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Inhomogeneous Plasma Parametric Decay Instability Driven by Frequency Modulated Pump
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The classical problem of parametric decay instability driven by imperfect pump [1,2] has been revisited recently in experiment [3], where inhomogeneous plasma absolute instability suppression was studied. It has been shown that in inhomogeneous plasma the absolute instability is surprisingly stable. Neither the level of parametrically excited ion acoustic wave, nor its eigenmode spectrum were affected till the pump spectrum width exceeded the instability growth rate by a factor of 100. This effect was observed for both stochastic and harmonic frequency modulation. Moreover in the case of slow harmonic modulation the enhancement of unstable wave amplitude and decrease of the instability threshold were observed.

In the present paper the inhomogeneous plasma decay instability suppression by frequency modulated pump is studied numerically in the framework of coupled equations for unstable wave amplitudes. The plasma inhomogeniety is taken into account by the phase mismatch dependent on the co-ordinate squared. The 1D problem under investigation is a reasonable model for experiment [3], where both the pump and high frequency daughter wave propagate along the external magnetic field and are localised across it.

It is shown, in agreement with analytical results [2], that convective (spatial) amplification coefficient is non-sensitive to fast stochastic pump frequency modulation, which leads only to broadening of the decay region. In the case of fast harmonic modulation the amplification coefficient is not affected as well, which is shown also analytically. However for slow modulation the enhancement of amplification is observed, which is interpreted in terms of suppression of convective losses under condition that the decay point, movable in the case of frequency modulated pump, moves at velocity close to the group velocity of the decay wave.

In the case of absolute decay instability, which was introduced into the system by the spatial harmonic variation of the phase mismatch [4], the saturation of instability was observed, but at pump frequency deviation much higher than the instability growth rate. It took place when the size of decay region became comparable to the size of feedback loop, leading to the absolute instability onset. In the case of slow harmonic pump frequency modulation the instability growth rate was enhanced.

The obtained results of numerical computations are in agreement with experimental observations [3].

The financial support RBRF-BRBRF grant 00-02-81007 is acknowledged.

References.

1. G.Oberman, E.Valeo Phys. Rev. Lett., 1973, 30, 1035.

2. Pesme D. et al Phys. Rev. Lett. 1973, 31, 203.

3. Arkhipenko V.I. et al Proc. 25 th EPS Conf. on PPCF 1998, 22C, 2350.
4. D.Nicholson Phys Fluids 1976, 19, 889. 
e-mail :

B.O. Yakovlev - Boris.O.Yakovlev@pop.ioffe.rssi.ru 

