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The interest to the methods of particle acceleration ir.

plasma recently has grown significantly [1,2j, though some of '

them were discussed already in late fifties and sixties (see

the review article [3J and references therein). Always the |

possibility of production of strong longitudinal electric .'•

fields in plasma is the important factor attracting attention. '

On the other hand, after the appearance of powerful lasers

many new ideas have been suggested for using them in charged

particle acceleration [1,2]. The combination of the both two

methods for production of strong accelerating fields is one of

the promising directions of the investigations. In the case

of beat wave accelerators (BWA), for instance, the longitudi-

nal accelerating field in plasma is created by the superposi-

tion of two parallel laser beams of frequencies Cti
1
 , dig and

wave vectors K, , Kg , satisfying to the conditions сд
х
-Сй

г
~

-Oip, K
t
 - Kg - <*>p/ \Ур - Кр i where Qjp is the plasma fre-

quency, C7p is the longitudinal wave phase velocity equal to

(Xp~C(1~<^p/2Ci>
o
) and it is aseumed CO, ~ GL>

2
 « <tf

o
 >> G)

P
 ,

Ki , K
2
 » Kp . According to the estimates [1,2]

in BWA one may achieve accelerating field gradients ~ lOOGeV/m.
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/

-:ч£ 1эгс of «nicn are iv- .-.е- ., u-j •iiraensions of the Dune;.

riioniZ the X and U - axiii are assumed to be inTiuite, r.:

complete y.ystem of the h.yarogynamica equations and MasweJ'i 's

equations describing the interaction ox thft buncrt with plasm?,

baa the form:

i ав

xot В = с" at T " e n u -

where p = (Tiu/Jf- и
г
/с

г
 » U ia the plasma electron velo-

city, По is the equilibrium plasma electron depsity equal to

the ion density, б is the absolute magnitude of the electron

charge, and 6(t,)
 i 8 t n e

 Heavieide function.

-5-



•!'•••»'•".

-лпь •_'!. l o o k .': с. t - к « о ; . a t i o ? , «£' <:•:• . i / я "••.;•..

ii.T's'. 'elJ'.iof; ""J.ftne i.-c-'-'i.O'Jlc 1яа"-гк&.. ;• o r w- ;

:.:; ;e

. a n ^ i t i f i t ' a m ; : : ; a i . ; : ..>,? o n e s i n g l e v u / . - ? >

~, ifi r.he svav'i 'jiiiaHo " o j . o c l t y c o i r i c i c лпр; w

« Tuen the following oyatam ot' equations

of t^ft d iroensionlaae momentuiii Q -- p/:•'"•<. i 1

f u r

ч-j..'. arnergc-

Р'Л+р

-UP

'с •'

i 4

1 Л ' J 4 ! 7-.

T'iie e x c i t e d ^ь\."? w i l l s p r e a c ; w i t h a c > n ; t ? r ; мт:.- i : : :».-

. f o r t h « g i v e n p a r a m e t e r s ) , i f t a c - i e c t r o n t . u n c ; n c v o ^ •'• i t h -

):.it a e i ' o r n i a ^ i o n wnicr : i s p o s s i b l e o n l y i r trie cat-? \vh ;:r a i.:.

'.pe c o m p o n e n t s of t h i e l e c t r i c f i o i d {£ i n . 3 . i i t tf:о !:.<::с;: аг.-

• o u a i t o z e r n { з е е л е с с . 7 fA\e.nd veVerer.ce ir-srvin). Szr

: u c r c o n d i t i o n s i r o r a ( 1 ) a n d <2j o n e o o t a i n a T o r . . i i e r e g i o n



inside the bunch:

~й~ Jy V f -г Ш • (j'&g ?

'• 3

, о

I.e. toral charge and current neutralization of Erie bu:ueh •:'.••..

place.

To derive the solutions behind the bunch (j?< ~°/2) we sa-

sume in (2) П
о
= О and use continuity conddtions for о (Ъ)

and dp
 ?

(Z)/dif
 o n

 ̂ ^
е
 bunch boundary. These conditions

result in the fact that for (3 < f the first two equations

of the system (2) have only zero solutions^ f
y
 = P = 0

Assuming p = P = 0 in the third equation of (2) and inte-

grating it we obtain the following implicit expression for the

dimensionless momentum О taking into account the continuity

conditions:

where

p _ - i l s / / 4 p J2L + /, _fl2) J2s_
JZmox По J / V "/ c По U .P / ni

The wave length 2> of the nonlinear oscillations excited

by the bunch is given by the expression:
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The maximal fiwld value (at P - Q, ' X

y?

on j)f -factor of the relativistic bunch as "" Д " зпг! -лчу п.-

high enough.

The value of the bunch density По - По/2 is critical at

which the wave front becomes steeper and then overturns
t
 The

useful high field value E z
max

 =
 E? (f? " ^

 i a
 determined by tf^

condition (12), i.e. by such values of tf at which the mag-

nitude 1 ~ 2 r?g /По is sufficiently small (high values of

/ ), but the wave still does not break down.

Let us note that the maximal energy density of the exci-

ted wave equals to ^ г ^ а х / ^ ^ " when ПР~ П
о
/2. and

coincides to the bunch kinetic energy density Т\
С
СПС

1
' ( }f~ 1)

In the limit ting case Q
 < < :

2 ^

(14)

where (Г - Llrn Пр Q/2 and one obtains the solu-

tion for the charged plane [7,9]. It is песеззагу to mention

that in general сазе the electric field in front of the "bunch

(Z. > d/2) is zero.

1
 In the case of N relativistic periodic bunches, in or-

der to provide stationary solution it is necessary to keep the

distance between the bunches equal to an integer number of

wave length while the'accelerated particles must be injected

during tne time interval between the bunches in a phase corres-
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ponding to acceleration. In such a case there is no gain in

the accelerating field compared with the case of a single

bunch, and it is provided only the required repetition of the

acceleration processes.

In conclusion of this note we will give one numerical es-

timate: for пр ~ По/2 Rt 10 the maximal acceleration

rare is equal to QB
ma>t

 sz. 2.4.10~' % GeV/m, which for

/ й; Ю
4
" gives еНтлу «* 24
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