Collisional Effects on Zonal Flows and Turbulent Transport

Gyrokinetic simulation of ITG turbulence without collisions
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Collision Operators (Linearized)

Ion collision Ci = Cii((Sfi)+ Cie((Sfi,éfe)
Electron collision C . = C ce ((5 fe) +C ei(é fe ,5 fl)
Conservation of particle numbers, momentum, and Kinetic energy
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Self-adjointness
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Collision Model

Electron-ion collision

C,(0f.0f)= VZ(\’)(%' l(vzl - ) 3;5‘{6 ] + n; u[of]-VE,,
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Ion flow velocity u o] = f 43y 5, v

Ion-electron collision C,~(m,/ ml.)mC << C,
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" momentum-transfer part retained
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Ci(0f.0f) =~
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Friction force F, fd3vm vC ((Sfe,(Sf) = fd3v5fv (v)m, V+
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Like-particle collision C.f)= C JOf)+ C (Of) (a=e,)

Test-particle Field-particle
part part
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Like-particle collision Caa (6 f ) = C (5 f )+ C (5 f ) (a=e,)

Test-particle Field-particle
part part

Test-particle part
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Field-particle part

fd3VVW1(V)5fa fd3vv W,(v)of,
Coa@f)=F,|W,(0)v fd3V(V2/3)W1(V)Fa fd3vv W, FE,,
where W,(v) = ; v,(v) W,(v)=2v,(v)- (2mv2 /T — 1)V||(v)
3( . 2x° =DD(x) + xP'(x)
D(V) =—T,X 2x2
v,(v) = ﬁlﬂi X_S((D(X) ;fq)’(X)) x = n;;“

D(x) = % f e dt Error function



Collision Term in Gyrokinetic Equation

WKB (or Eikonal) representation ¢(X) = E ok Dexp[iS(x)| 6f,(x)= E‘Sf L (k DexpliS(x)]

Perpendicular wave number vector k, =VS

Perturbed particle distribution function §f (k)= _% ok YF,, +h,(k )exp(-ik, -p,)
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Collisional gyrokinetic equation for zonal-flow components

Gyrokinetic equation for zonal-flow components with wave number vector K, =k Vr
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where ik )=ne™, O=Kv,/B, K=kB,I/Q, S : nonlinear source term
Laplace transform in ¢ o(p) = f dre™” ¢(1), n(p)= f dte ™ n(t)
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p(p)=e®{e P Cn(p)e ™ e ™)) = pEy (1, ¢(p))+ {1 =00+ F, S(p)} ]

Solution n(p) = &;ﬂp)G(p) + H(p)
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where G(p) and H(p) are defined by
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Zonal-Flow Potential

Poisson’s equation Density perturbation
ki¢=4ne(5ni—5n€) 5n=fd3v(%¢FM+he_iki'p)

Zonal-flow potential
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Inverse Laplace transform ¢, ()= L f dpe” ¢ (p)
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ITG-Mode Driven Zonal Flows

Wave number region k a <1 =T /m )1/2 /€,

Zonal-flow potential © o (p)= Glh_®
(GAM not included) . X, (P)

Zonal-flow potential (part of contributions from initial conditions)
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Results from Gyrokinetic Vlasov Simulation

Gyrokinetic Vlasov Simulation using the test-particle collision model
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Time evolution of ITG-mode-driven zonal flows in a tokamak
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