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COMPUTER SIMULATION OF THE LANGMUIR COLLAPSE
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Computersimulationof thecollapseof Langmuii wavesis carried out,usingthePlC method.Thehigh-frequencyelec-
tric field energyhasbeenshownto transform almost completelyinto electronenergyat thefinal stageof the collapse.

The phenomenonof collapseof Langmuir waves this problemis the computersimulationof theplasma
[1] consistsof the spontaneousappearanceof low by the PlC-method.This methodpresentsa number
densityregions(cavities) in a plasmafilled with con- of difficulties which may explainwhy an exactkinetic
finedelectronplasmaoscillations.After a finite time solution of the basicproblem of the evolutionof a
thecavitiesareconstricted,transmittingtheoscilla- singlecavity hasnot beenobtained.The attempts
tion energyto the electrons.The collapseof Langmuir made [10,11] havegiven resultswhich canhardlybe
wavesprovidesaneffective mechanismof dissipation interpretedin termsof collapse.
for long wavelength(~D .~ 1), highamplitudeplasma This work presentsresultsof a two-dimensional
waves.It possiblyplaysthe most importantrole in simulationof the problem.It is shown that under
the physicsof Langmuirwave turbulence.The small properlychoseninitial conditionsone canreproduce
size of the cavities(‘~lOOrD)and their short life- the pictureof collapseresulting from the solutionof
times(~l0~w~)makethe experimentalobservation averageddynamicalequations[2—6].During thecol-
of this importantphenomenondifficult. The informa- lapsetheelectric field energydensityinsidethe cavity
tion availableconcerningthe collapseresultsfrom increasesby aboutone order of magnitude.After this
scalingconsiderations,as well asfrom numericalsolu- the oscillationenergyis almostcompletelytransferred
tion of the time-averageddynamicalequationswhich to fast electrons.
describetheevolutionof theenvelopeof the ampli- The difficulties encounteredin computersimula-
tude of thehigh-frequencyfield [1—31. This last ap- lion of collapseare due to the discretenessof the
proachwasusedto studythe evolutionof a single model.To obtaina wide enoughinertial range (i.e.,
cavity [2—61and the generationof “tails” in the a largeenoughratio of final to initial energydensity
electrondistribution function [2,7—9].However,the W) oneshouldstartthe simulationwith a small W
averagedequationsfail at the end phaseof thecollapse compatiblewith thecollapsecondition [1]:
whendissipationof theenergy of the Langmuir oscil- W’nT> 1k ~2

lationstakesplace.For a completedescriptionof the / ~ rD,

phenomenonit is necessaryto solve theset of wherek is a characteristicwave-number.The value
Vlasov’sequationsfor electronsand ions. For this krD cannotbe takenappreciablylessthan0.1 due to
reasonnumericalsimulationof the collapseis also of limited resourcesof existingconiputers.Onemore
fundamentalimportance,sinceit is an “ab initio” cal- limitation arisesfrom the factthat the initial electro-
culationand thusprovidesa full alternativeto a labo- staticenergydensitymustbe much higher thanthe
ratoryexperiment.At presentthe only approachto level of thermalfluctuations(which is inverselypro-
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portional to the numberof particlesin a Debyecell). ~ I.
To fulfill bothrequirementsonemustperformthe
simulationwith avery largenumberof particles, 05

whichleadstoextremelylong computations.
With a limited numberof particlesthe proper

choiceof initial conditionsbecomesvery essential.

velocitiesof electronsandions are takento be zero.The problemis solved in a squaredomain—L <x <L,—L <y <L withL =
64rD. The initial macroscopic

Theinitial densitiesof electronsandions arechosen ____________________________

JO 50 /50 2/0asfollows:
~3�t

= no + ~n + ~i, n~= no + ~
Fig. 1. Normalizedelectricalfield energydensityat thecenter

= � cos(irx/L)cos(iry/L) , of thecavity asa functionof time.

= e~cos(2irx/L)cos(2iry/L). ratio variedin different runsfrom 100 to 800.Simu-

The parametere~is chosensuchthat the initial high- lationwith e = 0.01 gaveno definite pictureof the
frequencyelectricfield collapse(field distribution wassimilar to thatob-

tainedin ref. [10]). At � = 0.025and0.05 a clear
E = ~ [(V~1i)exp(iwpet)+ c.c.] pictureof thecollapseof a singlecavity wasob-
(whichis dependenton the valueof 6n) satisfiesthe served.The timeof collapsedecreasedwith increasing
equation e. Thecontoursof constantenergydensityof the

electricfield are qualitativelysimilar to thoseob-
(1E12>/l6irnoT= —~n/n

0. (2) tamedin ref. [2]. In particular,the cavity is also non-
It meansthat the thermaland thehigh-frequencyelec- symmetricas in ref. [2]. During the collapsethe
trostaticpressurearein equilibrium in the cavity at the field energyinsidethe cavity increasesby a factor
initial moment.Accordingto refs. [2—5],condition 16 at � = 0.05(seefig. 1).After this thedamping
(2) shouldhold during the time of thecavity constric- is “switchedon” sharplyandalmostall thefield en-
tion. ergylocalized insidethecavity is convertedinto ener-

The criterionof collapsein a 2D-caseis1< 0, I gy of fastelectrons.The distribution functionof
being electronsat ~~~pet= 170 is shownin fig. 2.

i = f dx dy(3(~)~e~I z~i,ii~ + w1~6~ A detailedconsiderationof theresultsof theIVI~&12 presentsimulationconfirmsthe generalpictureof
64ir l6irn0 cavity collapseandwaveenergydissipationgiven in

c~(~n)
2 Mnov2) . refs. [1—9].In particular,the majorpart of thewave

+ 2n
0 + 2

By substitutingthe aboveexpressionsinto (3) the
critical conditionfor the collapsereducesto �> e~ 10

0.008.Note that in the simulationsmadein rets.
I[10,11] theconditionthat the integral (3) benega-

tive wasnotfulfilled. (o_’
The simulationwascarriedout usinga multipro-

cessorM-10. The codeemployedwasdescribedin
ref. [12]. It is similar to the code workedoutby -~ ~ 3 - ~ 0 • 6 -6 0 6 - ‘U

Dawsonet al. [13]. A major partof theresultswas
obtainedwith aboutl0~particles(25 particlesof Fig. 2. Theelectrondistributionfunction: (a) maxweljjandistributionat t 0, (b) f(v~)at~ 170, (c) f(u~)at
eachsortper Debye cell). Ion-to-electronmass ~pet = 170.
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energyconfinedinsidethecavity is dissipatedat the [71A.A. Galeev,R.Z. Sagdecv,V.D.Shapiroand

final stageof thecollapse. VI. Shevchenko,Zh. Eksp.Teor. Fiz. 73(1977)1352.
[8] V.V. Gorev,A.S. KingsepandV.V. Yan’kov, Zh. Eksp.

Teor. Fiz. 70(1976)921.
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