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The background model equation for a Kepler star
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The background model equation
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4. - FITTING A PSD: BACKGROUND COMPONENTS

Pbkg(⌫) = [G(⌫) +B(⌫)]R(⌫) +W

Apodization - Decrease of the 
signal for discrete time 
observations

Kallinger et al. 2014



The background model fit for a Kepler star
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Corsaro, De Ridder, García 2015 A&A, 579, 83
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The Lorentzian and sinc2 profiles

CEA | 27 October 2015
78Space-Inn School on Astero/Helioseismology 

and Stellar/Solar Physics

4. - FITTING A PSD: THE OSCILLATION MODES
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• Problem 1: big dataset + fitting numerous oscillation modes 
(peaks) per star (can be more than 100) 

• Problem 2: testing if a peak is real or not (noise)

Low S/N

Problems in the fitting of the oscillations



Problem 1  
Solving a high-dimensional 

fitting problem



High-dimensional Model
Enrico Corsaro - enrico.corsaro@cea.fr

KIC 9139163

Corsaro & De Ridder 2014 A&A, 571, 71

About 180 free parameters!  
Computational time increases a lot



Multi-modal Model
Enrico Corsaro - enrico.corsaro@cea.fr
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Multi-modal Model
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Multi-modal Model
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Multi-modal Model
Enrico Corsaro - enrico.corsaro@cea.fr

Corsaro & De Ridder 2014 A&A, 571, 71



Results
Multi-modal inference problem on 9 
consecutive radial orders (27 peaks)

Enrico Corsaro - enrico.corsaro@cea.fr

Corsaro & De Ridder 2014 A&A, 571, 71

Only 9 free parameters!



Comparison

Red: uni-modal fit 
Blue: multi-modal fit
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Corsaro & De Ridder 2014 A&A, 571, 71



Comparison

Red: uni-modal fit 
Blue: multi-modal fit

Enrico Corsaro - enrico.corsaro@cea.fr

Corsaro & De Ridder 2014 A&A, 571, 71



Problem 2  
Test the significance of 

an oscillation peak



Bayesian Model Comparison

Fit quality

# free parameters

WEIGHT: simple models 
are preferred 
(Occam’s razor)E

Bayesian Evidence

Enrico Corsaro - enrico.corsaro@cea.fr

Bayes’ Theorem

Likelihood Prior Posterior

∝



• Simulations test 

• 1000 artificial chunks 
of PSD 

• Blind search for 
those with a peak

100 Simulations

900 Simulations

Peak Significance Criterion
Enrico Corsaro - enrico.corsaro@cea.fr

Bayes’ factor

Strong Evidence (Jeffreys’ scale)

B
yes,no

=
E
yes

E
no

B
yes,no

⇠ 150 All peaks found!



1   0  

Peak significance



E`=0

M`=0

1   0  

Only ! = 0

Peak significance

Bayesian Evidence



1   2 0 

Both ! = 2 and ! = 0

Peak significance
M`=2

E`=2 Bayesian Evidence



1   2 0 

Both ! = 2 and ! = 0

Peak significance
M`=2

E`=2

Model with ! = 2  
FAVORED

Bayesian Evidence

E`=2

E`=0
⇠ 150



CEA | 10 AVRIL 2012
DSM  
IRFU  
SAp

Commissariat à l’énergie atomique et aux énergies alternatives 
Centre de Saclay | 91191 Gif-sur-Yvette Cedex 
T. +33 (0)1 69 08 27 25 | F. +33 (0)1 69 63 73 88 

Etablissement public à caractère industriel et commercial | RCS Paris B 775 685 019

96



Download
https://fys.kuleuven.be/ster/Software/Diamonds/

Enrico Corsaro - enrico.corsaro@cea.fr



https://fys.kuleuven.be/ster/Software/Diamonds/

It’s free!

Enrico Corsaro - enrico.corsaro@cea.fr

Download
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Corsaro, De Ridder, García 2015 A&A, 579, 83KIC 12008916
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l = 0

l = 2
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Mixed Modes

l = 3

KIC 12008916



102

p
peak

⌘ E
peak

E
no peak

+ E
peak

Detection Probability

 
Peak detected!

ppeak & 99%

B1,2 =
E1
E2



l = 0

l = 2

l = 1  
Mixed Modes

l = 3

KIC 12008916
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