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Abstract. Very recently the MACHO Collaboration published detailed
data for 45 double-mode Cepheids in the Large Magellanic Cloud. Here
we compare these data with new stellar pulsation models. We conclude
that the new period ratios are in good agreement with a metal content
Z = 0.005 — 0.01 in the Large Magellanic Cloud.

1. Introduction

The double-mode Cepheids pulsating in two radial modes have been crucial
for testing of Cepheid models (e.g. Andreasen & Petersen 1988, Christensen-
Dalsgaard 1992). These studies have been based on observations of 15 double-
mode Cepheids known in the Galaxy. Very recently the MACHO Collaboration
(Alcock et al. 1995) published detailed data for 45 double-mode Cepheids in the
Large Magellanic Cloud, 30 oscillating in the fundamental mode and the first
overtone and 15 oscillating in the first two overtones.

2. Model series and comparisons with observations

We have calculated precise periods of linear, adiabatic oscillations for the fun-
damental mode and the first few overtones of series of Cepheid models generally
situated in the middle of the Cepheid instability strip using OPAL opacities.
We use two mass-luminosity relations: ML1 is the BIT mass—luminosity rela-
tion (Becker et al. 1977), while ML2 approximately fits calculations including
a moderate amount of overshooting from convective cores. Comparing model
series with somewhat changed parameters (e.g. increased effective temperature
at constant luminosity or a change in the mixing-length parameter, o, from our
standard value of 2 to 1), we find that effects from these changes are minor com-
pared to the effects of changes in the metal content, Z, and the mass—luminosity
relation. We therefore concentrate on comparing the observed period ratios with

results for models with varying Z, for the mass-luminosity relations ML1 and
ML2.



For I;/Ilg we find that the computed period ratios show a substantial
dependence on both Z and the M — L relation. The 14 DMCs in the Galaxy
correspond to models with Z in the interval 0.01-0.02, and we cannot distinguish
between ML1 and ML2 from the available period ratios. It is interesting that
the average Z for the relatively young DMCs in the Milky Way appears to be
somewhat smaller than the the solar value of Z = 0.017 — 0.020.

The LMC stars are nicely described by models with Z in the range 0.005-
0.010, except for one star apparently indicating Z ~ 0.015. For periods larger
than about 3 d (18 stars) we find that II; /Ilp is mainly determined by Z. But
for periods smaller than about 3 d (12 stars) we now find that the change from
ML1 to ML2 can have effects on the period ratio that are larger than those of
a change in Z by a factor of 2. Given our lack of knowledge about the Z-value,
we cannot choose between these possibilities.

LMC contains 15 Cepheids oscillating in the first and second overtones,
providing a new test of the theoretical models. For periods smaller than about 1
d (where five stars are observed), we find a separation after Z in the computed
I, /10, similar to the separation in II; /g for Il > 3 d. In the period interval II;
= 1.0-1.5 d, where the bulk of the 10T/20T variables are found, the theoretical
II,/T; depends sensitively both on Z and the assumed M — L relation. For
II; > 1.5 d we now find that II5/II; is mainly determined by the M — L relation.
Thus the accurately known II5 /11, is determined by different effects in different
period intervals.

3. Conclusion

Our results confirm that period ratios for double-mode Cepheid models com-
puted with the OPAL opacities, and for masses corresponding to evolution cal-
culations, are broadly consistent with the observed values.

Comparison of double-mode Cepheids in the Galaxy and the Large Mag-
ellanic Cloud shows a difference in the average II; /Il corresponding to a lower
heavy-element abundance Z, by roughly a factor of 2, in the LMC, and this
result is also in agreement with the observed values of IIy/II;.
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