On the possible resonance of very high order mode in Cepheids
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Researches on resonances between pulsation modes in Cepheids in the past twenty years allowed to understand the characteristics of Fourier parameters of the light and radial velocity curves. It was assumed that a resonance could occur between the pulsationally unstable fundamental (or first overtone) radial mode and a pulsationally stable low order radial overtone. Some observational and theoretical model results here discussed suggest the presence of other possible effects due to resonances between the fundamental mode and much higher overtones. 

Observational Data

The resulting Fourier parameters Ri1 of the decomposition of the light curve of some galactic Cepheids,      V =  Aicos (it + i),    Ri1 = Ai /A1,   i1 = i  - i 1,   do not decrease regularly with increasing order i. For some stars with large number of accurate data points, while the Ri1  value for a given i is comparable with the respective formal error, the value for (i+1) is significantly larger than such an error. This odd result is not related to bad phase coverage of the data. We have verified the same effect in the OGLE large dataset of I-band magnitude of LMC Cepheids (Udalski et al. 1999; Fourier decomposition of OGLE data was performed for example also by Ngeow & Kanbur, 2006, and by Abdel-Sabour, 2005). Some examples of our results are shown in the Table 1.
TABLE 1

	Star/Field
	N
	Period
	fit
	R21
	R31
	R41
	R51
	R61
	R71
	R81
	R91
	R10,1

	184038
	295
	13.513
	0.012
	0.127
	0.124
	0.122
	0.085
	0.047
	0.037
	0.008
	0.017
	0.034

	     7
	
	
	
	  .005
	  .005
	  .005
	  .005
	  .005
	  .005
	  .005
	  .005
	  .005

	  47348
	341
	  6.291
	0.009
	0.411
	0.149
	0.056
	0.023
	0.001
	0.022
	0.013
	0.017
	0.010

	     2
	
	
	
	  .006
	  .005
	  .004
	  .004
	  .004
	  .004
	  .004
	  .004
	  .004

	  47399
	351
	  4.206
	0.011
	0.459
	0.249
	0.148
	0.078
	0.047
	0.017
	0.018
	0.007
	0.016

	     2
	
	
	
	  .005
	  .004
	  .004
	  .004
	  .004
	  .004
	  .004
	  .004
	  .004


The effect is small, and there is no clear correlation with the period as in the case of well known resonances. Table 2 shows the number of stars with negligible Ri1 component for a given i and for different P ranges. It suggests a concentration between 4 and 8 days (log P between 0.6 and 0.9), for increasing i with P.   
	TABLE 2
	i – component

	 log P  range
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	0.2  - 0.3
	
	
	
	
	1
	
	
	
	
	
	

	0.3  - 0.4
	
	
	
	2
	4
	
	1
	
	
	
	

	0.4  - 0.5
	
	1
	1
	3
	7
	5
	4
	1
	
	
	

	0.5  - 0.6
	
	
	1
	2
	5
	2
	2
	
	1
	
	

	0.6  - 0.7
	
	1
	9
	6
	3
	1
	1
	
	1
	1
	

	0.7  - 0.8
	
	4
	7
	9
	2
	2
	
	1
	
	
	

	0.8  - 0.9
	3
	4
	6
	6
	10
	7
	
	
	1
	
	

	0.9  - 1.0
	
	2
	2
	1
	6
	3
	
	
	
	
	

	1.0  - 1.1
	
	
	1
	
	
	
	
	
	
	
	

	1.1  - 1.2
	
	
	
	
	1
	1
	
	
	
	
	1


Nonlinear models

The large set of nonlinear models of Aikawa & Antonello (2000) allowed us to verify the possible presence of similar effects in model light curves. Those models were intended for a detailed comparison with long P (above 10 days) galactic Cepheids. The Fourier parameter of the light curves of a model sequence are shown in Figure 1. The Ri1 have a deep minimum for increasing i with increasing P, starting from i=7, and there is a correspondent small jump in i1. On the one hand, the Ri1 behavior reminds of that suggested by the observations summarized in Table 2; on the other hand, the Ri1 andi1  features remind of the effects of resonances between pulsation modes. If this were the case, a resonance between the fundamental mode and a radial overtone above the 10th mode should be expected. Unfortunately, the linear analysis of such models was performed only up to 5th overtone.
Whatever the cause be, such effects are very sensitive to the stellar parameters as shown in Figure 2, where the ratios Ai+1,1 / Ai1 for three different model sequences are plotted. The Ai+1,1 / Ai1 ratios get very large values for negligible Ri1 values. The upper panel shows the results for the models of Figure 1, for a given mass-luminosity relation; the medium panel for a sequence with lower effective temperatures; the lower panel for a sequence with a different mass-luminosity relation. 
Discussion and Conclusion
Since the observed effect is close to the error limit, it is important to confirm the result with large sets of more precise data, with, say, a fit  of few millimag; a preliminary check with the DIA (difference image analysis; Zebrun et al. 2003) OGLE data gave different results from those of the standard image analysis. Detailed linear and nonlinear models are moreover required. Preliminary results of a large set of linear nonadiabatic models shown in Figure 3 indicate that, in principle, resonances between the fundamental mode and high order overtones could indeed occur in LMC Cepheids in the expected period range.
Buchler et al. (1997) have discussed the possible existence of Cepheid strange modes of very high order, that are pulsationally unstable. If our interpretation in terms of resonances is correct, in the present case the very high order mode should be pulsationally stable. 
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