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Masses and radii with eclipsing binaries 

q  Eclipse photometry 
²  R1/a, R2/a, T2/T1, e, i, limb 

darkening, Porb, T0 

q  Radial velocities 
²  M1 sini, M2 sini, Porb, T0, e, W 

q  Double-lined spectroscopic 
binaries 
²  Absorption lines are detectable 

for both components 

q  Combination: M1, M2, R1, R2 

q  Accuracy 1% on radii, 1-3% on 
masses From Gaulme+16, ApJ 832, 121 From Gaulme+16, ApJ 832, 121 
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Asteroseismic scaling relations 

q  Asteroseismic scaling relations (Kjeldsen & Bedding 1995) 

q  Solar-like oscillations  
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ABSTRACT

Given the potential of ensemble asteroseismology for understanding fundamental properties of large numbers of
stars, it is critical to determine the accuracy of the scaling relations on which these measurements are based. From
several powerful validation techniques, all indications so far show that stellar radius estimates from the
asteroseismic scaling relations are accurate to within a few percent. Eclipsing binary systems hosting at least one
star with detectable solar-like oscillations constitute the ideal test objects for validating asteroseismic radius and
mass inferences. By combining radial velocity (RV) measurements and photometric time series of eclipses, it is
possible to determine the masses and radii of each component of a double-lined spectroscopic binary. We report
the results of a four-year RV survey performed with the échelle spectrometer of the Astrophysical Research
Consortium’s 3.5 m telescope and the APOGEE spectrometer at Apache Point Observatory. We compare the
masses and radii of 10 red giants (RGs) obtained by combining radial velocities and eclipse photometry with the
estimates from the asteroseismic scaling relations. We find that the asteroseismic scaling relations overestimate RG
radii by about 5% on average and masses by about 15% for stars at various stages of RG evolution. Systematic
overestimation of mass leads to underestimation of stellar age, which can have important implications for ensemble
asteroseismology used for Galactic studies. As part of a second objective, where asteroseismology is used for
understanding binary systems, we confirm that oscillations of RGs in close binaries can be suppressed enough to be
undetectable, ahypothesis that was proposed in a previous work.

Key words: binaries: eclipsing – stars: evolution – stars: oscillations
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1. OSCILLATING RED GIANTS IN ECLIPSING BINARIES

The simplest analysis of asteroseismic data is based on the
overall properties of the oscillations, which are the frequency of
their maximum amplitude nmax and the mean frequency
separation Δν between consecutive modes of thesame degree.
Thanks to the pair of asteroseismic scaling relations and a
measurement of effective temperature Teff , one gets an estimate
of a star’s surface gravity glog and mean density r̄ by
respectively comparing nmax and Δν with those of the Sun
(e.g., Kjeldsen & Bedding 1995):
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It is then straightforward to deduce a star’s mass M and radius
R relativeto the Sun:

⎜ ⎟
⎛
⎝⎜

⎞
⎠⎟

⎛
⎝

⎞
⎠

⎛
⎝⎜

⎞
⎠⎟

n
n

n
n

=
D
D:

:

::

R
R

T
T

3max

max

2
eff

eff,

1
2

( )

⎜ ⎟
⎛
⎝⎜

⎞
⎠⎟

⎛
⎝

⎞
⎠

⎛
⎝⎜

⎞
⎠⎟

n
n

n
n

=
D
D:

:

::

M
M

T
T

. 4max

max

3 4
eff

eff,

3
2

( )

In practice, the measurement of the asteroseismic global
parameters nmax and Δν has been largely used to estimate
masses and radii of the stars displaying solar-like oscillations
from the CoRoT and Kepler data (see Belkacem et al. 2013;
Chaplin & Miglio 2013, for recent reviews).
Given the importance of asteroseismology and its scaling

laws, much effort has been carried out to test their validity. We
may distinguish two kinds of approaches: those based on
validating the relation between Δν and mean density r̄ from
models and simulated data (e.g., Stello et al. 2009; White
et al. 2011; Miglio et al. 2013)andothers based on measuring
R of actual stars independentofasteroseismology (e.g., Huber
et al. 2011, 2012; Silva Aguirre et al. 2012; Baines et al. 2014).
All works indicated that radius estimates from asteroseismic
scaling relations are accurate to a few percent. On the contrary,
similar tests with independent mass determination of oscillating
stars for individual stars have not been possible so far. Indeed,
theoretical studies focused on the reliability of the Δν–r̄
scaling relation and not on nmax . This is because nmax has no
secure theoretical basis, as it is not yet possible to make reliable
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q  Corrections of the scaling relations: Kallinger+10,+18, White+11, Chaplin+11, 
Mosser+13, Sharma+15, Guggenberger+16, Rodrigues+17, Themeßl+18.    



Rare systems 
q  First system: KIC 8410637 (Hekker+2010, Frandsen+2013) 

q  Kepler: RG catalog + Villanova EB catalog: about 35 systems total 
(Gaulme+2013, Gaulme & Guzik 2019) 

≈3,000 
eclipsing binaries 

≈17,000  
red giants 

≈100 
flagged as red 

giants  & 
eclipsing binary 

≈35 
Confirmed RG/EBs 

19 
Oscillating RG/EB 

8 Hierarchical triples 



Oscillations, Activity, Binarity 

q  Some red giants in eclipsing binaries oscillate nicely (18/35) 



Oscillations, Activity, Binarity 

q  Some red giants in eclipsing binaries oscillate nicely (18/35) 

q  … some weakly (7/35) 



Oscillations, Activity, Binarity 
q  Some red giants in eclipsing binaries oscillate nicely (18/35) 

q  … some weakly (7/35) 

q  … some don’t at all (10/35) 



q  Some display negligible stellar variability (18/35) 

 

Oscillations, Activity, Binarity 



q  Some display negligible stellar variability (18/35) 

q  … some display large variability (17/35) up to Sph = 10% 

 

Oscillations, Activity, Binarity 



Oscillations, Activity, Binarity 

§  Distant binaries  

      No activity, regular oscillations 

§  Relatively close binaries 

      Activity, weak oscillations 
      Pseudo-synchronization 

§  Close binaries   

      Large activity, no oscillations  
      Synchronization 

(R1+R2)/a < 7 %  
P > 120 days      

7 < (R1+R2)/a < 12% 
 50 < P < 120 days  

(R1+R2)/a > 18%  
P < 50 days  

Qualitative interpretation (Gaulme+14, Benbakoura+21):  

§  Synchronization by tidal forces: red giants spun up, dynamo kicks off 
§  Oscillations damped by spots + convection reduced by magnetic fields 



q  Gaulme+16: sample of 10 red giants in eclipsing binaries 
²  4 years of Kepler light curves + 4 years of ground-based RV support 

q  Asteroseismology overestimates M,R (15% for M, 5% for R) 

q  Updates: Themeßl+18 (1 syst), Benbakoura+21 (3 syst), Gaulme & Guzik 
+19 (2-3 syst), Brogaard+18 (reobservation of 3 systems) 

Testing Asteroseismic Scaling Relations 

15 % 

Masses 

5 % 

Radii 



Selecting the best RG(s) 

q  Some of these will become gold standards: precise M, R and 
oscillations. Not all are worth the same though. 

q  Selection criterion 
²  Red giant branch (RGB) vs red clump (RC) 
²  “Long” orbital period (>120 days) to avoid mass transfer and 

oscillation suppression 
²  Neither synchronized nor circularized 
²  Mixed modes vs no detectable mixed modes 
²  SB2, not SB1: favors short orbits 
²  Accurate RV precision: short orbits are favored (larger K1, K2) 
²  Accurate atmospheric parameters. All my RG/EBs have been 

extensively observed with Apache Point 3.5-m telescope’s high 
resolution spectrometer (R ≈ 30,000) 



Shortlist 
q  Dynamics vs asteroseismic parameters (Gaulme+2016) 



Shortlist 
q  Dynamics vs asteroseismic parameters (Benbakoura+2021) 



Shortlist 
q  KIC 9970396 

²  RGB, P =235 d, e = 0.2, M = 1.2, R = 8.0, mixed modes 



Shortlist 
q  KIC 7037405 (Gaulme+16, Brogaard+18) 

²  RGB, P =207 d, e = 0.24, M = 1.3, R = 14.2, NO mixed modes 



Shortlist 
q  KIC 5786154 (Gaulme+16) 

²  RGB, P = 198 d, e = 0.38, M = 1.1, R = 11.4, mixed modes 



Shortlist 
q  KIC 9540226 (Beck+14, Gaulme+16, Brogaard+18) 

²  RGB, P = 198 d, e = 0.38, M = 1.1, R = 11.4, mixed modes 



Shortlist 
q  KIC 4054903 

²  Double RG (! one oscillates) , P = 274 d, e = 0.37, M = 1.0, R = 8.3, 
mixed modes (clump). Complex history. 



Shortlist: bonus track 
q  KIC 7955301 

²  Hierarchical triple 209 days, 4-h amp, eclipse timing variations, 
1.3-Msun RGB, SB1 (Gaulme+13, Gaulme et al., in prep.) 
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Conclusion & Prospects 

q  Today: 18 oscillating RGs in EBs, ≈10 oscillating RGs in 
hierarchical triple 
§  Not equally good: luminosity ratio, mode quality, evol 

status => shortlist 
§  Current accuracy on masses ≈ 3% 
§  So far spectroscopic obs @ APO (ARCES spectro) 

q  Margin for improvement 
§  Revised eclipse modeling. So far JKTEBOP, next PHOEBE, 

ELC, ELLC ? 
§  Reobservation with hi-res spectroscopy: ARCES reaches 

1 km/s. Going to 10 m/s accuracy at key moments along 
orbit would help. 

q  Looking for collaborations in this direction. 

 



Back-up slides 



Light curves of eclipsing binaries 

q  Light curve content 
Ø  Eclipses 
Ø  Rotation 
Ø  Oscillations + granulation 

q  Automatic procedure  
(Gaulme+13,+16) 
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Light curves of eclipsing binaries 

q  Light curve content 
Ø  Eclipses 
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Ø  Oscillations + granulation 

q  Automatic procedure  
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  Rodrigues+2017 
  Replace direct application of 

asteroseismic scaling relation with 
grids of models: 3 to 5% accuracy 
on masses claimed. 

  Includes mixed mode spacing 
and stellar luminosity 

  Simple surface effect treatment 
  Test on open cluster so so 
  Public routine PARAM 1.4 

  Brogaard+2018 
  Test on RG in EBs (reobservation 

of 3 systems) 
  Good agreement when applying 

Rodrigues corrections 
  I did it too! 

2018-2019 updates 



  Themeßl+2018 
  Empirical correction by 

tuning solar reference ∆v to 
130 µHz (instead of 135) 

  Works relatively well (kills the 
offset by definition) but still 
large dispersion in masses  

2018-2019 updates 



Tanda Li: optimize M, Z, α, overshoot, age, surface term 

Ø  RG mixing length 14% larger than solar 

Ø  Surface term correlates with logg, Teff, α  

Ø  Issues with surface term for mixed modes

Ball: suppress gravity modes (g-modes) in the cores of their stellar models  
Ø  significantly discrepant masses and radii compared with the orbital solutions, similar to the roughly 15 

and 5 per cent in mass and radius found by Gaulme+2016  
Ø  The initial helium abundance Y0 changes the most when the masses and radii are constrained to match 

the dynamical values, which suggests that the difference might be caused by the composition profile of 
the stellar models through processes like gravitational settling and rotation, which have been ignored 
here.  

 

2018-2019 updates 



Shortlist 
q  Orbital parameters 



Shortlist 
q  Dnu and nu_max 


