
Asteroseismology in the era of  
Kepler 

Jørgen Christensen-Dalsgaard 
Department of Physics and Astronomy 

Aarhus University 

TexPoint fonts used in EMF.  



Space helio- and 
asteroseismology 



Notable successes 



Kepler 

Launched March 2009 



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. 





Kepler launch 

7 March 2009 





Kepler Field of View: 110 square degrees 



The playing 
field 



Basic properties of oscillations 



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 

Non-varying 

Pulsating 

Østensen et al. (2011; MNRAS, in the press) 

ZAEHB 

TAEHB 



g modes in a subdwarf B star 

Reed et al. (2010; MNRAS 409, 1496) 



Fit to observed periods 

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

log q(H) 

log q(core) 

X(C+O) 



Stellar 
parameters 

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



Solar-like 
MS stars 



Asymptotics of p modes 

Large frequency separation: 



Asymptotics of p modes 

Large frequency separation: 

Observing the Sun as a star 



Red giants: 

high points of  
space 

asteroseismology 



A prediction 

Christensen-Dalsgaard & Frandsen (1983; Proc. 66th IAU Colloq., 
eds Gough & Toomre, Solar Phys. 82, 469) 



Nonradial 
oscillations in 

red giants 

De Ridder et al. (2009; Nature 459, 398) 
CoRoT observations 



A HR diagram in terms of νmax 

Huber et al. (2010) 

Red 
clump 



Diagnostics of stellar global 
properties 

•  From 

•  and observed Teff determine 
•  M and R 
•  With modelling, determine in addition 
•  age 



Kepler open clusters 

Basu et al. (2011; ApJ  729, L10) 



Kepler open clusters 

Basu et al. (2011; ApJ  729, L10) 



Kepler open clusters 

Basu et al. (2011; ApJ  729, L10) 



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



Kepler observations 

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

p-mode behaviour 

g-mode behaviour 



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 



Mode inertia 



g-mode period spacings 
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Bedding et al. (Nature, 2011, 471, 608) 



Red-giant model 

Bedding et al. (Nature, 2011, 471, 608) 



Kepler observations 

Hydrogen burning 

Helium burning 

Bedding et al. (Nature, 2011, 471, 608) 

ΔP = 53 s 

ΔP = 96 s 



2.5 M¯ evolution 



2.5 M¯ evolution 



2.5 M¯ 
evolution 



Buoyancy frequencies 

Red giant He burning 

He burning 
convective 
core 

1 

2 3 



CoRoT, Kepler, SONG, PLATO, …. 
The fun is just starting! 



Douglas at 
work 


