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I. What is asteroseismology ?
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What is asteroseismology ? (“stellar seismology”)

Study the interiors of stars by the interpretation of their pulsation spectra

Goal : improve our knowledge of stellar interiors (stars are opaque...)

What is not well known ?

•Global properties (mass, structure)

•Convection properties 

(core, envelope)

•Thermonuclear fusion properties

•Microphysics (opacities)

•Microscopic transport (gravitational 

settling, radiative forces)

•Macroscopic transport (differential 

rotation,magnetism, etc.)

•...
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Theoretical grounds of asteroseismology 

•From the linearized equations of hydrodynamics (small perturbations to equilibrium):

•Lamb and Brunt-Väisälä frequency

• if 2  Ll
2,N2 : p-modes (restoring force : pressure), acoustic waves

• if 2  Ll
2,N2 : g-modes (restoring force : buoyancy), gravity waves

Oscillations are excited and propagate in some regions, and are evanescent in others

Usually : p-modes sound the envelope, while g-modes propagate 
deep inside the stars

- eigenfunction f’(r) (radial dependence)

- oscillation eigenfrequency kl (temporal dep.)

- spherical harmonics Yl
m  (angular dep.)

(f’ = p, v, T, ...)
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A zoo of pulsating stars 

representative of different stages of evolution (from birth to “death”)

Main sequence stars

(H-burning) 

including the Sun

Intermediate stages of evolution

•Red Giants

•HB stars (He-burning)

Late stages of evolution

White dwarfs (no burning)

p- and/or g-modes, periods from min to hours (and days), amplitudes less than 1%

HR (temperature-luminosity) diagram
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What is asteroseismology ? 

A booming branch of astrophysics !

•Launched 27th December, 2006

•CNES/ESA mission (FR/EU)

•Until mid-2013

•Next: PLATO ?

(COnvection, ROtation, and Planetary Transits)

•Launched 7th March, 2009

•NASA mission (USA)

•Until 2015
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An illustrative example : 

EHB stars Asteroseismology 
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The Extreme Horizontal Branch (EHB) stars

Hot (Teff ~ 30 000 K) and compact stars (log g ~ 5.5) belonging to Extreme 
Horizontal Branch (EHB), an intermediate stage of evolution

>  short-periods (P ~ 80 - 600 s), A  1%, p-modes 

(that sound the envelope)

>  long-periods (P ~  30 min - 3 h), A  0.1%, g-modes 

(that sound the core) - Space observations required ! 

Two classes of multi-periodic EHB pulsators:

I. He → C+O fusion (convective core)

II. radiative He mantle 

III. radiative H-rich envelope

(Menv ~ 10-5 - 2.10-2 Msun pour M* ~ 0.5 Msun)

Internal structure:

NB: very slow rotating stars (months)

He/C/O core

He mantle

H-rich envelope

log q log (1-M(r)/M*)

-

0
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Kepler observations of the EHB star KPD 1943+4056

• in the range 2100 - 11200 s

(~30 min to 3 h)

• with amplitudes between 0.12% 
and 0.004% (!)

Frequencies extraction using prewithening 
techniques : 45 g-type periods

Fourier Transform

Residual

Observed

Reconstructed

Observations in white 
light photometry

A typical section of the light curve

Residual
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Search the star model(s) whose theoretical periods best fit all the 
observed ones, in order to minimize

> Results: structural and core parameters of the star (M*, Menv,Mcore, composition, etc.)

• Model parameters : M*, Menv, Mcore, and core composition X(C+O)

• Efficient optimization codes (based on Genetic Algorithms) are used to find the 

minima of S2, i.e. the potential asteroseismic solutions

Asteroseismic analysis : how does it work ?

> Optimization procedure hypotheses:

• Search parameter space: ▪ 0.30  M*/Msun  0.70

▪ −5.0  log (Menv/M*)  −1.8

▪ −0.40  log (1-Mcore/M*)  −0.10

▪ 0  X(C+O)  0.99

Under the external constraints (3- uncertainties) from 

spectroscopy: Teff = 27 730  810 K and log g = 5.552  0.123
He/C/O core

He mantle

H-rich envelope

log q log (1-M(r)/M*)

-

0

log (Menv/M*)

log (1-Mcore/M*)



Valerie Van Grootel - Les Houches, February 2011 11

Asteroseismic analysis of KPD 1943+4058

A clear model comes out from the optimization procedure:

• M* = 0.4964 Msun

• log (Menv/M*) = −2.553

• log (1-Mcore/M*) = −0.366

• X(C+O) = 0.26 ; X(He) = 0.74

Teff = 28 050 K

log g = 5.524

M*/Msun
Mcore

X
(C

+
O

)

M
e

n
v
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Period fit and mode identification (extract) 

Excellent fit to the observed periods: 

X/X~ 0.22% (or P~ 7.8 s or ~ 0.7 Hz, with a standard deviation of 4.6 s) 

Asteroseismic analysis of KPD 1943+4058
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Comments on core and structural parameters
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(a): from spectroscopy

(b): from asteroseismology

(a)

(a)

(b)

(b)

Excellent consistency with spectroscopic 
estimates (which was not guaranteed a priori!)

Close to canonical value expected for EHBs

Rather thick envelope

Asteroseismic analysis of KPD 1943+4058

Very little and luminous star

Power of asteroseismology !
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Comments on core and structural parameters

This is the first time we can probe the core of EHB stars from asteroseismology !

• Size of convective core from Schwarzschild criterion (convection theory): log q ~ -0.20

signature of transport of (C+O) beyond the convection zone itself

-

0

H-rich envelope

-2.552 (He/H boundary)
He mantle

He/C/O core

log q log (1-M(r)/M*)

-0.366 (C/O/He-He boundary)

Asteroseismic analysis of KPD 1943+4058

• overshooting ?

• and/or semi-convection ?

• other? (differential rotation ?)

A way to constrain parameters of convection theories...
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Conclusion and Prospects

• Still tons of data from CoRoT and Kepler, which are waiting for seismic 
modeling…

• Kepler observations with -month and -year baseline

• Determination of the rotation properties and core dynamics (single and 
binary stars) 

• Improve statistics (to date: 14 EHB stars modeled by seismology)

• Currently also huge progress for other pulsating stars (solar-like 
pulsators, red giants)...  

Conclusion: Thanks to g-mode seismology, we have access to

Prospects: 

• Global parameters of the star (mass, radius, luminosity, etc.)

• Structural and core parameters (Menv, Mcore, core composition, etc)

• Constraints for convection, stellar formation & evolution theories...  
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Brunt-Vaisala frequency profile

He/C/O core

He mantle

H-rich envelope

log q log (1-M(r)/M*)

-

0

center surface
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