen epochs
of APOGEE observation spanning SDSS-III through SDSS-V. We find that nearly all giants on the
upper red giant branch show radial velocity variability above the instrumental noise floor for surface
gravities < 1.0. We present preliminary comparisons of the measured characteristics of this variability
to predictions of stellar oscillation and granulation.
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Periodic and quasi-periodic signals have been widely reported in solar and stellar atmospheres. In
particular,the periodic coronal rain and in-phase radiative intensity pulsations have been observed
in multiple wavelengths in recent years. However, due to the lack of three-dimensional coronal mag-
netic fields and thermodynamic data in observations, it remains challenging to quantify the coronal
heating rate that drives the mass cycles. In this work, based on the MURaM code, we conduct a
three-dimensional radiative magnetohydrodynamic simulation spanning from the convective zone to
the corona, where the solar atmosphere is heated self-consistently through dissipation resulting from
magnetoconvection. For the first time, we model the periodic coronal rain in an active region. With
a high spatial resolution, the simulation well resembles the observational features across different
extreme-ultraviolet wavelengths. These include the realistic interweaving coronal loops, periodic coro-
nal rain, and periodic intensity pulsations, with two periods of 3.0 hr and 3.7 hr identified within one
loop system. Moreover, the simulation allows for a detailed three-dimensional depiction of coronal rain
on small scales, revealing adjacent shower-like rain clumps ∼500 km in width and showcasing their
multithermal internal structures. We further reveal that these periodic variations essentially reflect
the cyclic energy evolution of the coronal loop under thermal nonequilibrium state. Importantly, as
the driver of the mass circulation, the self-consistent coronal heating rate is considerably complex in
time and space, with hour-level variations in 1 order of magnitude, minute-level bursts, and varying
asymmetry reaching ten times between footpoints. This provides an instructive template for the ad
hoc heating function and further enhances our understanding of the coronal heating process for the
Sun and stars.
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Aurorae at radio wavelengths indicate that stable large-scale magnetospheric currents can drive per-
sistent energetic electron beams into brown dwarf atmospheres. Energy deposition from this auroral
electron precipitation should drive a variety of upper atmospheric processes, including significant heat-
ing and ion chemistry. The recent evidence of thermal inversions in JWST data sets in a couple of
brown dwarf atmospheres may be a consequence of this kind of coupling between the atmosphere and
magnetospheric currents. We present preliminary studies of known radio bright brown dwarfs using
JWST NIRSPEC to assess infrared auroral signatures, their rotational variations, and correlations
with existing auroral diagnostics in the radio. We define prospects for using IR extrasolar aurorae to
assess the magnetosphere-ionosphere coupling in substellar atmospheres.
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Stellar parameters are commonly derived by comparing observed spectra to theoretical models, yet for
cool stars this approach is fundamentally limited by deficiencies in synthetic spectra. Incomplete line
lists, uncertain continuum opacities, and inaccurate oscillator strengths introduce systematic biases
in the inferred parameters. Empirical templates offer an alternative, but single-star templates are
inherently noisy and they may not be sufficiently representative of the underlying population. How-
ever, recent large spectroscopic surveys enable a more powerful data-driven approach. SDSS provides
spectra for millions of stars spanning a wide range of homogeneously derived effective temperatures,
surface gravities, and metallicities. We leverage this dataset to construct empirical optical and near-
infrared spectroscopic templates by modeling and stacking SDSS spectra in narrow bins across the
Kiel diagram. This approach yields templates that better reflect real spectra and provide a baseline
for identification of the unique features in spectra of individual cool stars.
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The Nancy Grace Roman Space Telescope, planned to launch in Fall 2026 and begin survey operations
in early 2027, is anticipated to discover thousands of ultracool dwarfs with its exceptional field of view
and infrared photometric depth. Compared to other stellar and extragalactic objects, ultracool dwarfs
are relatively rare and require specific selection methods to be confidently identified. Color-color cuts
are one of the most effective of such selection techniques and applying color-spectral type relations
afterwards is a critical step in confirming candidates as ultracool dwarfs. Using both color-color
selection and color-spectral type relations will be advantageous to separate the extragalactic and
ultracool dwarf “little red dots” that are prevalent in recent deep extragalactic fields. We present
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color-spectral type relations for field, young, and low metallicity/subdwarf ultracool dwarfs based
on recent discoveries from the Backyard Worlds Collaboration and using the Simple Archive. The
polynomial fits to the color-spectral type relations will allow for the characterization of ultracool dwarf
candidates beyond color-color selection and enable calculations such as photometric distances. With
the expected volume of Roman discoveries, tools like color-spectral type relations will help increase
candidate evaluation efficiency.
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Brown dwarfs, which share atmospheric properties with gas giant exoplanets and form via star-like
processes, serve as important benchmarks for understanding the relation between atmospheric com-
position and the formation processes of substellar objects. While the carbon-to-oxygen (C/O) ratio
in their atmospheres is expected to reflect the formation history, measurements of their C/O ratios
remain limited, and systematic uncertainties in retrieval analyses, such as molecular line lists and
temperature-pressure (T-P) profile parameterizations, are not yet fully understood. Here we present
C/O measurements of the benchmark brown dwarf binary Luhman 16AB and quantify systematic
uncertainties due to line lists and T-P profile parameterizations using high-resolution atmospheric
retrievals of VLT/CRIRES spectra with the ExoJAX framework. We find C/O ratios of 0.67 for both
components, slightly above solar, with line list systematics at the 7% level dominating the uncertainty
budget. We also explore Gaussian process-based T–P profiles and demonstrate their utility for flexible
thermal structure modeling. These results establish Luhman 16AB as a key anchor for substellar C/O
measurements and highlight the importance of systematic effects in comparative studies of substellar
objects.
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We present our new spatially resolved solar telescope, FOUND, which uses the EXtreme PREcision
Spectrograph (EXPRES) in northern Arizona. In contrast to the disk-integrated Sun-as-a-star ob-
servations of LOST, FOUND enables spatially resolved spectroscopy of selected regions on the solar
surface. Interchangeable fibers with projected diameters between 7 and 28 arcsec on the solar disk
allow observations at different spatial scales.

FOUND is designed to obtain spatially resolved spectra of individual solar features such as sunspots,
plages, and quiet-Sun regions. These observations provide direct access to the spectral signatures
of magnetic and convective structures without weakening the signals or broadening the spectral lines
through averaging over the full solar disk. Combined with the disk-integrated observations from LOST,
FOUND enables direct comparisons between spatially resolved solar features and integratid spectra,
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both obtained with the same spectrograph, EXPRES.

We present the instrumental design of FOUND and first observations of solar active regions, including
the first spatially resolved sunspot spectra obtained with EXPRES. These first results demonstrate
the potential of FOUND to connect resolved solar physics with Sun-as-a-star spectroscopy.
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We present a high-resolution atmospheric retrieval of the benchmark L-type brown dwarf HR 7672 B
using near-infrared spectra obtained with REACH on the Subaru Telescope. REACH combines high-
contrast imaging with high-resolution spectroscopy (R 100,000), enabling detailed characterization of
faint substellar companions. We model the observed spectra with a composite framework consisting of
multiple components: a brown dwarf spectrum computed with ExoJAX, a telluric absorption model,
a stellar speckle contamination component, and a simplified cloud model parameterized by the cloud-
top pressure to account for continuum features. From the retrieval applied to the J- and H-band
spectra, we identify H2O and FeH as the dominant absorbers shaping the spectral features. The
observed continuum is well explained by the combined effects of molecular opacity, CIA, and optically
thick clouds. The inferred cloud-top temperature suggests the possible formation of condensates
such as TiO2, Al2O3, or Fe in the atmosphere of HR 7672 B. This work represents the first science
demonstration of REACH for faint substellar companions and highlights the potential of combining
high spectral resolution and high contrast to probe atmospheric physics and chemistry. Our results
provide a foundation for future studies of directly imaged exoplanets and brown dwarfs with next-
generation instruments.
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The coronal heating problem remains a central challenge in solar (and stellar) physics, requiring
a detailed understanding of wave-based heating mechanisms. Among them, kink waves and their
turbulent dissipation likely play a significant role in heating of the solar corona. Their contribution to
the heating has recently been formalised and included in the physics-based Uniturbulence and Alfvén
Wave Solar Model (UAWSoM) coronal model, with promising results. In this work, we investigate
how kink wave heating may affect coronal loops. A detailed study of coronal loop characteristics
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and behaviour is conducted under the assumption that a loop is sustained primarily by kink wave
heating. We employ both the analytical and numerical methods originating from the well-known RTV
scaling laws, as well as perform 1D MHD simulations of coronal loops using the UAWSoM model.
This approach allows us to extensively compare the results obtained by each method. As a result,
we provide scaling laws and robust numerical estimates of the wave energy density needed to sustain
a loop against radiative losses, report on the effects on statics and dynamics of coronal loops, and
compare with previous results. In addition, this study serves as an important step in validating
the UAWSoM model, assisting its further development. Finally, we examine possible effects of this
heating mechanism on coronae in other solar-like stars. In particular, we look into how the relationship
between surface magnetic flux and X-ray luminosity may be influenced, and use the insights to derive
scaling relationships between kink wave energy density and the two aforementioned quantities. This
step paves the way for accurate modelling of stellar coronae using UAWSoM.
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Dwarf carbon (dC) stars are a rare but astrophysically vital tracer of binary stellar evolution: cool, low-
mass main-sequence stars whose atmospheres have been polluted by carbon-rich material transferred
from a (now-faint) AGB companion. Despite their importance for low-mass AGB nucleosynthesis and
post-mass-transfer binary dynamics, dCs remain the most poorly catalogued cool main-sequence pop-
ulation, with the known sample strongly biased toward bright objects. The Gaia DR3 low-resolution
BP/RP spectra provides a uniform, all-sky basis for systematic dC discovery into the faint (G 17.65
mag) cool main sequence. We present an atmospheric discriminator that identifies dC candidates in
BP/RP spectra using two complementary generative spectral models (variational autoencoders): one
trained on the confirmed dC population, capturing the C2 Swan-band absorption morphology unique
to carbon-enriched cool atmospheres, and one trained on the Gaia Golden Sample of Astrophysical
Parameters as a non-carbon baseline spanning the OBA, FGKM, and ultracool dwarf regimes. The
models are calibrated against the spectral noise framework of Zhang, Green & Rix (2023), with a
learned residual term that captures model–data mismatch beyond the per-pixel measurement covari-
ance. The disagreement between how well each generative model reconstructs the input spectrum
yields a single physically interpretable score, sensitive to the C2 Swan bands that define a dC at-
mosphere. By extracting reliable atmospheric morphology well below the per-pixel noise level, our
approach pushes BP/RP spectra to the faint limit of what they can deliver — a regime not previously
exploited at scale. The resulting catalogue contains 2,000 new dC candidates, more than doubling the
known sample and providing the largest uniformly-selected population of carbon-enriched cool dwarf
atmospheres to date.
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Brown dwarfs provide a unique opportunity to study atmospheric physical and chemical processes
with high precision, particularly in temperature regimes relevant to exoplanets. We performed high-
resolution (R ∼ 70, 000) spectroscopy of Gl 229 B using Subaru/IRD in the Y, J, and H bands. Gl
229 B, the first discovered T-type brown dwarf, was recently confirmed to be a binary brown dwarf
system orbiting an M1V host star at a separation of 33 au. We conducted atmospheric retrieval on the
reduced H-band spectrum using ExoJAX, a high-resolution spectral modeling framework compatible
with automatic differentiation and GPU acceleration. In contrast to previous retrieval studies based on
medium-resolution spectra, we derived a C/O ratio consistent with that of the host star, in agreement
with the expected formation scenario for such massive brown dwarfs. Furthermore, by combining the
strong temperature constraints obtained from the high-resolution spectrum with previously measured
photometric magnitudes, our analysis also suggests that Gl 229 B is itself a binary system. Finally,
we validated current molecular line lists using the obtained high-resolution, high signal-to-noise ratio
spectrum of this warm (∼ 900 K) atmosphere. This study highlights the importance of observing
companion brown dwarfs as benchmark objects for establishing characterization techniques for low-
mass objects and improving our understanding of their atmospheres, given the wealth of available
information and the relative ease of observation.
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We present comprehensive 3D radiative magnetohydrodynamic simulations of subgiant atmospheres
with magnetic fields. The initial study is limited to studying the impact of changing surface gravity
while keeping the effective temperature constant. We see a significant change in the emergent intensity,
the convective velocities and the themodynamic structure. While strong fields concentrations are
relatively dark for main-sequence stars (pores), the same is no longer true for subgiants with a similar
level of magnetic field strength. Preliminary analysis suggests subgiants show bright features formed
through convective collapse in excess of the corresponding main-sequence field concentrations. This
represents a first step towards accurate modelling intensity modulated by magnetic features on stars
away from the main sequence.
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We present the SIMPLE Archive of low mass stars, brown dwarfs and directly-imaged exoplanets. The
SIMPLE Archive currently contains the astrometry, photometry and spectra for over 3600 sources. The
goal of SIMPLE is to develop a community-driven archive where many individuals can collaboratively
contribute to the knowledge base of these objects using a GitHub, hand-curated workflow. SIMPLE
can be searched via a website, https://simple-bd-archive.org/, or be downloaded and interacted with
as a database. We welcome more contributors to join us as we build and populate this community tool.
The SIMPLE archive is actively being devloped on GitHub at https://github.com/SIMPLE-AstroDB.
Breaking news: We are structuring SIMPLE to be fully complementary and compatible with MocaDB,
which is considerably larger and more automated than SIMPLE.
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The SPHEREx all-sky survey has now measured the infrared spectra of thousands of nearby brown
dwarfs in the chemically rich 0.75-5 µm range. The survey’s wide spectral coverage and high S/N per-
mits flux measurements that capture several broadband molecular absorption features, and upwards
of 80% of the total bolometric luminosity of most brown dwarfs. Spectral models are known to yield
systematic disagreements in the inferred temperatures and radii of brown dwarfs, necessitating bench-
marking against observations. In this work, we present SPHEREx spectra across a broad sequence of
37 nearby field brown dwarfs, ranging from L0 to Y1 (∼2500-500 K) and compare them to theoret-
ical expectations. We fit the measured spectra to the well-known forward model grids and compare
their goodness-of-fit. The models broadly capture their trends across the L/T transition, with the
observed sample of field dwarfs strongly preferring the weak vertical mixing (kzz = 104 cm2s−1) Elf
Owl models over strong mixing. The spectra shown here along with future SPHEREx data will help
guide improvements to models.
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Rydberg transition lines (RTLs) of heavy elements have recently been reported in a couple of cool,
evolved stars. These transitions may trace the lukewarm chromosphere (∼3000 K) in red supergiants
(RSGs) as revealed by high-resolution ALMA continuum observations. RTLs may also provide inde-
pendent constraints on the electron density in the atmosphere. By analysing the latest and archival
ALMA observations of the RSG Antares, we detect several RTLs from both hydrogen and heavier
elements. The line widths of the detected RTLs suggest that the electron density is above 108 cm−3,
which is broadly consistent with the latest result from an ultraviolet C II] diagnostic.

ID: P1159
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We present the AstroDB Toolkit, a collection of tools intended to make it easier for astronomers to build
and collaboratively maintain their own databases of data related to astronomical objects. The toolkit
consists of a template database and a companion Python package, astrodb_utils. The proof-of-concept
application is the SIMPLE Archive of low mass stars, brown dwarfs, and exoplanets (https://simple-bd-
archive.org/). We are actively seeking to collaborate with individuals and projects in the early stages
of building a database to help build out this tool and generate documentation for the community.
The AstroDB Toolkit is openly developed on GitHub at https://github.com/astrodbtoolkit/ and the
documentation may be found at https://astrodb-utils.readthedocs.io/.
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The compositions of planets preserve a record of the chemical elements they accreted from their natal
protoplanetary disks. Such disks reflect the compositions of their stars, and differences between the
chemical compositions of planets and their host stars can point to significant pebble/planetesimal
accretion during planet formation. We observed the 20MJ companion HIP 79098b in J-band ( 1.3µm)
with the OSIRIS integral field spectrograph. We detect atomic potassium (K) in the atmosphere of
HIP 79098b at a significance of 5σ, as well as iron hydride (FeH) at a significance of 3σ. Unlike carbon
(C) and oxygen (O), K and FeH remain in solid form throughout the protoplanetary disk, acting as
critical anchors for inferring whether other elements were accreted in solid or gaseous form. Retrievals
using OSIRIS and archival data are ongoing, and will allow us to place constraints on the enrichment
of solids in the atmosphere of this companion.
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We present simultaneous photometric and spectroscopic observations of a superflare on the active
M-dwarf V388 Cas, obtained with the Seimei Telescope and the Transiting Exoplanet Survey Satellite
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(TESS). A white-light flare detected on 2019 November 8 released a total energy of 1.89×10^33 erg,
classifying the event as a superflare. Simultaneous spectroscopy revealed strong Balmer-line enhance-
ments, including Hα, Hβ, and Hγ emission. The temporal evolution of the Hα emission exhibited three
distinct enhancement phases. The first peak occurred simultaneously with the white-light flare maxi-
mum and is likely associated with flare ribbons. A second Hα enhancement appeared approximately
40 minutes after the flare peak during the decay phase of the white-light emission. This secondary
enhancement showed neither a significant Doppler-shifted component nor continuum brightening, sug-
gesting that it is unlikely to originate from a prominence eruption or a secondary flare. Instead, its
properties are consistent with emission from post-flare loops. A third enhancement observed about
140 minutes after the flare peak was accompanied by continuum brightening, indicating contamination
from another flare event. To investigate the post-flare loop interpretation, we applied scaling relations
based on solar flare studies together with radiative cooling models. The estimated loop length is ap-
proximately 0.9 × 10^10cm, comparable to the stellar radius and the estimated starspot size of V388
Cas. We also examined the effect of sub-solar metallicity on the radiative cooling function and found
that the inferred loop size remains consistent with large-scale magnetic structures on active M dwarfs.
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The spin evolution of main sequence stars has long been of interest for basic stellar evolution, stellar ag-
ing, stellar activity, and the consequent influence on companion planets. Very low-mass main-sequence
stars reveal some curious trends in observed rotation period distributions that require abating the spin-
down that standard rotational evolution models would otherwise imply. We use a time-dependent
theoretical model that dynamically and self-consistently couples the evolution of X-ray luminosity,
rotation, mass loss, magnetic field strength to tidal effects of the companion and its orbital evolution.
By dynamically coupling magnetically mediated spin-down to tidally induced spin-up from close orbit-
ing substellar companions, we show that tides from sub-stellar companions may explain these trends.
In particular, brown dwarf companions can delay the spin-down and explain the dearth of field, late-
type M dwarfs with intermediate rotation periods. We find that tidal forces also strongly influence
stellar X-ray activity evolution, so that methods of gyrochronological aging must be generalized for
stars with even sub-stellar companions. We also discuss how the theoretical predictions of the spin
evolution model can be used with future data to constrain the population distribution of companion
orbital separations.
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We present the first 3D radiative MHD surface simulations of subgiants with facular magnetic fields
ranging from quiet-star (small-scale dynamo) level of magnetism to 500 G average vertical field. We
show how the effective temperature, the intensity distribution and the thermodynamic structure change
as a function of the magnetic field strength. These models represent a first step towards accurate
modelling of magnetic features on stars away from the main sequence.
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The surface magnetic fields of M dwarfs are inherently multi-scale, dominated by small-scale structures
while also hosting weaker large-scale components. Historically, these two aspects of stellar magnetism
have been studied in isolation, using distinct diagnostic techniques—Zeeman broadening for small-
scale fields and spectropolarimetry for large-scale fields. This separation has led to a fragmented
understanding of M-dwarf magnetism, with these methods often producing highly discordant field
strength measurements. We present our ongoing research aimed at bridging this divide by unifying
small- and large-scale magnetic field measurements within a single modelling framework. Achieving
this requires both higher-quality observations, particularly in the near-infrared, and the development
of advanced computational techniques capable of capturing the inherently multi-scale nature of stellar
magnetic fields. We demonstrate the first results of applying this integrated approach to several
active M dwarfs. These results reveal significantly revised perspectives on the geometry and structure
of low-mass magnetic fields, offering a more complete and coherent observational picture of convective
dynamos, stellar magnetospheres and their interaction with potentially habitable exoplanets.
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We analyze the Chromospheric H & K line Ca II S-index data from Mount Wilson Observatory for
28 Sun-like stars. We identify the cycle peaks and peak time by fitting two smoothing functions to
the stellar cycles. First we show that the Waldmeier effect (stronger cycles rise faster) seen robustly
for solar cycles, also exists in other Sun-like stars. Next, we find correlations in the rotation period
of the star and variability in its stellar activity, quantified by the chromospheric emission ratio R′

HK,
which can be calculated from the S-index. We find evidence that slow rotators tend to have higher
variability. Finally, we show that that the Gnevyshev-Ohl rule or the even-odd effect may also exist
for stellar cycles.

ID: P1166
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During the 17th century, the Sun underwent an extended low-state in its activity cycle known as the
Maunder minimum. Investigating the causes and properties of this historical event requires finding and
studying other stars in similar states. The only known star in an unambiguous Maunder minimum-like
chromospheric activity state is the K2 dwarf HD 166620. Its coronal X-ray activity has so far only
been probed with a ROSAT observation in 1996, before the star entered its grand minimum around
2004.

We conducted a deep XMM-Newton observation of HD 166620 during its chromospheric CaII H&K
activity grand minimum, providing the first X-ray detection of a star in a confirmed Maunder minimum
state. With respect to the earlier ROSAT observation taken near the maximum of its chromospheric
cycle, during its ongoing grand minimum the X-ray brightness of HD 166620 has decreased by a factor
of 2.5.

To place the X-ray properties of HD 166620 into context, we constructed a volume-complete X-ray
sample of late-type stars within 10 pc of the Sun. In this talk, I will show that HD 166620 currently
emits X-rays at the level of the quiet solar background corona, below the activity level of any K dwarf
in the 10pc sample. Combining the X-ray data with long-term Ca II H&K monitoring of HD 166620,
I argue that the solar activity during the historic Maunder minimum was not reduced significantly
below the levels seen during its modern cycle minima. The XMM-Newton spectrum of HD166620
reveals a very low temperature of its corona ( 1.3 MK), which is consistent with measurements for the
quiet Sun. The coronal properties of HD166620 are in line with the prediction of the X-ray brightness-
temperature relation derived for the 10pc sample, defining its lower end. The similar X-ray surface
flux of HD 166620 and the quiet Sun, and their Rossby number near the critical value of spin-down
models, suggest a connection between the regime of weakened magnetic braking and the occurrence
of grand minima.
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We present results from quasi-simultaneous, broadband (1 through 50 GHz), full-polarization, multi-
epoch JVLA observations of the fast-rotating ultracool dwarf (UCD) LSR J1835+3259 (=LSRJ; P_rot
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= 2.84 hr), aimed at clarifying the dominant mechanisms behind its radio emission.

We find that circularly polarized emission dominates over 30% of LSRJ’s total rotation phase, i.e.,
0.84 hr. The circular polarization is confined to specific rotational phases and is absent during the
quiescent intervals overall. During the remaining 2.0 hr of the rotation period, the radio emission
is dominated by quiescent, non-circularly polarized emission. A wideband dynamic radio spectrum
reveals a range of localized bursts and frequency drifts across multiple bands. We successfully model
the circularly polarized emission as auroral radio emission originating from a single active field line,
where electrons with energies around 2 keV radiate via the electron-cyclotron mechanism. The model
estimates both the emission height along a dipolar magnetic field and the cone opening angle implied
by cyclotron-maser emission physics, as a function of the observed frequency. The quiescent emission
is well described by a self-absorbed synchrotron power law with α = −0.62±0.09. This emission arises
from a radiation belt around LSRJ, fed by a population of relativistic electrons with index p = 2.24,
reaching energies up to about 20 MeV.

Our observations and modeling provide a consistent picture for LSRJ: 2 keV electrons drive the auroral
emission, while ultra-relativistic electrons with energies up to 20 MeV supply the radiation belt. With
temperatures similar to those of giant exoplanets, UCDs also share similar atmospheric chemistry
and magnetic phenomena. As one of the closest and brightest ultracool dwarfs, LSRJ serves as a key
laboratory for studying such processes. Our findings therefore significantly advance our understanding
of magnetism in giant exoplanet–like atmospheres.
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The emergence and orientation of active regions on the Sun and Sun-like stars provides a directly-
observable test of the internal mechanisms that drive a star’s magnetic field generation. Although
starspot coverage varies with latitude and over time, it is difficult to characterise the overall spot
distribution from time-series photometry. Previously, data from the Kepler mission has been used
to analyse individual occultations of starspots by exoplanets. By analysing the properties of excess
photometric variability observed during planet transits across the Kepler observations, we can infer
the level of inhomogeneity across individual transit chords. Comparing multi-planet systems allows us
to compare statistically the stellar active regions at different stellar latitudes, enabling us to identify
systems with active latitudes and characterise their surface inhomogeneities in detail. I will highlight
a sample of Sun-like stars with active latitudes, demonstrating an evolution of active latitudes over
the main sequence lifetime of Solar-like stars.
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Stellar rotation offers a powerful probe of stellar evolution, age, and magnetic activity in low-mass
stars. As stars age, magnetized winds extract angular momentum, causing their rotation rates to
slow—a process that forms the basis of gyrochronology. This technique has become central to studies
of exoplanet host ages, stellar population mapping, and open cluster evolution. However, leveraging
gyrochronology at scale requires large, reliable samples of stellar rotation periods.

We present the TESS All-Sky Rotation Survey (TARS), which uses TESS light curves to measure
rotation periods for 800,000 bright (T < 16), nearby (d < 500 pc) stars. This catalog is the largest
of its kind and enables large-scale studies of angular momentum evolution across diverse populations
of age, stellar type, and physical association.

One application of TARS is in reconstructing the formation histories of dispersed open clusters. While
Gaia has improved our ability to trace cluster kinematics, linking individual stars to specific birth
events becomes difficult beyond 100 Myr, as remnants spread over hundreds of parsecs and conven-
tional age estimates lose precision. We have developed a Bayesian framework that combines TARS
rotation periods with Gaia kinematics to identify diffuse, coeval structures. Applying this method to
the Pleiades reveals that the Pleiades is the bound core of a much larger, spatially extended structure:
the Greater Pleiades Complex. This 600-pc-wide assembly comprises multiple known groups with
common ages, abundances, and dynamical histories, all likely originating from the same star-forming
event.

We will present the TARS survey and one of its early results: the discovery and characterization of
the Greater Pleiades Complex.
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The latitudinal distribution of stellar magnetic activity is a fundamental parameter for understanding
stellar dynamos, yet it remains poorly constrained by observations. We present a reliable surface spot
reconstruction of the young, rapidly rotating K2-type star PW And, utilizing a synergetic approach
of spectroscopic and photometric observations. Using the SpotDIPy code, we performed simultane-
ous Doppler imaging and Light-curve inversion (DI+LCI) by integrating high-resolution GAOES-RV
spectra from the 3.8m Seimei telescope with high-precision TESS photometry. Our analysis reveals
prominent spot features at mid-to-low latitudes, equatorial regions, and the southern hemisphere, all
of which are regions where DI-only solutions typically fail to provide reliable information. Simulations
with synthetic spots further demonstrate that the DI+LCI approach significantly enhances the recov-
ery of both spot latitudes and filling factors, particularly in cases of incomplete phase coverage or low
signal-to-noise ratios. Furthermore, we investigate the spatial correlation between the reconstructed
spot maps and flares detected in the TESS light curve, indicating a potential association between
flare occurrences and specific stellar longitudes. These results demonstrate that combining DI with
continuous photometry not only improves the inversion accuracy of starspot distributions but also
provides critical insights into the spatial origins of stellar flare activity. We also report preliminary
findings from ongoing DI analyses of several other active stars, demonstrating the applicability of our
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synergetic approach to understanding stellar activity.
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The Mauve satellite launched in late 2025, and since January 2026, has been providing NUV–visible
observations of stellar objects as part of a detailed year-long observation programme that will answer
questions about stellar activity and variability, exoplanet hosts, hot stars, and exotic populations in
binaries.

During the early science phase, Mauve observed multiple targets to characterise performance and
understand the feasibility of the different science themes proposed by the survey members. In this talk,
we will show how Mauve will address the original science themes proposed in the preliminary science
programme, presenting analyses and interpretations of early datasets to demonstrate the satellite’s
performance across all stellar types and science themes.

Mauve will run a collaborative three-year survey programme and provide thousands of hours of ob-
servations of bright stars. The science cases presented here will cover the first year of Mauve’s survey
operations, as developed by a global consortium of researchers. We will also explore how the wider
research community can access Mauve year one data and identify opportunities to help develop the
survey programme for years 2 and 3.

ID: P1173
Stellar activity cycles in Sun-like stars & Tidally-locked binaries in the Kepler field

Presenter: Deepak Chahal (Queen Mary University of London, UK)
Author list:
Edward Gillen (1); Beatrice Caccherano (1); Devika Kamath (2); Richard de Grijs (2); Ben Montet
(3)
(1) Queen Mary University of London, UK; (2) Macquarie University, Australia ;(3) University of New
South Wales, Australia
Session: Magnetic Activity and Large-scale Events

A key challenge in stellar astrophysics is understanding the drivers of stellar magnetic activity and
its evolution with age. Magnetic fields generated in stellar interiors undergo cyclic regeneration,
similar to the Sun’s 11-year cycle, producing starspots, flares, and other surface phenomena. A major
observational constraint is the detection of these long-term activity cycles in other stars. To address
this, we develop a technique that combines time-series photometry from Kepler, ASAS-SN, and ZTF
to identify long-period magnetic cycles. Initially applying this method, we detect activity cycles
in 138 fast-rotating G–K-type stars, challenging the traditional active–inactive branch paradigm and
revealing young Sun-like stars in the intermediate region occupied by the Sun. We extend this analysis
to open clusters using Kepler FFIs spanning from 50 Myr to 1 Gyr, we aim to detect activity cycles in
several cluster members, and examine how activity cycle properties change with ages for G-, K-, and
M-type stars. Additionally, we are investigating a population of fast-rotating close binaries that might
be tidally locked, in which magnetic braking is suppressed and the underlying dynamo mechanism is
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likely different. Using Kepler photometry, we are identifying distinctive light-curve signatures in them
and aim to find a substantial number of fast-rotating, tidally locked systems within the Kepler field.
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Magnetic fields are a key ingredient in our understanding of stars and planets: they play a crucial role
in their formation, drive activity phenomena, and induce spurious signals in exoplanet datasets. In
this talk, I present the results of an extensive study aimed at detecting and quantifying small-scale
magnetic fields in M dwarf stars, which are prime targets for understanding dynamo mechanisms
generating and sustaining fields in stars with different internal structures. We use near-infrared high-
resolution spectra collected over several years to derive surface magnetic fields for each observing night.
In addition to obtaining clear constraints on stellar rotation periods, our magnetic field measurements
are strongly anti-correlated with surface temperature variations, suggesting that the M dwarfs in our
sample have heavily spotted stellar surfaces. The long-term variations in the derived magnetic fields
hint at the presence of complex internal processes which could be associated with cycles, offering
valuable constraints for dynamo theories. Such results are especially important for fully convective
stars whose internal structures differ from that of higher-mass stars, and for which constraints on
magnetic variability are currently missing. Finally, I introduce a new approach to obtain extremely
fast estimates of small-scale field variations, making it a viable option for its systematic application
in the context of the large spectroscopic surveys to come. This work paves the way to future studies
taking advantage of the current and next generation of high-resolution spectrographs (e.g., WINERED
at the Magellan-Clay telescope, WENAOKEAO at CFHT, Andes at ELT).
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Modern extremely precise radial velocity (EPRV) facilities commonly include a solar feed to ob-
tain daily high-cadence ( 1 min) ultra-high signal-to-noise (500-1500) high resolution (R 100k) disk-
integrated spectra. These spectral timeseries, when jointly modeled across multiple instruments, en-
able detailed characterization of the isolated common variability (astrophysics) as well as the individual
uncommon variability (instrumental systematics). We combined one year of Sun-as-a-star spectra from
KPF, NEID, EXPRES, and HARPS-N, totaling 60,000 high-resolution spectra, to measure common-
mode pixel-by-pixel RV variability. These pixel-level RVs are mapped to layers of the solar atmosphere
by modeling the formation temperature of each segment of each spectral line, yielding per-layer binned
RV timeseries. We developed a novel exposure-aware Gaussian process method to efficiently separate
in the time domain variability from p-mode oscillations, granulation, supergranulation, and rotation-
ally modulated variability (e.g. due to spots and plage) to reveal how these various velocity flows
change in amplitude, period, and phase with proximity to the Solar surface. We further correlate
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pixel-level flux variations with SDO images to classify spot-vs.-plage-sensitive families of lines. Fi-
nally, we will discuss how we might elaborate upon these results to study the magnetic activity of
other stars.
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Main sequence solar-like stars possess a radiative core surrounded by a convective outer layer, whereas
stars below approximately 0.35 M⊙ are fully convective throughout their interiors. These distinct in-
ternal structures imply fundamentally different dynamo mechanisms in partially and fully convective
stars. However, until recently there was little observational evidence to support this expectation. New
spectropolarimetric observations over the past several years have revealed that the magnetic fields of
slowly rotating, fully convective M dwarfs are substantially stronger than previously anticipated. In
this talk, I compare and contrast the magnetic field properties of fully convective stars with those of
their partially convective counterparts and show that the enhanced field strengths imply spin-down
torques that may be an order of magnitude larger than expected. These results have important
implications for angular momentum evolution and magnetic braking in low-mass stars.
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Age estimates are challenging for M dwarfs, making it difficult to map how their rotation rates and
activity levels change over time. Here I discuss our efforts to uncover this picture using open clusters,
wide binaries, and a volume-complete survey of our nearest neighbours. We find that the spindown
of fully convective M dwarfs is markedly different from the Skumanich-law spindown of Sun-like stars:
small M dwarfs spin down gradually (P 0.1-10 days) for 1-4Gyr (depending on mass), then abruptly
transition to long periods (P>70 days) over a timescale of <100Myr. The dispersion in the mass-
dependent spindown relation is small (<0.5Gyr) when stellar birth environment, age, and metallicity
are controlled, but we have identified some M dwarfs that make the transition at much younger ages—
systems that may represent special initial conditions (e.g., high-energy birth environment and initial
rotation rate) that led to a shorter saturation lifetime. In addition to offering a unique parameter
space for testing theoretical spindown models, our findings have important implications for planetary
atmosphere retention and the ‘cosmic shoreline’ of fully convective M dwarfs, suggesting that many
key planets for atmospheric characterization received a historic XUV flux that exceeds the canonical
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scaling relation by more than a factor of 3.
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Gyro-kinematic ages have unlocked a previously inaccessible domain over which rotational evolution
models and gyrochronology can be rigorously tested. These ages push the boundaries of exploration
to include a large population of old solar analogs and slowly rotating, fully convective stars. By using
a combination of forward modeling techniques and empirical gyrochronology, we infer the required
dynamo properties to explain spin down in these old stars. In the old field star domain, we find that
standard spin down relationships cannot be extrapolated to old solar-like analogs and that standard
assumptions about the magnetized wind do not hold. Our forward modelling favors a mass dependence
in the dynamo scalings used to compute the magnetized winds. Pushing towards lower masses, we
explore whether our model framework can reproduce the observed spin down of slowly rotating, fully
convective stars. We use predictions from our best fit models to probe whether there is a smooth or
abrupt transition between the dynamo properties of fully and partially convective stars.
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Spectral Differencing Analysis (SDA) is a powerful technique for isolating the spectral signatures of
stellar activity. Magnetic activity in cool stars drives spectral line variability, introducing noise that
can mask planetary radial velocity signals. Active regions such as spots and plage are responsible for
these line distortions, and while numerous mitigation techniques have been developed, the individual
contributions of these active regions remain poorly understood.

Characterizing the spectral line shape changes due to these active regions is therefore crucial for
distinguishing radial velocity signals due to stellar activity from those produced by an orbiting planet.
I will discuss how we apply SDA to Sun-as-a-star observations, comparing active and inactive spectra
over multiple solar rotation cycles. The resulting difference spectra isolate the spectral signatures
associated with solar magnetic activity on the level of individual spectral lines.

To separate genuine solar signals from instrumental systematics, we compare contemporaneous solar
spectra obtained with HARPS-N, NEID, and KPF SoCal. The use of multiple, independent instru-
ments enables us to confirm subtle activity-driven features. By correlating spectral variability across
instruments and further comparing these signals with plage and spot surface area coverage derived
from Solar Dynamics Observatory (SDO) images, we distinguish activity-driven variability from in-
strumental effects and investigate its connection to magnetic structures on the stellar surface.
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Recent studies suggest that the angular momentum evolution of late-M and brown dwarfs deviates
from the canonical spin-down behaviour observed in higher-mass stars, likely reflecting differences in
magnetic braking and dynamo processes below the fully convective boundary. Characterizing stellar
rotation and magnetic spot–induced variability in this regime is therefore critical for understanding
angular momentum evolution just above, at, and below the hydrogen burning limit. In this presen-
tation, we examine ∼1800 candidate single late-M dwarfs with G − GRP ≥ 1.4 mag (≳M6) using
TESS light curves. To determine rotation periods, we employed Lomb-Scargle Periodograms to pro-
vide a first estimate of the period, then refined them with a Gaussian Process approach, requiring
multi-sector confirmation when available. We found 200 rotation periods, ranging from 2 hours to 6
days, and amplitudes between 0.08% and 3%. We find that the observed variability fraction in late-M
dwarfs rises with the number of available TESS sectors, approaching an apparent ceiling of ∼ 50%.
This likely reflects a detection limit determined by viewing geometry and supports the idea that spot-
induced variability is common across the late-M and brown dwarf population. We found consistent
results with previously published late-M dwarf rotation periods reported. Combined with published
rotation periods for a broader range of spectral types, we find a lower envelope on the rotation period
decreasing from 5 hours at early-M dwarfs to 1 hour at L, T, and Y dwarfs. These findings provide
new constraints on rotational evolution in the lowest-mass stellar population.
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Sunspots are the energy source of solar flares, and their area and complexity are strongly correlated
with both flare magnitude and occurrence frequency. On stars, superflares, flares with energies more
than an order of magnitude greater than the largest solar flares, have been observed, and they are often
accompanied by giant starspots. Like solar flares, the occurrence frequency of stellar flares is thought
to be related to the complexity of starspots. However, due to spatially unresolved observations, the
complexity of starspots is not well understood, making it more difficult to evaluate stellar activity than
that of the Sun. In this study, we investigated how sunspot complexity manifests itself in chromospheric
lines, based on a “Sun-as-a-star” analysis, in which solar data are spatially integrated to mimic stellar
observations. While previous studies have examined comparisons between the solar magnetic flux
and the Sun-as-a-star irradiance of solar spectral lines, there have been very few studies focusing on
sunspot complexity. We conducted imaging spectroscopic observations of solar active regions with
various levels of complexity (α-, β-, γ-, and δ-type) in the Hα and Ca II K lines using Domeless Solar
Telescope at Hida Observatory, Kyoto University. For these active regions, we measured the sunspot
areas and applied a Sun-as-a-star analysis to the data from the two chromospheric lines to derive
equivalent widths representing the difference in brightness relative to the quiet region. According to

130



the preliminary analyses of 50 solar active regions, we found that the total equivalent width of each
(non-flaring) active region tend to increase with increasing sunspot area for both Hα and Ca II K
lines, and that of δ-type is much larger than that of α-type spots. In this presentation, we discuss
the details of these results, the chromospheric structures that control the magnitude of the equivalent
widths, and the implications for starspots.
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The rotation period of a star is an important quantity that provides insight into its structure and state.
For stars with surface features like starspots, their periods can be inferred from brightness variations
as these features move across the stellar surface. TESS, with its all-sky coverage, is providing the
largest sample of stars for obtaining rotation periods. However, most of the periods have been limited
to shorter than the 13.7-day TESS orbital period due to strong background signals (e.g., scattered
light) on those timescales. In this study, we investigated the viability of measuring longer periods (>
10 days) from TESS light curves for stars in the Northern Continuous Viewing Zone (NCVZ). We
first created a reference set of 272 period measurements longer than 10 days for K & M dwarfs in the
NCVZ using data from the Zwicky Transient Facility (ZTF) that we consider as the ”ground truth”
given ZTF’s long temporal baseline of 6+ years. We then used the unpopular pipeline to de-trend
TESS light curves and implemented a modified Lomb-Scargle (LS) periodogram that accounts for flux
offsets between observing sectors. For 179 out of the 272 sources (66%), the TESS-derived periods
match the ZTF-derived periods to within 10%. The match rate increases to 81% (137 out of 170)
when restricting to sources with a TESS LS power that exceeds a threshold. Our results confirm
the capability of measuring periods longer than 10 days from TESS data, highlighting the dataset’s
potential for studying slow rotators.
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Active, low-mass stars are widely observed to have radii that are larger than predicted by standard
stellar models. Proposed mechanisms for this radius inflation generally involve stellar magnetism,
either in the form of added pressure support in the outer layers or suppression of convection via
starspots. We find a clear, strong relationship between the degree of radius inflation and stellar
rotation as represented by the Rossby number in open clusters; this inflation–rotation relationship
bears striking resemblance to canonical activity–rotation relationships, including both the so-called
linear and saturated regimes. From this open cluster dataset, we also quantify the starspot evolution
law as a function of stellar effective temperature in the pre-main sequence. We demonstrate here
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for the first time that the radius inflation depends directly on the starspot covering fraction. We
furthermore find that the stars’ effective temperatures decrease with decreasing Rossby number as
well, and that this temperature suppression balances the radius inflation so as to preserve the stellar
bolometric luminosity. These relationships are consistent across the age range sampled here, which
spans from the pre–main sequence to the zero-age main sequence. The favorable comparison of our
findings to the predictions of modern starspot-based stellar evolution models suggests that, while
rotation is clearly the underlying driver, magnetism may be the most likely direct cause of the radius
inflation phenomenon. By exploring the broader LEOPARD spectroscopic starspot dataset, we also
characterize the evolution of starspots over time, present a set of fiducial magnetic isochrones corrected
for discrepancies with respect to the magnetic inflation effect, and quantify the precision and accuracy
of magnetoisochronal ages.
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M dwarfs are the most abundant stars in the Galaxy. Magnetic activity is a hallmark of these stars.
Yet the connection between magnetic activity produced in different layers of their atmospheres is not
fully explored.

In this work, which forms part of my Master’s thesis, I analyze a unique sample of 340 nearby (d ≲
100 pc) M dwarfs observed simultaneously in optical and X-ray wavelengths using data from the
Transiting Exoplanet Survey Satellite’s Year 3 (TESS) and the extended ROentgen Survey with an
Imaging Telescope Array’s (eROSITA) eRASS2 and eRASS3 internal data releases, respectively.

Optical data from TESS provide the rotation periods and amplitudes of rotational modulation due
to spots on the photospheres of the stars. Data from eROSITA provide the X-ray brightness of the
stellar coronae. By correlating simultaneous data from this sample, I examine the relation between
starspot modulation amplitude, the photometric magnetic activity index, and X-ray brightness.

In addition, I present the classical X-ray activity–rotation relation with new constraints on the activity
level of saturated stars and its dependence on spectral subtype (from M0 to M6).

The data represent one of the largest samples of contemporaneous X-ray and optical observations,
yielding a crucial observational test bed for the multi-wavelength variability of magnetically active
stars.
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The exploration of stellar rotational evolution has seen major advancements in recent years. Following
this progress, several projects, e.g., the PERICLES isochrones, gyro-interp, or ChronoFlow, have been
initiated that aim to leverage gyrochronology, the method of using a late-type main sequence star’s
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observed rotation rate to estimate its age, an otherwise exceedingly difficult quantity to obtain. We
used the PERICLES isochrones to calculate rotational ages for altogether about 300k stars in large-
scale samples of stellar rotation (e.g., from Kepler, Gaia, ASAS-SN, and NGTS), most of them isolated
field stars. The stars from our sample belonging to open clusters or wide binaries demonstrate the
robustness of the derived ages.
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The breakdown of gyrochronology in old solar-type stars, revealed by asteroseismology (e.g., [?]), is
commonly attributed to an abrupt transition in stellar dynamo efficiency. We investigate an alternative
mechanism in which reduced coronal heating modifies the properties of the magnetized wind, reducing
the loss of angular momentum.

We develop a coupled framework that includes a polytropic magnetohydrodynamic wind [?], inter-
nal angular-momentum redistribution [?], and a dynamo prescription B ∝ Ω linking magnetic field
strength to rotation.

In the low coronal temperature limit (T ≲ 1.5 MK), magnetocentrifugal effects remain non-negligible
and exclude simple power-law parameterizations of Ṁ and J̇ as a function of coronal temperature T .
We find that Ṁ scales linearly with volumetric heating, establishing a physically motivated link be-
tween thermodynamics and wind properties. Imposing T ∝ Ωσ, we recover reduced magnetic braking
for σ ≳ 1.2, but reproducing the observed gyrochronology break requires σ ≳ 1.5, corresponding to a
drop of several orders of magnitude in energy input but leading to unrealistic coronal temperature [?].

This appears inconsistent with observed chromospheric and coronal emission, suggesting that wind
thermodynamics alone cannot account for the weakened spin-down, and reinforcing the need for
dynamo-related contribution.
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While global magnetohydrodynamic simulations now make it possible to explore the generation and
organization of magnetic fields within stellar interiors, direct observations of magnetism remain largely
limited to surface manifestations (active regions, starspots, flares). Establishing a link between these
observable signatures and the internal magnetic field is therefore essential to better understand dy-
namo processes.

We are now entering a particularly favorable era: high-precision space missions such as CoRoT, Kepler,
and TESS—and soon PLATO—have provided an unprecedented volume of stellar light curves, while
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global MHD simulations have made significant progress in modeling magnetic fields in stellar interiors.
However, connecting these two approaches remains challenging.

A key difficulty is that global MHD simulations do not reproduce starspots or the stellar photosphere.
They do not resolve the small-scale processes involved in spot formation and typically lack radiative
transfer, preventing the direct computation of synthetic light curves. As a result, linking internal
magnetic fields to observable photometric variability remains an open problem.

In this framework, I developed an analysis tool to connect photometric signatures with global MHD
simulations. To overcome these limitations, I adopted a “Sun-as-a-star” approach based on a multi-
instrument solar database from the Heliophysics Feature Catalog, comprising several hundred thousand
observations. Combined with VIRGO, HMI, and AIA data, this analysis reveals a magnetic field
threshold favoring spot formation in active regions. This threshold can then be applied to magnetic
field maps derived from global MHD simulations with spatial resolutions comparable to solar active
regions. Building on this approach, I have developed a pipeline capable of identifying potential spot
emergence regions and generating synthetic light curves from global simulations such as ASH and
MaGIC.
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Dynamo processes arising from the interplay between rotation and convection drive stellar magnetic
activity cycles (Skumanich 1972; Noyes et al. 1984). To constrain the underlying dynamo mechanisms,
the relationship between stellar rotation periods and magnetic cycle periods has been extensively in-
vestigated as a function of the Rossby number (Noyes et al. 1984; Saar & Brandenburg 1999; Oláh et
al. 2009). Some studies have reported the existence of two distinct “activity branches,” referred to as
active and inactive sequences. In this work, we revisit these relations using a sample of 359 Gaia radial
velocity standard stars. We compile rotation and magnetic cycle periods from the literature and esti-
mate missing values using activity indicators, specifically the S-index and the Bisector Inverse Slope
(BIS). Our results reveal a continuous distribution in the Prot/Pcyc–Rossby number plane, without
clear evidence for the classical separation into active and inactive branches. Instead, we find a single
sequence characterized by a negative slope (−0.758±0.044), in contrast with earlier findings. Interest-
ingly, stars hosting planetary companions exhibit a steeper trend (slope of −1.049 ± 0.078) compared
to non-host stars (−0.654 ± 0.056), suggesting that the presence of planets may subtly influence the
magnetic behavior of their host stars.
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Observations of open clusters reveal well-defined rotational sequences of coeval stars as a function
of stellar mass; that is, the rotation period is largely a deterministic function of stellar age and
mass. This empirical relation forms the basis of gyrochronology and is generally interpreted as a
consequence of magnetic braking with a strong dependence on spin period, which erases the dispersion
in initial rotation periods. However, Kepler asteroseismology has shown that standard gyrochronology
relations calibrated on young open clusters fail when extrapolated to older field stars, which rotate
more rapidly than predicted. This discrepancy may reflect a fundamental change in magnetic-field
generation and morphology in slowly rotating stars, often referred to as weakened magnetic braking
(WMB). Motivated by this discrepancy, we have been investigating the rotation of old Sun-like stars
from multiple perspectives, using both space-based photometry and high-resolution spectroscopy. Our
main findings so far are as follows. (i) Kepler photometry provides only limited constraints on old Sun-
like stars through rotational modulation because of strong detection biases, and any interpretation
requires explicit modeling of these biases. (ii) Projected rotational velocities (vsini) measured from
high-resolution spectra support WMB independently of asteroseismology. (iii) vsin i measurements
of field visual binaries suggest that a deterministic relationship between rotation and age may still
persist even among old Sun-like stars.

ID: P1190
Parameter Dependence of Ambipolar Diffusion Effects in Alfvén-Wave-Driven Stellar
Winds

Presenter: Rentaro Okishio (The University of Tokyo)
Author list:
R. Okishio (1); M. Shoda (1); T. Suzuki (1)
(1) The University of Tokyo
Session: Magnetic Activity and Large-scale Events

Recent studies have suggested that ambipolar diffusion may play an important role in stellar winds.
However, only a limited number of stellar wind simulations have included ambipolar diffusion, and the
physical conditions under which its effects become important remain unclear. The aim of this study is
to identify the conditions in which ambipolar diffusion significantly affects stellar wind dynamics. We
perform one-dimensional Alfvén-wave-driven MHD simulations including both Ohmic and ambipolar
diffusion. The simulations are carried out over a wide range of input parameters, including the stellar
rotation rate, surface magnetic field strength, open magnetic flux-tube filling factor, and amplitude
of the perturbations injected at the photosphere. By comparing otherwise identical models with and
without ambipolar diffusion, we examine how ambipolar diffusion changes the resulting mass-loss rate.
The simulations show that, for strong magnetic fields, the mass-loss rate is almost unchanged by the
inclusion of ambipolar diffusion. In contrast, for weak magnetic fields, the mass-loss rate is significantly
affected by ambipolar diffusion. These results suggest that ambipolar diffusion is less important in
strongly magnetized stellar winds, but can play an important role when the magnetic field is weak.
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X-rays from young, pre-main sequence (pre-MS) stars play an important role in the chemical evolution
of circumstellar disks and the eventual formation of planets. Low‑mass (≲2 M⊙) pre-MS stars are
prolific X‑ray sources because their rapid spin and vigorous magnetic dynamo heat their coronae to
several million degrees Kelvin. Decades of observations with Chandra and XMM‑Newton have cata-
logued thousands of such stars, confirming that hot coronae are a standard feature of pre‑MS evolution.
 Yet, the epoch at which coronal activity begins remains uncertain and has important implications
towards accretion physics and early disk chemistry. The earliest protostellar stage of evolution, the
so-called ’Class 0’ phase, represents the first ∼100,000 years of a star’s life. Numerical simulations pre-
dict that even during this phase dynamo‑driven magnetic fields can arise, but observational evidence
of X‑ray emission from Class 0 objects is scarce. High‑sensitivity, high‑resolution surveys with ALMA
and the VLA have uncovered several hundred nearby Class 0 protostars. Harnessing ∼25 years of
archival Chandra and XMM‑Newton data, we present a preliminary analysis of X‑ray counterparts
among this Class 0 sample. The detection of X‑ray emission in these candidates likely represent the
youngest cohort of X‑ray emitting protostars identified to date, offering important insight into the
onset of coronal activity and its influence on the earliest stages of star and planet formation.
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Magnetic activity on the surfaces of cool stars manifests as cool spots, plages, and faculae, offering a
unique observational probe of stellar dynamos, differential rotation, and angular momentum evolution.
In close binary systems, tidal forces, synchronized rotation, and reflection can significantly modify, and
often enhance, the distribution and properties of surface inhomogeneities relative to single stars. As a
result, spatially resolved reconstruction of binary-star surfaces provides an indispensable diagnostic of
magnetism in dynamically coupled stellar environments. Yet, surface mapping of binary components
remains challenging due to the non-spherical Roche geometry, proximity effects, and the entangled
spectroscopic and photometric signatures of the two stars.

We present an extension of SpotDIPy, our open-source Python framework originally developed to
perform simultaneous Doppler imaging (DI) and light curve inversion (LCI) for single cool stars, to
binary star systems. In this contribution, we focus on detached binaries, in which each component is
modeled on its own Roche equipotential surface while consistently accounting for gravity darkening,
limb darkening, mutual eclipses, and reflection. The updated framework preserves the joint DI+LCI
optimization scheme of the original code, enabling self-consistent reconstruction of starspot distri-
butions on both components from spectroscopic and photometric observations simultaneously. We
demonstrate the performance and current capabilities of the new implementation through synthetic
tests covering a range of representative detached binary configurations, and discuss the recovered
surface maps in the context of magnetic activity in tidally interacting cool stars. Application to
real observational data, as well as the generalization of the framework to semi-detached and contact
configurations, is planned as future work.
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The relationship between stellar rotation and age, foundational to the method of gyrochronology, has
been well-established primarily for young stars in open clusters where ages are accurately determined
via Hertzsprung-Russell diagrams. However, for older field stars, the evolution of stellar rotation
remains poorly constrained, with only limited insights provided by asteroseismology. Traditional
methods relying on time-series photometry from missions like Kepler and TESS struggle to detect
rotation periods in older stars due to their slow rotation and diminished starspot activity. Conse-
quently, it remains unclear whether a unique rotation-age relationship persists into late evolutionary
stages. In this study, we investigate the uniqueness and dispersion of rotation as a function of mass
and age by focusing on visual twin binaries identified from Gaia data. Twin binaries, characterized
by nearly identical colors and magnitudes, are assumed to possess near-identical masses and ages. By
comparing the rotation rates within these pairs, we can isolate the intrinsic stochasticity of stellar
braking. Using the high-dispersion spectrograph GAOES-RV on the Seimei Telescope, we obtained
high-resolution spectra for 20 pairs of FG-type visual twin binaries. We measured the projected rota-
tional velocity, v sin i, from the broadening of absorption lines. By assuming an isotropic distribution
of stellar rotation axes, we estimated the variance of the rotation velocities between the binary com-
ponents. Our analysis reveals a rotational velocity dispersion of less than 30%. This result suggests
that a deterministic relationship between rotation and age exists even for older field stars, albeit with
intrinsic scatter. These findings provide critical empirical constraints for extending gyrochronology to
evolved stellar populations and refining models of angular momentum evolution.
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ER Vulpeculae is a short-period (∼0.7 d) eclipsing binary consisting of two G-type stars with masses
and radii similar to the Sun, but rotating much faster due to tidal locking in their close orbit. Both
components exhibit strong photospheric, chromospheric and coronal activity, including large starspots
at various stellar latitudes, soft X-ray and radio emission, and significant light curve variability, making
ER Vul one of the most magnetically active solar-type binaries known. Due to these, ER Vul is one of
the best astrophysical laboratories to study how our Sun would behave if it had a twin in close orbit.
We revisit the magnetic activity of the system using TESS photometry, high resolution spectroscopy
from McDonald Observatory and publicly available X-ray data.
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Decades of monitoring the Sun’s 11‑year magnetic cycle have led to a workable theory of the stel-
lar dynamo, yet even this well‑studied case has been debated for over 70 years. The Mount Wilson
Survey of Ca II H & K chromospheric activity provides an unrivaled view of stellar magnetism, com-
prising time‑resolved observations of more than 250 FGK dwarfs and 300 giants spanning 1966–2003.
We present the magnetic activity properties of the full archival data set for the first time, including
evidence for magnetic cycles in evolved red giants as revealed by variability in the S‑index. We charac-
terize this variability using Gaussian processes and introduce the resulting cycle decoherence timescale
as a new, quantitative dimension for describing the stellar dynamo. We demonstrate recovery of TESS
photometric rotation periods for short‑period rotators in the sample, and show that longer rotation
periods can be recovered using the S‑index. Finally, we present an empirical recalibration of the R�HK
activity measure that enables accurate comparisons of magnetic activity between dwarf and giant stars.

ID: P1196
Quantifing Chromospheric Activity by Using the Spectral Subtraction Technique: iS-
TARMOD code

Presenter: David Montes (UCM, Universidad Complutense de Madrid & IPARCOS-
UCM)
Author list:
F. Labarga
UCM, Universidad Complutense de Madrid
Session: Magnetic Activity and Large-scale Events

Here we describe the Python code iSTARMOD implemented to apply the spectral subtraction tech-
nique and quantify the chromospheric activity of cool stars. This method is based in the subtraction
of a synthesized stellar spectrum constructed using artificially rotationally broadened, radial-velocity
shifted, and weighted spectrum of an inactive star chosen to match the spectral type and luminosity
class of the active star under consideration. This code can be applied to both single stars and binaries,
taking into account the contribution of each component to the observed spectrum. Reference spectra
are typically those of stars observed with the same instrumental configuration as the star in question,
but it is also possible to use synthetic spectra generated by models. It measures excess chromospheric
emission in late-type stars across several activity indicators, such as Hα and the other Balmer lines
in the visible, He I D3 and Na I D1, D2, Ca II H and K, and Ca II infrared triplet, as well as the
Paschen series and He I λ10830 lines in the near-infrared. The iSTARMOD code is accompanied with
a series of calibrations of χ-functions, to transform the excess emission equivalent widths measured
through iSTARMOD into absolute surface fluxes. The code can be used from the console or through a
graphical unit interface (GUI) and is available in GitHub: https://github.com/flabarga/iSTARMOD
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Cool stars with convective envelopes generate magnetic fields in their interiors. The magnetic field
becomes buoyant, rising through the convective zone, and emerging through the surface where it
modifies properties of the near-surface convection, forming active regions. These regions drive various
manifestations of stellar magnetic activity, which trigger photometric and spectral stellar variability.

Occultations of active regions (i.e. the transit of those features within a planetary transit) offer a direct
way of measuring their spectra. Here we provide measured spectra for active regions on the M4V star
TOI-5205, based on recent observations of the transit of its Hot Jupiter TOI-5205b by JWST.
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TOI-3884 is a cool M4-dwarf star with a long-lived, near-polar starspot that hosts a transiting super-
Neptune exoplanet. Using the ARCTIC instrument with a photometric diffuser on the 3.5-m ARC
at Apache Point Observatory, we observed nine high-precision, ground-based transits of TOI-3884 b,
including four multi-filter transits over the course of 3 years. These data were obtained between the
end of the TESS observations (March 2022) and the recent JWST transits (early 2025). We modeled
the transits using the STarSpot (STSP) modeling code and found the primary spot to have a radius
around 40% of the stellar radius and to migrate in location within 10° of the pole. In addition, our
observations are consistent with a misaligned planetary orbit with a sky-projected obliquity of λ =
-39.4 ± 3.0° and a stellar tilt of -57.8 ± 3.0° from the plane of the sky. From the multi-filter transits,
we obtain a spot temperature of 2900 ± 50 K, which closely aligns with other studies. There are
several smaller in-transit spots that were modeled making the polar spot region asymmetric in shape.
In conclusion, the orbital parameters of the star-planet system are complex and the spot configuration
is changing with time, so continued monitoring of the system is important to accurately measure the
orbital parameters and determine the long-term properties for an M-dwarf polar spot.
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The Mount Wilson Survey of Ca II H&K chromospheric activity contains the largest and longest
time‑baseline set of time‑resolved S‑index measurements for dwarf and giant stars available in the
literature. Nevertheless, over half of this data has never been published for public accessibility. We
present a characterization of the full sample using literature photometry and spectroscopy, and de-
scribe the structure and features of an upcoming public database. Among the evolved giants in the
sample, we confirm previous findings of an unexpected increase in magnetic activity and explore pos-
sible angular momentum evolution scenarios that could produce enhanced core–envelope shear along
the giant branch. These scenarios are investigated using new public releases of the Yale Rotating
Evolution Code.
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Giants and supergiants in binary systems are expected to undergo Roche lobe overflow (RLOF) as
they expand during late-stage evolution, often leading to the onset of the common-envelope (CE)
phase (Ivanova et al. 2013). During this process, the stellar envelope is dynamically stripped from
the system, providing a potential probe of the outer structure of the donor star. Analytic models of
pre-CE mass loss, such as Paczynski & Sienkiewicz (1972), predict a relation between the temporal
evolution of the mass-loss rate and the polytropic structure of the donor envelope. However, these
models rely on simplified assumptions about the flow geometry and mass transfer within the binary
system, which have not been fully tested by multidimensional simulations. Understanding the mass
loss immediately before CE onset is also important for interpreting luminous red novae (LRNe), which
are widely considered observational signatures of CE initiation or stellar mergers (Tylenda et al. 2011,
Karambelkar et al. 2023). To investigate the structure and variability of pre-CE dynamical mass loss,
we perform three-dimensional magnetohydrodynamic simulations of binaries immediately before CE
onset. We find that the time evolution of the mass-loss rate broadly follows expectations from Roche
potential analysis, although with a power-law index outside the range assumed in previous models,
indicating that the binary flow violates some of their underlying assumptions. We further find that the
mass flux within the binary is not purely directed toward the companion. Near the onset of contact,
approximately 10% of the transferred gas returns toward the donor side (“back flow”). As a result,
the circumbinary environment immediately before CE onset is different from typically assumed, which
may significantly affect shock interaction models and the interpretation of future LRN observations.
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We present a large-scale magnetic field map of HD 219134 using spectropolarimetric data. The mag-
netic field is investigated through Zeeman-Doppler Imaging (ZDI), which enables the reconstruction of
large-scale surface magnetic maps from the polarised line profiles, including the determination of the
field geometry, spatial distribution, and its poloidal and toroidal components. The analysis is based
on circularly polarised (Stokes V) spectra obtained in 2015. The reconstructed magnetic topology
is strongly poloidal-dominated ( 93%), with a significant quadrupolar contribution and a relatively
low degree of axisymmetry, indicating a complex large-scale field structure. Compared to previous
studies based on denser datasets (e.g. 2016 epoch), our results show a similar global field strength
and poloidal dominance, but a relatively stronger quadrupolar component and lower axisymmetry.
These differences may partly arise from the more limited phase coverage of our dataset. This study
demonstrates the capability of ZDI to recover the large-scale magnetic structure of cool stars even
with sparse spectropolarimetric observations.
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We present an ongoing analysis of one of the TW Hydrae Association stars observed with SPIRou
over three seasons. The goal of this work is to characterize its magnetic properties and to investigate
the origin of its radial-velocity variability.

We apply Gaussian process regression to the longitudinal magnetic field measurements to constrain
the stellar rotation period. We also analyze the median spectrum with ZeeTurbo to derive the stellar
parameters and estimate the small-scale magnetic field through Zeeman broadening. In addition, we
perform Zeeman-Doppler Imaging of the LSD Stokes I and V profiles from the three observing seasons
to reconstruct the surface brightness and large-scale magnetic maps, as well as to probe the small-scale
field. Our preliminary analysis suggests that the magnetic topology evolves over the three seasons.

We further analyze the radial velocities to assess the possible presence of a close-in planetary compan-
ion. The current results suggest that the observed RV variability is predominantly driven by stellar
activity.

ID: P1203
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Wide-field soft X-ray imaging telescope LEIA detected a sudden X-ray brightening from HD 251108
on 7 November 2022 (Ling et al. 2022). This event is interpreted as a stellar flare caused by the rapid
release of magnetic energy on the stellar surface and is estimated to be a superflare with an energy
of approximately 10^39 erg, among the most energetic stellar flares ever observed (Günther et al.
2024; Mao et al. 2025). Spectroscopic evidence, including lithium absorption lines, persistent H-alpha
emission, and He I IRT lines, suggests that HD 251108 is a binary system containing a red clump
star (Fuhrmeister et al. 2025). However, key binary parameters, such as the orbital inclination and
companion mass, remain poorly constrained. To investigate the binary parameters and the origin of
the magnetic activity of HD 251108, we conducted spectroscopic monitoring using the high-dispersion
spectrograph GAOES-RV mounted on the Seimei Telescope from November 2022 to March 2024.
We found that the radial velocity varies with a period of approximately 21 days, likely reflecting
orbital motion in the binary system. In addition, analysis of photometric light curves obtained by
ASAS-SN and TESS revealed brightness variations with an amplitude of about 0.4 mag and the same
approximately 21-day period. These variations are interpreted as rotational modulation caused by
starspots, suggesting the presence of giant starspots covering nearly 60% of the stellar surface. In
this presentation, we report the results of our photometric and spectroscopic analyses together with
estimates of the size and distribution of starspots required to reproduce the observed light curves.
Based on these results, we discuss constraints on the binary parameters and the relationship between
starspot distribution and magnetic activity.

ID: P1204
Galactic Li evolution in the thin disc: contribution of stellar evolution correction

Presenter: Chi Thanh Nguyen (University of Trieste, Italy)
Author list:
G. Cescutti (1); A. Bressan (2); A. Korn (3)
University of Trieste
Session: Cool Stars in the Context of Cosmic Evolution

Low-mass stars (LMSs) are crucial for understanding stellar evolution because of their interior struc-
tures and their large number among observable objects. There are numerous internal mixing processes
that occur in LMSs, and I will focus on two processes in my contributed talk: thermohaline mixing and
convective envelope overshoot. These two processes have been shown to play a key role in reproducing
the evolution of the lithium-7 (Li) abundance in the well-studied globular cluster NGC 6397 (Nguyen
et al. 2025a, A&A 696, A136). Furthermore, corrections due to stellar evolution in LMSs also prove
to be a solution to the ”cosmological Li problem”. In particular, chemical evolution models predict the
Li abundance in the interstellar medium, whereas the correction due to stellar evolution of LMSs leads
to a depletion of Li from the original value (inherited from the interstellar medium) to the measured
value. This model has recently been introduced in Nguyen et al. (2025b, A&A 703, A204), with the
stellar evolution correction term computed using the stellar grids provided by Nguyen et al. (2025a),
to study the Galactic Li evolution in the thin disc. This model, for the first time, further enables
the study of Galactic Li evolution using early red-giant-branch stars. These current results will be
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presented in my talk.
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Binary stars are ubiquitous, with 50% of solar-type stars hosting a companion. Planets occur regularly
in binary star systems, but with decreased frequency compared to single-star systems. It is unclear
if this suppression operates on planets individually, or whether it is system-wide. If suppression is
system-wide, we would expect to see similar relationships between planetary periods and radii for both
single and binary stars. We assembled a sample of planets in binary star systems and compared their
architectures to a sample of planets around single stars, and found marginally significan and relatively
small differences between the two samples. This suggests that in general planetary suppression happens
at the system-wide scale, with systems either suppressed completely or surviving largely intact to the
present day.

ID: P1206
Kinematics and Spins of Ultracool Dwarfs: Toward Substellar Galactic Archaeology and
Gyrochronology

Presenter: Chih-Chun Hsu (Northwestern University)
Author list:
Chih-Chun Hsu (1); Christopher Theissen (2); Adam Burgasser (2); Jason Wang (1); Dimitri Mawet
(3); Jerry Xuan (4); Christopher Gelino (3,5); Jessica Birky (6); Sharon Diamant (7); Daniella Bardalez
Gagliuffi (8); Christian Aganze (9); Cullen Blake (10); Jacqueline Faherty (11); Yapeng Zhang (3);
Jean-Baptiste Ruffio (2); Luke Finnerty (12); Katelyn Horstman (3); Julianne Cronin (1); Yinzi Xin
(13); Ben Sappey (2); Daniel Echeverri (3); Nemanja Jovanovic (3); Ashley Baker (3); Randy Bartos
(14); Geoffrey Blake (3); Benjamin Calvin (3); Sylvain Cetre (15); Jacques-Robert Delorme (15); Greg
Doppmann (15); Michael Fitzgerald (4); Quinn Konopacky (2); Joshua Liberman (16); Ronald Lopez
(17); Evan Morris (18); Jacklyn Pezzato (3); Tobias Schofield (3); Andrew Skemer (18); J. Kent Wal-
lace (14); Ji Wang (19)
(1) Northwestern University; (2) UC San Diego; (3) Caltech; (4) UCLA; (5) IPAC; (6) University of
Washington; (7) Utrecht University; (8) Amherst College; (9) Stanford University; (10) University of
Pennsylvania; (11) American Museum of Natural History; (12) University of Michigan; (13) Leiden
Observatory; (14) Jet Propulsion Laboratory; (15) W. M. Keck Observatory; (16) University of Ari-
zona; (17) UC Santa Barbara; (18) UC Santa Cruz; (19) Ohio State University
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Ultracool dwarfs are low-mass stars and brown dwarfs with masses below 0.1 Msun. I highlight our re-
cent efforts to understand their formation and evolution using kinematics and spins from ground-based
high-resolution spectroscopy. For kinematics, we build the largest sample of 172 local full kinematics
of late-M/L/T dwarfs. Our sample of early to mid-L dwarfs shows a mixture of old and thin disk kine-
matics, while the local L7 to T8 dwarfs all show thin disk kinematics. We found a kinematic break at
L4–L6 type, which we interpret as the first clear kinematic evidence of the stellar/substellar boundary,
fully consistent with theoretical evolutionary models, in contrast to the previously accepted value of
L2 subtype. We validate this empirical boundary by increasing the late-L dwarf sample completeness
from 38% to 83% using our new observations. Our kinematic population simulations indicate the
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local star birth history favors an exponential age distribution over a uniform one, later verified by the
local LTY dwarf luminosity survey. For rotation, I present the largest survey on brown dwarf com-
panions and imaged giant planets using Keck/KPIC and literature measurements. Our spin survey
shows that brown dwarf companions exhibit slower spins compared to free-floating brown dwarfs and
directly imaged giant planets, indicating that their terminal spins after disk dissipation are regulated
by both mass and disk properties. Our novel analysis of specific angular momentum versus age of 221
stellar/substellar objects below 0.1 Msun with literature spin measurements indicates that substellar
objects between 5–40 Mjup retain much higher angular momenta compared to stellar and substellar
objects between 40–100 Mjup after 10 Myr, when their initial angular momenta were set. I conclude
this talk by highlighting the prospects of using kinematics, rotation, and chemical abundances for
ultracool dwarfs from JWST and next-generation ground- and space-based observations.
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The chemistry of stars provides powerful insight into the history of the Milky Way. With multiple
large-sky spectroscopic surveys that are currently available, using chemistry as a means to study
the evolution and history of the Milky Way and potentially characterize the ages of different stellar
populations therein has flourished. Open clusters have long been used as landmarks to calibrate
different age dating methods (e.g., gyrochronology and asteroseismology). In this work, we utilize the
SDSS-IV/APOGEE-based Open Cluster Chemical Abundances and Mapping (OCCAM) survey as our
foundation for new optical observations; enabling us to characterize neutron capture abundances for
reliable cluster members. For 56 stars in 18 open clusters, we collect high-resolution (R > 50,000), high-
S/N (>75 at 5500A), spectra from Keck I and Magellan Baade telescopes. With these data, we derive
abundances for 23 elements using BACCHUS, including 7 neutron capture abundances not measurable
by APOGEE. Finally, we use these neutron capture abundances to characterize the distribution of
these elements radially in the Milky Way. We find that elements in the neutron-capture families exhibit
significantly flatter gradients as compared to the lighter alpha and iron-peak elements. In addition,
we find the abundance each of the elements exhibits large scatter and little mean variation through
time. These results could indicate that the enrichers for the heavier elements are well-distributed
throughout the Milky Way’s thin disk or primarily occurred early on in the Milky Way’s history.
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The Babcock–Leighton (BL) dynamo, in which the poloidal field is generated through the decay and
dispersal of tilted bipolar magnetic regions (BMRs), provides a promising paradigm for explaining
the features of the solar magnetic cycle. A key ingredient of this mechanism is meridional circula-
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tion, which transports magnetic flux from decaying BMRs toward the poles. Since meridional flow
properties are expected to vary with stellar rotation rate, they play an important role in shaping mag-
netic cycles in Sun-like stars. To investigate this, we use the STABLE (Surface Flux Transport and
Babcock–Leighton) 3D kinematic dynamo model, where large-scale flows are obtained from mean-field
hydrodynamic models for stars rotating at different rates. In rapid rotators, BMRs are expected to
emerge at higher latitudes, where poloidal field generation is less efficient due to poor cross-equatorial
cancellation, raising questions about the operation of the BL dynamo in such stars. To address this,
we conduct a series of dynamo simulations exploring four spot-deposition scenarios based on different
assumptions about toroidal flux-tube rise: (i) radial rise, (ii) parallel rise to the rotation axis, (iii)
parallel rise with an increased Joy’s law tilt with rotation rate, and (iv) increased time delay and spot
size. Our results show how changes in meridional flow influence the strength, duration, and parity of
magnetic cycles. The field strength initially increases with stellar rotation rate but declines in rapid
rotators, offering an explanation for the observed rotation–activity relation. Cyclic magnetic fields are
obtained in all cases except case (iv) for a 1-day rotation period, which exhibits irregular behavior.
Parallel-rise cases produce quadrupolar magnetic fields, whereas the remaining cases yield dipolar par-
ity. These results demonstrate that the Babcock–Leighton dynamo operates even in rapidly rotating
stars despite the emergence of high-latitude starspots.
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Active cool stars exhibit strong magnetic activity that shapes their coronal structure and high-energy
emission, with important implications for stellar magnetic physics and planetary environments. We
aim to characterize the quiescent coronal emission, elemental abundance patterns, and superflare
properties of three active stars, V834 Tau, LQ Hya, and the prototype system BY Dra. We anal-
yse XMM-Newton data to model quiescent coronae using multi-temperature thermal plasma models.
Time-resolved spectroscopy is used to study flare evolution, and coronal loop scaling relations are
applied to estimate physical parameters of the flaring plasma and associated coronal mass ejections.
In quiescence, the X-ray spectra of all three stars are well reproduced by two-temperature thermal
plasma models and X-ray luminosities in the range 1029.18−29.75 erg s−1. High-resolution spectroscopy
reveals substantial coronal iron depletion by factors of 5-10 relative to photospheric values, and the
elemental abundance patterns as a function of first ionization potential indicate the presence of the
inverse-FIP effect. We detect six flares with total radiated energies of (0.6−4.2)×1033 erg and inferred
peak fluxes correspond to GOES X190-X432 class events, placing them in the superflare regime. The
physical parameters of flares in current study are compared with literature values of stellar flares and
with X-class solar flares. We further estimate associated CME parameters, finding characteristic CME
masses of order 1017 g and velocities of ∼1000 Km s−1. Recurrent superflares at the same rotational
phase in LQ Hya are observed that indicate the presence of a large stable magnetic region. In addition
to characterising the coronae of three active stars, this study places observational constraints on the
strength and variability of their high-energy emission, providing useful context for studies of exoplanet
environments around magnetically active stars.

ID: P2002

145



Millisecond radio bursts from AD Leo: a new probe of stellar magnetic field and plasma
dynamics

Presenter: Jiale Zhang (Peking University)
Author list:
Hui Tian (1,2); Harish Vedantham (3,4); Joseph Callingham (3,5)
(1) Peking University; (2) Chinese Academy of Sciences; (3) ASTRON; (4)University of Groningen;
(5) University of Amsterdam
Session: Magnetic Activity and Large-scale Events

Recent observations with the Five-hundred-meter Aperture Spherical radio Telescope (FAST) have
opened an unprecedented window into the dynamic radio emission of nearby stars, offering extraordi-
nary sensitivity and millisecond time resolution. The detection of millisecond-scale bursts from AD
Leo and other M dwarfs highlights a rapidly developing field of probing radio emission mechanisms
and plasma microphysics in the stellar magnetospheres using emission fine structures. In this talk,
I will present new results on the millisecond fine structures of radio bursts from a prototypical flare
star, AD Leo, and discuss their astrophysical implications: (1) ultrafast frequency-drifting bursts as
probes of starspot sizes on the stellar surface; (2) “kinked” bursts as evidence of field-aligned particle
acceleration in the magnetic loops; and (3) modulation lanes as tracers of refraction-related propaga-
tion effects in stellar coronae. I will conclude by outlining how these techniques can be extended to
other radio-active stellar systems, including RS CVn binaries and brown dwarfs.
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Stellar flares are transient energy release events that liberate energy across the entire electromagnetic
spectrum, from X-rays to radio waves. Accurately characterizing these events requires simultaneous
multi-wavelength observations, which are essential for correlating energy partitioning with specific flare
properties. We present results from an unprecedented multi-wavelength dataset focused on the nearby
active M-dwarf Wolf 359, combining simultaneous X-ray, NUV, optical, and radio data from seven
different observatories: TESS and APO (optical), XMM-Newton, Swift, and NICER (X-ray/NUV),
LCO-GT (NUV), and the Australia Telescope Compact Array (ATCA, radio). This rich, overlapping
coverage allows us to accurately quantify the flare energy partition across these spectral domains and
investigate the full atmospheric response to flares, including the fundamental physical processes driven
by accelerated particles. Understanding these energetic stellar events is crucial because they signif-
icantly impact the atmospheric composition and potential habitability of orbiting exoplanets. Our
findings will be vital for characterizing the space weather environment of M dwarfs, which are the
most common stars in the galaxy, providing a critical context for future exoplanet habitability and
atmospheric evolution studies.
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The magnetic activity of cool stars, like the Sun, is driven by the interplay of rotation and convection
that fuels dynamo-action in their interiors. At the surface, dynamo-generated magnetic fields emerge as
”spots” (or active regions) that shape the circumstellar environment via winds, radiation, and transient
events like flares and coronal mass ejections (collectively “space weather”). Stellar magnetism erodes
the atmospheres of exoplanets and obscures smaller Earth-like exoplanets from detection. The Sun
has a well-known 11-year activity cycle where spot emergence drifts from mid to low latitudes. The
appearance of spots in close proximity to one another, referred to as nesting, affects up to 50% of
emergences and creates long-lived sources of magnetic activity (called active nests). Nesting appears
to be an innate feature stellar dynamos since it has also been observed on other Sun-like stars. It is
theorized that non-axisymmetries in the generation and storage of the magnetic field form active nests
at specific latitudes and longitudes. This phenomenon has consequences for forecasting solar activity
and understanding the dynamo mechanism operating in other cool stars. Studies of solar active
nests have been limited by our single viewpoint from Earth. With ESA’s Solar Orbiter providing
observations of the Sun’s far-side for several months each year, we now have a global view of solar
magnetism. As solar activity increased in 2022, we identified an active nest that was responsible
for 50–70% of all solar flares over the entire solar surface for five months (a prolific flare factory).
During solar maximum in 2024, we surveilled two prolific active nests that later collided, triggering an
intensification of flaring activity. These continuous, multi-viewpoint observations allow us to assess
the Sun’s global activity and start to make connections with the nesting on other low-mass stars; a
link that will be further explored with ESA’s PLATO mission.
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Filaments are cool and dense plasma suspended in the hot corona of the Sun and other stars. Accurate
estimation of their mass is of great significance for forecasting space weather and exploring exoplanets,
yet remains hindered by their intrinsic geometric uncertainties, an issue particularly severe in stellar
contexts lacking spatial resolution. To test and calibrate the methods for estimating the mass of
stellar filaments, here we perform statistical and Sun-as-a-star analyses of solar filaments, utilizing
full-disk H α spectroscopic observations from the Chinese H α Solar Explorer (CHASE). A total of
1571 filaments, covering a period from January 2024 to October 2025, are identified via a machine-
learning segmentation model. We construct their virtual Sun-as-a-star spectra by spatially integrating
the filament observations and derive their optical parameters by cloud-model fitting. Crucially, we
evaluate the performance of the Sun-as-a-star approach by comparing the estimated filament mass
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with the intrinsic mass derived from a spatially resolved method. The study also provides statisti-
cal distributions of filament geometric properties (length, width, aspect ratio, and inferred depth),
enabling the quantitative assessment of the impact of depth assumptions on mass estimation. As
the first large-sample Sun-as-a-star study of solar filaments, our results provide empirical constraints
on filament geometries and mass, offering a critical reference for estimating the stellar filament mass
based on H α spectroscopy.
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Superflares are frequently observed on magnetically active stars, in particular on active M-dwarfs, and
probably impact the habitability of nearby exoplanets. However, what causes the superflares to form is
still unclear. Here, we performed observations of an M-dwarf binary EQ Peg with FAST and TESS on
September 8th and 9th, 2022. Groups of radio spike bursts in the frequency range of 1.05 − 1.45 GHz
were detected during a white-light superflare (total bolometric energy ∼ 1033 erg), with the most
significant one appearing near the peak time, lasting for about 100 s. It provides an evidence for radio
spike bursts generated by stellar flares. The presence of fine structures with extremely high brightness
temperatures (≳ 1013 K) and high degrees of circular polarization (∼ 0.84 ± 0.16) indicates the origin
of a coherent emission process, most likely the electron cyclotron maser. Their appearance mainly
near the peak of the superflare but not the remaining is mainly attributed to the quick variation in the
radiation direction caused by the fast rotations of target stars. Based on a dipole field configuration
inspired by Zeeman-Doppler Imaging measurements of EQ Peg, we tentatively locate the sources of
the radio spikes including their heights and latitudes.
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Understanding the origin of coherent radio emission from active low-mass stars is one key to probing
their magnetic environments and eruptive activity, both of which play an important role in shaping
the environments of orbiting planets. In particular, bursty radio emission observed on M dwarfs has
been attributed to electron cyclotron maser (ECM) emission, but the physical mechanism driving this
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emission remains uncertain. In this talk I present the results of our investigation into one possible ori-
gin of radio bursts observed on the active M dwarf V374 Peg. I describe how we combine data-driven
magnetic field modelling with archival radio light curves to test whether stellar prominence ejection
can account for the observed bursts. I show that ejected prominences can produce the required energy
to drive ECM emission, and discuss how synthetic ECM visibility derived from our models exhibits a
rotational phase dependence consistent with the limited observational data. I conclude by discussing
the implications of prominence ejection as a viable mechanism for generating ECM emission on active
M dwarfs and how this proof-of-concept study can be expanded to a wider range of active M dwarfs.
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White-light flares are explosive phenomena accompanied by brightening of continuum from near-
ultraviolet to optical, which occur on the Sun and stars. In order to investigate the mechanism
of white-light flares, we carried out simultaneous optical photometry (TESS : 600-1000 nm) and
spectroscopy (Seimei Telescope : 410-890 nm) of the active flaring M-dwarf EV Lacertae on 2019
September 14. We detected a flare with high-time-cadence (∼ 50 sec) spectroscopic observation. At
the peak, the continuum of the flare component is well fitted by a blackbody spectrum with temper-
ature of T = 8122 ± 273 K, which is comparable with the results of previous studies that reported
the spectral energy distribution of near-ultraviolet to optical during the flare could be approximated
by single-temperature blackbody radiation at T ∼ 104 K. We also estimated the time evolution of
the flare temperature during the decay phase, which has not been reported with high-time-cadence
spectroscopy. The radiative energy of this flare within the optical range is 4.4 × 1032 erg, taking
into account the time-dependent variation in the decreasing flare temperature and expanding flare
area. Furthermore, we detected a delayed increase in the flux of Hα after the photometric flare peak,
secondary increase, and gradual increase even after the white-light flare ended. Comparison of our re-
sults with light curves obtained by the Sun-as-a-star analysis of solar flares indicates that these signals
may be due to postflare loops near the stellar limb. Our result about time evolution of white-light
continuum will help to gain more insight into the mechanism of white-light flares both on the Sun and
stars. Additionally, since extreme ultraviolet radiation from flare loops plays a key role in planetary
atmospheric escape, the existence of postflare loops on stellar flares and its time evolution will help
future studies about habitability of close-in planets.
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Low-frequency radio observations can directly trace magnetic star–companion/planet interactions be-
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yond the Solar System. When a companion or planet orbits within the sub-Alfvénic regime of its host
star, magnetic interactions can efficiently extract energy from the stellar wind, channeling Poynting
flux into auroral electron-cyclotron maser emission. This emission is expected to be highly circularly
polarized, beamed, and time-variable. The efficiency and observability of this process are strongly
modulated by the orbital properties of the system.

In this talk, I will present radio observations of two nearby M-dwarf systems that illustrate the
importance of these properties. The first case is LHS 1610, an M5 dwarf hosting a brown dwarf
companion. This system is particularly compelling as it is one of the closest known M-dwarf systems
with a substellar companion, and its brown dwarf, LHS 1610b, is the second most eccentric substellar
object known to orbit an M dwarf. Recent Very Large Array (VLA) observations between 1 and
2 GHz reveal a detection of a circular polarization fraction of 60%, consistent with predictions from
magnetic star–companion interaction models. The second system, GJ 3323, is an M4 dwarf hosting two
exoplanets. VLA observations spanning 1–8 GHz reveal a possible detection in circular polarization.
If confirmed, this signal could be naturally explained by magnetic interaction between the host star
and one of its planets in the sub-Alfvénic regime.

Together with the few reported cases of potential star–planet interaction, these results add new ev-
idence for extrasolar, wind-powered aurorae and highlight the potential of radio observations as a
powerful probe of magnetic interactions in compact stellar systems. They also motivate targeted
time-domain monitoring to search for orbital modulation, which would provide a key diagnostic and
a smoking-gun signature of magnetic star–planet interaction.
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The magnetic activity of cool stars is connected to the stellar age. The activity-rotation relations
combined with Gyrochronology give us the big picture of the evolution of cool star activity. However,
how similar could coeval Gyr-old stars of the same metallicity and similar mass be in terms of magnetic
activity? Little is understood about this intrinsic scatter of activity in cool stars. It is, however,
an essential piece of information required to understand the variability in the stellar environment
over gigayears of stellar evolution, including having implications on the evaporation of exoplanetary
atmospheres.

In my talk, we investigate this scatter by using wide binaries. We conducted Bayesian catalogue match-
ing between Gaia eDR3 wide binaries and the XMM-Newton DR14 catalogue to find serendipitous
wide binaries in the XMM-Newton catalogue. We then use the X-ray luminosity LX , an indicator of
activity, to compare the similar mass components of the binary to find the intrinsic scatter of activity.
We also estimated upper limits for the counterpart in binaries where only one star was detected.

We find that the scatter of activity in partially and fully convective M-type binaries is much larger
than that seen in more massive cool stars of spectral types F, G, and K. This high scatter comes from
M-type stars that are found to be in the saturated regime due to their very long spindown timescales.
The intrinsic scatter in the wide binaries of all spectral types, however, is much smaller than what is
observed for randomly paired stars in the solar neighbourhood.

As the activity-rotation relations and Gyrochronology continue to be calibrated for field stars, X-ray
studies of wide binaries like these can help determine the degree of deviation from coeval behaviour
in the solar neighbourhood without the need to determine precise ages.
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Young low-mass stars exhibit enhanced magnetic activity and frequent flaring during their early evolu-
tion, producing strong X-ray and ultraviolet radiation that can significantly affect the survival of plan-
etary atmospheres. Close-in planets are particularly vulnerable to atmospheric erosion, while planets
at larger orbital separations may retain their atmospheres, leading to divergent evolutionary outcomes
within planetary systems. This mechanism is widely invoked to explain the observed bimodal distri-
bution of exoplanet radii through photo-evaporation during the early stages of star–planet evolution.
Understanding this process requires characterizing stellar activity during youth, even in the absence of
known planets. We present early results from SAYS — the Stellar Activity in Young Stars survey, an
ongoing observational program aimed at quantifying the temporal variability of chromospheric emis-
sion in very young M dwarfs. SAYS employs time-resolved, low-resolution optical spectroscopy from
Indian ground-based facilities, complemented where available by photometric data from space- and
ground-based surveys. Rather than focusing only on young stars with known planetary systems, which
remain rare, SAYS targets a broader sample to constrain the range of activity levels and variability
timescales relevant for planetary atmosphere evolution. We detect intra-night variability in Balmer
emission diagnostics on timescales of tens of minutes in some targets, including one of the youngest
known M dwarfs, indicating evolving chromospheric conditions and changing optical depths. Other
targets show comparatively stable emission over similar timescales, highlighting the diversity of activ-
ity states among young stars. These observations provide empirical constraints for theoretical models
of planetary atmosphere erosion, including photoionization calculations with tools such as CLOUDY.
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Energetic particle events occur when charged particles are accelerated to near-relativistic energies dur-
ing stellar flares or coronal mass ejections, and they help shape planetary atmospheres through erosion
and chemistry. Traditional stellar activity probes, such as optical and soft X-ray flares, trace thermal
plasma and are effectively blind to escaping relativistic particle beams. Based on solar studies, we
know that a characteristic radio burst (called a Type III burst) provides an unambiguous signature
of energetic electrons propagating along open magnetic field lines. However, there has not been a
detection of an extrasolar Type III burst. In this talk, I will present the first extrasolar analogue
of a solar Type III burst, which signals the presence of escaping energetic particles. I will present
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estimates of the incidence of energetic particle events on M dwarfs compared to solar values, together
with the approximate particle energy flux in the habitable zones of M dwarfs. This detection demon-
strates that stellar energetic particle events can now be identified through radio observations, opening
a direct observational pathway to their impact on exoplanetary environments.
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The magnetic and chromospheric activity of the Sun is well understood thanks to decades of continuous,
high-quality observations. However, our knowledge of stellar activity in other stars remains far more
limited, as obtaining such detailed and long-term measurements beyond the Sun is observationally
much more challenging. The best-known chromospheric activity indicators in the visible are the Ca
II H & K lines, used to derive the classical log R’HK index. Yet, obtaining this indicator still requires
dedicated, ground-based spectroscopic observations of each star, making the process time-consuming
and inefficient for assembling large datasets of stars observations. To overcome this, we explore the
calcium infrared triplet as an alternative chromospheric activity proxy, which will be measurable
directly from the time series available in the forthcoming Gaia DR4 near-infrared spectra for billions
of stars. Using a sample of over 1000 high-resolution spectra of FGK stars obtained with the NARVAL
and ESPaDOnS spectropolarimeters, we investigate the global correlation between the Ca II IRT as
an activity indicator and the log R’HK, as well as their temporal correlations and properties (period,
amplitude of variation on short or long term, etc.). Such large-scale activity diagnostics will be
particularly valuable in the context of follow-up observations of PLATO targets, where stellar activity
characterization is essential for interpreting photometric variability and exoplanet signals. Finally, we
will present an analysis of the link between this activity indicator and stellar metallicity based on a
much larger sample based on the analysis of the Gaia DR3 spectra.

ID: P2014
First Global 3D MHD–Driven Modeling of Stellar Energetic Particle Events in Young
Solar-Type Stars

Presenter: Yue-Hong Chen (Nanjing Univ. & Leibniz Institute for Astrophysics Pots-
dam)
Author list:
Yue-Hong Chen (1,2); Julián D. Alvarado-Gómez (2); Xin Cheng (1); Weihao Liu (3); Jörn Warnecke
(4,5); Maarit J. Korpi-Lagg (4,5,6)
(1) Nanjing Univ.; (2) Leibniz Institute for Astrophysics Potsdam; (3) Univ. of Michigan; (4) Aalto
Univ.; (5) Max Planck Institute for Solar System Research; (6) Nordita, KTH & Stockholm Univ.
Session: Magnetic Activity and Large-scale Events

Stellar Energetic Particles (EPs) represent a critical yet poorly constrained space-weather hazard
around active cool stars. While solar EPs are directly observable, EPs in distant stellar systems are
typically inferred by extrapolating from solar observations, introducing large uncertainties. Here we
present the first global 3D simulations of EP events driven by stellar coronal mass ejection (CME)
shocks from EK Draconis, a young solar-type star (G1.5V, ∼100 Myr, Prot = 2.8 days) with obser-
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vational constraints on magnetic activity and eruptions. We employ the Space Weather Modeling
Framework (SWMF) coupled with the Multiple Field-Line Advection Model for Particle Acceleration
(M-FLAMPA), a state-of-the-art module validated against solar EP events. The simulated CMEs with
kinetic energies of 1033 −1035 erg and mean radial speeds of several thousand km s−1 drive shocks that
accelerate protons to high energies. The peak differential intensities at 1 au exceed typical solar EP
events by 2 − 4 orders of magnitude across energies from ∼10 MeV to several hundred MeV. The EP
time profiles show rapid rises followed by exponential decays over hours to days, with strongly latitude-
dependent onsets throughout the habitable zone due to the tightly wound Parker spiral imposed by
rapid stellar rotation. Crucially, the strong large-scale magnetic field introduces extensive closed-field
regions that trap EPs, delay outward transport, and redirect a fraction back toward the stellar surface,
demonstrating that EP propagation is regulated by global magnetic topology. We provide the first 3D
framework for quantitatively assessing EP-driven space weather around active stars without relying
on solar scaling relations. This work highlights the central role of magnetic field geometry in shaping
EP fluxes and temporal variability, and establishes a critical foundation for future studies of stellar
EP-induced atmospheric chemistry on exoplanets around cool stars.
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Characterizing the coronal mass ejections (CMEs) of stars is a longstanding problem in astrophysics.
While these events are spectacularly visible in coronagraphic imagery of the Sun, they are all but
invisible for stars. Yet studying stellar CMEs is essential. They are a key element in the evolution
of planetary atmospheres and may also play a key role in the spin down of young stars. We have
recently analyzed the accuracy of a promising method for probing the masses of stellar CMEs: “coronal
dimming.” With a few generic assumptions, coronal dimming can be used to estimate CME masses
from time series spectra of the Sun or of stars. Using data where we treat the Sun as a star, we find
mass estimates of CMEs using coronal dimming are accurate to within about a factor of 2 over a mass
range of 1015–1016 g. Our presentation will describe this technique, its limitations, and its potential
to provide new, much-needed inputs to models of stellar and exoplanetary evolution.
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We present comprehensive X-ray spectroscopic results of M-dwarf ”megaflares” (EX ≥ 1033 erg)
from two recent large-scale multi-wavelength campaigns: the 7-day AU Mic campaign and the ”Ful-
crum” HST Treasury project. Unraveling the connection between coronal X-ray emission and lower-
atmospheric optical/NUV emission is vital for constraining flare physics and their impacts on exo-
planetary environments. First, we report on the AU Mic (M1) campaign using XMM-Newton and
ground-based facilities (Notsu et al. 2025, ApJ, 993, 212). We analyzed time-resolved spectra of three
flares. The Temperature (T) vs. Emission Measure (EM) evolution diagram of the impulsive Neupert-
type flare exhibits a counter-clockwise trajectory consistent with the standard thermal coronal loop
model (the so-called ”Flare H-R diagram”). In contrast, gradual flares indicate loops with signifi-
cantly larger spatial confinement scales.Second, we present new results from the Fulcrum campaign
on CR Dra (M1), utilizing NICER X-ray spectroscopy simultaneous with HST NUV spectroscopy
and TESS optical observations. Notably, this campaign captured a flare exhibiting the largest NUV
continuum luminosity recorded to date (cf. Kowalski et al. 2025, ApJ, 978, 81). Simultaneous X-
ray data for this event reveal peak temperatures of 30–50 MK and EMs of 1054 cm−3. Despite the
extreme radiated energy, the T-EM evolution tracks remain broadly consistent with the ”Flare H-R
diagram”. Synthesizing these results, the T-EM diagrams from both campaigns suggest that these
M-dwarf flares are driven by processes physically similar to the standard solar flare model, but involve
significantly stronger magnetic flux densities and larger loop structures. These X-ray constraints on
coronal plasma parameters provide vital inputs for radiative-hydrodynamic modeling of the most en-
ergetic stellar flares and for the estimation of unobservable EUV emissions from these extreme flares
affecting exoplanet atmospheres.
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Stellar flares are observed in large numbers with space observatories such as the Transiting Exoplanet
Survey Satellite (TESS). The well-sampled profiles of these flare light curves may contain valuable
information about the physical processes in the stellar atmospheres. To investigate this, we searched
for flares in TESS light curves from the first five years of the mission, and created a pure sample of
120 000 flares with a combination of a recurrent neural network and manual vetting. By scaling these
flares in both timescale and amplitude, we reveal continuous changes in the average flare profiles with
spectral type. These trends are not apparent for just a few flares, they only emerge when averaging
thousands of events. We use dimensionality reduction to explore this flare shape space, and present
some applications.
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M dwarfs, the most numerous stars in our Galaxy, display violent flaring episodes across the electro-
magnetic spectrum. Despite extensive studies of M-dwarf flares in optical and UV wavebands, their
flaring activity remains poorly explored in X-rays. To date, all documented X-ray flares (∼150 events)
originate from targeted observations of only 14 stars. Notably, about 50 flares in this sample come
from intensive observations of one star. In this work (Dickstein et al., in preparation; to be published
by the time of the conference), we aim to provide the first comprehensive view of the parameter
space of X-ray flares from M dwarfs by (1) compiling the sample of known events from the literature
and analysing their properties within a unified framework, and (2) increasing the sample of known
X-ray–flaring stars by cross-matching eROSITA data with 25 years of Chandra observations. This
cross-match revealed 7 stars previously unknown to flare in X-rays and added an additional 11 flares
for our analysis. Our main findings are as follows: •X-ray flares from M dwarfs span energies from
10^29 to 10^33, and exhibit a strong correlation between flare strength and duration, a trend predicted
by theory but was not previously confirmed in X-rays. •During flares, we observe correlated increases
in flux and temperature, by factors of 2.1–22.1 and 1.14-5.46 respectively, consistent with theoretical
expectations. •The flares have an average duration of 3.69 ks, with the current data favouring asym-
metric temporal profiles with longer decay phases than rise phases, despite theoretical suggestions
that this asymmetry may be less pronounced in X-rays. •We derive the first constraints on the X-ray
flare frequency distributions for M0–M6 stars, accounting for selection bias, up to energies of 3*10^31
erg. The inferred rates are in good agreement with the most recent constraints derived in the UV,
with important implications for the potential habitability of exoplanets orbiting M dwarfs.
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Postflare loops are important components of the standard flare model, and they are expected to be
observed even in stellar flares. To correctly understand dynamics of stellar flares, it is important to
clarify how postflare loops are observed in spatially integrated data. Recent Sun-as-a-star studies have
shown that postflare loops can manifest as a secondary peak in the Hα light curve, suggesting that
stellar postflare loops are detectable (Otsu+ 2024). To understand what determines the timing of
such a secondary peak in the Hα light curve associated with postflare loops, we must quantitatively
identify the key processes controlling the appearance timing of Hα postflare loops. Previous case
studies have indicated that the appearance timing of Hα postflare loops is likely governed by radiative
cooling. However, the statistical characteristics of the appearance timing of Hα postflare loops remain
insufficiently investigated. In this study, we statistically investigated the appearance timing of Hα
postflare loops to quantify their cooling processes. As a result, we found a negative correlation
between the time difference between the soft X-ray peak and the appearance of the Hα postflare loops
(∆t), and the soft X-ray peak flux (FX). This relationship is consistent with the theoretical scaling
between radiative cooling timescale (τrad) and FX , where τrad ∝ F

−1/2
X . This result indicates that the

appearance timing of Hα postflare loops relative to the soft X-ray peak time is primarily controlled by
radiative cooling. Furthermore, we examined the dependence of the scaling law on flare spatial scales
(L). Consequently, we demonstrated that spatial scale of unresolved stellar flares can be estimated
using the following scaling law: L ∝ F

1/3
X ∆t2/3. Our results are useful for interpreting secondary peaks

in the Hα data of stellar flares and provide a new method to estimate the spatial scale of unresolved
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stellar flares.
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Around 10% of all ultracool dwarfs exhibit pulsed radio emission, reminiscent of the auroral radio
emission produced by magnetised planets in the Solar System. At Jupiter, the dominant components
are emission from the main oval aurora and from an active magnetic field line powered by its interaction
with the moon Io.

Here we present 15 epochs of radio observations of the L3.5 dwarf LSPM J0036+1821 obtained with
the VLA, EVN, and VLBA. Using a modelling framework inspired by Jupiter’s auroral morphology
(combining a main oval component with emission from an active field line) we are able to reproduce
the observed radio variability across the full dataset and constrain the underlying auroral geometry.
This approach provides a rare handle on the magnetospheric structure of ultracool dwarfs, which is
otherwise extremely difficult to probe observationally.

Additionally, we analyze optical photometry from two TESS sectors to independently determine the
rotation period of the dwarf. We refine both the radio and optical rotation periods and find them to
be consistent within 2 seconds.
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The Near-Ultraviolet (NUV) spectral range provides a unique view into the lower chromosphere of
stars. In spectral studies of time-variable magnetic reconnection flares, this is a crucial region connect-
ing the optical and far-ultraviolet spectral regions, with a continuum that dominates flare energetics
and plays a key role in driving chemical reactions in planetary atmospheres. Despite its importance,
it has been understudied relative to its neighbors on the electromagnetic spectrum. We report on
outcomes obtained from a large Hubble Space Telescope Treasury Project, and the wide range of ac-
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companying multiwavelength data (TESS, NICER, Swift, ground-based optical). Spanning two days
of HST exposure time, this is the largest sensitive investigation of time-resolved spectroscopic NUV
data on stellar flares to date, with a total of 79 flares detected. Using this unique wavelength coverage,
we challenge previous physical assumptions about stellar flares and explore their astrobiological im-
pacts. The talk will cover recent results such as (1) rising NUV spectra in a few megaflares and their
implications for particle acceleration in stellar flares (especially relative to well-studied solar flares);
(2) a surprisingly low correspondence between optical and UV flares and the consequences for optical
flare activity measures to predict higher energy emissions; (3) an exploration of the best modern flare
datasets to use for astrobiological studies; (4) inferences about the extended contribution to flaring
emission in the X-ray and Extreme-Ultraviolet and its planetary atmosphere impact; and (5) the first
example of a high velocity outflow seen at NUV wavelengths and the significance for flare and out-
flow dynamics from its temporal and spectral characteristics. We will discuss the findings in light of
preparations for a future Habitable Worlds Observatory.
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TRAPPIST-1 is an ultra-cool dwarf and one of JWST’s most frequently observed targets, driven by
its seven transiting planets. It is notoriously active, and its surface is believed to be covered by mag-
netic features that imprint wavelength-dependent contamination on planetary transmission spectra.
Correcting for this requires the radiative spectra of the magnetic features, which remain unknown for
ultra-cool dwarfs. Here we develop a new approach for measuring these spectra using time-resolved
JWST/NIRISS observations. We detect a persistent post-flare flux enhancement. Our analysis rules
out lingering flare decay as its source and instead points to flare-driven structural changes on the
stellar surface. We suggest that the flaring event triggers the disappearance of part of a dark magnetic
feature, producing a net brightening. This interpretation is motivated by solar data: flare-induced
disappearance of magnetic features has been directly detected in high spatial-resolution images, and
our analysis shows that this process produces solar brightness changes very similar to those we ob-
serve on TRAPPIST-1. This explanation enables the first empirical measurement of the spectrum of
a magnetic feature on an M8 dwarf. The disappearing feature is cooler than the photosphere by a few
hundred kelvins. We place this in context with a unified flare-frequency distribution spanning four
orders of magnitude in energy, derived from about 87 hr of JWST spectroscopy and about 74 days
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of Kepler/K2 photometry. The cumulative distribution is consistent with a single power law with
slope ≈0.75, implying that rare, high-energy events dominate the time-averaged flare energy budget.
Together, these results link flare energetics to flare-driven surface restructuring in an ultra-cool dwarf,
informing stellar-variability mitigation in exoplanet time-series analyses for JWST and future transit
surveys such as PLATO.
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Proxima Cen is our closest stellar and planetary system neighbor. As a late-type M dwarf, it presents
an opportunity to study a stellar structure and magnetic dynamo distinct from the Sun. Longitudinal
studies of flaring activity in Proxima Cen are particularly important since it is one of very few fully
convective stars known to have a long-term activity cycle. We analyze TESS observations from 2019 to
2026, finding distinctly different flaring patterns during various phases of Proxima Cen’s activity cycle.
Using simultaneous optical spectroscopy during one TESS sector, we observe flares in the continuum
and in lines known to trace stellar activity, most prominently Hα. We analyze timing and amplitude
offsets between the lines and continuum and find that there is no such thing as a simple flare. Long-
term studies of Proxima Cen flares help better constrain habitability scenarios for Proxima Cen b and
shed light on its long-term activity.
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M dwarfs host the majority of potentially habitable exoplanets, yet their highly active atmospheres
may produce frequent, powerful coronal mass ejections (CMEs) whose consequences for planetary hab-
itability remain poorly constrained. We study the role of CMEs in M-dwarf systems using 3D MHD
simulations. Motivated by the strongest observational evidence for a CME-driven shock from an M
dwarf (Callingham et al., 2025), we generate CMEs with an observed Zeeman-Doppler Imaging map.
Under the observational constraints placed by the Type II radio burst, we evaluate CME properties
and find dynamic pressure roughly 2-3 orders larger than that of extreme solar CMEs. Coupling the
MHD results to the Multiple Field Line Particle Advection Model (M-FLAMPA) we simulate accelera-
tion and transport of stellar energetic particles (EPs); the computed EP fluxes exceed those of extreme
solar events by about 3 orders of magnitude, underlining the potentially severe impact of M-dwarf
CMEs on exoplanetary atmospheres. Beyond single extreme events, we also examine how the global
magnetic topology of slowly rotating, fully convective M dwarfs controls CME propagation. Our sim-
ulations show systematic deflection of CMEs toward high latitudes, so that equatorial planets receive
substantially reduced impacts. Thus, even around magnetically active M dwarfs, equatorial exoplanets
may face a less severe CME environment than the expectation from simple extrapolations from the
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solar behavior. Taken together, these results demonstrate that M-dwarf CMEs can simultaneously pro-
duce extreme particle radiation and very strong dynamic pressures, while large-scale magnetic fields
can redistribute those impacts in ways fundamentally different from the solar case. Our findings chal-
lenge straightforward extrapolations of solar flare-CME-SEP scaling relationships and emphasize the
need for physics-based 3D simulations to assess space weather and planetary habitability in M-dwarf
systems.
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Excess chromospheric emission within deep photospheric lines is a key proxy of stellar magnetic activity
in FGK stars and decays with stellar age. We present Hα chromospheric fluxes for several hundred
solar-type stars spanning wide and precisely determined ranges of mass, metallicity ([Fe/H]), age, and
evolutionary stage, based on high signal-to-noise, flux-calibrated spectra.

A comparison between Hα and Ca II H&K chromospheric fluxes reveals a strong metallicity-dependent
bias affecting the H&K diagnostics: metal-rich stars with deeper photospheric lines tend to mimic lower
activity levels, while metal-poor stars appear artificially more active. This effect blurs the age–activity
relation and limits reliable age estimates for old, inactive stars unless stellar mass and metallicity are
explicitly taken into account. Given the widespread use of the Ca II H&K lines as activity tracers,
caution is required when applying them to heterogeneous stellar samples.

We show that an Hα-based age–activity calibration is consistent with theoretical expectations, with
more massive stars being less active and more metal-rich stars more active at fixed mass. Finally,
we combine Hα chromospheric ages with ages from other activity indicators using a Bayesian frame-
work, producing a homogeneous catalog of chromospheric ages with improved precision and robust
uncertainties.
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Stellar activity remains a persistent and important issue for measuring radial velocities (RV). Sun-
as-a-star spectra have been a useful tool in helping diagnose and correct that issue. While previous
methods using one spectrograph have reduced noise significantly, there remains a gap between current
results and the goal of 10 cm/s precision required to measure the mass of an exo-Earth. Using two
instruments allows us to break the degeneracy between stellar activity and instrumental noise, thus
aiding our ability to both diagnose and correct for stellar activity in RV measurements. We build upon
Zhao+2023, which compared the RVs from multiple instruments, by looking at the correlation of line
shape properties for individual lines. Using Solar spectra in overlapping windows from both NEID
and EXPRES, we looked at which individual lines showed higher levels of correlation between the two
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instruments. We also compared time series of line properties for both instruments. Our analysis shows
that lines with higher correlations between the instruments also have higher stellar activity from more
traditional methods. In the future, we will use this to improve the stellar activity correction and thus
RV precision.
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Young stars exhibit high levels of magnetic activity, but the dominant driving mechanisms, temporal
evolution, and observational manifestation remain poorly understood. Young chromospheres depart
from models based on the Sun and lack the intensive multi-wavelength, multi-cadence observations
required to constrain their structure. This inability to accurately model activity severely impedes the
detection of young exoplanets and their atmospheres, which restricts their use as crucial constraints
on planet formation and evolution. We present a comprehensive characterization of activity signals
from IRAS 04125+2902, a 3 Myr star hosting a Jupiter-sized transiting planet, using a high cadence
campaign of photometry (TESS and ground-based) and NIR spectroscopy (Habitable-zone Planet
Finder). Activity indicators in both photometry and spectroscopy indicate large but stable surface
active regions that are much longer-lived, and thus easier to model, than for stars at 10s Myr age
that have had more time to spin up. We find enhanced absorption in the Helium NIR triplet that
is consistent with previous work showing that chromospheric activity indicators in young stars are
driven by both greater high energy coronal radiation and a dense chromosphere. Last, we highlight
the utility of the Calcium infrared triplet as an activity and age indicator, particularly because it is
accessible by both Gaia and ground-based high resolution visible wavelength spectrometers such as
NEID.
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Differential chromatic refraction (DCR) manifests as a wavelength dependent shift in source position
towards the zenith of an observer, and must be corrected for in terrestrial surveys to ensure accurate
astrometric solutions. Despite this, DCR can also be employed as a tool to extract additional color
information from astrometry. M dwarf flares are particularly well suited to this technique due to their
ubiquity across various regions of the sky, and the dramatic contrast between the red photosphere and
blue flare emission. While flares are challenging targets for sky surveys due to their short durations,
DCR can be used to infer color temperatures across the unprecedentedly large sample of flares that
will be detected in next-generation astronomical surveys, such as the Legacy Survey of Space and Time
(LSST) that will be carried out by the Vera C. Rubin Observatory, starting in 2025. By combining
Rubin’s high image quality and astrometric precision with the truly massive amount of data it will pro-
duce over 10 years, DCR can be used to carry out a population-level statistical analysis of stellar flare
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temperatures, constraining models of energy release in stellar atmospheres and informing habitability
surveys. We additionally validated this technique on flare data obtained from an LSST precursor, the
Deeper, Wider, Faster Programme, and showed how certain choices made when modeling the spectral
and geometric properties of the flare could lead to overestimating the true flare temperature.
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We report the detection of multiple recurring, highly circularly polarized radio bursts from the β
Pictoris system, observed in L-band (0.8-1.7 GHz) with the MeerKAT array. The burst properties are
consistent with electron cyclotron maser emission, analogous to auroral radio bursts observed from
magnetized brown dwarfs and Solar System planets. We interpret the emission as originating from
one of the massive planets in the system, most likely β Pictoris b. The inferred burst frequencies
imply a local magnetic field strength of at least 600 G, consistent with modeling predictions for the
magnetic fields of the β Pictoris planets but more than twice the empirical upper limits on the stellar
magnetic field. This detection provides a direct measurement of the strength of a planetary magnetic
field beyond the Solar System, and points to coherent radio emission as a key tracer for constraining
planetary dynamos and magnetospheric processes.
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Ultra-fast rotators (UFRs) are recognized as stars with high rotational velocities and are essential
for understanding the mechanisms of angular momentum loss and the underlying magnetic dynamo.
The active, young, single, main-sequence, K5–8 type UFR LO Peg (v sin i > 65 km s−1) is especially
interesting due to the presence of strong magnetic activity, including very large starspot coverage and
frequent flaring events. In this research, using high-precision photometry from the NASA Transiting
Exoplanet Survey Satellite (TESS), we performed an in-depth investigation of LO Peg. Using obser-
vations from 2022 (Sector 55) and 2024 (Sector 82), with cadences of 2 min and 20 s, respectively,
we investigated the evolution of starspots and flaring events. From the 2024 observations, we derive
a rotational period of 0.4234 ± 0.0013 days, consistent with previously reported values. Using a com-
bined effective baseline of 51.46 days, we performed a rigorous manual identification of flaring events.
The high-precision photometry allowed us to detect 146 flaring events with a flare frequency of ∼2.84
per day and energies ranging from 1032 to 1036 erg. The flare frequency is nearly six times higher
than previously reported for LO Peg. The most energetic superflare reached a bolometric energy of
1.83×1036 erg, with a total duration exceeding 4.5 hours and an equivalent duration of ∼46.4 minutes.
We derived the magnetic field strength associated with this flare to be 319±61 G. Preliminary analysis
also suggests that multiple flaring events are associated with Quasi-Periodic Pulsations (QPPs) during
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the decay phase. Given the observed energy and flare frequency, which are significantly higher than
previously reported, this research provides significant constraints on dynamo theory and the magnetic
saturation level in ultra-fast rotators.
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M dwarfs dominate the stellar population of the Galaxy and are prime targets for exoplanet research
programmes. They are also key laboratories to study dynamo-generated magnetic fields and the
subsequent phenomena – starspots, flares, high-energy radiation and stellar winds – which influence
the evolution of stellar angular momentum and the environments of planets. Despite their importance,
the long-term evolution of the surface magnetic fields of M dwarfs, and the possible existence of
magnetic cycles, remain as yet poorly constrained. The ESA PLATO mission will provide long-
duration, high-precision photometry, offering an unparalleled opportunity to study stellar variability
over several years. To exploit this potential fully, it is essential to combine PLATO measurements with
spectropolarimetric monitoring, as this will enable direct measurements of the surface magnetic field
(field modulus, large-scale topology) and chromospheric activity. We have therefore initiated a long-
term spectropolarimetric campaign using the SPIRou near-infrared instrument at CFHT, targeting
M dwarfs in the PLATO South Field. The early M dwarf sample was selected based on activity level
and rotation. It includes mainly fast and some intermediate rotators (�1 day and �17 days periods
respectively), probing previously unexplored regions of the mass–rotation plane. In this contribution,
we present our target selection strategy and the initial results, which include ZDI maps. Our findings
provide novel constraints on the diversity and evolution of large-scale magnetic fields in low-mass stars.
They also establish a physically grounded framework for interpreting PLATO photometric variability in
terms of underlying magnetic activity. Furthermore, they will provide a unique boundary measurement
to inform 3D wind models and assess the typical environment bathing exoplanets orbiting M dwarfs.
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The reliability of exoplanet demographics is fundamentally limited by our knowledge of their host stars.
The lack of homogeneous stellar parameters in the literature, together with the impact of magnetic
activity, remains a major challenge for detailed stellar characterisation and for establishing star-planet
connections. We present a homogeneous high-resolution spectroscopic analysis of 301 confirmed K2
exoplanet host stars, deriving atmospheric parameters and iron and magnesium abundances for 257
stars from Fe I, Fe II, and Mg I equivalent widths under the LTE assumption. Stellar masses and radii
were determined through independent approaches, achieving internal planetary radius precisions at the
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few-percent level. Chromospheric activity indicators (Ca II H&K and Hα) reveal a systematic decrease
in activity with increasing planetary radius within the low-activity regime (log R’HK < -4.75), sug-
gesting a link between stellar magnetic environments and planet types. From a chemical perspective,
it is particularly interesting that the [Mg/Fe] abundances allow the identification of a fraction of host
stars belonging to the thick disk. At the same time, [Mg/Fe] ratios are indistinguishable across plane-
tary architectures, stars hosting large planets are systematically more iron- and magnesium-enhanced
than those with only small planets, reinforcing the connection between stellar composition and planet
size. These findings underscore the importance of detailed stellar characterisation and the mitigation
of stellar noise for accurate exoplanet inference and for understanding chemical and activity-related
aspects of the star-planet connection.
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Accurate prediction of Solar Energetic Particle (SEP) events is critical for mitigating space weather
risks, yet current forecasting models face significant uncertainties in determining physical parameters.
This challenge extends beyond our solar system; recent detections of stellar Type II radio bursts (e.g.,
Callingham et al. 2025) imply shock-driven particle acceleration in exoplanetary systems, but quan-
tifying their habitability impact requires validated acceleration and transport models. Since direct
observation is impossible, stellar space weather models must rely on SEP simulations grounded in
solar physics. The challenge is that key physical parameters (e.g., injection efficiency ϵ, mean free
path λ) are often degenerate and difficult to constrain even in solar events. We present a framework
to rigorously determine these parameters using the Sun as a laboratory. We employ a physics-based
model coupled with mathematical optimization. We combined a CME propagation model (SUSANOO,
SUSANOO-CME; Shiota et al., 2014, 2016) with an acceleration and transport model with the diffusive
shock acceleration and the focused transport equation (Minoshima et al., in review), and applied it to
the major SEP event of 9 October 2021. To explore the high-dimensional parameter space efficiently
and robustly, we introduced optimization methods such as the evolution strategy. Our framework
successfully reproduced proton fluxes simultaneously across five spatially distributed spacecraft. A
crucial finding is the necessity of spatial refinement: treating injection efficiency and transport pa-
rameters independently for each longitudinal bin improves physical consistency compared to uniform
assumptions. Our analysis reveals that the injection efficiency is the dominant factor governing the
flux. This study not only advances solar SEP forecasting but also provides a validated, physics-based
baseline for modeling radiation environments in active cool star systems.
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Asymptotic Giant Branch (AGB) stars lose mass through slow, dense winds thought to be driven by
radiation pressure on dust. Despite many important advances in recent years, the dust formation
process in oxygen-rich environments (C/O < 1) is not yet fully understood, which makes predicting
the mass-loss rates of AGB stars from first principles not possible. Qualitatively, the widely accepted
paradigm consists of dust formation taking place in the wakes of shocks created by the propagation
of convective streams and stellar pulsations. The timescales of these dynamical process are between
months and one year. I will present high-angular-resolution observations of the nearby oxygen-rich
AGB star Mira obtained using SPHERE/VLT (probing dust through scattered light) and ALMA
(probing gas through molecular emission lines). The data serendipitously revealed an ejection of more
than 10−5 M⊙ of gas and dust that likely took place in 2011. With seven epochs of observations, the
ejected material is followed all the way from a few AU from the AGB star to ∼ 30 AU. The inferred
gas mass is about 100 times larger than the star ejects per pulsation cycle, which puts into question
our understanding of the mass-loss process and suggests that powerful, rare events might dominate
mass loss. I will discuss these new findings in the context of other peculiarities of Mira, such as hot
spots observed on the stellar atmosphere, and suggest possible mechanisms for explaining this type of
ejection event.
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Stellar flares and associated coronal mass ejections (CMEs) are key drivers of magnetic activity and
space weather on low-mass stars, yet direct observational evidence for stellar CMEs remains limited.
We present time-resolved spectroscopic observations of the active M dwarf AD Leo obtained with the
Lowell Discovery Telescope during two full nights in February 2025. Four flares were fully captured
at high cadence, allowing us to track the detailed evolution of chromospheric emission lines. All four
events exhibit pronounced blue-wing enhancements in the Hβ line throughout their flare evolution.
Double-Gaussian fits reveal a distinct blue-shifted excess component in each case, indicating outward-
moving cool plasma consistent with prominence eruptions or CME-like mass motions. The recurrent
nature of these signatures suggests that prominence eruptions may commonly accompany M-dwarf
flares when observed with sufficient temporal resolution.
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Statistical inferences about white-light stellar flares are challenged by limited sample sizes and the
impossibility to distinguish disconnected but contemporaneous from sympathetic flares, especially
in the case of observations with low temporal cadence. This might bias estimated trends between
flare morphology and stellar parameters, as well as flare parameter distributions. Here we compare
isolated and potentially sympathetic flares using widely-adopted metrics. We explored correlations
between flare and stellar parameters, with the aim of building empirical relationships that could also
be relevant to the study of exoplanet atmospheres. We systematically searched for flares in > 2000
TESS targets within spectral type from F2V to M5V, using their 20-s light curves. We separated
each multi-peak flare in its potentially sympathetic components using an empirical template, and
homogeneously assessed target activity via their Rossby number. No statistical difference between
“normal” and “super” flare properties was identified. We found statistical evidence of correlated
flaring, which motivated comparisons of the dependence of flare energy, equivalent duration, and
impulsiveness on stellar parameters between “isolated” and “potentially sympathetic” flares. On
average, we found that these latter last longer and are more energetic than isolated events, but follow
similar trends. Moreover, target-specific flare energy distribution fits yield power laws with scaling
factor ≳ 2 for all flare types, but approach this value as the observed parameter range increases. More
subtle differences and additional insights might be unveiled by advances in photometric precision,
longer-baseline monitoring, and homogeneous quantifications of the stellar activity level that extend
to M stars. This might have implications in the modelling of evolving exoplanet atmospheres. Future
surveys, such as PLATO, are promising assets for progress in this field.
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The SKA will be able to sample wide swathes of the radio sky with unprecedented sensitivity, resolution
and cadence. Already its precursors and pathfinders are discovering novel transients across an immense
range of astrophysical regimes - from flare stars to FRBs. I will discuss recent serendipitous and
untargeted discoveries of a range of stellar transients made possible by repeat sampling of wide parts of
the sky by both the MeerKAT and ASKAP telescopes, revealing a diversity in stellar radio astronomy
and a wealth of active and dynamic stellar systems in our Galaxy. I will demonstrate how the
resolution and sensitivity of the precursors and later the SKA itself are crucial for detecting these
transients at scale. Discovery and follow-up of these stellar radio bursts gives crucial insight into the
magnetospheres of stars and the space weather in their environments. To date there have been very
few confirmed solar radio burst analogues that are correlated with space weather effects. Furthermore,
the prevalence and effects of such space weather are a crucial piece of the puzzle to investigating
the abundance or dearth of life in the Universe. I will discuss ongoing searches for technosignatures
with SKA precursors, how these searches may be affected by such stellar activity and what these
observations imply for the habitability of any hosted exoplanets. Finally, the sensitivity of the SKA
will allow for the first searches for non-directional leakage radiation from the nearest star systems for
the first time and I will discuss how targeted and commensal observing strategies will be able to place
the tightest constraints on one of the most fundamental questions in science.
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The eROSITA All-Sky Survey - Stars in X-rays
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eROSITA (extended ROentgen Survey with an Imaging Telescope Array) is the soft X-ray instrument
on-board the SRG (Spectrum-Roentgen-Gamma) spacecraft and has performed an all-sky survey in
the 0.2-10.0 keV energy band. The eRASS data acquisition took place from December 2019 to February
2022 and four all-sky surveys with a duration of 0.5 yr each have been completed. The release of X-ray
source catalogs based on eRASS:3, i.e. data covering the first three all-sky surveys, is planned as DR2
for summer 2026.

The accumulated eRASS is about ten times more sensitive than the ROSAT All-Sky Survey and has
an enhanced positional accuracy, spectral resolution as well as multiple temporal coverage, thereby
providing new insights into a wide range of astrophysical phenomena. The survey contains around
six million X-ray sources, of these a fraction of about 10-20 percent are stars. These enable detailed
studies for many types of stellar sources, including a census of the solar vicinity, nearby young stellar
populations and star-forming regions. I present an overview of the stellar X-ray sky as seen by
eROSITA, focussing on coronal emission from magnetically active, cool stars.
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M dwarfs are the most common stars in the Galaxy and prime targets in the search for potentially hab-
itable exoplanets. Their strong magnetic fields shape stellar atmospheres, drive winds, and critically
influence the environments of orbiting planets. A reliable characterisation of these fields is therefore
essential for both stellar astrophysics and planetary habitability studies. We investigate the mag-
netic field properties of M dwarfs using Zeeman broadening in high-resolution spectra. By comparing
commonly used diagnostic techniques with synthetic spectra generated from magnetohydrodynamic
simulations, we assess their ability to recover known magnetic field strengths. We show that some
of the widely adopted methods can underestimate the total magnetic field by up to 50%, whereas
another approach tested in this work provides a significantly more accurate recovery of the true field
strength. These results establish quantitative benchmarks for the interpretation of M-dwarf mag-
netic measurements from intensity spectra and highlight important limitations of common diagnostic
methodologies. Building on this, we are applying the best-performing magnetic diagnostic methods
to a sample of M dwarfs, including prominent rocky exoplanet hosts, observed with the CRIRES+
near-infrared spectrograph at the ESO Very Large Telescope.
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For several types of evolved stars the mechanisms driving their winds remain to be understood. For
AGB stars, pulsations and radiation pressure on dust are major ingredients. In other cases, e.g. red
supergiants, effects of magnetic fields and plasma might be of major importance. This requires efficient
ionisation mechanisms. Basic mechanisms include collisional and UV radiation excitation. Elements
with low first ionisation potential may give a degree of ionisation of order 0.0001. In contrast, for
hydrogen in a chromosphere, an essential region for the start of the wind, the gas is typically too
optically thick to allow radiation excitation and too cool to cause much collisional ionisation. Here a
combination of net collisional excitation to the n=2 level followed by further excitation by the optically
thin Balmer continuum radiation can cause hydrogen ionisation up to at least several percent.

We investigate realistic combinations of gas temperature and density, and Balmer continuum radiation
temperature, to find when the hydrogen degree of ionisation becomes significant. Ionisation is sensitive
to the chromospheric parameters, including an exponential dependence on local gas temperature and
on radiation temperature. A realistic scenario is that large regions have a small degree of ionisation
while hotter regions with a small filling factor have a much larger degree of ionisation.

We explore parameter space to find when plasma effects like resistive heating and Alfvén waves are
likely to occur.
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A major goal of the Habitable Worlds Observatory (HWO) is to precisely characterize exoplanets
and their atmospheres. However, magnetic activity from an exoplanet’s host star can complicate
measurements of both the stellar and planetary properties, and stellar activity can be an important
factor in our interpretation of the evolutionary history of an exoplanet. We have assessed the extent
to which magnetic activity has been characterized for potential HWO target stars by collating archival
measurements of relevant observables as published in a broad range of photometric and spectroscopic
datasets. In this presentation, we describe our data collection strategy and provide an overview of
currently known activity and rotation properties in the Activity and Rotation Catalog (ARC) for these
potential target stars. Overall, we find that stellar activity (S-index and R′

HK) and rotation (v sin i
and Prot) properties have been measured for at least 70% systems that are currently of high interest as
potential HWO atmospheric characterization targets. However, stellar activity is temporal in nature,
such that activity properties should be regularly monitored in order to remain up-to-date for informing
future observations. In particular, we find that stellar activity cycles are measured for fewer than 20%
of potential HWO target stars. Measuring a star’s activity cycle is critical for anticipating times when
higher levels of magnetic activity may occur during planned HWO observations, which may interfere
with measuring precise exoplanet atmospheric characteristics.
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We present newly classified X-ray emitting symbiotic stars detected in the eROSITA all-sky survey.
We have analysed the data of four eRASS surveys (eRASS1-4) individually as well as the combined
eRASS1:4 dataset. The classification was performed using extensive multi-wavelength studies of op-
tical, infrared, and UV counterparts of the X-ray sources. X-ray spectral and timing analyses have
provided a deeper understanding of the accretion properties of these newly classified X-ray emitting
symbiotic stars, making further studies of individual sources and population studies possible.
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We present 5 GHz Very Long Baseline Array observations of the T6 brown dwarf WISE J112254.72+255022.2
obtained over one year. The source is detected at all epochs as compact, strongly circularly polarised
radio emission modulated with a period of 1.95 ± 0.03 h, which we identify with the rotation period.
The long-term behaviour is dominated by a double-peaked profile, while one epoch shows a bright
100% polarised flare. The combination of high brightness temperature, strong polarisation, and rota-
tional modulation favours electron cyclotron maser emission rather than incoherent radio processes. A
simple geometric model reproduces the total and polarised light curves if the emission arises in circum-
polar auroral rings, analogous to Jupiter’s main auroral oval, with the flare likely tracing a localised
anisotropy or active longitude in the emitting region. In addition, the phase-referenced observations
provide sub-milliarcsecond astrometry, improving the proper motion and parallax of WISE J1122 by
about an order of magnitude. The results confirm its common motion with the wide M-dwarf com-
panion LHS 302 and place tight limits on unseen companions, excluding objects more massive than
Saturn over a broad range of orbital periods. Overall, WISE J1122 strengthens the emerging view that
some brown dwarfs host magnetospheric phenomena closely analogous to those seen in giant planets.
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We investigate how tidal locking affects the magnetic field generation and magnetospheric protection
of Earth-like planets orbiting the habitable zone of M dwarfs. While the role of stellar activity has
been widely studied, the impact of tidal locking on the planetary dynamo remains largely unexplored.
We develop a framework that couples the stellar wind with two distinct dynamo paradigms, direct ro-
tational scaling of a dipolar field, and energy-flux scaling, where the local Rossby number governs the
magnetic geometry, and captures a potential transition from a dipolar to a multipolar configuration.
Our model accounts for a smooth transition towards synchronous rotation through an exponential
spin-down and a probabilistic approach. We find that tidal locking acts as a severe negative feedback
on planetary magnetism across both paradigms, where in some cases the dipolar field collapses be-
fore full tidal synchronization is reached. At the inner boundary, nearly the entire sample is tidally
locked and the intrinsic magnetic fields are significantly attenuated. The outer boundary provides a
favorable environment only for early-type M dwarfs (M⋆ > 0.39M⊙), where planets avoid rotational
synchronization and reside outside the sub-Alfvénic regime, maintaining a likelihood of atmospheric
protection of typically 100%. For mid-to-late M dwarfs, the combination of inevitable tidal locking and
sub-Alfvénic environment results in a total collapse of the magnetic shield into the planetary surface,
reducing the likelihood of atmospheric protection to essentially zero across the entire habitable zone.
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Recent simultaneous multiwavelength observations by the Transiting Exoplanet Survey Satellite (TESS),
Seimei telescope, and Neutron star Interior Composition Explorer (NICER), have provided evidence
for stellar prominence eruptions associated with superflares on a young solar-type star EK Draconis
(EK Dra) (Namekata et al. 2024a). Such superflares are suggested to have been caused by large spots
on the polarity inversion line near the stellar limb from the concurrent result of the Zeeman Doppler
Imaging (ZDI) at the Bernard Lyot telescope (Namekata et al. 2024b). Thus, to investigate the re-
lation between spot locations from the optical photometry and occurrence of superflares, we perform
starspot mapping for the TESS light curve of EK Dra with the code (Ikuta et al. 2020). We also
analyze the rotational variability of the TESS light curve, Hα spectrum by the Seimei/KOOLS-IFU,
and X-ray data by the NICER, each of which corresponds to the stellar photosphere, chromosphere,
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and stellar atmosphere (corona), respectively. As a result, we find that (i) some spots are deduced
to be near the limb when superflares occurred, (ii) spot locations are consistent with those obtained
from the ZDI except for a polar spot, and (iii) the Hα spectrum produced around spots exhibits clear
periodicity with respect to the TESS light curve. However, the X-ray data does not show such strong
association probably because of multiple spots on the surface and the extended spatial structure of
coronal active regions (Ikuta et al. 2026). This study enables us to explore the relation between
stellar magnetic fields and the stellar atmosphere toward quantifying the stellar XUV radiation to the
planetary atmosphere.
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We investigate the relationship between magnetic activity and chromospheric emissions in the active
K-type star PW And. By combining high-cadence TESS photometry with simultaneous ground-based
spectroscopy from the Nayuta telescope (Nishi-Harima Astronomical Observatory), we monitored Ha
and Ca II Infrared Triplet (IRT) lines over two periods in 2022 and 2024.

Our results reveal a clear anti-correlation between the TESS light curve and Ha intensity, suggest-
ing that Ha emission is dominated by plage regions associated with starspots. In contrast, the Ca
II IRT lines showed weaker correlation with the rotational phase, indicating different sensitivity to
spot-induced variations. While starspot coverage increased in 2024 compared to 2022, the average chro-
mospheric emission levels remained stable, pointing to complex activity timescales. We also discuss
the correlation between Ha and Ca II 8542A core intensities as an indicator of localized atmospheric
heating. These findings demonstrate the importance of multi-wavelength, simultaneous observations
in characterizing the magnetic activity of K-type stars.
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At a distance of ∼100pc and an age of 100-150Myr, the Volans–Carina association (VCA) occupies
an under-sampled region of the distance–age parameter space of nearby stellar populations, making it
an important benchmark for studying the evolution of stellar coronal activity in X-rays. The VCA is
relatively compact on the sky and hosts a modest population of 65 candidate members, of which 19
have confirmed membership based on full 3D kinematics. Its limited spatial extent and manageable
membership size enable a near-complete X-ray census that is not feasible for richer associations such
as the Pleiades or Hyades, allowing us to probe the X-ray luminosity function across a wide stellar
mass range.

In this work, we present an X-ray census of the VCA. We revisit the membership list originally
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compiled by Gagné et al. (2018), using Gaia DR3 astrometry and photometry, together with new
radial velocity values derived from a specialized automated search. This revision raises doubts on
the membership of three candidates and three confirmed members, underscoring the importance of
reassessing young association memberships using updated kinematic information. We use data from
ROSAT, eROSITA, and XMM-Newton, achieving X-ray coverage for approximately 94% of the secure
members and candidates. This high level of completeness allows us to reconstruct an X-ray sequence
for the association, extending down to ∼0.2M⊙. As a function of Gaia colors, we present the resulting
distributions of X-ray luminosity and fractional X-ray luminosity. Our results provide one of the most
complete views to date of coronal activity in an intermediate-age association, allowing us to produce
a direct comparison with younger and older populations without being dominated by upper limits.
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The Canis Major OB1/R1 association (CMa) is a complex star-forming region hosting stellar groups
aged between 1.5 to 18 Myr and spanning over 80 sq. deg. Its morphology, together with the pres-
ence of runaway stars, suggests that multiple supernovae (SNe) events have affected its star formation
history. A comprehensive stellar population census is essential to probe whether star formation has
been induced or inhibited by the SNe in the region. Low-mass pre-main-sequence stars are known
to be X-ray emitters due to magnetic activity. Previous X-ray studies in CMa using ROSAT and
XMM-Newton satellites revealed together hundreds of low-mass young stars with pointed observa-
tions. However, those observations only covered a small ( 3 deg x 2 deg) portion of the association.
The all-sky survey performed by the extended ROentgen Survey with an Imaging Telescope Array
(eROSITA) has made it possible to explore the whole region in X-rays. In this work we identify
optical and infrared (IR) counterparts to eROSITA soft X-ray emission among previously identified
members and candidates of the association. By combining eROSITA data with optical and IR pho-
tometry from Gaia, 2MASS, and WISE, we characterise these objects in a multiwavelength domain.
In addition, we propose new candidate members for the association based on their X-ray emission. We
also made use of existing catalogues of counterparts for eROSITA sources, derived from both geomet-
ric and photometric properties (e.g., NWAY and HamStar), to support and validate our results. Our
analysis provides new insights into the stellar population of CMa. They also contribute to the under-
standing of the evolution of stellar activity and the influence of X-ray emission in the circumstellar
environment.
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Stellar coronae exhibit a wide range of temperatures and X-ray luminosities across different stellar
environments, yet the physical origin of this diversity remains incompletely understood. Stellar metal-
licity is expected to be one of the key parameters controlling coronal structure through its influence on
radiative cooling efficiency. Previous numerical studies have shown that reduced metallicity can pro-
duce hotter, denser, and X-ray brighter coronae owing to suppressed radiative cooling. In this work,
we extend metallicity-dependent coronal scaling relations by incorporating the effects of turbulent-
scattering conduction, allowing the framework to be applied to more active stellar coronae. This
extension preserves the explicit metallicity dependence while accounting for modified heat transport
in strongly magnetized and highly dynamic coronal environments. The resulting analytical relation
predicts how metallicity and turbulent conduction jointly regulate coronal temperature and density,
providing a natural extension of classical RTV scaling laws into active stellar regimes. We also com-
pare these theoretical predictions with stellar observational samples spanning a range of metallicities
and coronal activity levels. A fraction of the observed coronal temperatures are reproduced within
the theoretical expectations, supporting the overall validity of the extended framework. These results
highlight the important role of metallicity in shaping stellar coronal energetics across diverse stellar
environments.

ID: P2050
Linking TESS White-Light Flares to SDSS-V Chromospheric Variability in M-Dwarfs

Presenter: Andrea Bracamonte (The Graduate Center, City University of New York)
Author list:
Dax Feliz (1), Ruth Angus(2) , Andy Casey(1,3)
(1) City University of New York Graduate Center 2: Center for Computational Astrophysics, Flatiron
Institute (2) American Museum of Natural History (3) School of Physics & Astronomy, Monash Uni-
versity
Session: Magnetic Activity and Large-scale Events

Stellar activity in M dwarfs plays a crucial role in shaping the environments of orbiting exoplanets. En-
ergetic magnetic events, particularly flares and coronal mass ejections (CMEs), can drive atmospheric
escape and affect planetary habitability. Despite their potential impact, stellar CMEs remain among
the most elusive phenomena in time-domain astronomy. We present a cross-match of TESS SPOC
light curves with multi-epoch SDSS-V (BOSS) spectroscopic observations, which we use to search for
spectroscopic signatures of CMEs accompanying white-light flares in M dwarfs. For stars with simul-
taneous TESS and SDSS-V observations, and clear flaring activity, we model Hα and Hβ line profiles
to quantify equivalent width enhancements and search for wing asymmetries as CME-candidate prox-
ies. We present preliminary results from two M dwarf targets (Teff 3074–3514 K) with coincident
flare photometry and spectroscopy. Neither target yields unambiguous CME detection; however, one
target exhibits a significant Hβ blue-wing asymmetry during a flare epoch, though the possible binary
status of this star precludes a definitive CME classification. These results highlight both the promise
and current limitations of large spectroscopic surveys for CME science, and lay the groundwork for
statistical CME studies in the era of SDSS-V, TESS, and future time-domain missions.
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Flares and coronal mass ejections (CMEs) play a key role in shaping the space environment of the Sun
and stars and contribute to the angular momentum evolution of young, cool stars. While space-based
high-cadence photometry has provided important constraints on stellar flare rates, direct detections
of stellar CMEs remain elusive. On the Sun, flares and CMEs are often linked, and testing whether
this connection holds for other stars is essential. We have conducted a mini-survey targeting the
most active flaring stars in the southern sky to investigate this relationship. The sample, selected
from TESS data using the FLATW’RM2 deep-learning flare detection code, consists of 10 stars of
spectral type M-G exhibiting on average 0.5–2 flares per day in the TESS data. For each target, we
obtained 10–15 hours of time-series spectroscopy with the FEROS spectrograph at the MPG/ESO
2.2 m telescope at La Silla Observatory. FEROS provides a resolving power of 48,000 and wavelength
coverage from 3500 to 9200 Å in a single exposure. In this poster, we present the results of this survey.
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Between 2016 and 2020, the CARMENES spectrographs at the 3.5 m telescope of the Calar Alto
Observatory in Almería, Spain, collected almost 20 000 visible-light and near-infrared spectra of 362
M dwarfs during guaranteed time observations (GTO) in its quest to find planet-induced radial velocity
(RV) modulations. However, activity phenomena can affect the shape of the spectral lines in a way
that also leads to periodic variations in the measured RV.

From each CARMENES GTO spectrum, we derived two sets of activity indicators based on different
kinds of spectral features: indices of molecular absorption bands formed in the photosphere and pseudo-
equivalent widths of atomic lines that may show a chromospheric component. By stacking generalised
Lomb-Scargle periodograms of the photospheric and the chromospheric activity indicators for each
star, we search for periodic variations and compare them to known rotation periods of the stars. We
show that using spectra that were corrected for absorption lines formed in the Earth’s atmosphere
mitigates strong modulations with a period of one year and its integer fractions. Our catalogue of
activity indicators is not only a valuable trove of information to study the activity of low-mass stars,
but can also help to discriminate planet-induced Doppler-shift modulations from activity-induced
modulations.
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Superflares observed on giant stars can reach energies many orders of magnitude higher than the most
powerful solar flares, raising fundamental questions about their physical origin and whether they can
be explained by scaled-up versions of solar-type magnetic dynamo processes. In this work, we revisit
our previous target, the superflaring red giant star KIC 2852961, to reexamine its flare activity and
refine our previous interpretation in light of new observations. We refine the absolute parameters
based on the new parallax from Gaia DR3 and show that our red giant star is actually the primary
component of a close binary system, the other member of which is a faint red dwarf, which we have
only speculated about so far. We consider the possible effects of binarity, since in such close RS CVn
systems there is good reason to assume that tidal effects modulate the magnetic activity of the primary
star, and may even affect the occurrence of flares along the orbital phase.
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It is believed that powerful non-stationary processes such as flares and coronal mass ejections are
detected primarily near solar cycle maxima. This is true for distributions of all kinds of flares. However,
our analysis of data on the great flares since 1975 when the GOES monitoring started, lead us to other
more refined conclusions. We traced the latitudinal distribution of the X-class flares throughout four
cycles – dependence of the X-class on the phase of the cycle. Besides, we compared directly their
positions with the magnetic field structure. We found that the relatively weak X4-7 flares occur at
relatively high latitudes, 15-20 degrees, where two waves of activity converge – one, moving toward
the equator, and the second, the wave of the next cycle, directed poleward. Such events are observed
almost constantly, appearing 1-2 years before the cycle maximum. At the same time, the number
of the powerful X-ray flares increases sharply during the maximum phase, but the greatest >X10
flares are observed at the beginning of the decline phase, where wave interactions still persist, and
throughout the decline phase. Note that they are practically absent during the cycle’s growth phase.
Thus, we conclude that the greatest X-ray flares begin to appear 1-2 years before the maximum
number of sunspots in the overlapping phase, when various kinds of activity waves coexist on the Sun
at relatively high latitudes, and then continue to appear at the boundary separating the wave of local
fields and the poleward wave of the next cycle.
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Proxima Cen is our closest stellar and planetary system neighbor. As a late-type M dwarf, it presents
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an opportunity to study a stellar structure and magnetic dynamo distinct from the Sun. Longitudinal
studies of flaring activity in Proxima Cen are particularly important since it is one of very few fully
convective stars known to have a long-term activity cycle. We analyze TESS observations from 2019 to
2026, identifying and characterizing dozens of flares. We find that Proxima Cen’s flares are most likely
being drawn from one parent distribution despite marked differences in the frequency and intensity of
flares across the cycle. We conclude that flaring activity is a promising yet elusive technique for finding
long-term activity cycles that is complicated by limited long-term high-cadence monitoring of many
stars. The long-term activity cycle and the modulation of flaring activity are important considerations
for the habitability of Proxima Cen b.
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Characterising the shortest timescales of energy release in stellar flares is essential for understanding
the corona and stellar activity in general. We are interested in quasi-periodic pulsations (QPPs)
which are frequently observed in Solar flares with periods ranging from a few seconds to several
minutes. Observations of stellar flares from space-photometry have reported QPPs with a periodicity
down to 40s. However, the presence of short-period QPPs in the optical regime is often masked by
stochastic noise and their detection suffer from insufficient temporal resolution. Here, we present
new observations with the ESA space mission CHEOPS to investigate the high-frequency behaviour
of flares on active cool stars. The unprecedented temporal resolution of 2.7s allows us to probe a
temporal regime that is typically inaccessible with standard space-based photometry. We characterise
the short-term variability of our Solar-like targets and present our search for short-period oscillations
during flaring events. This work highlights the potential of the CHEOPS mission for short cadence
observations of stellar variability.
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We present a flare analysis of the active late-type star V833 Tau using multi-sector TESS observations.
Flare events were identified through a semi-automated approach combining sigma-based detection and
manual inspection, allowing reliable characterization of both simple and complex flare morphologies.
Flare energies were derived from equivalent duration measurements using an SED-based estimate of
the stellar luminosity in the TESS band-pass. The cumulative flare frequency distribution (FFD)
follows a power law with slope a � -0.77, indicating a relatively strong contribution from high-energy
events. Sector-by-sector analysis shows no statistically significant variation in FFD slopes, suggesting
that the flare generation process remained broadly stable over the observed time baseline. No statis-
tically significant clustering of flare occurrence with rotational phase is detected, even for the most
energetic events. The absence of a clear phase dependence indicates that flares are not concentrated at
a small number of persistent active longitudes. However, this does not uniquely determine the spatial
relationship between chromospheric flares and photospheric starspots. The observed behaviour may
also be explained by geometric effects, such as high-latitude or polar active regions, or by a distributed
spot configuration in which active regions remain visible over a wide range of rotational phases. These
results highlight the need for complementary surface mapping and chromospheric diagnostics to clarify
the connection between photospheric and chromospheric activity.
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This study aims to extend magnetic field measurements into the regime of brown dwarfs, enabling
comparison with low-mass stars and providing additional information on magnetic fields across the
stellar–substellar boundary. These efforts contribute to a more comprehensive understanding of dy-
namo processes in fully convective objects and clarify the role of magnetic fields in their atmospheric
structure and evolution.

Building on this foundation, high-resolution near-infrared spectra acquired with the CRIRES+ in-
strument are analysed to investigate magnetically sensitive absorption lines and with the goal of con-
straining surface-averaged magnetic field strengths. The methodology involves comparing observed
with synthetic spectra and incorporates Zeeman broadening through multi-component magnetic filling
factors. The sample includes objects observed in the near-infrared Y band with spectral types ranging
from M5.5 to L1.7, and in the K band from M9 to L6.5. In the Y band, the measured signal-to-noise
ratio per resolution element ranges from 53.6 to 171.7 around 1 µm.

A primary limitation of the current dataset arises from the faintness of the targets, the weakness of
several diagnostic lines, and possible rotational broadening, which can make the comparison between
models and observations more challenging. Within these constraints, we apply careful radial velocity
correction, continuum normalisation, and a consistent comparison between observed and synthetic
spectra. This allows us to examine line shapes and widths and to assess whether additional broadening
is present in magnetically sensitive lines. The comparison with synthetic spectra is ongoing and
provides a framework to evaluate the presence or absence of Zeeman broadening in selected features.
A quantitative determination of magnetic field strengths will follow from detailed spectral modelling,
where feasible.
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The TESS Continuous Viewing Zone (CVZ) now consists of over 7 years of short-cadence, consistent
monitoring for over 14,000 stars from a single instrument. Using these data, we characterize each star’s
stellar flares in the search for long term variability in flare rates which can reflect the electromagnetic
properties of a star, most notably activity cycle. The Sun has a well documented solar cycle that is
traced well by its flares; however, activity cycles have not yet been confirmed as a common occurrence
across stellar types. Of particular interest are M dwarfs due to their fully convective envelopes, and
dynamo models that may differ substantially from the solar case. In this work, we performed an
extensive search for stellar flares across the CVZ, and visually analyzed a set of flare metrics for 1,775
stars with robust flare detections. From this analysis, we identify eight stars that show evidence for
long-term variability in their flare activity. These candidates provide new targets for studying stellar
magnetic cycles and demonstrate the power of long-baseline TESS monitoring for probing magnetic
variability beyond the Sun.
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Stellar flares on M-dwarfs are more energetic and frequent than their solar counterparts. While these
events impact exoplanet habitability, few multiwavelength campaigns exist to constrain their underly-
ing particle acceleration physics. We present high-frequency Karl G. Jansky Very Large Array (JVLA)
radio data from two multiwavelength campaigns targeting AU Mic, a 22 Myr active M-dwarf hosting
a debris disk and transiting exoplanets. Radio observations uniquely probe gyrosynchrotron radiation
from accelerated electrons within magnetic loops. Specifically, constraining the optically thin spectral
index informs the electron energy distribution, which is a major outstanding parameter in broadband
stellar flare modeling. The first campaign includes 20 hours of 12–18 GHz data over four days, where
25% of detected flares are optically thin. For these events, the total electron kinetic energy can ex-
plain the simultaneous, multiwavelength radiated energy if magnetic field strengths are within 500–700
G. Furthermore, the quiescent baseline (1–3 mJy) exhibits a variable, optically thin gyrosynchrotron
component with spectral indices similar to some flares. This persistent emission likely arises from
continuous particle acceleration from unresolved micro-flares across the stellar surface. The second
campaign comprises 5 hours of sequential 12–18 GHz and 18–26 GHz observations. The quiescent
flux is fainter ( 0.4 mJy) but is best described by a gyrosynchrotron spectrum peaking at 17 GHz.
This spectral shape suggests compact source regions (<1% of the stellar surface) with strong 1 kG
magnetic fields, further supporting micro-flaring. These campaigns suggest that continuous micro-
flaring drives the high-frequency, non-thermal radio environment of active M-dwarfs, though further
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multiwavelength flare relations and their impacts on space weather will require dedicated follow-up
observations.
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Challenges from stellar active regions (ARs) are still the main limitation to obtaining precise and
accurate exoplanet mass estimates using radial velocity (RV) time series. The most successful AR
models thus far are produced via Gaussian process regression with a quasi-periodic kernel (GPQP)
and treat the average distribution of stellar ARs on a star as constant across several observing seasons.
However, ARs on stars that are observed seasonally can change significantly from season to season
after periods of at least several months. We have developed a new GPQP strategy that allows the AR
signal hyper-parameters to vary from season to season, allowing changes in the average distribution of
ARs to be captured directly. We tested the effectiveness of our new strategy for Sun-like stars when
compared to the traditional GPQP method. With strategic selection of the HARPS-N solar data, we
simulated a single dataset with three individual seasons and injected an exoplanet signal with an RV
semi-amplitude of K =1.0 m/s. We performed fits to our simulated datasets using both the traditional
strategy and our new seasonal strategy and compared the results with the input planet parameters.
Our results show that the new strategy improves accuracy by 59.3% (bias reduction) and improves
precision by 26.7%. In cases of low-mass stars, long-lived and slowly evolving ARs can be difficult
to distinguish from planet signals. Through simulation, our group is currently exploring whether the
application of our new GPQP strategy to seasonal RVs collected with several-year gaps will enable
more accurate characterization of planetary signals and reduce AR-driven error.
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Young solar-type stars frequently produce superflares with energies more than an order of magnitude
larger than the largest flares observed on the present-day Sun. In solar flares, magnetic energy re-
lease drives coronal dynamics such as chromospheric evaporation and coronal mass ejections (CMEs).
However, such flare-driven coronal dynamics on stars other than the Sun remain poorly understood,
although they are important for assessing the impact of high-energy X-ray radiation and CMEs on
surrounding planetary environments. Here we performed 5-day X-ray monitoring campaign obser-
vations of AB Doradus, a rapidly rotating K-type young star at 15 pc and an age of 50 Myr. Its
high magnetic activity and frequent flaring make it an ideal proxy for investigating the activity of
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the young Sun. XRISM carries Resolve, an unprecedented high-resolution X-ray microcalorimeter
covering the 1.7-12 keV band, and Xtend, an X-ray imaging spectrometer covering the 0.4-13 keV
band. Multiwavelength data were also obtained during almost the same period, including ultraviolet
spectroscopy with HST/COS, optical photometry with TESS, ground-based optical spectroscopic ob-
servations with LCO/NRES, SAAO/SpUpNIC, ESO telescope/PLATOSpec, and the AAT, and radio
observations with MeerKAT. From the Xtend data, we detected 27 flares during a total exposure of
approximately 350 ks. We also found soft X-ray dimming events, characterized by decreases in the soft
X-ray count rates. Such dimmings may be caused by the evacuation of X-ray-emitting coronal plasma
associated with stellar CMEs, by the absorption of stellar radiation due to cool eruptive/slingshot
prominences, or just due to stellar rotation. In this presentation, we focus on the soft X-ray dimmings
observed by Xtend and compare spectra before and during/after the dimming intervals. By examining
changes in plasma temperature, emission measure, and absorption column density, we will test which
mechanism is responsible for the observed dimmings.
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Solar and stellar flares are sudden brightenings across a wide wavelength range, from radio to X-
ray. They are thought to be caused by rapid releases of magnetic energy via magnetic reconnection.
For stellar flares on M-dwarfs, the optical flare continuum shows a blackbody-like spectral energy
distribution with an effective temperature of 8000-10000 K (e.g., Hawley and Fisher 1992). Recent
studies suggest the effective temperature of the flare continuum peaks at the flare peak, then decreases
during the decay phase (e.g., Howard et al., 2020; Ichihara et al., 2025). We conducted time-series
spectroscopy of the M-dwarf YZ CMi at a time cadence of 2.0-2.5 sec using TriCCS mounted on the
3.8-m Seimei telescope at Okayama, Japan, to investigate detailed temporal changes in the spectra
during flares. We detected two flares with different temporal profiles: one (flare A) shows a rapid
rise and rapid decay with a time scale of <10 seconds, and the other (flare B) shows an initial rapid
rise and decay, followed by a long-lasting ( 60 seconds) secondary peak and gradual decay. From the
observed time-resolved flare spectra, we found that the color temperatures of the flare continuum at
the initial flare peak were 10000 K for both flares. In flare A, the temperature decreased rapidly as the
flare decayed. For flare B, the temperature lasted 8000 K during the secondary peak, then gradually
decreased. We also found that the H-alpha/H-gamma ratio reached a minimum at the initial flare
peak, then increased as the flare decayed in the case of flare A. For flare B, the H-alpha/H-gamma ratio
reached a minimum, remained roughly constant during the initial peak and the long-lasting secondary
peak, and then gradually increased. These results suggest that energy deposition and heating due to
magnetic reconnection might persist throughout the initial and secondary peaks in the long-duration
flare (flare B).
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T Tauri stars (TTSs) exhibit strong magnetic activity, producing energetic flares—often more powerful
than those of main-sequence stars—that may significantly influence circumstellar disk evolution and
the environments of planet formation. While X-ray surveys preferentially detect large events, optical
observations of white-light flares (WLFs) enable the exploration of lower-energy flares (Ebol ≲ 1036

erg), whose statistical properties remain poorly constrained due to the limited number of target stars
in previous studies. In this study, we exploit the wide-field and high-time-resolution capabilities of the
Tomo-e Gozen camera mounted on the 105 cm Kiso Schmidt Telescope at Kiso Observatory, Japan, to
perform 1-second cadence monitoring of over 200 TTSs in the Taurus star-forming region. This unique
dataset allows us, for the first time, to statistically investigate low-energy, short-duration flares and
characterize the detailed morphology of their light curves. We detected seven flares, including events
down to Ebol ∼ 1032 erg, about two orders of magnitude lower than those in previous studies. We
find that such low-energy flares occur at least once per 10 days per star, with frequencies comparable
to or exceeding those of larger flares and similar to those in main-sequence stars. Notably, these
flares exhibit longer decay times than main-sequence counterparts with similar rise times, suggesting
sustained heating in larger and more complex magnetic loop structures on TTSs.
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Solar flares are incredibly powerful bursts of energy, driven by the magnetic activity on the Sun.
Studying how solar flares manifest in disk-integrated (Sun-as-a-star) spectra provides important insight
into flare physics across solar and stellar contexts. This knowledge is essential for separating flare
activity from the signals used to detect exoplanets. We use data from the Keck Planet Finder Solar
Calibrator (KPF SoCal) to analyze the X1.3 flare event on August 8, 2024 at extreme precision. KPF
SoCal observes the disk-integrated Sun daily, across an optical range of 445 to 870 nm at one-minute
cadence, 20 cm/s Doppler stability, and a signal-to-noise ratio (S/N) of 1500. This coverage includes
key features, such as hydrogen lines and the Ca II triplet. We examine how these features respond
during the flare event, and intend to extend this analysis across all lines in the KPF bandpass to
assemble a flare-sensitive line list that can be used for other stars.
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We monitored LQ Hya for 52 nights using Pucheros+ echelle spectrograph and simultaneous g’ band
photometry on the ESO 1.52m telescope at La Silla. We identified over 30 flares on Hα and 3 flares in
the photometry. Using the strongest flare in the sample, we discern lines showing excess emission while
flaring. However, part of this emission is caused by the flare continuum contribution and not intrinsic
line variability. This is a consequence of flux-normalised nature of the spectra diluting line depths by
flare continuum. We were able to correct for this effect with photometry-based relative flux calibra-
tion. We propose the dilution as measured by the ccf-profile to be an alternative means of obtaining
the flare continuum contribution when photometry is not available. Moreover, per-order profiles and
quiet star flux-calibrated spectra provide a spectral energy distribution for the flare continuum.
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Flares result from a catastrophic release of magnetic energy into the upper stellar atmosphere, driv-
ing particle acceleration, atmospheric heating, and mass motions. Flares are an important facet of
space weather in our solar system and in exoplanetary systems around other cool stars. Electron
beam-driven chromospheric “condensations” are thought to be one of the most important sources
of flare radiation, from the ultraviolet through the infrared. However, our understanding of these
phenomena has been largely limited to one-dimensional modeling over the past five decades. The
limitations inhibit the degree to which commonly observed spectral phenomena, such as the redshifts
and broadening of emission lines, can be reproduced. We thus present numerical experiments with
the FLASH code to determine how chromospheric pressure pulses evolve differently in 1D, 2D and 3D.
We show that high resolution observations of hydrogen emission lines could test the multi-dimensional
heterogeneity predicted by the model pressure pulses. These first numerical experiments provide a
general framework to expand upon with additional physics in the energy equation.
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We present results from 6 years of a planned 10-year survey of Ca II H & K emission, using obser-
vations made with the ARC 3.5m Telescope at Apache Point Observatory. Our monitoring sample
of 153 bright stars (G < 12) includes three distinct subsamples: active stars from the Mount Wilson
Observatory (MWO) Survey with historic S-index measurements, newly discovered K- and M-dwarf
planet host stars, and a handful of highly active M-dwarfs. With approximately 8-10 precise mea-
surements gathered per object thus far, we are able to confirm the periodic nature of many stars
with long term activity cycles identified in the MWO survey, including HD 81809, HD 103095, and
HD 22049. We also find indications of both secular and periodic S-index variability in some of the
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planet host stars, including TOI 2341 and TOI 1467. Finally, we present new S-index measurements
of the active K-dwarf planet host star, HAT-P-11, showing a sharp drop in the S-index activity level
in 2023 before increasing again in 2025. These data provide further evidence, beyond the starspot
distributions presented in Morris et al. 2017, suggesting HAT-P-11 has a solar-like dynamo driving its
activity.
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Detecting exoplanetary auroral radio emissions is essential for proving the existence of planetary
magnetic fields and assessing habitability. Despite efforts using LOFAR [Turner et al., 2021], definitive
detection remains challenging due to terrestrial Radio Frequency Interference (RFI) masking weak
signals.Building upon previous work using Generative Adversarial Networks (GANs) [Ogawa, 2024]
and balanced Consistency Regularization (bCR) [Inaba, 2025], which improved the signal-to-noise
(S/N) ratio from 1.29 to 7.99±2.16, we address the remaining issue of numerical artifacts. Previous
models suffered from discontinuities at image boundaries caused by the tiling process, hindering the
identification of subtle signals.We developed an optimized reconstruction method incorporating a 64-
pixel overlap between adjacent image segments, applying a cosine-based weighted average (blending).
Validation using Jovian radio data demonstrates that our method effectively eliminates boundary
artifacts while further increasing the S/N ratio to 10.79 ± 2.45. These results confirm that high-
fidelity signal reproduction and robust noise suppression can be achieved simultaneously. Applying
this technique to NenuFAR observations will significantly enhance sensitivity to unknown exoplanetary
emissions, providing crucial constraints on their intrinsic magnetic fields.
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M dwarfs are prime targets for atmospheric characterisation of terrestrial exoplanets, yet their strong
magnetic activity and frequent flaring can profoundly alter planetary environments. Building on re-
cent work, we first characterised the flaring behaviour of young M dwarfs in terms of frequency, energy,
temporal evolution, and spectral properties as a function of stellar parameters such as rotation pe-
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riod, mass, and Hα activity. We showed that stars with similar fundamental properties can exhibit
markedly different flare frequency distributions, that optical and far-ultraviolet (FUV) flare behaviour
can diverge, and that rotation period is a more reliable predictor of flare activity than age alone.
These results motivate the use of piecewise (rather than single-slope) power laws to describe mid-size
and large flares in young and active M dwarfs, enabling more realistic flare sequences as inputs for
exoplanet atmosphere models.

In a second step, we developed the Young M dwarf flare (YMDF) model, a physically motivated
framework that couples radiative–hydrodynamic simulations of high- and low-energy electron beams
with synthetic observables to capture the spectral and temporal evolution of flares. The YMDF
model reproduces the observed continuum rise in both the TESS band and the FUV-A range, and
generates flare distributions consistent with those inferred for young moving group M dwarfs. Together,
the empirical constraints on flare frequency–energy distributions and the YMDF spectral–temporal
modelling provide a unified framework for constructing realistic flare histories of young, active M
dwarfs. This framework is directly applicable to studies of atmospheric escape, photochemistry, and
long-term habitability of terrestrial exoplanets in M-dwarf systems, and is well suited for synergy with
upcoming high-precision spectroscopic facilities.
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Magnetic star–planet interactions (SPI) are expected to produce low-frequency radio emission, such
signals remain elusive due to several limiting factors, including weak intrinsic power, directional beam-
ing, and Earth’s ionospheric cutoff. I will present a framework that combines stellar magnetic maps
from Zeeman Doppler Imaging with 3D magnetohydrodynamic wind simulations to model SPI-driven
radio emission originating from the star. This approach not only helps prioritize the most promising
targets for observation but also predicts how an SPI-induced signal should appear, enabling us to
distinguish it from other stellar or background emission. Applied to benchmark systems such as tau
Boo, HD 179949, and HD 189733, this framework provides a systematic, data-driven strategy to guide
current and future radio campaigns and bring us closer to the first robust detections of magnetic SPI
beyond our solar system.
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The standard picture of the interaction between protoplanetary disks and the stellar magnetic field of
the host star assumes a static stellar magnetic field and a continuous disk accretion along the stellar
closed magnetic loops. The physicality of this traditional picture can be easily challenged from simple
plasma physics considerations. We present a three-dimensional, time-dependent MHD simulation at
which the static stellar field is replaced by a more physical, non-potential, energized stellar corona that
includes self-consistent coronal heating and stellar wind acceleration. This simulation also completely
captures the interaction of the disk with the self-consistent stellar wind, which has not been included
in most past models. Our results show that the inclusion of an energized, self-consistent stellar corona
and stellar wind provide a very different picture than the traditional one, where the disk accretion is
weakened, and is much more sporadic. This weaker accretion should have implications for the study
of protoplanetary disk dynamics.
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I will discuss our team’s efforts to detect and characterize young transiting planet candidates previously
identified in surveys of young star clusters using data from NASA’s TESS and ESA’s Gaia missions.
We refine the systems’ properties using follow-up observations, including ground-based photometry,
high-resolution spectroscopy, and adaptive optics/speckle imaging. We confirm the youth of the host
stars based on their rapid rotations, strong lithium absorptions, and kinematic memberships in nearby
young open clusters. Radial velocity monitoring reveals variability consistent with stellar activity, but
constrains the companion mass to substellar regimes. Multi-band photometry, high-resolution imaging,
and RV analysis collectively rule out false-positive scenarios, validating the candidates as bona fide
planets. Given their periods and radii, we find these planets reside within the Neptunian desert, near
the so-called Neptunian ridge. I will also share our future plans for further characterization these
young systems including their orbits and atmospheres.
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Recent low-frequency surveys have identified a population of nearby M dwarfs that emit bright, cir-
cularly polarized radio emission at low frequencies (≲200 MHz). This emission is thought to arise
very high in the corona, or through magnetic interactions with a close-in planet. Consequently, low-
frequency radio observations provide the unique opportunity to study stellar phenomena such as
coronal mass ejections, and could also offer a new way to discover planets that may be challenging
to detect with traditional discovery methods. Detecting magnetically interacting star–planet systems
could moreover enable characterization of the exoplanet’s magnetic field. In this talk, we will present
the population of radio-emitting M dwarfs identified in the full release of the circularly polarized
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LOFAR Two-metre Sky Survey (V-LoTSS) (144 MHz). We will describe their stellar properties and
report on planetary companions identified through spectroscopic follow-up with the Habitable-zone
Planet Finder and NEID spectrographs. Finally, we will conclude whether the detected radio emission
from these systems is consistent with magnetic star-planet interactions, and discuss the challenges of
unambiguously confirming such a detection.
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Most circumbinary planets have been discovered by their transits, limiting our understanding of such
systems to those with mutually coplanar architectures. This bias makes it difficult to infer the true
circumbinary planet population, highlighting the need for alternative detection methods that do not
rely on transits. To address this, we explore apsidal precession in eclipsing binaries as a dynamical
signature of planetary companions. Using TESS photometry for a large sample of eclipsing binaries
drawn from the Gaia DR3 catalogue, we identify systems exhibiting measurable apsidal precession
that cannot be explained by general relativistic, tidal, or rotational effects alone. These excess preces-
sion signals point to the presence of additional gravitational perturbers and allow constraints to be
placed on the masses and orbital separations of potential companions. I will present a new sample of
circumbinary planet candidates identified through this dynamical approach, along with several higher-
mass companion candidates. Although the inferred companion properties remain degenerate, this
work demonstrates the promise of apsidal precession as a tool for uncovering potentially misaligned
circumbinary systems. I will highlight our ongoing efforts to incorporate radial velocity constraints and
extend this method to upcoming data releases (e.g. Gaia DR4), helping to reduce these degeneracies
and move toward a complete census of circumbinary companions.
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Accreting objects often exhibit excess line emission, including hydrogen lines. In typical accreting stars
such as classical T-Tauri stars, hydrogen-line profiles are frequently complex and asymmetric, in con-
trast to metal lines that can often be decomposed into narrow and broad symmetric components. The
narrow component is commonly attributed to emission from the accretion shock and can provide di-
rect constraints on accretion properties. If a shock-origin narrow component is detectable in hydrogen
lines—the most abundant species—it offers a particularly powerful diagnostic. Recent accretion-shock
models predict that post-shock hydrogen-line emission is highly efficient for moderate shock strengths,
as expected in low-mass objects (Aoyama et al. 2018). Indeed, some low-mass objects show relatively
narrow and symmetric hydrogen-line profiles. Here we apply the hydrogen-line emission model of
Aoyama et al. (2018) to 164 low-mass objects (≲ 0.5 M_sun) observed with VLT/Xshooter. Our
spectral fitting indicates that shock-origin narrow components dominate the hydrogen lines in most
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objects with M<0.1 M_sun and in 30% of objects with M<0.2 M_sun, suggesting that post-shock
emission remains important at higher masses than previously expected. The inferred parameters fur-
ther indicate that these relatively massive but shock-dominated cases have small disk truncation radii
(≲2 R_object), which reduce the pre-shock velocity significantly below the surface free-fall velocity.
Finally, we will discuss the magnetic flux strength inferred from the truncation radius and other
estimated accretion properties.
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M-type stars, the most common in the universe, are a major focus for surveys because they are
well-suited for detecting low-mass planets in the habitable zone. Despite their importance in the
formation and evolution of low-mass planets, little is known about giant planets (GPs) in M star
systems. Detecting long period GPs (with semi-major axis typically greater than 1 au) is difficult
with transit methods and challenging with radial velocities (RV) due to the faintness and relatively
high activity level of M stars. This significant limitation can be effectively addressed by combining
RV and direct imaging (DI) with Gaia-Hipparcos absolute astrometry.

In this context, I used the GaiaPMEX tool presented in Kiefer et al. (2025) to detect GPs around all
M stars closer than 15 pc with Gaia Data Release 3 data. GaiaPMEX uses astrometric data from Gaia
and Hipparcos data when available to build a two-dimension confidence map to constrain the mass and
the semi-major axis of the companion. When combining these maps with RV and DI detection limits,
we can rule out binary companions, as well as identifying and characterizing planetary companions.
I built a catalog of M dwarfs within 15 pc and using GaiaPMEX, I performed a systematic search
for GPs. This work revealed at least 36 new substellar companions including 10 GPs along with 76
additional substellar companion candidates. I will present the methods and results of this survey
which will allow the study of a new population of long period GPs and in particular, to derive the
radial distribution of GPs around M dwarfs beyond 1au.
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Young planets offer a unique window into the early stages of planetary evolution, but their character-
izations are often complicated by the strong activity of their young host stars. AU Mic is one of the
nearest pre-main sequence stars (∼20 Myr) hosting two transiting planets. We conducted RM mea-
surements to study the obliquities of the two planets using Magellan PFS, covering two consecutive
transits and long baselines on August 25 and 26, 2024. Contemporaneous photometric observations
and long-term photometric data spanning tens of stellar rotation periods were also collected. RVs on
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the consecutive nights reveal 200m/s-level long-term stellar rotation signal as well as a short-timescale
stellar signal around ingress of AU Mic c with a 20m/s amplitude, several times larger than the ex-
pected RM signal. While the rotation signal can be modeled using the long-term photometry data,
the short-timescale signal exhibits anomalous morphology in the RVs, simultaneous Ca H&K lines,
Hα lines, and photometry, complicating its physical interpretation. We tested different methods to
correct these two components including low-order polynomials, Gaussian process, chromatic analysis,
and spot modeling. The results from most methods confirm the aligned orbit of AU Mic b and suggest
a possible high obliquity of AU Mic c. However, despite a two-night observing strategy designed to
mitigate stellar activity, the transient short-timescale jitter precluded a precise constraint on AU Mic
c’s obliquity. This dataset highlights the importance of understanding stellar activity across multiple
timescales and provides a valuable platform for testing different methods to mitigate stellar jitter.
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Cool stars can have strong magnetic activity compared to the Sun, with flares and eruptions signifi-
cantly more energetic than what is observed in our solar system. The presence of close-in exoplanets
has been shown to impact the stellar flaring rate (Ilin et al. 2025), thought to be mainly caused
by star-planet magnetic interactions (SPMI). In these interactions, Alfvén waves can propagate from
the exoplanet back towards the star and deposit energy in the stellar atmosphere, forming localized
hotspots (Strugarek et al. 2025) or potentially triggering eruptions. Paul et al. (2025) investigated
the efficiency of such SPMI energy transfer by considering the reflection of Alfvén waves at the stellar
transition region, but in a simpler 1D magnetohydrodynamic (MHD) model.

In this talk, I will present the follow up of this study, moving towards a more realistic 3D scenario.
We investigate for the first time the propagation of Alfvén waves triggered by an afar exoplanet and
propagating across the different layers of the solar atmosphere. To do so, we use the radiative MHD
code Bifrost, designed to model in detail a localized region of the Sun from the convection zone up to
the corona. By injecting Alfvén waves at the top of the simulation domain, we quantify the fraction
of waves able to cross the transition region and how much energy is deposited at each height in the
atmosphere. I will follow up by explaining how these results apply to an observational case study
of the first tentative detection of SPMI in our solar system. Indeed, potential magnetic interactions
between the Sun and comet Lovejoy, traveling through the solar corona during its perihelion, seem to
have triggered solar eruptions, which has never been studied before. I will thus present the energetics
of such interactions during this event and explain how it helps us better understand SPMI in stellar
and exoplanetary systems.
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Through magnetic coupling with the stellar wind of cool stars, close-in exoplanets can channel magnetic
energy toward the stellar atmosphere via Alfvén waves. Star-planet magnetic interactions (SPMI)
therefore offer a unique window to study the coupled magnetism of cool stars and their short-period
planets. In existing analytical model (Saur et al. 2013, Lanza et al. 2013, Paul & Strugarek 2025)
the SPMI efficiency is primarly controlled by the topology, strength, and temporal variability of the
stellar magnetic field. However, all these models have considered so far that the planet was interacting
with a homogenous medium along its orbit. This assumption fails for complex stellar magnetic fields,
such as during solar maximum, and motivates the need for more realistic modelling.

I will present a 3D non-axisymmetric MHD model of the stellar wind of a cool star, explicitly including
for the first time the orbital motion of its exoplanet. The planet’s hypothetical magnetosphere is
also modelled. Our ab-initio simulation demonstrates how variations in the orbital phase affect the
excitation and transport of Alfvén waves triggered by the planet, leading to drastic changes in the
propagation of Alfvén wings over the two-day orbital timescale. As a result, the magnetic interaction
between the planet and its environment is found to vary significantly along the orbit and to depend
sensitively on the assumed size of the exoplanet magnetosphere.

We show that such modelling is now needed to go beyond order-of-magnitude estimates and toward
a precise characterisation of SPMI in the magnetically structured environments of cool stars. By ex-
plicitly accounting for stellar magnetic topology and variability, our model enables robust constraints
on exoplanetary magnetospheric properties through SPMI. Despite playing a crucial role in assess-
ing dynamo theories and atmospheric retention, exoplanetary magnetic fields still remain a largely
unexplored parameter.
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spots be?

Presenter: Dr. Arghyadeep Paul (CEA Paris Saclay, Paris, France)
Author list:
Arghyadeep Paul, Antoine Strugarek
Université Paris Cité, Université Paris-Saclay, CEA, CNRS, AIM, F-91191, Gif-sur-Yvette, France
Session: Cool Stars with Protoplanetary Disks and Exoplanetary Systems

Star–planet magnetic interactions (SPMIs) in the sub-Alfvénic regime are thought to generate stellar
chromospheric hotspots by channelling energy back to the host star, where it is ultimately dissipated
in the chromosphere. However, existing analytical scaling laws for the power transferred to the star are
often mutually inconsistent and tend to underestimate the hotspot powers inferred from observations.
In this work, we use 3D numerical simulations to establish a robust upper limit on the interaction power
channelled from the exoplanet back to the host star. By systematically varying planetary and stellar-
wind properties, we derive a numerically calibrated scaling law demonstrating that standard analytical
prescriptions significantly underestimate the total power by neglecting the contribution of the extended
Alfvén wing structures that develop during sub-Alfvénic interactions. Beyond characterising the stellar
response, we also examine the energy deposited into the exoplanet in the form of ionospheric heating.
We show that this heating depends sensitively on the local plasma environment governed by the stellar
wind, and we quantify how both the heating rates and the underlying mechanisms differ fundamentally
between sub-Alfvénic and super-Alfvénic stellar-wind regimes.

ID: P2083
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Context. Radial-velocity (RV) surveys of red giant stars provide crucial insight into the occurrence
of planets around evolved, intermediate-mass hosts, but are strongly affected by intrinsic stellar vari-
ability that can mimic planetary signals.

Aims. We aim to reassess the reliability of reported long-period exoplanet candidates around a sample
of 17 giant stars by testing the long-term stability and physical origin of their RV signals.

Methods. We combine more than two decades of archival RV data obtained with BOAO/BOES with
recent follow-up observations from the LCO/NRES network. The analysis employs RV extraction,
periodogram analysis, likelihood comparison between published-only and combined datasets, and an
examination of stellar activity indicators, with particular emphasis on the chromatic RV index (CRX).

Results. Based on RV coherence, model consistency, and activity correlations, we classify the targets
as consistent with published planetary solutions, inconclusive, or incompatible with a Keplerian origin.
In the latter class, two previously reported planet hosts exhibit a significant phase shift in their RV
signal, and two others exhibit a flat RV curve. Few signals consistent with the reported orbital
solutions show statistically significant correlations with CRX, supporting the presence of coherent RV
variability while preventing its unambiguous planetary interpretation.

Conclusions. Our results demonstrate that long-baseline, multi-instrument RV monitoring combined
with detailed activity diagnostics is essential for validating planets around red giant stars. We conclude
that standard main-sequence RV validation criteria are often insufficient for evolved stars. For giant
stars, robust confirmation requires tailored analysis strategies that explicitly account for stellar activity
on long timescales.
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Magnetism plays a fundamental role in the early evolution of stars, regulating star–disk interactions,
angular momentum transfer, and accretion processes. However, the properties of magnetic fields
and the nature of magnetospheric accretion during the embedded protostellar phase remain poorly
constrained.

SPIRou, the near-infrared spectropolarimeter at the Canada–France–Hawaii Telescope (CFHT), pro-
vides a unique opportunity to investigate simultaneously the magnetic and acrretion properties of
young stellar objects. Within the PROMETHEE (Protostellar Magnetism: Heritage vs. Evolution)
project, we obtained spectropolarimetric observations of a sample of 18 Class I and Flat-Spectrum
(FS) protostars, allowing us to detect and characterize their magnetic fields and study their accretion
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lines.

In this talk, I will present the results from these SPIRou observations. In particular, I will report the
first measurements of the large-scale magnetic fields in Class I sources, and their implication on the
star-disk interaction.

I will also describe our analyses of accretion through emission lines and their connection with the
measured magnetic fields, providing new insights into magnetospheric accretion processes at the pro-
tostellar stage. Finally, I will discuss the implications of these results for our understanding of mag-
netic field evolution during star formation and present future prospects combining SPIRou data with
complementary observations, such as GRAVITY+, to constrain the geometry of accretion flows.
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Despite their rarity, Giant Exoplanets around M-dwarf Stars (GEMS) are easily detectable and char-
acterizable given their advantageous radius and mass ratios compared to their small, cool host stars.
Recently, the population of GEMS discovered has grown, yet their existence continues to challenge our
current frameworks of planet formation models. Understanding the nature of this unique population
of planets motivated our JWST GEMS program, the largest JWST Cycle 2 GO exoplanet program,
to observe seven of these mysterious objects with NIRSpec/PRISM to constrain their atmospheric
compositions and provide insight into their formation histories. Our JWST observations reveal these
planets often show strong stellar contamination signals, but due to their size ratios against their host
stars also still have strongly detectable atmospheric features, allowing us to understand both planet
and host better. We find atmospheric compositions that are markedly different from those of many
giant exoplanets orbiting other stellar types, with extremely low metallicities and a diverse set of
molecular features. Here, I will present results from our entire sample, highlighting the star-planet
connection, the uniqueness of these atmospheres in comparison to planets orbiting other stellar types,
and lessons learned.
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In the era of the James Webb Space Telescope (JWST) and large ground-based telescopes, Jupiter-
class exoplanet atmospheres are being characterized in unprecedented detail. Studies have revealed
the presence of several carbon- and oxygen-bearing species including CO, CO2, and H2O. Volatile
ratios like C/O and 12C/12C offer crucial diagnostics for a planet’s formation, migration and accretion
history. Such diagnostics, however, require host star abundances for context which are exceedingly
rare in the literature for K dwarf stars.
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To address this gap, I present an elemental and isotopic abundance analysis for six high-priority, solar
to super-solar metallicity K dwarf exoplanet host stars. Each of these stars hosts a giant exoplanet
companion targeted by JWST atmospheric characterization efforts. I use MARCS atmospheric models,
the TurboSpectrum spectral synthesis code, and high-resolution, high S/N IGRINS spectra. The NIR
coverage provides several well-resolved CO and OH lines used to derive novel [C/H], [O/H], 12C/13C
abundance ratios via a chi-squared minimization routine.

Elemental carbon and oxygen abundances for the sample are found to be solar to super-solar with C/O
ratios ranging from 0.48 to 0.81. Isotopic 12C/13C are mostly sub-solar, indicating enrichment in the
minor isotope 13C. Statistical uncertainties on these measurements are small and instead dominated by
systematic uncertainties arising from the choice of fundamental stellar parameters including effective
temperature, surface gravity, and metallicity. I will discuss the pros and cons of current techniques
for determining these parameters and ages since they, alongside chemical abundances, provide crucial
context for planetary growth and galactic chemical evolution models. Finally, I will also discuss how
these host star abundances can now be used to constrain the atmospheres, interiors, and evolution
histories of their companion exoplanets.
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Recent observational studies have suggested that the Sun may be chemically peculiar relative to the
majority of solar twins, although the origin of this peculiarity remains under debate. The anomalous
behaviour appears as a relative abundance pattern between refractory and volatile elements, often
expressed as a trend with elemental condensation temperature (Tcond). Here we re-analyse high res-
olution, high S/N spectra of 79 nearby solar twins using a differential approach to examine whether
such chemical patterns provide robust evidence for planet-related signatures. We report highly pre-
cise, validated atmospheric parameters, and stellar abundances of 18 elements with precisions of 0.016
dex (3.7%). Through implementation of an independent Bayesian indicator, we disentangle planetary
engulfment signatures from other factors influencing stellar composition, including random abundance
variation and Galactic chemical evolution (GCE). Our results suggest the Sun is not chemically pecu-
liar, and its apparent deviation from the average solar twin composition can be effectively explained by
GCE effects and intrinsic abundance scatter. We identify 2-4 solar twin candidates showing chemical
signatures consistent with planetary engulfment, which require further investigation.
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As more exoplanets are being discovered in the Milky Way, understanding the properties of their host
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stars is becoming increasingly important. One key question is whether planets can leave detectable
chemical fingerprints in their host-star atmospheres. Wide binaries provide a valuable testbed because
the two stars likely formed together, while sometimes only one of them hosts a planet. We observed
four wide-binary systems that include at least one known planet using IGRINS on the Gemini-South
telescope. We searched for potential planetary signatures by comparing the two stars in each pair
and looking for differential abundance trends with elemental condensation temperature. Across our
targets, we find a range of behaviors: positive, nearly flat, and negative condensation-temperature
slopes. By compiling previous studies of 15 planet-hosting wide binaries, we discuss whether these
trends are more consistent with planetary architectures or with other effects. This comparison suggests
that extreme condensation-temperature slopes occur more frequently in planet-hosting wide binaries,
particularly at large binary separations.

ID: P2089
Mitigating stellar activity in transmission spectra using deep learning

Presenter: Manuel Perger (Institut de Ciències de l’Espai (ICE-CSIC), Institut d’Estudis
Espacyals de Catalunya (IEEC))
Author list:
O. Porqueras, J. C. Morales, I. Ribas, S. Stucki, J. Blanco PozoN. Gomes, N. Nemec, H. Tabernero
Institut de Ciències de l’Espai (ICE-CSIC), Institut d’Estudis Espacyals de Catalunya (IEEC)
Session: Cool Stars with Protoplanetary Disks and Exoplanetary Systems

Stellar surface inhomogeneities contaminate transmission spectra, leading to biased retrievals of exo-
planetary atmospheric properties. This contamination poses a major challenge, particularly for low-
mass stars and for high-precision observations like those from the JWST or future missions like Ariel.
We develop and apply two practical frameworks to mitigate stellar contamination in transmission
spectra. We obtained coordinated multi-band photometry and high-resolution spectroscopy contem-
poraneous with JWST transit observations of GJ1214b, and applied a data inversion using the Star-
Sim code, as well as a data-driven approach employing a newly developed time- and branch-encoded
transformer-based neural network. Both frameworks yield predictions that agree within uncertainties
and indicate that the transits occurred at a favorable phase with low stellar contamination. However,
an evaluation at the activity maximum predicts strongly chromatic biases of several tens of ppm. The
two approaches are complementary: the inversion is physically interpretable and faster, while the neu-
ral network marginalizes over degeneracies in the surface configuration more robustly. Our pipeline is
generalizable to other active M dwarfs: with modest monitoring around transit visits, it can provide
activity-level forecasts for scheduling and robust activity corrections for atmospheric analyses with
precision on the order of a few tens of ppm.
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Pre-main-sequence stars, such as protostars and T Tauri stars, have been shown to exhibit pronounced
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magnetic activity, similar to late-type stars, as revealed by X-ray observations with ASCA and Chandra
(e.g., Koyama et al. 1996; Imanishi et al. 2001). In these objects, in addition to quiescence coronal X-
ray emission, stellar flares also occur frequently. In recent years, increasing attention has been paid to
the impact of magnetically driven X-rays from such pre-main-sequence stars on the chemical evolution
of surrounding protoplanetary disks (e.g., Notsu et al. 2021; Washinoue et al. 2024). However, while
simulation studies have advanced rapidly in this field, observational verification remains insufficient.
We observed the ClassI low-mass protostar Elias29, focusing on its Fe lines, for a total of 115ks
in August 2025 using Resolve, the microcalorimeter onboard XRISM, launched on September 2023.
Thanks to the highest spectral resolution of Resolve around Fe lines, we successfully detected and
resolved the neutral iron Fe Kα line (6.40 keV), low-ionized Fe Kα line (6.47 keV), and Fe XXV Heα
line (6.7 keV). While the neutral and/or low-ionized Fe Kα emission lines are often detected in X-ray
observations of pre-main-sequence stars (e.g., Tsujimoto et al. 2005), this is the first time that they
have been separately detected. The origin of the Fe Kα line has been considered to be photoionization
of the surrounding disk material by X-rays emitted from the central star. Because the center energy
of this line depends on the ionization parameter, which is determined by the distance from the central
star and the disk density, the detected neutral and low-ionized Fe Kα lines may originate from regions
in the disk that differ in distance from the central star. The obtained Resolve spectrum enables us to
discuss how far X-rays penetrate into the disk with 3D radiative transfer calculations. This provides
an important observational handle on X-ray-driven disk chemistry.
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The radial velocity (RV) method is one of the most used methodologies in planet detection. Modern
instruments have achieved cm/s stability; however, that hasn’t translated to the discovery of Earth-
like planets around sun-like stars. Below a few m/s, the Doppler shift of spectral lines due to stellar
activity will start dominating planetary signals. A planetary radial velocity signal should be consistent
across all the heights and all spectral lines, while a stellar activity-induced photospheric velocity could
be different at different heights of the stellar atmosphere. Based on this idea, we developed a method
to disentangle stellar activity signals and planetary signals in radial velocity data. In our model,
we treat the rising and falling lanes of granulation separately. We first calculate the ‘granulation
contrast’, and then determine the velocity profile of both raising and falling lanes. To test our model,
we fit this synthetic spectrum with multiple epochs of disk-averaged solar spectra observed with NEID.
The stellar activity parameters of our model are the coefficients of the velocity gradient polynomial.
Because our approach uses the full observed spectrum, this methodology is readily extendable to M-
dwarfs as well. In this talk, I will present our model and its effectiveness in disentangling planetary
signals from stellar activity signals.
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Planets and stars form from the same proto-stellar material. Hence the stellar refractory elemental
abundances are assumed to be strongly linked to rocky planet interiors. This is also found for the
refractory elemental abundances of the Sun and Earth. For exoplanets, this compositional link has
been recently suggested and explored in small demographic studies. However, the sample of rocky
planets around metal-poor dwarf stars is limited. This makes it challenging to find and validate
potentially vital chemical trends. We present a novel machine learning approach to identify planet
hosting stars of interest to fill in the lack of well-characterised small planets around metal-poor stars.
This algorithm leverages stellar abundances from the large stellar surveys of APOGEE and GALAH
to classify host stars chemically followed by a search for planets around these golden targets. We
present newly characterised systems containing Ultra-Short Period Super-Earths and Sub-Neptunes
around compositionally-diverse main sequence stars. These planetary systems were observed with
transit photometry and radial velocity allowing us to measure their radius and masses precisely. We
modelled their interior structures for which we further developed tools to link stellar abundances to the
core and mantle mass fractions of the planet. These give insights into the elemental abundance ratios
of the planets. Hence, we directly study the connection between the planet and host star abundances.
These new discoveries significantly add to the sample of rocky planets around thick disk stars and will
be followed by further detections and characterisations from our machine learning algorithm. Placing
our new and upcoming systems in demographic context, we are now able to further explore the link
between stellar refractory elemental abundances and their impact on the interiors of small planets in
a larger and more diverse sample. This enables insights into rocky planet formation across the galaxy.
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Is planet formation suppressed outside the Galactic thin disk? For the thick disk population, theo-
retical models point in that direction, due to low solid reservoirs, short protoplanetary disk lifetimes,
and harsh irradiation environments, all of which hinder efficient planet formation. On the observa-
tional side, however, a growing number of thick disk stars hosting confirmed exoplanets—mostly gas
giants—challenge this picture and suggest that planet formation and survival in the early Milky Way
may have been more resilient and diverse than previously thought. In Ferreira et al. (2026, submit-
ted), we present a homogeneous characterization of 38 exoplanetary systems orbiting bona fide thick
disk stars, including a systematic reassessment of archival systems and 21 newly identified systems.
This increases the total number of known thick disk planetary systems to 66. We combine detailed
chemical abundances ([Mg/Fe], [alpha/Fe]) and orbital kinematics to robustly confirm thick disk mem-
bership. Our sample represents the oldest homogeneous population of known planetary systems, with
ages spanning 7 to 13.5 Gyr. Additionally, we also identify two systems hosting puffy exoplanets
(TOI-1927 b and TOI-2643 b), the first remarkably low-density planets known to orbit thick disk
stars, an unexpected result in low-metallicity environments ([Fe/H] = -0.3). Our sample provides a
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key empirical baseline for the comprehension of how planetary architectures form and evolve under
the physical conditions of the early Milky Way thick disk.
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We observed a sample of well-studied detached eclipsing binaries (DEBs), that also show Proper Motion
Anomaly (a.k.a. acceleration; PMA). The goal is to identify the ultracool companions that cause the
PMA. We focus on systems, whose predicted companion mass suggests a brown dwarf (BD), and
whose age is older than 0.9 Gyr i.e. more than for a typical open cluster. By combining direct imaging
observations with other available data (radial velocities, distance, astrometry, chemical composition)
we are able to characterize their BD companions, including their dynamical mass, effective temperature,
or luminosity with high precision, that would otherwise be unattainable for such objects at an ”old”
age. These BDs will be benchmarks for evolutionary models of cool and ultracool dwarfs beyond 1
Gyr.
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The study of stellar multiplicity illuminates on the structure of the galaxy as well as stellar and
planet formation and evolution. Focusing on the most immediate solar neighbourhood benefits from
obtaining both complete and accurate data for reliable statistics. Our goal is to describe the solar
neighbourhood within 10 pc in terms of multiplicity by evaluating the angular and physical separa-
tions, masses, and orbital periods of the systems from the most complete volume-limited sample. We
carried out a comprehensive data compilation from the Washington Double Star catalogue and the
literature of all known multiple systems at any separation range, and completed this information with
a common proper motion and parallax search with Gaia DR3 data. We also used public astrometric
and radial-velocity data to compute orbital solutions of six pairs. From a sample of 424 stars and
brown dwarfs within 10 pc we identified 215 stars and brown dwarfs in 92 systems in double (68),
triple (19), quadruple (3), and quintuple (2) configurations. All except nine pairs have been resolved.
We measured precise mass and companion star fractions at different mass intervals. The multiplicity
fraction smoothly decreases from 41+11

−10% for stars with M ≥ 0.5Msun to 9.3+7.4
−4.3% for stars and brown

dwarfs with M ≤ 0.1Msun. Finally, orbital periods range over ten orders of magnitude from about
one day to millions of years, and they can be fitted to a log-normal cumulative distribution function
in the whole range.

195



ID: P2098
SOYSAUCE: Stellar Obliquities of Young Systems, Atmospheres Undergoing Contrac-
tion and Escape

Presenter: Madyson G. Barber (University of North Carolina at Chapel Hill)
Author list:
Madyson G. Barber (1); Andrew W. Mann (1); Marshall C. Johnson (2); Sydney Vach (3)
(1) University of North Carolina at Chapel Hill; (2) Ohio State University; (3) European Southern
Observatory
Session: Cool Stars with Protoplanetary Disks and Exoplanetary Systems

Standard models predict planets form aligned with the spin-axis of their host stars, preserving the
angular momentum of the protoplanetary disk. However, the origin of observed misalignments—from
primordial disk tilts to late-stage dynamical interactions—remains debated. The Stellar Obliquities
of Young Systems, Atmospheres Undergoing Contraction and Escape (SOYSAUCE) survey targets
young planets (<500 Myr) with Rossiter-McLaughlin or Doppler tomographic observations to con-
strain the timescale of these events. We present early results from the survey, including the youngest
transiting planet (TIDYE-1b; 3 Myr) and the newly discovered 130 Myr system TIC 150070085 b.
Both orbits are consistent with stellar alignment. Combined with literature results, this implies that
significant misalignments likely arise on timescales of >300 Myr. We conclude by quantifying the
additional sample size required to statistically differentiate between early-onset and late-stage mis-
alignment mechanisms.

ID: P2099
Glossy Silicate Clouds on the Scorched Dayside of LTT9779b

Presenter: Suman Saha (Universidad Diego Portales)
Author list:

Session: Cool Stars with Protoplanetary Disks and Exoplanetary Systems

LTT9779b is the only known ultra-hot Neptune, discovered deep within the Neptunian desert by TESS
(Jenkins et al. 2020), making its existence and evolution a high-priority puzzle for the exoplanet com-
munity. Its remarkably high geometric albedo, previously measured with CHEOPS (Saha et al. 2025),
has been attributed either to highly reflective clouds or to an extremely metal-rich atmosphere. Here,
we present a panchromatic JWST dayside emission spectral analysis of this exo-Neptune, combining
NIRISS and NIRSpec/G395H to precisely probe its composition. Owing to the exceptional S/N and
broad spectral coverage, we report a robust detection of silicate (Mg2SiO4) clouds on its ultra-hot day-
side, which exhibit strong reflection at shorter wavelengths—the first such detection for a Neptunian
exoplanet. We statistically rule out the need for an extremely metal-rich atmosphere by disentangling
the metallicity–cloud degeneracy; the data strongly favor the cloudy interpretation. We also robustly
detect CO and CO2, with a marginal detection of H2O. Furthermore, we place a tight upper limit on
SiO abundance that indicates possible depletion, and we infer a well-constrained, super-solar C/O ra-
tio of �1—collectively suggesting sequestration or cold-trapping of oxygen into refractory condensates
such as Mg2SiO4. These results unveil key structural and compositional properties of LTT9779b’s
dayside atmosphere, adding crucial insights into its evolutionary pathways.
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The drastic growth in the amount of exoplanets discovered around cool stars has facilitated paradigm
shifts in planet formation and evolution. Observational demographic studies motivate theoretical mod-
els aiming to understand underlying physical processes. The M-dwarf radius valley can be described
by two processes; evolution by thermally-driven mass loss or formation in a gas-depleted environ-
ment. Host star irradiation or internal planet heating would strip planetary atmospheres altering
their atmospheres. Exoplanets might form in a reduced proto-planetary disk which would alter their
rocky interior structures. Vitally, these models predict different physical planetary properties. Thus,
by characterising the interiors of exoplanets orbiting M-dwarfs we can directly test formation and
evolution theory.

However there are few multi-planet M-dwarf systems to test predictions, severely restricting our un-
derstanding of the hidden histories of these worlds.

I will report the characterisation of the first four-planet system spanning the M-dwarf radius valley.
We find that this cool star hosts one super-Earth below and two planets above the radius valley, with
a distant fourth world. The three inner planets follow the trend of decreasing densities as predicted
by planet formation theory. However, the fourth planet breaks this trend as it is a smaller, denser,
and essentially gas-devoid, rocky body.

This landmark finding rejects thermally-driven mass-loss for the radius valley and supports gas-
depleted planet formation around M-dwarfs at longer orbital periods for the first time. This result
would strongly imply that the outer planet formed later than the inner worlds and thus provide an
unprecedented view into planet formation timing. Intriguingly, the upcoming PLATO mission will
directly test this formation pathway by expanding this work to the outer regions of Sun-like stars and
revolutionise our understanding of the formation and evolution of planetary systems.
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We present a framework for detecting and characterizing planetary transits in TESS Northern Contin-
uous Viewing Zone light curves, motivated by the challenges posed by stellar variability in cool stars.
Our Conv-Transformer architecture combines convolutional layers that capture localized transit signa-
tures with transformer modules that account for long-range temporal structure, enabling simultaneous
transit detection and period estimation on real and transit-injected data. Initial tests show strong
recovery of injected signals and stable period estimates across varying noise conditions. Ongoing
efforts focus on application to cool-star light curves, where rotational modulation, spot evolution,
and magnetic activity shape the observed variability and complicate transit identification. Systematic
injection–recovery tests and comparisons with classical approaches illustrate how hybrid deep-learning
methods can complement existing tools for exoplanet searches in variability-dominated regimes.
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Thousands of exoplanet discoveries have radically transformed our understanding of planetary sys-
tems. Yet, our knowledge of the earliest evolutionary stages of these distant worlds remains incom-
plete. Young exoplanets, those in the crucial few hundred million years after formation, offer a unique
view into the physical phenomena governing planetary evolution. These primordial worlds retain
fingerprints of their formation environments, making their study vital for linking theoretical planet
evolution models with the diverse exoplanet populations observed. However, they are difficult to
study because stellar activity in their host stars produces large variable signals that obscure and jeop-
ardise planet detection and characterisation. Detecting small planetary signals amidst stellar activity
remains a significant challenge in radial velocity (RV) studies. Multidimensional Gaussian process
regression, which jointly models RVs and stellar activity indicators, represents the state-of-the-art
approach to disentangling planetary signatures from spot-driven stellar variations, particularly for
young active stars. However, this technique is limited when spectroscopic observations are sparsely
sampled compared to stellar variability timescales. In such cases, contemporaneous photometry be-
comes highly valuable, providing crucial constraints on stellar activity evolution. Using the young
TOI-451 system as a case study, we demonstrate that NGTS photometric data is the best activity
indicator to model ESPRESSO RVs within a multi-GP framework. This allows the detection of plane-
tary signals significantly smaller than stellar ones. Our analysis also provides insights into the nature
of the three TOI-451 transiting planets that are critical to test photoevaporation timescales. This
pioneering work highlights the potential synergies between future light curve surveys, such as PLATO,
and RV follow-ups.
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Stellar surface convection and magnetic activity imprint variability on high-precision radial-velocity
(RV) measurements and currently limit the detection of low-mass exoplanets. For quiet, Sun-like stars,
stellar granulation is among the dominant sources of RV variability on short timescales. Because
spectral lines form at different depths in the photosphere, their line-depth variations encode the
instantaneous balance between granules and intergranular lanes that drive convective RV shifts. We
exploit this by modelling line-depth scale factors as tracers of granulation, using noise-free MURaM
simulations to isolate and characterise intrinsic line responses. Line-shift and line-width variations are
analysed within the same framework. We propose a method based on singular value decomposition
(SVD) of line-by-line spectral properties to reduce granulation-driven RV variability. In the synthetic
noise-free regime, a small number of SVD modes explain nearly all of the RV variance. The recovered
feature vectors further reveal that individual line responses depend strongly on atomic origin, ionisation
state, excitation energy, and oscillator strength. To extend the method to realistic data, we implement
a two-step SVD approach: we construct a subspace from the noise-free line behaviours and project the
noisy data into it, then downweight lines with large uncertainties to obtain a noise-aware decorrelation
basis. This framework performs robustly on synthetic spectra degraded to realistic signal-to-noise
ratios, improves recovery of injected planetary signals, and significantly reduces RV scatter in HARPS-
N solar observations.
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Stellar activity in radial velocity measurements directly impacts exoplanet mass determination and
atmospheric characterisation. Understanding the variability of stellar activity needs quantification of
the effect of parameters such as limb angle and magnetic field strength on absorption lines from active
regions, especially sunspots. High accuracy, high resolution sunspot spectra at a range of wavelengths
allows us to see trends in the absolute radial velocity line-by-line. At the IAG we have produced
an unprecedented spectroscopic library consisting over 150 sunspots at a range of limb angles and
magnetic field strengths. These are observed with a Fourier Transform Spectrometer, thereby allowing
us to reach resolutions of R>700,000 for all wavelengths from 420 nm - 800 nm. A Fourier Transform
Spectrometer enables velocity measurements down to an accuracy of 1 m s-1. Radial velocity for the
quiet Sun is found to vary by up to 100 ms-1 over wavelength, averaging -330 ms-1, with a precision
of 10 ms-1. Variation of up to 100 m s-1 is observed over limb angle. These spectra provide a high-
resolution, magnetically active solar benchmark that can be used by observers and modellers alike
to study activity-induced line distortions, wavelength-dependent RV shifts, and magnetic effects that
limit radial-velocity precision on the Sun and cool stars.
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The Milky Way’s thick-disk stars, which are old (>8 Gyr), iron-poor, and alpha-enhanced, formed
in a vastly different galactic environment than their younger, thin-disk counterparts – impacting
protoplanetary disk lifetimes and planet outcomes. I sought to identify hot Jupiters around thick-
disk stars with which to test these predictions, a challenge given the relative scarcity of thick-disk
stars in the solar neighborhood and our tendency to find hot Jupiters around young, iron-rich stars.
I characterized 247 confirmed and candidate hot Jupiter host stars, measuring their [alpha/Fe] and
[Fe/H]. I identified three confirmed and two candidate hot Jupiters orbiting previously unrecognized
members of the high-alpha thick disk, increasing the number of known systems fivefold. Comparing
the thick- and thin-disk hot Jupiters, I find suggestive differences in their masses and orbital periods.
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Large spectroscopic surveys of low-mass stars have enabled powerful demographic studies, but com-
plex and heterogeneous selection functions often complicate interpretation at the bottom of the main
sequence. We present the 30 Parsec Project, an effort to construct a uniform, volume-complete, low-
resolution, near-infrared (NIR) spectroscopic sample of M6–M9 ultracool dwarfs (UCDs) designed to
minimize these biases. Using IRTF/SpeX observations collected over the past five years and supple-
mented with archival data, our current Northern Hemisphere sample comprises 855 UCDs, including
546 newly observed targets. This brings our completeness within this footprint to ∼100% for spectral
types M6–M8, and dropping to ∼80% for M9s. This dataset provides a benchmark for investigating
the physical and kinematic diversity of nearby UCDs. As an initial application, we examine the low-
gravity spectral signatures in the only two known UCD planet hosts, TRAPPIST-1 and Teegarden’s
Star, and determine if this spectral peculiarity is unique to planet-hosting UCDs. We are following
up spectral “twins” of planet-hosting UCDs with high-resolution spectrographs (e.g., Keck/NIRSPEC,
Gemini/IGRINS2) to measure radial velocities and gravity- and metallicity-sensitive features, enabling
a direct comparison between kinematically hot, low-gravity UCDs and the broader field population. In
parallel, we are expanding the survey with medium-resolution NIR spectroscopy (SpeX-SXD) for the
brightest targets and beginning to build out the Southern Hemisphere sample (using Magellan/FIRE
and SOAR/TSpec). Our work indicates the need for a metallicity-anchored gravity classification
schema. The 30 Parsec Project provides a foundational dataset for studies of demographics, atmo-
spheric properties, and kinematics, and offers a well-defined target pool for future ground-based transit
and radial-velocity surveys of the nearest UCDs.
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M dwarfs are the most common type of star in the galaxy ( 70%) and the type of star with the high-
est frequency of short-period, terrestrial planets, with a trend of increasing planet occurrence with
decreasing stellar mass down to M5 type dwarfs. Whether this trend continues for later-type M
dwarfs is not well understood. Recent literature suggests that a flat rate may continue beyond M5,
while recent models suggest that terrestrial planet occurrence should drop off for the lowest-mass stars.
At the same time, two well-known late-type M dwarf systems with multiple terrestrial planets exist
(TRAPPIST-1 and Teegarden’s Star), which also notably exhibit indicators of low surface gravity de-
spite tracers for field age. To investigate this, we use a volume-limited sample of low-resolution spectra
from NASA IRTF/SpeX of nearby (within 30 pc) ultracool dwarfs (UCDs; spectral types later than
M5) to characterize their spectral types and gravity classes. We then analyze their TESS lightcurves
to investigate a potential link between spectral indicators of low surface gravity and terrestrial planet
occurrence. We calculate the occurrence rate for low-gravity UCDs and compare it to a derived upper
limit on the possible terrestrial planet yield for field-type UCDs. We find that the occurrence rate of
terrestrial planets is significantly higher for low-gravity UCDs than for field-type UCDs. This may
hint at spectral indicators of star-planet interactions that can be used to prioritize future targets for
follow-up with next-generation ground- and space-based telescopes. We highlight the need for even
larger samples and increased sensitivity to terrestrial planets around UCDs to enable further insight
into the cause of this low-gravity signature and more robust comparisons to planet-formation models.
These results have important implications for understanding planet formation, system evolution, and
star-planet interactions around the lowest-mass stars.
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Protoplanetary disks play a pivotal role in both star and planet formation. Hence, the cluster environ-
ment in which they form are crucial for both processes and thus, explain the wide range of planetary
architectures. We chose to study 3 feedback driven star forming regions, Orion Nebula Cluster, Cygnus
OB2 and IC1396. Photoevaporating Protoplanetary disks (Proplyds) have been one of the major dis-
coveries in ONC. We use JWST/NIRCam F187N images of previously identified proplyds to perform
a statistical study of how their mass loss rates vary with respect to factors like incident FUV flux,
ionisation front radius and separation from O-stars. This helps us to understand the role of external
photoevaporation on disk evolution and dissipation time scales in UV irradiated clusters. Another
star-forming region we studied was Cygnus OB2. We used the deepest and widest (1.5 deg diameter)
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Subaru Hyper Suprime-Cam observations to study Cygnus OB2 (in r2, i2, z and Y filters) and IC 1396
(in r2, i2 and Y filters) at < 2 kpcs from the Sun. A multi-wavelength approach using IR data was
used to obtain a substantial population of disk-bearing sources in the region. A low circumstellar disk
fraction (16%) is obtained which concludes that the external photoevaporation drives disk dissipation
in Cygnus OB2. Since our next aim was to investigate how stellar feedback affects brown dwarf regime,
we study the central 22’ radius region of IC 1396 using multi-wavelength data including HSC data.
We find 62 brown dwarf members. A comparative study of star-to-brown dwarf ratio in IC 1396 ( 6),
along with 14 other star forming regions with diverse cluster environments suggests that factors like
stellar density and UV flux do affect brown dwarf formation efficiency. This study, with the deepest
survey of 3 prominent regions provides conclusive evidence of how low-mass star population is affected
by feedback generating factors and will pave the way for further studies.
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The empirical underabundance of close-in planets with radii 1.5-2.0 times that of the Earth, referred
to as the radius irradiation valley, may be linked to the inability of gas dwarfs under certain conditions
to retain their volatile envelopes due to photoevaporation or core-powered mass loss. In either case,
the extent to which a planet can preserve its atmosphere critically depends on poorly understood
planetary magnetism. An effective probe of planetary magnetic fields is the interaction between a
star and its close-in planet, where the planet magnetically interacts with its host. Candidates of
induced-flare interactions, such as HIP 67522b, could prove as a new probe in identifying planets
with strong magnetic fields. We construct a pipeline, ardor, to detect and characterize potentially
planet-induced flares in time-series photometric data using a physically motivated forward model of
star-planet interactions, with a focus on recovering flares located near the noise floor. We perform
extensive injection-recovery simulations to determine our sensitivity to flares correlating with the
planetary phase over a range of stellar types and orbital architectures. We identify one close-in,
eccentric (e = 0.18) system, TOI-1062b, which exhibits flaring during periastron consistent with
being induced with pKS = 4.9 × 10−4 and a 4.3σ detection through unbinned likelihood analysis and
goodness-of-fit tests. We also identify an additional eccentric (e = 0.363) candidate, Gliese 49b, which
exhibits moderately significant (2.2σ) flare clustering at periastron, requiring additional photometric
observations to confirm its significance. TOI-1062b and Gliese 49b are promising candidates for
induced flares, underscoring the need for radio and UV follow-up observations.
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Giant Exoplanets around M-dwarf Stars (GEMS) are generally easily detectable and characterizable
given their advantageous radius and mass ratios compared to their host stars, but are some of the
hardest planets to explain within the framework of current planet formation models. These massive
planets must have formed with exceptional efficiency given the small protoplanetary disks surround-
ing M-dwarfs, sometimes requiring planet formation efficiencies seemingly greater than 100%. It was
understanding this population of exoplanets that motivated the GEMS JWST program, the largest
JWST Cycle 2 GO program dedicated to exoplanet science, to study seven of these systems with NIR-
Spec/PRISM. While originally observed for their planets, these systems are also uniquely valuable for
studying their cool M-dwarf host stars. Due to the fact that these planets cover a significant portion
of their stellar disks when transiting, we can characterize stellar surface features with nearly unprece-
dented precision. From our survey, we have been able to constrain starspot properties, empirically fit
limb darkening coefficients, and understand which stellar models best fit our observations. Here, I will
present results across our survey that have not just helped to understand these mysterious planets,
but also their M-dwarf host stars. These results can also help inform JWST observations of small
rocky planets around M-dwarfs, which have similar stellar modeling challenges.
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Stable and extremely sensitive in the near-infrared, JWST extends the detection parameter space to
sub-Jupiter and/or temperate (down to 250 to 400 K effective temperature) exoplanets for the first
time. We present a group of 3 NIRCam coronagraphic survey guest observer programs (4050, 5835,
6005) in cycles 2 and 3 that targeted 170 nearby young stars at 2.0 and 4.4µm simultaneously. In
the first epochs, we have detected about two thousand sources in the 20-arcsecond field of view (long
wavelength channel). The majority of those sources are background galaxies and we use the F200W-
F444W colors to grossly discriminate them from potential exoplanets. As this process isn’t proof of
false positives we also need to check for common proper motion by means of a second epoch. We
have hence proposed follow-up observations for the most promising point sources, potential candidate
companions. Around each of our stars, we reach a 0.5 MJup sensitivity and in one third of them, we
could even potentially detect young Saturn-mass planets! Our survey has also yield numerous debris
disk detections, including some first-ever scattered light detections around M and K host stars. To
achieve these results, our teams have had to develop and adapt state of the art PSF subtraction and
post-processing techniques, making use of curated reference star libraries built with the sample itself.
We will briefly describe the associated challenges and how we overcame them. Finally, we are able to
confirm the color of the Saturn-mass exoplanet candidate TWA 7b.
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Accurate measurements of stellar elemental abundances are fundamental to studies of both exoplanet
compositions and galactic chemical evolution. In particular, M dwarfs represent a key but challenging
population: they are the most common stars in the galaxy and frequent hosts of small exoplanets, yet
their spectra are dominated by blended absorption features and molecular bands that complicate tra-
ditional abundance analyses. Unlike FGK stars, for which optical spectroscopy yields reliable results,
persistent discrepancies between models and observed M dwarf spectra continue to limit the accuracy
of derived chemical abundances. Nevertheless, characterizing the planet–star chemical connection for
such systems is essential for understanding planetary formation pathways and potential habitability.
To address these challenges, we present a spectral synthesis framework designed to extract elemental
abundances from high-resolution near-infrared spectra of cool stars. This method has been applied
to SPIRou observations of five M dwarf exoplanet hosts (GJ 699, GJ 9827, TOI-1685, TOI-1201, and
K2-18), enabling precise measurements of several planet-forming elements, including Fe, Mg, Si, C,
and O. These abundances place strong constraints on the planets’ refractory and volatile abundances,
key diagnostics of planetary formation histories and interior compositions. While these measurements
show strong internal consistency, uncertainties in absolute accuracy remain, reflecting broader chal-
lenges in M dwarf abundance determinations. To improve the reliability of derived abundances, we are
extending this analysis to 25 FGK–M wide binary systems observed with SPIRou. By exploiting their
shared chemical origin, this sample will be used to empirically calibrate M dwarf abundances against
the well-characterized FGK primaries, providing a robust foundation for future abundance studies of
cool stars and their planetary systems.
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Accretion in forming stars, brown dwarfs, and planetary-mass objects produces observable signatures
in their spectral energy distributions, including UV continuum excess and hydrogen emission lines.
While empirical relationships linking line luminosities to accretion luminosity are well established for
T Tauri stars and extend into the brown dwarf regime, they remain poorly calibrated at planetary
masses. In this presentation, I will describe results from a Keck pilot study aimed at measuring
accretion rates within the components of the benchmark FU Tau system using near-simultaneous
UV/optical and infrared spectroscopy.

We observed FU Tau A, a ∼50 MJup brown dwarf, and its ∼15 MJup planetary-mass companion FU
Tau B with Keck I/LRIS and Keck II/NIRSPEC to mitigate the effects of accretion variability and to
robustly test relationships between accretion luminosity and hydrogen recombination line emission. I
will present the first detections of Paβ and Brα emission in FU Tau A, along with new detections of
UV emission from FU Tau B, providing rare constraints on accretion diagnostics at planetary masses.
Together, these observations allow us to directly compare accretion signatures in a coeval system
spanning the brown dwarf–planetary mass boundary.

These results extend empirical relationships between hydrogen line luminosity and accretion luminos-
ity into the planetary-mass regime and provide the first UV-calibrated constraints on Brα emission
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in accreting substellar objects. I will conclude by discussing the implications for accretion physics,
formation pathways of wide-orbit planetary-mass companions, and the prospects for using infrared
hydrogen emission lines as a tool for identifying forming planets in the era of JWST.
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We present near- to mid-infrared spectroscopy of the young (2 Myr), wide-orbit planetary mass com-
panion SR 12 c, recently observed with JWST at unprecedented spectral resolution and sensitivity.
With a mass of only ∼11 Jupiter masses, and a projected separation of nearly 1000 au from its cool
(K+M type) binary host, SR 12 c represents an important and uniquely accessible case study of a
circumplanetary disk. It is one of only three such objects detected to date in ALMA continuum
observations, alongside the PDS 70 system and the free-floating planet OTS 44. Using JWST/MRS
spectra at R∼3000, we characterize the circumplanetary disk dust temperature and composition of SR
12 c, finding strong evidence for at least six complex gas-phase hydrocarbon species, but no detectable
water vapor. As SR 12 c is the planetary-mass object with the broadest observed wavelength cover-
age to date, spanning the ultraviolet through the submillimeter, we place its NIR-MIR spectra and
derived atmospheric and disk properties in context with previous accretion studies, providing a direct
comparison of disk gas and dust. The combination of high spectral resolution and broad wavelength
coverage also makes SR 12 c an excellent test case for detailed thermochemical modeling of its disk,
an approach previously applied only to stellar systems. This young circumplanetary disk represents a
critical addition to the small but growing population of disks identified around the coolest substellar
objects, indicating that the complex, carbon-rich chemistry observed around the lowest-mass stars and
brown dwarfs can extend in a self-similar manner to the small disks surrounding young giant planets.
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The Pandora SmallSat is a NASA mission that launched in January 2026 with the goal of disentangling
stellar spectra from exoplanet transmission spectra. Although a powerful tool, exoplanet transmis-
sion spectroscopy measurements are easily contaminated by the presence of stellar spots and faculae,
potentially making the origin of spectral features ambiguous. Potential water absorption signatures
present in recent JWST observations have highlighted the difficulty this ambiguity presents. Pandora
is designed to address this spectral blending issue by observing exoplanet host stars via long-duration,
visible light photometric observations simultaneous with near-IR spectroscopy. The simultaneous
multiwavelength observations provided by Pandora constrain spot covering fractions of exoplanet host
stars, allowing for the disentangling of star and planet signals in transmission spectra. Pandora’s
prime mission consists of observations of at least 20 Earth- to Jupiter-sized exoplanets orbiting cool
host stars spanning late G through M spectral types with each target receiving ten 24-hour continuous
observations across one year. By the end of its prime mission, Pandora will have amassed a rich data
set of not just exoplanet atmospheric spectra, but also stellar variability and activity measurements
in the simultaneous visible and NIR regimes for a set of low mass stars. Pandora also hosts a robust
auxiliary science program in which observations of additional targets enrich the set of multiwavelength
data, enabling stellar astrophysical investigations beyond what the prime mission will deliver. In this
presentation, I will provide an overview of the Pandora SmallSat mission, discuss target selection, and
present early science results.
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In the early stages of star formation, protostars are thought to gain mass from an accretion disk that
extends down to their surfaces. Revealing how a magnetized accretion disk connects to the surface
of a protostar remains an open problem, yet it is crucial for understanding protostellar evolution.
To understand the star-disk interaction, we have been performing global three-dimensional MHD
simulations of a protostar interacting with its surrounding disk. For the first time, we investigate the
global interaction while simultaneously accounting for magnetic fields and protostellar convection. The
protostar becomes strongly magnetized as a result of a combination of dynamo action and magnetic flux
transport from the disk. The mechanisms of angular momentum transport at the star-disk boundary
have remained theoretically unclear. However, our simulations show that multiple processes, such as
jets and spiral shocks, play significant roles in this region. In particular, we find that magnetic field
concentrations, analogous to starspots, excite spiral shocks in the disk, thereby promoting accretion.
In addition, the protostar produces numerous flares via magnetic reconnection, which may account for
the observational fact that protostars are generally X-ray bright. In this presentation, we will discuss
the roles of these stellar-scale processes on the basis of our simulations.
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Cool stars host most of the best-characterized small planets, including many targets of JWST ob-
servations. The community has made enormous progress in understanding how stellar irradiation,
especially from active cool stars, can alter the atmospheres and evolution of close-in small planets.
But the energy flux from inside the planet, driven by tidal interactions from the host star, is an often
overlooked energy source that can dramatically alter the properties of small planets orbiting cool stars.
Young planets have their free eccentricities damped by tidal circularization, which can deposit enough
heat to inflate planetary radii, produce volcanic outgassing, and alter atmospheric chemistry. For
multi-planet systems that are tightly packed or near an orbital resonance, gravitational interactions
between planets drive forced eccentricities that can be maintained on Gyr timescales and lead to di-
vergent evolutionary outcomes, even for eccentricities < 0.01. This process is highly relevant for small
planets around M dwarfs, since more than one third of all JWST targets in this category are near
an orbital resonance that can dynamically force non-zero eccentricities. Yet, most of these planets
lack precise eccentricity constraints. I will share results from a combination of dynamical modeling
and observations to measure precise eccentricities and tidal heat fluxes for several M dwarf planetary
systems, with a specific focus on systems targeted by JWST. These include the first constraints on
atmospheric alteration from tidal heating in the TOI-270 system, new and improved constraints on
tidal heat fluxes and volcanic outgassing in the L 98-59 system, and a new class of “magma-world”
planet whose tidal heat flux exceeds the irradiation flux from the M dwarf host. These results estab-
lish tidal interactions between cool stars and rocky planets as a critical process that must be further
characterized and incorporated into atmospheric models and evolutionary frameworks.
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Observations with the James Webb Space Telescope and previous infrared observatories have revealed
dramatic variability driven by various processes in protoplanetary disks, providing insights into the
dynamic nature of the inner disk regions. Here, we report one of the most significant increases in
mid-infrared emission shortward of 10 micron in a transitional disk of a non-bursting T Tauri star.
The 2024 JWST/MIRI observation of the disk around the star CVSO 1942 reveals a flux increase
by a factor of two at that wavelength range, compared to the near photospheric flux level observed
with Spitzer/IRS in 2005. No significant change in flux is detected at wavelengths longer than 15
microns. Comparing the MIRI/MRS spectrum and NEOWISE photometry, we found that this flux
increase occurs on a timescale of 2 weeks and is consistent with the presence of warm, optically thick,
large dust grains near the dust sublimation radius. We propose that this rapid dust appearance may
indicate in situ dust formation, possibly from planetesimal collisions in the inner disk.
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Cool stars are intrinsically active and heterogeneous, and their surface inhomogeneities can imprint
signals on transit spectra that mimic or obscure planetary atmospheric features. This contamination,
known as the Transit Light Source Effect (TLSE), poses a major challenge for atmospheric char-
acterization, particularly in systems observed with the precision of JWST. Robust interpretation of
exoplanet spectra therefore requires a detailed understanding of the host star. Here, we present JWST
observations of multiple near-sequential transits of a late K-type star hosting five transiting planets.
Several of these planets share similar transit chords across the stellar disk, enabling a direct probe of
stellar surface heterogeneity through comparative transit analysis. The availability of both small, likely
rocky planets and a larger sub-Neptune in the same system offers a unique opportunity: transits of
the rocky planets can be used to constrain TLSE and stellar contamination, which can then be applied
to isolate the atmospheric signal of the sub-Neptune. This approach provides a powerful framework
for disentangling stellar and planetary signals in active multi-planet systems and demonstrates how
stellar heterogeneity can be leveraged, rather than avoided, to improve atmospheric characterization.
The method is broadly applicable to the growing population of compact multi-planet systems orbiting
cool stars.

ID: P2121
Modeling MHD winds from Protoplanetary Disks of T Tauri Stars

Presenter: Julalak Nammanee (Univ. of Michigan and Chulalongkorn Univ.)
Author list:
J. Nammanee (1,2); T. Thanathibodee (1); N. Calvet (2); L. Hartmann (2); M. Micolta (2)
(1) Chulalongkorn Univ.; (2) Univ. of Michigan
Session: Cool Stars with Protoplanetary Disks and Exoplanetary Systems

Accretion and wind play important roles in the evolution of protoplanetary disks around T Tauri
stars. Nevertheless, the number of wind models remains limited. A few such models (Lima et al.
2010, Milliner et al. 2018) approximate hydrogen atoms as three-level systems in LTE, limiting its
applicability only to the Hα line. Therefore, these models are unsuitable for comparisons with recent
direct observation of winds such as those from the GRAVITY instrument, which observes winds using
infrared hydrogen lines.  Here, we present an improvement to the Lima et al. model using a 16-level
hydrogen atom with populations calculated from solving statistical equilibrium equations under the
Sobolev approximation. In addition, we are also implementing the code for other species, enabling
comparison with the Mg II  lambda 2800 lines observed with the Hubble Space Telescope. This model
allows us to better probe accretion and winds using multi-wavelength observations and to constrain
chemical abundances in the inner disk. Applying this model to a sample of accreting systems will
provide insights into the nature of disk winds, which play a key role in angular momentum transport
and the formation of rocky planets close to the star.
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V1298 Tau is a 20 Myr pre-main-sequence star hosting four transiting planets (5-10 Re). We present
dynamical mass measurements from transit timing variations spanning a decade of observations, cir-
cumventing radial velocity challenges for this young, active star. All four planets have extremely low
densities (0.1-0.3 gcc), which indicate lower initial entropies than standard formation models predict.
V1298 Tau provides crucial constraints on planetary contraction timescales and serves as a benchmark
for testing formation, migration, and atmospheric evolution theories for young planets.
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Young multiple brown dwarf systems containing eclipsing binaries are rare and important benchmarks
to calibrate formation and cooling models of brown dwarfs (the most cool stars). The 2M1510 system
contains 3 young brown dwarfs in a hierarchical configuration and there is compelling evidence for a
fourth. We analyse available data to constrain the orbital parameters and find this likely quadruple
system to have high mutual inclination between the different orbits, indicative of a dynamically active
formation or evolution despite its youth.
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It is generally assumed that accretion flows in pre-main-sequence stars are guided from the circum-
stellar disk to the stellar regions along the magnetic field lines inside a magnetosphere. Recently, we
used spectropolarimetric observations obtained with HARPSpol to study magnetic fields and magne-
tospheres of nearly face-on PMS stars, some of them known to host planets. With these observations
we were able for the first time to measure the magnetic fields and create snapshots of their magneto-
spheres for four PMS stars by calculating the dynamical spectra of the emission hydrogen lines. The
presence of a planet can cause an intriguing complex structure in the dynamical spectrum, suggesting
magnetospheric interaction between the central stars and the close planets. Progress in understanding
the magnetospheric interaction between planets and host stars can, however, only come from studying
in detail a sufficient number of targets to look for various patterns encompassing pre-main sequence
stars.
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We present the first spin–orbit obliquity measurement for an M dwarf–brown dwarf system, TOI-2119,
using the Rossiter–McLaughlin effect. TOI-2119 b is a transiting brown dwarf (64.4 MJ , 1.08 RJ)
on an eccentric (e = 0.3), 7.2-day orbit around a young, active early M dwarf (Teff = 3553 K). We
combine spectroscopic transit observations from NEID with simultaneous ground-based transit pho-
tometry to refine the system parameters and update the orbital ephemeris. Both the classical and
Reloaded Rossiter–McLaughlin techniques yield a low projected obliquity, indicating a well-aligned
star–companion configuration. This alignment places TOI-2119 b within a growing population of
aligned close-in brown dwarfs and provides important constraints on their formation pathways. In
particular, the low obliquity disfavours formation scenarios dominated by strong dynamical interac-
tions or high-eccentricity migration, instead supporting origins linked to disc-driven migration or in
situ formation within the protoplanetary disc. TOI-2119 therefore offers a rare observational bench-
mark for testing brown dwarf formation and migration theories around low-mass stars, bridging the
gap between massive exoplanets and stellar companions.
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The engulfment of planet and brown dwarf companions by their host stars is expected to occur
primarily within the first 100 million years of stellar system formation, while the star is still in its
pre-main sequence phase. These engulfment events are expected to alter the host star’s photospheric
composition in a manner that reflects the composition of the accreted material. However, the extent
and duration of this enrichment depends on several factors, including timing and depth of companion
engulfment, as well as internal stellar mixing processes such as convective, diffusion and thermohaline
mixing. For the first time, we model the accretion of substellar companions onto pre-main sequence
low mass stars and examine the evolution of the resulting engulfment signatures through to the main
sequence. Our results provide a theoretical framework for interpreting observed stellar abundance
anomalies which will assist in constraining the formation and early dynamical evolution of stars and
their companions.
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Stellar surface heterogeneity in cool stars—arising from spots, faculae, clouds, variable convection, and
magnetic fields—introduces coupled degeneracies in stellar spectra that complicate inferences from ex-
oplanetary transmission spectra. NASA’s recently launched Pandora SmallSat Mission enables a dedi-
cated stellar science program to quantitatively disentangle these effects for 20 exoplanet-hosting K and
M dwarfs through simultaneous visible photometry and near-infrared spectroscopy acquired over long
time baselines. Here we show that multi-epoch, multi-band Pandora observations can break degenera-
cies that are otherwise intrinsic to single-epoch stellar spectra, enabling percent-level constraints on
spot covering fractions and temperature contrasts for cool-star photospheres and identifying regimes in
which stellar complexity dominates the error budget of exoplanet atmospheric inferences. We further
show how Pandora’s spectro-photometric constraints are augmented by high-resolution spectroscopy
and long-baseline photometric monitoring, which provide independent constraints on magnetic ac-
tivity and surface morphology. This talk presents the stellar heterogeneity analysis framework imple-
mented for Pandora that integrates long-baseline spectro-photometric monitoring of exoplanet-hosting
cool stars, grid-based and Gaussian-process-assisted retrieval techniques, complementary ground- and
space-based observations, and refined determinations of fundamental stellar parameters with well-
calibrated stellar models. Together, these results establish Pandora as a key facility for quantitative
cool-star characterization and provide a pathway for mitigating stellar contamination in current and
future exoplanet missions, including JWST and the Habitable Worlds Observatory.
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The discovery of young (<800 Myr) transiting planets has provided a new avenue to explore planetary
formation and evolution. Mass measurements for these planets are invaluable, but radial velocity
surveys of young systems are often overwhelmed by stellar activity. Transit timing variations (TTVs)
offer an alternative route to measure masses, yet they carry the risk of bias due to star spots deforming
the transit profile. Here we search for, and assess the impact of spots on TTVs in a sample of 39
young systems hosting 53 transiting planets using data from Kepler, K2, and TESS. Through a spot-
injection analysis, we find that simulated spots have a weak-to-negligible effect on the retrieved transit
mid-times, and cannot explain the higher TTV fraction seen in young systems. We show that spot-
crossing anomalies are sufficiently fit out by a Gaussian Process with a simple harmonic oscillator
(SHO) kernel as an asymmetry in the data. Further, we find no correlation between spot coverage
and TTV amplitude, and that systems with detected TTVs in our sample are less active than their
counterparts. We identify new candidate TTVs for four planets (DS Tuc Ab, HD 63433b, K2-101b,
and Kepler-1643b). While the candidate TTV signals detected here are sparsely sampled, our work
provides a clear priority list for follow-up to measure the masses and eccentricities of these young
planets.
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The orbital architectures of exoplanetary systems probe their dynamical evolution. Among various
other parameters, the spin-orbit obliquity, i.e. the angle between the planet’s orbital angular mo-
mentum and star’s spin angular momentum, provides useful information about the planet migration
and planet-planet interaction mechanisms. The Rossiter McLaughlin (RM) effect allows measurement
of sky-projected obliquity using time resolved spectroscopy of an exoplanetary transit. We present
ForwardRM, a data driven forward model for joint transit and RM effect measurements. Opposed to
the classical RV based methods, which depend on calculation of cross-correlation function (CCF) of
the spectra, this approach models the line distortions in the stellar spectrum during a transit using
the information from all the available out of transit spectra of the host star. The advantage is big,
especially for M type stars where it is difficult to calculate the CCF due to the presence of blended
molecular lines. Modelling the entire spectrum can allow us to introduce different kinds of velocity
fields and even features like active regions in the stellar photosphere and study their impact. The line
distortion models, which naturally come out from our approach, will aid the study of ground based,
high resolution transmission spectroscopy. The framework has been successfully tested on available
archival spectra taken with NEID spectrograph for the transit of TOI-2076b and TOI-1268b.
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The majority of Sun-like stars form with a binary companion, and those binary systems appear to
be hostile sites for planet formation and survival. When a binary companion is found on solar-
system scales, the planet occurrence is suppressed by a factor of ∼3, but nonetheless even some
very dynamically active binary systems do host surviving planets. The impact of wide or low-mass
binary companions appears to be less severe, but has not been fully quantified due to small survey
samples and biases in both the Kepler target selection and the binary census. The dependence of
planet survival on semi-major axis and on companion mass will distinguish which processes are most
important in either forestalling planet formation (via disk dispersal and planetesimal stirring) or
destroying planets after they form (via secular orbital evolution). I will present a multiplicity census
of the full Kepler planet-host population (∼3000 planet hosts), combined with an updated model of the
biases for and against binary stars in the Kepler target selection. This survey expands past statistical
samples by an order of magnitude, allowing for a detailed assessment of which binary features correlate
with planet destruction/survival. These planet-hosting systems also establish the basis for followup
programs studying the importance of orbital parameters such as mutual-inclination and eccentricity
(via multi-epoch followup) and whether planet occurrence continues to evolve over Gyr timescales
(using gyrochronological ages).
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The signal induced by a temperate, terrestrial planet orbiting a Sun-like star is an order of magni-
tude smaller than the host star’s intrinsic variability. Understanding stellar activity is therefore a
fundamental obstacle in confirming the smallest exoplanets. The EXtreme PREcision Spectrograph
(EXPRES) is a high-resolution spectrograph designed for extreme precision radial velocity (EPRV)
measurements, operating on the 4.3-m Lowell Discovery Telescope with a wavelength range of 380–
780 nm, resolving power of R=137,500, and demonstrated on-sky precision of 30 cm/s at S/N of 250
per pixel.

A solar telescope has been integrated into EXPRES to acquire high-cadence, disk-integrated solar
observations throughout each day. Observations are taken every 300 s when the Sun exceeds 15°
elevation, with wavelength calibration via Thorium Argon and Laser Frequency Comb every 30 minutes.
Data are automatically reduced daily using the standard EXPRES pipeline.

These solar RVs will be correlated with disk-resolved images from NASA’s Solar Dynamics Observatory
(SDO) to study faculae and their role in driving RV variations. We will reconstruct the Sun’s RV from
SDO images as though it were a distant point source, enabling direct comparison with simultaneous
EXPRES disk-integrated observations. This will allow us, for the first time, to characterize the impact
of horizontal flows in and around magnetic regions — including Evershed flows, moat flows, and
magnetic-region inflows — on solar RV at unprecedented precision. Observations spanning the solar
cycle will reveal how faculae and active-region flows behave across varying activity levels, informing
models applicable to other stars.

Finally, EXPRES solar data will be compared with simultaneous observations from other solar tele-
scopes feeding EPRV instruments including NEID, HARPS, HARPS-N, and ESPRESSO, improving
our understanding of systematics when combining multi-instrument RV datasets in the search for
Earth-like exoplanets.
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We investigate how stellar evolution affects planetary orbital architectures by comparing 18 planets
orbiting highly evolved red giants from the Search for Exoplanet around Northern circumpolar Stars
(SENS) survey to 228 cold Jupiters orbiting main sequence (MS), subgiant (SG), and red giant (RG)
hosts from the NASA Exoplanet Archive (NEA). By using scaled distance a/R∗ to incorporate the
stellar evolutionary state, we examine whether tidal geometry can influence eccentricity distributions
across evolutionary stages. While the NEA population exhibits weakly positive eccentricity-period and
eccentricity-scaled distance trends, the SENS population shows a negative eccentricity-period slope
and a distinct structural transition near a/R∗ ≈ 13. We find that eccentricities cluster at low dispersion
below this threshold and the eccentricities increasingly scatter beyond it. The scattered distance-period
relation preserves near-Keplerian slopes (≈ 2/3) across all stages, but systematic intercept shifts imply
inward migration in scaled distance as stellar radii expand throughout stellar evolution. Quantifying
tidal torque, dissipation rates, and orbital decay timelines demonstrate increases in tidal efficiency
across the a/R∗ ≈ 13 boundary and decreases in decay timescales at a greater rate for the strongly
evolved hosts compared to the less evolved counterparts. We interpret a/R∗ ≈ 13 as an empirical
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transition between strong and weak tidal regimes, estimating the boundary where stellar expansion
begins to dominate orbital stability. This may explain the scarcity of short period gas giants around
highly evolved stars and establish a physically motivated boundary for interpreting orbital survival
and migration across stellar evolutionary stages.
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Close-in exoplanets evolve in extreme environments, where intense stellar X-ray and extreme ultravio-
let (XUV) radiation drives atmospheric escape and shapes their long-term evolution, while potentially
preserving signatures of the chemical connection between host stars and their orbiting planets. In my
talk, I will focus on the HD 189733 system, composed of a K0 main-sequence star hosting one of the
closest known transiting hot Jupiters, HD 189733b, and a distant M-dwarf companion. I analyze high-
resolution XMM-Newton spectra obtained with the RGS1 and RGS2 instruments, extracting coronal
emission lines to derive the Emission Measure Distribution (EMD) and map the thermal structure
of the stellar corona. In this approach we combine X-ray data with high spectral resolution from a
large number of individual observations, which hasn’t been attempted before for exoplanet host stars.
Our aim is to enable a physically motivated reconstruction of the challenging to observe EUV stellar
flux, providing essential input for models of atmospheric escape and chemical evolution in close-in
exoplanets.
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Stellar high-energy radiation shapes the evolution of exoplanetary atmospheres, particularly around
cool K- and M-dwarf hosts, by driving atmospheric escape and altering compositions relative to host-
star chemical abundances. The dominant driver, extreme ultraviolet (EUV) radiation, is largely
unobservable yet controls metastable helium, which is the main tracer of atmospheric escape in near-
infrared transit observations. This introduces major systematic uncertainties in atmospheric retrievals
from current and upcoming facilities (e.g., JWST). To overcome this limitation, we use X-ray obser-
vations from XMM-Newton to constrain coronal plasma at temperatures of �1–10 MK, closely linked
to EUV-emitting regions. This coronal temperature structure can be characterized through the emis-
sion measure distribution. We show that commonly used low-resolution fitting approaches with vari-
able coronal elemental abundances can introduce significant systematic biases, artificially adjusting
abundances to compensate for unresolved temperature structure. We therefore test simplified fitting
approaches, with fewer degrees of freedom, that constrain the temperature distribution even in lower-
resolution data for more distant stars. This temperature structure provides essential input for spectral
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synthesis tools that reconstruct the EUV spectral range that governs metastable helium populations,
and enables atmospheric escape models to assess the long-term stability of planetary atmospheres.
This approach extends EUV reconstruction to a much broader stellar sample, overcoming a key ob-
servational bottleneck and strengthening the link between stellar high-energy radiation and observed
atmospheric escape.
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Characterising M dwarfs is the key to unlocking the properties of the most common planetary systems
in our Galaxy. We present a multi-disciplinary analysis of the local M dwarf population, leveraging
Gaia DR3, 2MASS, and TESS/Kepler datasets to provide a homogeneous census of stellar parameters.
Our work specifically addresses the discrepancy between Gaia FLAME and empirical stellar radii, a
critical step for the target selection of the ESA PLATO mission.

We explore advanced techniques for abundance computation, including pseudo-equivalent widths and
neural network-driven spectral analysis. To account for stellar noise in exoplanet detections, we analyse
rotational periods and spot properties (size, temperature) using EXORAP multiband photometry and
high-resolution FUV/X-ray spectra from Hubble and XMM-Newton. Finally, we highlight our search
for long-period planets and the use of CRIRES+ spectral synthesis to derive Fe, Mg, and Si abundances,
providing chemical constraints for modelling the interior composition of rocky exoplanets.
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A photometric study of the young star clusters Collinder 205 and Ruprecht 79 was carried out, based
on data obtained with the SOAR telescope using the infrared Spartan camera. These data were used
together with complementary near-infrared data from the 2MASS catalog to calibrate our sample and
ultimately refine and expand this catalog. Astrometric data from Gaia DR3 were adopted to analyze
the membership of the stars in the clusters, based on their proper motions and parallaxes, resulting
in mean structural parameter values of position, distance and proper motion consistent with the most
recent literature. The adopted criteria resulted in the determination of 71 stars belonging to Collinder
205 and 247 stars belonging to Ruprecht 79. In addition, optical photometric data in the G, BP,
and RP Gaia DR3 bands were used to construct a color-magnitude diagram of the cluster member
stars and to fit isochrones in order to determine the age of the stellar population, which was also
compatible with values expected from the literature. The estimate of the distances of the clusters
was performed using the statistical method of Bayesian inference, resulting in values consistent with
the literature. To classify the objects according to dust emission, an analysis of infrared color-color
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diagrams was performed using data from the AllWISE catalog together with 2MASS. Among the
members of Collinder 205, this analysis revealed two Class II objects and four Class III with signs
of possible variability. Six additional Class II objects were also found, whose projected positions
coincide with the direction of the cluster, but which were not identified as members. For Ruprecht
79, the analysis did not reveal objects with circumstellar emission (Class I or II), consistent with the
estimated age of this cluster. Further spectroscopy analysis of these stars are being developed in order
to classify them as young stellar objects (e.g. T Tauri or Herbig Ae/Be).
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High-resolution spectra are fundamentally shaped by the spectrograph instrumental profile, making
its accurate characterization essential for any detailed spectral analysis. In practice, the instrumental
profile often deviates from simple parametric descriptions, exhibiting asymmetries, chromatic varia-
tions, and spatial changes across the detector. These effects can distort observed line shapes, limit
the fidelity of high-resolution spectra, and introduce systematic errors in derived radial velocities.

I present a non-parametric, data-driven method to characterize the instrumental line-spread function
(LSF) directly from laser frequency comb (LFC) calibration spectra. Comb modes are modeled with
a flexible representation that does not assume a predefined functional form, allowing the local instru-
mental profile to be reconstructed as a function of wavelength and detector position. This approach
captures complex variations of the LSF that are inaccessible to standard parametric models.

The reconstructed instrumental profile is then used to correct high-resolution stellar spectra by remov-
ing instrumental broadening, leading to a more accurate recovery of intrinsic spectral line shapes. This
correction improves spectral fidelity, enables consistent comparisons across wavelengths and epochs,
and provides a robust framework for tracking time-dependent instrumental behavior. As a result,
downstream analyses, including precision radial-velocity measurements, benefit from reduced instru-
mental systematics and improved stability.
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High-energy stellar radiation (EUV and X-rays, collectively XUV) plays a crucial role in Star-Planet
Interactions (SPI), profoundly shaping the chemical composition and evolution of exoplanetary atmo-
spheres. In this work, we present atmospheric models computed with cp_zephyr, a newly developed
1D chemical kinetics and photochemistry code designed to robustly simulate highly irradiated envi-
ronments. cp_zephyr explicitly accounts for vertical mixing, photochemistry, and features a highly
detailed treatment of ionization. Specifically, the total ionization rate is calculated as the sum of pri-
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mary ionization (driven by incident XUV photons) and secondary ionization (driven by non-thermal
photoelectrons generated during primary events).

Our results demonstrate that the rich chemistry induced by the ionization of H2 via these non-thermal
electrons drive a substantial enhancement in the abundances of key hydrocarbon and nitrogen-bearing
species, including CH4, C2H2, and HCN. Because these molecules exhibit strong and distinct absorp-
tion features, they serve as potential chemical tracers of stellar XUV irradiation. We evaluate the
observability of these XUV-induced chemical signatures assessing the capability of current and future
state-of-the-art facilities, such as the JWST and the Ariel space mission, to detect these characteristic
spectral features and ultimately constrain the high-energy environment of exoplanetary systems.
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Auroral emissions occur when charged particles are accelerated along magnetic field lines and precip-
itate into an upper atmosphere, so their detection implies both a magnetic field and an atmosphere.
Because auroral radio emission is strongly circularly polarized, radio observations are a promising
way to detect exoplanetary aurorae. Previous studies using magnetosphere-ionosphere (M-I) coupling
models and global 3D MHD simulations estimated typical auroral radio powers of hot Jupiters to be
about 10^15 W, but only one detection claim has been reported, so these models still need observa-
tional tests. Ultracool dwarfs (UCDs) are useful analogs for such tests. Rapidly rotating, strongly
magnetized UCDs show intense, highly circularly polarized radio bursts with powers of 10^16 W,
likely produced by auroral processes. Earlier M-I coupling studies reproduced these powers, but key
inputs, such as plasma angular velocity and mass loading, remain uncertain because the plasma envi-
ronment of UCDs is poorly constrained. Here we use a global 3D MHD model originally developed for
solar system planets, restricting inputs to relatively well-constrained UCD parameters such as rotation
period and magnetic field strength. This reduces assumptions and provides a more self-consistent es-
timate of auroral currents and radio power. For LSR J1835+3259, we obtained a total auroral current
of 7×10^9 A, about 10^3 times that of Jupiter. Comparison with VLA observations indicates that
a Pedersen conductance of 0.5-5 mho is required to reproduce the observed radio power of 10^15-
10^16 W. This range is comparable to both Jupiter’s inferred conductance (0.1-10 mho) and a recent
independent M-I coupling estimate for UCDs (0.1-10 mho). These results support the plausibility of
our MHD framework for UCD auroral processes. In future work, we will extend this approach to hot
Jupiters and Earth-like exoplanets to further test the model and support future observations.
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The ultracool dwarf TRAPPIST-1 hosts a compact system of terrestrial planets whose atmospheric
characterization critically depends on the properties and variability of the host star. In this regime,
stellar activity and surface heterogeneity are not secondary effects but key contributors to the observed
transmission spectra.

We present a homogeneous analysis of JWST transmission spectroscopy observations of the TRAPPIST-
1 planets obtained with NIRSpec/Prism and NIRISS/SOSS. Transit modeling includes a systematic
treatment of stellar effects, exploring the impact of flares and wavelength-dependent limb-darkening
assumptions on the reconstructed transmission spectra.

To quantify stellar contamination, we incorporate explicit flare modeling and test multiple limb-
darkening prescriptions derived from stellar atmosphere calculations. Each transit is analyzed with
and without stellar variability to assess transit-to-transit differences. Our results reveal significant
variability in the level of stellar contamination between epochs, confirming that heterogeneous stellar
surfaces can introduce substantial biases in planetary atmospheric inferences.

Atmospheric retrievals are performed using a framework that jointly models planetary atmospheres
and heterogeneous stellar photospheres, enabling simultaneous constraints on molecular abundances
and stellar contamination parameters such as spot and facula covering fractions. We place these
results in the broader context of TRAPPIST-1’s magnetic and spectral properties, highlighting how
its activity environment differs from solar-type hosts.
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Protoplanetary disks around M dwarfs often exhibit long lifetimes and distinct accretion and turbu-
lence properties. Understanding dust transport in these disks is essential for explaining how and where
planetesimals and thus exoplanets form.In this poster, I present a data-driven framework based on
neural differential equations (NDEs) to model dust dynamics in protoplanetary disks. By training on
high-resolution simulations of streaming turbulence, the model learns effective closures for unresolved
dust transport, providing new constraints on how turbulent diffusion depends on local dust density.
This approach is particularly well-suited to regimes where standard prescriptions for diffusion remain
uncertain, including those relevant to disks around cool stars. Motivated by these results, I revisit
the formation of filamentary dust substructure in disks. I show that radially separated, high-density
filaments can emerge as the nonlinear outcome of a secondary instability – the diffusive instability
– which arises when dust diffusion decreases with increasing density. I discuss how this mechanism
complements the streaming instability and may help explain the origin of dense dust concentrations
that seed planetesimal formation. These results highlight how machine-learning-based closures can
provide new physical insight into dust evolution, with direct implications for interpreting substructure
and planet formation pathways in protoplanetary disks around cool stars.

ID: P2145
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Multiplicity is a common outcome of the star formation process. Previous stellar multiplicity studies
in nearby star-forming regions have identified a trend in wide (100-10,000au) companion frequency
with stellar density where more companions are found around solar-type stars in low density regions,
likely due to dynamical interactions destroying binaries in high density regions. However, companions
at separations < 100 au are likely to survive to reach the Galactic field and are important tracers of
their birth environment. Using Gaia pre-selection, we performed a large multiplicity survey of nearly
600 solar-type stars (0.55-1.4 M�) in the Orion Nebula Cluster, Orion OB1b, and Orion OB1a (2,
5, and 11 Myr) with Gemini Zorro/Alopeke speckle interferometry and Keck/NIRC2 imaging and
non-redundant masking, sensitive to companions at separations > 10 au. We have found nearly 100
new companions to solar-type stars across these three regions. We present our multiplicity survey
results where we explore the origin of the Galactic field, the history of OB associations, and the role
of environment on the formation and evolution of stellar multiples.
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Auroral radio emission provides a powerful diagnostic of magnetic activity in magnetized astrophysical
objects, enabling constraints on magnetic field strength. In ultracool dwarfs (UCDs), intense coherent
radio emission has been widely observed (Hallinan et al., 2008, 2015) and is thought to arise from
magnetosphere–ionosphere (M–I) coupling, similar to solar system planets. In exoplanetary systems,
analogous emission is expected from M–I coupling and star–planet interactions (Nichols, 2011; Saur
et al., 2013), although no exoplanetary auroral radio emission has yet been conclusively detected,
apart from a marginal detection (Turner et al., 2021). Because these emissions are highly circularly
polarized (Wu & Lee, 1979) and occur near the cyclotron frequency, they provide a direct probe of
magnetic field strength. We develop an analytical model based on a simplified M–I coupling framework
to predict auroral radio power across various systems. The model uses the magnetospheric plasma
velocity profile as the primary driver of energy transfer, avoiding poorly constrained parameters. From
the M-I velocity difference, we derive electric fields, FACs, and ionospheric Joule heating. Validation
with Jupiter and Saturn reproduces observed radio power within a factor of 3 (Cowley et al., 2002,
2004; Zarka, 2007). For three cases of UCDs (LSR J1835, TVLM 513, 2M J0036), observed radio
luminosities ( 10¹� W) are reproduced with conductances of 1-10 mho. Application to τ Boo b
(Turner et al., 2021) constrains the magnetospheric scale through the plasma velocity profile in the M–
I coupling model; interpreting this scale as the magnetopause standoff distance and assuming pressure
balance implies stellar wind pressures consistent with ZDI and MHD estimates (Nicholson et al., 2016).
These results demonstrate a unified framework for auroral radio emission across planets and cool stars,
providing a predictive tool for future low-frequency observations.
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Stellar activity plays a fundamental role in determining the radiation environment and habitability
of orbiting planets. Variations in stellar output, ranging from transient flares to long-term magnetic
cycles, directly influence atmospheric chemistry, circulation, and potential biosignatures. Among
cool stars, M dwarfs are especially active, showing strong magnetic fields and intense chromospheric
emission in lines such as Ca II H&K (393 nm), Na I D1&D2 (580 nm), and the Balmer series (Hα, Hβ,
H�). Proxima Centauri (M5.5Ve) is a key benchmark for understanding magnetic activity in active M
dwarfs and its impact on the habitability of terrestrial exoplanets. While its reported 7-year activity
cycle is quite well-documented, the physical changes in its atmosphere remain poorly constrained. In
this work, we present the semi-empirical modeling of Proxima Centauri’s atmosphere at the minimum
and maximum of its activity cycle to investigate the evolution of its chromospheric thermal structure.
Our analysis is based on flux-calibrated visible spectra from the HKα Project at CASLEO Observatory.
We find that the integrated flux of Ca II K and Hβ show variations of 114% and 58% respectively
between the cycle extremes. Using the SSRPM (Solar Stellar Radiative Physical Modelling) library
of codes, we construct self-consistent non-LTE atmospheric models for both stages by fitting these
diagnostic lines. The ultimate goal of this research is to reconstruct the full spectral irradiance at
the orbit of Proxima b to provide physically-grounded stellar forcing for future planetary climate and
photochemical models.
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Ultra-short-period planets (USPs) offer a unique laboratory for studying planetary composition and
star-planet interactions. Because they experience high irradiation, these worlds are often stripped of
their envelopes, revealing dense, rocky, or even iron-rich cores. In this work, we present the validation
and characterization of two new USP candidates discovered by TESS. By performing a joint analysis
of TESS photometry and high-precision radial velocities from HARPS-N and CARMENES, we derive
precise masses and radii for both systems. We discuss their internal compositions in the context of
the USP population and evaluate whether their high densities suggest an origin as remnant cores of
larger gaseous planets.
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We present a new demographics analysis of the full Gemini Planet Imager Exoplanet Survey (GPIES),
which was conducted from 2014 to 2019 at Gemini South. With over 500 stars imaged at high contrast
and 7 detected planets, GPIES places powerful constraints on the population of giant planets between
10-100 AU from their host star. We discuss updates since our original analysis of demographics from
the first 300 GPIES stars, and compare our results to other demographics analyses. We also extend
our demographics framework for giant planets to include RV data from the California Legacy Survey
(Rosenthal et al. 2021, Fulton et al. 2021) to better constrain the turnover in planet occurrence rate
near the snow line. This combined approach has started to map out a more complete demographics
picture of giant planets from the edge of the host star out to 100 AU. Looking ahead, we discuss
implications for future demographics surveys of giant planets, from Gaia DR4 to GPI2.

ID: P2150
JWST/NIRSpec constraints on the extinction law in NGC 3603 at cosmic noon condi-
tions

Presenter: Maria Gabriela Navarro (INAF - Observatory of Rome)
Author list:
Katia Biazzo (1), Brunella Nisini (1), Guido de Marchi (2)
(1) INAF - Observatory of Rome; (2) ESTEC
Session: Cool Stars with Protoplanetary Disks and Exoplanetary Systems

Understanding how the local environment regulates star and planet formation requires a robust char-
acterization of the interstellar medium (ISM) in massive star-forming regions. Dust properties, and
specifically the extinction law, serve as direct tracers of grain size distribution, the chemical process-
ing history of the ISM, and the impact of stellar feedback. These factors govern gas cooling, disk
dispersal, and mass accretion onto Young Stellar Objects (YSOs), particularly in extreme starburst
environments. We present a comprehensive spectroscopic analysis of the extinction properties within
NGC 346, a star-forming region in the metal-poor Small Magellanic Cloud, based on JWST/NIRSpec
data. By measuring hydrogen recombination lines (mainly Brackett and Pfund series) and molecular
hydrogen transitions, we derive constraints on the extinction law from line ratios compared against the-
oretical intrinsic values. This approach allows us to probe the total-to-selective extinction parameter,
R_lambda, over a statistically significant sample of lines of sight toward the immediate surroundings
of YSOs. By applying this approach to the full NIRSpec dataset, we investigate the spatial variations
of the extinction law within the cluster to assess deviations from the extinction properties in solar-
metallicity environments. Specifically, we test for the presence of a “greyer” near-infrared extinction
component, which would be associated with an overabundance of large dust grains. Such deviations
from the canonical diffuse ISM extinction law likely reflect localized dust processing in high-density,
feedback-dominated environments. These results have direct implications for the accurate derivation
of accretion diagnostics in low-metallicity regions. This study provides a benchmark for comparing
dust properties across different environments, for regulating disk evolution, and ultimately influencing
the conditions for planet formation.
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We present the scope of the SAINT-EX photometric survey of brown dwarfs in the solar neighborhood
to search for transiting planets. SAINT-EX is a 1m telescope installed at the Observatorio Astronómico
Nacional en la Sierra de San Pedro Mártir, in Baja California, México. We present the sample
selection of brown dwarfs that cover L and T spectral types, and our preliminary results from the
initial observations. We are able to place constraints on the detection of small planets orbiting brown
dwarfs in our sample.
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HD 109833 is a young, G-type member of the nearby (∼ 85 pc) 27 Myr-old moving group, MELANGE-
4. The star hosts two known Super-Earth planets, with orbital periods of 9.2 and 13.9 days and radii of
2.9 and 2.6 Rearth, respectively. The planet radii are significantly smaller than most other young (< 50
Myr) exoplanets, which typically have inflated radii and are expected to shrink by photoevaporation
over time. Here we use new Chandra X-Ray Observatory observations of HD 109833 to calculate
the X-ray luminosity and flux at the planets. We find that HD 109833 has lower X-ray flux than
estimated based on prior limits, with a measured X-ray luminosity of Lx = 1028.6 erg/s. We use this
to estimate the X-Ray and UV luminosity and the resulting photoevaporative mass loss rate of the two
planets. We estimate an XUV flux irradiant on the planets of FXUV,b = 1.33 × 104 erg/cm^2/s and
FXUV,c = 6.11 × 103 erg/cm^2/s for planets b, and c, respectively. We compare this to other young
exoplanet systems (< 50 Myr), finding that HD 109833 has smaller planet size, and significantly lower
flux irradiant on the planets, than other systems of similar age and planet separation. This suggests
that stellar photoevaporation alone is not sufficient to have caused the planets’ small size.
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Young stars are known to be magnetically active. This activity can manifest as large persistent spot
groupings on the stellar photosphere that evolve over several stellar rotation periods. This physical
picture poses problems for exoplanet transmission spectroscopy. AU Microscopii (AU Mic) is one
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potential system that provides an ideal laboratory for constraining the spot properties of young M
dwarfs as it is nearby and bright. Thus, by conducting a detailed analysis of its spots, we can help
to inform mitigation approaches for transmission observations of its two transiting planets. I will
present a several months long ground-based observational campaign using multi-band photometry
and high resolution optical spectroscopy to constrain the stellar heterogeneities on AU Mic. Using
these techniques, we find that the stellar photospheric spectrum can be fit with both a 2-temperature
model accounting for ambient and cold regions as well as a 3-temperature model which can fit for
a hotter component. Using our derived values, we forward model the spot distribution of AU Mic
with the python package spotter, and present potential spot configurations that are consistent with
our observations. Although this method is degenerate in mapping the spatial distribution of spots,
we find that joint models of photometry and spectroscopy provide better constraints on these models
than using only one of photometry or spectroscopy in analysis. This work has implications for JWST
NIRCam observations of AU Mic b (GO 5311 & HST GO 17613).
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What is the fate of planetary systems after main-sequence stars have evolved through the red giant
and asymptotic giant phases and become white dwarfs? While inner planets may be engulfed, others
may survive to become post-common-envelope companions with ultra-short periods (1 to 10 hr). In
principle, beyond 2-5 au, planets may survive and migrate to 10 au or more after the star has lost
a significant fraction of its mass. Surprisingly, only a handful of planets orbiting white dwarfs are
currently known. Old planets orbiting white dwarfs are necessary cold (Teff < 300 K) and their peak
emission found in the mid-infrared beyond 10 microns. We have embarked on the search for planets
using JWST/MIRI imaging through different accepted programs since cycle 1 and present results here.
Several red candidates have been identified within a few arc seconds around a set of white dwarfs and
will be followed-up in cycle 5. Many white dwarfs show mid-IR excess consistent with debris disks or
giant planets. At least one ultracool brown dwarf candidate was identified, MEAD 62B (Albert+2026).
A cycle 1 deep imaging pilot survey of 4 white dwarfs identified 2 planet candidates. Although these
were refuted with follow up observation as background galaxies, a more ambitious cycle 5 program
will make a deep gaze of the 30 nearest white dwarfs and should be sensitive to planets with mass <1
Mjup.
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Stellar ages are the cornerstone of Galactic archaeology, yet they remain notoriously difficult to deter-
mine for field stars. Chemical clocks, abundance ratios of slow s-process to α-elements such as [Y/Mg],
[Ba/Fe], and [Sr/Mg], offer a powerful empirical age proxy accessible in large spectroscopic surveys.
However, their calibration has relied primarily on solar twins, star clusters, and asteroseismic targets,
leaving metallicity and mass dependencies poorly constrained across broader stellar populations.

We present an ongoing program to calibrate chemical clock relations using detached eclipsing binaries
(DEBs) as model-independent laboratories. DEBs uniquely provide directly determined, model-free
masses and radii to 1% precision by combining TESS space photometry with ground-based high-
resolution spectroscopy. We model TESS light curves with JKTEBOP to extract precise photometric
elements, while spectral disentangling of multi-epoch HARPS spectra isolates individual component
spectra, yielding precise radial velocity amplitudes and atmospheric parameters (T_eff, log g, v_mic).
Isochrone fitting to the resulting fundamental parameters delivers tightly constrained ages for both
components of each system, binary stars sharing identical age, metallicity, and initial chemical com-
position, yet spanning a range of masses and evolutionary states.

By correlating these empirical ages against derived abundance ratios, we plan to directly probe the
scatter in chemical clock relations, quantify hidden metallicity and mass dependencies, and assess
the universality of proposed chronometers beyond the solar neighbourhood. This DEB-anchored
calibration provides a critical, purely empirical foundation for improving stellar age determinations in
current and forthcoming large-scale surveys (Gaia-ESO, GALAH, 4MOST, WEAVE), advancing our
understanding of the Milky Way’s chemical evolutionary timeline.
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The TRAPPIST-1 (T-1) system is one of JWST’s most studied targets, with over 400 hours of telescope
time focused on characterizing the atmospheres of its transiting exoplanets. The system provides a
unique laboratory to study seven (currently known) Earth-sized exoplanets around an ultra-cool (M8V)
host star. One ongoing JWST program is using T-1b as a stellar contamination proxy to search for an
atmosphere on T-1e using close transit windows (<8 hours between transits, GO 6456 & 9256), with
the idea that the contamination signal from unocculted surface features will be shared between the
planets and therefore model-independently identified. However, flares are stochastic, short duration
events (min - hrs) that continue to contaminate the transmission spectra. Here we present preliminary
results of the NIRSpec PRISM flares that have been detected in the GO 6456 & 9256 programs. We
showcase how the flares are changing as a function of time and wavelength. Future work (AR 11007)
aims to develop a wavelength sensitive flare template to model the morphology of stellar flares in
JWST infrared observations.
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We discuss JWST and Chandra observations of OMC-2 & OMC-3. Protostellar magnetic fields mediate
accretion and outflow, which determine the final mass of a forming star. There are 38 protostars (Class
1 or below) in the regions that are covered by a 198-hour cycle 3 JWST program, designed to map
outflows out to pc scales and measure accretion and ice composition near Class 0 protostars with
sub-arcsecond resolution. Chandra complements this data with 100 ks of cycle 1 data, which will be
enhanced by a 450 ks series of observations planned for November of this year. These data will be
used to trace the evolution of magnetic activity across the range of protostellar evolution and detect
X-rays from shocks and outflows. Here, we provide a status update that shows some of the NIRCAM
imaging data in the context of the existing X-ray data.
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Many efforts to detect Earth-like planets around low-mass stars are currently devoted to almost every
extra- solar planet search. M dwarfs stand as ideal targets for Doppler radial velocity searches as
their low masses and luminosities make low-mass planets orbiting within their habitable zones more
easily detectable than those around higher-mass stars. Nonetheless, the statistics of the frequency
of this kind of planet hosted by low-mass stars remains poorly constrained. Our M-dwarf radial
velocity monitoring with HARPS-N within the HARPS-N Red Dwarf Exoplanet Survey Radial Velocity
(HADES) project started in 2012 and is contributing to the widening of the current statistics through
the in-depth analysis of accurate radial velocity observations in a narrow range of spectral subtypes
from M0 to M3, to investigate the planetary population around a well-defined class of host stars.
The HADES project is the result of a collaborative effort between the Italian Global Architecture
of Planetary Systems (GAPS) Consortium, the Institut de Ciències de l’Espai de Catalunya (ICE),
and the Instituto de Astrofísica de Canarias (IAC). Two photometric programs regularly and almost
simultaneously follow up the sample of M stars to characterize the stellar activity, to highlight periods
that are due to chromospheric inhomogeneities modulated by stellar rotation and differential rotation,
and thus to distinguish from the periodic signals those due to activity and to the presence of planetary
companions.
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Dust particles dominate the opacities in cool protoplanetary disks and therefore control their thermal
structure and the cooling times of the gas via dust-gas collisions. Hydrodynamic instabilities are
thus highly sensitive to the amount of small grains, which is controlled by the collisional physics of
the particles (coagulation and fragmentation). I will present multifluid hydrodynamic simulations of
protoplanetary disks with dust coagulation and realistic thermal coupling between dust and gas. Our
results show that the coagulation process is essential for our understanding of the dynamics of cool
protoplanetary disks. It determines whether the Vertical Shear Instability can contribute to turbulence
and substructure formation.
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The extraction of precise radial velocities to characterize exoplanets orbiting Sun-like stars relies
heavily on understanding the line behaviour in observed stellar spectra. The proper selection and
weighting of each line mitigates the jitter driven by flows and brightness inhomogeneities in stellar
atmospheres associated with granulation and magnetic features. We assess the sensitivity of lines to
the metallicity using small-scale dynamo three-dimensional magneto-hydrodynamical simulations of
the stellar atmosphere. The atmospheric models span the metallicity range from -1 to 0.5 from which
we synthesized spectral lines of neutral and ionized iron, spanning a broad range of line depths. The
jitter effect, measured as the variation in the line position in a spectrum, is enhanced with the increase
of the metallicity because of more vigorous flows in metal-rich atmospheric models. These results are
consistent for all viewing directions between the stellar disc and the limb. Contrasting the results with
those from the solar case indicates that a line selection and weighting optimized on the solar spectrum
can be safely applied to extract radial velocities from observations of non-solar metallicity stars with
solar effective temperature and surface gravity.
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Magnetic activity produces RV signals with amplitudes up to a few m/s, posing a fundamental barrier
to the detection and characterisation of low-mass planets around active stars. Understanding how
activity signals interact with and contaminate planetary RV signatures is critical to improving our
mitigation strategies. In this work, we revisit the CoRoT-7 system —a young, magnetically active
Sun-like star hosting three planets— using HARPS RVs and contemporaneous CoRoT photometry,
providing a rare opportunity to study how magnetic activity manifests across both spectral and photo-
metric observables simultaneously. We model the stellar activity contribution using multi-dimensional
Gaussian Processes, comparing the FWHM and CoRoT photometry as ancillary time series. We find
that both tracers capture the activity signal comparably, although photometry only covers one RV
season. Through an injection-recovery analysis, we find that both GP models systematically underesti-
mate planetary masses at periods beyond 2 days, with recovery deteriorating near the stellar rotation
period. This suggests that mass measurements of CoRoT-7c and CoRoT-7d should be interpreted
with caution, and highlights a fundamental limitation of purely statistical GP approaches. Our re-
sults underscore the need for physically motivated activity models that better capture the evolving
surface magnetic field structure, particularly for young, active stars.
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JWST’s unprecedented sensitivity in the infrared has enabled for the first time direct imaging search
and characterisation of sub-Jupiter exoplanets. With this goal, the survey program 6005 was executed
in Cycle 3, complementing GO programs 4050 and 5835, and providing a set of uniform observations
of over 150 young stars. Besides exoplanet investigation, another science return of these programs was
the serendipitous detection of several debris disks associated to target stars. In this poster I include the
current reduction and analysis of the F200W and F444W observations of the debris disk surrounding
the G-type star HD202917, imaged for the first time. These observations reveal the morphology and
dust distribution of the material hinted in previous photometric mid-IR observations. Thanks to the
sensitivity of the data, we will be able to identify and investigate any point sources detected, and
to obtain deep contrast curves that establish accurate mass limits for possible substellar companions.
Additionally, by combining these new observations with archival data, we will be able to provide the
first characterisation of the dust morphology and composition, and lay the base for future studies.
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As stars evolve off the main sequence, the planets orbiting them face dramatic changes: from intense
irradiation and tidal interactions to envelope stripping and eventual engulfment. Despite their im-
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portance for understanding the full lifecycle of planetary systems, transiting planets around evolved
stars remain rare and poorly characterized. I will present results from the TESS Giants Transiting
Giants (GTG) survey, which has discovered eighteen (and counting!) new transiting planets around
subgiant and red giant stars from a systematic search of TESS Full Frame Image light curves. These
systems provide a unique view of how planets respond to post-main-sequence stellar evolution. Using
Rossiter-McLaughlin observations from Keck spectrographs, we find that hot Jupiters orbiting sub-
giants that were formerly hotter than the Kraft break are preferentially aligned, providing evidence
for efficient tidal obliquity damping after the main sequence. I will also present a newly discovered,
extremely low-density hot Saturn (ρ�0.03 g cm-3) orbiting a subgiant star that shows tentative evi-
dence for ongoing atmospheric escape. We are pursuing follow-up observations to directly test whether
post-main-sequence evolution can strip planetary envelopes, a prediction that has never been obser-
vationally confirmed. Together, these results connect the changing orbital dynamics and atmospheres
of planets to their host stars’ post-main-sequence evolution, offering a window into the ultimate fate
of planetary systems.
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DQ Tau is a T Tauri binary in an eccentric, 15.8-day orbit surrounded by a circumbinary disk. This
architecture gives rise to periodic, pulsed accretion events. Resonances from the binary orbit launch
streams of material from the circumbinary disk that cross a dynamically cleared gap and fuel bursts
of accretion near each periastron passage. Dramatic and predictable accretion events and its unique
dynamical laboratory have made DQ Tau a frequent object of study for observers and theorists alike.
This synergy allows for a degree of characterization which is rarely achieved for any system. In this
presentation, we leverage 40+ years of radial velocity measurements and 30+ years of photometry to
search for secular evolution not accessible in the seasonal-based observing programs typically presented
in the literature. DQ Tau’s orbit is known to precess at 1 degree per year. With our RV data set
we precisely measure and interpret this precession in both disk- and companion-driven scenarios. DQ
Tau’s accretion burst amplitude is known to vary, occasionally producing very small or ‘failed’ bursts.
With uniformly analyzed time-series photometry, we characterize the burst profile, its variability, and
quantify the frequency of failed bursts, which may point to dynamical processes in the inner disk.
Our work supports the ongoing analysis of time-series JWST/MIRI observations of DQ Tau to better
understand accretion dynamics and disk chemistry in binary systems as well as single stars.
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Binary companions likely affect stellar rotational evolution via tides (for close binaries) and disruption
of the protoplanetary disk (for binary semimajor axes out to at least 5 to 80 AU). However, models
of angular momentum evolution assume that all stars are single, and tidal models for solar-type stars
cannot explain the handful of existing observations. Previous work on the Praesepe open cluster
showed that half of rapidly rotating M dwarfs were candidate binaries, with few confirmed multiples.
We have therefore surveyed 51 M0-M1 members of the Praesepe open cluster, using adaptive optics
and non-redundant aperture masking at Keck II, to expand the binary sample and test the relationship
between binary orbital separation and rotation period. All of our targets already have rotation period
measurements. Our core sample includes 19 companions and 5 probable chance alignments. We
then combine detection limits from additional AO data, WIYN/Hydra radial velocities, and Gaia
astrometry to rule out companions at a wider range of projected separation. Finally, we will present
preliminary modeling of the M dwarf binary population of Praesepe, and the impact of companions
on the rotation period distribution.
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We present a uniform multi-wavelength SED-based comparison of YSO populations in the massive
clustered star-forming complex W43 and the nearby low-mass Lupus molecular clouds. Using archival
photometry from 2MASS, UKIDSS, Spitzer, WISE, Herschel, AKARI, and Gaia, we constructed near-
to far-infrared spectral energy distributions through a consistent workflow including source matching,
quality filtering, extinction treatment, spectral classification, and radiative-transfer SED fitting. The
comparison explicitly accounts for major observational biases caused by the extreme distance contrast
between W43 ( 5.5 kpc) and Lupus ( 150–200 pc), including incompleteness, crowding, and far-infrared
beam confusion. The results suggest systematic environmental differences in YSO populations. W43
contains a significantly larger embedded and protostellar population, enhanced flat-spectrum and
Class I fractions, lower bolometric temperatures, stronger far-infrared excess, and much stronger
spatial clustering than Lupus. Embedded YSOs in W43 are preferentially concentrated along dense
filamentary structures and feedback-shaped regions, consistent with active clustered star formation
in a dense environment. In contrast, Lupus is dominated by lower-luminosity Class II populations
distributed among sparse subgroups and isolated structures. Spectral slope distributions and clustering
fractions independently support this environmental contrast. Although SED-derived disk and envelope
properties remain model-dependent, multiple observational indicators consistently suggest that dense
feedback-dominated environments favor younger, more embedded, and more spatially concentrated
YSO populations. These results imply that star-forming environments strongly modulate observable
evolutionary timescales and clustering geometry, even if the overall YSO evolutionary sequence itself
remains broadly universal.
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We present a sample of bright, nearby Long Secondary Period (LSP) stars selected for detailed follow-
up observations. Using long-term V-band photometry from the All Sky Automated Survey (ASAS), we
searched bright red Tycho-2 stars and identified 23 robust LSP variables brighter than 8 mag. Due to
their brightness and relative proximity, these objects are prime targets for high-resolution spectroscopy,
radial velocity monitoring, and interferometric imaging. This sample provides an observational bridge
between large-scale statistical studies of LSP variability and direct tests of the binary scenario of the
LSP phenomenon.
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Magnetic activity affects stellar lines and produces stellar surface inhomogeneities that together with
rotation cause Doppler shifts that can mimic planetary radial velocity (RV) signals. Understanding
stellar activity is crucial to search for very low RV signals caused by Earth-like planets. ESPRESSO
instrument at the VLT with a 10 cm/s precision has enabled detecting and characterizing Earth-like
planets, demonstrating sub-m/s capabilities and breaking the Earth mass limit. ESPRESSO’s ultra-
stability allows for precise tracking of stellar activity, through several spectral activity indicators, such
as the CCF FWHM. We have modelled using multi-dimension Gaussian Processes (GP) the m/s-level
stellar activity to uncover sub-m/s-level RV signals of sub-Earth planetary systems in our closest
isolated star, Barnard’s star. The rotation-induced stellar activity described with ESPRESSO CCF
FWHM appears to be extremely precise with RMS residuals from GP modelling of 30 cm/s, while
that stellar activity in RV leaves from GP modelling after subtraction sub-Earth planetary signals
residuals below 20 cm/s. Finally, ESPRESSO’s exquisite precision also allows for tracking long-term
magnetic cycles in RV, which, together with CCF FWHM and photometry, enable a more complete
understanding of stellar activity in these cool stars. The precise GP modelling of stellar activity using
ESPRESSO allows to uncover a four sub-Earth planetary system orbiting Barnard’s stars closer than
its habitable zone, with 20-47 cm/s signals of four sub-Earth planets with 0.17–0.32 Earth masses,
just a few times the Mars mass.
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The variability of pre-main sequence Herbig Ae/Be stars will be characterised through the use of the
new UV-optical space telescope Mauve. A small number of these objects have been noted to display
Dipper and Burster behaviour; with the use of Mauve’s low resolution spectrograph and simultaneous
ground-based telescopes, their short term variability will be investigated over daily exposures for up
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to 60 days. The current survey sample of 20 targets will be investigated throughout year 1 of Mauve’s
programme. Using spectral analysis methods the mass accretion rate may be determined for each
observation, and a light curve may be built from secondary observations; this will allow these objects
to be categorised based on their behaviour, into groups such as Dippers and Bursters. I will present
preliminary work done in preparation for Mauve’s full survey beginning in June, and the data analysis
to be carried out once data is obtained.
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Herbig stars have a high binarity rate of approximately 70%; exploring these systems will result in a
better understanding of the planet formation process within them.

The Herbig binary Z CMa consists of a FUor SE component and EXor Herbig Be NW component
with the accretion bursts of the binary potentially being caused by the presence of a planet. This
study presents an intermediate view of Z CMa with the aim of connecting the previous observations
of the twin-jets to the extended structures.

Using MUSE observations from the ESO archive, we produced velocity channel maps and position
velocity diagrams (PVD) along the extended structures seen in the binary.

The PVDs reveal that the outflows both have a high and low velocity component (HVC, LVC). The
HVC has a complex velocity profile, and the LVC was seen to increase with distance indicative of a
wind or ambient medium being swept out.
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Long Secondary Period (LSP) in red giants remains an unresolved problem in stellar variability, with
binarity being one of the most discussed explanations nowadays. We present an independent reassess-
ment of the nearby LSP candidates analyzed by Shariat et. al. (2026), based on long-term All Sky
Automated Survey (ASAS) light curves of 224 Gaia Focused Product Release (Gaia FPR) sources
within 1.5 kpc. Our inspection shows that only 59 stars, approximately 27% of the sample, exhibit
convincing LSP-like variability, while most objects are in fact semiregular variables, with irregular or
multi-periodic pulsations. This indicates substantial contamination by non-LSP stars. Using gaiamock
simulations, we show that even nearby LSP stars, if LSP indicates binarity, are not necessarily ex-
pected to show higher Renormalized Unit Weight Error (RUWE) values. Consequently, the observed
distance-RUWE relation does not rule out a binary origin of the LSP phenomenon.
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Long Secondary Periods (LSPs) in pulsating red giants remain one of the major unsolved puzzles in stel-
lar variability. The ERC project LSP-MIST investigates whether the LSP variability may be caused
by low-mass, possibly substellar companions embedded in dusty clouds, orbiting around evolved giant
stars. If confirmed, this scenario would open a new way to study remnants of planetary systems in
evolved stellar environments, including regions of the Milky Way and nearby galaxies that are inacces-
sible to classical exoplanet detection methods. The project combines large-scale photometric surveys,
spectroscopic follow-up, astrometric constraints, and hydrodynamical modelling to test the binary
hypothesis and understand the physical origin of the LSP variability. Here we present preliminary
results of the LSP-MIST project.
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Analyzing the formation pathways in distinct mass regimes of sub-stellar companions benefits im-
mensely from dynamical mass information, which exists for only a small subset of directly imaged
sub-stellar companions. We present multi-epoch characterization of a young sub-stellar object at the
limits of the coronagraphic inner-working angle, attempting to describe its formation. We fit a highly
eccentric e = 0.41 orbit with semimajor axis a = 39 au to four relative astrometry points spanning
a seven year baseline from 2018 to 2025, using imaging from VLT/SPHERE and JWST/NIRCam.
From this orbit and Gaia absolute astrometry we will constrain a dynamical mass for this object, used
as a prior to fit an atmospheric model to a SPHERE IFS YJ-band spectrum as well as photometry
spanning 1.6-4.4 µm between SPHERE and NIRCam.
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Based on the Jupiter-Io system, magnetic star-planet interaction (SPI) is predicted to cause luminous
stellar radio bursts, whose luminosity depends on the exoplanet’s magnetic field strength. A few radio
SPI candidates have been reported, based on detections of radio bursts from stars known or suspected
to host a sub-Alfvénic planet. However, no candidate system yet has confirmed orbital modulation of
the radio burst timing, which is necessary to determine whether the radio bursts are stochastic stellar
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activity or truly SPI. We will present results from a 50-hour, 1-2 GHz monitoring program of SPI
candidate system YZ Ceti, an M4 dwarf with a 2-day-orbit terrestrial planet, which seeks to explain
why this slowly rotating star emits relatively frequent radio bursts. This program will compare the
burst rate ”in phase”, at an orbital phase range where radio bursts were previously detected, to ”out
of phase” at randomly sampled times.
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Giant planets can be detected through the astrometric accelerations of their host star, and these planets
can be directly imaged if they are young enough. By combining Gaia and Hipparcos measurements,
we have identified 166 stars with accelerations consistent with substellar companions at intermediate
separations (5-20AU); however, the acceleration can also be explained by unresolved short-period
stellar binaries. Using spectra taken with the echelle spectrograph (ARCES) on the 3.5-meter telescope
at Apache Point Observatory, we determine each star’s suitability for direct imaging. We use ARCES
spectra to obtain radial velocities and to screen for stellar binaries. We also derive age posteriors for
each target from calcium R’HK, lithium equivalent widths, and rotation rates extracted from TESS
light curves. Screening our sample for stellar binaries and identifying the youngest stars are key
steps in generating a prioritized list of targets for direct imaging. Directly imaged exoplanets with
dynamical masses and well-constrained ages serve as vital benchmarks, constraining planet formation
and evolution models. We present preliminary results from the radial velocity survey and imaging
campaign, including newly discovered low-mass stellar binaries.
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Binarity has been shown to have profound influence on disk dynamics and planet formation. Multiple
systems constitute a majority of all star systems and it is therefore critical to understand these
effects for holistic planet formation models. However, it is currently incompletely understood how
this manifests in planet populations around binaries with differing disk existence, sizes, locations, and
lifetimes. Using Keck II NIRC2 data across multiple decades, utilizing aperture mask interferometry
(AMI) and adaptive optics, I trace apparently close binary orbits in nearby star-forming regions. The
AMI data is analyzed through a modified IDL pipeline and the results tested against other pipelines or
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literature values for assurance. I then fit these to derive orbital parameters and compare with mid-IR
and millimeter photometry, revealing the disk morphology of the system. Measurements of orbital
eccentricity and obliquity and their effects on disk properties will be central to this analysis. Finally,
with a sample of binaries with known parameters, I will derive statistically how binarity affects disk
dynamics and planet formation. I present here the ongoing work and framework methodology designed
to determine the effects of binarity on planet formation in young binaries.
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A planet’s spin-orbit alignment (or obliquity) is an important tracer of a planetary system’s formation
history. This parameter has been particularly crucial for hot-Jupiter systems in revealing the tidal
interactions these close-in giants have with their host stars. For hot-Jupiters with hosts above the Kraft
break (6100-6500 K), the primordial distribution of misalignments is preserved and demonstrates that
dynamically chaotic mechanisms play a large role in the migration of close-in giants. In this poster,
I will present obliquity measurements for four hot-Jupiters measured with the EXtreme PREcision
Spectrograph (EXPRES). These four planets reside in gravitationally bound stellar binaries. We find
that they are all aligned in the sky projected plane despite the majority of them being above the Kraft
break temperature derived from obliquity measurements by Wang et al. 2026. Hot-Jupiters in binaries
are expected to undergo migration via the von Zeipel-Lidov-Kozai (ZLK) mechanism which produces a
bimodal true spin-orbit angle distribution with peaks near 35 and 110 degrees (Fabrycky & Tremaine
2009, Vick et al. 2019). With a simple population synthesis model, we find that the projected obliquity
distribution of hot-Jupiters in binaries is consistent with an underlying distribution driven by ZLK
migration, however with a seeming overabundance of aligned systems. This implies a contribution
from a migration mechanism with a different underlying distribution, potentially from systems with
additional planets, which drive coplanar high-eccentricity migration and preferentially produce aligned
orbits. We also find the current projected obliquities to be inconsistent with initially isotropic initial
misalignments, as might be expected from the interaction of protoplanetary disks with close binary
companions (s 300 au, Vick et al. 2023). This shows that the stellar companions played a smaller role
in influencing the inclination of the planet forming disk.
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The compact millimeter source L1451-mm, located at the head of a filament in the nearby Perseus
molecular cloud, has been proposed as a candidate First Hydrostatic Core (FHSC) or a very young
stellar object with a compact molecular outflow. We present ALMA sub-arcsecond observations,
exploring the dust continuum and outflow associated with this source. We find that the 220-345 GHz
continuum emission is resolved, arising from dust distributed over a spatial scale of 50-100 AU. There
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is no molecular emission that is strongly associated with this dust core. Molecular emission from a
low velocity outflow is detected in one or more transitions of CO, H2CO, CH3OH, CN, C2H, and
SiO. In all lines, the outflow emission is extended over a 1200 AU × 600 AU region with spatially
separated blue- and red-shifted emission. For most lines, the outflow emission has a velocity width of
∼5-8 km/s and exhibits similar spatial morphology. The presence of SiO (J=5-4), a tracer of strong
shocks not expected in a FHSC, supports previous findings that this source is unlikely to be a FHSC.
The outflow is unusual in that the SiO (J=5-4) emission appears co-spatial with line emissions that
are tracers of weak shocks, and that it is very contained. We suggest that L1451-mm has only recently
transitioned beyond the FHSC phase, with the weak outflow representing the remnants of that phase,
and with a stronger outflow now emerging. With the estimated extended core mass of ∼0.35 M⊙
within ∼5000-6000 AU of the source, and the upper limit of 0.05 L⊙ on the source luminosity, the
forming star is significantly sub-solar in mass. L1451-mm is likely one of the youngest known Class
0 protostars to date. These observations of such an early stage provide constraints on models of the
formation of isolated low-mass stars and their disks.
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Extreme precision radial velocity (EPRV) surveys usually require extensive observational baselines
to confirm planetary candidates, making them resource-intensive. Traditionally, periodograms are
used to identify promising signals before further observational investment, but their effectiveness is
often limited for low-amplitude signals due to stellar activity. We introduce a machine-learning (ML)
framework that extracts planetary signals from spectroscopic time-series data. Injection-recovery tests
on randomly selected 100-observation subsets from NEID solar data (2020–2022 period) show that for
low-amplitude systems (<1 m/s), our model improves planetary candidate identification by a factor
of two compared to the traditional Lomb-Scargle periodogram. This highlights the potential of ML
as a robust alternative for identifying planetary candidate signals in EPRV surveys.

Our ML model is based on Vision Transformer (ViT) architecture that intakes a reduced represen-
tation of the solar spectrum observations and predicts the period and semi-amplitude of a planetary
signal candidate. In this talk, I will present our model framework, data preprocessing, and the fi-
nal results in comparison to the traditional Lomb-Scargle periodogram. While this work focuses on
solar observations, the framework is naturally extensible to more active and variable stellar regimes,
including cool stars targeted by next-generation RV surveys.
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The study of young disks around protostars can provide important insights into planet formation.

236



During the protostellar phase (≤ 1 Myr), when a star accretes most of its mass via infall from the
surrounding cloud, shocks are expected to be ubiquitous around the gaseous accretion disk due to
supersonic infall that strikes the disk. However the exact nature of the boundary between infalling
envelope and disk is puzzling, given that ALMA submillimeter observations of protostars often show
evidence for disks that are larger when viewed in molecular tracers than in dust continuum emission.
In this work we explore whether RadChemT simulations that include strong turbulence related to
shocks can explain the large molecular disk observed around protostar L1527.
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Modern facilities like JWST routinely produce high-precision, multiwavelength transit observations
whose analysis demands inference over high-dimensional, strongly coupled parameter spaces. We
present jaxoplanet, an open-source JAX-based Python package for exoplanet transit light-curve mod-
eling. jaxoplanet unifies the polynomial limb-darkened transit formalism of Agol et al. (2020) and
the spherical-harmonic stellar surface mapping framework of Luger et al. (2019, starry), supporting
both radially symmetric and arbitrary stellar surfaces. To make the underlying algorithms compatible
with JAX’s tracing-based just-in-time (JIT) compilation, we re-express them in branchless form: the
limb-darkening solution vector is computed via Gauss–Legendre quadrature, and Kepler’s equation is
solved using the non-iterative Markley (1995) algorithm with a custom Jacobian-vector product rule
for efficient gradient computation. Because jaxoplanet implements only core light-curve computations,
it is compatible with any JAX-based probabilistic programming library, including NumPyro, Black-
JAX, and PyMC. JAX’s automatic differentiation provides exact model gradients, enabling efficient
gradient-based samplers such as the No-U-Turn Sampler (NUTS). This enables joint multiwavelength
inference: we use NUTS to jointly fit JWST NIRSpec G395H transmission-spectroscopy observations
of WASP-39b across all 100 spectroscopic channels with shared orbital parameters, sampling 700
model parameters simultaneously.
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The two lowest-mass stars known to host multi-planet systems, Teegarden’s Star and TRAPPIST-1,
both exhibit spectral signatures of low surface gravity. However, their kinematics and magnetic activity
tracers are consistent with older stellar populations, pointing to an alternate mechanism behind their
apparent low gravity. Utilizing the atmospheric retrieval technique commonly applied to measure
the properties of brown dwarfs and exoplanets, we characterize three known ultra-cool dwarf planet
hosts, TRAPPIST-1, Teegarden’s Star, and SPECULOOS-3 using NASA IRTF/SpeX spectra in order
to investigate whether the observed anomalies in these spectra are the result of low-metallicity, low
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surface-gravity, or an unknown mechanism potentially induced by the orbiting planets. We compare
a variety of atmospheric retrieval techniques to explore how different chemistry and temperature
parameterizations affect inferred stellar properties.
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Atmospheric composition is a key probe for understanding the formation and evolution of exoplanets.
Since the first detection of sodium in 2000, the C/O ratio and hydrogen/helium escape have been
investigated using both ground- and space-based instruments. However, these parameters are often
degenerate with atmospheric structure, particularly temperature. Na D absorption lines are among
the strongest features in the optical for close-in planets, and their line profiles can be used to probe the
thermal structure and wind velocities (e.g., Wyttenbach et al. 2015; Kawauchi et al. 2022). Therefore,
studying sodium absorption provides important constraints on atmospheric structure, which in turn
aids our understanding of chemical composition and physical conditions. TOI-5398 is a young (650 ±
150 Myr) compact multi-planet system. TOI-5398b is one of only two planets with joint detections
of the helium triplet, Hα, and Na absorption lines. However, the host star is active, and previous
observations were contaminated by signals from TOI-5398c. Continued observations are therefore
required to obtain more precise measurements and to investigate temporal variability. In this poster,
we report high-resolution spectroscopic observations of the warm-Saturn TOI-5398b, orbiting a young
G dwarf, using GAOES-RV on the 3.8 m Seimei Telescope in Okayama, Japan, on 2026 January 5
(UT). As a result, we detect sodium absorption at a level consistent with previous studies.
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Young exoplanets serve as valuable laboratories for testing planet-formation and evolution scenarios, as
they retain primordial information about their orbits and atmospheres. TIDYE-1 (IRAS 04125+2902,
TOI-6963; Barber et al. 2024), a 3 Myr T-Tauri star with an effective temperature of 4080K, is
currently the youngest known system hosting a transiting planet. It hosts a Jupiter-sized planet on
an edge-on (inclination 90°) orbit while the transitional disk appears closer to face-on ( 30°), which
suggests a complex dynamical history, such as a warped outer disk or orbital misalignment induced
during the system’s evolution.

To understand its dynamical history through constraining its obliquity, we measured the Rossiter-
McLaughlin effect: stellar radial velocity anomaly during transit. We obtained two transits of TIDYE-
1 b using Subaru/IRD. Our analysis yields a projected obliquity of λ =-20^+13_-18 deg, suggesting
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a spin-orbit-aligned configuration. Combined with Maroon-X observations (Barber et al. 2025), our
results support the scenario that the disk is the one misaligned relative to the inner system (Barber
et al. 2024).

We also conducted multi-epoch transit monitoring to search for transit timing variations (TTVs),
using the MuSCAT series and Sinistro instruments at telescopes worldwide. No TTV signals with
amplitudes exceeding 10 minutes were detected, suggesting no strong evidence for a companion capable
of producing detectable timing variations. Taken together, our results suggest that the planet has likely
undergone relatively quiet dynamical evolution, which provides important context for interpreting its
atmospheric properties with future observations.
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The MANTIS (Monitoring Activity of Nearby sTars with uv Imaging and Spectroscopy) observatory is
a compact, multi-instrument small satellite designed for simultaneous extreme-ultraviolet (EUV; 10–56
nm), far-ultraviolet (FUV; 115–180 nm), and near-ultraviolet/visible (NUV/VIS; 200–640 nm) spec-
troscopy of low-mass stars. MANTIS combines multiple new technologies, including a first-of-its-kind
grazing incidence telescope contributed by the Italian National Institute for Astrophysics (INAF) and
etched silicon gratings developed at Pennsylvania State University (PSU). These advancements, along
with an extremely low-noise microchannel plate detector, enable MANTIS to exceed the efficiency of
the last major EUV-sensitive astrophysics spectrometer, EUVE-DS/S, by several factors, despite its
far smaller size. With this capability, MANTIS will carry out the first dedicated survey of low-mass
stars across the UV bandpass to understand their influence on exoplanetary atmospheres. The pri-
mary MANTIS science survey includes long-baseline integrations executed simultaneously across all
three channels, probing both quiescent flux levels and the relative spectral output of high-energy flares
from 10 to 600 nm. MANTIS is scheduled to launch in late 2027 for a one-year science mission. The
program is led by the University of Colorado’s Laboratory for Atmospheric and Space Physics (LASP).
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Detecting and measuring exoplanet magnetic fields greatly advances our understanding of the planets.
Planets with atmospheres and magnetic fields, such as Earth and Jupiter, have auroras that emit radio
waves originating from charged particles that are accelerated in the polar regions. We studied the radio
emission from Beta Pictoris b, a young exoplanet with a long orbit (approximately 10 astronomical
units from its host star) and a mass about ten times that of Jupiter. Its high luminosity suggests a
strong magnetic field and thus strong auroral emission. In 2020, we made radio observations with the
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Giant Metrewave Radio Telescope (GMRT) at band 3 (250–500 MHz). Approximately two hours of
observations, including flux and phase calibrators, were conducted over four days. The GMRT data
were calibrated using the SPAM pipeline, which corrects for terrestrial ionospheric effects. However,
no signal was detected at the background rms level of 41 µJy/beam.
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HIP 67522 is known to host one of the youngest hot Jupiters, with an estimated age of 20 Myr.
Such young planets are thought to retain primordial information about their orbital configurations
and atmospheric properties, providing valuable insights into the formation and evolutionary history of
close-in planets. We conducted transit spectroscopy of HIP 67522b using the InfraRed Doppler (IRD)
instrument, a near-infrared high-resolution spectrograph (R ∼ 70, 000) mounted on the 8.2 m Subaru
Telescope. Our aim was to measure the spin-orbit angle via the Rossiter-McLaughlin effect and to
probe the extended helium atmosphere at the 1083 nm line. Our observations covered two partial
transits of HIP 67522b and revealed that (1) the planetary orbit is well aligned with the stellar spin
axis (the projected obliquity of λ = 11+21

−22 deg), and (2) the planet possesses a significantly extended
helium atmosphere, indicative of strong atmospheric escape. The transit light curve at the helium line
cannot be explained by a uniform, spherically symmetric atmospheric model, suggesting the presence
of a non-uniform and/or non-spherical structure, such as a stream-like outflow. In this poster, we
present the results of our analyses using several different atmospheric models.
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With the advent of extreme-precision radial-velocity (RV) spectrographs capable of sub-m/s precision,
overcoming the intrinsic variability of the host star has become the main hurdle to detecting the
lowest-mass planets. Although wide range of techniques have been developed to mitigate the impact
of stellar variability, the majority of these focus only on the effect of isolated magnetically active
regions on the stellar surface. In this talk, I use Sun-as-a-star observations to isolate and characterise
the RV variability emerging from outside these isolated regions. I find that the magnetically inactive
solar surface shows a consistent level of variability, often becoming the dominant source of variability
in solar RVs. From these RVs, I identify supergranulation as the dominant driver of RV variability
during solar minimum, motivating the need for the community to develop techniques to mitigate the
RV signature of supergranulation.
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Compact hierarchical triples (CHTs) are triple stars where the tertiary is in an orbit of period less
than 1000 d. In other words, you can fit three solar-mass main-sequence stars between the Sun and
Jupiter. These systems were thought to be rare, but we are discovering more of these systems recently
(currently 600 systems), thanks to space-based missions like TESS, Kepler, and GAIA. In our work,
we use eclipse timing and radial velocities of double-lined eclipsing binaries to discover and characterise
these systems. We then use spectroscopic and systemic parameters from our work and the literature
to understand the effects of metallicity and dynamics on the formation processes. We find that the
formation channels are similar to those of close binaries, but how the systems evolve might vary a
lot depending on their initial architectures and therefore also impact the final states that we see in
observations. We also discuss how better samples and theoretical studies can shed light on whether
these systems can act as a bridge to connect star and planet formation.
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We use legacy-quality JWST observations including data from the JWST Telescope Scientist GTO
program to illustrate the challenge of distinguishing between data analysis issues, errors in models of
stellar limb darkening, and actual exoplanet atmosphere signals. Potential issues include: fitting a
light curve not that does not sample disk center, fitting unbinned noisy data, using an approximate
limb-darkening laws, biased parameterization (e.g., q1 and q2), strong parameter covariance (e.g., u1
and u2), using 1D atmosphere models, and the impact of stellar magnetic fields. Once issues like these
are resolved, JWST transit light curves will provide strong constraints on stellar limb-darkening in
spectroscopic bins from 0.6 to 12 µm.
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Simulations predict that brown dwarfs can be formed out of molecular clouds and in protoplanetary
disks, but the proportion formed through each pathway is still unknown. To address this question,
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we examine the accretion properties of stellar and substellar objects, as accretion rates can probe
formation and evolution. Objects that formed via molecular cloud core collapse have an observed
power law relation between mass and accretion rate, while simulations of objects formed via disk
fragmentation show weak accretion rate dependence on mass. Three to five dex of variance in accretion
rate can be seen at a given mass, making it difficult to distinguish formation pathways. Physical sources
of accretion rate variation like accretion variability are one source of scatter around the power law
relation. Additionally, uncertainties on observed and inferred parameters such as effective temperature
and mass also introduce scatter. We turn to simulations to learn their relative contributions. We
present the Simulation Tool for Accretion Rates and (Sub)stellar POpulation Properties (STARSPOP),
a Monte Carlo simulation tool that models both sources of observational uncertainty (mass, radius,
etc.) and physical effects (age, variability) that cause accretion rate variance. We compare STARSPOP
simulation results to the Comprehensive Archive of Substellar and Planetary Accretion Rates catalog
(CASPAR), a uniformly re-derived catalog of 798 accreting objects that range in mass from G type
classical T Tauri stars to planetary mass companions. We find that the observed variance in stellar
accretion rates is 100% reproduced in our simulations, and due in about equal parts to observational
uncertainties and true physical sources of variation. However, STARSPOP only accounts for 40%
of the scatter in the substellar regime. Future work will focus on implementing different accretion
physics, different formation relations, and a population synthesis framework.
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SR 12 c, a planetary mass companion in a 1000 au orbit around its binary host, is one of only three
planetary mass objects surrounded by an ALMA-detected circumplanetary disk (CPD). CPDs with
different masses and orbits provide crucial laboratories to study substellar formation: the structure and
mass of CPDs govern planet formation timescales and may distinguish between formation mechanisms,
while dust composition and grain sizes ultimately affect atmospheric metallicity and satellites. CPD
properties can also be compared against better-understood brown dwarf and low-mass star disks to
test how disk properties scale with central object mass at the low-mass extreme. Spitzer-era studies of
disks around brown dwarfs and stars revealed crystalline and amorphous silicates and grain growth to
mm sizes. Extending disk characterization to objects of planetary mass requires measurements in the
mid-infrared and mm ranges only possible in the era of overlapping ALMA and JWST observations.
We present mid-infrared integral field unit observations of SR 12 c and its CPD using JWST/MIRI-
MRS. Our observations reveal the SR 12 system embedded within the ρ Oph cloud complex, which
adds bright, structured emission with strong H2 rotational lines. We first spatially model and subtract
this nebular background before extracting a 5-28 µm spectrum of SR 12 c. We combine this MIRI
spectrum with literature photometry and spectroscopy to form a spectral energy distribution (SED)
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spanning from UV to mm wavelengths. Finally, we present SED modeling using radiative transfer and
retrieval codes (MCFOST, DuCKLinG) which explore various disk geometries and multi-temperature
components. Preliminary models suggest that SR 12 c’s dust disk has a midplane temperature of 60
K and surface temperature of 50-80 K. We discuss implications for this planetary mass companion’s
disk size, structure, and composition in the context of the well-characterized landscape of disks around
brown dwarfs and stars.
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The M dwarfs are frequently orbited by low-mass stars and terrestrial planets, yet rarely by the
brown dwarfs and Jovian planets between those mass regimes. The collective orbital architectures
of those unusual substellar companions thus present a valuable opportunity to learn about those
objects’ formation, dynamical evolution, and original circumstellar environments. Accessing those
parameter spaces, however, requires complementary observing techniques to truly map orbits and
thoroughly assess the masses and mass ratios that occur. Here we present our pilot study of five M
dwarfs with strong evidence of potentially substellar companions, combining 20+ years of astrometric
monitoring from RECONS with high-precision radial velocity snapshots from Maroon-X on Gemini-N.
Each system is also constrained by our 300-target comprehensive SOAR speckle interferometry survey
of stellar M dwarf companions. Together, these powerful data sets will let us detect and characterize
substellar orbits beyond the typical limits of each technique alone. We will present preliminary results
from this study as well as our plan for the ”dream survey” — to detect all substellar companions
around 500 stars in the local neighborhood orbiting on periods spanning days to decades.
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I will present a comprehensive study of a volume-limited sample of 206 accelerating stars within 20
pc, identified using the Hipparcos-Gaia Catalog of Accelerations (HGCA) at >3sigma significance.
By construction, all targets have astrometric measurements spanning the Hipparcos (1991.25) and
Gaia DR3 (2016.0) epochs, enabling the detection of long-term proper-motion anomalies indicative
of long-period (>7.5yr) companions. Many of these systems host previously published companions,
including stars, brown dwarfs, or giant planets, with well-characterized orbits and dynamical masses.
For the remaining systems, we combine HGCA astrometry with archival radial velocity (RV) time
series to derive orbital solutions, yielding new dynamical constraints for 69 systems that had not
previously been analyzed in this framework. The majority of these newly characterized accelerators
are stellar binaries, though we identify two new brown dwarf companions and determine their model-
independent masses. We compile orbital properties for all companions this 20 pc sample with viable
HGCA solutions and use this dataset to explore the population-level characteristics of companions
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detectable via Hipparcos-Gaia accelerations, including trends in mass ratio and orbital architecture.
These results highlight regions of parameter space that are difficult to access with RVs or imaging
alone. We further identify a subset of accelerating stars lacking sufficient RV monitoring to constrain
the nature of their accelerations and describe ongoing efforts to address this limitation through a
multi-facility RV program. This work provides a census of nearby accelerating stars and establishes a
benchmark for the scientific impact of Hipparcos-Gaia astrometry in the era preceding Gaia DR4.
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Metal-poor M dwarfs represent an untapped fossil record of the early Milky Way, yet high-resolution
spectroscopic studies of these cool, faint stars remain extremely limited. Expanding detailed abun-
dance measurements into the low-mass regime is essential for connecting Galactic chemical evolution
models with the most numerous stellar population in the Galaxy. We present a new spectroscopic
and dynamical analysis of nineteen metal-poor M dwarfs observed by the SDSS-V/APOGEE survey.
Using a line-by-line LTE analysis with MARCS model atmospheres, the latest APOGEE line list, and
the Turbospectrum radiative-transfer code, we derive individual abundances of C, O, Mg, Al, Si, K,
Ca, Ti, and Fe. The sample spans metallicities from [Fe/H] = –1.0 to –2.0 dex and effective tempera-
tures between 3600 and 4100 K, making it one of the largest homogeneous high-resolution abundance
samples of metal-poor M dwarfs to date. We identify chemically distinct populations within the
sample. Twelve stars exhibit enhanced [Mg/Fe] ratios consistent with halo-like enrichment, and for
several objects this interpretation is supported by orbital properties derived from Gaia astrometry and
APOGEE radial velocities. Three stars show kinematics consistent with the Gaia-Enceladus/Sausage
merger and one with the Thamnos structure, demonstrating that accreted stellar populations can be
traced even among nearby M dwarfs. Despite all targets lying within 340 pc of the Sun, their chemical
and dynamical signatures indicate origins in early Galactic assembly or disrupted systems, highlight-
ing the power of metal-poor M dwarfs as long-lived tracers of Galactic history. This work opens a
new window for using cool stars to probe chemical evolution, merger remnants, and the low-mass end
of the Galactic fossil record.

ID: P2196
Mass, Radius, and Age Measurement of a Nearly Pristine Star

Presenter: Samuel Grunblatt (University of Alabama)
Author list:
S. Grunblatt (1); Christopher Lindsay (2); Daniel Hey (3)
(1) University of Alabama, (2) Yale University, (3) University of Hawaii
Session: Cool Stars in the Context of Cosmic Evolution

The most metal-poor stars currently known are key to understanding the processes of galaxy forma-
tion. Measurement of their individual properties, particularly their mass and age, provides valuable
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benchmarks for understanding the early environments in which stars and galaxies formed. Asteroseis-
mology of metal-poor red giants in our Galaxy has been shown to be reliable for stars smaller than
20 Rsun, but detailed asteroseismic characterization at larger radii or outside the Milky Way has not
been possible until now. Here, we present the detailed asteroseismic analysis of SDSS J0715-7334,
the most metal-poor star currently known (logZ/Zsun < -4.3). Despite its kinematically-confirmed
residence in the halo of the Large Magellanic Cloud, the intrinsic brightness of this luminous red giant
branch star has allowed detailed identification of individual asteroseismic modes with TESS. Using
the asteroseismic information alone, we can recover the spectroscopically constrained surface gravity
and distance of this star to higher precision than earlier spectrokinematic analysis. We then combine
constraints of stellar properties from high-resolution spectroscopy and detailed kinematics with our
asteroseismic results to measure a stellar radius of 42.7 +/- 3.5 Rsun, mass of 0.85 +/- 0.15 Msun, and
age of 12.8 Gyr, demonstrating that stellar models and asteroseismology are reliable to the absolute
metallicity floor measurable in the nearby Universe, and can be used for robust stellar characteriza-
tion in extremely metal-poor environments. These results also imply that substantial star formation
began earlier in the formation environment of this star than in our Galaxy, furthering evidence for
environment dependence in Population III star formation.
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Cool stars spanning a broad range of ages are powerful chemical tracers of cosmic element evolution.
For phosphorus, however, the lack of usable optical lines has long limited abundance measurements and
hindered our understanding of its nucleosynthesis and Galactic history. We present new results from
WINERED, a high-throughput, high-resolution (0.9–1.35 µm) spectrograph on the 6.5-m Magellan
Clay telescope, where multiple P lines in the Y band enable robust, internally cross-checked phosphorus
abundances. In many targets we measure five or more P lines per star, together with a wide suite of
elements in the same spectra (e.g., C, Mg, Si, S, K, Ca, Fe-peak and neutron-capture species like Sr),
providing a consistent near-IR chemical inventory across diverse stellar types.

In particular, we focus on three complementary stellar populations to chemical evolution. Solar analogs
provide a precise differential abundance scale and reveal tight age–abundance relations: these relations
encode enrichment histories in different Milky Way regions before each reached approximately solar
metallicity, offering a framework to interpret phosphorus alongside well-studied elements. We then
extend multi-line phosphorus measurements to rare phosphorus-rich stars, where broad elemental
patterns help constrain candidate enrichment channels, and to classical Cepheids, luminous young
tracers that map present-day abundance patterns across the Galactic disk and in the Magellanic
Clouds.

Beyond abundances, we will show how near-IR absorption features of key diagnostics, including He
I 10830 Å, vary across a broad range of cool stars, linking composition measurements to chromo-
spheric/atmospheric properties. In addition, we describe our PCA-based telluric correction, developed
to model and remove time-variable terrestrial absorption at high precision. This approach can support
broad application of near-infrared spectroscopy targetting various cool stars.

ID: P2198
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The initial mass function is one of the most fundamental measurements of stellar and substellar astron-
omy, with volume-limited samples being the gold standard for determining the underlying formation
function. Previous attempts to accurately constrain the substellar end of the initial mass function
have been hampered in part due to imprecise luminosity measurements for the dimmest objects and
an inadequate handling of systematic uncertainties. It is only now that we are comfortably in the
era of JWST that we have enough observations of late T and Y dwarfs to accurately determine the
luminosities of these coldest objects and constrain both the low-end of the mass function and the age
distribution of the substellar local solar neighborhood. In this talk, I will present the most accurate
to date 20 pc luminosity function of L, T, and Y dwarfs and the modeling required to probe the
fundamental mass and birthrate functions. Our measured luminosity function deviates significantly
from the literature, especially in the low-mass regime that provides the strongest constraints on the
underlying mass function. Constraints on the birthrate allow us to probe how the local substellar
population has evolved due to galactic dynamics. Our results provide brand new insight into the
initial mass function of the cold brown dwarfs, place limits on the minimum mass of star formation,
and lay out the next steps in improving our understanding of the local solar neighborhood.
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Reliable age estimates remain a key limitation in the characterization of cool stars, substellar objects
and exoplanet systems, directly impacting our understanding of their atmospheres, evolution, and
magnetic activity. Gyrochronology offers a powerful age diagnostic, but its application is often impeded
by stellar variability, sparse sampling, and overfitting in rotation period inference.

We present a Gaussian Process (GP) framework with entropy-based regularization to favor simpler
models when analyzing photometric time series. By discouraging overly complex solutions, this ap-
proach mitigates overfitting, improves the robustness of rotation period measurements, and enhances
the physical interpretability of GP hyperparameters.

We apply this framework to thousands of TESS photometric light curves, where stellar rotation is
the dominant source of chromospheric variability. Using our automated GP approach, we measure
rotation periods for 10 000 stars spread across the 15 cluster within 200 pc, covering ages between
5 Myr and up to a few hundreds of Myr. Validation against carefully visually vetted samples shows
agreement in > 90% of cases, demonstrating both the reliability and scalability of the method. These
measurements are used to calibrate gyrochronological sequences, with particular emphasis on the cool-
star regime where traditional techniques often struggle or require a time consuming, manual vetting of
the samples.Here, we demonstrate that reliable stellar rotation periods can be obtained for thousands
of stars without the need for individual visual inspection of each light curve.
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This work highlights regularized GPs as a versatile tool for activity and age determination in cool
stars, offering new opportunities to link stellar rotation, age, and atmospheric properties in the low-
temperature regime.
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Thanks to ongoing efforts to compute precise stellar ages, we can now characterize stars across different
regions of the Milky Way. The Gaia and Kepler space missions, along with ground-based spectroscopic
surveys like APOGEE, offer a unique opportunity to investigate chemo-kinematical relationships as a
function of age within Galactic stellar populations, providing valuable insights for Galactic evolution
models.

In this presentation, we discuss a sample of stars with measured chemical and seismic properties from
the APOGEE spectroscopic survey and the Kepler satellite. Furthermore, astrometry data from the
Gaia satellite is accessible for the majority of our sample. Given the model-dependent nature of ages
inferred from asteroseismology, we compare results obtained from different age determinations from
the APOKASC catalog (Pinsonneault et al., 2018) and Miglio et al. (2021).

We explore the age-chemo-kinematic relationships within our sample’s stellar populations using both
sets of stellar ages, and compare them to simulations computed with the Besançon stellar population
synthesis model. This comparison allows us to avoid the selection bias of the 2 sets. Among the
various aspects covered, we discuss the characteristics of stars within the high-alpha metal-rich thick
disc. Additionally, we examine the patterns in vertical velocity dispersion with stellar age for the high-
alpha metal-poor thick disc, hinting at a more intricate chemo-dynamical scenario, likely influenced
by mergers and radial migration effects.
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Stellar chemical abundances provide a powerful record of the Milky Way’s chemical evolution and
nucleosynthetic history. Large, homogeneous spectroscopic surveys are therefore essential for mapping
these signatures across the Galaxy. The Gaia Radial Velocity Spectrometer (RVS) has obtained ∼33
million spectra centered on the Ca II triplet (845-875 nm), primarily to deliver precise radial velocities
for stars down to G ∼ 14. Although optimized for kinematics, this wavelength region contains a
chemically informative window with absorption features from elements spanning light, α, iron-peak,
and neutron-capture groups. In this work, we leverage quality Gaia RVS spectra to infer chemical
abundances for multiple element groups using a homogeneous spectral analysis framework. We use
these measurements to identify stars with potential neutron-capture enhancements, providing a set
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of candidates for follow-up spectroscopy to help constrain the astrophysical sites of neutron-capture
nucleosynthesis. We demonstrate how this catalog enables tests of chemical enrichment patterns and
stochasticity across the Milky Way, and supports comparisons to Galactic chemical evolution models.
With the order-of-magnitude increase in RVS spectra expected in Gaia DR4, this approach establishes
a scalable framework for extending detailed chemical analyses to substantially larger stellar samples.
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NASA’s Transiting Exoplanet Survey Satellite (TESS) mission has identified at least 158,000 oscillating
red giants, increasing the known sample by roughly an order of magnitude. After validating that these
measurements are reliable to 5% for up to 90% of red giants, we construct tailored stellar evolution
models using MESA to infer ages for 132,794 of these stars, achieving an average uncertainty of
23%. We demonstrate that these ages broadly follow the distributions observed in smaller benchmark
samples such as Kepler, with modest differences likely arising from the larger Galactic volume probed
by TESS. We release these ages to the community to enable future Galactic archaeology investigations.

Building on this foundation, we combine our seismic ages with dynamical age constraints derived from
Gaia-based Galactic actions. We focus on stars associated with coherent phase-space structures in
the Galactic disk (so-called dynamical “wrinkles”) that may be produced by transient spiral structure.
Simulations predict that these features are preferentially populated by stars that are younger than
expected given their large radial actions, offering a clock for recent disk heating events. By comparing
ages inferred from stellar modeling and Galactic dynamics, we test whether stars in wrinkles exhibit
this predicted age–action mismatch and place new constraints on their formation mechanisms. This
approach highlights the power of large TESS samples for reconstructing the recent dynamical history
of the Milky Way and for advancing Galactic archaeology.
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A substantial fraction of very metal-poor stars in the local Milky Way halo exhibit large carbon over-
abundances. These Carbon-Enhanced Metal-Poor (CEMP) stars, predominantly cool stars on the
red giant branch, provide crucial constraints on the nature of the early universe including the earliest
nucleosynthetic events. Whether these stars exist at similar rates in nearby galaxies is a major open
question with implications for understanding how metallicity and environment shape the formation
and evolution of cool stars across cosmic time. While CEMP stars are found in ultra-faint dwarf
galaxies at rates similar to or higher than the Milky Way’s halo, dwarf spheroidal galaxies exhibit a
clear deficit, including the LMC. However, this observed deficit may be caused by selection effects
given the higher average metallicity of more massive systems. In this talk, I will present the discov-
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ery of 1000s of candidate CEMP giants in the LMC using low-resolution Gaia XP spectra to classify
these cool, carbon-rich stars across the sky. The SDSS-V Magellanic Genesis survey’s BOSS spectra
provides a unique opportunity to confirm these candidates and measure an unbiased CEMP rate in
the Magellanic Clouds. I will present ongoing work using this data, including the discovery of the
first 5 confirmed CEMP stars in the LMC. In total, this work represents the initial results of a crucial
comparative study tracking how cool, metal-poor stellar populations trace the chemical evolution of
local galaxies across cosmic history.
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Rotation is a fundamental property of stars that is useful in characterizing the ages of the stellar
populations that make up our Galaxy. The Nancy Grace Roman Space Telescope will perform time
domain surveys that stand to at least double the number of period measurements, and consequently
rotational ages, and for populations that have yet to be studied in rotation. I will review the ways
that rotation and other time-domain stellar features have been used to map our Galaxy’s history
and highlight our use of deep learning to extract stellar rotation periods from Roman’s time domain
surveys, including one hundred thousand periods we expect from the Galactic Bulge Time Domain
Survey (GBTDS). I will discuss the new populations we expect to uncover in rotation, and I will
preview the transformational new science of star spots that the GBTDS’s multi-wavelength time
series will enable.
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The James Webb Space Telescope (JWST) provides an unprecedented opportunity to study the cold-
est, lowest-mass and faintest products of star formation: Y-type brown dwarfs. We leverage JWST’s
NIRISS and NIRCam instruments to probe the multiplicity of 22 Y dwarfs. We analyze our obser-
vations with Kernel Phase Imaging (KPI), a generalization of interferometric techniques to regular
images, which enables us to search for companions below the diffraction limit of the telescope. Thanks
to JWST’s exquisite sensitivity at 4.8 um, our KPI analysis has the ability to detect companions with
sub-Jupiter masses (mass ratios down to 0.1), and separations as low as 0.5 au. We recover the known
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Y dwarf binary WISE 0336 AB through KPI and confirm its parameters. Since KPI has a limited field
of view ( 2 arcsec), we also look for companions at wider separations with traditional PSF injection
recovery. Despite not providing new detections, this wide-separation search significantly extends the
parameter space we are able to probe, unlocking separations up to 1000 au. As a whole, our analysis
is sensitive to planetary-mass binary companions between 0.5 and 1000 au. This provides the most
robust constraint to date on the multiplicity of Y dwarfs and represents a crucial step towards a
complete understanding of star formation processes down to the lowest masses.

ID: P2209
A multi-method Galactic halo binary survey using high-angular resolution images and
light curves

Presenter: Melodie Sloneker (Georgia State University)
Author list:
S. Lepine (1); Z. Hartman (2); R. M. Rich (3)
(1) Georgia State University; (2) NASA Ames Research Center; (3) UCLA
Session: Cool Stars in the Context of Cosmic Evolution

Stellar multiplicity properties, including binary frequency and orbital period distributions, provide
direct insight into the initial star-forming environment as they are thought to be largely dependent
on fragmentation processes in the original Giant Molecular Cloud. Ancient stars of the Galactic
halo are more challenging to study in large numbers than the Galactic disk as they are, on average,
more distant and thus faint low-mass stars. While the multiplicity statistics of the disk-dominated
field population can be inferred from volume-limited surveys of the Solar Neighborhood, uncertainty
remains in the multiplicity properties of the Galactic halo, with a wide range of multiplicity fractions
(i.e. 12.5-33%) reported in the literature. With Gaia DR3, large catalogs ( 0.5 million stars) of local
(d<2kpc) low-mass halo stars can now be assembled, allowing for more statistically significant surveys
of Galactic halo binaries. Using a range of techniques, we conduct a multi-method multiplicity survey
of Galactic halo stars using a combination of: astrometric data (Gaia), high-angular resolution ( 0.1”)
images (archival HST/JWST data and ground-based AO data from LICK Observatory) for hundreds
of halo stars to resolve visual binaries, and 6000 archival light curves (Kepler K2) to find eclipsing
binaries and old rotators (old Galactic halo stars spun-up by a close companion). These techniques
probe systems at all orbital separations, allowing for a more comprehensive examination of the orbital
period distribution of binaries in the Galactic halo. This will contribute to our understanding of
the preferred close binary formation mechanism(s) in the halo and the role of age and metallicity in
these processes. Furthermore, we expect this survey to aid in attempts to characterize how stellar
multiplicity properties vary throughout the Galaxy by parent population.
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The Sagittarius dwarf spheroidal galaxy provides us with the unique opportunity to study an ongo-
ing Galactic cannibalistic event between the Milky Way and a satellite dwarf galaxy. Understand-
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ing this event crucially requires memberships and high-precision metallicities. Here, we present the
first major membership star catalog of the Sagittarius dwarf core (≈400,000 sources) and Messier
54 (≈2000 sources) with positions, proper motions, and parallaxes from Gaia DR3, supplemented
with metallicities from APOGEE DR17. We initially isolate and separate the Sagittarius dwarf core
and Messier 54 spatially from prior literature positions. Using evolutionary sub-samples separated
within a color-magnitude diagram, we analyze the substructures of the Sagittarius core and infer its
positional relationship with Messier 54 within 5D phase space. A sample of Milky Way stars from a
similar galactic latitude were used to identify contaminants and separate member stars from the cores
of Sgr dSph and Messier 54 using a Gaussian Mixture Model. We present the derived proper motion,
parallaxes, and metallicities for these evolutionary sub-samples while demonstrating the precision of
our sample using red clump standard candles. We find a distance modulus for the Sagittarius core
and Messier 54 of (m − M)0 = 16.958+0.044

−0.044 mag and (m − M)0 = 16.94+0.047
−0.056 mag, corresponding to

a heliocentric distance of d = 24.635+0.49
−0.49 kpc and d = 24.452+0.537

−0.602 kpc respectively. With red clump
distance analysis, our results imply there is no separation between the Sagittarius core and Messier
54 for the evolved stellar populations. Finally, we describe the metallicity distributions of the evolved
stars within these two systems, finding evidence in favor of the infall scenario.
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The Galactic Bulge preserves fundamental traces of the Milky Way’s origins. Therefore, the detailed
study of its chemical evolution is essential to understand the formation and evolution of the oldest
stellar populations. However, identifying these ancestral survivors is a major challenge, as they are
statistically drowned out by the dominant metal-rich populations ([Fe/H] > -0.5) and obscured by
severe crowding and variable extinction in the inner Galaxy.

In this work, we analyze a sample of approximately 500 cool stars observed with the VLT/FLAMES-
GIRAFFE spectrograph (R 22,000), strategically selected in fields surrounding key globular clusters
(HP 1, NGC 6522, NGC 6558, Palomar 6, AL 3, and NGC 6355). From these spectra, we derive
precise atmospheric parameters and detailed chemical abundances (C, N, O, Fe-peak, neutron-capture
elements) that allow us to chemically differentiate these groups. By analyzing abundance ratios, the
project aims to reconstruct the chemical enrichment history of the early Galaxy and investigate the
nucleosynthesis of the first supernovae in the bulge.

Furthermore, this work serves as a strategic preparatory study for future multi-object spectroscopy
with the MOSAIC instrument on the Extremely Large Telescope (ELT). The reduction and analysis
techniques for crowded fields refined here will be directly applied to the preparation of targets and sur-
vey planning for the spectrograph. We therefore present the first results of this survey, characterizing
the oldest components of the Galactic core.
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Brown dwarfs are crucial links connecting the lowest mass stars and Jovian worlds found in our solar
system. The coldest brown dwarfs (Y dwarfs with Teff < 500 K), have atmospheric signatures that are
akin to Jupiter and have received generous attention from the James Webb Space Telescope (JWST).
One such object is WISEA J153429.75-104303, dubbed “the Accident” after being accidentally discov-
ered. The Accident is a cold low-metallicity ([M/H] -2.22) Y-type object with kinematics consistent
with the Milky Way’s galactic halo. Recently, Faherty et al. 2025, revealed the JWST near-infrared
spectrum for the Accident which showed strong absorption from methane, water, collision-induced
absorption (CIA) from H2, and silane. The detection of silane by Faherty et al. (2025), marked the
first detection of this molecule in a planetary body in or outside the solar system. In this presenta-
tion we will extend the analysis of this exciting object and present newly acquired JWST MIRI LRS
spectra for the Accident. The full spectral energy distribution (SED) now covers 1-14 microns and
yields parameters of (Teff=483+/-18 K, Logg=5.06+/-0.04, Mass=34+/-2 M_jup, Radius=0.855+/-
0.01 R_jup). The mid infrared spectrum demonstrated clear molecular absorption from water and
methane but no other secure molecule. Longward of 6 microns the spectrum is dominated by H2-H2
opacity hence no 10.5 micron ammonia nor secondary 11 micron peak of silane could be confidently
confirmed. Given the extreme low metallicity of the Accident, we place its spectral peculiarities in
context with equivalent temperature, field Y dwarfs as well as warmer low metallicity T dwarfs to eval-
uate how cool worlds may evolve through the cosmos. Deciphering the chemistry in the atmosphere of
the accident will provide insights on primeval substellar evolution and formation at low-metallicities.
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Carbon, nitrogen, and oxygen play a central role in stellar evolution and provide key constraints on
the chemical evolution of the Galaxy. Their surface abundances in stars encode the combined effects

252



of nucleosynthesis, internal mixing, and large-scale Galactic processes such as star formation history
and radial migration. Establishing a homogeneous and well-calibrated view of CNO abundances across
stellar populations is therefore essential for understanding the role of cool stars in cosmic evolution.

The DAINA project (The history of C, N, and O in the Galaxy) aims to trace the enrichment of CNO
elements across the major stellar populations of the Milky Way, from field stars to open clusters. By
combining new high-resolution spectroscopic observations with carefully calibrated analyses and large
public surveys, we investigate CNO abundance trends as a function of stellar age, evolutionary stage,
and Galactic orbit. This approach allows us to disentangle the relative contributions of stellar mixing
processes, radial migration, and Galactic chemical evolution to the observed abundance patterns.

In this contribution, I present the scientific goals of the DAINA project and first results based on spec-
tra obtained with the high-resolution spectrograph at the Molėtai Astronomical Observatory. These
results provide new constraints on the temporal and spatial evolution of carbon, nitrogen, and oxygen
in the Milky Way, establishing a robust chemical reference framework for studies of stellar populations
and the broader context of Galactic evolution.
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Refining the In-situ and Ex-situ Designation of Galactic Globular Clusters: A Statistical Re-evaluation
in the [Mg/Mn] vs. [Al/Fe] Plane with APOGEE DR16 & DR17 (the full title of this study)

High-resolution near-infrared spectroscopy from the APOGEE survey has revolutionized Galactic
archaeology, enabling detailed chemical abundance studies of stars in dust-obscured regions. The
[Mg/Mn] vs. [Al/Fe] plane has emerged as a powerful diagnostic for distinguishing stars formed in
situ within the Milky Way from those accreted ex situ. However, literature classifications often rely
on simplified, linear divisions in this chemical space. In this work, we critically reassess the in-situ and
ex-situ status of member stars in selected Galactic globular clusters (GGCs) using APOGEE data.
By applying a robust statistical framework to the high-precision abundances from DR16 and DR17,
we demonstrate that the separation between these populations is not well represented by sharp, linear
boundaries. Instead, we find that in-situ and ex-situ stars occupy overlapping regions characterized by
probabilistic boundaries with intrinsic curvature. Our comparative analysis of the two data releases
reveals that the precise location and shape of these separation regions are sensitive to the underly-
ing sample selection, abundance calibration, and reported uncertainties. This finding underscores a
significant caveat: origin predictions for individual stars or clusters can vary substantially depending
on the adopted APOGEE data release and the specific selection criteria used to define the separating
region in the chemical plane. We therefore urge caution in the application of rigid chemical dividers
and highlight the necessity of statistically informed, probabilistic approaches for future classification
in Galactic archaeology.

ID: P2217
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Unveiling Oxygen’s Past with Subaru/IRD: Oxygen Abundance of Very Metal-Poor Stars
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Determining oxygen abundances in very metal-poor (VMP) stars ([Fe/H] = –4.0 to –1.0) remains
challenging, particularly at lower metallicities, due to the weakness and telluric contamination of the
[O I] forbidden line—the most reliable oxygen indicator in the optical range. Oxygen, like carbon,
is typically overabundant in VMP stars ([O/Fe] > 0.5); however, to identify and study stars with
potentially lower oxygen abundances, alternative and reliable oxygen tracers are required. In this
study, we investigate the reliability of near-infrared OH vibration-rotation lines as oxygen abundance
indicators in a metallicity regime where the [O I] line is unusable. Using high-resolution Subaru/IRD
spectra (R ∼ 70,000), covering numerous first overtone OH lines in the H-band (1.5–1.7 µm), we
determined oxygen abundances for 35 E/VMP stars (34 red giants and 1 dwarf). To ensure consistency,
we recalibrated the effective temperature, surface gravity, and iron abundance for all stars prior to
determining oxygen abundances. Oxygen abundances were derived using 1D LTE models for all stars.
For 21 of these stars, we also derived oxygen abundances from the [O I] 6300 Å line using archival
Subaru/HDS and VLT/UVES spectra. Additionally, we provided new [O I] 3D/LTE correction grids
covering red giant branch stars. This allows us to directly assess the consistency between OH and [O I]
indicators. Our results show that OH abundances are extremely sensitive to the derived temperature,
but with carefully calibrated temperatures, we achieve abundance differences of <0.2 dex for most
of the stars. This study provides new observational constraints on oxygen abundance measurements
in the VMP regime and offers further insights into nucleosynthesis in massive stars, core-collapse
supernovae, and the chemical evolution of the early Galaxy.
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Supernova observations imply the presence of a dense and asymmetric circumstellar medium (CSM)
around SN Type II progenitors, whereas the mass loss from these progenitors, red supergiants, is
still rather poorly constrained. Using interferometric observations with NOEMA at 230 GHz, we
characterise the mass, morphology, and kinematics of the dust and gas in the circumstellar environment
of the extreme Galactic red supergiant (RSG) NML Cyg. Two strong continuum components amount
to an estimated total dust mass of ∼ 2 × 10−3M⊙ not located at the stellar position and significantly
beyond the scales on which dust is detected at optical-to-MIR wavelengths. The extent of the detected
CO emission shows that the outflow is formed by a mass-loss rate of several 10−4M⊙/yr and is not
primarily shaped by extreme irradiation from the Cyg OB2 cluster. We detect, but do not resolve,
previously unseen high-velocity components close to the star and we propose that some of the very
complex circumstellar structure could be the imprint of a hitherto unknown binary companion.

ID: P2221
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The origin of the heaviest elements remains a fundamental mystery, with the ”actinide-boost” (Tho-
rium overabundance) serving as a critical diagnostic of r-process nucleosynthesis conditions. While
this diversity is well documented in extremely metal-poor stars, its frequency in the mildly metal-poor
(MMP) regime (−2.0 < [Fe/H] < −0.5) is poorly constrained due to blending issues in the commonly
used 4019 Å line. This MMP era is the ”missing link” in Galactic history, recording the turbulent
assembly of the Milky Way and the set of diverse r-process contributions from accreted systems. We
analyzed spectra in a moderately metal-rich range (−2.0 < [Fe/H] < +0.4), exploiting the relatively
unblended Th II 5989 Å line. Spectroscopic data were obtained from the 150cm telescope (Gunma)
/GAOES, and archived data of Subaru /HDS via SMOKA. Our analysis shows that the [Th/Eu] ratio
remains nearly constant for < −2.0 [Fe/H] < −0.5, with no stars exhibiting anomalously high values
like actinide boost stars. This constancy implies that, in relatively metal-rich stars, the r-process is
likely dominated by astrophysical event which supplies same Th/Eu ratio.
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Many globular clusters are host to two distinct stellar populations, where one population has enhanced
nitrogen abundances. Through identifying nitrogen-rich stars in the nearby field, we can better un-
derstand the contribution of globular clusters to building up the Milky Way, particularly its stellar
halo. Even though globular clusters are mostly populated by low-mass stars, specifically M dwarfs,
no nitrogen-enhanced field M dwarfs have been detected to date. As a result, we are searching for
nitrogen features in M dwarf spectra that have been observed with the BOSS spectrographs as part of
SDSS-V, taking advantage of the wide optical wavelength range (3650 - 9500 Å) and large sample size.
Given that M dwarf spectra are dominated by molecular features, most notably TiO and VO, we use
data-driven methods, combining observations and forward models, to categorize the most prominent
absorption features. We sample field M dwarfs from small color-magnitude boxes along a Gaia color-
magnitude diagram in order for differences in absorption features to be independent of changes in
temperature and surface gravity. In this poster, we identify features that trace nitrogen enhancement
in M dwarf spectra, which will help us find candidate cluster stars in the future.
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The J-region Asymptotic Giant Branch (JAGB) method leverages the near-constant mean magnitudes
of carbon-rich AGB stars to calibrate Type Ia supernovae out to 40 Mpc, making it a powerful
independent rung on the extragalactic distance ladder to measure the Hubble constant (H0) and
probe the origins of the Hubble Tension. A critical assumption of JAGB consistency has recently
come under scrutiny, with luminosity function asymmetries producing systematic offsets in H0 of up
to 7 km/s/Mpc. To directly test this assumption, we conducted a spectroscopic program with the
Kast double spectrograph at Lick Observatory targeting photometrically-selected J-region stars. We
present the initial catalog of spectra that will be used to constrain the JAGB systematic error budget.
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We present a method for identifying and characterizing ultra metal-poor (UMP) stars using combined
GALEX near-ultraviolet (NUV) and Gaia broadband photometry. The aim of this work is to test
whether the NUV − G and BP − RP color plane provides a metallicity-sensitive diagnostic at the
lowest metallicities. We construct synthetic color-color grids by computing GALEX NUV and Gaia G,
BP , and RP photometry from MARCS model flux distributions modified to higher-resolution using
1D-LTE synthetic spectra. Our grids span stellar parameters typical of FGK-type stars: 4500 K ≤
T_eff ≤ 7000 K, 1.0 ≤ log(g) ≤ 5.0, and −5.00 ≤ [Fe/H] ≤ −1.50. We compare these grids to
a compiled literature sample of ≈ 500 known metal-poor stars. Our initial results show that the
synthetic grids reproduce the overall morphology of the observed distribution and preserve metallicity
ordering, with the strongest agreement for dwarf stars and larger residuals among giants. Our method
recovers 65% known stars with [Fe/H] ≤ −3.5 for which GALEX photometry exists, including 4/5
dwarfs and 9/15 giants. These preliminary results demonstrate metallicity sensitivity in the NUV-
Gaia color-color plane and motivate calibration for UMP candidate selection in a full Gaia-GALEX
crossmatch.
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Although approximately two-thirds of the Milky Way’s globular clusters are believed to be part of
the bulge and disk, the bulge has received less attention than the halo and disk regions. This study
reports the C, N, and O abundances of the bulge globular cluster NGC 6316 using optical and near-
infrared (NIR, H-band) spectroscopic data of cluster member stars, as CNO abundances are key
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to distinguishing multiple stellar populations (1G and 2G). Additionally, we will provide a critical
comparison to test and validate the elemental abundances reported using the APOGEE/Bulge Cluster
APOGEE Survey (CAPOS) H-band NIR datasets. These datasets were processed using the APOGEE
Stellar Parameters and Chemical Abundance Pipeline (ASPCAP) and the Brussels Automatic Code
for Characterizing High-Accuracy Spectra (BACCHUS) for elemental abundances from the APOGEE
H-band spectra of cluster member stars. The [N/Fe] > +0.7 criterion used by the CAPOS team to
separate multiple populations will also be tested and discussed.
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Bulge globular clusters provide important information about the early formation stages and chemi-
cal evolution of the Milky Way. However, due to increasing interstellar extinction and high stellar
density toward the galactic bulge, detailed observational studies of these clusters are limited. Conse-
quently, many bulge globular clusters remain unexplored, with only a few having had their elemental
abundances reported. In this study, we present the chemical abundance analysis results for the bulge
globular cluster NGC 6558. For this analysis, we used high-resolution APOGEE H-band spectra of
confirmed member stars of NGC 6558 to determine up-to-date stellar atmospheric parameters and
the abundances of C, N, O, and Ce through standard spectroscopic techniques. Additionally, we will
compare the C, N, O, and Ce elemental abundances of the NGC 6558 member stars to those of Galac-
tic bulge field stars. We will apply the same methodology to other program bulge globular clusters to
better understand the chemical characteristics of bulge globular clusters in the galaxy.

ID: P2227
Kinematic Ages of the Tucana–Horologium, Columba, and Carina Associations

Presenter: Dominic Couture (Université de Montréal)
Author list:
D. Couture (1, 2, 3); J. Gagné (1, 2, 3); R. Doyon (1, 2, 3)
(1) Montreal Planetarium; (2) Trottier Institute for Research on Exoplanets; (3) University of Mon-
treal
Session: Cool Stars in the Context of Cosmic Evolution

Nearby young associations are ideal laboratories to study the early evolution of cool stars. The trace-
back method can constrain the age of an association from astrometric and kinematic data alone, circum-
venting the need for stellar evolution models. Previous traceback age estimates have, however, often
been incompatible with other age-dating methods. We applied the Kinematic Age for Nearby Young
Associations (kanya) traceback analysis tool on core samples, free of contaminants such as unresolved
multiple systems, of carefully vetted members of the Tucana–Horologium (THA), Columba (COL),
and Carina (CAR) associations, using data from Gaia Data Release 3 (DR3) data products and other
kinematic surveys included in the Montreal Open Clusters and Associations (MOCA) Database, in
order to test whether the traceback method can be used successfully on 40–50 Myr-old associations.
Several systematic biases, including gravitational redshift, convective blueshift, and the bias on trace-
back ages due to random measurement errors, were accounted for. We found that the mean length of
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all branches between members and the trace of the spatial covariance matrix are the most robust and
generalizable association size metrics among those that were tested. We obtained reliable constraints
on the traceback ages: 44.8+2.1

−7.0 Myr for THA, and 28.4+1.8
−2.9 Myr for COL and CAR. These results are

compatible with previous age estimates for THA, COL, and CAR computed with the isochrones and
lithium depletion boundary (LDB) methods.
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I present a spectroscopic analysis of very metal-poor (VMP) stars and determine their non-local
thermodynamic equilibrium abundances of Ba and Eu, as well as the fractions of the odd Ba iso-
topes (Fodd). For different neutron-capture processes (n-capture: slow s-process, rapid r-process,
and intermediate i-process), calculations predict different Fodd and different [Ba/Eu]. For example,
Fodd/[Ba/Eu] = 0.10/1.25 in s-process, 0.75/-0.9 in r-process, and 0.60 to 0.80/>0.3 in i-process.
Determination of Fodd and [Ba/Eu] allows us to disentangle a contribution of different n-capture
processes to a chemical composition of a given star. The Fodd determination method relies on a com-
parison of abundances from Ba II subordinate lines (unaffected by Fodd) with resonance lines (strongly
Fodd-dependent). From analysis of a sample of VMP halo stars, I got observational constraints on
the source of Sr (and other light n-capture elements - Y, Zr) operating at the early epoch of Galactic
chemical evolution, that sometimes is referred to in the literature as a light element primary process,
a weak s-process, a weak r-process, a non-standard s-process in massive rotating stars. Observations
show that stars with greater Sr enhancement exhibit a higher s-process contribution to Ba isotopes,
suggesting that the additional Sr synthesis was due to the early s-process occurring in fast rotat-
ing massive stars. The method of Fodd determination was applied to carbon-enhanced metal-poor
(CEMP) stars of type CEMP-s and CEMP-rs. While CEMP-s stars are known as s-process tracers,
the nature of CEMP-rs stars is debated and their peculiar chemical composition could be explained
either by a mixture of s- and r-processes, or by i-process nucleosynthesis. It turned out that CEMP-s
and CEMP-rs stars exhibit distinct Fodd, and different enrichment scenarios could be distinguished
at Fodd - [Ba/Eu] diagram.
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The Gaia satellite revolutionised Galactic Astronomy by providing precise and accurate stellar pa-
rameters that allow us to disentangle stellar populations and constrain their formation, evolution and
dynamics. We determine the age distribution of the solar neighbourhood using colour-magnitude di-
agram (CMD) fitting. We construct synthetic CMDs and compare them with CMDs from Gaia DR3
data within 200 pc of the Sun. The synthetic CMDs are contructed by convolving PARSEC stellar
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models (spanning a large set with ages up to 14 Gyr with 100 Myr spacing and metallicities from -2
to 0.5 with 0.05 dex spacing) with other ingredients such as reddening and multiplicity. Using robust
statistical inference, we demonstrate that neglecting binaries leads to systematic biases in recovered
population parameters, and that their inclusion significantly improves model-data agreement. We fur-
ther find that age and metallicity cannot be independently constrained, motivating the need for a full
age-metallicity relation. This work represents a step toward robust, automated CMD fitting pipelines
applicable to large Gaia datasets, and further understanding of stellar and chemical evolution of the
Milky Way disk.
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PLATO’s first long-stare field (LOPS2) hosts a multitude of open star clusters spanning ages <
1Gyr, a critical period where stars contract and spin-up during their pre-main sequence (PMS) before
transitioning to ‘spin-down’ regime after reaching the main sequence (MS). This transition is marked by
rapid evolution in both rotation rates and dispersions at a given stellar mass and is thus an important
epoch for refining gyrochronal models. We derive rotation periods for over 1000 stars in seven LOPS2
clusters (Alessi 3, Collinder 135, IC 2391, NGC 2451A&B, NGC 2516 & Trumpler 10), which span
40–700 Myr and establish new rotation period distributions at critical ages. Our rotation sequences
show spin down stallation in solar mass stars from 70Myr to at least 150Myr, supporting recent
theoretical predictions of a mass- and age-dependent stalling wave. Furthermore, we find convergence
of rotation periods for MS stars in clusters as young as 40Myr, significantly reducing the age at which
young open clusters can be relatively aged via their rotation sequences using gyrochronology.

ID: P2231
Evidence of Truly Young high-α Dwarf Stars

Presenter: Lucy Lu (The Ohio State University)
Author list:
Catherine Manea (1), Maryum Sayeed (2), Stephanie T. Douglas (3), Madeleine McKenzie (4), Do-
minick Rowan (5), Ilya Ilyin (6), Adam Wheeler (7), Sven Buder (8), Louis Amard (9), Marc H.
Pinsonneault (10, 11), Jennifer A. Johnson (10, 11), Isabel L. Colman (12), Soichiro Hattori (2),
Adrian M. Price-Whelan (7), Megan Bedell (7), David Nidever (13), Melissa Ness (8), Ruth Angus
(14), Zachary R. Claytor (15), Danny Horta (16), Aida Behmard (7)
(1) Department of Physics & Astronomy, University of Utah, Salt Lake City, UT 84112, USA; (2)
Department of Astronomy, Columbia University, 550 West 120th Street, New York, NY, USA; (3)
Lafayette College, 730 High St, Easton, PA 18042, USA; (4) Carnegie Observatories, 813 Santa Bar-
bara St, Pasadena, CA, 91101, USA; (5) Department of Astronomy, University of California Berkeley,
Berkeley, CA 94720, USA; (6) Leibniz-Institute for Astrophysics Potsdam (AIP), An der Sternwarte 16,
D-14482, Potsdam, Germany; (7) Center for Computational Astrophysics, Flatiron Institute, 162 5th
Avenue, New York, NY 10010, USA; (8) Research School of Astronomy & Astrophysics, Australian Na-
tional University, Canberra ACT 2611, Australia; (9) Departemnt of Astronomy, University of Geneva,
Chemin Pegasi 51, CH-1290 Versoix, Switzerland; (10) Department of Astronomy, The Ohio State
University, Columbus, 140 W 18th Ave, OH 43210, USA; (11) Center for Cosmology and Astroparticle

259



Physics (CCAPP), The Ohio State University, 191 W. Woodruff Ave., Columbus, OH 43210, USA;
(12) Liberal Studies, New York University, 726 Broadway, New York, NY 10003, USA; (13) Montana
State University, P.O. Box 173840, Bozeman, MT, USA; (14) American Museum of Natural History,
Central Park West, Manhattan, NY, USA; (15) Space Telescope Science Institute, 3700 San Martin
Drive, Baltimore, MD 21218, USA; (16) Institute for Astronomy, University of Edinburgh, Scotland
Session: Cool Stars in the Context of Cosmic Evolution

Large spectroscopic and photometric surveys have revealed a population of high-α giant stars with
inferred ages < 6 Gyr, challenging standard models of Galactic chemical evolution. A leading expla-
nation is contamination by stellar mergers or binary interaction products, which can mimic youth
through mass accretion and other rejuvenation effects. Indeed, several studies have demonstrated
that a subset of these stars are merger remnants. However, no work to date has conclusively tested
whether all apparently young high-α stars can be explained in this way.

In this talk, I present the first application of gyrochronology as a direct probe of Galactic chemical
evolution and highlight the growing potential of gyrochronology ages as a powerful new tool in this
field. Because cool GKM dwarfs undergo predictable rotational spin-down, rapid rotation provides
a robust and largely model-independent age diagnostic. Crucially, this approach can be combined
with lithium abundances, which serve as a powerful discriminator of stellar mergers due to lithium’s
low burning temperature and the thin convective envelopes of main-sequence stars. In this series of
studies, I present the strongest evidence to date for a population of genuinely young high-α stars that
cannot be explained by stellar mergers.
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