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There are fundamental differences in 
seismic analysis techniques of solar 

and stellar data 

(1)  The amount of data available 
(2) The number of independent constraints 



Solar data: BiSON+MDI 
1 year data set 



Stellar data: 30 month data set 

16 Cyg A 16 Cyg B 



Independent constraints 

•  For the Sun, we know: 
– Mass 
– Radius 
– Age 
– Luminosity 
– Metallicity (well, somewhat J) 

•  For other stars we know: 
– Effective temperature 
– Metallicity (affected by solar uncertainties) 



But, we do have a large variety of 
stars! 

Main sequence Subgiant Red giant 



Huber et al. 2011 



For most stars, all we can do is 
compare frequencies 



The surface term is physics dependent 

As a result, we depend on inversions to study solar structure 



Relationship between structure and frequencies: 

A Hermitian Eigenvalue problem, therefore use the variational principle: 





We know where the solar CZ base is 

Solar CZ base is at 0.7134 ± 0.001 Rsun 

JCD et al. (1991) used a different function to get 0.713±0.001. The above 
method used by Basu & Antia (1997, 2004). 



We know the CZ helium abundance 
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Antia & Basu (1994) and Perez Hernandez & Christensen-Dalsgaard 
(1994) used somewhat different methods to determine the He 
abundance. Earlier Dziembowski et al. (1991) and Kosovichev et al. 
(1992) tried direct inversions. 



He ionization peak 

 
The helium abundance (Y) of the solar envelope is 0.249 ± 0.003 

From Basu & Antia, 1995 

Observations 
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What else do we know? 
There is minimal overshoot below the solar convection zone. Upper limit 

0.05Hp 

From Basu, Antia & Narasimha, 1994 
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Suggested by Gough (1990). Used by 
Roxburgh & Vorontsov (1994), 
Monteiro et al. (1994), Basu et al. 
(1994). 



Our current obsession, 
abundances! 



when it comes to stars other than 
the Sun, the limited mode-set has to 

be exploited to determine all 
properties.  

 
Thus we have to become smarter in 

mining information from 
oscillation frequencies! 



A few words about modelling 

There are at least two important free parameters in our models, the mixing length 
parameter, and the initial helium abundance. 

CONSEQUENCE: Just because we know the current properties of a star, we cannot 
infer its past! 



Solar models are constructed 
somewhat differently 



The importance of “classical” 
inputs 



The importance of “classical” 
inputs 



The importance of “classical” 
inputs 



Why does this matter? Could lead 
to unphysical results 



The effect on age 



The effect on age 



The effect on age 



Need frequencies to distinguish 
between models of the same M, R, 

[Fe/H] and Teff 
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Some things that we have learned thus far 

Bonaca et al. 2012 

The use of solar-calibrated mixing 
length may not always be appropriate 



All data log g > 3.8 

a 7.97±0.27 -12.77±2.91 

b -0.31±0.09 0.54±0.11 

c -1.33±0.80 3.18±0.69 

d 0.48±0.12 0.52±0.07 



The surface term may result in ambiguities 



What if two models look the same? 



Property Red model Blue Model 

Mass (M¤) 1.1170 1.0645 

Radius (R¤) 1.237 1.217 

Age (Gyr) 4.88 5.06 

Y0, Z0 0.2641, 0.0179 0.2913, 0.0180 

Ys, Zs 0.220, 0.0153 0.242, 0.0152 

α 1.94 1.93 



How can we distinguish between the 
two models? Use frequency ratios 





Ages of exo-planet hosts 

Silva Aguirre et al. 2015 



Silva Aguirre et al. 2015 

The Y-Z relation 

What else are we looking at? 



Can we determine helium directly? 
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Verma et al. 2015 

The helium abundance of 16 Cyg A & B 



The CZ base 



A few final thoughts 

•  Solar and stellar seismic techniques are very 
different. 
 

•  Independent estimates of global properties helps 
immensely in determining internal structure. 
 

•  Good spectroscopic parameters are essential in 
carrying out seismic analyses. 
 

•  We are still in the process of learning how to extract 
information from stellar seismic data. 


