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CROSS-FIELD PLASMA TRANSPORT AND POTENTIAL FORMATION
IN AN ELECTRON BEAM-PLASMA SYSTEM
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Abstract. It has been provedheoretically 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.

. INTRODUCTION

Cross-field anomalous electron transport induced by the localized
electrostatic waves excited linearly or mnonlinearly 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 Eo.=v..Bo/c . 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].

Il. 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
0U.
at

= - 214Uk (1)
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where Ux=(1/87) tgwe)/doe)! Exl? is the wave energy density, RUx/w. the

wave momentum density, U.=/dv Y2n.m.v’g. and P.=/dn.m.vg. are
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energy and momentum densities of plasma electrons, n'® =—¢s * /(d¢k/0w)
(1e=3s7(’) is the linear damping rate ascribed to plasma electrons, and
P. =(P.y, 0,Pcn), R=(ky, 0,kRy), Per=MeNeVer , Pen=meneven . The
dielectric constant te=1+3.¢& =¢'e + it (& =t '+ e , s denotes

the plasma species) is expressed by
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where
a TOcs a
U.(R) = Ry + — , 5)
Un vy vy
J. is the Bessel function of rth order, =RV 0cs, 0%s=41 n.,e/m, ,
wes=les|Bo/msc , v 1is given by the cylindrical coordinate in velocity-

space, wa=( V4, 0, 0)= cEoXBo/B%} =v.. equals [EXB drift velocity, g, is
the background velocity distribution function containing the fluctuation-
induced cross-field drift vqs =[/dovv.gs , and as is the normalization
constant. Equation (4) satisfies the unperturbed Vlasov equation
(Eo, + (0/c)XBo ) (dg./dv )=0 , which leads to the generalized Ohm’s law
for a collisionless plasma [E, + v4XBo/c=0. This means that [E,=(0,E,, 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 ( Pen/Peir= kRy/kRy ( P./k) with P.(0)=0 ).

lll. 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

1 (Vx = Ver)? + VI + (Vg = Ven)?
8 = —,——exp|- - . (6)
Vte Vte
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Here, g. is obtained from g.o=(1r*2v& )exp(-(v¥ + (Vi = Veu )?) /vl )
a.=exp(-vé./v3.) , and it is assumed that plasma ions are not magnetized.
The energy and momentum densities of plasma electrons are given by U. =
nem.v2/2 + 3neksTe /2 , Pe=n.m.v. and we=(Ver , 0 , Ven ) . The

electrostatic waves are governed by the following kinetic wave equations:

AUk

= ZTNUk , (7)
it
0U«

= 27snUx . €))
iz

Here, =z is the axial distance, and the linear or nonlinear growth rates
are assumed to be determined by rn=A4 exp(-x?/a®) + 1 and TsN =
Aexp(-x2/a?) + 1'% . The first terms of ry and 7.n (4, A.>0) express
the linear or nonlinear growth rate ascribed to the electron beam. The
second terms (1§’ , 1'% <0) are the linear 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 ,7sn>0 the electrostatic wave becomes linearly or nonlinearly unstatble
and is localized in the region |xl<sa , where 2a is nearly the transverse
dimension of the electron beam. In addition we employ the following
continuity equation:
in.

+Vl.=0 , (€)]
it

where [. is the flux of plasma electrons given by
[e =neve - Vi(Dete + MoVI/ve) . (10)

Here, D.=ksT./m.v. , V=( 8/dx, 0, 3/9z) and Vu=(0, 0, 0/9z) and ve{oc. .
It can be proved from Poisson’s equation that there exists only the
cross-field electric field E, .

The numerical analysis of Egs. (1), (2), and (7)-(10) was carried out
under the parameters of RUieo/0ce =1 , ka/ky =0.2 , A/11$’1 =1.01 , A,/11\% | =
1.2, 158ieo/1€9 =1, 11 1/0ce=10"% ,  v/17d” =5 , @Wce/Vieo=2 and
Ui (0)/TeoksT.0=10"2. Figure 2 shows the axial evolution of the transverse
profile of 7Ne/Neo , Te/Teo , Vei/Vieo and eEca/kRsTeo at |1 1£=0.69 ,
where z/z.=171% 1z . 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.
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The typical parameters of the experiment reported by the author
et al.*® are T.o =5 eV, By, =7X10"2 Tesla and a =1.5X10"® m (beam
radius), then o0..a/UVi.o 22 1is given. We set  Veimax/Vie020.2 , thereby
Eomax@/BpTe0=(0ce@/Vieo ) Wermax/Vte0)>0.4 is obtained. Thus we get Vo=
= Eomaxa>2 volt and E,x1.3X10% volt/m . This value is very close to the
experimental value of V,.,,10 volt. Also the drift velocities Veimax™
0.2V¢e0 1.9X10° m/s (0.1 eV) and Veumax =(Rn/Ri)Veimax 20.38X10° m/s (0.004
eV) are reasonably obtained.
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