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In the code, we also use the modified distribution
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We first rewrite the gyrokinetic equation {23) as

0fa, (9] | & e AL A
a | o m, , & ot vy
K= ky

where (do j::i /0t)* represents all the term in (23) except the

inductive term. Multiplying the equation by pe,vyJy,, taking

the species sum, integrating over the velocity space and using

Ampere’s law lead to
(')'/ij_ e 3 aéfskl]()s i
& o1 —}l()Zesfd VV.( it
2
€
+#()Z po f dPvvyJos(kov,y) (26)
A5,
PN LR
K oki-k, % i
where
€
C=k +u Z = f d*vJ? Fy (27)

Then, by integrating by parts, we have a nonlinear equation to

determine the change rate of the vector potential
) 96 [k, Jos
”"" = poC™! Zef W,,(‘ f"* ") +NL.  (28)

where NL is the nonlinear term

&
NL = — yoC~" Z - f d*vos(kyvy)

g

k', "
x D, ek viof,
k' +k' -k,

(29)

Note that this equation is a differential equation for ¢ , but to
determine the parallel electric field, what we need is the time

derivative dyg, /0t. Thus, by iteratively solving this equation

for Oy g, /0t and substituting the solution into (23), we can con-

struct the parallel nonlinear term only from the values at the

previous time step.
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Differential energy flux

B Definition
« Energy flux is defined by

Q « jv36fd3v e jv56fdv = jv‘*éfvdv
e Thus, the contribution from [E,E + dE] = [v?, v? + 2vdv] is
J() « 6f (v)v*
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Properties of dispersive Alfven waves

B Constant energy flux cascade

Wi _ _ _2yW, ¥ FS(ky) —e
o ok -

ot
« In the inertial range, where the energy input and dissipation can be ignored (F

e=0), the energy flux I, is scale-independent at a stationary state (911, /0k = 0).
 Then, I, ~ fdk% and t determine the k-dependence of W,.

 In our case, the time scale of the perpendicular nonlinear interaction can be
estimated from the E x B velocity vy as t ~ 1/(k,vg) ~ 1/(k$¢)
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Alfven turbulence: critical balance

B Critical balance and damping rate

* |In Alfven turbulence, the time scales of perpendicular nonlinear
process T, and parallel linear process 7, ~ w~* balance

« Thus, we can estimate the amount of linearly damped energy AW,
during the nonlinear process as

We oW, = 29w, = aw, ~ Xw
ot WWy = YWk k= VK
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