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Abstract. It has been proved theoretically that anomalous electron

transport along and across a magnetic field and an electric field across

a magnetic field can be induced by localized electrostatic waves.

I. INTRODUCTION

Cross-field anomalous electron transport induced by the localized

electrostatic waves excited linearly or nonlinearly in an electron

beam-plasma system has been investigated theoretically based on the

quasilinear transport equations derived from Vlasov-Maxwell equations [1-3].

They show that particle transport along and across a magnetic field can be

induced by almost perpendicularly propagating electrostatic waves in a

magnetized plasma. In order to analyze this anomalous transport

numerically, the velocity distribution function of plasma electrons is

assumed to be the two-dimensional drifted Maxwellian distribution. The

cross-field electron drift is given by  . It was verified that

the parallel and perpendicular electron transport creates a strong

cross-field electric field and a large inhomogeneity of the electron

density and temperature along and across the magnetic field [4, 5].

 

II. TRANSPORT EQUATIONS

We consider the electron transport which arises from quasilinear

velocity-space diffusion due to the almost perpendicularly propagating

electrostatic waves. The transport equations for plasma electrons

are given by
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wave momentum density,   and  are
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J r is the Bessel function of rth order, Ilk= klvlh,, , w~*~=~A nse,2/m, , 

0 ..=Ie,lBo~m,c 9 v is given by the cylindrical coordinate in velocity- 

space, Qjd=( vd, 0, O)= &OX&/~~ =uel equals &?XB drift velocity, gS is 

the background velocity distribution function containing the fluctuation- 

induced cross-field drift vd =/d vv,g, , and a, is the normalization 

constant. Equation (4) satisfies the unperturbed Vlasov equation 

(IEO + (v/c)XBo)*(dgJdv)=O , which leads to the generalized Ohmís law 

for a collisionless plasma B. + f&x&&=0. This means that Eo=(O,Eo , 0) 

is produced by the dynamo effect of the cross-field particle drift 

arising from the acceleration due to electrostatic waves. Transport 

equations (1) and (2) predict clearly that the electrostatic waves 

generate anomalous transport or strong particle acceleration along and 

across the magnetic field ( Pe JPel = kJkl ( E�Jk) with P,(O)=0 ). 

III. NUMERICAL ANALYSIS 

A spatial and temporal development of the electron anomalous 

transport induced by the localized electrostatic wave excited in an 

unstable electron beam-plasma system shown in Fig. 1 has been investigated 

numerically assuming the two-dimensional drifted Maxwellian distribution 

function of plasma electrons 
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Here, g, is obtained from g,o=(n3/2v?e)exp(-( u_? + (~1 - vetI )2)/~tz ) 

a,=exp(-v&/v? e) , and it is assumed that plasma ions are not magnetized. 

The energy and momentum densities of plasma electrons are given by U, = 

n,m,v,2/2 + 3n.kaT, I2 9 P, =n,meve and CL =(vel 9 0 t verl ) . The 

electrostatic waves are governed by the following kinetic wave equations: 
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Here, z is the axial distance, and the linear or nonlinear growth rates 

are assumed to be determined by rN=A exp(--x2/a2 ) + r!ì) and IsN = 

ASexp(-x2/a2 ) + ~(s? . The first terms of r N and IsN (A , A,>O) express 

the linear or nonlinear growth rate ascribed to the electron beam. The 

second terms (#!I , ~22 ~0) are th e 1 inear damping rate ascribed to plasma 

electrons. The quasilinear process by this linear damping accelerates and 

heats plasma electrons to generate the anomalous transport and the spatial 

inhomogeneity of the electron density and temperature. In the region of 

IN , rsN>O the electrostatic wave becomes linearly or nonlinearly unstatble 

and is localized in the region Ixl,<a 9 where 2a is nearly the transverse 

dimension of the electron beam. In addition we employ the following 

continuity equation: 

dn 
_-z- + V4, = 0 9 (9) at 

where IIí, is the flux of plasma electrons given by 

c e = TteVe - Vrr (Dent3 + %V,2ll/bJ - (lo) 

Here, De=kBTe/me ve , V=( d/ax, 0, d/dz) and V,,=(O, 0, Vdz) and ve((ace . 

It can be proved from Poissonís equation that there exists only the 

cross-field electric field Q& . 

The numerical analysis of Eqs. (1), (2) , and (7) - (10) was carried out 

under the parameters of kvt eo/uce =l , k,,/k,_ =0.2 , A/I r6r��l =l.Ol , A,// r(seJ I= 

12 Ts(ke)VteO/~~e)=l , IT!ìí l/0,e=10W3 , ve/llde� 1~5 , aace/vteo=Z and 

~(O;/neoksT.o=10-3. Figure 2 shows the axial evolution of the transverse 

profile of ne/neo , Te/Teo , vel/Zlteo and d!Z~dk~T,~ at I rLeí I t=0.69 , 

where Z/Z, =lr!ì,ëlZ w It is seen that the hollow profile of the electron 

density and the peaked profile of the electron temperature in the 

region of the hollow density profile develop temporally and spatially. 



Electron beam 

FIG. 1. Geometry for the 

electron beam, the electron 

drift velocity aLong and 

across the magnetic field, 

the cross-field electric 

field and the electrostatic 

waves. 
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FIG. 2. Axial evolution of the transverse profiles 

of n, , T, , vel and & at Irl”)It=0.69 . 

The typical parameters of the experiment reported by the author 

et al? 5 are Tea =5 eV , B. =7X10e3 Tesla and a =1.5X10w3 m (beam 

radius), then o,,a/vt eO 22 is given. We set 21elmax/~te0z0.2 , thereby 

E omaxa/EteTeo=(o,ea/vteo )(~e_l_m~~~~teO)ëO~4 is obtained. Thus we get Vo= 

-E - Omaxa- -2 volt and E,r1.3X103 volt/m . This value is very close to the 

experimental value of Vex~ë10 volt. Also the drift velocities ~~~~~~ 2 

0.2vteO -1.9X105 m/s (0.1 eV) and 2/ellmex =(hl,/kl)vel,.x ~0.38X105 m/s (0.004 

eV) are reasonably obtained. 
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