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The photometry revolution

An enormous gain in terms of:!
•  number of observed points!
• accuracy !
• Monitoring interval & duty cycle

B.C.!
Ibanoglu et al. 2009, MNRAS

A.C. !
CoRoT 8170 (a.k.a. HD 172189)



The pulsating EB zoo

KOI 54, Welsh et al. 2011

Tides in action! Brightening due to tidal distortion and 
irradiation at periastron. High order harmonics of Forb

15d

Q0!Q6 (600d baseline)  

Solar-like pulsations 

   RG

KIC 8410637,  Hekker et al.2010

γ Dor

57d

CoRoT 102918586, Maceroni et al. 2013

δ Sct CoRoT 105906206, Da Silva et al. 2014
Heartbeat



Iterative procedure

FT+NLLS Harmonic !
fit

EB model

EB-LC FITEB - LC EB modelHarmonic !
fit

FT+NLLS: Sigspec (Reegen 2007),!
 Period04 (Lenz & Breger 2005)!
!EB-LC fit:!
PHOEBE (Prsa & Zwitter 2005) 
JKTEBOP (Southworth+ 2004)



KIC 3858884: a highly eccentric 
eclipsing binary & δ Sct pulsator

—lLC!
— SC
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KIC 3858884: a highly eccentric 
eclipsing binary & δ Sct pulsator

—lLC!
— SC

Q2#short#cadence#data#

 V = 9.3, Sp F5,  P≅25.95d,!
 f1 ~ 7.231 d-1      f2 ~ 7.473 d-1

1153d
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Recipe for a successful 
disentangling:

• first order correction: during 
pulsator eclipse the pulsation 
amplitude is weighted with 
the fraction of light from the 
eclipsed star



Disentangling EB and pulsations

Recipe for a successful 
disentangling:

• first order correction: during 
pulsator eclipse the pulsation 
amplitude is weighted with 
the fraction of light from the 
eclipsed star

• lower order orbital overtones  
(in this case up to ~ 15 forb) 
shall not be pre-whitened 
( due to eccentricity ‘bump”)
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Radial velocity follow-up

the two largest amplitude frequencies !
belong to the secondary star.

83 high-res spectra (BOES, HRS, HERMES,TLS) !
R=30000-83000 

Rossiter effect 
and!

scatter due to !
profile variation

RVs!
atmospheric!
parameters
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Frequencies found in the O-C residuals

f (d�1) Ampl. (kms�1) phase
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Photometry!
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Physical parameters
Light and radial velocity curve solution: with FITBINARY (PHOEBE-WD !
+ a genetic algorithm, PIKAIA, for global minimum search) 

System

i (�) 88.176± 0.002
e 0.465± 0.002
! 21.61� ± 0.01
q 0.988± 0.02
a(R�) 57.22± 0.22

Primary Secondary

Te↵ (K) 6800

a ± 70 6606± 70

M(M�) 1.88± 0.03 1.86± 0.04
R(R�) 3.45± 0.01 3.05± 0.01
log g 3.63± 0.01 3.74± 0.01

a) Fixed value, ±1� from spectroscopic analysis.

High eccentricity!
!

- similar masses!
- different R, Teff!
 
slightly evolved 
primary  



Q8 - llc from KASOC

Pulsational analysis



f1

f13

f2

f3

forb=0.0385

f4

Pulsational analysis

after EB subtraction:!
403 frequencies with !
S/N > 4 (ξ < 12)!
range: 0.3 - 20 d-1 !

(Period04 and SigSpec)



f1

f13

f2

f3

forb=0.0385

f4

Pulsational analysis

after EB subtraction:!
403 frequencies with !
S/N > 4 (ξ < 12)!
range: 0.3 - 20 d-1 !

(Period04 and SigSpec)

The first thirteen frequencies in the LC fit residuals

Frequency (d�1) Amplitude (10�3) Phase (2⇡) remark

f
1

7.2306 ± 0.0001 10.15± 0.21 0.411 ± 0.002
f
2

7.4734 ± 0.0001 9.10 ± 0.15 0.106 ± 0.001
f
3

9.8376 ± 0.0002 1.96 ± 0.07 0.190 ± 0.002
f
4

7.5125 ± 0.0002 1.75 ± 0.06 0.646 ± 0.002 f
2

+ f
orb

f
5

6.7358 ± 0.0002 1.55 ± 0.05 0.476 ± 0.002
f
6

9.5191 ± 0.0002 1.24 ± 0.04 0.786 ± 0.003
f
7

14.7041 ± 0.0002 1.15 ± 0.04 0.768 ± 0.002 f
1

+ f
2

f
8

11.7257 ± 0.0002 1.02 ± 0.04 0.575 ± 0.003
f
9

14.7253 ± 0.0003 0.59 ± 0.03 0.330 ± 0.004
f
10

7.3628 ± 0.0003 0.54 ± 0.03 0.264 ± 0.004
f
11

7.2424 ± 0.0004 0.51 ± 0.03 0.351 ± 0.005
f
12

7.4621 ± 0.0004 0.50 ± 0.03 0.988 ± 0.005
f
13

0.6971 ± 0.0004 0.38 ± 0.03 0.721 ± 0.005 18f
orb

, gd
:



I. High frequency variability
Clustering of non-radial modes!
(Dziembowski & Królikowska, 1990):!
 some low order (l=1) modes in δ Sct!
• trapped in the envelope!
• higher probability of excitation to observable amplitude!
• close to radial mode frequency!
⇒ clustering ⇒ preferred spacings!

Breger et al. 2009, MNRAS 396, 291 

frequency differences



I. High frequency variability
Clustering of non-radial modes!
(Dziembowski & Królikowska, 1990):!
 some low order (l=1) modes in δ Sct!
• trapped in the envelope!
• higher probability of excitation to observable amplitude!
• close to radial mode frequency!
⇒ clustering ⇒ preferred spacings!

KIC 3858884

Breger et al. 2009, MNRAS 396, 291 

EB-SB2: known log g  : F≅7.5 d-1!
• f2 =7.47 d-1 : fundamental radial model!
• f1 =7.23 d-1  : non-radial mode

frequency differences



II. Low frequency variability



II. Low frequency variability

�n` =

p
`(`+ 1)

⇡(n+ 1/2)
=

High order g-modes? Hybrid γ Dor - δ Sct ?

Asymptotic regime  (Tassoul 1980):

Integral  of the Brunt-Väisälä !
frequency, N, along the cavity

Moya et al. 05:
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n n n n I I 
48 35 27 23 367.8 ± 0.4 2718 ± 3
60 44 34 29 460.8 ± 0.4 2170 ± 6
83 61 47 40 635.0 ± 1.4 1575 ± 4
85 62 48 41 648.6 ± 1.3 1542 ± 3
96 70 54 46 729.8 ± 2.1 1370 ± 4
97 71 55 47 741.6 ± 1.8 1348 ± 4
108 79 61 52 822.8 ± 1.0 1215 ± 2
109 80 62 53 834.5 ± 2.9 1198 ± 4
112 82 63 54 852.7 ± 1.7 1173 ± 2
120 88 68 58 915.7 ± 1.1 1092 ± 1

I  computed assuming  l=2

Frequency ratios (Moya et al. 05)
nf47 : radial order of f47                    ratios up to n=120

 binary + evolutionary models allow to !
choose among the possible solutions
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Comparison with stellar models
fine grid of models around component masses with CLES (Scuflaire+08) !
!
• EoS: OPAL05 ;  opacity tables  (OPAL) for two solar mixtures:  GN93, AGS05  !
!
• no OV or  αOV=1.5, 2.0!
• MLT!
• different chemical  

compositions



Age determination
Masses, Radii, ΔTeff from the binary model

Secondary

Primary
Teff,1+ ΔTeff,1!

!
⬇!

t=1.38 –1.46 Gy

αOV≠0 



Brunt-Väisälä Integral, secondary component

From !
frequency 
ratios: 
729.8 ± 2.1!
741.6 ± 1.8



Excited Frequencies: δ Sct domain 
Computed with the non-adiabatic code MAD (Dupret et al. 2005) 

min.

max.



Excited Frequencies: δ Sct domain 
Computed with the non-adiabatic code MAD (Dupret et al. 2005) 

Observed range

min.

max.
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secondary only: !
excitation mechanisms is not at work in the primary

min.

max.



Excited Frequencies: γ Dor domain 
secondary only: !
excitation mechanisms is not at work in the primary

min.

max.



Conclusions
• EB-SB2 : !

• masses, radii (log g), 
rotation (spin alignment)!

• pulsating component !

• + models: system age  
       parameter selection 

• PULSATIONS:!

• orbit effect (FM star)!

• partial mode identification!

• estimate of BV integral
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Conclusions
• EB-SB2 : !

• masses, radii (log g), 
rotation (spin alignment)!

• pulsating component !

• + models: system age  
       parameter selection 

• PULSATIONS:!

• orbit effect (FM star)!

• partial mode identification!

• estimate of BV integral
cross 

validation

Consistent and detailed model:!
the results are worth the  more complex analysis
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ABSTRACT

Analysis of eclipsing binaries containing non-radial pulsators allows i) combining two different and independent sources of infor-
mation on the internal structure and evolutionary status of the components and ii) studying the effects of tidal forces on pulsations.
KIC 3858884 is a bright Kepler target whose light curve shows deep eclipses, complex pulsation patterns with pulsation frequencies
typical of δ Sct, and a highly eccentric orbit. We present the result of the analysis of Kepler photometry and of high resolution phase-
resolved spectroscopy. Spectroscopy yielded both the radial velocity curves and, after spectral disentangling, the primary-component
effective temperature and metallicity, and line-of-sight projected rotational velocities. The Kepler light curve was analyzed with an
iterative procedure that was devised to disentangle eclipses from pulsations and takes the visibility of the pulsating star into account
during eclipses. The search for the best set of binary parameters was performed by combining the synthetic light curve models with a
genetic minimization algorithm, which yielded a robust and accurate determination of the system parameters. The binary components
have very similar masses (1.88 and 1.86 M⊙) and effective temperatures (6800 and 6600 K), but different radii (3.45 and 3.05 R⊙). The
comparison with the theoretical models showed a somewhat different evolutionary status of the components and the need to introduce
overshooting in the models. The pulsation analysis indicates the hybrid nature of the pulsating (secondary) component, where the
corresponding high order g-modes might be excited by an intrinsic mechanism or by tidal forces.

Key words. binaries: eclipsing – binaries: spectroscopic – stars: fundamental parameters – stars: interiors – stars: oscillations –
stars: individual: KIC 3858884

1. Introduction

The primary science objective of the Kepler mission was to
detect earth-like planets by the transit technique, but the long-
term almost continuous monitoring of about 160 000 stars pro-
vided precious data for different fields of astrophysics, first of all
for asteroseismology, which requires, as transiting planet search
does, accurate and continuous time series. An important byprod-
uct of the mission is the discovery of a large number of variable
stars, including ∼2100 eclipsing binaries (EBs; Slawson et al.
2011; Prša et al. 2011; Matijevič et al. 2012). In some cases
the binary contains a pulsating component, including non-radial

⋆ Based on photometry collected by the Kepler space mission.
⋆⋆ Full Table B.1 is only available at the CDS via anonymous ftp to
cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/563/A59
⋆⋆⋆ Appendices are available in electronic form at
http://www.aanda.org

pulsators such as δ Sct, γ Dor and slowly pulsating B (SPB)
stars. This providential occurrence allows combining indepen-
dent information from two different phenomena, and their syn-
ergy in terms of the scientific results goes well beyond those
from the single sources.

Asteroseismology can lead to deep insight into stellar struc-
tures, and pulsating EBs have a fundamental asset: studying non-
radial oscillations in EB components has the advantage that the
masses and radii can be independently derived with a pure ge-
ometrical method by combining the information from the light
and the radial velocity curves and with uncertainties, in the best
cases, below 1% (e.g., Southworth et al. 2005). Moreover, ad-
ditional useful constraints derive from the requirement of hav-
ing the same chemical composition and age. Since the precise
measurement of the mass and radius poses powerful constraints
on the pulsational properties, EBs with a pulsating component
can directly test the modeling of complex dynamical processes
occurring in stellar interiors (such as mixing length, convective
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…and 
thank you for your attention

Thanks 
 to the CoRoT and Kepler Science teams 

for making  the  photometry  
revolution  possible 



KIC 3858884 on the HRD


