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ABSTRACT

Relativistic focusing allows two collinear short pulse radiation beams, provided they are of sufficiently high
power, to propagate through plasma without diffracting. By further accounting for finite radial beam geometry,
it is possible for the phase velocity of the radiation beat wave to equal to the speed of light. This removes one of
the limiting factors, phase detuning between the accelerated electrons and the beat wave, in determining the

maximum energy gain in the plasma beat wave accelerator.
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I. INTRODUCTION

We consider the propagation of two collinear intense laser beams of frequencies ®; and w, are chosen in a
uniform plasma . if ®; and o, are chosen in such a way that ®; - 0w, = ®, and u)pz/ 02 << 1, then large
amplitude plasma waves are exited . the accelerating electric field associated with plasma waves can be

estimated as —

e I.': L —
Em~ (“—)—pz.;n_ﬂ ev/cm

g 'H
Where n, is the plasma density (1/cm?®).
In a plasma of density 10™ cm™ the associated large acceleration field can give rise to an energy gain of 10° ev
in accelerating distance of 1 meter . however to realize such an accelerating scheme it is very important to

maintain that laser beams are able to propagate at high intensity without noticeable diffraction effects. This

e

implies that laser beams retain their intensity over distance large compared to Rayleigh length ~—=. Where r; is

Ic

the radiation spot size. In addition to this it is also necessary to maintain the phase resonance between the
accelerating electrons and the plasma wave over an equally large distance i.e. Rayleigh length .in order to
counter the diffraction effects ,it is necessary to focus the laser beams .the focusing enhancement of laser beams
can be achieved by the proper choice of the radius of laser spot sizes and their power . it can be demonstrated
that the accelerating electrons can remain in tune with the beat wave if the two parameter of laser beams viz spot

sizes and their respective power are properly chosen .
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Control of phase velocity of beat wave

In the plasma beat wave accelerator ,the phase velocity of plasma wave is equal to the phase velocity of the
radiation beat wave . in the one dimensional limit ,the phase velocity is

‘p Ae

c ARk

The E.M wave propagating through plasma satisfy the dispersion relation :

o = w0+ ¢k
and o = o, + c’ky’
(o1- 02)( 01+ ®z) =C (ki—Kz) (K1 + ky)
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As the electrons are travelling with velocity ~ C, the difference in the phase velocity of beat wave and
accelerating electron is-

f-li.lE,

C—w,= —
P oz

This means that the electron get detuned in a distance of the order of given by-

This length for the case of =X = 20 and n,=10"cm is -

~ 400X - =120m

|

Control of beat wave phase velocity-

As the radiation beam is of finite size i.e. the radiation spot is of radius r, this gives rise to finite wave
number &, This wave number %, not only depends not only on the spot size but also on the power of radiation

beam. The existence of finite &, given size to effective parallel wave number ki3,
w? =g + (k2 + KE)

Cki =w® —wj — C°k]
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That is by controlling the spot size and power of the two beams, it is possible to keep electron always in tune

with the beat wave phase velocity. To see this explicitly, we consider the propagation of two radiation beams
through the plasma. The wave equation for the vector potential is —

o2 138% am T
VA-Gm @
Defining the normalized vector potential
- e4 .
a =—— , We can express equation (1) as
. 1 3%hv=  am e 7
(v-25)a=T5 @
-
Ji= ﬂp{—g:];q.

-
Where 1 is the quires velocity

For combined radiation fields:-

On substituting in equation (2) , one gets —

- :
a, = ﬂlgl'-hix-ﬁ-'ifﬂf':' =, g1
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The wave equation gives —

{—R:x: -I—n:—:l a, =

1w . - =y
f—fal[1+ lag |2 + lag|* + 2laylla; lcosag] /2

Where Agy = &, — &,

z - ) i iy
::—:[1 —n?] =f—f [1+ la,I* + la; I* + 2la,lla;lcosap]

217 |Page




International Journal of Advance Research in Science and Engineering (¢
Volume No.07, Special Issue No. (02), January 2018 IJARSE

ISSN: 2319-8354

www.ijarse.com

. an
For focusing 7 < 0

Cross focusing of two coaxial laser beams:-

We consider the propagation of two cylindrically symmetric coaxial laser beams along the z - axis. Let the

intensity distribution at the entrance (z =0), be given by

2 2 2
ay = Eg; exp (—?" ',H;,l:]

it = Epexp (~r%,2) ®

Where a; and a; are the real amplitudes of the electric vector of two beams of angular frequencies wyand wy be
expressed as —
£y =50 + '451{”1 ﬂ':}
£g ey ) = 50 + tP:{ﬂ-i, az)
Where @;and ¢ representing the contribution to the dielectric constant due to nonlinear effects.
We assume the solution for the combined electric field as

E=ge —lH1 8 g ilaxy -k O +ae —ika5 g ilewg £k, O1 2)

Substituting (2) in to wave equation and separating the real and imaginary parts, we get —

2 (22) +(ﬂf:wf=1=ﬂ+ L (Ze, 12
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Assuming the eibonals to be given by —
5=56,(0) + ¢, Q=12
Then the general solution of equation (A) can be written as-
E_g..; - .
o =5 f (rﬁfﬂm) ! =12
Where £;(0) kT ji=1,2

If the intensity distribution is assumed to be Gaussian , thus
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Then from equation (A), one gets-
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Equating the coefficient of 2, we obtain
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When cross focusing term are included , the beams get converged even when their powers are below critical
powers ,
f_i' =1,0=10
And also EzOat: =10
do

The condition for convergence of both the beams are-

R3} — Raf —Rafi<, bi=12andj#j
And for self trapped propagation
R3’— Ryl —Ri.=0,

R T

Case I:- if Eé}. >>Ef

Then f# () = 1—(R7—RzH. O°

I1. CONCLUSION
It has been shown that two collinear, short pulse radiation beams can propagate through a uniform plasma
without diffracting due to relativistic focusing laser beams retain their intensity over large distance so it is also

necessary to maintain the phase resonance between accelerating electrons and plasma wave over large distance
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.the accelerating electrons can remain in tune with the beat wave depends on two parameters of laser beam spot

size and their respective powers.
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