
  Three dimensional spin-orbit determination: 
joint analysis by asteroseismology, transit 
lightcurve and Rossiter-McLaughlin effect 

i 

Benomar	
  et	
  al.	
  (2014),	
  accepted	
  in	
  PASJ	
  
In	
  collabora=on	
  with:	
  Kento	
  Masuda,	
  Hiromoto	
  Shibahashi,	
  Yasushi	
  Suto	
  

CoRoT3-­‐KASC7	
  Toulouse	
   11/07/2014	
  



wavelength 
→ 

approaching	
 receding	


stellar spectral line	
Ohta,	
  Taruya	
  &	
  Suto,	
  2005	


λ	
  

Stellar	
  	
  
spin	
  axis	
  

λ	
  
Planet	
  	
  

orbital	
  axis	
  

Stellar	
  	
  
spin	
  axis	
  



Xue	
  et	
  al.	
  (2014)	


star	




Ψ : Planet orbital plan relative to the 
stellar spin axis 
λ  : Projection of  Ψ into the sky plane 
iorb:	
  angle between the orbital plan 
and the observer  
i* : angle between observer and 
stellar spin axis 

Observa=ons	
  give	
  us:	
  
	
  -­‐	
  λ: Rossiter Mclaughin effect 
 - iorb: The transit imposes  

  iorb ~ 90 degree 
 - i* : Asteroseismology 
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Example	
  star	
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(subgiant)	
  

Example	
  star	
  2	
  
(red	
  giant)	
  

Why	
  different	
  amplitudes	
  for	
  the	
  m-­‐components	
  of	
  these	
  l=1?	
  	
  
The	
  star	
  seen	
  from	
  different	
  point	
  of	
  views	
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•  vsini	
  (Marcy	
  et	
  al.	
  2014)	
  compa=ble	
  
with	
  maximum	
  of	
  joint-­‐probability	
  

M=1.26	
  +/-­‐	
  0.03	
  Msun	
  
R=	
  1.34	
  +/-­‐	
  0.01	
  Rsun	
  
Age=2.75	
  +/-­‐	
  0.30	
  Gyrs	
  	
  



ψ~26.9	
  	
  	
  	
  degree	
  è	
  Not	
  so	
  flat!	
  
ψsun~7	
  degree	
  

i*=65.4	
  	
  	
  	
  	
  	
  degree	
  
cos	
  iorb	
  ~	
  0.04788(38)	
  	
  

λ	
  ~	
  9.4	
  +/-­‐	
  7.1	
  (reanalysis	
  of	
  RM	
  from	
  Albrecht	
  et	
  al.	
  2013)	
  è	
  suggests	
  a	
  flat	
  system	
  

è If	
  |Ψ|>90	
  then	
  the	
  orbit	
  is	
  retrograde	
  	
  
è If	
  |Ψ|<90	
  then	
  the	
  orbit	
  is	
  prograde	
  	
  

Albrecht	
  et	
  al.,	
  ApJ,	
  2013	
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Weak	
  constrain	
  on	
  i*:	
  	
  
Broad	
  modes	
  
Rota=on	
  unusually	
  slow	
  for	
  a	
  F-­‐star	
  :	
  	
  ~	
  16	
  days	
  

è Modes	
  overlap!	
  	
  
è  Hard	
  to	
  disentangle	
  l=0,	
  2	
  
è  Hard	
  to	
  disentangle	
  m-­‐components	
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M=1.59	
  +/-­‐	
  0.03	
  Msun	
  
R=	
  2.02	
  +/-­‐	
  0.02	
  Rsun	
  
Age=1.7	
  +/-­‐	
  0.1	
  Gyrs	
  	
  



i*=33	
  	
  	
  degree	
  
cos	
  iorb	
  ~	
  0.12145(81)	
  

λ  ~	
  [157	
  –	
  220]	
  (depends	
  RM	
  data)	
  degree	
  è	
  suggests	
  a	
  oblique,	
  retrograde	
  system	
  

ψ~120	
  	
  	
  degree	
  	
  è	
  quasi-­‐polar	
  orbit	
  

è If	
  |Ψ|>90	
  then	
  the	
  orbit	
  is	
  retrograde	
  (probably)	
  	
  
è If	
  |Ψ|<90	
  then	
  the	
  orbit	
  is	
  prograde	
  (possible)	
  

RM	
  data	
  from	
  Albrecht	
  et	
  al.,	
  	
  
ApJ,	
  2012	
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•  If	
  for	
  a	
  system	
  we	
  have:	
  
–  The	
  Rossiter	
  McLaughlin	
  effect	
  
–  A	
  transi=ng	
  planet	
  
–  Solar-­‐like	
  pulsa=ons	
  

è Measure	
  of	
  the	
  true	
  spin-­‐orbit	
  is	
  possible	
  
	
  
•  Kepler	
  25:	
  

–  Is	
  the	
  first	
  system	
  with	
  mul=ple	
  planets	
  and	
  a	
  MS	
  star	
  to	
  show	
  
significant	
  obliquity	
  

–  Only	
  two	
  systems	
  with	
  mul=ple	
  planets	
  are	
  known	
  to	
  have	
  high	
  
obliqui=es	
  (Huber	
  et	
  al.	
  2013)	
  	
  è	
  Hard	
  to	
  conclude	
  about	
  the	
  
cause	
  of	
  obliquity	
  in	
  mul=planet	
  systems.	
  

•  HAT-­‐P-­‐7:	
  	
  
–  Very	
  likely	
  to	
  be	
  on	
  a	
  quasi-­‐polar	
  orbit	
  
–  Likely	
  to	
  be	
  on	
  a	
  retrograde	
  orbit	
  but	
  cannot	
  rule	
  out	
  a	
  prograde	
  
orbit	
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•  Modeling	
  with	
  MESA	
  using:	
  
•  Eigenfrequencies	
  (this	
  analysis,	
  Q0-­‐Q16)	
  	
  
•  Teff,	
  [Fe/H],	
  log(g),	
  L/Lsun	
  	
  	
  from	
  Pal	
  et	
  al.	
  (2008)	
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•  Modeling	
  with	
  MESA	
  using:	
  
•  Eigenfrequencies	
  (this	
  analysis,	
  Q5-­‐Q16)	
  	
  
•  Teff,	
  [Fe/H],	
  log(g)	
  	
  	
  from	
  Marcy	
  et	
  al.	
  (2014)	
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