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Sharp variations of the structure of the star create a characteristic signal in its fre-
quencies of oscillation (e.g. [3]). The zone of the second ionization of helium is such a 
localized feature of the structure whose properties depend mainly on the abundance 
of helium and the equation of state. Considering that such a signal should easily be 
detectable provided the frequencies are measured to rather better than 1/xHz accu-
racy (the C O R O T project should measure oscillation frequencies with an accuracy of 
Ο.ΙμΗζ), we present here a tool to study this aspect of stellar structure. 

The second ionization zone of helium causes a distinct 'bump' δΓχ in the adiabatic 
exponent Γι . This gives rise to a perturbation δω of the frequencies (relative to a 
fictitious star without such a bump), 

Here f d is the acoustic depth below the surface at which the bump is located; φ0 is 
a constant determined by the phase of the eigenfunctions at the surface of the star; 
(STi/Ti)fd is the relative magnitude of the bump in Γι; β measures approximately 
the half (acoustic) thickness of the bump (see Fig. l a ) ; and rt is the total acoustic 
radius of the star (viz the sound travel time from centre to surface). 

In this study, we fit expression (1) to frequencies of stellar models (Table 1), using 
a non-linear least-squares method (from [6]). Four parameters are used,: f d , φο, β 
and α0=(—3/4rt) ( 5 Γ ι / Γ ι ) ^ . Only modes with degrees Z<5 are used in the fit, since 
we are interested in what might be learned about the distant stars. In order to be 
able to interpret the results of the fit more easily, we introduce (5 o b s =—4r t ao /3 . This 
corresponds to the value of (δΓχ/Γι) at f d . The relation of J 0 b s , β and f d to the helium 
ionization bump is shown schematically in Fig. la . The expected values of f d , β and 
J o b s are: f d « 5 0 0 - 6 0 0 s ; /3«100s; and ( 5 o b s « 0 . 0 5 . 

The measured values of f d are consistent with the expected values. The parameters 
that are directly relevant to the equation of state and the helium abundance are ao 
(or equivalently <5 0bs) and β. The correlation of the latter with the equation of state 
is clear for both stellar masses (see Fig. l b ) . 
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Table 1. Z A M S stellar models of IMq w i t h varying hel ium abundances ( V ) , equations of state 
(EOS), opacities and formulat ions for convective energy transport . Abbreviat ions are: SEOS = simple 
Saha EOS for H and He ionizat ion w i t h ad hoc pressure ionization at high pressure; C E F F = the 
E F F EOS ([5]) w i t h Coulomb correction term (e.g. [2]); SOP = simple power law opacities; CT76 = 
opacity tables f rom [4]; M L T — standard mix ing length theory; C M = convection formulat ion of [1]. 
Model Zo has SEOS w i t h H e l l ionization potent ial set to zero. 

The parameters obtained by f i t t ing equation (1) to model frequencies are also given: the acoustic 
depth f d and ha l f -w id th β are in seconds; ao is in μΗζ ; φο and S0^s are dimensionless. 

M o d . Y EOS Opacity Conv. Td Φο αο/2π 0 < w 

Zo 0.2379 no Hell SOP MLT 

0.2378 SEOS SOP MLT 529 3.5 1.64 108.5 -0 .041 

0.2378 SEOS SOP CM 532 3.5 1.63 107.1 -0 .041 

Zz 0.2421 CEFF SOP MLT 527 3.2 1.82 94.9 - 0 . 0 4 5 

Zi 0.2356 CEFF CT76 MLT 515 3.5 1.85 95.1 - 0 . 0 4 6 

Zs 0.2356 CEFF CT76 CM 518 3.4 1.83 93.0 - 0 . 0 4 6 

400 600 800 1000 0.235 0.240 0.245 0.250 
τ (s) Y 

Fig . 1: (a) Schematic of the properties of the ionization zone measurable in the signal δω; the 
half-thickness β of the bump, the ampl i tude £ 0 b s , and the location r j . Model differences Z\ — Zo are 
shown (sol id), (b) Inferred values of half-thickness β versus hel ium abundance. Models Wis have 
same EOS, opacity and convection treatment as Z i _ 5 but have mass I . IMQ . Fi l led circles are for 
the SEOS; open circles are for the C E F F EOS (see Table 1). 

We have shown how the Hell ionization region can be studied using the character-

istic signal associated with that layer. The signal can be measured using low degree 

modes (the ones we hope to observe in other stars). We are gratified that we obtain 

from the signal values for the parameters with the expected magnitudes (for both 

IMQ and I.IMQ stellar models). This shows that the signal is indeed coming from 

the Hell ionization zone, and that our fitting procedure works. 

The width β discriminates well the equation of state (see Fig. l b ) . Another of 

our goals has been to measure the helium abundance Y. The area of the bump, as 

determined by βδ0\>3, is a good measure of Y, but further tests are needed to establish 

how well this can be determined from frequencies. 
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