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/fA bst ract 

It is proposed that the thermal fluctuations in plasmas in general and in EC RIS 
plasmas in particula r create rather strong stochas ti c electrical fields affecting both 

confinement and hr ating of an ECRIS plasma. 

The amplitude, range and characteristic frequency of the stochas tic fields as well 
as the perpendi cu l<lr diffllsion coeffici<'n t and the upper density limit for the mirror 
confinement are determin ed on the level of the app roximate evaluations. Some as
pects of the ECRIS plasma's peculiarities due to the stochastic elec trical fields are 

discussed. 
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1. In t roduction 

Plasma confinement and hea ting are the key 1'1CJcesses in ECRIS devoted to pro
ducing po~itive single and multiply charged or negative ions. In each ca..<;e plasma 
parameters such as electron density and temperature, which depend on ellergy and 
particle confinel1lf'nt times, should be maintained in some well defined limits in order 
to promo te the dC'sired atomic and molecular processes and preven t undesired ones. 

BOLh confinellwnt and hea ting in ECmS pl<l-slllas arc traditionally d iscussed in the 
literature in terms of single particle models takillg into account various kinds of binary 
collisions. This approach is quite adequate ill the case of ran'fied plasma where the 
collective interac tions p lay a secondary role . Howpver, as the plasma density increases 
approaching levels typical for each kind of ECRIS, the collectiv(~ effects begin to play 
an important and often a determinant role in t.he ECRIS plasma dynrunics. 

As a n exalllple (see Fig. 1) the standard 10 GHz ECRIS plasmas are classified in 
three categories depending on the dellsity level. The density range below 109 cm- 3 

corresponds to a deep underdense plasma where the Oebye length rJ is larger or 
comparable to the plasma radius d, and tIl(' plasma freq\lency wp is much smallrr 
than the microwave frequency w. The individual particle dynamics is in fact applicaLle 
only to this kind of plasma which is of limited interest for ECR.rS . The density range 
109 cm-3 < no < 1012cm-3 is typical for 1IIultiply charged ano negative ion ECIHS 
and is classified here <I" an underdense phcsnm. In t.his case the Oebye length is 
shorter than the pla.sma radius but the plas1IIa frequency remains smaller than the 
microwave frequency . Finally, the range 11, > 10 12cm- 3 corresponds to the overdellse 
plasmas which are of interes t in the single charged positive ions ECRIS and in highly 
efficient ionizers in particular for short lived radioactive elements. The Oebye length 
is this case is negligible as compared to the pla-snla ra.dius and the pla.~ma frequency 
generally surpasses the microwave frequency. As one observes in this diagram, in the 
ECRIS plasmas which are of practical interest , the collective approach is lInavoidable. 

One such trial has recently been made in analyzing colll'c tive mechanisms of ener
gizing electrons in ECRIS plasmasp J. In the pre~pnt article such univ ersal collective 
phenomenon as flllctuating electric al fields and their effect on plasma confinpment 
in a magnetic mirror configuration (cusped or lIon-clIspeo) is discussed on a level of 
numerical evaluations. 

II. Fluet uating electrica l fields in p lasmas 

Although macroscopically the plas1IIas ~re 1Isually regarded as cl(,rtrically neutral 
media (which means that the mac roscopic ekctrical fields are null), the microscopic 
electrical fields s(."I'n by every individ ll al chmged particle are quite significant, ill 
particular in ECRIS plasllla.s. 

To have all idea abol1t the <1.("t.l1all('\"('1 of tIl(' lIIicroscopic <>lcctrical field's s trength 
affecting the electron lllutiOIl hetw(,(, 11 two slIClTssive collisiolls with other particles, 
let's remember th<lt if olle appliC's tIl(-' viri"l theorelll of Causius to a plasma, one 
should recognize t.hat the iW('rag(' kiw,tic C1H(1)!;Y of pl"';llIot electrons is equal to the 
average put.ential (,lIcrgy of the d('ctricid fields S(, ('11 by dC'ctrolls. 

IV kin = IV ~"l (1 ) 
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This principle has been successf1l11y "l'l'lied by Artsilllovich and Sagdeev[2] to analyze 
Langmuir waves in pla.slllas. In jli1rticubr they have found that the kinetic energy of 
electrons in a Langllluir wave electrical field is 

Hi kiLl nmu; (2)
2 

while the Langmuir wave potential energy is 

E2 
(3)W POl = 871" 

Here n is the electron dt>nsity, m is the electron mass, 11< is the oscillatory electron 
velocit.y, E is the ekctrical field alllplituue* 

In fact, tIl<' equality in average bet ween the potential and the kinetic energie's den
sities in phLsllla waves, which follows from the virial theorem , becomes DlOre ev ident 
if one i1l1agin\:s a p};t.Sl11Cl uot as a mixture' of charged partides o nly, hut as a m ix ture 
of chargf'd p,lrt id es (elcct.rons awl iOlls) and quasi·particles (plasmons and phonons) 
as it is gencn tl ly a("c ('pted in ll10uerIl pla,sma physics[ 6]. In t his m ore general model 
all equilihrium bt'twct' l1 tIle pnrticles (kinetic energy carriers) and qnasi-part icles of 
fields (pot cntiCll t'1 l<'rgy cMriers) }wcnlllC'S CI n<ttural manifestation of the virial t l!eo
lTlTl Clnd ony type of plasma inst.ahili ty appf'ars as dese'luilibrium betwf'en the kinetic 
and the potential ellcrgies' densities, which fillally leads to an equilibrium state. 

In this contcxt there me no obvious re').SOllS why the electron density fl uctuations 
hewing a ther111al origin cannot be treated as a plasmon gas which is nothing other 
thilll a stochastic Langmuir oscillatory therlTlal background. If one were to put oneself 
in this positioll , one can replace tI lt' kinptic energy density in the form of eq. (2) by 
the thermal energy density: 

H1kill = nl.:Te (4) 

I.: being the Boltzlllann constant. 
Then, using eq. (1), (3) and (4) olIt' immcdiiltcly ohtains the fluctuating electrical 

field amplitudr (which is of tlwfllliil migin ilnd therf'fore is unavoidable): 

Ell = (87[lIh'T,)~ (5) 

or 

Ell, kV/Clll = 2.1()-h(IIT,)~ (6) 

Te being expressed in ekctrou·volts, II in Clll- j 

III Fig. 2 C'q. (6) is representec\ grill'iIintlly all(\ tlw typical pararnetf'r ranges for 
three killds of ECnIS me ilpproxillliltcly locilted. As 1lll(' obs.'rves ill Fig. 2, the typicClI 
Huct ua ti llg lllin1lsCClpic clec t.ried field iUlll'li tucks rilllg" mound 2 k V / cm in negative 
ion ECTIIS, iwtwecll 5 kV jClll awi 10 kV jClll ill Sill)!;k charged overdellse ECnIS and 
betwecn 20 kV /cm ,md 50 kV jClll in llllllt.iply chilr)!;cd ECnIS. 

*Here alld fllrthrr Lhe (~(;SE lllli!s ,Ut' Ilsnl i1'1l0[ sII[Hllal,·d. 
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These quite n'lll,llkable fidu strr'ngths arc the result of it lo ca l uisturbancc of t he 
plasma l1('u tralit.y. Due to the therma.l chancetc'!" of t his uisturbance, the averaged 
local potential energy of electrons in the steady s ta te cond ition is equal to t heir 
average kinetic (th('rmal) energy so that 

I.:T< = cU" (7) 

where e is tlw electron charge, Un is tIlt' fluctuat.ing poten ti al . Using eq . (7) and eq. 
(5) one ca n easi ly collv ince oneself that the range of fluc tua ting elec trical fields En is 
of the order of t he Dcbye length. Indeed , accOiding to eq. (7) and eq. (5), the range 
IS 

Un 
Til ~ - = 

Ell 
I

(I.:Te/ 871"e21l)'i = 0.7· Td (8) 

where T d is the Debye length. 
The typical time of thp field fl ntt lJ ations call be e ·,tlaa ted dividi ng the range 1'n 

(eq . (8)) by the thermal electron velocity u = (2 I.:Tc/m)t: 

2 I 1 (
Tfl ~ (11I/1671"f 1/)2 = 0.5 ·w; 9) 

l.e. Tn is a half-period of Langmuir oscillations. 
So tIl<' characteristi c freqU(~llcy of fl uctuatiolls is the plas ma frequf>n cy. TIllS is in 

agreemell t with the ini tia l bnsic suggestion t hat the thermal fluct ua tions can be seen 
as a Langmuir oscillation's thenllil l backgroulld. 

Figures 3 and 4 show respec lively the lall)!;C' 1"11 alld the time Til of the sto chastic 
electrical fields provided by tlwrm<ll fluctuations. As Olle concludes from Fig. 3 the 
electrical field is locali ;-;ed in the cells of small diametcr, ranging betweell ~0.5 m m 
for multiple charged ECnIS alld ~ 0.02 mm for single charged ECIUS. The typical 
range for neg<ltive ion ECRIS is around ~ 0.2 n1111 being in the m iddle be tween the 
single and multiply positive ion ECnIS cases. 

The ty pical time for stochastic electrical field rangf'S between 5 psec in single 
charg~d ECmS and 50 psec in negative ion ECRI S, the m ultiply charged ECRIS 
ranging somewhere around 15 psec. 

The above consideration gives an 11l1US1lnl picturf' of an ECnIS pla.sma which, al
though macroscopically llf'utral, is still filled by extremely int.ense stochastic elect.rical 
background. According to t.his lllOdd, the pla.snl<l electrons are seeing around them 
a rather violent electrical 'tl'l11pest' and are llot freely fl ying from one collisioll to 
another, as one illlilgines from '1 c);\.ssical kinetic nlOdel. T his very s trong stochastic 
noise is not CI resldt of SOllle kiud of plasllla illst.elbilit.y but is a. t.hermal effect.. For this 
reason it ("anllot bf' regill'ded as a pl;lSlll<l t.llrillllell("(> which cOllllnonly is a rf'sult of 
degenerCltioll of SOlllr kind of iuitiitlly colwrcnt plasnw instahility having in its turn 
the origin in the kinetic n1l11·rquiliiJrillln. The stochastic electrical noise discussed 
ill this articlr exists in any kiwI of plilsllw, c,,'en in thosf' which are in the thermal 
equilibriulll. 

The stoch;lst.ic "lc-ctricd iJacl,gr1lulld is llot C'i\.SY to din'ctly oiJserve experimentally 
because of very slI1lrt Chill·ilcterist.lc t.inw illld rilll)!;" of tIl<' 'Langmuir cells'. On the 
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other hand Sl\ch a st l'Onp; , 'I,'d,j'()llJilP;lH'tic noise ,holdd significant.ly affect the trans
port plwnon1(,llil which in tllnl are dc't<'l'nlinaut in the energy and particle confinement 
so ill1portant ill each type of ECnIS . 

In the following s(,ctious t.1l<' effect of ~t()cll"st.ic Langmuir fluctuations will be 
applied to the nmgnetic confiw'lIl<'nt. in order to scc how mllch the physical predictiQn~ 
made on this basis an' cOllsistellt with the well kllOwn experimental results, 

III. Dilfusioll across t he magnetic tiLles 

The diffu,ioll as a transport plWnUlll<.'lloll whirh is controlled by collisions should 
be affected by the stocha~tic electrical fi,'lds of thermal Langmuir fluctuations, To 
evaluate t his cffect, let', start with tlw most general definition of the diffusion coef
fici ent coming from the kinetic theory of the gases: 

D='\·v/3 (10) 

whcre ,\ is till' ch"ract(·rist.ic lellp;th, I' is the ch<lract,(Tistic velocity. In the classical 
diffusion t.lwory ,\ is the Ine<lll fr(,(, pat.11 I)('t w('('n two sllccessive colli sions, v is the 
thermal velocity. In our case bot.h 'lll<lntities, ,\ and t>, are nut su tra nsparent in 
physical nature. Inde('d, siuce in this section we are interested in the transverse to 
the lllagnetic lincs lllotion, the thennal velocity is llO longe'r characteris tic because 
without collisiolls a charged particle with allY thermal velocity doesn't move across 
magnetic field being ill rotation around a given magnetic line (we suppose for ~implic
ity the nlagnetic field to be homog,e lwou~), Tlw unly mechanism propelling a particle 
across the magnetic lines is the drift in the crossed fluctuating electrical fielel En and 
the static magnptic field n. So, in our case we call write 

/J = dEIl/B) (11 ) 

c beillg the spe('d of light in the frc(' span' , 
As for tllf' charact.eristic length, we will ddinf' it Int.er, writ ing it now ill an implicit 

form using the Dehye length: 

,\ = A . I'd (12 ) 

where A is an unknown (,Ollstant which will he determined below. 
Thcll we obtaill from eq. (10), (11) and (12): 

D = 0.47· .4.. (el B)(kT< / c) ( 13) 

This expn'ssion is very silllil<tr to till' diffusioll codticient of Bolnll who postula ted 
that 

D/3 = D.OG · (el B)(/.:Tel c ) (14) 

This last expression has hepn expcriull'lltally fOllud to 1)(' uuiversal ill a very large 
band of plasma paranwters frolll thc t.hermal alkaline plaslllas to the ECn or ohmic 
heated Tokamak plasmas [3], 

The fact, that t.ht' s t,()chast.ic Langlllllir Hllctllatioll c,)jj('('Pt. results in a coefficie'llt of 
the perpendicular diH"tlsillll which h,lS b('eu "XI)('riuH'nt;dly coufirllled many times in 

G 

various p];.\.snlil cowlitioll , is ,111 indirect jllstitintl ion of t he ilj,ove proposed sto('lta.stlc 
collect ive> fields Illod" I. CUlll paring lllllllerical codfici('ll ts in ('<I. ( 13) and (14) we found 
that A= 0.13 so tha t the 'mean free pit th' tilk,', illl "X plici t. forlll: 

,\ = 0.13/'J (15 ) 

As follow s from "'l . (lG) a notion of 'colli, iolls ' with Huctllatillg elcctrical fields is very 
conditional. Sill(,(' the 'free path' is shorter thilll the D,'byelengt.h, ,til dectron is in fact 
in a kind of p"rlllancnt cullision with a Jar?;(' lllulliwr of SlUT0Il1ldi ng chargcd particles 
which product' in ('ach point <In ,~xtl"'11lcly int"llse st()rha..~tic electrical fid d. These 
10 kV Inn range stochastic fields are a natmal environment in which the charged 
particles 111ove. 

I V. C onfinement along the magnetic lines ( magnetic mirrors) 

Macroscopically, the plasma COnfilH'UH'llt. by t.1l<' nlagnctic mirrors is due to the 
diamagnetic pnJp('r lies of a phL.';ma. tvli<Toscopically, th(' diamaglletism is a result of 
tile magnetic force effect on the trajcctory of a 11loving charged part icle , An isolated 
single charg, 'd part.icle whose velocity Ii is not. ,t.rielly collinear to the milguctic induc
tion vector na.{'quires it peqlt'udicular cungy aud loses the slime amolUlt of parallel 
energy due t.o the l1,m-working fraction of the Lorentz force: 

FL = (c I CHi) x n] (16) 

being respousible for the confinelllcllt cffe'ct. 
However, according to the above mod,'l, <t particle ill a pla<;ma is subj('C'tcd not 

only to the nHlgnetic force but abo to a flll ctllat.ing electrical force: 

F = Fit + h (17) 

In cout.rast to the c".,e of peqH'udicllhlr c(Jnfiw'lllcnt, 1I lf' 1l1"guetic and electrical 
effects nS seen in eq. (17) are <ldditivc and not lllldt.ipiicat.i v(' as ill cq . (11). It means 
that two extreme cases ,·xi,t.: 

celse FlI « FL (18) 

when particles are Ilot interactillg between th(,lll (single> particle approximation is 
valid in this case) and 

c'1.'e FlI » FL (19) 

in which the mirror effed call Iw jj('glccted . 
The fronti er separating tlH's(> two ,'xtn'lll(.' CitS"S is, obviously, at 

Fli = FE. (20) 

To digiti~e t.he conditioll "<[, (20) l<'l\ replac(' tit<' right. side by the maximal value of 
FL : 

FlLliiX :'(1' n (21)
I, e 

G 

http:lllldt.ipiicat.iv
http:st,()chast.ic
http:ch"ract(�rist.ic
http:t()cll"st.ic
http:significant.ly


v being the th('nmd velocity 

v = (2kTe/m)t . (22) 

Then, using eq. (5) and (lG) we obtain eC]. (20) in the furm 

II = (41r1l1TlC
2 )t (23) 

or 

B(lUlog • .,•• ) = 3.2 x 1O-6n t (24) 

where n is expressed in cm- 3 . 

Equation (24) is represented graphically in Fig. 5. It is seen that at the mirror 
field ranging around 1 kG which is typical for 2.45 GHz pla'ima sources only densities 
« 1011 cm-3 om be well confined by lllagnetic mirrors so that the widely used 
overdense 2.45 GHz plasmas are frpely flowing through the mirrors foll owing magnetic 
lines without being reflected hy the magnetic gmdient. 

As for 10 GHz ECn plasmas , there tlw ty pical peak magnetic field in the mirrors 
ranges around 5 kG and therefore, accol(ling to Fig. 5, the confined density should be 
« 2 x 1012 Clll-3 TIl(' typically report.('d value of the confined density in sllch ECRIS 
for llIultiply charg{~d ions doesn't exn:'cd 3 x 1011 cm - 3 which is in good agreement 
with the above limitation. 

It is entertaining that lllultiplying both sides of eq. (23) by the factor of e/me, one 
ohtains the condi tion (e'1. (23 ) ) in the form 

We = Wp (25) 

We being the cyclotron frp<juellcy W,' cll/me. In these terms the condition of a 
norlllill parallel lllirror confiuement is 

w , » wp . (26) 

In the (ilSe when 01le desires t.o transport. a deuse plasm a along a magnetic canal 
with au illcreasing magnetic field without reflection, onE' should satisfy an opposite 
condi tion 

We « Wp . (27) 

Thp cessat.io1l of the lllilT()r cOllfilWlIlellt, whcu tIl<' (\ensily becomes as high as 
the plasma fr('qu(,1Icy is d()se ()r hi!';lHT t lli\n tIl<' ryclotron frequency, is in good 
(juantitativp a.grpPIllf?ut. with t.lw experilllental ohs('rvntions[4]. 

V. Discussion 

As Olll' could see, tIl<' (ldopt.C'd 1l10dcl ill wllich " pl(ls1lla is permanently filled by 
quite strOll!?; stochastic collective dect.rical fidds gives adequate physi cal conclusions 
which are in agn'('U)('llt wit.h ind('p"udelltly ohtain('d ('Xl)('lilll('nt.al results. 
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If one a(,(,ppts this lllodel, one should n'coglli z(' t.hat an electromagnetic field intro
duced into a pla..'l 11 a from outside '.dn affect the pla_~ma state only in the case that the 
strength of this field considerably surpa..'ises the elec trical noise, i.e. when it ranges at 
several tens of kilovolts or more. It is known, nevertheless, that an ECR p lasma can 
be sustained by a very weak microwave power (few watts an(\ even less[5]) at which 
the vacuum electrical field amplitude is sevpral orders of magnitude less than the 
stochastic plasma. fields. This seeming contrad iction between the model and reality is 
easily eliminated if one remembers that at the resonance (ECn or Upper Hybrid Res
ona nce) the energy compression takes place alld , due to this effect. , the electrical field 
amplitude drastically growsp]. Such an energy densification can occur not only at 
resonances but also at cut-off conditions, for example in a non-magnetized microwave 
plasma or in laser produced plasmas. In t.his case, although the phase velocity of the 
incident electromagnetic wave 

Vphase = e(1 - w~/w2)-t (28) 

infini tely increases at Wp approaching to w , the group velocity 

(1 1 2 I 
Vgroup ~ C - Wp/w )2 (29) 

becomes zero at wp = w providing fondi tions for the energy densifica.tion[ 1]. 
In view of this, if one excludes froll! consideration the microwave discharges fed 

by except ionally high power microwave supplies providing elec trical field ampli t udes 
of the ordf" r of 105 V /cm or more, the convt'utionally usf'd microwave sources can 
sustain a plasma if a strong deceleration of the incident. e.m. wave occurs somewhere 
inside the plasma due to a resonance or a cut off. In this case a strongly enhanced 
electromagnetic wave transfers its energy to the pla..~ma via linear and/or non-linear 
resonant mechanisms of coupling with the collective degrees of freedom as discussed 
recently in detail elsewherep]. 

As one could see frum the above analysis, bot.h parallel and perpendicular confine
ments a.re highly dependent on the stochR_~tic fields. The value of the confinement 
time is particularly important in ECflrS for lllultiply charged ions. Let us for this 
reason analyze some more in detail this particular case. 

In mul t icha.rged ECflIS the pla~ma is nmkrden~e so that the condition eq. (26) 
is satisfied and the mirrors work well. In t.h!'s" condit.ions the electron confinement 
is limited by t.hE' stochastic fluctuat.ion diffusion displayed with the Bohm diffusion 
coefficient DB given by eq. (14). Note that in the nwtalli~ chamhers the perpendicular 
diffnsion of ions and electrons is independent I)('cause of the short-circuiting of the 
ambipolar fields by the elld plates (so-called Simon diffn~ion regime). For this reason 
the electron confinen1E'ut time T, c<ln be ("~tilllat('d usillg a classical relat.ionship 

1\.2 
(30)T, = DH 

I\. being the diffusi()n leugth which is of tIl<' ord('r of tIll' chaluher radius R. Taking 
into account eq. (14) <lnd replacing; 1\ by fl Wt' obt,lin an approxilllate pxpression for 
an electrou coufint'lllC'llt tillle in ulllJtiply chargee! ECflrS 

ll(kilo!';Russ) 
T , ~ 1.7 X 10-4 x fl" (c( 'lltilllder)=---:---'-'---' (31)

T,(elcctlOn - volts) 

s 
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For a typical ]() GHz 1I1111t.id,,'q.~l'd ECI1IS w,· rall pllt R. = 3 CIII B=3 kG, T. = 
5UO "\' wbich giv('s T, = 0 IN't". At till ' typic,II pla.:;llla d"llsity of II = 3 x 10"cm-3 

alld tlli' core plaslllCl vollll\le \l = lU ClIlJ t.I\I' tOliIl ,'ll'ctron loss curn:llt is 

1;1",,) = cllI'IT, = SU l1lA 	 (32) 

The enl'rgy flux Icavillg tlI" plasllIa duc' to thl'sc losses is 25 W which is quite a 
rea!;ollable vallie. 

To II mill t.aill tlI(' nega ti VI' pot.c'lIti,I! , which is lII'c('ss;ny to provide t.he ion confi ne
mcnt, an er[llivalcnt elcctnJII CUITC'lIt should be injc'rted into the plasma froJll out side 
ill adelit.ioll to t.11(' l'iectrolls flOlll the ioni"~'ltion 'in situ'. The de electron curren t 
conlinp; froul t.11C' lateral wa lls wltich has indeed iJ<>en measured in [7] ra llged a t 13.5 
mAo This vallie is of the s1tnI(' oreler of mil!!;nitllde that gives all approxinlitt(' cstinla
tioll (eCJ. (32)) if om~ t akt!s into at·COIllIt t.he 'ill situ' ionization. It is also stated ill 
[7] that "II art.ifirial CIlt- off of t his rlllTCut resulted in ,m immec.l iat(' colla pse of t he 
pla..sma, i.e. all C'XtC'rIl,I! dectlOlI illjectioll illto a IIlllltiply charged ECIHS plasma is 
provcd to he of vit.al illlpmtallc(' fm it. The uecessity of sup porting the fore ECnlS 
plasma by all ('xtcllIal el ..ct.roll illj(,ct.ioll is it direct indica tion on a CJuite short confine 
llIellt tiuw of l'\cctnHl";. To cxplaill t.his vcry jlOOl· ..lectroll cOllfinf"Jlwnt the concept 
of s tochastic wllectiv(' fi,'lds, wllich ,l2;ivc'~ t.he CJl\(U1t.itatiVl'ly reasoJlabl(' ('s timation of 
the confin(,lIH'nt. tillle' aud rclat,ec\ p'lr'IIIICt.I'I·S, S('eillS to he adeqllate. 

The direct dd('rtioll of t.he st oc\lilst.ic l'l('ctrical fields in the ca:;c of a low density, 
low tel1lpcmt.1lr1' pl"sllIa call Ilt' providI'd by a silliple prohe sizC'd smalle-r thon the 
Deb)'e I('ngth and maint.;J.incd at optillli <:c'd potential in order to reduc(' the plasma 
sheath effect. For example a plasnla with /I = I x IO~ CII1- 3 a nd T. = 5 eV has the 
Dc 'bye IC>lIgth rJ = 1.7 mnl so t.hat a spherical prohe of 0.2 to 0.3 mm in diameter 
immc'rs('d in ~Ilrh a plasllla wClIdd 1)(' appropriate> to receive a signal from fillctllations 
with the amplitude of a hout 5 V in tlw frequency range around 90 M Hz. Tlw electrical 
field str('ngth in this c"sP is abollt 4(:, V ICI1l. 

The high density awl/or high tC'IIIIH' ratllrt' pla.sllliL~ ;Ire much Ilion' difficult for 
such eX lwril1lcnts becallse the prohe silollid 1)(' vcry sllloll Ctnd should support vcry 
high ('1I(T!,;y fluxes. In this case "" alia lysis of the optical spectral lines' shape seems to 
UC il hop eful way to d(,tect high oillplitudc', high frt'fju('ncy stochastic Pled. rical fields 
affedinp; atomic ,md iOllic qllallt.1I111 st.atcs. It is likely tlrat at the stochastic fields 
alliplitudc of sc' vc 'ral t(,IIS of kV In ll t.h<> Stark c'ff('et will give the res lIlts ::;imilar to 
those in a st.rollg lIlicww,t\'e fil 'ld : th(' ap()('aroIlCC' of satellites aroulld tire fllndamental 
spectral lilies. In the C<l.!;(' whell t.11C' stoc\lIl..';tic electrical fields become of the order 
of the atomic ficlds (~ 109 VIcm) tlI(' atOlllic spcctral linces should di sappear , being 
rcpl<\.Cl'd hy cOlltinllOllS spect.rlInl. Acc(lnlillg to (G) ill this cas(' t.lw (!LTr ) - parmneter 
shollid be of t.he Older of S . l()2:! ('V IClII :1 to 1I',lch .'lIch high fidd <t\lIplitlldes. Such 
condi tions an~ realizec\ ill ,I las('r plasll"" for cXillllple at. 1/ ~ 5 . lU20 cm -3 and 
Tc ~ 1 keY . 

VI. CO llcJ lIs iolls 

It is proposed thilt. til<' t.ll<'rIlI,1\ HllnlHlt.iol\s ill a pbSlllil producc' illt.ense' s t.ochastic 
electrical fields "ff('ctillg t.lw 1I1ogl\f't.ic cOllfillC'lIH' llt and th(' rf h('a t ing. III ECnlS the 
typica.l va ltres of UH'S(, fields rilll!:\c ' l)('t.lI'c'c' n I kV IC I1l ;lIld 50 kV Inn . The charac
teristiC' rang(' <Iud frequeucy of t lwsl' stDcllast ic fields ;In ' t.1\(' Dehyc length and the 

o 

La llgllillir fl""[lu'llcy. TIl<' stocll<lstir ('lI'ctrir,II fi,'lds arc lIot a r('s ult. of SOIlI(' killd of 
pla!;lIla illstability Inl(. <Ire il tllCrIllill dfert so tb,lt t.l\('y are' pres(,lIt ill allY killd of the 
eqllilihriulll 01· 1I001-equilibriulIl plasllia olld ill"(, 1Il1Clvoicbllle. 

The [leqwlldiclliar elec t.roll diffllSiulI di,pbys a., a result of the storiliL,tic C'1('ctricCtI 
fields wi th thc ' ('u hilllced rate clloHlcterized by tl\(' DollllI diffllSioll codficif'lIt. Duc 
to tlw stochast i(' electrical fic'ld s the nlllrOl" collfilU'llI(' lI t IWcolllcs illeificiC'nt if t he 
p lilsllla frequcllcy is of the order of or high('\" thall tltr. cyclotroll fr(,<]llcncy in Lite 
mirror. These quantitative collclusioll' of tb(' stoch,lstic electrical fi elds' cOllcept a re 
in good agr('c'llIcn t w ith the illd<' PI'IHlcllt expc'lilll"lItal dCtto oht.ailled e\s('when ·. 

The applicat.ion of the stochastic el('ctrical field s COlwc pt to th(' lflul t i-charged 
ECI1IS plasllI;Ls result:; in pr<>dict ioll of the fllll(lalllc'lItal illl[lortallc(' of the pxterllal 
elec tron illjectioll illt.o the core ECI1IS plasllia as it C()lIs..qllc~ llce of the stochas tic 
fielcb cuhanccd Iwrpcndicular d iffllsioll . 
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Figure Capt ions 

11 angC's of dC'lIsit.i('s II'llC'n: titc illdividual or tit(' colb:- t.ive IlIodl'ls arc valid in 
tile C"SI' of lU GHz ECmS. 

2. 	Flllctllat.ill,l2; electrical field ilIl1plit.lldc: as a fUllctioll of plasllla cic-lI::;ity of three 
valllc 's of t.11C' dc 'ct nlll telllpCTiltlire. Typica l condit.iol ls for various killds of 
so urces lall~e illside th(' ellyp.'c's: () Ill'gati vc ' iOIl ECflIS, 2) multiply charged 
iOll ECI1IS, 3) sillgle cllillgC'd po~itiv(' iOIl ECI1IS. 

3. 	 l1 allgc of HlIctU'It.ioll" ;It ]() (,V, lUU eV ,lIId lOOO c'V 1'1 ('('I. roll t(,llIjH'mtmes: I) 
Iwgative iOIl E C m S, 2) lllltltiply ch;lI~('d ECmS, 3) sillgi" charged ECmS. 

4 . 	Charact.c:ri.,t.ic tilll(' of Hllctll,ltiollS ,IS" fllllCtioll of the pla.snm dellsity: I) neg
ativc iOIl ECmS, 2) llIultiply ch;lI·~('cl ECHIS, 3) sillgle' charged ECmS. 

5. 	 T he t.lJ('rIllal HlIctll'lt.ioIlS calls('(1 dl'lIsit.y lilliit. fCll· tlw mirror COnfill<'rII(,llt as a 
fllllctiol\ of til(' IIIi1glH't.ic illduct ion ill the lIIirlUr. 
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6. Th C! l"llla l Hllct. ll<1 t.i ollS ("o llt.rolk d j)(Tj )( 'lldic llla r clcct rclll cOll fillCI1Wnt t.ime 
fllll ct ioll o f the lllaglldic fi, 'ld for three differe llt ele ctron kll1pera turf's. 

10 	GHz ECR IS PLAS"'IAS CLASSIFICATION ( T = I KEY, d = 1 C~1 )
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