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Fluctuation-Dissipation Theorem for Weakly Damped Normal Modes 
[Klimontovich ‘67] 

Particle Noise in a Simulation Plasma
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The need of a quasineutral simulation model 
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F = F0 + �f

δf simulation for 

F (x,v, t) =

NX

j=1

�[x� xj(t)]�[v � vj(t)]

�f(x,v, t) =

NX

j=1

wj(t)�[x� xj(t)]�[v � vj(t)]

w = �f/F
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Figure 5. Time evolution of (a) the ion thermal flux, (b) the particle weights, (c) the field energy,
and (d) the radial modes, as well as (e) the zonal flow structure for a/ρ = 500 including both the
nonlinearly generated zonal flows and the velocity space nonlinearity (VNL).

than the quasilinear value
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dR
dt

= vkb̂ + vd − @φ̄

@R
⇥ b̂,

Applications to tokamak transport physics 
δ

[Lee, Jenkins, and Ethier, CPC 2011; Ganesh, Ethier and Lee, ICPP, 2014] 
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NL stage.  

losing energy in the saturated state     



scattering are similar physical processes ! 
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(m,n) tearing modes [APS 2004, Sherwood 2005] using GTS [Wang et al., PoP 2003].  



Gyrokinetic Current Densities
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[Qin, Tang, Rewoldt and Lee, PoP 7, 991 (2000); Lee and Qin, PoP 10, 3196 (2003).]
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 ITG simulation using GTC (a/rho =125)
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Discussions

parameter exchanges.            


