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Asteroseismology 

aster: star 
seismo: oscillations 

logos: reasoning 
 

Study of stellar interiors  
through the analysis of  

stellar oscillations 



Stellar Oscillations

Stars, Planets & Galaxies                             April 16, 2018 3 

Driving mechanisms 

•  convective outer layers in which stochastic 
excitation of oscillations take place 

•  some outer layers act as a heat engine: 
    partial ionisation zones absorb and accumulate 
    energy generated in the stellar interior 
    (opacity mechanism) 
•  forced oscillations may occur due to tidal effects 
   in close binaries 
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radiative region 

convection 

         main sequence             |   subgiant  |  red giant 
Kippenhahn diagram 1 M! star 

H-fusion 

Hekker & Christensen-Dalsgaard (2017) 

He-
fusion 
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Oscillations 

Hekker & Mazumdar (2014) 
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Scaling relations 

€ 

Δν ∝
M
R3

∝ ρ 

€ 

νmax ∝
g
Teff

∝
M

R2 Teff



Stellar Oscillations

Stars, Planets & Galaxies                             April 16, 2018 9 

Precision of stellar parameters 
1.4 inverse problems
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FIGURE 1.28. Cumulative mass functions showing the relative uncertainties in
estimated stellar parameters for 94 main-sequence stars. Each type of measure-
ment is sorted by uncertainty. The numbers in parentheses in the legend give
the median uncertainty. Figure adapted from Bellinger et al. 2017a.

point for the structure inversion problem. We seek to invert Equation (1.123) to
infer f1(r) from observed mode frequencies, for some choice of f1, by deducing
the difference in f1 between the best-fitting model and the star. This problem is
difficult for multiple reasons:

Degeneracy. As the kernels reveal, a modification to the structure any-
where in a stellar model may cause several or all of its pulsation modes
to shift in their frequency of oscillation, and each frequency may shift in
a different way. Modifications to different locations in the stellar interior
may also cause the same change to the frequency of a mode.

Furthermore, the mode frequencies are a function of multiple structural
quantities. When trying to infer f1, we must ensure that the results are not
unduly influenced by f2. With the present quality of asteroseismic data,
this restricts us to kernel pairs with f2 = Y (recall Section 1.3.2).

Information Content. Whereas we are trying to measure a continuous
function, which in principle may contain infinite information, we have only
a finite set of mode frequencies with which to do it.

Furthermore, we will only be able to form well-localized averaging kernels
in regions where there is a sufficient number of mode lower turning points
(recall Figure 1.7). This rules out some inversion methods.

Stability. The kernel functions are nearly linearly dependent, and so the
problem is ill-conditioned. Even if the measurements of the mode frequen-
cies were certain, an exact fit to mode frequencies yields highly oscillatory,
non-physical solutions (see, e.g., Dziembowski et al. 1990).

81

Bellinger, Angelou, Hekker, Basu (2017) 
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Ages through asteroseismology 

Angelou, Bellinger, Hekker, Basu (2017) 

Parameters Accuracy 
[Gyr] 

log(g) Teff 1.5 
astero param I astero param II 0.6 
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Stellar inversions: 16 Cyg A & B 
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Oscillating planet host: Kepler 36 

Carter… Hekker et al., Science, 2012 

M★,R★

Age 
 
+ 
 

(Rp/R★)2 

 
 
 
Rp 



Stellar Oscillations

Stars, Planets & Galaxies                             April 16, 2018 13 

radiative region 

convection 

         main sequence             |   subgiant  |  red giant 
Kippenhahn diagram 1 M! star 

H-fusion 

Hekker & Christensen-Dalsgaard (2017) 

He-
fusion 
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Oscillations 

Hekker & Christensen-Dalsgaard (2017) 
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Scaling relations 
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Scaling relations 

Adapted from Themeßl, Hekker et al. submitted 

20 N. Themeßl et al.

Figure 12. Stellar mass versus radius (left) and mean density versus logarithmic surface gravity (right) for KIC 8410637 (top), KIC 5640750 (middle) and
KIC 9540226 (bottom) derived from binary orbit analyses (filled boxes) and from asteroseismology (open boxes). Results from the current analysis are shown
with solid and dotted lines. The latter refers to stellar parameters determined on the basis of an empirical �⌫ref,emp reference (Section 4.2). Dashed lines
represent already published values of the stellar parameters (Frandsen et al. (2013, F13dyn), Gaulme et al. (2016, G16dyn;seis), Brogaard et al. (2016, B16dyn)).
For di�erent colours see legend and Tables 3, 8 and 9.

MNRAS 000, 1–23 (2016)

BA 

SR 

GBM 

BA: Binary Analysis (orbital solution) 
SR: Scaling Relation 
GBM: Grid Based Modelling 
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Galactic prospect   

Miglio et al. 2014 
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Hekker (2018) 

Period spacing 

period [s] 
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Period spacing 

Bedding et al. 2011; Mosser et al. 2014 

hydrogen shell burning 

helium core burning 
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Oscillation cavities in red giants 

Hekker, Elsworth, Angelou (2018) 

acoustic cavity buoyancy cavity 

evanescent zone 

fractional radius 

fre
qu

en
cy

 [µ
H

z] 

hydrogen shell burning (RGB) 
core helium burning (CHeB) 
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Coupling factor vs. properties evanescent zone 
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Hekker, Elsworth, Angelou (2018) 
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Offset vs. properties evanescent zone 

Hekker, Elsworth, Angelou (2018) 
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Rotational splitting of non-radial modes 

Beck et al. 2012, Nature 

fast core 
solid body 
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Kepler 56 

Huber … Hekker et al. 2013 
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The power of 
asteroseismology to 
determine accurate 
stellar parameters 

Stellar Evolution 

Planets 

Milky Way 


