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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 electrons in 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 allows the 
possibility for high acceleration rates due to existence of 
modern powerful lasers. 
 

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 a laser 
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 angleα . 
We assume that the accelerating wave is propagated along 
axis z, electric field E  of a wave is directed on axes y, 
and magnetic field H  - on axis x. Then:                                                                  
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                               kzt −= ωϕ ,                                 (2) 

where, ω  is frequency of a wave, ck ω=  is wave 

number. It follows from the equations of motion of 
electron in the field (1) of wave that:                                   
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where 2mcεγ =
γevmp =  and ev  are the momentum and velocity of 

the electron. cv yey ,=β , cv zez ,=β . yev ,  and zev ,   

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

    bconstzz ==−=− )1()1( 0,0 βγβγ ,               (6)   

    fconstmvmvp xexex ==== 00,,, γγ ,             (7)                  

where 0γ , 0,zβ  and 0,,xev   are initial values of 

corresponding parameters. To simplify, in what follows 

we shall consider the case when 00,, =xev . Then, 

according to (7) 0, =xev  and the electron’s motion will 

occur  in the  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 γ - factor from 

the phaseϕ . Indeed it follows from (2) that 
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and using (4) and (8) we have                         
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where cmeEm ωξ =  is parameter of the laser 

is relativistic factor of the electron, 

,              (5)                  

→

 

→

 

→ 

→ → → → 

→ 

Proceedings of EPAC 2004, Lucerne, Switzerland

527



intensity. Furthermore, using (6), (9) and the kinematical 

relation 2222 11 γβββ −=+= zy , we find: 

       ∫ ∫=
−−

γ

γ

ϕ

ϕ

ϕϕξ
γ

γ

0 0

sin
12 2

d
bb

d
b ,                   (10)                                                                           

where 0ϕ  is the initial phase of the wave. After 

integration (10), we find the gain of theγ , correct for any 

parameter of the laser intensityξ : 
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According to (6) the constant b  can be written as:                                                       

               αγγ cos12 −−=b .                          (12) 

Using (12), one can find from (11) the angle mα   when 

γ  takes the maximal value: 

 

2
0

22
0

0
2

0

2
0

22
0

2
00

)cos(cos4

)cos(cos4)cos(cos

)cos(cos4

14
cos

ϕϕξγ
ϕϕξϕϕξ

ϕϕξγ
γγ

α

−+
−+−

±
−+
−

=m

    (13)   

The dependence of γ  from the angle α  for some values 

of parameters 0γ ,ϕ , 0ϕ , ξ  is   represented  on  Fig.2. 

From (13) it follows that in case where 1>>γ  and 

1<<ξ  we have: 01 γα ≈m  and 01 γ≈b . 
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Fig. 2: The dependence of the γ - factor of electrons from 

angle α  for: 150 =γ ; 2103 −⋅=ξ ; 0)1(
0 =ϕ ; 

6)2(
0 πϕ = ; 3)3(

0 πϕ = ;  2)4(
0 πϕ −= ;. πϕ = ; 

 
.Now, we can find the dependence of  z   from the 
phaseϕ . First, using (6) and (9) we have:  
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where λ  is the wavelength.  After substituting the 
expression for γ  from (11) into (14) and integration, we 

find:              

( )
)}.2sin2(sin

8

)sin(sin12cos

)]()cos21(
4

cos12{[
2

0

2

0
2

00

0
2

0

2

0
2

00

ϕϕξ

ϕϕγϕξξ

ϕϕϕξ

ϕγξγ
π
λ

−+

−−−+

−−−+

+−−+=

b

bb
b

b
b

bb
bb

z

 (15)                  

The dependence of the γ -factor of the electrons from 

their z-coordinate can be found using relations (11) and 
(15). The dependence of the γ -factor from the z -

coordinate for some parameters 0γ , ϕ , 0ϕ , ξ  is 

represented on Fig.3.  
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Fig.3: The dependence of the γ -factor of electrons from 

z at movement of electrons in the first light band, for: 

150 =γ ; 2103 −⋅=ξ ; ,067.00 =α  4)1(
0 πϕ −= ; 

6)2(
0 πϕ −= ; 12)3(

0 πϕ −= ;  0)4(
0 =ϕ ; 

24)5(
0 πϕ = ; 243)6(

0 πϕ = ; 245)7(
0 πϕ = .   

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

z one finds from (15) for electrons when 0ϕ =0 

and πϕ = . Then the thickness of the first light band is: 
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The electron beam will be accelerated when passing the 

system of light bands if on distance αtgzl vv =  between 

the  i –th and i+1-th bands the phase of a wave changes 

byπ . Because the electron beam passes the distance vl  
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in time iieiviv vzt αcos,,, = , we find: 
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1−i   to 

iγ  and the right side from 1−iϕ  to iϕ , we find the γ -

factor of  the electrons crossing of  the  i -th light band:  
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Using (18) and integrating the left side of the expression 

(14) from 1−iz  to iz  and the right side  from 1−iϕ  to iϕ , 

we find the change of  z - coordinates of electrons  
crossing  the i -th light band: 
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Using the maximal value for max1 )( −− ii zz  (at 1−iϕ =0 

and πϕ =i ) we can find the width of i-th light band:  

             1max1 )( −−−= iiii tgzzd α                            (20)                                         

From (19) and (20) it follows that the value of 1−− ii zz  

and id  grows at the increase of quantity 1−iγ .                                                                                           

 
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:  
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where 0I  is the intensity of light in a direction of the   

incident wave, λθπψ sind=  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 angles dm λθθ ≈≤≤0 . Using (21) we can 

estimate the diffraction angle of the i-th light band. In 

 particular, if  1<<ξ  and 11 1,1 <<≈ −− imi γα  we find 

120 −≈≤≤ imi γθθ . Thus, because of the light 

diffraction we have a spectrum of injection angles (the 

angle between vectors )(θk  and ( ev )  in the given light 

band. For example, in the interval of 20 mi θθ ≤≤  

according to (22), increase of  θ    decreases 2~)( ξθI  

and, therefore, according to (19) decreasesγ . In addition, 

as follows from Fig.3,  the increase or reduction of angle 

α  from the value of mα , results in the decrease of 

growthγ .  For the calculation of effective effγ  that takes 

into account the diffraction of light, it is necessary to take 

the sum )( nξγ , with contribution of actions from 

various )(θξn . Practically, it leads to the replacement of 

ξ  in formulas (11) and (18)  by ξξ <eff  and  to some  

reduction of γ .  

Thus, in spite of small value of  angle α  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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