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Widely thought that fluid simulations of plasma
turbulence were inherently unable to model
important kinetic effects.

Classical Chapman-Enskog closure procedure used by
Braginskii fails for collisionless plasmas and misses kinetic
effects such as Landau damping. (Impeoved by Chang o-Callew)

"When collisions are infrequent, ... (the) heat flow depends on
the detailed nature of the velocity distribution function, and
cannot be determined in any simple way from the macroscopic

ey

(ﬂuidg equations.”
pitzer, Physics of Fully lonized Gases, 1962, p. 25 (see also p. 159).

"A property of Langmuir waves that is predicted by the Vlasov
theory but which is completely outside the scope of fluid theory

is the collisionless damping of electrostatic potentials..."
Krall and Trivelpiece, Principles of Plasma Physics, 1973, p. 386.

" happened to andau ing? One cannot
expect the Landau damping to manifest itself in such a

procedure, a power series expansion in (k vy, / ®) , for in the
Landau problem, in this limit, the damping goes as L
Im(2) ~ exp( t_y=¢ ©
( k Vth / ® )2

i.e., the damping goes to zero faster than any power of
(kv / ®)."
Oberman, Matt-57, Project Matterhorn, Princeton, 1960, p.8.
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Paradigm Problem: Approximating e~ 1/¢
(the Universal Language of Mathematics)

Taylor-series expansion:

@) ~ f(0)+:cf’(0)+%a:2f”(())+...

1
+€0 + —€2 0 4

6—1/62
2

R
-

or substitute z = 1/¢*, and try expanding around z = 0:

OB QP o S R
e " Rl—-r+-r=1——=+=-—
2 €2 2¢t

Diverges as ¢ — 0 !l
(Reminiscent of “renormalization” problems in quantum me-
chanics, etc., where perturbation expansions must be summed

to all orders...)
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Relevant +o plasmas:

IM(Z) < e-( )
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Padé Approximations of e L/¢

Padé Approximations are Ratio of Polynomials.
(Taylor series are a simple polynomial)

Example:

€ = ~ —
et/ "1+ 5 +25...  1+2e+ 2¢

“4-pole approximation”

Padé approximations are often much more robust
(they have bounded errors) than Taylor series.

The trick for more complicated equations is finding
the equivalent of a Padé approximation.
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(Cq.-l Obecman reminded me of this view of Landau a[ampiegD

Consider o 1-D kinehic E4. for £lr,t) , with no € field -

.3.£ +V9—£=
2k B3

77\8 exact So’v"fon s -F(Z,V"t) = ‘F,,(Z'Vt,‘/)

COnSGder . sinale Foun"’r Mode n 3 with a quwe"ian o(-'sh--"ov)fm in

¢ - £

_ eve) | VTewW)
.F =N € ’\)z-n'v.t <

A‘l: Qny -rlxeol v, ‘F os:.s'”a'f'es n -fi»,e with w= }&V <+ no dm-piv.
However, any v-moment of £ will exponentially decay in Li-e:
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The C[osure Pro’o]em n the_ F’uid M0men+ errafda}
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Dif;uSive-'f"yEe C'oSurr. needed 4‘0' model
COHLSIOAICSS mSE-—Hix;‘q}.

SiMPICS‘l' poSSib‘e 1 -moment Fluid meodel (koo simple
For most purpnses). Start with exact densi+y conservation 53.'.
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Caveats
Landav - fluid closures are agproximatoag

wea'$ a.|u.mrs werlk

COA,SCNI.HOA .'F 'kouble

T wan c.\o\q"enﬁcsi

® I small ot sca‘e 'Fe.q,'hifCS I
£(v) become im porteant

- weale turbulence
-Ptr‘ﬁdt ‘h.fpma M wave.{ia V,. direchy

M atror et ol.

@ Mu\‘\"\ doucuﬁon‘, extensions
n the presence of

recu.rriho orbits.. .

More comﬂl"'e Aiseu s w P‘P"""



Q_Mm‘ole-' auasih‘near gla#enMJ fvrns o'FWC JGMPMJ:
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To resolve av scale reguices N ~(_‘f'_=_) Hermite poly nomials
v or Hu\A Mim&-\h.

ﬁr Some Pr»blems (p‘ﬁ.sm e:.lmes’ ITE wedk-turboleuce very
near mf\tjml stability = Maltor) tue Landav -~ Fluid approach
wold reguire a ‘msgfﬂ' of moment = melticient.

Bv“' ‘cbr “'bka-\nak hrbulence M meost pqrme{-ef re‘jmes \

¥) Many modes at varous 'E"' ) Cant durm off one wode witheut

i
drivkj ancther... ProhUy gives rise o torboledt dffusnn i v,,?
< landav - Flid approy. okay...

"t) Even weak collisions can be importast at swall v scales:

2 - @, n
ot 3yt v,

X) Tokamak torbuleance drive., pn}naﬂ"y br 5p&41a’ Jmt‘-&'h
oF Aensi*y 4. +&~«pem+vr2 ) not Sewsihve +o vefou'*}y
space details. Busic pictre of  Noalwear EXB covpling

behweew unsfable modes o Landav —damped modes....



Caverts:  (Hammett ek.al., Plasma Physics Contr. Fus. 38,
Q73 (1a43)

ﬂfre are Ssome Cases u'mrc the Lnnddv— ‘”uid qp,mx'w\a.ﬁdﬁ
du\“' werk well (or rel’uv'.rQ many mements to mnvel‘de),
where it is necessary b follow Rll detarls of ) £(x, v,1).

(plasma echoes, %uas},menf -Pfu’”eniv near Narraw re€SoNAnCEs).
(Matter, Phys.Floids B4 3852 (1a2)),

Bu‘t works wQ” as amdel o‘p r&e a‘.‘ ukicl\ 'F'
phase-mixes h senall ve'oca")y scales whith caw then
be ravmecl.

(P‘\'\hsofl\iu"y sim'cIAr o Sub‘,rid Hhrbulewce mode’S,
oc 1o +he EDANM Simplified us. of the DIA)

US"#”Y ‘tlnere are many processes which %.u-‘c/r/,v wipe ow‘
s.m." Vﬁfou’*y scales Cco".‘:ions) or make them
incohereat (¢ wbule-ue).

Showld be well-suited +o 17,0;(“‘ s+rqu-—+urBulence tkanak

"'EJiME)’.
Provi(lt accvrate ,ia«u- arourl"\ rates 'For ias"'ﬂb","“""e-‘ which d""e

the turbleace, & for damped modes.
EXB nealinearities Ia flo:d Egs. couple these 'fbaeﬂ&.

Fluid momeaqt Egs. express important conservation laws
([ parhecles, momestum, magneht momend, paurallel eqegy,...)
which coastvam Tne noa’"nﬂir drﬂdqu o’r the turbulence.
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Very svecessful 1 recent years.
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~I0 &
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~Beaux32 ¥
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