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Abstract
Using nonlinear hydrocodes we have calculated single modeas@mn amplitudes fo3 Cephei models. These are systematically higher than ardpkt observed i8 Cephei

variables, even in monoperiodic ones. We argue that caltestituration of the pulsation instability by a dozen or soustic modes brings the theoretical amplitudes to therabde
level. Very interesting case of double-mode behaviour irefyuradiatives Cephei models is presented. Full results will be discuss&irinlec & Moskalik (2006).

Introduction The role of opacity
Although the driving mechanism acting ihCephei stars is To check the impact of different opacities on presented
well known, several problems remain to be solved. We have results, we have calculated nonlinear limit cycles fokiL1
adressed following questions, ilustarted in Figure 1: evolutionary track, using OP opacities. Comparison of
amplitudes is presented in Figure 5.
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3.5 - P! Figure 2: Theoretical HR diagram with modal selection informationof the fundamental mode, calculated with the OPAL and OPitipac
[ o monoperiodic Pulsation in the fundamental mode is dominant. Note one initle . i . i
L 1 1 double-mode behaviour. e The main effect of using OP opacities is a shift of the

linear blue edge toward higher temperatures

45 4.4 R ) ) . .
log T, 040 a00z — % o For most of the main sequence evolution, amplitudes ob-
Figure 1: Theoretical HR diagram for the upper main sequence. s 10M, ta'n?d with bpth opagltles are C(.)mpara.ble' Thus, our con-
Evolutionary tracks have been calculated with the Warsam-Nersey 0.30 |- ° clusions are insensitive to opacities being used.
evolutionary code. Dashed and dotted lines enclose thabhifisy = d 0\ 1M
strips for the radial fundamental and first overtone modespectively. 1 k — 20MZ I . - i
Circles represent positions ¢f Cephei variables obtained using data Eozol ’ q Theoretical pearl' Double-Mode behaviour i
from Stankov & Handler (2005). < In case of classical pulsators, robust double-mode betavio
o Are 38% of variables monoperiodic? was obtained only after convection was included in hydro-
270 > periodic . o 010 ¢ ] dynamics é.g. Feuchtinger 1998). To our surprise, one of
. What is the mechanism responsible for amplitude limita- e our radiative models (Figure 2) displays DM behaviour. De-
tion? 0.00 2 ¥ :;2 0\3* o tailed analysis of growth rates alongM@ track, presented
e What is the reason for apparent lack of pulsators at high ' period [days] ’ in Figure 6, reveals very interesting situation. Two narrow

and low-mass ends of the theoretical instability strip? domains of DM behaviour are present.

Fiﬂ;ure 3: Theoretical single mode saturation amplitudes ploted
pulsation period. Amplitudes of monoperiodicCephei variables are R L

Our approach ploted as crosses. [ 71079

In our approachradial modes have been treated as Theoretical amplitudes may be easily lowered to the [ 1oM,
representative for all acoustic oscillations We have opserved level if one assumesllective saturation of the g [ 2002 OPM
studied pulsation properties of several models usifgisation instability, by n similar acoustic modes. In this -

standard radiative lagrangian hydrocodes (Stellingwei{pothetical multimode solution, amplitudes of individlua r %
1975). Nonlinear limit cycles (monoperiodic full-ampliteld modes are a factor of /n lower than in single mode S

oscillations) have been calculated through Stellingwerfsp|ution. Using linear code of Dziembowski (1977) we have Y
(1974) relaxation technique. Our analysis provides stgbiligetermined the number of lineary unstable acoustic modes s
information in terms of the growth rates both of theor models of different masses, located in the center of the i
fundamental and first overtone modes. Definitions affain sequence band. This number doesn't vary much along

modal selection rules are listed inside Frame 1. evolutionary track, but changes from track to track. Since 0 Yo
the number of unstable modes is much higher than the num- F W)
Linear growth rates: ber of observed modes in multiperiodicCephei variables, A 1/ o
4o — fundamental mode lin. growth rate we have arbitrarily assumed that only one third of theoret- 0.98 0.99 1.00 1.01 1.02
71 — first overtone lin. growth rate ically unstable modes take part in the saturation process. ) o a ) -
Rescaled saturation amplitudes are presented in Figure 4igure 6: Linear (thin lines) and nonlinear (thick lines) growtheat
Nonlinear growth rates (switching rates): along 10/, evolutionary track. They are ploted againstparameter
0.08 T T T defined asA = 2w /(w) + ws). A characterizes proximity to the center
70,1 — switching rate toward fundamental mode 2=0.02 * . — M of the parametric resonancgy; = wy+w». Modal selection rules from
g OPAL — WM, Frame 1 were used in construction of the coloured modal Sefebar.

71,0 — switching rate toward first overtone

If only one mode is lineary unstable then this mode
is the only atractor of the system. If both modes are
unstable, four possibilities exist:

Two different mechanisms are responsible for DM be-

haviour:

e The first double-mode domain, at ~ 1, is clearly con-
nected with the resonance. The main effect of the reso-
nance is destabilization of the first overtone limit cycle
through the growth of the fundamental mode perturbation,
which is manifested as a very sharp peakyof. As a re-
sult, double-modésland appears in the middle of the first

70> 0,7, <0 — first overtone, (10)
7,0 < 0,7, >0 — fundamental, (F)

7,0 < 0,7, <0 — either F or 10, (E/O)
70> 0,7, >0 — double mode, (DM)

0.1 0.2 0.3 0.4 N N
Frame 1. Modal selection rulesg(g. Dziembowski & period [days] overtone pulsation domain.
Kovacs 1984). Figure 4: Theoretical amplitudes, recalculated under assumption ® The second double-mode domainate 1.01 is not con-
collective saturation of the instability mechanism by 1Blioeary nected with any resonance. Double-mode domain sepa-
For each model bolometric peak-to-peak amplitude h&StaPle acoustic modes. Crosses as in Figure 3. rates the first overtone and fundamental mode pulsation
been transformed t¥-band through Kurucz (2006) statice Using only part of the lineary unstable acoustic modes, wedomains. Such behaviour is expected in case of non-
atmosphere models. have lowered theoretical amplitudes to the observed levelresonant coupling of pulsation modesy Dziembowski
Thus, we argue thatollective instability saturation & Kovacs 1984)
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