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The spatial distribution of the electrical field, accompanying reflection of the relativistic electronic bunch from the

plasma boundary, has been investigated.
PACS: 52.40.-w; 52.40.Mj

INTRODUCTION

In paper [1] it has been shown, that injected in plasma
from an insulated source the continuous beam of the
relativistic electrons is reflected from a monotonic double
layer, formed by it. In this paper the experimentally observed
[2] and close to investigated in [1,3] the reflection of the
relativistic electron beam from plasma boundary is
considered, which, however, is implemented at other
conditions. Namely, the narrow relativistic electronic beam
of final length, injected in plasma, is reflected at certain
conditions from vacuum — plasma boundary.

We investigate theoretically phenomena,
accompanying the injection of the relativistic electron
bunch in plasma with density, much greater the plasma
density ny>>n,. Outgoing from actual experimental
conditions, we consider the bunch, which length is greater

than its radius, Ly>>1,. We consider, that the effect of
reflection is realized on electron time scale, i.e. the ions
have no time to react on fields of the bunch, owing to
their inertness. The plasma electrons under effect of the
electrical field of the bunch are scattered in a transverse
direction. As a result of it around of the bunch the area of
a positive charge is formed, which scheme is introduced
in Fig. 1 by area, designated by "+". On the bunch
electrons, distributing in plasma, radial electrical

scattering force —eE, and magnetic force of a self-
focusing of the relativistic electron bunch F.¢ act. We
choose such parameters of the bunch, that its self-
focusing or increase of its radius is not performed. Then

following balance of the radial forces eE.(ny-
No)*+Fmi(ny)=0 is realized. Here e is the charge of the
electron, E, is the transversal component of an electrical
field, created by the bunch and plasma ions at its electron
evacuation in a radial direction from area of the bunch
propagation. In last ratio it is shown by brackets, that F
depends on the bunch density, and E. depends on the
difference of densities of the bunch and ambient plasma ions.
For E; and F..s we have following approximate expressions
E=2Tee(no-np)r, r<r;
E=2Te(n r-npry’/r) , 15<r<R,; €))
Fu=2Te nur(Vi/c)?, 1<ty
From balance of radial forces with the help of these
expressions it is possible to receive for the relativistic

bunch y=(1-V4*/c*)"*>>1 presented above condition for
densities

N=NoYh™>>1, (@)
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Here VY, is the relativistic factor of the bunch, V, is the
bunch velocity, ¢ is the velocity of the light, R, is the
radius of area, from which the plasma electrons are
escaped. From the condition that the electrical field,
scattering the plasma electrons, equals zero at =R, we
receive, that around of the bunch the broad area of the
positive charge is formed

Ro=1y(10/00) " *>>15, 3)

Below we will show that the spatial structure of the
electric potential, created by the bunch and the mentioned
above area of the positive charge at a separation of tail of
the bunch from the boundary plasma - vacuum, can be the
cause of explained effect.

REFLECTION OF THE ELECTRON BEAM

Let's consider distribution of the electrical field along
an axis z of the symmetry of the bunch in the case, when
the back front of the bunch was separated from boundary
plasma - vacuum at its penetration in the plasma. The
distribution of the electrical field along a symmetry axis
of the bunch on the interval between boundary plasma -
vacuum and back front of the bunch 0<z<L,, and also

between back and forward fronts of the bunch
L.<z<L.*tLy looks like
E2)=2Te {ne[ L+ (rH(z-Lo)’) (1 H(Lo+Lo-2)?) > T+
+n,[2z-Lo-Lo R+ (Lo+Li-2)) - (R42%) ]} 4
H=0 , 0<z<L,

U=2(Lo-2z) , Lo<z<L,*Ls
The distribution of the electric potential looks like

O(z)=-2Tte {no[ z(z-Lo-Ly)-
-(Ro/2)In[(z+H(Ro*+2%) ") (Lo+Lo-z-+HRo+H(Lo+L-
2)"?)Ro[ Lo+ Lisk(Ry*H(LoLi)>) 2]]-
-Z(Ro+22)"/2+(Lo+Lo)[RH(Lo+Lo )2 22- (5)
-(Lo+Lo-2)[Ro*H(Lot+Ly-2)*] 221+
+n,0 }

0=LyY/4-(2Lo+Ly-22)/4+
+(16%/2)In[(z-Lo (o™ +H(z-Lo)?) ") (Lo+Li-z+(1 (Lot Lo-
2P) Lt (L) 2 (L) +H(z-Lo) 2+
+(Lo+Lo-z)(ry+(Lo+Lo-2))"?)/2-
-Lb(rb2+Lb2)”2/2 , Lo<z<L,+Ls

0=(z-Lo)(ry*+(Lo-2))"%/2+
+Lb(Z-LU) —Lb(rb2+Lb2) l/2/2,"'
H(Lo+Lo-z)(ro (Lot Lo-z)%) 22+
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(1,2 /2)In[1p(Lot Lo-z+ (1 (Lot Ly-2)?) )L o-z+ (1 +(Lo-
Z)Z)]/2)(Lb+(rb2+Lb2)l/2)]+
+(z-Lo) (> +(z-Lo)?))/2 , 0<z<L,

here L, is the distance from the plasma boundary to trailing
edge of the bunch, L, is the length of the bunch.
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Fig. 1. The arrangement of the electron bunch, injected in
the plasma, and of area of the positive charge, screening
its, in a neighborhood of the boundary plasma - vacuum
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Fig.2. The distribution of the electric potential along an
axis of the electron bunch
The function f(z) looks like, qualitatively shown in
Fig. 2. As it is visible from this figure, the potential has a
dip approximately in the center of the bunch. As the
strong inequality ny>>n, is realized, then the distribution
of the electric potential between the plasma boundary and

back front of the electron bunch is flat in comparison with
the potential distribution in the region of the bunch.
Minimum and maximum values of the potential we
derive, using argument of the function (5), accordingly
Lo+Ly/2 and 0. Then we receive:

%ax=-2T[enb[-LbLO—Lb(Lb2+rb2)”2/2-L0(L02+rb2)”2/2+
+(Lo+Ly)((Lo+Ly)1,7)2/2-
(E2)IN[(LoH(r4+L%) )

X(Lit(1™+Lo") ") /o[ Lot Lo+ (r™ (Lot L)) )=
=Tlenyry, In(2L,Ly/(LotLy)1o) (6)
Quin=-2Tene[ Ly -+ Ly(Ly/A+1,2) 2/2-Ly( L1, 7) 2/ 2+
+(rb2/2)ln[(L0+Lb/2+(rb2+L2b/4) ! /2)(Lb/2+(fb2+Lb2/4) ! /2)/I'b[LU
+Lb+(rb2+Lb2)l/2]]:
~ Tty In(Lo+Ly) Lo/ (Lot 2Lo)Ts (7)

The condition of reflection of electron bunch part
looks like: mc?(Yi-1)<eA@, where AQ=(Pa HPninJ), m
is the electron mass. This condition of reflection can
approximately be presented as follows

mc?(ye-1)<Tie’npry In(Ly/1y) . (%)

Let's present the following condition Y.o>Ys, which is
necessary that the plasma electrons do not have time to
retain behind the bunch and thus to neutralize the positive
charge. Here V.o is the relativistic factor of the plasma
electrons, accelerated by field of the bunch in a transverse
direction. Last condition can approximately be presented
as follows

Tie’nyry In(ny/n,)>mce?y, . 9)

This condition is more easy executed in the case of the
large bunch density n, and not so large V. This condition,
in absence of a self-focusing or widening of the bunch,
receives the following kind

(10)

or through full quantity of charges Q=Tw,’n,L, of the
electron bunch

W1 InYe>2¢Vh.

Q>Luer/2e’In(gp/mc?). (11)

Here ),’=4Tte’n,/m, &, is the energy of the electron bunch.
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BIIBUTTS PEJSATUBICTCBKOI'O EJJEKTPOHHOI'O ITYUYKA BI MEXI IIJIABMUA
C.B. bapuyk, O.M. €zopos, B.1. Macnos, I. M. Onuuienxo, I'.0. Ckopobazamvko

TeopeTudHO JOCTIDKEHA TNIPOCTOPOBA CTPYKTYpa CIEKTPUYHONO TMOJIS TPH SBHIN BUIOUTTS PEIATHBICTCHKOTO
€JIEKTPOHHOTO IMy4Ka KIHIEBOT IOBXKHUHH 1 MAJIOT0 pajiiyca BiJl MEXI I1a3Ma-BaKyyM, 110 CIIOCTEPIracThCs eKCIIEPUMEHTAIBHO.

OTPAKEHME PEJIATUBUCTCKOI'O JIEKTPOHHOI'O ITYUKA OT I'PAHUILBI IIJTIA3MbI

C.B. Bapuyk, A.M. Ezopos, B.H. Macnos, U.H. Onuwenxo, I.A. Ckopodazamvko

TeOpCTI/I‘IGCKI/I HCCIcA0OBaHa IMPOCTPAHCTBCHHAA CTPYKTypa JJICKTPHUYCCKOIO IMOJA TIPU ISKCICPUMCHTAJIBHO
Ha6J'IIOI[aeMOM ABJICHUN OTPAXKCHUA PCIATUBHUCTCKOI'O 3JICKTPOHHOT'O ITy4YKa KOHECYHOM IJIMHBI U Majoro paguyca oT

TpaHUIIbI IJIa3Ma-BaKyyM.
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