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ABSTRACT

We investigate on a simple model of particles in a discrele spectrum
an influence of stochastic instabliity of particie motion on the nenlinear
Landau damping, We show that as long as particies frejectory In the spec~
trum s stochastically unsiable (at the beal resonances under consideration),
diffusion of particles tekes place. We discuss the infusnce of this efiect
on usually supposed nnlinear Landau mechanise and briefly the possibility
of heating In this regim: in the beam-plasma experiment.



1, INTRODUCTION

As follows from the Weralure (eg. from Pl V. ot ak, 1969 Seidl M., Sunka P.
1967), large ampiiiude he fleid is genersted In beem plasme experiment. The mechaniam of
s sbesrplion has not yet been suflicienily clarified; the similer preblem exists also in other
plasma phenomena, if asems thet parametric instabilities ceould be the reason ( Kaimer S, et
al, 1972); nevertheloss there are otill other mechaniems that could be taken into the con~
siderelion,

The presemnt paper diascusses the absorplion caused by the rescnant interection on
beate; we suppose & plasma without magnetestiatic fleld and the spectrum in which the re-
sonant mechaniam considered leads (due to nonlinearities), to the stuchastic instablity of
particies,

2, NONLINEAR LANDAU DAMPING FOR WAVES OF THE SAME TYPE;
POSSIBILXTY OF THE EFFECT OF MIXING

In experiment (Pi V, ot al, 1971; Seidl M., Sunka P, 1967) two types of waves
were ldeniified ~ the waves with U>w¢¢wmhldwmmmwhumrhybﬂd
mm%-me-mum W< Wy, @~ dpe +The temperature of
plasma (W ~ 70’k v; ) Is too smal for ascrption due to linear Landau damping end
alse lor trapping of plasma perticles inte the wave (Dawson JM, Shanny R, 1968). We
shall net diecuss aiready meniiened (Kainer S, et al, 1972) parametric instabilities with
moblle ione, whigh jead to the generalion of waves with lower phase wvelocity,

Because the Landau damping es well as the effect of trapped particles do not count
the efiect of the nenlinear lLandsu damping can be discusseed for thermal velocities
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vuhhomoul,(' -Mldt'k,_ « Por a plasma with the small thermal velocity we
can thus expect an eofiect caused by the particle resonance en the beat frequency of two

Howover, % follews frm the theery (e.4. Teylovich VN, 1970) thet in the interaction
of the same iype of waves through the nonlinear landau meshanism the energy transport
appears only within the spectrum teward lower frequencies, This ie saused by the symmet-
ry properiies of the scalering coefficlen: of the wave,

Let ue try fo reinterpret ihe damping mechanism on beats by including this system
Lo se calied mizing syeleme. As K is shown in (Zaslaveld) GM, 1970), time cevelop=



ment ol nonlinear systems can, under seme cireumglontith, be deseribed sintislically tr-
gother with inleresiing sonsequences icllewing from this dossuiplion, In the next chapler we
will be cencerned with this probiem mote elossly.

3 NONLINEAR SYSTEMS WITH MIXING

Recenity, a censiderable interest has been duvelsd 1o the sysiems with mixing, ee-
pecially In commection with quesiions of reiaxsiien, Here, we shall follow Zashvehi (Zse~
lavald) G.M,, 1970); several efiscts are disenssed there that are relaled closely o the
quustions of plasas physice.

The author iniroduces as & basic model the noniinear cesillator in the field of exter—
nal forces, Lot us have a nenlinear cscliiator with the Hamilonien in the coordinates
aclion—angle

H-H(7)
where J hh.dcncom.poﬁhghh.n*w’-fb)dt « Lot ua have, furter,
an exiernal force acling on this cscillslor in the ferm of f-pdu.uuluhcorno-
ponding canonical equsiion fer the time change of Jd.l-lu-
;}-:Jﬁé_{(t—mﬂmhﬁ- le|<< 1

where T Is the periocd of prises. Define the quanitly

do aJ
X5

wlnnn-Qﬁ-Z'i- mAJ is the meximws ehange of J hh{-ﬂmlﬂthh\.—
quatily X>> 1 be tuiiled. Then, one can shew (for the preel see Zasiaveky €.\, 1970)
that for Umes T>> Ty where Ty, ia defined by

g -(20 %)

he pasticle state can be described using the prebablilly disiribulion funetion f(j,‘v;t‘)

M, M « 420

{(Gut)el  fnGt)e™ ikt
sallatying ihe Pekker-Planck diflision oqualion (e.g. for {,(J,t))

% o1 5 Wy | Sno-md) B (ol

where

V3wt - jZF&'MT)MZ?J"-Z’.‘ Vom tp L (nswr + mildt).

%,
We shalk shew thal under seme cendilions the ininrastion of parifeies with wave



besls can be described as & system with mining; Whe diliysion of pertielss in the veloclly
space would lollow (in compisie amalogy to the dilusion initiated by a sloshaslic feld)
with apparent posaiblllly of perticles healing, In the following, we delermine condiliens under
which the nenlinser Landeu damping can be congidered o be a sysiem with mining. Por
thisa purposs let us discuss the dynamics of & particle In two waves and in the gpecirum,

4, DYNAMICS OF A PARTICIE IN TWO WAVES

A specirum measured usueally appears within the region between two limiling models -
- the case of one leading wave with large amplitude and a lower aide band and the case
of 8 reclangular gpectrum, In order that we can use the perturbalion method for both models,
'.m“nmmwo-uduwmuhmmnnmm
chaplers 4.1 and 4.2,

4.1 Parligle dynemiss in the souple of waves with ampliiudes
E; Ey 5'854;’!—’“"

First, consider the Inleraction of two waves with polertials (f.,w Y, wih
[’p‘, 44}%} i the corresponding Hamilionian of a particle is

H z; Pt v 2 ()
where, in one dimensional case

%‘%ﬂ#‘}("z-w’tty): Vi' £ ”JJ;bi (ki" ‘wzt"%),' ‘f—l << 1.

Let us introduce the following notation

1 . k Dy &y

lﬂfqp H’ X 1./k4 ; of L’. k4 - k’_ )/.
. d ) . - ) -1 e P
VTGt yoke-et;  genfEE, Fooy,

We can thus exprese the Hamilionian (1) In the coordinate system moving with the velo~

c.yv;-kh/hmunfom .
x'x.*&xq (2)

% =

where / 1
W,'TV—my
gxig-em(.ty+xt+’~}’).

The molion given by the HemiNonlan (2} can be soived by means of the pertuwrbae
tion method, Before doing so Jet us perform the canonical transiormation into the action-~
~angle coordinaies and express Z, in the cyclic form, Dencle further



Q’-—}(‘/*Ka)
apd consider the ease ¥, > 1 (Le. untrepped pastiaios). N we use the gensreling fene-
tion

S'-*IVJ:--,E(,_,"")

where E is e wial olliplical integral of e second king we have

J
JCD'J(,(7),' 7'%;[(—1(/% / w'°—"—; .

We oblain for the first apprenimalion

43¢
Jt '—wrz V(')M(-Ly“+“t*‘/’) (3)
mrlv(‘)ly(ﬂ’mmmmw *,.ktudonoh‘t--it_—,:;.i

(rauma“mmu“mk({ ;).,F ).‘l‘honu
fellows from simpie calevigtion, g (3) has ihe resonant solulion ol

Arg- + 24090 AJ(')-%'_F (&)

where A uuupr.shm.nhunmnm,ln-fmgnwuu-

ion of the nonilinear Landew demping
Wy ~ly

k:."kq

4.2 The paticle dynasics i the reic of meves with esniindes

Eg by E~E

Feor purposes of uee in the further model of spestrum Jot us eoneider again Whe
Hamillonian (1) now with "ﬂo"'ﬁo . lot us assume

V=

2
D, { @;
( ’ — —-E- .
»v- 4—"-/(‘ , 7 ™M it >> e, .
Then, again the nelalion apprepriate for the perhwrbelion sehslion is peesibie ¥ we trane~ u
brnoon“.h‘ohorsh-mw-hmd'mlon“ mdd:-'e+on";“‘
f

l--k—‘t a, we have

Vi
H--—— .Lﬂ,mlﬁ 2 Bg crs (Lk, Gy +at + ¥) (s)

and n the actioncangle eoordinales (where we uee b'k(atj)

H._f. k’J’-.L %mwa-qg,m Ewent sp)
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Here ar,-k,(},-k,z-u,t,- P--;a: ‘(;J
HamiBlonian (3) gives the nonlinear resonances In the second spproximation; here
d7®

'—d—t— l—ly” Ml u’-‘(‘)_ —Lﬁ’l M(L ‘lll"s(')¢ dt + W)

where

1wl L2 e o (kov-w )t

m (k v-w,)*

K i o [ (et -t g]

and where W, kyﬁm DT,
aJ%
dat

The recenani cendilien for is here fuifiled through (4¢),

8, CHOICE OF THE SPECTRUM; THE RESONANT MOTION AS THE MIXING PROCESS

n beam-plagme experiments (see o.g Pl V, 1971; Seltd M, Sunka P., (1967) ‘he
authors measured In sowe phases always the specirum of some eflective widih, Because
of mere extensgive appiications let us obeerve efiect of Wwo types of specire ( spechrum </

and spestrum A » deofined as fellowing).

Let us first study the efisct of the fellewing model of the spectrum; let the ceniral
spectrum line (leading weve) hes the amplitude L, , the alde lines have the amplitude
gElunM“bod.dhd‘.hobWrmembmwryhmn-
sonant siructure around thermal veloclly Vi . Lei we suppose that [E|ac 1, N.le|« T,
where /N is the number of discrete lines, Hence, under these circumstances the perturba-
tion method can be used. The Hamillonlan of a paricle under the inQuence of this spechrum
(Surther specirum of the Wype X/ )mnm(z)u

3'-V 6017 ££m(z‘y+«,t+w‘)

and e varislien of j will be in the firet approximation

dJ¥ A . ,
Aot BV iyeait e 0i).

The above cancnical equalion and the resonant condilion give the monolonic grewih of
j o From the enlire specirum of resonanees let us consider only the basie nonlinear

rosonanee
JL+¢<-2«J «0.

let '
" pwcB) 0F53) 4FE



4
_;:lF:.‘, .—:)—¢<4 the efiect of higher hermonic expansion (and
® *

thus alsc higher resonances) is weaker then the h-wence of basie wrme. Neglesling

Considering

foregoing, we get sironger comdition for stochastic inshabilly,

Thus, et us retain in the relatirn fer %tl only harmonics with the basic argument

é‘i *ay —Z“I'
We got 4 7 £ 2x ) X, 4K |
A1 -,,,7_;1‘ F 7 % o <_'Z‘;?T‘_t to, t w4y —Zut)(‘if,s‘)

where the right hand side is the sum of harmenies with Whe basic differenee (L .

We use the last relation for determinatieon of the stochastielty condition, The motion of
a particls will be stechastically unastable i the beat inleraction of two waves sauses sweh
mm-hhﬂmAjvu.“mcwdﬂ makes possible
the peartisie transition to other resonamt beale. The following Inequalily must hold
r/
/ dw AJ)A 4 .
LT T AT >2>
\d4J JL
(due to the resomant ineraclion of one resonant cembination the particle goes through the

whole series of olher resonances). As follews from the above exposilion the frequeney

‘Jl.ghmnby -
. TE
T,F
and it is ~ apart of intensity of the leading wave = also the funclion ol particle energy.
The velocity of a particle and thua also the frequency &) vary during the intsraction. The
intensity of the leading wave appears in () already In the seruth approximation.

Tmunbgywhhm"o‘-cwhhﬂoudnm f-vpuln-r.qul-
res that the efiect of the spectrum on the particles can really be approximsied In sush
form (apparertly, the requirement i not necesseary for the existence of stochasticity; ho-
wever, the model was solved only for ihis case),

As it Is shown In (Zaslaveklj G.M, 1970) (and as R fellows simply from the pro-
perties of the Fourler series) the spectrum of /V diserete lines in the distanee /L ,
with the consiant ampliiude and in the limit /V-7e0 in the time picture is equivalent to re-
peated  J —pulses with the period T-%—. . For snite V' the widih of partieuiar

pulses Is AT ~ (NJL)". in our case the inequality
Nl >> @

mudhold,mnl()m is the circular frequency of the nonlinear oseillator, As we have
seen, the frequency W,, of the unperturbed sysiem (pariisie and leading wave) is, in
the coordinale system of the wave, a)--—tF- o Lot us give several Wypical paraswters

For &4 = 9,6,10%80c"", Ar 2,210"%m and A, ~0t)  win E,~ 10%/m the
L)



corresponding & is W e 9,3.1078¢."%; tor E,—- 10%Mim we got W = 9,1.10%sec™?

In our renge of parameters we thus require approximetely

2NL >> Wy
rmudemmrmmmnmNﬂNAUnﬁ (AU% is the
mmahm)anumanAm”»w,.rmw
mmummowmk,ﬁ.z%wq . However, here already the eflect
ol absorplion of one wave (Dawsen LM., Shanny R, 1968) plays a role being more inten-
sive then the beat efiect,

A case when the first or second wave appesars in very short regular pulses is nea-~
rer to the requiremsnt, Nevertheless i seems that more attainable is the case when the
velocily of particle ls modulateds this happens e.g. for the motion of particles in the magne-
tic mirror system (from another point of view discussed in (Jaeger F. et al, 1972)).

Let us suppose we can in similar way approach the [—lor-olirﬂ.ncﬁon(!hopro-

cess can be dlo-ltqu:nhrgodlc).‘y: ssquence of [—pulu- exaclly corresponds to

1 4z
u-.m(o)mﬁ‘? 7= = const. ¥; = ¥/ o conet The first con-
dition could be seliafled In a narrow band; some difliculties arrow due to the se-~

cond condiiion, Because Wi are rather accidental (if one does not know the generation

law of spectrum) and resull rether in some modulation of the sequence of J-pub.l..o-

simulation of this efiect is necessary, We took the extreme case with the form ~ (-1)""

_§(£-mT) . Becauss we need sor the determination of X only maximal change of

Aj . causes this change no difficulties., The periodicily only changes in the following
the expression <A JDin the aiusion costicient.
Then we can very easlly determine the changs A J

A= 1_ 4 ;} 3

wT}t F 4+¢’ J1

From a simple calculation it follows that the change of () is given by

do w* £ 4° 1
A7 4 F 41 T,
'rmmmdx we have

y.dwal | E $F 4 e  {
PR R T P T R
In this way alsc the basic parameisr of the mixing process -~ the time of correlation
desay = is determined

G2 (XA LgR)", KA.

€




Now, consider the spectrum of the type A~ , dsined as follows. Let this specirum
has a rectangle envelope with constant anplitude of all lines and st the disiance between
nd;hbourhg-podrdlln..hsﬂo + FL e schition we use the second perturbation
model - molion of a particle within two waves of the same amplitude,

SHll before determination of T. Ist us meniion the inleraction mechanies of thiu
model, We usw the anslogy with ¢ mixing process at he inleraction of three waves
(Zaslavekij G.My 1970). Lot the Hamik:alan of individual waves be ezpressed in the
action - angle coordingies and let their frequency be dependent on amplitude, Swuppose

o % Ay, N

&)k is the fisquency of the k-mmm. N is he number of simultiane-
ouaylnhnc&\awspod-mouuAjk is the maximum veriation of acion of the
kﬂwm“hhn“nﬁmdﬂwmuhhmmm
resonant condition Uk . Ly, +&), / kk-km-fk%.w.mmmn-unh
action by the Hamillonian

H=2% w0, (3,)7 « Vie (o)

vl',,t.lvo.lhoommdmrmmn-m-.‘rh-mhmd”m.h—
teraction forms mixing sysiem and the disiribution Amction of waves ealisfy the Fokker-
=Planck squation and has thus diffusien character,

We neec fo expreas the total Hamillonian of particies and waves as & system of
bounded nonlinear osciliaters In the form (8), Pinding analogous resenant condilions, the
mode] of mixing for three ~ wave process can be uped for inleraction of perticles and
'M.lormetﬂul»&" .

We shall in Chapt.?, discuns development of the whels wavespariicle sysiems now
we content with only giving a condition when the partisie metion in a given sysiem of
'u_b.hdochldk.’rhonlon.vomdbloﬂawonbﬂnc“cdwbelydmo.

As B is knewn, just the nonlineer Landau damping is ofier convidered as s three-
~wave process (with a virtual third wave resenanlly inleraciing with pariisies). Thus, let
us describe the particie in the coordinaies actien—angle in ascordanees with Chapt, 4,
with he Hamilionian in the coordinale system of one waves and nermalised io the ampil~

tude of the spectrum (according (5)) (9)
H tik}ﬂ‘-%%[f’”umk’;b-—cﬁ.m ka ”;‘“k*f U/)]

and with the frequency subsiantially nenlinesr

0 Lk,



e jle

Lot our specirum is dissrele In such & way that s adjeining lines satiafly
U._"Uq
A -
r k"’k‘ .
muﬂhhhﬂﬂn“dmsh.ﬂnnmntub&brm
m&wdAjdhm-ﬁmW&uﬁ.AQMu

where L ls e corresponding discrelensss and /\/ the mumber of simultanescusly reso-
nant interecting peirs of waves with a given perticle, the perticle motion car be conside-
red lo be stochastic, '

The following equailly generaly holds
Lnl' '2&)(1",.4 -Z, )"' teq 1'01-1(1"(;1

in our case, the angular freguency of a nonlinear oecillator can be expressed as

Wy — V5 (ky-ki)

and Yae inequalily

N[ZU(IG Bl / t ki, @ L1 L"‘J>> U (éi*"éf)
must be satistied. This is fuliled in the sysiem with particles with safficiendy small V-
and with suficienlly wide spectrum, Salisfying the above condlions, A could be simply
determined, Using Hamiltonian (8), considering beat resonances and their harmonices and

supposing

&y _© g 2 ey
Io~1 XV E T fer b 4"' A —;,’@

T A g U (PET wn (il ).

Here the lirst sws describes the fact that particles see beaides the beat resonance for
basic distance of two lir=: L[L further sequence of harmonice muL. The secona sum
expresses that in the basic beat resonance could act not only one couple of wares but
a large amount of corresponding resonant combinations (approximately also N ).

We can take rather uniform distribution of phases . %m‘.umgamm-ﬂn

consideration as for the spectrum a » expessing
’"gl‘&' ”
t‘n K ‘7‘:: in-%t’,-fm 7: ~ T

and conaicering J, ($i) % ~ J (£ )% we have

A e, Sy (DRLEN (- ll”). T

IA:"M‘VZ" ) J4(J“)I



The corn.pondh.v-lndx s Swe

. 0“
J( = w"!-a"_ N

w T~*
c .1 :
,,,-ZN._(L,(gJ(, K >> 1.
The digtinction from the modsl of spectrum 4/ is not thereiore only formal. In the

spestrus ) \he basic line forms a sirong nonlinearily; the side epectrum lines contribule
with their resonances., The condilions of the model require rather wide spectrum; hewever,

for the pr t ony ot say that this is the necesseary condition for existence of sto-
chasticity.

In the model & the unperturbed velocitly #(*) s taken as & motion with poseible
nonlinear fealures; by increasing veloclly the perlicle can go over to another resonant

MM-WWWdeNWhM/& iy of course, more acceiabie,
Of course, for higher accuracy of approximation both models approach each other,

6, ESTIMATION OF ABSORPTION RATE

In Chapt. 5 we have derived the time of decay of the correlaion for two kinds of
discrete spegirum, Let us now have s lock al ehanges of enery of pariicies In this
Cnapl, we suppose the spectrum to be shationary with consiart energy. Thus, also from
the encrgetical point of view the problem is not seli=consistent, In Chapls 7 we dissuss
consequencies of this approximation and some more general aspects of this form of inber~
action,

As follows from the analysis of m'zing syr‘ems, the probabiiily of appearsnee of a
perticle with veloclly 1~ (or the distribulion Aunction f(‘i’;t))cnnbohmby
the diffusion equatios ! Zaslavski] G.M., 1970)

%tﬂ.ag—v'[b(r)-g-é] :

For simplicity we dencte the parameters subject to difusion by 1~ | in general this can
be any coordinate of the phase space. The diffusion coeflicient s defined (as In the case
cf stochastic acceleration)
1 2

D(v) == | (av)*]
where AV is the increasing of V" during twe subsequent "sellisions™ and T s the
mesn "collision” period. In our case wcmtv%r(hon ll.of”if ) ana AV
as the [ncrease of 4 during, the [-Mu.Apmunommthd
$o be dense so that particiee praciically In every siale can finde a corresponding reso=



nant interestion, the resonent difusion coelllcient can be used ( Kriin L., 1969)
-4
D(¥) -7 avi., (X)

'MNA%‘I.M.*\-MOG 14U in the ime {(f°m7).

In the previcus dissussion we have studied the dynamics of a pariisie with the action
vartabie | therefore we need the imverse transtormation J —* 1~ .,
In sec. 5 we dorived AJ for pasesing s parlicle through one [-puluhom,tho
increage in tine T--%-i- + Deneling & eorresponding change of \he coordinate aJd

JL
we have for Dj
D.iAjz.“_@.
7 2 A
Since for the epectrum of thé Wpe A/ we have
1 e adl )
AV B [Tk"
andtorlnypoxd'
2
A‘P‘L-v":.Ajz;";Jlu; 1’3--21

4
congldering the resuits of Chapt 6 we have diffusion coefficient for the spectrum U/

D™, & 41 . 3t
v “ 76 EIFr [ '(1+;’)" kiep i

Similarly for the specirum of the type Jf"

#) {1 N* “’3.
D . N‘%—?m- a)‘.»o,, /q-.k,, x, 1,

Do, .

Bmdhdﬂulonbt.dﬂncqnnﬂonhchn.cd"nbnghﬂndomm
d?_ - is given by

fzmv—])jgédv‘.

¥ we ooﬁ.uorDv.nddoponCNonomrgy (this, of course, is spproximation fer .D,‘,.
both &) end q/ are funsiiens of some average velocHy) we have, under usual conver—

gence aseumplions
-51-—»0 Lo »{ —»0
4"—»-0

e Aad
for the velcelly of abserpiien the fellowing simpie relation

dQ
-“—{—t' -D,‘, nN.Mm

where /YV le the particle densily. The telal inerease in the same approximalion le

AR-D nmat



o 1€ =

(valldity ¢ D « const for all 7~ requires an infinitely wide speciruw; sppremimaloly M
is sufficient i D~aMt will caver the assumed mean ingresse of velegliies).

Feor the case of narrew spesirum band and greater thermal veloslly one has conglder
that the nenlinear resonances :over a lmilsd velselly interval of distiribution funeliery inside
this interval has the metion of particies dlsion sharecter. Agtonding ( Zaslavekl G.M.,
1970) the partieles are In this interval relher clesed (this suppesiilun censists in the hen—
damental difference of the character of the particle molien inside and outalde ol sleshastic
uy.r).umrunrD(‘!r) is constant in this intervel the congequence of dilugion is the
plateau-like form ol the distribution fumction. The limit ameunt of sbeerbed energy (fSer ela-
tionary spectrum) is then

AQ=f—mv-Lf(v-t) {(U‘t-’-o)]a(tf'ﬁnnt; -9-£L~ AV‘.
1’4

As u concrete case of the above mentioned analysis we now coneider a pessibility
of absorptien of the discrete spectrum of waves in the range of parameters eloee to expe-~
riment (Pitl V, ot al, 1971). A direct comparison of resultes with experiments could be
done, nevertheleas, only carefully; as we have already mentioned, we have not sufficient
experimental picture of the apectrum; parameters of cur models are therefore chosen rat-
ner ad hec - especially 41 /i), Further ditficully arises from owr not-selicemslstent schuien,
We are therefore unable to judge to what degree ihe usually censidered integral proper-
Nes of nonliinear Landau damping are changed by means of discussed mechamism; some
possible changes are mentiened in Chapt. 7 Thus, we must therefore comsider thal par-
ticle heeating ceuld be really covered from the specirum energy dwe to these efiesia, ¥
net 80, we can without fall only state the change of the behawviow of resomant particies
due to discussed mechanism; sur namerical resulls are then only wvelld as an estimation
of the rate at the begiming of the imterection,

A8 we have seen lrom the discusesion of the stocheasticity Imit, from the peint of view
ol calculation zffort it is more advaniagecus to use the spectrum J— t here, for suflicien-
tiy small /l)‘ the ltocmucny condition is satisfied slill for Nt loce wile spectrum, We
take therefore the diffusion coefficient D( )(“.,
5

Id
and "J- in the form

Do XN AN
v T /(, U,".ﬂa / &y

Let the original velocity distribution of plo.u/u particles be a’ =funetional and leot the

spectrum he sufiiclently broad se that (or suppesed mean thermal spread due io absorplion
the difusion coeflicieni can be taken as a constant. Then, the Increase of parligles ener-
gy In time At s simply given by

A -Dm(_b)n.m. at .

1) (interval of stochastic
instability)



Now, lot us shoose, sceerding (PMS et al. 1971; Jungwirth and Sunka 1973) fellowing pe~
rametorss M~ 2,10 %particionin®, W, « 9,610%0c7, k. «2,6.102m"}; choose

NN o 202, In the table the resulte of calculation of temperatire incressing A7 are given
ummumuE,N‘%. K. 1o oqual 1o the total energy densily of
Whe wave speeirum, Wm Is an assessible energy denslly and is defined as Wi -
- WM"“-{ 1 W4 correspends 1o the stochastic instablity Mmit X =7 , Al
is here dbfined 1) as a Ume Al of absorplion of the energy Wace i D ecuid be
considered as & conslant, and 2) os a lme Atz of absorption of the haM of the acees~
sible emergy, U waves and resonant partieles lorm conservaive system. Both AL, 5 give,
of eourge, only rough estimation of healing rate, Al i accessible inereasing of lempera-

Wou Jod At stn, |82 /i, | BT 4y

~ Wy | 1830712220 18

~Wege wO"I 1,3,107%

~ Wf“ WO"

19,307 1.8

~ Wit | 1,8,2077 2,310 0,8 |
in mentioned experiments the Imeraction lime Is 10'6-0:. Initial temperature of plas~

ma was 6 eV and estimated increasing of temperature in the range of several eV, The ma-
ximum amplitude of single wave was cca 10%V/m and the width of the spectrum after a
breaking of single wave 4A—£ wbl%Tmer-MNunm“lm
range of several tens of eV of plasma thermal velocity, The estimation of spectirum energy
je difficull. Let us suppose that the specirum energy approximately equals to the maximum
energy of the single wave; then this corresponds to the denally of energy W/~ 5,10%s/m3
We see that for this tolal energy the interaction is unsufficienly slow and must be in
meniioned experiment as & negligihle one covered by some sirenger mechaniem As wae
already mentioned, imperfection of ocur mode! consists in rather artificial choice of N ,l-n'
and can be overcome by better knowledge of spectrum genealogy., Our formulae can give
only following more general conclusion, I we lake as experimental vnlunl\': ot and spectrum
wwhAU-an, then for given W‘.t and 4 &) more subtile structure of spccu-uml gives
greater K ana D.

7. CONSEZQUENCES OF STOCHASTIC INSTABINTIES FOR ENERGY TRANSFER IN
THE REGIME OF NONLINEAR LANDAU DAMPING

T now we have discuseed & case of sistionary spectrum, Such not selfconsisient
medel can generally describe only the characler of particle motion, but net changes in
enerpy. B Is well known (e.g. O% and Dum 1971) that for two waves and particles with
resonant inlersetion veloelly (u,.-w,) » v-(k,- k,) integral existe { U"' is wave energy)



u oY,
. -—‘- )
2, ) comyt ,

p.,[wi_w4}4< Q)¢ W main eflect of interection consists therefore in enesgy tranefer
between two waves; an analogy is velid for spectrum (Taytoviich 1967),

There are some posabilities of overgoming this ssvere resh stion, The fOrst conaiste
in non-conservativity of the sysiem, This can happen M the waves with some amplitude
Jevel are siill leeded by means of external driver (e.g. In Deam-plauma interastion, ¥ the
waves are nonlineary limied and where ~ in a final vahume « s the energy siii supplied
by the beam).

‘“he second possibility sppears in disturbation of the resonant condiion (i the partic-
Jo interacts with more than two waves). This could be caused by collisiens end in owr
case by T,.”' . This ellective collisions frequency corresponds o the decay of pariice
e =phase cbrrelation, caused by nenlineary eoffects, and is & compiicated lunclion of the
tolal apectrum region, It Is therefere not poesidbles o discuss the dynmmics of Wwo waves,
forming beat, in such isolated form, as, e.g. in (Ot and Dum, 1971) description, Such
complicated nonlinear problem extends farther the alm of our paper. Nolwithstanding, close~
ly relajed is the next approach, glving some general informations.

The further = and inferesting ~ poseibiily exists, ¥ we can the whole systema (waves
and resonant particles) regard as & sysiem with mixing and ¥ individual waves from the
specirum could be formally upnu.uodby-om-d nonlinear oscilistors, Let us express
the (otal Hamionian in action-angles in form

Hie " 290 (Te ) Te r ZHp (B )4 Ve 5, T 2, 3 )0l (95, T 05, )

where two first sums ai the right slde represent energy of waves, resp. particles and two
last terms give the Interaction energy beiween waves snd between waves and particles. If

dw, al 2 7,
9 AJe . f% a
27 WL >1 27,1"”’

is valld, where AjF . FO3P, Ajrhlho-mehcnaoe( jﬁ . TSP jp due
hﬁnnmtmmmmvy*-hmdﬂonw.uw.hnwlhnbdnu

4
such system can overgo Into the Rayleigh=Jeans distribution in energles., One third of
wave energy can then ovsrgo into particles.

We belleve that a combinstion of these eflects is nearest io the experiment {probably
the first cass is most important); then we can consider our numerical estimalion as a good

one at leas! jor the beginning of the interaction,
X

see also Kauiman A, Physs Rews lell, 37, 376 (1971)
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8. CONCLUSION

We have discussed the effect of beat resonances on the absorpiion of wave energy
in porticles (the mecheniam of nonlinear landen demping) in the stochasiic instability re-
gime, We have shown that in sullable cheeen spectrum the motion of pariicles has ~ dus
to the sleshastic instabillly - diffusion character. Supposing stalienary spectrum this resulls
in monolonous insreasing of partisle energy. The emergelic considersiiens in the selicon-
siglert sase are more difficuly was have discussed the efiect of eflective collisions and of
mining of the whele system (wave and resonant particles) on the energetic balance. As
an applicalion we have esiimaled the abgorpiion by msans of discuseed mechaniam flor
beam—~plasma experiment. Our estimation for parametlers frem sxperiment give lower heating
role then & resulls from measwemeni, nevertheless it premises for larger asplibmie spec~
trum more nb nelve asbsorption, In amy case the mechanigm under consideration requires =
= due o used models and approximgtions -~ more deialled study and the generalization

for the mseld ~ consistent case.
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