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A bstract

lt has been proved theoret cally an d llllm erically that the cross―fleld electron 低価sport and

dynam o effect accom panied by turbulent difm sion are induced by the unsttble localized

electrostatic w aves lrl ttn electron bealn口plasm  sy stem 。

1. In trod llction

F lu ctuatiOn―induced cross‐i eld electron tran sp ort and tサnam O effect ttcom p an ied by

m rbu lent d曲的slon in an electron beam ‐p l益虻n  sy stem  w ere investigtted theoretically 紙還

IIllIIlettcally on the basis of the tran sport equation s and m argnetohy drod浮鳳n ic equation s
14
.

It tta s ve宜fled that in th e i rst stage w here th e llnstable localized electro static w aves are

grow lng  linearly or nonlinearly the cro ss―i eld electron transp ort and th e generation of

cross―i eld electtc i eld are dom in ant
4
,an d h  th e secon d stage w here the electro stt ic w aves

saturate in th e am p lin de the m bu lent difm sion becom es dom lnant in th e fom ation  of the

p lasm a proflle. In thc flrst s協唱e the para1lel and p erpen dicu lar electron tran sp ort gencrates

a large and abrupt dip of the electron den sity and a stron g peak of the clectron tem p erature in

the radial direction o S im ultan eou sly the cross―fleld electric fleld is produced p artially by

th e cro ss口丘eld electron tran sport an d p artially by th e p erpen dicu lar pressllre gradient,that is,

ユe品 ∬ 猛 品 昔慈 若 謎 酪 惣
ψ夕
= 亀窃 ・ 陥 Sm a11 ぃ 針丘d d

tron g cross‐fleld electFiC fleld .  O n th e other

h an d , the p arallel electtc i eld 馬|
= ―
(巧1免 )
/夕亀十亀ろ 耗H/夕 iS Created by th e p arallel

d ectron tranttort and the parand 施 お。lar 伍血 韻on. H ere, 名 = (0,0,名 ) お the

e苅鋼胡 m agnαic i eld in h e z direction, ソ江= (ち ,め ,0) iS t
he cross‐i eld d占丘velocity

of plasm a cL ctronsガ 釧
=
(0,0,比 ) おthe paramel di tt velociけ of plasm  d ectro蕊, and

メm  is the clectron―neutral colllslon frequency .  In the second stage the dip ofthe electron

density,the peak of the electron tem perを油Wie and the elecl閲ic i eld v劉直sh a11■ost com pletely
via the turbulent dinttislon due to the large am plitude electrOstatic w aves.  T he radial and

axial proflles of the electron density and tem peram e and the electric fleld w ere obtained

IILLIIIt t c a lly  a n d  th e y  c a n  e x p la h  w e ll th e  e x p t t m e n ta l o b se郎 証 lo n  in  a n  e le c tro n

b e a E 卜p la SIIla  sy ste III q u a liセ荒iv e ly  a n d  q u a n tita ttv e ly
5-7
.

2. T ran sp ort E qllad on s

W e ttalyze the electron transport arlsing from  due tt spatially localized lm sttble

T he ttm sport equations and m agnetohydro(呼nattdC equations forelectro st封伍c w a v es.

‐
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plasIIla electrons are expFeSSed as
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Whe的晩=(1/8″)(∂(甥名/∂亀))1残ris the wave energy densぉ,た鴫/ら iS the wave

mollllentum dens町, 比=残″¢ゼ/2+助鬼4 /2 and 亀=碗θ亀ツc are the energy and
IIIomentm  densttes of plasma electtns,汗) iS the linett Landau and cyclotron damping
ra te  a sc rib e d  tO  p la sm m  e le c tro n s , れ

i c / 初θイ∽ iS th e  e le c tro n  m o b il並y , 残
=
々」宅 / 初タィ卸

is the electtn diffuslon coefflcient, 毎=卓十イ iS the dielectric constant, and

た= (吃,0,名|)・乳 ShOW S the anom 』ous turbulett difm sion coefflciett and it is asstlm ed

that 宅 =乳0晩/晩(0) and 乳0=れら4 0/″夕亀 (ゑ～1)・ Here, 晩(0) and 4 0 are

し生and tt at す= 0, メ,ノ,Z= 0,respectively. In Eq。(6),the m Obility and the dittsion

of plasm  electrons ttross the m agned c i eld is ttgiected, Ilallnely  耗上 and

71 (乳土亀
十
(ィ∽
/切& )亀支1 )

研e neglected because of ィ切/Q 夕≪ 1 (宅β iS the electron

cyclotron frequency)。 O n the other hand, E q。(3) m eanS that the di£的sion along the

m agnoはc i eld is the am bipolar difm sion . A ccording to E q。(3),the electron i llx giveFl by
E q。(6) is reduced to

ゴ毛= 亀ツタ上~フ生(だろ亀) , (8)
Llnder the conditon of 曳亀≫亀巧1/ち,and the transport eq胡lon(2)becolnes

E quatiOns (1) am d (2) pret? :

生

1子岳:魯を::古告i二?登“十十を↓:皆cだ】:e strOng electrOn tran古科l t or

樋celeration along and across the m agnetic fleld .  口値 genera1 0 ttn
'
s law  of E q . (4)

show s thtt the cross―fleld electtc i eld I乳 is produced by the 的′naltnO effect of the

cross口i eld electrOn 価 丘and the radtt pressllre gradient induced by the electron tran sport.

3. N u lllericaI A n alysis

T he tem poral and spttial developIIlent of the systeIII has been investigated nu ttiei cally

assllm ing that the electrostatic w aves excited in an electron‐beaEl plaSIIla system  tte

L cttzed 胡 』呼 SW h that  晩 ∝eXp [や
2
+ ノ
2
ン
α
2
] ,
加d the backgttm d t t m l

is spatially unifoェェェl initia1ly .  H ere α rneans the bem  FadiuS,  T he ldnetic 、vave equattons
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for elect ostatic w aves aFe aSSllm ed as follow s:

拳=律ぱ+2始ダ拓メル 警=律ん+2托ぷc
セ″ル・ (10)

名/亀 = 0.3 , 生耗0/亀 = 1 , 名1/礼= 0。2 , |ぱ 1/亀
= 0・2 α
の<0) , ‰/1え
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= 0。2 , ‰晦0/1芽

)
|
= 0。1 , れ晦0/汗

)= 0.02 ,

ん晦0/ガ = 0.1(れ,ん< 0), ろ/1ガ |
= 0・8 , α亀 /晦0= 2 , 鴫(0)/4 0名40= 1・lx10

・
,

見 0 / ‰ α
2 = 0 , 1 0

巧
,ゑ
= 1 , a n d 比究

=
V ら 4 0

/ 初c o  ln  E q s。( 1 ) a n d (2 ), ん
= 一
れ , a n d  it is

assu m ed that ん=
―
/2 in  9 ♭ in E q。(6). T huS the tem poral evolution of the

threc‐dim enslollal proi les of the system  w as ottained.  W e show  the only tem poral
evolutions of the tFan SVerse proflles in the tt and ノ directions for the flxed vallle of

ZI%浮
)
1/晩0
= 10・Figure l exhibis the ttmporal evolutitts of the trantterse proiにs

w lthout the  anom alou s t t bulent diffuslon  due  to  the  electrostatic  w aves, w here

だろ。/夕行α
2= 0 , that is, 亀/宅郷 調  4 /4。 versus 1/α and ノ/α are show ll as a

paralneter of降
の
IF=1,2 and 3島r theりproflles of(o,(b)狙d(C),reSpettveけ,where

亀0= 4 (0) and 4 0= 4 (0)・It iS fOllnd that the hollow  prottles ofthe electron density
価d the peak proflles of the electton tem peratllre develop tem porally and axially

(Z directiOn)。 A t the sam e d m e the cross‐i eld electric i eld “ot shOW nl iS Createdo T his

m eans thtt the cross―i eld dFitt Of plasm a electrons (not shOW n) induced by the electrostttic

w aves generate the abrupt inhom ogeneity of rt tial prottle and the strong cross‐fleld electric

i eld . A s w as predicted in the prevlous w ork
4
,the transport equtttions (1) and (2) govem

ち and め,and the gener』ized ttm
's law (4)showS th江ら iS detem ined by ち and

▽メ島・The aXial electric ield tt iS given by Eq.(3)and ろ and tt prOduce tt so
a s  t t  sa tist t  th e  P O iSSO n

'
s e q u t t o n (7 )。 T h u S t t  a n d ▽ .t t  c Fe a te  t t  

v ia ガ x 】 d ri丘

調 the dialnagnetic dri丘.  Figllre 2 is the tem poral evolutions of the ttansverse proflles of

亀/亀O and 亀/4 0 W lth the allom alous uttbulent difttsion, w here 2 αO/‰rα
2 = 10
-6
 and

降
り
lr=1, 2 and 3 forぐめ,Gめand(C). It Can be seen thtt the hollow prottles of tt and
the peak pronles of tt are Sllppressed sigd icantly by the arlom alous turbulent difttslon.

The けpiCal param eters of the cxpettm ent repOrted by the author cr α及
5‐7 are 4 0= 5eV ,

島= 7x10
~3T and α= 1.5x10 3m , and hence α?惚/晦0= 2 is sttsied. From  the

prese正 配回回t tt analysis (F ig, 2), w e i nd that ッ2/耗0 = (0.02,0.02,0.0 1) and

夕E α/ら4 0 = (0・2,0。2,0.00 1) 筑 1汗
)
|
す= 2. T tts, w e obtah 駒 = (1,1,0・005)V ,

娩 = 1.4 V , ど= (6,7 ×10
2
,617 X 10

2
,3.3 ) V /m o T hiS Value is close com paratively to the

expe五m ental value of 耗フ ミ10 V o A lso, the rather sm all values of ち = め
= 0・19 ×10

5

胡 s (10
-3
eV ), V劣= 0。9 X 10

4
 my s (2.3 X 10

~4
 eV ) are O脳 ned . It ctt be concluded that the

obtalned resutts can w ell exp lain the expei m ental obsettatton

３
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