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Coherency Properties of Strong Langmnr Turbul ence

Harvey A. Rose, D. F. Dwbois and Dawd Russell

ios Alanos National Laboratory, Los Alamos , New Mexico 87545 U.S.A.

Abstract
Strongly correl ated Langmwr vave collapse has been observed 1n twn
dimensional simdations of Zakharov's model in a regine characterized by stirong

icn sound vave damping and an external drive fregquency , «,, close to hut less

Q‘

than the plasma frequency, [ z-.\_p- “o ]/'m@ } 8 wthe ~ 0,003, Caviton-caviton

tateractions 1nduce teaporal correlations kEetween different collapse sites on a
tioe scole the order of a collapse cycle, and on a longer tine scale site
ocations mgrate possihly leading to strong spatial correiations. Certain

—

L . . ot :
featwras™ of ionospheric incoherent scatter radar (ISR} spectra are consistent
wath such correlations.

The conventional picture of "strong plasma twhuwence' i1s of an
inccherent nonlinear collection of "vaves”. In the case of strong Langmur vare
i
twhwence (SLD, howewver , 1t 1s well known that langmur veves my organce
into "zolitons” wuch collapse in divensiops ¥ 2. Collapse 1tszelf i3 stable in
the sense that all collapses are asynptotically celf simlar, wath the eneray
taken 1nto collapse nerely determeniny an overall scale.  Twce may be several
1
thle collapse genmetries, but there '« ~ooe nuerical evdence that the range
of geonptries 15 relatively tane viLe, ohlate verarm peolate Spherords) . er
prepoaes of this paper the followag diecrmarnn vall he Trmtod 1o the caoe of

decrg von sonnd s gy, ege oo ke gh



Besides the intrinsic coherency of the asyaptotic collapse process we
have foud for the case of an isolated collapse site that the nucleation-
collapse-hurnout cycle 15 pericdic in time . For this temporal cocherence to he
physically significant it nust swuive vhen interactions with other collapse

3
csites are allowed., UWe hawe found that this is iFe case when the plasm !5

overdenze with respect to an external electric field with frequency o as

@ 1
described in the abstract. UWhen the plasma is overdense, the generation of
langmuir radiation (i.e. freely propagating as opposed to spatially localized
wodes) 15 1nefficient. Therefcre the interaction of collapse sites i= pringri!y
tiwrough the exchange of 1on sound vwaves generated by collapse. If collapse
sites are separated by several cawiton dianeters, then the sound vaves 1nplnglng
on a given collapse site are aliost spatially wniform, and their primary etfect
15 to Alter the frequency of the lucaliced node viuch Jdetermnes nucleation. s
ety camton-cami ton 1nteraction leads to A slight advance or retardation

of vgrren collapse. The cumd ative offect of sany suvch perturbations 1s

teppcal by found to rdue tenporal corcelations between nerghboring collapse



sites after a few collapse cycles. Depending on the spat:al pattern of the

col lapse sites, 1t 1s possible to find cases vhere neighboring cycles are 134 >
out of phase, and cases vhere there 1s glohal synchrorization. Cuer aany
cycles, collapse sites are ohserved to migrate, with this time scale longer the
vore ouerdense the plasma, The nuwher of collapse sites may also change. In
the overdense regime there mayv- not he a wugue steady turbulent state. Because
nf limited computer resources owr sl ations typicaliy have tewer than 10
sites. As a reswlt, the hehavior of truly large collections of sites, as 1n the
ionospheric experiwents described bhelow, is wnknown.

One of the applications of SLT theory, in particular the colerency
properties desceibed abhove, 15 to the 1SR spectra neasured 1n ionusphererc
heatng -‘:err‘l'nentse. The results of ouwr research 1n thhe .'xr'ea5'6 can he
stmmarized as follovs:

1) LGtates of LLT can he sistained tor heater intensities wvell helow the

the-hold for parametric 1nstabilities.

2 In these states of SLT o maor part of the spectom of hngh froogquency

deastty floactmitions 1y contaned tn Tocal rzed states 1n the coe of



strong 1on sound wave dawping vduch 15 appropriate to the 1onospghere.

J) This state of SLT 15 sustained by a iccal mwleation process wiuch

leads to collapse.

1) A relatively veak spectral featwre, wuch we call the "free iode”

peak, lying above the heater frequency, corresponds to the free Langiur

vave dispersion relation, and these waves are produced as a byproduct of

nucleation and coll apse.

3) Within the framework of Zaknharov's model of SLT, the late t1we (tens

of williseconds)observed ISR spectra have sharp featwres vhuch can only

he produced by cavitcns wuch are strongly correlated in space and tine.
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