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Abstract

The acceleration of electrons in a system of bands of a
linearly polarized laser wave propagating at small angles
to the direction of motion of the electrons is considered.
The parameters of the electron bunch and the laser wave
are chosen so, that during driving electronsin a band of a
wave, the electric field of a wave does not change its
direction. We derive the requirements for the maximum
rate of acceleration, and consider the influence of light
diffraction on the process of acceleration. It is shown that
the discussed scheme of acceleration alows the
possibility for high acceleration rates due to existence of
modern powerful |asers.

INTRODUCTION

The possibility of the acceleration of electrons by the
laser field in the vacuum has been actively discussed in
recent years [1-14]. In most cases of schemes of electron
acceleration, the electron - laser interaction occurs on
short length. The electron-laser interaction is restricted
spatially because of use of a narrow focal point of alaser
bunch [1-4] or use of narrow bands of a laser light [5-
14]. However, these methods may cause some problems.
At use of the focused laser beam high requirements is
presented to the cross-section sizes of electron beam. At
use of the light strips, proposed in some papers, there may
be some problems of phasing of the laser beam in
different strips. In the paper [1], a scheme is proposed
where these requirements are considerably softened. In
this paper we consider the possibility of the acceleration
of the electron beam by scheme [1] in more detail. We
find the conditions of deriving of maximum rate of
acceleration, correct for any intensity of the laser, and
consider the influence of light diffraction on process of
acceleration.

THE SCHEME OF ACCELERATION OF
ELECTRONS
The principle scheme of acceleration of electrons is
shown on Fig. 1. Here the electron intersects the system
of bands of linearly - polarized waves under the anglec .
We assume that the accelerating wave is propagated along
axis z, electric field E of a wave is directed on axesy,
and magnetic field H - on axis x. Then:
E= Ey =E,sng, H=H, =-E_sng, (1
o =wt-kz, 2
where, @ is frequency of a wave, K = a)/ C is wave

number. It follows from the equations of motion of
electron in the field (1) of wave that:
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where 7y = e/mcz is relativistic factor of the electron,
P=nV,y and V. are the momentum and velocity of

the electron. B, =V, /C,.B,=V,,/C. V., and V,,

are y and z components of the electron’s velocity
accordingly. From (3) follows that

’J/(l_ﬁz):}/O(l_ﬁz,o)zconazb! (6)
px = rnve,x’}/ = rnVe,x,OyO = Cong = f ’ (7)

wherey,,f3,, and V, are initidl values of

e,x,0
corresponding parameters. To simplify, in what follows

we shall consider the case whenV,,,=0. Then,

according to (7) V,, = O and the electron’s motion will
occur inthe plane (yoz).
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Fig.1: The principle scheme of acceleration of electrons
in structure consisting from N light bands.

Firstly we can find the dependence of the ¥ - factor from
the phase @ . Indeed it follows from (2) that

do Kk
——=—(1- , 8
and using (4) and (8) we have
sin
dy _B,sne. ©
dp 1-5,

where & = €E,| /mac is parameter of the laser
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intensity. Furthermore, using (6), (9) and the kinematical

relation % = ﬁz +B2=1-1/y , wefind:

| i S 3ne

where @, is the initial phase of the wave. After
integration (10), we find the gain of the?y , correct for any

(10)

parameter of the laser intensity &
2

—y. =2—(cos@, — cosQ)? +
Y=o 2b( ®o ®)

%1/2yob —1-Db? (cos@, — CosQ).
According to (6) the constant b can be written as:

b=vy—-y*-1cosc. (12)

Using (12), one can find from (11) the angle ¢, when
Y takesthe maximal value:
_ 4y, 702 -1
4y? +E?(cosep —cos,)’
E(cosep — cosqoo)\/ 4+ E%(cosp — cosg,)

Ay? +E?(cosp —cos@,)?
The dependence of ¥ from the angle & for some values

(11)

cosa,,

(13

of parametersy,, @, @,, & is represented on Fig.2.
From (13) it follows that in case where ¥ >>1 and
& <<lwehave o, =1y, andb=1y,.

a, rad
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Fig. 2: The dependence of the 7 - factor of electrons from
agle o fory,=15; £=3.107; ¢ =0;

Po
0P =n/6; 0¥ =n/3; ¢\ =—n/2;.0p=1;

.Now, we can find the dependence of 2z from the
phase@ . First, using (6) and (9) we have:
z

[ty =22 az,

0

(14)

528

where A isthe wavelength. After substituting the
expression for y from (11) into (14) and integration, we
find:

z= L{[yo +%w/2y0b—l— b cosg, +

= > (1+2050,") b9 - 90) -

B(gc05¢0+\/m)(sinqo—sin%)
52

+_
8b

(15)

(Sin2¢ —sin2¢,)}.

The dependence of the Y -factor of the electrons from
their z-coordinate can be found using relations (11) and
(15). The dependence of the 7Y -factor from the z -
coordinate for some parametersy,, @, @,, & is
represented on Fig.3.
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Fig.3: The dependence of the 7 -factor of electrons from
z a movement of electrons in the first light band, for:

Y, =15; £ =3.107; a, =0.067, ¢’ =—-r/4;

¢ =-n/6: ¢ =-n/12; 95" =0;

o =r/24; o\ =3m/24; p{¥ =51/24.

The bandwidth d of the waves can be found using (15)
from requirements that during the movement of the
electron in a zone of alight band, the electric field of the
wave does not change its direction. The maximal value of

z one finds from (15) for electrons when ¢,=0
and @ = 7t . Then the thickness of the first light band is:

dl < )“YOtgaO (1

2b

2

¢ = [2y,b-1-b* + 3 — ).

by, 4by,
The electron beam will be accelerated when passing the
system of light bands if on distance |, = z,tgor between
the i —th and i+1-th bands the phase of a wave changes
by 7t . Because the electron beam passes the distance IV

(16)
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intime t,; = Z,; /V,,; COSc; , wefind:
Alig
2 l)| Z)
Integrating the left side of the relation (10) from ¥, ; to

Z,; = 17

Y, and the right side from @, ; to @, , we find the ¥ -
factor of the electrons crossing of the i -th light band:

2
Vi(j) = 7i(j1) + i_b (COS(Di(jl) - COS(Di(j))2 +

%,IZyi(il)b —1-b?(cosep)) —cosp).

Using (18) and integrating the left side of the expression
(14) from Z,_, to Z; andtheright side from @,_; to @;,
we find the change of Z- coordinates of electrons
crossing the I -th light band:

A
4 —7,= %{ [Yia+ %\/ 2y, ,b—~1-b’ cosg, ,

(18)

&2 2

+ 4_b(1+ 2cos;”) —bl(p, — ¢, ;) -

%(& COSQ; 1 ++/2;4b-1- b’ kSin(Di -sing, ;)
2 .

+gp (SN20, —Sn29,,)} - (19

Using the maximal value for (Z, —Z ;) (@ @, ;=0
and ¢, = 1) we can find the width of i-th light band:

di =(Z = Z_1) ma 1904 (20)
From (19) and (20) it follows that the value of Z, — Z,_;

and d, growsat the increase of quantity ¥, ;.

INFLUENCE OF DIFFRACTION OF
LIGHT ON PROCESS OF

ACCELERATION OF ELECTRONS
We assume that at the diffraction of light, the distribution
of intensity on the directions is approximately described
by the Fraunhofer diffraction, which is determined by the
following expression:

. 2
1(6) = |0[—S'”"’(9)] ,
v ()
where |, is the intensity of light in a direction of the
incident wave, ¥ = mdSiN@/A and d is the width of

the light beam. From (21) it follows that the main part of
the intensity of radiation is concentrated in the interval of

the angles0<O<6, =A/d. Using (21) we can
estimate the diffraction angle of thei-th light band. In

(21)

particular, if & <<land o, =1/7,; <<1wefind

0<6, <6, =2/y.,. Thus, because of the light
diffraction we have a spectrum of injection angles (the
angle between vectors V(O) and (V) in the given light
band. For example, in the intervel of 0<6, <6,,/2

according to (22), increase of 6 decreases | (0) ~ 52
and, therefore, according to (19) decreasesy . In addition,
as follows from Fig.3, the increase or reduction of angle

o from the value of o, results in the decrease of

growthy . For the calculation of effective ¥ that takes

into account the diffraction of light, it is necessary to take
the sum y(&,), with contribution of actions from

various &, (). Practically, it leads to the replacement of
& informulas (11) and (18) by & <& and to some

reduction of .

Thus, in spite of small value of angle & and losses of
intensity of light owing to diffraction the rate of
acceleration of electrons can be high, than at conventional
methods due to existence of modern powerful lasers.
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