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Introduction

-plasmas are a unigue medium in that it has a nonlinearity
associated with particle trapping

-this has important consequences on the dynamics and
transport properties as well as the relaxation toward a new
equilibrium

-In this talk, an initial value nonlinear kinetic simulation approach
based on the particle-in-cell method, is described to address
guestions regarding relaxation processes in collisionless
plasmas



Kinetic Model — Vlasov Maxwell

Vlasov equation in continuity form
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Finite-Sized Particle-in-Cell

Equations of motion
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Gyrokinetic Vlasov: Ordering and

Equaﬁons
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Gyrokinetic Particle Simulation

Time integrate using characteristics of gyrokinetic-Vlasov equation
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Gyrokinetic Poisson Equation
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Gyrokinetic Magnetostatic Model

Introducing a canonical momentum: pz = vz + LA(R, 1)

and generalized potential: V(R,1) = ¢(R,t) —vAz(R, 1)

Equations of motion

Ampere’s Equation
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Gyrokinetic Poisson Equation
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(Refs. Hahm et al, ’88, Naito et al. ’95, Sydora, ’01, Phys. Plasmas)



Low Noise Method

Splitting the distribution
f(z,t) = fo(z) +0f(2,t) gives

dsf _ _dfo

dt o dt
Equilibrium condition

Zo . afégz) =0

Evolution equation for of
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(Refs. Kotschenreuther, ’88, Dimits,Lee, 93, Sydora, 93, Parker,Lee,’93, Hu, *94)



Delta-F Method

Representation of of
6f(2,t) = > wid(z — 2;)
where the particle weight is
. —of
w; = 7

and g is an arbitrary "marker’ distribution
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Delta-F Evolution Equation

of evolution equation
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Kinetic Simulations | — Linear and
Nonlinear Landau Damping

\'74 Vi

Bit-reversed quasi-random sequence phase space loading
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Kinetic Simulations |l — Nonlinear
Magnetic Structures
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Energy Time Evolution
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Magnetic Island Width vs. Time Magnetic Island Evolution
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Magnetic Flux and Electrostatic Potential
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Magnetic Island Width
Evolution
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Shear Flow Development

-Radial (x-direction) electrostatic fields build up due to:
-lon polarization currents
-magnetic island

-Pure E, gives rise to a y-direction flow  F, = 8gi>
VEXB ~ E:L‘/Bo

-shear flow when E, non-uniform

dvEx B
dx

which can be unstable (Kelvin-Helmholtz)




Initial Current and B-field Profiles
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Summary and Work in Progress

-Particle-in-cell method has been described for both the Viasov
and gyrokinetic Vlasov system

-Issues related to the implementation of a numerical algorithm
for this method discussed for the magnetostatic, low-beta
collisionless plasmas

-Results presented for a low noise formulation based on the
discrete representation of the perturbed distribution function

-Work in progress related to

—long time dynamics of marker distribution

- Connection with quasilinear theory
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