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Comments on "Adiabatic modifications to plasma turbulence theory”
John A. Krommes

Plasma Physics Laboratory, Princeton University, Princecton, New Jersey 08544

Catto introduced in Ref. 1 an interesting and plausible modification of
the usual "resonance=broadening" prescription2 for obtaining the nonlinear
dielectric funccion. He argqued reasonably that one should employ that pre-
scription only for the nonadiabatic response, and that one should treat the
adiabatic response essentially exactly. However, Misguich, in a recent Com~
ment~ on Catto's work,1'4 found an apparent divergence in a form Ffor the
renormalized d.iEJ.EC\:ric which he argqued was equivalent to Catcto's. Misguich
was thus led to conclude cthat, at least for stationary turbulence, Catto's
form was suspect, and that a more intricate renormalization might have o be
used to obtain a sensible, convergent result.

I wish to argue cthat chis conclusion is incorrect, at least for the
reasouns Msguich gives. My goal is not to criticize Msquich, whose work is
detailed and instructive, but to exemplify some subtleties of renormaliza-
tion. It is adequate vto discuss the elecrrostatic, statlonary, Gaussian-
Markov approximation with constant diffusion coefficient D and Maxwellian
background distribution <f>. In the resonance-broadening approximacion, cthe
dielectric E then takes the form
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and AD ST/'»’Lﬂnes . To simplify (1), it is convenient to change variables

from {v,v} to {u Ev-;-ikD'cz,;} so that

Tz [” av[® 4V exp(-ikvT)P_(v-v-ikDt )ikv<£(v)>
L0 B v

2 3w - _ o m-ikzDr
exp(k"DT") [__dv exp(-ikvt)ikv<E(v) [ , du exp(~ikut)? (u} . (4)
=a=ik DT

A standard application of Cauchy's theorem enables cne to shift the u contour

upward onto the real axis, giving rise to
o« . 2 3
f_mdu exp(-lkuT)Pv(u) = exp(-k D1 ) - (5)
This factor cancels wicth the first term in (4), whereupon
-G e
I=- -B—dev exp(~ikvT)<E(v)> . (6)
Then, upon inserting (6} into (1) and integrating by parts in T, one finds
elciw) = 1+ T )™ + T ) 72 fdv <E(v)>
% ol
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xf;dr(im-kzDrz)exp[i(w-n(v)T-k Dt /3] . (7)

Catro makes subsidiary approximations which lead him to neglect the kZDTz

cerm. The resulrc,
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is the one which Misquich discusses.

Misguich claims to derive the convergent form {8} from a form ([his
Bq. (10)] which is apparently divergent. There are two facets to the resolu-
tion of this paradox: Misquich's derivation of (8) from his Eg. (10) is noc
consistent, and his divergent form itself doea not follow from Eg. (1)}, buc
from an expression {Misguich's Eg. (5)] which does not seem to be consistenc

: B3t 5 .. 5,8 .
with the Jdefinition of the dielectric.™’ In an attempt Tto include non-

Marxovian corrections, Misqguich and Baltascu7 arque that (1) should be replaced
by
2
Y = iwT = =3 =
ek wrn) = 1 - 1Y B [Taz o™ Tfavdv v (v, i vI<E(V, 0> (9a)
T2 0 k v

They wrice

<E(v,e=1)> = [av'U _

k 0(3,—r;v')<f(v',c)> (9h)

and then take <f(v‘',t)> to be stationary. However, che Eulerian funcrtion
<f(v,t=T)> .. no less stationary than <f(v,z)> . The dielectric describes
the result of probing the system after the turbulent srate is sat up. Since
both Misguich and Balescu as well as I assume stacvionariry, <£» is unchanging
before the probe is applied and (9) is incorrect.

Nevertheless, Misquich proceeds from (9). One has

apiv) = -, =T) . 0
'Uk=0(v' V) Pv(v Ve=T) (10)




Misguich, in a separate, also inconsistent approximation, now passes (9b)

with {10} <hrough the 33V operacor, after which it partially cancels witch

il 2 . = .
PV(V'V-]J(DT) in such a way chac Pv(v-v-ikDrzl is effectively replaced

. . - 2 . - - .
in ¢2) by A{w-v-ikDT )} , where A(zZ) is the Dirac delta function analytically

continued from real to complex values of z, e.g.,

: 2 '1/2 2 2
Alz) = %,i%\f““ )i exp(=z /2¢ } » (11}

The manipulations leading up to {(3) still hold; however, because of the delta

function approximation vo P, (5) is replaced by unity, the rterm exp(kznra)
in (4) is not cancelled, and Zn (2) a net factor of exp(ZkzDra/sj remains.

The resulting time integral is divergent, as Misguich notes.
In an attempt toO circumvent the divergence and obtrain Catto's resulrt,

Misquich (effectively) returns to the form (1) (wich Pv still replaced by A)

and integrates over V

-2 @ ) 2 3
g= 1= E(kAD] f_mdv[:dr exp{iiu-kv)1-k'Dt /3]
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=’ %(ikv-k D1 )<E{(v=ikDT )> . (12)
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This result can be justified by Cauchy's theorem. It is obviously equivalent

to the divergent result discussed above, as a change of variables to

. 2 ‘ . .
v' £ v-ikDT reveals. However, Misquich now neglects the facror of -:.kDr2

inside (but not outside) <£>, arguing irconsistently that the acticn of rthe

oropagacor on <f> results in "higher order contributions” in D. The resulc,
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ig convergent, It is equivalent to Catcro's result and, upon integration by
parts in T, to (8). Thus, since the divergence M sguich discusses is spu-
rious, Catro's result remains reasonable.

Other aspects of =the nonlinear dielectric are discussed in Ref. 8.
Recent work has attempted to sSystematically justify ar -oximavions similar to

Catto's; Refs. 5 and 6 contain many references.
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