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Detached eclipsing binaries

• Best source of precise, model-independent mass and 
radius measurements for normal stars 

• Ideal for testing/calibrating stellar models 

• With parallaxes, can also add precise, model-
independent Teff measurements. 

• Spectroscopic analysis ⇒ Teff, [Fe/H], [⍺/Fe], ALi 
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• Light curve gives r1 = R1/a, r2 = R2/a, i, e cos ⍵, , e sin ⍵, f2/f1 
• Narrow total eclipses ⇒ inclination i ≅ 90°

• Deep partial eclipses give similar accuracy in parameters
• Shallow partial eclipses more ambiguous — spectroscopy helps. 



Precision mass measurements

TZ For, HARPS 

• M1 = 2.057 ± 0.001 MSun 

• M2 = 1.958 ± 0.001 MSun 

Gallene et al., 2016   



Current EB sample
Transiting exoplanet host stars 5

Table 1. Observed apparent fluxes and derived luminosity values
for stars in our sample with measured parallaxes.

Star f⊕ [pWm−2] log(L⋆/L⊙)

HAT-P-11 5.9± 0.3 −0.59± 0.035

WASP-18 5.1± 0.3 +0.20+0.10
−0.09

HD 17156 14.4± 0.7 +0.40± 0.05
HD 97658 25.0± 1.3 −0.48± 0.03
HD 149026 14.3± 0.7 +0.45± 0.05
HD 189733 27.5± 1.4 −0.49± 0.025
HD 209458 23.1± 1.2 +0.25± 0.04

Table 2. Maximum-likelihood mass and age estimates from our
grid of garstec stellar models for model stars with masses of
0.9M⊙ [Fe/H]i = 0.0 and an age of 4Gyr.

Model Teff ρ⋆ [Fe/H]s Mass Age
[K] [ρ⊙] [M⊙] [Gyr]

garstec 5435 1.486 −0.035 0.900 4.00
DSEP 2008 5372 1.514 −0.044 0.884 4.59
Granada 2007 5253 1.580 0 0.857 5.62
VRSS 2006 5388 1.539 0 0.903 3.15

3 CHECKS AND TESTS

3.1 Comparison to other models

In Table 2 we compare the predicted values of Teff and ρ⋆
from our garstec models for a star at an age of 4 Gyr with
an initial mass of 0.9M⊙ and solar composition to those
of three other grids of stellar models. These are all grids
of “standard stellar models’ in the sense that they assume
a linear relation between helium enrichment and metallic-
ity, and the mixing length parameter is calibrated using a
model of the Sun. The Dartmouth Stellar Evolution Pro-
gram (DSEP) model grid is described in Dotter et al. (2008).
The “Granada 2007” model grid was calculated specifically
for the study of extrasolar planet host stars by Antonio
Claret using the physics described in Claret (2004). The
“VRSS 2006” model grid is described in VandenBerg et al.
(2006). The Granada 2007 models and the VRSS 2006 mod-
els do not include diffusion or gravitational settling of ele-
ments. The range in Teff values is 182K, with the garstec
models being at the top end of this range. The values of ρ⋆
vary by about 6 per cent, with the garstec models predict-
ing the lowest density and the Granada 2007 models predict
the highest density. The differences are mainly due to dif-
ferences in the assumed solar metalicity that is used for the
zero-point of the [Fe/H] scale and the assumed value of αMLT

in each model grid .
We used the method described in Section 2.2 to find the

best-fitting (maximum-likelihood) mass and age estimates
for these model stars based on the values given in Table 2.
We assigned standard errors of 80K to Teff and 0.07 dex
to [Fe/H]i, i.e., the minimum standard errors on these val-
ues that we have used for the observed sample of planet
host stars. We assumed that the error on ρ⋆ is ±0.001ρ⊙.
The results are also shown in Table 2. The results for the
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Figure 2. Bayesian mass estimates for stars in detached eclipsing
binary star systems. Symbols/colours denote the following orbital
period ranges: P < 6 d – filled circles/green; 6 < P < 12 d – open
circles/black; P > 12 d – crosses/blue.
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Figure 3. Error in the Bayesian mass estimate for stars in de-
tached eclipsing binary star systems as a function of orbital pe-
riod. Errors in excess of 2 standard deviation are plotted with
filled circles.

garstec models show that our method is self-consistent to
better than the 1-per cent level in recovering the stellar mass
and age of the star. Comparing our results to those of other
models, we see that the systematic error due to differences
in the stellar models in the recovered stellar mass is less than
about 5 per cent. The systematic error in the recovered age
is larger (≈ 25 per cent) for this example. Note that these
figures may not apply to more massive stars where other
factors such as convective overshooting may produce larger
differences between models predictions.

3.2 Eclipsing binary stars

We used DEBCat7 to identify 39 stars in 24 detached eclips-
ing binary systems that are suitable for testing the accuracy
of the mass estimates derived using our method. The masses

7 http://www.astro.keele.ac.uk/~jkt/debcat/

c⃝ 2014 RAS, MNRAS 000, 1–20

• Porb < 6 d 
• 6 d < Porb < 12 d 
• Porb > 12 d

Bayesian mass and age estimates  
for transiting exoplanet host stars 

 Maxted et al., 2015 

• Mass/radius error ± 1 - 2% 
• Short orbital period 

• (tidally locked) 
• Mostly “twin” stars 
• Few low mass stars 
• Few evolved stars 
• Inhomogeneous Teff scale 
• [Fe/H] often missing and 

not homogeneous

www.astro.keele.ac.uk/jkt/debcat



K2 light curves - ideal case

Maxted & Hutcheon, in prep.

K2 data, Kp=10.1, P=35.02d 

• R1/a =  0.02082 ± 0.00002 

• R2/a =  0.01431 ± 0.00002 

• i =  89.734 ± 0.004 

• e =  0.0458 ± 0.0008 

± systematic error (tbc)  



K2 campaigns 1, 2 and 3

Maxted & Hutcheon, in prep.



TZ For

Gallene et al., 2016   



TZ For - mass error effect
0.1% mass error 1% mass error

Valle et al. 2017



Helium abundance



HAT-P-11



Tidally induced pulsations

BW Aqr, P = 6.72d, e = 0.18



Star spot modulation



K2 + WASP

P=62.59d, e = 0.64, Kp =12.4 



ellc
• Doppler boosting 
• Light travel time effect 
• Gravity darkening 
• Reflection 
• Spots  
• Fast! 

$ pip install ellc 

WASP - 41



Conclusions

• Becoming possible to select a sample of DEBS to suite a given 
scientific question (DEBS on demand)  

• Certainly true once TESS data are available 

• Precision in mass and radius measurements has improved by an order 
of magnitude in recent years 

• Challenge will be to make sure accuracy is maintained 

• This precision is needed to calibrate models 

• PLATO will provide asteroseismology for stars in DEBS 

• Can validate mass/radius estimates from asteroseismology 

• Exquisite tests of stellar physics


