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Abstract. Robust double-mode pulsation has been found in several
nonlinear radiative Cepheid models. This phenomenon has not been
previously detected in purely radiative models.

1. Introduction

The stable double-mode phenomenon has never been observed in radiative
nonlinear models (e.g. Kovdcs 1990; Kolldth et al. 1998). In the course of
an extensive hydrodynamical survey of radiative Cepheids, we found several
double-mode models, with periods between 3 d and 11 d, showing robust limit
cycles. Their discrete Fourier spectra exhibit only ¥ and 1H frequencies and
their linear combinations. By “robust” we mean that no significant trend in the
amplitudes can be seen during as long as 130,000 F periods, although some small
residual perturbations are observed. The period ratio P,/ Py of the double-mode
models lies in the interval 0.70 — 0.72, and the photometric amplitude ratio
A1 /Ag varies from 0.05 to 0.53. This result, quite unusual for radiative mod-
els, shows that the beat-phenomenon can probably be explained within purely
radiative pulsation theory.

2. Numerical Results

Two examples are presented here. Figure la shows the case of a 3.1-d beat
model (L/Lg=946, M/Mg=3.875, Teg=5967 K) after 8600 cycles. No percep-
tible variation in the spectrum was found during the last 4100 cycles. Note a
surprisingly weak, though robust, 1H Fourier component. Figure 1b shows an
8.3-d beat model after 40,000 cycles. No significant trend in the Fourier spec-
trum towards singly-periodic pulsation was found during the following 40,000 -
130,000 cycles (3000 years in total). Note that the total period of existence of
the robust beat phenomenon in this model is already a perceptible fraction of
the evolutionary time inside the instability strip (about 12,000 years for the first
crossing).

377

https://doi.org/10.1017/50252921100058097 Published online by Cambridge University Press


https://doi.org/10.1017/S0252921100058097

378 Fokin, Kienzle, Burki

model paB6 F model pa32

AM,,,
(=]
AM,,
2 =Y

U [km/s] "
Ig s 8
U [km/s]
8.8
§

U [km/s]

£ o
BE
E I
i H 2F
E |

0 0.5 1 1.5 o 0.2 0.4 0.8
Frequency [1/day] Frequency [1/day]

1H+F

Figure 1.  a. Top: light curve for a 3.1-d beat model after 8600 cycles.
Middle: velocity curve of the 20th mass zone from the surface after the
same time interval. Bottom: the Fourier spectrum of the velocity curve,
obtained with a sequence of about 30 periods, with about 40 points per
period. The most important peaks are identified. b. Same as Figure
la but for an 8.3-d beat model after 40,000 cycles.

3. Discussion and Conclusion

Are the newly-discovered double-mode limit cycles stable? Although a compar-
ative analysis of the successive Fourier spectra shows their stability over many
thousands of cycles, we realise that this is not an absolute stability proof. How-
ever, the beat phenomenon found can well be regarded as realistic and observable
if the monitoring of the pulsational models would continue long enough com-
pared to the evolutionary time of a Cepheid. In the case of the 8.3-d model, a
run long enough (130,000 F cycles!) with respect to the evolutionary time was
performed, and the reality of the double-mode pulsation can be postulated.

Why haven’t other authors reproduced the beat phenomenon up to now
in their radiative models? We can speculate on the basis of differences in the
codes and models. Mainly, we use a more advanced treatment of the radiation
field (Fokin 1990), which is important for a description of the gas dynamics,
not only in the atmosphere (shocks), but also under the photosphere (moving H
ionisation front). Also, the atmospheres of our models have more extended in
the density ranges. The outer boundary condition is also different, reducing the
shock reflection at the surface.
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