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OUTLINE

• From parametric decay to wave breaking in one device.

Experimental scheme.

Wave propagation scheme.

Observation of nonlinear phenomena at small pump power.

• Electron acceleration accompanying wave breaking.

Theoretical estimations.

Modification of electron distribution function with growing pump
power.
Measurements of fast electron current and estimation of their
density.

• Summary



Experimental scheme.

Discharge parameters.

Electron cyclotron discharge at power 200W and frequency 9.9 GHz in a tube

2cm in diameter and 100cm long. Magnetic field ���� ��� , the argon gas

pressure is 10-2 Torr, the plasma inhomogeneity scale along magnetic field and

across it are L=5cm and r0=0.8cm accordingly, the maximal electron density is
�� �

��
�

� ��
�

� , electron temperature is �
�

� �	� . The density distribution:
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The pump wave propagation scheme.

Electron plasma wave dispersion:
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The pump frequency       F0 = 2.84 GHz

The pump power      10mW < P0 < 10kW



The pump electric field distribution:

The pump axial wave number:
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Backscattering decay instability

and anomalous reflection



Control of the decay instability threshold

by the pump frequency modulation.

Decay wave amplification in inhomogeneous plasmas:

The decay point drift due to the pump frequency modulation:



Suppression of convective losses at



One-dimensional model of the EPW breaking

Wave breaking condition

The threshold power          P0=1-2 W

Scaling of the phase velocity at breaking

Electron energy at breaking
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Density of accelerated electrons

Current of accelerated electrons

Potential excited in plasma due to ponderomotive force
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In itia l e x p e r im e n ta l r e s u lts

freque nc y  f0 =  /( 2 ) =  2.84 G H z
m ic row av e  po w e r P ~ 0.5 – 500 0 W
pu ls e d u ra tion up t o 0.5 s
pu ls e r is e t im e tf ~  4 0 ns
repe ti tio n fre que nc y 300 H z .  

Osc illogra ms:
a  – inc iden t m ic row ave  pu ls e
b  – a na lyz e r c u rren t
c  – R ogovs k ii c o i l s ign a l
d  – in teg r a l lig h t from  a  foc a l r eg ion
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D istribu tion  o f acce le ra ted  electron s

P 0 = 50 W
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Rogovskiicoil signal
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S  0 .02  cm 2 - e lec tron  flux c ross -section
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W wb – m axim al e lectron en ergy 
at the EPW  breaking

The density  of  accelerated electrons
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SUMMARY

The electron plasma wave damping due to Landau mechanism and

associated electron acceleration in the vicinity of plasma resonance is

investigated for the power ranging from 10 mW up top 5 kW. The

transition to the damping nonlinear regime is followed in experiment. It

is shown that substantial fraction of electrons in the resonant point are

accelerated in the wave breaking.

The obtained agreement of the experimental data to the predictions

of a simple one-dimensional model points out to a possibility of

significant ion acceleration in potential of about a few thousand Volts,

which should be created due to the charge separation as result of the

ponderomotive force action and wave breaking.
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