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A Asteroseismology

e Asteroseismology: Study the internal structure of a star by their oscillations

e Much potential to provide mass measurements
e Depend on scaling relations
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e Assume homologous structure to the Sun

Ga rCIa+ 2015
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e Asteroseismology overestimate red-giant masses ~15% (Gaulme+ 2016)
e Mass overestimation leads to age underestimation
e Overpredict the number of high mass stars
Dynamical mass vs Asteroseismic mass Mass overestimation leads to age underestimation from up to 14 Gyr
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A Calibrating Asteroseismology
==s Requires model-independent mass to calibrate

e 17 eclipsing binaries hosting oscillating red giants known
e No targets at other evolutionary phase than the RGB
e Require long time monitoring, not efficient

Gaia+Interferometry offers opportunity for
more efficient model-independent mass!
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j ) Binary stars with Gaia
== Gaia DR3: First release of non-single star catalogue in 2022 June

e Limited angular resolution of 0.1”

e Photocenter orbits face stellar flux ratio/separation degeneracy
- Incomplete orbital parameters: no position no dynamical mass

A
Photocenter motion
measured with GAIA
. *  Photocenter
8 E g motion
ﬁ & .‘ L .’.
= i B .
3 o ‘ c-'}cé‘ Tens’
L ] = '\'6‘
- &
q
Secondary
, ’ >
Right Ascension

Wl THE UNIVERSITY OF Au S,t ralian
=) SYDNEY National
X University

$ @
Your Talk Title Here GeorgiaState @r’%‘NOIR I’.@vatowe LESIA

Lhn\crsny

KYOTO
SANGYO
UNIVERSITY

UNIVERSITY OF

5



The CHARA Science Meeting 2025

w Binary stars with Gaia and interferometry
7 o Interferometry could break the degeneracy with a single pointing ~ 30 mins

e Gaia photocenter + Interferometry - Dynamical masses, precision ages and full
3D orbits for both components in more efficient way
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Observation

e Data sequence on CHARA
e 10 minutes data + 5-10 minutes
calibration frames
e Calibrator source every ~3-4 targets

e Data sequence on VLTI
e SCI+CAL within 1 hour
e Longer integration on SCI
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Fringes on a Binary Star with CHARA/MIRC-X:
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Methodology
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Methodology

= ¢ Gaia photocenter orbit = ‘shape’ of the orbit

e Interferometry = semi-major axis and flux ratio, ‘scale’ of the orbit
HD_7483 Orbit
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e Non-linear least squares fitting for x2 minimization
¢ detection e Explore posterior distributions with MCMC routine

Gaia + Interferometry

no SB1

Extrapolate flux
ratio to Gaia
bands for masses

KYOTO UNIVERSITY OF
SANGYO EXETER
UNIVERSITY

9



& Statistics for Pilot Study
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N Targets
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Current typical mass uncertainty

~ 4%-5%

Potential improvement on precision:

e Gaia DR4 (2026)

)] band on VLTI Asgard/BIFROST (2026) and

CHARA (2025)
e Improved modelling

e Quantifying observational bias

Aim to 2% in the end
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Dynamical Mass vs Asteroseismic Mass
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/) Overview of the Survey

Gaia Binaries Accessible with VLTI/ATs + CHARA
_4 - e Record 70 so far, more to come
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Definition of Evolutionary Stages

100_

101-

Vmax [MHZ]

103_

TESS Giants
Kepler Giants

MS + Subgiants Comb.

Literature

1.00

o
(e}
(e}
Scaled logarithmic probability density function

8000

YOUI IdIK TILIE MEere

1Mo
7000 6000 5000
Teff [K]
Leorgladtate

University.

N | “MLab

4000

! "!ii‘ "vawlre
de Paris

0.98

t
@*

B
@)
o

w
o
@)

200 1

100 1

Asymptotic period spacing [sec]

2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.
Large frequency separation, Av [uHZ]

e Av: Large frequency separation
*Umax : Frequency of maximum amplitude

e AT]: Asymptotic period spacing
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Next Step: Age Estimation

Total magnitudes
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M Summary

=s Asteroseismology provides stellar mass measurements — need calibration!

e Currently only 17 eclipsing binaries with oscillating red giants known

e Model-independent masses with larger spread in period and evolutionary stage are

required for calibration

¢ Interferometry+Gaia provide model-independent mass within 30 mins

* |Increase the sample size and expand to other evolutionary phases
e Age estimation based on observation

e CHARA plays an important role in this study
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