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The interest tc the methods of particle accelersticn in
plasma recently has grown significantly [1,2], thougn scome of
them were discussed already in late fifties and sixties (see
the review article [3] and references therein). Always the
pogsibility of production of strong longitudinal electric
fields in plesma 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. 1In the case
of beat wave accelerators (BWA), for instance, the longitudi-
nal accelerating field in plésma is created by the superposi-
tion of twoc parsllel laser beams of frequencies @, , Wy and
wave vectors K, , K, , saiisfying fo the conditions w,~-@,=
=Wp, Ky~ Ka=Wp /Up=Kp  where Wp 1is the plaema fre-
quency, Ob is ‘the longitudinal wave phase veloc?ty equal to
Up=C(1~wp /2wE)  end it is sssumed W~ @, & Wo » Wp,

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

in BWA one may achieve accelerating field gradleanis ~ 100GeV/m.
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Jhe dlang of whnich e Lvooon e imensiong ol tihe  Lunoh
4 bang the X and G ~ axsd are asaamed to be inliuize. T
complete system of the hydrogynamlcs sguations and Maxwelli's

equations descriocing the interaction of the bunch with plasm:

has the form:

It - - N o
é-{-f(uv p*_~eE B,

'LOtE-""“C‘: ‘g—%";
wiB=% 35 ~ ¢ enu -

497 ~- [ a . a :
T eneds (8(z-atF)-e(z-at- )}, (1)

dLLrE=4sTe(no-n)-4STeng {8(3-%t +_§~) -
~8(z-ot-3)}

die B=0,

— —
where pzmu/Jf- ua/ca s, W ig the plasma electron velo-
city, No 1is the equilibrium plasma electron depsity equal to
the ion density, € 1is the absolute magnitude of the electron

charge, and 8(3) is the Heaviside function.
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i.e. tovgl chargs and curreay neutrelizafion of the bunch o

place.

To derive the solutions behind the bunch(EfZ-OﬁZ}we -

"‘.»J ?

]

JoX L;, i\

Tt

gume in (2) rlg= 0 and use continuity conditions Tor
and d@ ” z )/d,«: on the bunch boundary. These¢ conditions
result in the fact that for B< { the first two egquations

of the system (2) have only zero solutions, £ = j} =
Assuming ~Px = 95 = in the third equation of (2) and inte-
grating it we obtain the following implicit expression for the
dimensionless momentum 92 taking into account the continuity

conditions:

73
@<g+g>:iﬂ; (8 1+pZ -5.) dps i
¢ y . JT*P; [J1+.szax \/7"'.92 )%
where
Pzmax o P/\/1 8““‘4‘(1 }3"‘) -—5— . (5)

The wave length Z/\ of the nonlinear oscillations excited

by the bunch is given by the expresasion:
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The maximal field value {at ?1 =Q, 4 =1, depence
Yz ‘
Tomn Ry Dy

e

on ¥ -factor of the relativistic bunch as ~ ¥
high enough.

The valve of the bunch density ! ﬁg—fno,/ is criticsl at
which the wave front becomes steeper and then overturus. The
useful high field value éfzqu=:Ea(Fa:G) ig determined by bthe
condition (12), i.e. by such values of ) at which the mag-
nitude 7‘2ng/!’lo is sufficiently small (high values of

X ), but the wave still does not bresk down,
Let us note that the maximal energy density of tne exci-
ted wave equals to E;max/SQf when Mpg= ,"!0//2 and
coincides to the bunch kinetic energy density norncz(¢y~f) .

In the limitting case O <<Zj

PEmax— o = (1"’ -“‘_“‘\21 ’

2nomce/ 4

(14)
X'= J1+ e =1+ -*glgji—r 3
Pz max 2nemc? )
where a = Ei,rn nr'lg a/2 and one obtains the solu-

tion for the chargeé plane [7 9] It is necesaary to mention

that in general case the electric field in front of the bunch
(%’ > Q/Z) ias zero.

+ 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 particlies must be injected
during tne time interval between the bunches in a phase corres-

~10-
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sonding Lo accseleration. In such & <ase there is no gein 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-

1013 the meximel acceleration

-

timate: for Ng & Mo/2 &
1
i 3//2 GeV/m, which for

rate is equal to EEmax a2 2.4.107

V| 's# rives P~
g & 107 aives €E max 24 GeV/m.
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