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  of	
  Kepler:	
  [Poster	
  67]	
  



Its all about density … 
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Solar-like oscillations in Binaries 

 
 
 
 
 

Stochas:c	
  Oscilla:ons	
  
•  Excited	
  by	
  convec$on	
  
•  Amplitudes:	
  ~100	
  ppm	
  
•  Typical	
  signature	
  in	
  frequency	
  spectrum	
  

à Mass,	
  radius	
  (Kjeldsen	
  &	
  Bedding	
  1995)	
  
à Detailed	
  stellar	
  structure	
  &	
  dynamics	
  

	
  

Binaries	
  
•  PB1:	
  Single	
  oscilla$ng	
  component	
  

-­‐  One	
  well-­‐constrained	
  component	
  
-­‐  20	
  eclipsing	
  &	
  20	
  Tidally	
  interac$ng	
  
à	
  7	
  eSB2:	
  calibra$on	
  of	
  Scaling	
  Rela$ons	
  
	
  	
  	
  	
  	
  (Gaulme+	
  2016,	
  ApJ,	
  832,	
  121)	
  

•  PB2:	
  Both	
  components	
  oscilla$ng	
  
-­‐  Many	
  rewarding	
  constraints	
  
-­‐  Only	
  few	
  solar-­‐like	
  PB2	
  studied	
  

(e.g.	
  White+	
  2017,	
  Davis+	
  2014)	
  
	
  

-­‐  RGB:	
  KIC9163796:	
  Beck+	
  (this	
  work)	
  
	
  

Oscillation  
Excess 
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Dominant	
  Period:	
  ~130	
  days	
  
High	
  chromospheric	
  ac$vity	
  
	
  

•  Periodic	
  minima	
  
•  Variable	
  maxima	
  

à  Variable	
  Ac$ve	
  regions	
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An	
  SB2	
  binary	
  

Primary	
  Secondary	
  

•  Orbital	
  period	
  120.3	
  days	
  
•  Eccentricity	
  =	
  0.7	
  

-­‐  A	
  sin	
  i	
  =	
  122Ro	
  (~25	
  RRG)	
  
-­‐  Min:	
  ~7	
  RRG	
  

•  Ill	
  constrained	
  inclina$on	
  
	
  
•  Mass	
  ra$o	
  from	
  	
  
radial	
  velocity	
  amplitudes:	
  

	
  

	
  M1/M2	
  =	
  1.014±0.01	
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•  Very	
  different	
  line	
  profiles	
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Secondary	
  

Isolate	
  and	
  renormalize	
  Components	
  
•  Func$onal:	
  F2/F1<	
  1%	
  	
  

(FDBinary,	
  Ilijic+	
  2004,	
  ASPC	
  318,	
  111)	
  
•  SB2	
  fit	
  confirms	
  the	
  SB1	
  solu$on	
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•  GSSP	
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-­‐  Consistent	
  result	
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  by	
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  dex	
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Beck et al.: A seismic, spectroscopic and light curve study of KIC 9163796.

Fig. 4. Disentangled spectra of KIC 9163796. The spectra of the primary red giant and secondary sub giant binary components
are shown in red and blue, respectively. For comparison, the solar spectrum obtained with Hermes is over plotted in grey. The top
left panel shows the region around the Hβ line, while the right panel depicts the magnesium triplet at 518 nm. The bottom panel
compares the lithium lines in the primary and secondary component of the binary system and the Sun. [replot bottom panel]

ferent methods is excellent. The uncertainties for the orbital el-
ements derived in spd are calculated by a bootstrapping method310

(Pavlovski et al., in preparation) from the sample of 5000 com-
binations of an initial set of 28 observed spectra. Using this or-
bital solution, also a 5 nm wide region of the lithium resonance
transition doublet at 670.78 nm (Figure 4, bottom panel) can be
studied in detail.315

4.3. Fundamental parameters and abundances

This analysis was performed through a grid search for the funda-
mental atmospheric parameters of a star, by comparing grids of
synthetic spectra to the observed spectrum with the Grid Search
in Stellar Parameters (gssp2) software package by Tkachenko320

(2015) (see also Lehmann et al. 2011; Tkachenko et al. 2012)
Synthetic spectra were computed using the SynthV radiative
transfer code (Tsymbal 1996) based on a grid of model atmo-
spheres precomputed with the LLmodels code (Shulyak et al.
2004).325

As input we used the isolated spectra of the primary and
secondary component in the region of the Mgi triplet at about
518 nm as shown in Figure 4. An unconstrained analysis was
performed, allowing us to determine all fundamental parameters
as well as the light factor. The fundamental parameters for both330

stellar components from the best fit are reported in Table 4.

The fundamental parameters show that the primary of
KIC 9163796 is by about 600 K cooler than the secondary com-
ponent. Also a higher log g is found for the secondary com-
ponent. While the primary contributes about 63±3% to the to-335

tal flux of the system in V [correct passband quoted], the sec-
ondary is less luminous with only 37±2%. That the individual
light contributions add up to 100% is no requirement for the fit.
The fact that they do indicates that the found solution is reliable
(Tamajo et al. 2011). A well determined value of the light ratio is340

vital to obtain a good renormalisation of the two isolated spectra
from their composite continuum to their individual continuum.

2 The GSSP package is available for download at
https://fys.kuleuven.be/ster/meetings/binary-2015/gssp-software-
package.

Table 4. Fundamental parameters, derived from unconstrained
fitting.

Parameter Unit Primary Secondary
Effective temperature, Teff [K] 5020±100 5650±70
Surface gravity, log g [dex] 3.14±0.2 3.48±0.3
Micro turbulence, vmicro [km/s] 1.2±0.3 1.43±0.2
Proj. surface rotation, v sin i [km/s] 4.7±0.5 5.0±0.5
Metallicity, [M/H] [dex] -0.37±0.1 -0.38±0.1
Lithium, [Li/Fe] [dex] 1.31±0.008 2.55±0.07
Light ratio [%] 63±3 37±2
Difference, ∆magV [mag] 0.58±0.08
Apparent magnitude [mag] 10.32±0.04 10.90±0.09

The rotational broadening of the absorption lines does not
differ (within the uncertainties) between the two stars, which is
not surprising, as it is known to be difficult to determine precise 345

projected surface rotation velocities from lines, barely resolved
by the spectrograph (Gray 2005; Hekker & Meléndez 2007). For
red giants, the effects of rotation are also competing with the line
broadening from macro turbulence. From these values, the pri-
mary and the secondary appear to be stars on the low-luminosity 350

regime of the red-giant branch (hereafter RGB) as well as on the
sub-giant branch (SGB). The best fitting synthetic spectrum is
compared to the observed, disentangled spectrum in Figure 4 as
dashed line.

Comparing the derived metallicity of [M/H]!-0.375 to large 355

spectroscopic samples of red giants, such as the APOKASC
survey(Pinsonneault et al. 2014; Holtzman et al. 2015) shows
that this system is strongly under abundant. We note that, al-
though the metallicity for both components was allowed to vary
freely in the fit, we find both values within 0.01 dex and there- 360

fore basically the same metallicity. This is expected if both stars
are born at the same time from the same cloud. Substantially
different metallicities, which would be confirmed from visual
inspection of the composite spectra could only be explained if
binary system would have formed by one component capturing 365

the other.
The only abundance that is found to be significantly varying

between the two components is the one of the fragile element
of lithium (Li). The Li-abundance of the sub-giant secondary is

6
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Beck et al.: A seismic, spectroscopic and light curve study of KIC 9163796.

Fig. 4. Disentangled spectra of KIC 9163796. The spectra of the primary red giant and secondary sub giant binary components
are shown in red and blue, respectively. For comparison, the solar spectrum obtained with Hermes is over plotted in grey. The top
left panel shows the region around the Hβ line, while the right panel depicts the magnesium triplet at 518 nm. The bottom panel
compares the lithium lines in the primary and secondary component of the binary system and the Sun. [replot bottom panel]
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  Primary	
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First	
  Dredge-­‐Up	
  Event:	
  
Short	
  lived	
  phase	
  in	
  stellar	
  evol.	
  
Convec$ve	
  envelope	
  reaches	
  
the	
  maximum	
  penetra$on	
  in	
  

mass	
  coordinates	
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Primary	
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  excess	
  
νmax=	
  163µHz,	
  	
  Δν=12.8µHz	
  
àMass:	
  1.39Mo	
  ;	
  Radius:	
  5.35Ro	
  
	
  

•  Noisy	
  spectrum	
  
-­‐  Photometric	
  dillu$on	
  
-­‐  Stellar	
  ac$vity	
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  spectrum	
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  dillu$on	
  
-­‐  Stellar	
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Secondary	
  power	
  excess	
  
νmax:	
  214±10µHz,	
  (corr:	
  352µHz)	
  
•  Reflected	
  super-­‐Nyquits	
  vmax	
  
	
  

à Scaled:	
  410	
  ±50µHz	
  
agreement	
  within	
  1.2σ	
  

à NASA	
  Tess	
  or	
  ESA	
  Plato	
  missions	
  



Beck+ 2011, Science 332, 205 
Bedding+ 2011, Nature 471,55 
Mosser+ 2011, A&A 532, A86 



Internal	
  Structure	
  &	
  Dynamics	
  
Dipole mode forest 

Rota:onal	
  Gradient	
  
	
  

Core/Envelope	
  :	
   	
  	
  	
  6.9±1.5	
  (seism)	
  
Core/Surface	
  :	
   	
  	
  	
  6.3±1	
  	
  	
  	
  (phot)	
  
	
  
à	
  FlaAer	
  than	
  average:	
  10-­‐30x	
  

à Quasi	
  rigid-­‐rota:on	
  in	
  Conv.	
  Env.	
  
Simplifies	
  math	
  for	
  $des	
  [poster	
  65]	
  

Evolu:onary	
  state	
  
	
  

Period	
  Spacing:	
  	
  	
  ΔΠ1=80”	
  

à Hydrogen-­‐shell	
  burning	
  /	
  RGB	
  
(for	
  method:	
  Mosser+	
  2015,	
  A&A	
  584,	
  50	
  +	
  Refs)	
  

	
  
Mass:	
  1.39Mo	
  	
   	
  Radius:	
  5.35Ro	
  

	
  

Rota$onal	
  spliwng:	
  	
  	
  
δfmax	
  =	
  0.24µHz	
  

Period	
  spacing	
  
ΔΠ1	
  =	
  80	
  sec	
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Secondary	
  

Primary	
  

Result	
  for	
  a	
  model	
  from	
  a	
  mass	
  grid	
  around	
  the	
  mass	
  from	
  SR,	
  calculated	
  with	
  with	
  STAREVOL	
  

Modelling	
  constraints	
  

•  Very	
  well	
  constrained	
  primary	
  

•  Both	
  stars	
  have	
  same	
  
-­‐  Age	
  
-­‐  Ini$al	
  metallicity	
  
-­‐  Distance	
  

	
  
•  The	
  only	
  (main)	
  difference	
  

is	
  the	
  mass	
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Collabora$on	
  with	
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  Ana	
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Summary	
  
•  KIC9163796: eccentric, double-lined and seismic binary. 
•  Challenging analysis & big rewards, more to come 

•  Secondary Oscilllations could be caught : TESS & Plato 
 
•  Evolutionary state:  framing the dredge-up event 

•  Rotation:  
-  Surface rotation not synchronized,  
-  flat gradient (7 times) 
-  Quasi-rigid rotation in envelope 
 

•  Lithium:  
-  Difference of 1.2 dex 
-  Is compatible with rigid rotation history 

 

This	
  binary	
  in	
  a	
  striking	
  example	
  of	
  how	
  strong	
  	
  
~1%	
  of	
  difference	
  in	
  mass	
  effects	
  the	
  stellar	
  evolu:on	
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