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CESAM SOLAR MODELS
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ABSTRACT  Solar models have been computed using the code CESAM con-
structed at Nice (Morel, 1992), and the new opacities of Livermore for different
mixtures. Their global characteristics, predicted capture rates of neutrinos for
the chlorine and gallium experiments and their seismological properties are given.

1- GLOBAL PROPERTIES AND NEUTRINO FLUXES

A set of solar calibrated models has been computed with the CESAM code, insuring the
solar radius and luminosity (Lg = 3.846 1033 ergs s~1) at the age t; = 4.7510° years.

TABLE 1
Models Y a T.10°% p.  ¥Cl "'Ga
reference:ST 0.275 1.90 15.55 151.9 7.43 127.7
ST1 0.276 1.89 15.51 149.6 7.19 126.5
ST2 0.277 1.90 15.53 150.1 7.35 1275
ST3 0.276 1.89 15.51 149.6 6.52 124.9
Bahcall et al. 0.271 15.6 148. 7.9 132.

Lebreton et al. 0.278 2.16 15.54 148. 7.6 126.9.
Turck Chiéze et al. 0.276 1.55 15.51 1477 5.8 1265.
Sackman et al. 0.278 2.07 15.43 146.6 7.68 125.

EFF-LAOL 0.283 2.57 15.62 154.2 T7.83 129.4
CEFFH-LAOL 0.274 2.60 15.56 151.9 T7.31 126.3
OPAL-RA 0.284 2.56 1568 152.5 8.43 132.2
OPAL-AG 0.285 2.60 15.75 151.2 8.89 134.2

OPAL-AGFe (1) 0.277 2.60 1558 1522 7.59 1279
OPAL-AGFe (2) 0277 1.85 15.58 152.3 7.65 128.0
OPAL-AG-KU 0.285 1.91 15.73 151.2 8.90 134.3

ST: Model with equation of state with the Debye Huckel corrections CEFF and
low iron OPAL opacities extended with Kurucz opacities at the surface (KU) and Z=
0.0194; ST1: Model ST calibrated at a lower age t5 = 4.6109 years; ST2: Model ST
with 5 = 4.610° years and Ly = 3.86103 ergs s=!; ST3: Model ST1 with the lower
value of the cross section for the reaction "Be(p,7)®B used by Turck-Chié¢ze et al. EFF:
Eggleton (et al., 1973) equation of state; LAOL: Los Alamos opacities; OPAL: Livermore
opacities with different mixtures: Ross-Aller (RA), Anders and Grevesse mixture with
photospheric iron content (AG) and low iron close to the meteoritic abundance (AGFe).
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FIGUREI Values of the differences 199 — vz and Avy— A, (intercept and slope
for I = 0, (a)) and 3/5(v01 — Vo3 ) and 3/5(Av; — Avs) (3/5 times the intercept and
slope for | = 1, (b)) for different solar models and for the observations of Toutain
et al (full line box), Anguera Gubau et al. (two dotted line boxes) corresponding
to the solar maximum and minimum and Elsworth et al. (dashed line box).

The comparison of our models with other published models and their sensitivity
to the physical inputs (opacities and equation of state) are shown in Table I where
the initial helium abundance, mixing length, central temperature and density, capture
rates for chlorine and gallium experiments are given. The new OPAL opacity tables are
extended to low temperature either by LAOL tables at T' < 70000°K (except at T <
6000 °K for OPAL-AGFe(Z)) or by Kurucz opacity tables.

Our models are in agreement with the previous solar model computations. They
have a higher central density due to the choice of a larger value for the solar age. The
neutrino capture rates for chlorine experiment vary by 20% with the changes in the
opacities while they vary by 5% for the gallium experiment.

11 - SEISMOLOGICAL P-MODES PROPERTIES

Low degree modes give informations on the properties of the core of the Sun. According
to the method proposed by Scherrer et al. (1983) the frequencies are fitted to the
following polynomial expression:

Vng = vor + Au(n + -—no)+al(n+ i —‘"-0)2
where ng = 21. The difference Ay 2 = Vni = Vn-1i42 1s essentially sensitive to the
sound velocity in the core of the sun and it is close to a linear function of n characterized
by its slope and the intercept (~ value for n = no).

The values of the slope and the intercept for Avg o and for Avy 3 of our different
models and the observations including an estimation of the observational error bars are
plotted in Figure I. The modes with radial nodes between 17 to 26 have been used. The
datas of Anguera Gubau et al. are splitted into solar maximum and solar minimum
observations. Two different values of the slope and intercept are derived with error
boxes which do not overlap. The results of IPHIR are in between which is coherent
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with the dates at which the observations have been made.

The figure shows that the two characteristic parameters derived from the low degree
p-modes are close to the observation for I = 0 and systematically larger for the slope
derived from ! = 1 in agreement with Christensen-Dalsgaard (1992) calculations, but
they are not much sensitive to the different opacities and equation of state, contrarily
to the neutrinos fluxes.

Concerning the modes of intermediate degrees, the new opacities decrease but do
not suppress the discrepancy which appears between low (I < 20) and high (I > 50)
degree modes in the difference between observed and theoretical frequencies. The fre-
quencies with degree ranging from 20 to 50 correspond to the modes having their turning
point just below and just above the convection zone and the persistency of this observed
discrepancy may be the signature of the presence of some penetration taking place at
the lower boundary of the convection zone.

In conclusion the global properties of our models are in agreement with the previous
results. The causes of the differences are pointed out in a more complete discussion in
Berthomieu et al. (1992). With the new opacities of Livermore with low photospheric
iron content we find for the chlorine experiment ®sr¢; = 7.43 £ 2.7 SNU far from the
measure of Davis and for the gallium experiment ¢+, = 127.7 £ 20 SNU.
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