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Goals of Kepler asteroseismology

* to provide support for the studies of
extrasolar planetary systems by

characterizing the central stars of the
systems

 to perform in-depth asteroseismic
investigations of a large number of stars,
predominantly but not exclusively those
showing solar-like oscillations.
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Kepler Field of View: 110 square degrees
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The playing
field




Basic properties of oscillations
Behave like spherical harmonics

Y0, ¢)e "t ~ P (cos ) cos(meo — wt)
kn = 21/A = /0 + 1)/R




Types of stellar oscillations

* Acoustic modes (p modes)
— Standing sound waves
— Relatively high frequency
— Depend mainly on sound speed
— Extend to centre of star, at low degree

* g modes
— Standing internal gravity waves
— Relatively low frequency

— Depend mainly on the buoyancy frequency, strongly
sensitive to composition profile



Subdwarf
B stars

Core He burning

Extreme mass loss
after red-giant phase




Subdwarf B stars

Extreme horizontal branch stars, very thin
envelope

Core helium burning

Two types of pulsating sdB stars:
— Short-period (V362 Hya stars): 100 — 600 s
— Long-period (V1093 Her stars): 1 —2 h

14 found with Kepler, almost all long
period



Kepler survey
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g modes Iin a subdwarf B star
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log q(H)

Fit to observed periods
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Stellar
parameters

"“Fronl SpeCtI‘OSCOp.V
PFrom asteroseismology

“Since Zero-Age EHB

Van Grootel et al. (2010;
Apd 718, L97)

Quantity Estimated Value
Teir (K) 27730 = 2702
28050 £ 470°
log g 5.552 £ 0.0412
5.52 + 0.03°
M, /Mg 0.496 = 0.002
log(Menv /M) —2.55 £ 0.07
log(1 — M../M,) —0.37 £ 0.01
M. /Mg 0.28 = 0.01
Xecore(C+0) 0.261 = 0.008
Age (Myr) 184 = 1.0°
R/Ry (M. 2) 0.203 = 0.007
L/Lg (Ter, R) 229 + 3.1
My (g, Tefr. M) 421 = 0.11
E(B-V) 0.094 £ 0.017
d(V,My) (pc) 1180 = 95




Solar-like
MS stars




Asymptotics of p modes
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o = «(v) depends on surface properties.

where
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Large frequency separation:

Avp =vp —vp_1] = Av
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Red giants:

> 2

high points of
space
asteroseismology A




A prediction

TABLE III

Properties of oscillations of envelope models. The relation between mass and luminosity is derived from
Iben’s (1964) evolution calculations. The notation is as in Table 1.

M/MO L/LO Tcﬂ' Us, max (6L3/Ls)max Hmax 4v
(kms™") (days) (uHz)
5 10° 6800 0.014 1.1 x 107¢ 0.32 2.65
— - 5770 0.015 1.7 x 1074 0.56 1.82
~ - 5000 0.021 3.1 x107¢ 3.5 1.13
- - 4500 0.015 3.6 x 1074 1.2 0.75

It is worth pointing out that observations of this type of oscillations might also be
useful in the study of stellar convection. The calculation of the oscillation amplitudes
resulting from a given convective velocity field is probably considerably simpler than a
direct computation of the convective velocities.

Christensen-Dalsgaard & Frandsen (1983; Proc. 66t" IAU Colloq.,
eds Gough & Toomre, Solar Phys. 82, 469)
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A HR diagram in terms of v

B T T T T I T T T T T T T T T I T T T T T T T T T I T T T T T T T T I T T i
: AV R2T-Y/2 @/ ]
10— VmaX OC R Teﬁ' // » % ]
/ %, X /
- // ’ —
/
/

N , ]
- / .
- / —
- / —
- / -
~ 100 — ,"' - —

T — /
=2 i 3M,, 7 |
5 i PA—— |
N i 7 ) |
- 2M, 7 S ]
= / ]
o ! N
1000 L,/ ]

.—»'/'"‘-“
7 1.5M, |
i 1M, i
B 1 1 1 1 I 1 1 1 1 1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 I 1 1 ]
7000 6000 5000 4000
Ty [K]

Huber et al. (2010)

max

Red
clump



Diagnostics of stellar global
properties

From
Av,; (M/RS)l/2

Vmax X ]\4R_QT6_H1/2

and observed T 4 determine

M and R

With modelling, determine in addition
age



Kepler open clusters

" (a) NGC 6791

1

(b) NGC 6819
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Kepler open clusters

NGC 6791 NGC 6819
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Kepler open clusters
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Kepler Detected Gravity-Mode Period
Spacings in a Red Giant Star

P. G. Beck,™ T. R. Bedding,2 B. Mosser,® D. Stello,® R. A. Garda,* T. Kallinger,5

S. Hekker,“'7 Y. Elsworth,6 S. Frandsen,’ F. Carrier,® ). De Ridder,* C. Aerts,*?

T. R. White,? D. Huber,” M.-A. Dupret,*° ). Montalban,*® A. Miglio,’® A. Noels,*®

W. ]. Chaplin,® H. Kjeldsen,® ]. Christensen-Dalsgaard,® R. L. Gilliland,** T. M. Brown,*?
S. D. Kawaler,*® S. Mathur,*® J. M. Jenkins®®

Beck et al.
Science (2011; 332, 205)



Period spacings
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Kepler observations
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N/2m, S,/2m (uHz)

Mode trapping




Two types of modes in one star




An sdB star in the core of a red giant

sdB star in

the core of
\\ the red giant
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Mode inertia
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g-mode period spacings

Pn:%(wre), L =I(l+ 1)
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N/2nm (uHz)
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LETTER

Gravity modes as a way to distinguish between
hydrogen- and helium-burning red giant stars

Timothy R. Bedding', Benoit Mosser”, Daniel Huber', Josefina Montalban’, Paul Beck®, Jorgen Christensen-Dalsgaard®,

Yvonne P. Elsworth®, Rafael A. Garcia’, Andrea Miglio™®, Dennis Stello', Timothy R. White', Joris De Ridder?, Saskia Hekker®®,
Conny Aerts*?, Caroline Barban?, Kevin Belkacem'®, Anne-Marie Broomhall®, Timothy M. Brown'!, Derek L. Buzasi'?,

Fabien Carrier?, William J. Chaplin®, Maria Pia Di Mauro", Marc- Antoine Dupret’, Seren Frandsen®, Ronald L. Gilliland"*,
Marie-Jo Goupil?, Jon M. Jenkins", Thomas Kallinger'®, Steven Kawaler'’, Hans Kjeldsen®, Savita Mathur'®, Arlette Noels®,

Victor Silva Aguirre'® & Paolo Ventura®’

doi:10.1038/nature09935

Bedding et al. (Nature, 2011, 471, 608)
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Red-giant model
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Kepler observations
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2.5 M- evolution
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Buoyancy frequencies
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