


high-precision spectroscopy
versus space photometry
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Space photometer, mounted on
0.27m mirror, Vmag 5 to 16
Launched 26 December 2006
Gioal: asteroseismology and
detection of exoplanets
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Seismology field Exoplanet field
highly defocused focused + prism

10 targets
5.4<V<9

sampling 1 s

2.6 °

L . Focablock .

12000 targets
11<V<16
sampling 512 s

4 CCDs 2000x4000 px
Frame transfer

> 100 stars in the Seismo-field
> 100000 stars in the Exo-field

>

L3
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NASA Kepler space mission

Kepler MISSIOF]

o Tho dotormmafron of the frequency of Earth size & a’argcr plancta
- In-and near the habitable zone of s_ofar ike stars
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o Understanding formation and

evolution of planetary systems:

o Planet size and composition: we want
host star masses and radii

o Planet age = host star age

e To improve drastically stellar
evolution models across HRD and all
fields in astrophysics that rely on it
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Michel et al. (2008): lower amplitudes, granulation 3x solar
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40 ' : ' : ' a)
Kepler data (JCD et al. 2010): Som :

average density =

0.2712 x+ 0.0032 g/cm”3
M=1.520+ 0.036 Msun ,
R=1.991+ 0.018 Rsun
age = 2.14 £ 0.26 Gyr

Power Densily (ppm®/uHz)

[
48]
2
[alY
prorrrTr T R e e E
2000__ 0:0 A:l o2 N E
L A =
r A oo o
1800 A 0O = o -
iz I 2 29 0-2F 5 o ]
3 1600 N AA O Oo B 0.0 . . . . . .
C g ~
? 1400 & A u O ] H Frzguency ?EHZ) 1\/104130 5922 i?{z o0
) L A l ® ]
3 L A m O
o L NA O @
Frol A =4 :
L i [ ] [} [ ]
ool M 2 e ; Largest limiting factor:
: At = o ]
L AA om € B k to
w- ¥, 2% - unknown convective
0 10 20 30 40 50 ° °
Reduced frequency (uHz) overshooting in models...

Leuven and Nijmegen Universities



Kepler asteroseismology

Kallinger et al (2010): disentangling of granulation,
stellar activity and oscillations IMPORTANT in context of
exoplanetary formation and evolution of angular momentum
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The power of mixed
modes when deducing
stellar ages

1200 S

uHz)

¥ ] < 1000 [

Frequenoy

. i *
Age jlayr)

Stellar ages factor 10 better than classical methods
(see Soderblom, ARA&A, 2010):
Chonology of stellar and planetary systems!
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De Ridder et al. (2009): > 100s new exo RG pulsators
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“FirSt'CoROT resulisTred giants

500 M 101325700 De Ridder et al. (2009):

100
o

100 * 101378942
50 . 5 %
O;ml observations in sismo and exo
100924078 CCDS

101044584
élwuml“ ‘ l numerous RG pulsators found
.“Lu -
3" 100497523 in exo data
WWMMM"MIMIHMELWUA e .

101094881 non-radial pulsations!!

N7
101081290
lﬂl both short and long mode

EEM II 1o0e07400| lifetimes: few to tens of days

T opens up red part of HRD for
asteroseismology
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A UAU YT L ANAT
Miglio et al. (2009):
population synthesis combined with
asteroseismology in large sample of RG

recent starburst or not?

No longer restricted to individual
stars, but entire populations and

St 1 probing of the structure and evolution
' of the Milky Way!
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Red clump
red giants

Low-luminosity giants
on RGB: rare!

M .

100
frequency (uHz)

Bedding et al. (2010), Hekker et al. (2010), Huber et al. (2010),
Kallinger et al. (2010) : much more to come!! (embargoed...)

.0
Granulation
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“Pre-Space resultstor Bstars™

Compatible with EB & isochrone fitting
Ref. Star Mass (M¥Y) SpT aov (Hp) QR(km/s) Qcore/Qen
HD 16582 10.2 £0.2 B2IV 0.20+£0.10 28(14?)
HD 29248 9.2 £ 0.6 B2III 0.10+£0.05 6%2 ~5

HD 44743 13.5%+0.5 BIIII 0.20£0.05 3145
HD 129929 94+ 0.1 B3V 0.10+0.05 21 3.6
HD 157056 8.2+ 0.3 B2IV 0.44+0.07 29+7 ~1

(1) Aerts et al. (2006): 20 d MOST photometry + 1 week spectra
(2) Pamyatnykh et al. (2004); Ausseloos et al. (2004):
S months multisite photometry + spectroscopy
(3) Mazumdar et al. (2006): 4 years high-resolution spectroscopy
(4) Aerts et al. (2003, 2004); Dupret et al. (2004): 20 years photometry
(5) Briquet et al. (2007): 2 years spectroscopy + few months photometry
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UORO! aaﬁ 0! a Ee% Uep Sﬁ

¢ HD 180642 discovered from HIPPARCOS (Aerts 2000)
¢ SpT B1.5II/II1, dominant nonlinear radial mode
© CoRoT 379785 datapoints, 32sec integration, 156.6 days

¢ Worked in flux, not magnitude; linear trend removed
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D Is0cIZrECTToaemmng.

¢ Dominant modes (in |y Hz):
63.50566 (5 harmonics), 3.46262 (3 harmonics),
73.20389, 97.32853, T~
83.96709, 136.70880

o Evolutionary

frequency decrease
of 0.027 sec/year
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DTSz ECTHodemmgT

¢ Periodogram after prewhitening of dominant mode

¢ Light gray: smoothed over 0.1/d, dark: over 2/d
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Signature of nonlinear
mode couplings occur

> 19 3-resonance fireqs + ...
some additional stochastic?
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© Star is most evolved of all known Beta Cephei stars, near TAMS

© Rotational splitting ?; theoretical modelling is ongoing
(standard MI methods do not work due to nonlinearity...)
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HD 46149, an O8V+B

Porb=829d,

M1=35Mo, M2=19Mo

Stochastic oscillations
following scaling law
of solar-like stars:
unknown convection...
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Oov (Hp) ??
Q(r) 2?

seismic
modelling not

successful

due to lack of

mode id.

numerous R
FG Vir ]

frequency Al detections |

detections | | e

from ground e | Teeeyed

networks and ' ° ;Breger et ldl. (I20 IS) Iom”::gszi‘ﬂ:iim

MOST team ]
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3 :; =0 "~ Fourier
EE! -« > - Spectrum
E’l.()_—
Eﬂ.s_— ‘ ‘
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Normalized frequency (c/d)

Rotation splits each mode in
20 +1 unequidistant components

Example shown: simulated
1.8 Msun Delta Scuti star (Goupil et al., 2000)

Vm = (1 1 UE (%) T (b m’* T C) (E) ) e )

v,
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New discoveries among 110 surveyed stars

1.

Cataclysmic variables:
- Nova like: 2
-AM CVn: 1

. Compact binaries:

- eclipsing sdB+DM: 1

- non-eclipsing beaming sdB+DM: 2

- eclipsing pulsating sdB+DM: 1

- non-eclipsing sdO+dM: 1

- pulsating sdO/B+ F/G/K secondaries: 10

Leuven and Nijmegen Universities




Gravity-mode pulsations in compact binaries

amplitude [mmal

amplitude [mma]

Kawaler et al.

50

10

KIC 02001403

20

2 4 B 8
tirme [clays)
T L L LA NN BLELELEL B
(& P= 10633 br ]
VAT
- i % ]
i i3 i
. ] i1 4
T T

amplitude [mmal]

Leuven and Nijmegen Universities

(2010)

KIC 11178857

amplitude [mmal]

300
Frequency [pHz]

200

Phass




“Nice result hybrid pulsSater EB ™

Physics of NRP at extreme irradiation?
Porb =0.125765300(21)d, (Ostensen et al. 2010)
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AM CVn nature deduced from spectroscopy

Porb

= 938 s, Prot = 16.8 h (Fontaine et al. 2010)

KIC 004547333 Kepler satellite 2010
T

Will surely bring new
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Ground-based network data have opened up the field,
after helioseismology, particularly for WDs

MOST as pioneer & CoRoT functioning excellently,
they revolutionize observational asteroseismology

Basic theory is mature; needs refinement for dense cores,
rapid rotation, nonlinear mode coupling, outbursts,...

Kepler has unique capabilities: long-term, solar-like
stars, compact pulsators,... + easier for follow-up than
CoRoT thanks to slightly brighter targets

Ground-based data needed for target characterisation,
mode identification, abundances, vsini,... and for final

tuning of the models + RV monitoring for EB pulsators
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