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Langmuir (o« = L) and ion-sound wave (a = S)
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Nonlinear Susceptibility:
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The wave kinetic equation involves two fast waves and one
slow wave. If one of the frequencies, say wq, is slow wave,
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L mode wave kinetic equation
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S mode wave kinetic equation
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Induced Emission: Linear Wave-Particle Resonance
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Decay/Coalescence: Nonlinear Three-Wave Resonance
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Induced Scattering: Nonlinear Wave-Particle Resonance

It turns out that we only need to keep induced scattering
term for L mode.
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Tsytovich and Melrose empoy the semi-classical formalism.
T he present statistical and semi-classical formalism are equivalent
but in semi-classical method one has to know what process to
analyze ahead of time. It is not the most general method to
analyze plasma turbulence.



Adding effects of spontaneous thermal fluctuation

In this tutorial I have no time to discuss spontaneous thermal
effects, but in general, induced processes must be balanced by
spontaneous processes. T he equations of plasma turbulence that
include spontaneous thermal effects are given below:

Electron Particle Kinetic Equation
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Forward/backward-Langmuir Wave Kinetic Equation
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Forward/backward-Ion-sound Wave Kinetic Equation
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Adding collisional effects to particle kinetic equation:
Balescu-Lenard collision integral

One could add collision integral, i.e., Balescu-Lenard/Landau
collision integal, to the particle Kkinetic equation.
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Adding collisional integral to the particle kinetic equation im-
plies that electric field is made of two parts, one is the usual
normal mode contribution and the other is the fluctuation,
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Langmuir Turbulence by Beam-Plasma Interaction

Quasi-stationary ions

Initial electron distribution
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Quasilinear theory without spontaneous emission
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Quasilinear theory with spontaneous emission
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Fully nonlinear theory (weak turbulence)

Electron distribution F(V)
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Formation of kappa-like distribution by Langmuir turbulence

Langmuir Wave Intensity
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Ion-Sound Wave Intensity
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Electron Distribution
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Particle simulation of kappa-like distribution by Langmuir

turbulence
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Typical solar wind electron VDF at 1AU
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Conclusion

Weak turbulence theory developed by the pioneers of mod-
ern plasma physics is a powerful tool for nonlinear plasma
research.

However, this was not recognized until quite recently. The
reason is twofold.

First, most younger generation of plasma physicists are not
trained in this theory, so they do not understand the theory
very well.

Second, numerical solutions of the fundamental equations of
weak turbulence theory were not obtained until recently.



Appendix: Weak Turbulence Theory of
Ion-Cyclotron Instability
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