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e Particle acceleration by turbulence is easy to
describe.
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i= l€2 fdk o
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e Describing the turbulence itself is hard.
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Global spectrum of solar wind electromagnetic fluctuations

- 2 months of data in the ambient solar wind near L1 -
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MAGMNETEZED UMNMAGNETIZED

Current State of Knowledge on
Plasma Turbulence

FLUID THEORIES

REDUCED
KINETIC THEORIES

KINETIC THEORIES

¢ Strong turbulence
(Zakharov)

¢ Perturbative theory
¢ Renormalized theory

e MHD (ldeal,
Resistive, Hall, etc)
¢ Drift-wave turb.
(Hasegawa-Mima)

e Drift Kinetic
e Gyrokinetic

?

[Perturbative kinetic
theory for magnetized
plasmas]




Nonlinear Plasma Interaction
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Electrostatic approximation o 2 o
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Separation into average and fluctuation
<N (r,v,t)>=f (r,v,t)

N, (r,v,t)=f (r,v,t)+ON (r,v,t)
E(r,t) = 0E(r,1)



Overview of Kinetic Plasma Turbulence Theory
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Insert back to the original equation
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Two time scales (slow and fast)
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€(K) :linear dielectric response
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¥?(K'lK —K') :(second-order) nonlinear response
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At this point we reintroduce the slow-time derivative
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of, e, d
Coupling N = m_ ov and f, =g.FE,

we obtain the particle kinetic equation
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Formal equations of kinetic plasma turbulence theory

Dispersion relation
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Three-body cumulant and closure of hierarchy. If E, is plane wave
(i.e., linear eigenmode)
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Three-body cumulant ;
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Three-body cumulant
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We then drop superscript (0)



Quasi-normal closure
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Ree(K) < E? >.=0  Dispersion relation
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* Need to add spontaneous (discrete-
particle) effects

e Need to add electromagnetic effects



Langmuir wave kinetic equation
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lon-acoustic wave kinetic equation
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Transverse EM wave kinetic equation
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Type I11 burst

e - beam
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Type Il emissions are somewhat
more clearly identifiable with the
beam-induced F-H pair emissions
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Plasma emission scenario

(Ginzburg & Zeleznyakov, 1958; Melrose, 1970s;
Robinson, Cairns, 1980 & 1990s)

Electron beam produced during flare
Generation of Langmuir waves

Backscattered Langmuir waves by nonlinear
processes

Harmonic emission by merging of Langmuir
waves

Fundamental emission by Langmuir wave
decay
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Plasma emission scenario

* Despite six decades of research, rigorous
demonstration of plasma emission based
upon EM weak turbulence theory has never
been done!

* Recently plasma emission calculation based
upon EM weak turbulence theory was done
for the first time [Ziebell, Yoon, Gaelzer,
Pavan, ApJLett., 2014]



Particle kinetic equation
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Langmuir wave kinetic equation
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lon-acoustic wave kinetic equation
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Transverse EM wave kinetic equation
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Electron Velocity Distribution Function
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Langmuir Turbulence Spectrum
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lon-Acoustic Turbulence Spectrum
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Electromagnetic Radiation Spectrum
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