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Abstract. The terporal growth rates of stimulated Ramon and Brillovin scuttering of a
sol-focused faser beam in a collisional plasma have been cvaluated. "The calcutations
predict a considerable spatial nenuniformity in the scattering because of the temperature
and density gradicnls induccd in the plasme on mecount of the nnnuniformity of the
pump laser beam, :

1. Totroductioan

Raman and Brillouin scattering of laser beams (Kaiser and Maier 1972) occurs in a
variety of media: e.g. in optical waveguides (Maier 1976), laboratory plasnns (Hellwarth
1976) and Jusion plasmas (Brueckner and Jorna 1974). The reported investigations suffer
from the limitation that they assume the laser beam to be uniform, In fact, a laser beam
is initiaily radially nonuniform and therefore also attains longitudinal nonuniformity on
account of the phenomenon of self-focusing (Akhmanov ef al 1972, Svelto 1974, Sodha
ef al 1976a).

The present paper is an attempt to understand the cffect of seif-focusing of a laser
beam o1 temporal growth rates of stimulated Raman scatlering {sns) and stimulated
Brillouin scaitering (sns) of the Jaser beam in an inherently homogoncous unmagnetised
collisional plasma; in & collisional plasma, the nonwmtorm heating and conseyuent
redistribution of the plasma, on account of a radiatly nonuniform lascr beam, is mainly
determined by collisions of electrons with heavier particles. As a first approximation, we
ignore the effect of srs and s8s on self-focusing of the beam: hence the results obtained
herein are not applicable to very high powers. The anaiysis s based on the parametric,
wiB, paraxial and local field a:-~roximations. fn 2, the refovant results from the seil-
focusing theory are stated. In $.5 the standard expessions for the temporal grow. -~ 63
of sks and ses are stated. In §4, spatisi dependence of these growth rates on account of
seli-focusing is discussed. {n §5, typical pumetical resulfs and discussion are prescntad.

"The present investigation pradicts 4 considerable spatial nonuniformity in the tem-
poral growth rates of sks and sns. The spatiul dependence of these growth 1.tes and ihe
propagition-distance dej-ondence of the beamwidth parameter of the pump faser beam
ate corrclated, But this correlation is not fnllowerl evenly, because due to varrier I Loug
as well as redistribution, the growth ratc: do not necessarily increase with the pump
intensity.
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1. Self-focusing of he puap

Consider 4 kuer beam propuagaling alung the 2 axis in a formerdy humogensous unmag.
netised coflisional plamii. The electric vector af th- faser beam at 2 =0 may be expressed
it

E(r,: 0, 1 EE exp { - rfirgt —iwt) ' (h
where £ is the unit vector representing the polarisation of £ wdrg is the initiat mean
Deam-widt rdis,

The time scale of 1emporal variation of the invident pump intonsay Fyt owill be
assumed 1o be much larper than the recipracal of electron collision [regquency v I, The
clectron temperature then incrouses (Sodhu et al 1976a) 1o suchan calent tho the electron -
ion redistribubion due to ponderomotive force may be neglected ns cotapared 10 thut due
to heating and Ut the redistebulion poodess Follows a sivitdy-state idel. - assunving,
the pump frequency e to e rnch lareer than the clectron eollise o freseey v oanad
assuminy the Usual parametric approximation {Brucckner und Jora P74, ey deplietion
of the pump intensity may be neplected. Tin the present Siventipation, the plasria will be
assuined Lo contain only elecirons amd sinply charged positive jons of ane lype.

Under these conditions, the effective diclectric constunt of the plasma becames
inlensity-dependent in the form {Sodlia er of 19761) :

e=ep D g
where
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Ny is the electron {or ton) concentration in the absence of the pump, st is Ure electron
mass, A7 s the jon mass, o is the Boltzmann constant amd Tu s the intia! electron
tempersture.  Nele that WO E|#=0) -0, as eapeeted From the heaendary  condition
employud. :

The wave cquation Tor E, when solved under the wkn and parasial approxinations,
gives the tollowing solution valid in the nonresonant (c#0) paraxial (< r) region
(Akhmanoy o ¢f 1972, Svelia 1974, Sodba o of 1076u)

oo, i) = EEsf Vexp i~ 2?24 FRER A4 2) = int ] ih
where

Ko eyl Bwfe (%)
is the linear wivenumber and 5{r, 2, whicl may be cxpressed i terms ol flz) 1 [5A)
Grmes the noplinear part of the wavenurber. The beamwidth parameter £2) bs povernod
by the equation {Sodha ef af 1976a)
\;} .. 1 mpr_.'-‘fm: 4 E||3
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along with the hodndary comittions
FIPER D an (dfidz) zen = o

Fguation (4 can he solved numericaily by the Runpe-Kufta method (S bareuph
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1966); the accuracy of the solution depends upon the choice of the step-length Az,
Sodha and ‘Tripathi (1977) and Sodha e/ al (1978b) have investigated the behaviour
of f ¢ the basis of (6). They have shown that there exist two vaiues of Eod, namely

£ tee B~ 1582~ 25)' 212/ (8
with
B = K3rpwpo®/ 2equ® ' 4]

for which the beam gets seif-trapped whereby f(z)=1. For I, .% < Eq¥ < Eiy8, the beain
gets focused whereby f(2) osciliates hetween 1 and fn (1), For Frt o B2 or Eo®»
.3, the beam pets defocused whereby f(2) osciltates biiween 1 and fimax (> 1}

A, Scattering of a vaiform pump
1.1, Stimulated Raman scattering (sRS)

For pump frecuency w> twice the plasma frequency 2wy, & pump photon may be
seattered as another photon polarised along some direction L. by cxciting a plasmon
(quantum of cleetron plasma oscillations) of arbitrary wiveaumber Ke and the vorres-
ponding frequency :

e = apl | +3 KSALHHUE (10}
where the Debye length

Ap s (k gTofmiaap®)H/ (1ia)

Toe=To(1 4 20) EJ?) (1)

arpte= ewpe¥( 1+ a E[)1. (the)

In a cokl homogzaneous unmagnetised plasma, the temporal growth rate of sks of &
aniform pump laser beam is given by (Liv and Kaw 1976)

y(SRS) e {11+ (K= Ko} 126, EnKeofmw]t 4 (g = D432 —( Lot Pp)/2 (12)

whure .
f'g:u u.,w.,“mwz (l 3)
is the collisiona] damping rate of the scattered electromagnetic wave. and
| 1'p = (mh2wp/2K *Ap?) exp [~ 34— Ke*An 2} + Voo {14)

is the Laudau plus collisional damping rate of electron piasma osclllations (Akhicecr
et al 1975).

5.2, Stinutated Beillovin scattering (sus)

For w> wg, 8 pump photort may be scattered as another.photon polarised along some
direction Fy by exciling a phonon (quantum of ion plasma oscillations) of arbitrary
wavenumber K and the corresponding {requency

i = wylm MY+ 1 KEADR) (1%

In a cold honogeneous unmagnetised plasma, the temporal growth rate of sus of &
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uniform pump laser beam is given by (Liu and Kaw 1976)
388) = {(wpfw)m{ M P + 1 KA E. EyKefma(l + K¥Ap?)

+(Ve— F)¥4)13—(Fa+ Fa)f2 (16)
where

Pawe (TofTo)¥ exp (=1/2 - Te/2T o)+ Kicu{mm (8 A 12 4 1y, a»n
is the Landau plus collisional damping rate of jon plasma oscillations, and

o (kpTofM )2 (18)

is the ion-acoustic speed (Akhiezer ef af 1975),

4, Scatteriug of a scli“focused pump

The expressions for temporal growth rates of SRS and sns in the case of an inhcmogeneous
plasma or a nosuniform pump laser beam are slightly different (Nishikawa and Lin
1976) from that given by (12) and (16). Sodha et al (1978a) have, however, shown that
when the mean beamwidih and scli-focusing length of the pump are assumed io be much
longer than the wavelengths involved in the scattering, the foregoing expressions along
with the focal held parameters are quite justified.

For illustration, the following parameters bave been chosen

No=1x10¥cm3forses and  Sx DM cm™3 for sy
M{m = 2000
kpTo=1-3810% erg
Ve Vg = My w
w =184 x 1014 raq g~
ro=0-005 cm
E=E
Ko=K;=2100 em-7,
These parameters yield
L{10% erp c-3) = 24-84 for sks am! 48R0 for sus;
L (10U erg em Ty 1913 fuv 48 ami 4732 bor sus.

The incident pump intensity £o? will be allowed to take the following {ive different vulues
in each casc: '

() Egt= B2
(B Ef=Fy 2

(3) Eo?= (£, .2+ En®)/2
{4) E? = Ep®

() Egtm2E,st,
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These patameters \-ave been so chosen that the m difications required in the expressions
for the temporal growth rutes, on ascount of the tiset beam induced inhomogeneity, are
negligible so that the use of (12) and (16) along wit the local field parameters is justified.
The values of £5 have been chosen as above with|tho aim to illustrate all the manifesta.
tions of the phenomenon of self-focusing (Sodha and Tripathi 1977, Sodha ef af 1978b).
The beamwitlsh paraicters / versus z for sne and ses are plotted in figure 1 (g and b).
The temporal growth rates yo at £=0 versus 2 for sha and sus are plotted in figure 2 (dand
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Figure 1. Beam width parameter f versw. 7 {or (a) sus; (&) sos. Numbers labelting the
cufves denols the ncident pump intensity as fallows: 1, FA Y o T N LT TRH
A, Fofa (B 4 By SN &) FaVme By % 5 LoVm 280",

5). The temporal growth rutes y1 at r=0-01 om versus 2 for ss and 58S are plotted in
figure 3 (o and b). In view of the paraxial approxitnation employed, the graphs of
figure 3 (o and b) can be claimed to be correct op Iy approximately,

5. DMscusuion

Some ol the gencral observations from figures 1, 2 and 3 are as follows. For Eglm
Ei.tor E22, f(2)= 1 and yi(2) = 91(0) < ya(2) = vo(0) in such a way that y (for Ex¥= E;_%) <
4 (for E2--E.,2). For Fy.3< Eg?< En®, fand 11 oscillate between their values at 2=0
and certain minimum values, whereas yo oscillates between its value at =0 and & certain
maximum value. For o< Er2 or Eg3> 1.2, f and y oscillate between their values at
=<0 and certain maximum valucs, whereas yo oscillates between its value at zmQ and a
certain minimum value. The conclusion that +» has & similar variation with z az £,
whereas o behaves oppositely, can be explained as follows. The temporal growth rate
increases with the pump intensity and the carricr density, which, in turn, decrease and
ificiéass reipestivély with /. In the paraxial region, the cffect of change of the pump
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Figare 3. Teoporal wrowth rate 4 at r=0-01 cm verses z for (@) sk, (5) sus. Numbers
lubelling the curves denote the incident pumnp intensity as defined i figuse 1,

‘intensity dominates and hence yg decreases with £. In the ofF-axial region, on the other
hand, the effect of change of the casrier density dominates and hence y; increases with £,

However, the forementioned correlation is not foliowed evenly. In hgure (&), the
graph for Eo®=(F;."+ E.*)y2 has two peaks rather than a single peak within onc

osciliatory unit of length. In the same figure, the position of the graph for fy¥=25,,3
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is inverted as compared to its position expected in view of the forementioned correlation.
This add behavienr docs not appeat in a collisionless plasma (Sodha or uf 1978a)in wisch
carvier heating does not tuke place. We therefore conclude that the increase in the
clectron tenperature, induced by the laser beam, has the effect of complicating the
fungtionu! dependeince of the temporal growth rates, particutarly that of v {SHS),

Fhe temporal growth entes of ses and sns aseillnte with the propagation distance z
wneh moreovee decrense or increase with the tagial coordinate . To lave a numerical
appreciatio: of this spatig! nonuniformity, the following particular cases may be useful.
Few o= (£ 24 B )2, the vatios YOman/Yow- 00y Yiie-n/Yogetny Yimtn/ Yoy Are res-
pochively 11192, 0-32, 008 Fryr sne and 10D, 006, 0-55 For sus. These ratios itrg apprec-
ably different from unity and therehy indicate appreciabic nofwniformity in the temporai
prowth rates of sus and sps, .

The time scale of temporal varfation of the incident pump intensity Ept has been
assumed, in the present investigntion, ta be much lnrger than reciprocal of ihe electron
collision freguency »-7. When it is not §0, the carrier heating dovs not take place and
redistribution Lakes place die ta g ponderomuotive force mechanism rather than a
cotlisional heating mechanism. Sodha of af (1978a) have studied the temporal growth ratey
6l SRS, 8%, Lwo-plasmon decay instability and plasmon.-phonon deeay instubility in such
a "collisionduss’ plasma. They have, however, considered only a limited range of values of
Eo? 50 that not ot of the mumifestations of the phicnomenon of self-focusing (Sodha of ol
F978b) re examined. Beeause of the absence of carrier heating, their results do not
stiow any odil bohaviowr ehserved in the present investigation. Their roaults {(Sodba
ef af 1978by ax well as resnlts of the present investigation show that temporal growtl;
riates of ses and ses are cabaneed if Ey P e Byt < £53,5  This result is consistent with the
Cotter ef al (1975) resclt that srs is enhanced by external focusing of (he pump and the
Soviha et af (976D result that sks is enhancad hy self-Tocusing of the pump.
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