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Control of the inhomogeneous plasma parametric decay instability by the pump frequency modulation
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The parametric decay instability excitation is a reason of anomalous reflection and absorption of electromagnetic wave in both laser fusion and RF heating experiments in magnetic confinement devices. In [1] the possibility of resonant suppression of parametric decay instability in inhomogeneous plasma was demonstrated experimentally at weak harmonic frequency modulation of pump wave in a very narrow modulation frequency range. A more detailed investigation of this effect is presented in this paper.

The experiment is carried out in the linear plasma device “Granit” [2]. The argon plasma is produced using the electron cyclotron discharge in a tube 2 cm in diameter and 100 cm long placed in a uniform magnetic field of 3 kG. The plasma is inhomogeneous both along and across the magnetic field  ne = ne(r, z) and its inhomogeneity scales are a ~ 5 cm and b ~ 0.4 cm, respectively. The maximum density is ne ( 1012 cm-3, electron temperature Te ( 2 eV and argon pressure 2 ( 10-2 Torr. The Trivelpiece-Gould pump wave (f0 =2480 MHz) is excited in the plasma with a waveguide. In vicinity of resonant point (ne(z,0)=nc i.e., 2(f0=(2(nee2/me)1/2), where the electric field of the pump  is maximal absolute parametric decay instability l ( l’ + s associated with stimulated backscattering is excited at the microwave power of approximately 20 mW. 

The effect of the harmonic pump frequency modulation on this instability is investigated in modulation frequency region of 0.2 MHz < fm < 4 MHz. The suppression is observed only for fm ~ 0.7 – 1 MHz and 0.35 – 0.5 MHz domain. The effect is the most pronounced close to the instability threshold. It is shown that at small (order of 1%) frequency deviation the complication of spectrum of ion-acoustic wave excited in plasma takes place. In addition to eigenmodes of absolute instability, the spectral components at the combination frequencies shifted by the modulation frequency are observed in the parametrically excited ion acoustic wave spectrum. At higher deviation the suppression of the decay instability is observed. The dependence of suppression threshold in the deviation frequency on the modulation frequency is determined. It is shown that suppression becomes easier at coincidence of modulation frequency with the frequency difference of eigenmodes of absolute instability. The suppression threshold dependence on pump wave power is investigated. 

Based on the above observations it was suggested to use a component of signal obtained at quadratic detection of microwave signal scattered off the parametrically driven ion-acoustic wave for a creating a feedback signal used for the frequency modulation of the pump wave. Using such a control method a possibility of significant (up to 5 times) suppression of both the ion-acoustic wave level and anomalous pump wave reflection is demonstrated. Dynamics of instability suppression process leading to a recovery of microwave power absorption in plasma is investigated. 
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