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In [1] was obtained the model and anaytic describing of the relativistic eectron beam reflection from plasma
boundary. This phenomenon was experimentally observed in paper [2]. Lack of experimental information compels usto
make the new theoretical model. Numerical redisation of this one obtained in present work. Before numerical
investigation the relations described reflection of a relativistic electron beam of finite length and small radius (Lb>>rb)
from vacuum-plasma boundary and given in [1] are made more accurate. In particular, the influence of the posisitive
volume chargein front of the high density electron beam is taken into account.

PACS: 52.27.2t

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 monolithic double
layer, formed by it. In this paper the reflection of the
relativistic electron beam from plasma boundary is
considered. Similar reflection was experimentally
observed in [2]. Namely, the narrow relativistic electronic
beam of finite length, injected in plasma, is reflected at
certain conditions from semi-bounded plasma.

We investigate theoretically phenomena,
accompanying the injection of the relativistic electron
bunch in plasma with density, much greater the plasma

densityn, >>n, .

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 plasma boundary

Outgoing from actua experimenta conditions, we
consider the bunch, which length is greater than itsradius,

l, >>r,. 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 e ectrons 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
chargeis formed, which schemeisintroduced in Fig. 1 by
area, designated by "+". On the bunch dectrons,
distributing in plasma, radia electrica scattering force

- eE, and magnetic force of a sdf-focusing of the
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relativistic electron bunch F ; act. We choose such

parameters of the bunch, that it's self-focusing or increase
of itsradius is not performed. Then following balance of

the radia forces €E, (nb - n0)+ F. (nb)=0 is
realized. Here € is the charge of the electron; E, isthe
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 Fo depends on the
bunch density, and E, depends on the difference of
densities of the bunch and ambient plasma ions. For E,

and Fy wehave following approximate expressions
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From baance of radia forces with the help of these
expressions it is possible to receve for the reativistic
1

V2o 2
bunch g, =¢l- _g: >> 1 presented above condition
Cg
for densities
nb = nogl)2 >> no' (2)
Here Oy, is the relativistic factor of the bunch. V, is

the bunch veocity, C 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, equalszeroat ' = R, we

receive, that around of the bunch the broad area of the
positive chargeis formed
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R, » rb%g >> Ty (3)
N, g

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 plasma boundary, can be the cause of
explained effect.

Let's consider distribution of the electrical field along
an axis 2 of the symmetry of the bunch in the case, when
the back from of the bunch was separated from plasma
boundary at its penetration in the plasma. The distribution
of the electrical potentia of the bunch on the interva
between plasma boundary and back front of the bunch

0<Zz<L,, and also between back and forward fronts of
the bunch, shown in Fig. 2. As it is visble from this
figure, the potential has a dip approximately in the center

of the bunch. As the strong inequaity N, >> N, is
redized, then the distribution of the eectric potentia
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.
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Fig. 2. The distribution of the electric potential along an
axis of the electron bunch
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The condition of reflection of electron bunch part
like: mc?(g, - 1) <eDf |

Df =Qf max|+|f min|), m is the electron mass. This

condition of reflection can approximately be presented as
follows.

looks where

mc?(g, - 1) <pe¥y n,r? Ing‘r’—bg. 4
b @

Let's present the following condition Je =0y,

which is necessary that the plasma e ectrons do not have
time to retain behind the bunch and thus to neutralize the

positive charge. Here e 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

an o0
mc’g, <pe’n,r’ Ing—bi. (5)
N, g

This condition is more easy executed in the case of the

large bunch density M, and not so large 9. This
condition, in absence of a self-focusing or widening of the
bunch, receives the following kind

2,2 2
w,r, Ing, >2c°g,,
2
» _ 4dpen,
Wy =——,
m

or through full quantity of charges Q = pl’bznb L, of the
electron bunch

(6)
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Fig. 3. Region of the electron beam reflection from semi-bounded plasma
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On Z-axis (Fig. 3) we have shown bunch energy in
GeV, on dim 1-axis — depth of beam penetration in
plasmain comparative units (“400” according to situation
where distance between back front of the bunch and

plasma boundary equal L, , and “1” - 0), on dim 2-axis—

ratio of beam and plasma densities My /Ny (400" —
23,3103, “1" — 14,88 103). Using thisresult we can say
that in borders of our model relativistic electron beam
reflection is strongly depend on Ny /Ny and E, but

almost independent from penetration depth.
We find out that in our model reflecting part of the
beam arrange not more than 50 % in whole investigated

scale of parameters and depend on relations of plasmaand
the beam densities. Reflecting part of the beam depends

on beam density N, anditslength L, .
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OTPAKEHUE HOPMAJIbHO MAJTAIOIIET O PEJISITUBACTCKOI'O DJIEKTPOHHOI'O ITYUYKA
MOJYOI'PAHUYEHHOM IIJIA3MOM

C.B. bapuyk, B.U. Tkaueuxo

B [1] npuBeneHa Mojens W TEOPETUYESCKOE OIMCAHME OTPAKCHHS PEISITHBUCTCKOrO JJIEKTPOHHOIO ITy4YKa OT
[PaHMIBl [UIA3MBL. JTO SIBJICHHE WCCIIENOBAHO SKcrepuMeHTansHo B pabore [2]. Hemocrarok uadopmaunum 06
SKCTIEPUMEHTE BBIHYAWI CO37[aTh HOBYIO TEOPETHUYECKYIO0 MOJeNb. B Hacrosmel paboTe IpuBeneHa ee YhCIIeHHas
peanmzanms. Ilepex YHCIEHHBIM HM3y4YeHHEM OBUIM  YTOYHEHBI OTHONICHUS, ONHCHIBAIOIIME OTpakKeHHE
PEITUBUCTCKOTO 3JIEKTPOHHOTO MyYKa KOHEYHOW MMHBI U Manoro pamuyca (Lb>>rb) or rpanuusr Bakyym-mnaszma,
npezcraBinenubie B [1]. B yacTHOCTH, OBUIO YYTEHO BIMSHHE IOIOKHTEIFHOTO 0OBEMHOrO 3apsijia, 00pa3yromerocs
nepest IMy9KoM.

BIABUTTA HOPMAJIBHO IMAJJAIOYOI'O PEJISITUBICTCBKOTI'O EJIEKTPOHHOI'O ITYUKA
HAIIBOBMEKEHOIO ITIVIA3MOIO

C.B. bapuyk, B.I. Tkauenko

V [1] naBexena Momesb i TEOPESTUUHHUIA OMUC BiAOHMTTS PENATUBICTCHKOTO EIEKTPOHHOTO IydKa BiJ MEXi ILIa3MH.
Lle sBHINE MOCIIHKEHO EKCliepuMeHTanbHO B poboti [2]. HemocratHicts iH(MOpMALii Mo EKCIEPHUMEHT 3MyCHIA
CTBOPUTH HOBY TEOPETHUYHY MOAenb. Y Wil poOoTi HaBexeHa ii uucenpHa pearnizamis. Ilepen ducensHUM BUBYEHHAM
OyImi yTOYHEH| BiTHOIICHHS, IO OMHUCYIOTh BIIOUTTS PEISATHBICTCHKOTO €IIEKTPOHHOTO IMy4YKa KiHI[EBOi JOBXHUHHU Ta
manoro pamiyca (Lb>>rb) Big mexi Bakyym-mia3ma, naBezmeti B [1]. 3okpema OyB BpaxoBaHHil BILUIMB HO3HTHBHOTO
00'eMHOT0 3apsTy, IO YTBOPIOETHCS TIPS TyIKOM.



