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Chaplin et al. Science 2011
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Solar-like Oscillations
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Damped oscillation

Lorentzian profile
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Oscillations in Red Giants

Star evolves from MS to RGB phase
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Low-mass Low-luminosity
Red Giants

Miglio et al. A&A 2009 M/M
Tip of the RG x Focus: *
Vrelax %] %ﬁ) /E{Z ) low-mass -luminosity
“__ RGB: few! (~ 5%) >

He-burning 12.5

(Red Clump)

Important to:
- constrain stellar formation rate

- test stellar evolution and pulsation codes
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Sample selection
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Q0-Q17 Kepler data
1470 days
Frequency res. ~8 nHz
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Peak Bagging Analysis

o AIM:
Efficient Peak Bagging analysis of the 21 RGB and
detailed study of their asteroseismic properties
Corsaro E., De Ridder J., Garcia R. A. (in prep.)

® CHALLENGE:

1. Several oscillation modes per star (40-90)
Dimensions for the fit very high (> 100) and very slow computation
How to make multi-parameter fits efficient?
Relevant especially for fitting several stars!

2. Frequency peak is real or noise? How to understand?
Many times ambiguous detections!

14
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Peak Bagging Analysis

Enrico Corsaro
D IA M O N D S enrico.corsaro@ster.kuleuven.be
Joris De Ridder

A new Bayesian Nested Sampling tool o R TR el PL

¢ S 0 L U T I O N : ABSTRACT LEUVE

In the context of high-quality asteroseismic data provided by the NASA Kepler Mission, we developed a new
code, termed DIAMONDS (high-DImensional And multi-MOdal NesteD Sampling), for fast Bayesian

L] L]
parameter estimation and model comparison by means of the Nested Sampling Monte Carlo (NSMC) algorithm,
an efficient and powerful method very suitable for high-dimensional problems (like the peak bagging analysis

of solar-like oscillations) and multi-modal problems (i.e. problems that show multiple solutions).

We applied the code to the peak bagging analysis of solar-like oscillations observed in a challenging F-type
. . - . star. By means of DIAMONDS one is able to detect the different backgrounds in the power spectrum of the star
e ry S u I te O r I g - I I I I e n S I O n a (e.g. stellar granulation and faculae activity) and to understand whether one or two oscillation peaks can be
identified or not. In addition, we demonstrate a novel approach to peak bagging based on multi-modality,
which is able to reduce significantly the number of free parameters involved in the peak bagging model. This
novel approach is therefore of great interest for possible future automatization of the entire analysis technique.

1. THE DIAMONDS CoODE 2. PEAK BAGGING AND
BAYESIAN MODEL COMPARISON

Determining how many different background signals are observed in the

DIAMONDS is developed in c++11 and structured in classes in order to be

as much flexible and configurable as possiblet™). It implements a more

recent version of the NSMC algorithm(s5231, The user can supply its own stars’ power spectrum (figure below, left) can be done by means of a
likelihoods, priors and models, according to the astrophysical problem of model comparison based on the Bayesian Evidence, where each competing
interest, by using a starting template. All model free parameters and the model includes a different representation of the background level. With the
corresponding Bayesian Evidence are therefore estimated by the code. same method, one can also test the significance of an oscillation peak, in
which the competing models will either include or not the peak to be

Likelihood correlation map Prior probability distribution assessed (figure below, right). Model comparison becomes this way a very

straightforward task(*]

Granulation

Saran (PP

See poster #41 for more , e
details and download link.

Conversely to other existing sampling methods (e.g. based on Markov Chain algorithm(*1) DIAMONDS allows to sample highly multi-modal distributions very

0 o
¥ (ppm’/pHz)

efficiently!*]. The Eggbox function shown below is a nice example of degenerate (multiple) solution, namely a posterior probability distribution with several
modes (hence multi-modal), sampled by DIAMONDS (yellow dots).

We exploited the multi-modality as a novel approach to the peak bagging, succeeding in reducing the number of
free parameters used to fit 27 consecutive oscillation peaks from 81 (a Lorentzian profile for each peak, hence 3

2. DIAMONDS (C++11
Corsaro E. & De Ridder J., A&A (submitted)

free parameters) to only 9 free parameters in total. The approach is very fast and efficient and is very well suited
for automatizing the peak bagging analysis for future applications to several oscillating main sequence stars.

DOWNLOA
ftware package available at the DIAMONDS code web site:
Ritps://ys.kuleuven be/ster/Software/Diamonds/
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Sampling numerical methods

Markov Chain
Monte Carlo
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I
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* 10-40 free parameters for each chunk

1.5x1(* DIAMONDS: ~2 minutes computation in own laptop
» Stable process

* Robust Bayesian estimates for all parameters

HRNN

Already successful approach for MS stars
Corsaro E. & De Ridder J., A&A (submitted) and poster #41
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® First results

Bayesian Statistics offers valuable solution to model
comparison problem: Bayesian Evidence £

models are preferred

gt Fit quality 4} WEIGHT: simple

# free parameters ’

Difficult to obtain with MCMC

(very expensive computation). :"> Model
In DiIAMoNDs (as NS codes) comparison Is

Is direct output! immediate
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Peak Significance Criterion
Simulation test
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Application
KIC 12008916

® First results

2.0x10* — !
" Vmax = 160 uHz M ~1.34Mq ]
_ Av ~12.9 uHz R ~526R, -
5x10* — —
s L Tor ~ 5100 K -
g B n
g 1.0x10 _— —_
5.0><103_— —:
0 i | " L ‘_ | ul

120 140 160 180 200

Frequency (uHz)

21

KU LEUVEN

Enrico Corsaro  CoRoT Symposium 3 - Kepler KASC 7, July 8, 2014



® |ntroduction
® The sample
® The new method

Backg round el

[ I I T T TTI l I I T T T T I I T T TTI | I __]
105§ | —=
— I f—
E o | 1 “’,"‘ | | E
10t + “\ .“”‘ ““"‘“"!;J[‘]Jf‘ “‘1‘ L’,{' | —
3 N il ,‘ 1 " TR LML -
c\E 10°— | _ L W Mh b ! MM " =
- kil l =
R s Background formulation |
~  E with 2 granulation
10" components
E Kallinger et al. A&A (submitted) i
10° B 1 Lol l Lol | dly by II“IIHM”'II
0.1 1.0 10.0 100.0
Frequency (uHz)

22

KU LEUVEN

Enrico Corsaro  CoRoT Symposium 3 - Kepler KASC 7, July 8, 2014



® |ntroduction

Peak Bagglng Results
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Peak Bagging Results
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Linewidth depression
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Acoustic glitches
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Conclusions

e Low-luminosity -mass RGB stars are few (~5%): study is
important for testing star formation rates, stellar structure and
evolution codes.

e With T > 4 years observations, peak bagging analysis is
necessary (global analyses cannot go much further)

e Peak bagging of RGB stars with biaAmonbs very efficient and
with optimal peak significance criterion

® Towards automated (at least partially) peak bagging analysis for
several Red Giants (work in progress)
Already feasible for MS stars (even challenging F-type)! (see
poster #41)
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