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Introduction Context

Large amount of data

Kepler (2009-2018) PLATO (2026-...)

Credits: NASA Credits: CNES

Several hundreds of thousands of pulsating stars!
= Unique opportunity for seismology: precise ¢, M, and R
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Introduction Context

Take advantage of the data

Large amount of very precise datal

4

e Need for precise methods
@® WhoSGIAd: Main-sequence stars
(Farnir et al. 2019,2020)
@ EGGMIiMOSA: Sub- and red giants
(Farnir et al. 2021)
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WhoSGIAd Oscillations

Solar-like oscillation spectra

Smooth Glitches
VUnl = (n + + 6) Av ov = Vobs — Vsmooth
Tassoul (1980), Gough (1986)
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WhoSGIAd Principle

WhoSGIAd: Principle

WhoSGIAd - Whole Spectrum and Glitches Adjustment
(Farnir et al. 2019,2020)

Consider the frequencies vector space:

@ Build orthonormal basis of functions (Gram-Schmidt):

e From regular functions: p;,
k—1

Pr— Z <pk\11j>q3‘

¢ Build orthonormal functions: q;, = .

k—1

Pr— Z <pk\qj'>q3‘
J

N
e With the scalar product: (x|y) = > =4
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WhoSGIAd

WhoSGIAd: Principle

Principle

@ Independent v projections: a; = (Vgbs|ay,)
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WhoSGIAd Principle

WhoSGIAd: Principle

® Combine independent qy, into indicators as
uncorrelated as possible;
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WhoSGIAd Seismic indicators

Seismic indicators

Smooth:
e 7oy — Composition and evolution (~ Roxburgh &
Vorontsov 2003)
e Ay — Overshooting (See also Deheuvels et al. 2016)
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WhoSGIAd

Glitch indicators

Seismic indicators

Glitch:
e Ay — Helium content

(Z/X)y = 0.022
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Independent of smooth indicators
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WhoSGIAd

Glitch indicators

Seismic indicators

Glitch:
e Ay — Helium content
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Independent of smooth indicators
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WhoSGIAd

Glitch indicators

Seismic indicators

Glitch:

e Ay — Helium content
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Glitch indicators

WhoSGIAd

Seismic indicators

Glitch:

e Ay, — Helium content

1.052M,,

= (Z/X)y = 0.022 R

151 — Yo=024
—————— Yy =025

Yy = 0.26
- Yy =027

1'6,95 0.96 0.97
r/R.

0.98

0.99

40 —— 1M
—— 1.025M,
—— 1.052M.
80 —— 1.052M,, Surf. eff.
]
T [ o
= 2
10 I
0.16 0.18 0.20 0.22 0.24
}/surf

Farnir et al. (2019)
Independent of smooth indicators
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WhoSGIAd

Results

Application to the Kepler LEGACY sample

e Overshooting
Acgy/AM =0.2+0.1,
Qov,0 = —0.1+£0.2
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e Galactic enrichment
AY/AZ =1.92+0.79,
Y, = 0.26 & 0.01

Free param.: t, M, X, (Z/X),. and agy:
Seismic: Models with only A, 71, 792, Ag1, aNd Age;
Metal: Models with only A, 791, 792, Ao1. and [Fe/H].
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WhoSGIAd Results

Application to 16 Cygni

Fitting only A, 71, 792, ANd Age:

16CygA 16CygB
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Seismology alone cannot discriminate models
(Farnir et al. 2020)
See also Bulden et al. (2021 in prep.)
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EGGMiIMoSA

Mixed-modes

Sub- and red giants: Mixed-Modes

Pressure and gravity character
= Probe the whole structure!

g-modes
(1=1)

p-modes
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Credits: Grosjean (Thesis, 2015)
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H-shell vs. core-He burning
(Montalbdan et al. 2010, Bedding et al.
2011)
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Credits: Mosser et al. 2014
Amq: Period spacing
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EGGMiMoSA Mixed-modes

EGGMiMoSA

EGGMiMoSA:
Extracting Guesses about Giants via Mixed-Modes
Spectrum Adjustment (Farnir et al. 2021)

Info on mass, radius, and age

red giants subgiants
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Conclusions

Conclusions

solar-like pulsators;

data.

Martin Farnir

Two methods to probe most of the evolution of

Fast (< 1s per star) and automated;
Robust indicators for stellar modelling;
Well suited candidates for the analysis of the PLATO
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