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Parametric processes of a strong laser in partially ionized plasmas
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The effects of the nonlinear polarization in a partially ionized plasma on the parametric processes of a strong
laser are discussed. The nonlinear mode coupling equations and the linear growth rate of stimulated Raman
scattering(SRS and stimulated Brillouin scatteringSBS are derived. The numerical analyses for the non-
linear evolutions of SRS and SBS processes are given. Various effects of the second and the third order
nonlinear susceptibilities on the SRS and SBS processes are discussed. The nonlinear evolutions of SRS and
SBS processes are affected more efficiently than their linear growth rates by the nonlinear susceptibility.
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[. INTRODUCTION follows: the wave equations for the electromagnetic wave
and electrostatic wave; the polarization of bound electrons in
Parametric processes in plasma are described by the intgrartially stripped ions; and the electron and ion fluid equa-

actions of an intense laser with plasma waves, supported jons for the free electrons and ions. The general wave equa-

electrons and ions. For simplicity the ions are often assumedon in a polarized medium is

to be fully stripped, so that the electrons and ions are treated

as free (unbound charged particles. However, in intense 9E 93 2P

laser-plasma interactions, e.g., in indirect laser fusion and — +C[VX(VXE)]=—47— — 47—, (1)

x-ray lasers, the ions are typically only partially ionized. The 9’ Jt

bound electrons may be polarized by the lagemp wave

and plasma waves, and reversibly affect the propagation ofthere E is the electric field of electromagnetic or electro-

waves through the polarization term in the medium wavestatic waves,J= —eng, is the free electron current, aril

equations. Furthermore, when the wave intensity is highs the polarization due to the bound electrons. When the elec-

enough, the polarization of the partially ionized plasma is dric field of the waveE<E,, (Ey, is the electric field of the

nonlinear function of the wave field strength. Sprargfal.  hydrogen atom at the Bohr radiukg,,|~5.2x10° V/cm,

[1,2] first indicated that bound electrons can cause two nevand the corresponding laser intensityl,,~ 3.6

kinds of unstable parametric processes: the atomic modulax 10'® W/cn?), the nonlinear polarization of the medium

tion instability (AMI) and atomic filamentation instability can be expressed as a power seriek ¢8]:

(AFI1). In this paper we calculate the effects of bound elec-

trons on the stimulated Raman scatter(&RS and stimu- P=xME+x?.EE+ x®)E-E)E, 2

lated Brillouin scattering SBS processes. In laser-driven in-

ertial confinement fusiofiCF), SRS and SBS are of crucial where ), ¥, and y®) are the linear susceptibility, the

importance because they can induce significant losses of thcond and third order nonlinear susceptibilities, respec-

incident laser energy and degrade the illumination symmetryively. For simplicity, we have takeny” and x® to be

required to reach a high implosion efficiency of the pellet.scalar quantities ang® to be a vector in Eq(2).

Previous workd1,2] have studied the effects of the linear  The continuity and motion equatiofd] of a free electron
and third nonlinear susceptibility on the AMI and AFI. Rela- fiyid are
tively little work has been reported on the effects of the
linear, second, and third nonlinear susceptibilities on the SRS an
and SBS. This paper is organized as follows. Section Il gives E+V -(nv)=0, (3
the basic equations for the laser wgpaimp and stimulated
plasma waves, which includes scattering with the plasma
electromagnetic wave, the plasma electrostatic wave, and the v " EV( 2) 4 EE+
ion acoustic wave. The SRS process is discussed in Sec. Ill. gt T2V m
The SBS process is discussed in Sec. IV. Conclusions are
given in Sec. V, which indicate that the nonlinear susceptiHere n, v, and y, are the density, velocity, and ratio of
bility has affected the nonlinear evolutions of SRS and SBSpecific heats for an electron fluid, respectivayandm are
processes efficiently. the charge and mass of an electron.

The equations of motion of an ion fluid are

KT
e >~ Vn=0. (4)

II. BASIC EQUATIONS

The equations that describe the parametric processes in ﬂ+v_(n_v_):0 (5)
intense laser interactions with partially ionized plasma are as at e '
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IR TR P (LU 6 ®o= v v V(02
- toir (vy) ﬁ a ii n;=0. (6) non=—€nup(V-v,)—ev,(v- )n—Een o(v9)
wz
Hereg=Ze andm; are the charge and mass of an ion, re- — P hhE (12)
spectively, and; is the perturbed velocity of the ion fluid at 4mng P

low frequency.n; is the density of the ion fluid, which is
composed of the unperturbed and low frequency componenl‘.et
ni=n;o+ niL. E, is the low frequency electric field produced

. . 1 . )
by a separation of electrons and ions. Ei(r,t)= Ee,[sie'(ki'r*“’imrsfe*'("i'r"”i‘)], (13

lll. SRS PROCESS (wo= ws+ wp)

e ) )
_Q[Siel(ki'r_wit)_Sike_l(ki-r_wit)],

vi(r,t)= > Mo
I

A. Coupling equations for SRS

For the SRS process, we have (149

where the subscript=0, s, andp, respectively. The; is the
amplitude ofE; slowly varying in time and space, arel

is the direction(polarization vector of the electric field.
Considering that the disturbance of the electron density
with high frequency obeys the Poisson equatinh=
—(1/4me)V-E,, and using Eqgs(11) and(12) in the wave
equations, we obtain the mode coupling equations for the
slowly varying electric field amplitude; [6,7] (in the re-
mainder of this papei,j,k=0,5,p, respectively, and when
thei is determinedj #i, thenk#j,i)

()

wo=wstw,, Ko=Kkst+kp,
where 0 ands are the subscripts of the lasggump and
scattering plasma electromagnetic wave, respectively,pand
is the subscript of the electron plasma wave. Let

E=E+E,=Eo+Es+Ep,

v=vtv,=votuvstop, n=ngy(x)+n", (8)
wherew;, is the transverse velocity component, andandn”
are the background and perturbed high frequency density,

respectively. From Egs(1)—(4), using V-E=0,VXE,

gj

J . o
(1+ 6i)ﬁ_l(ﬂi+?5i)

=0,V.v,=0,V Xv,=0, yields the wave equations for SRS _|a_ N ]
p i i Ejk— & , (15
process: NS a 2 ot
2 2 2 2 (3) 0s,p
9 G e, Ppe|p ATy AT o) T(EE) _2mx7|3 124 (142a2) e |?
> 2 > | Et=—Jnon X > i 2 2|3|| 2 ( a|])|31| )
47 . Pl(E-E)E], 02— 02
3= 7 i i0
NSX at2 L aj=(g-¢), Q= 20; ' wps= pet C7Kos,
(9_2_3vt2h 2 ©pe E _4_7ij AT o P*(EE)p w§:w§+3vt2hk21 &= E (8-g)(x?-8).
a2 N2 N2 PN ONEY JELKE
, 1=0
47 . P[(E-E)E] ©sp
SR ¢<) B i * -
NG ! gij=) fo%p 179
(10) 808;\— ' i:p!
" ( WsWp
wherev ;= (kg Te/me) Y2 andNy=(1+4mx )12 3t and —Aags| 1+ —5—|, i=0
JP, are the rates of the nonlinear induced curfdtgiven @pe
b A=A wow
Y ' —Aay| 1— 02 p), i=s
1 e
Jnon=—€0[NV vyt (vp V+o, V)n] = Senv(v?) \ Aags, i=p,
2 ekpw2
wpe h 3kBT _ pe
= Zang” E—e vin, (11) Amagwsay (16)
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HereA; comes from the free electrons in the plasma, and the

other terms come from the nonlinear susceptibilities

(x®,x®) of the bound electrons. Let

gi=geitia  i=0sp, 17

and assumé),=.+ (), yields a set of equations for the

real amplitudegy; and real phases;,

(1+ 50) _A Ly
, d0s
(1+5° —AS 95— {pr
2 TX(3 , 2’7T£
5= N2 ( )(1+23|0)9001 gi :_zlgooCOS%
0 0

J9 2w | o .
(1+5i)ﬁz A; cosy+ N ?—Qi Siny; |9;gk wl; _ _
0 Al =| Ajcosy— —wisiny|ge (i=s,p).
27T§i &gjg n &CYJ } 0
- cos sin
No Yot N5 9% Let g;(t) =gio exp(t)(i=s,p), The growth rate of SRS insta-
P bility can be derived from the linear algebraic equations
~Gigp (18 .
— . _ !A! + !A! i VA!
e | Wi
(1+5)9| = | Asiny - (7—&)0057 99 + LA ZHAALAT (14 8 (1+ &) + L1, (20
27 g;9k i } When ignoring the nonlinear susceptibilities, we have
+ [ —cos 0idk
No ot at ) , _
5=6/=4;i=4{=0, A{=A cosygo (i=s,p).
o
+ 5igi(?l _Qi) ) (19 Equation(20) then reduces to the linear instability rate of
conventional SRS!:
where y= ap— as—ay, and op
o= VAsA Yoo cosy|= Ieo &f|cosyl, (21
asta,, =0
ajp=1 @~ ap, i=s where thev, is quiver velocity. In deriving the last step of
_ . Eq. (21), Eq. (16 and wg~2w,, wp~wpe, Adg
@~ %, 1=P = (kpvo/4) (w,/ws) were used.
_ When the linear terms o8, (x®) and £,(x®) remain,
y, i=0 Eq. (20) can be written ad'=T'o+ '@ +T®), wherel'(®
D i=s andI"® are the modifications of the growth rate due to the
Yi Vs . A .
i—p second and third order susceptibilities, respectively,
—y, Q=
P+ T®=— 10 _p (5°+ Oy, (22
B. Linear analysis of SRS process 0 1+ 62+ &3 o
When x(®= (=0, the above equations will return to
the conventional mode coupled equations of SRS in a fully 2mx®

stripped plasm@6]. Equationg18) and(19) are highly non-
linear, and usually can only be solved numericdBge the

following text). To understand the features of SRS in par- ON
tially stripped plasmas qualitatively, a linear analysis of the =— —22(1"'3(235"' a(z)p)|o
instability of SRS is given below. In the initial phase of SRS

instability, we have

go(t)=ggo=const, gs~g,~0<gqo,

0ai X
WNO(I =0,,p), <y=const.

Thus the evolution equations @f, and «; need not be
solved. After linearization, the evolution equationsggfand
g, are

2 2 2
2 (1+ aOs+ aOp)goo
0

S p

r®=— %(5% ) o=—

(aj=&-§). (23

0
The last expression is easier to compare with the obser-

vations,N, is the “effective nonlinear refractive index2],
andl, is the pump wave intensity

No=——x®, 1 :_N0<Eo E0>—

cNo Nogoo

From Eq.(22), we find that the third order susceptibility can
reduce the growth raté, of SRS by a factor 1+ 5°S+ 52.
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The effect of the second order susceptibility on the linear 1-2
growth rate of SRS is
1

T 1 {pw
I®=— —({ A+ A COS yg29— — =T PP =10'®
Ng psT 6sM\p Y900 NS 210 Ap 0.8 1,=10
2)_10-10
w 6F x“'=10
4 bss tany. (24) ’
Ag x¥=107%n,

04
Because tany, {s, and{, can all be positive or negative,

the effects of the second order susceptibility on the linear4, 27 7 \/ ...
growth rate of SRS are complex. On the other hand, the 7 =
value of)((z)(gs,p) may be very small in a partially stripped : !

~,
~,

.................

plasma §® can exist only in those kinds of partially Y
stripped ion, in which the electrostatic potential experienced .7
by the bound electrons is not radially symmefidd). In the 0% 1000
following, we shall briefly evaluate the value &%), Ac- 0
cording to our derivation,

2
2000

FIG. 1. General behavior of SRS nonlinear evolution with
2y pung)pgsri]nitial intensity I0=riL016V|\//cmz, X(Zl)zjglr esu, X(:
_ 2\42 2_ (1) =10 *n, esu.yq,Y,,Y3 are the relative amplituddselative to the
&= N2 (1+2aj0)ggo, No=1+4mx™, initial amplitude of the pumpof pump, scattering, plasma wave,
respectively, andy,,ys,Ys,y; are corresponding relative phases
a,=6-6 (i=s,p), (25) and relative phases differen¢elative to 10.

wherey and y(® are all proportional to the density of the mensionless  quantities: y1=go/goo, ¥2=09s/Goo. Y3

partially stripped ionsn;. When the charge state is small = 9p/oo, Ya= o/10, y5:“5110’ Yo = ap/10, yr=Yya—ys

compared to the atomic number,and the pump wave fre- Y& and y=ao—as—ap, W=aogl. The initial values are
quency is far below any atomic resonance, the values of th@so/9oo=0.05, gf°/9903:0'05' 00— @s0 — “PO:(?)' Te
above two susceptibilities are given in Appendix A of Ref. — 3 kevizni=102 cm -, gog:jllo 87lo/No, x'“(esu)
[2] (WhereN2 is expressed asZ)! =4x10 4ni, w0=6.3>< 10'° s y Wg=wp= (1)0/2, pg
=ald, ag,=ml2, X2 e=x?, x?.e,=x® cos(m/a),

YP=4x10"2"n, (cm3), y®~10"3n, (cm3), and Y- e,= x? cos(m/4).
Figure 1 shows the general behavior of SRS nonlinear
1272 evolution. They, andy; (amplitudes of scattering waves
N,(cm?/W)= ~— x10'~5X10"“%;(cm"3). rise quickly, reach a maximursaturation, and then decay.
¢ N At the same time, the injecting laser wave experiences a

imilar but opposite evolution process. Assuming no dissipa-
on mechanism in our model, the evolution processes of all
wave amplitudes are periodical. The time for the amplitude
to reach its extreme value is referred to as the characteristic
saturation time. While the evolutions of wave amplitudes are
periodical, the evolutions of wave phases monotonously in-

In the plasma produced in the laser fusion and laser soli(i
target interaction, where,~0.2n. (for Ag~300 nm, n.

~1.2x10%%2 cm 3, n. is the critical electron density the
ion density near the laser-interaction region is abaput
~10%t cm™3, so we have

—3__ crease. When the amplitude evolutions pass through their
No~1+4X10 °=1, . .
extreme points, the pump wave phasgand phase differ-
N,~5X 10710 cne/w, encey among three waves undergo a sudden change, while
the scattering wave phasgs,ys behave smoothly. This in-
5?”2(1+23121)N2|0~ 10718, (Wicn?). (26) dicates that the sudden jump of the pump wave phase is due

to the periodical behavior in the nonlinear evolution of the

In the above formulas, the effect of® is ignored. From Wave amplitude._ In the very_begir_ming, the amplitu_des of
Egs.(22) and(26) we can obtain the following conclusions: Unstable scattering waves arise with time exponentially, as
If the frequency of the pump laser is far below any atomicShOW”,'”, Fig. 2a). This coincides with th(_a linear |nstap|l!t_y_
resonance, the obvious effect gf®(N,) on the linear analysis in the abpve.The effects of npnllnear susceptibilities
growth rate of SRS occurs whég> 107 Wicr?. on the SRS nonlinear evolutions are in follows.

(a) Effects of the third order nonlinear susceptibility
X3 (x¥=0). Figure 2a) shows the effect of®) on the
SRS while the pump strengtiinence amplitudeis constant

Now, we discuss the complete solutions of EGs) and  (1,=10' W/cn?). The growth rate of the scattering wave
(19). Becausegg(t) and «;(t) are functions of time, they decreases with increasing®), but the scattering saturation
can only be solved numerically. We define the following di- time gets longer and the scattering saturation strength has

C. The nonlinear evolutions of the SRS
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FIG. 2. (a—(d) The relative amplitudes of the scattering electromagnetic wave evolves with time when twowifcn?), x® (esu),
and y®® (esu) are constant and another is various in SRS.

almost no change. Whey®=10"%n,, the scattering p9 is much less than the corresponding saturation time
strength becomes very small and can be nearly ignored whil@about 0.2 psin Fig. 2(b). These show that the initial pump
the pump strength has almost no attenuafjost as shown wave strength has enormous effects on the SRS processes.
in Fig. 2a)]. In Fig. ZAa) the strength of the pump wave is Comparing Figs. @) and 2b), we can find that the effect of
10'® W/cn?, and obvious differences occur in the SRS evo-y(3) on the growth rate of the scattering wave is more no-
lution process. This is different from the prediction of linear taple than that ofy(®.
analysis, in which the obvious effects of UY‘E’) onthe SRS (¢) Effects of both second and third order nonlinear sus-
linear growth rate occur only wheh,= 10" Wicn?. This  ceptibilities (y?), x¥+0). The effects of botly? and y®
cocrjwflrms a co.rtl)c.:ll.us%r)] of Rhe{.6] that the effegts of thqu on the SRS process are revealed in Fig) 2When y? and
tohr er Sll".scept' ”.tyX on the SRS are more important in x® are fixed, we observe the effects of pump wave strength
€ noninear regime. . ... 1o on the SRS. With increasinty, the relative saturation
(b) Effects of the second order nonlinear susceptibility . . )
amplitudes of the scattering wave monotonically decrease

(2)(,(3) = i (2)
X0 0)._F|guge 2b) shows the effect o™ on SRS slightly, and the growth rate monotonically increases.The be-
evolution atl o= 10 W/cnm?. The most obvious effect of the . o . ) -

0I?aVIors of saturation times are complex: there is a critical

(2) . . .
x'“’ on the SRS process is that the saturation amplitude — 5 )
the scattering wave decreases with increasitf, while the st(ge)ngthr: 0c~5X 101h Wient, V.Vh'Ch. may be relgvalilnt to
growth rate (saturation timg increases(shortens slightly. ~ X' - When I<lq. the saturation time monotonically de-
Figure 4c) is similar to Fig. Zb) except for |, Creases with increasinly, but whenly>1,. the saturation
— 10" W/cr?. In Fig. 2c), the saturation timgabout 0.02  time monotonically increases with increasihg
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IV. SBS PROCESS(wo=w+ ®,)
A. SBS coupling equations
For the SBS process, we have
ketky,

wo= wst w4, Kg=

where Os is the subscript of the lasépump and the scat-

PHYSICAL REVIEW E 67, 036402 (2003

nL:%[Ne‘(ka'r“”at)+N*e‘i(ka"_‘”at)]- (32

and the expressiofwhich is derived from the electron mo-
tion equation in the first order approximatjon

[8 e|(k r— a)at)+8 e i(kg-r— wat)]

vt(l’,t)z 5

tering plasma electromagnetic wave, respectively, arig imaw;
the subscript of the ion acoustic wave. Let
t=0s, (33
E=E+E,=Ey+E+E,,
we obtain
v=v+tv,=votUvstv,, n=ng(x)+n"+nt,
) k,e
where subscriptt(0 or s) means transversal wave, and ea=—i(arg085 +aN), afm,
no.n" nt is the undisturbed electron density, disturbing elec- 0%s
tron density with high frequency and disturbing electron den- vk K,
sity with low frequency, respectively. From Ed4)—(4), us- a,= aYekeT _ 4me 22 ksT. (34)
ing V-E,=0, V-v,=0, VXuv,=0, yields the scattering €Mio m ge ¢
wave equations for the SBS procgss:
Usingn"= —(1/47€)V-E,, and Eqs(31), (33), and(34) in
#?  c? ,2)8 Am.  Am 9*(EE), Egs. (27) and (30), we can derive the mode coupled equa-
F_ W N2 Ei= Nanon_ F a2 tions for the lowly varying electric amplitudes; (i
0 0 =0s,a):
2 .
AT (3)@, 27) P o,
N2 at? (1+6) 2 —1| Qi+ = i |&i
Jon=—ev[n(V-vy)+(v-V)n]—env(v?) 27l 0w 96
=Ibj— —— |~ I+ Eik— & (35)
e2 eyckeT NS a2 at
—m(thrn'-)Et— = _Vn, (29
277)((3) 3 0s,a
JkeT S=—"— |s,|2+2 (1+2a7)]e|?,
__ 2\L _ 0
E, ZeV(v ) on vn. (29
. . a”:(Q'ej)v iZO,S, 5aEOs
From Egs.(5) and(6), usingV Xv;=0, we can obtain
22n: wiz_ wizo . w;23e+ Czké,s
?_szzm \ vivi~Vni+niviV~vi Qi: Za)i » 1=0s.3, “00s0 ™ ch) !
1 =k3C2,
+§niv 2)L):|' av’s
0s.a
T () = e)(¥?.e), i=0s, =0,
c2_Ke(ZyeT 9T 0 LX) j#%“ (e-g)(x? &) {a
m;
Let es&4, 1=0
. eij=14 €0€a, 1=8
Ei(r’t)zEa[siei(ki‘rf‘”it)_ysrefi(ki'rf‘”it)], i:o,s’a, 0, i1=a,
3D BoNes, i=0
and from Eq.(29), we have Bi=1{ BsN*eq, i=s
KT Bagoss , 1=4a,
Ea=——V(v0 v)— B ypt,
10 wge wge
. :8 == ’ BS: - 0s»
Using O 4ngwy 4Angws
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K22, ere y=ay— as— a, is the phase difference in , an
202 H is the ph diff in SBS, and
ﬁa:—aOS
16mrMewgwsw, 2mg, 0 w0 . 20ty
HereB,; comes from the free electrons of the plasma, and the Por= N2 82| 0™ 57 co= N2 N2 s
other terms come from the nonlinear susceptibilities
(2) ,,(3)
(x®,x®) of the bound electrons. Let 2L, (Q ws) ) 2mls
_ ) =——a -, = a .
s,=gie'“it+'“i, i=0s,a, sl Né 2 s 92 sl Ng 190

and aSSUm@OZQS+ Qa . We can get a set of equations for When X(Z):X(B): 0, the above equations will transform to

the real amplitudes; and real phases; (wherei=0s,a) the conventional mode coupled equations of SBS in a full
stripped plasma. Usually, Eq&85)—(41) can only be solved

(9 .
(1+60)— ot +50| Qo)Qo—(BoS”U’ Boi C0SY)dsTa numerically.
95 2m¢ 2mt B. Linear analyses of the SBS process
aa au
gyt T L (ay0,8. 5N~ 2 (16700 In the initial phase of SBS instability, we hawg(t)
0 =(oo=CONst, gs~0,~0<€gqg, da;/dt~0 (i=0,s,a),
darg =const, and
+ @500, COSY) et (36)
0) 5 ©_278s o
P sl = 051’ =——a1000s
g w o 0
(1+5s)(9_ts+5sl ?S_Qs)gs
27TX(3)
. 0755 5g0): Nz (1+2a§0)980'
=—(BsSiNy+ Bs COSY)Joda— ot 9s 0
The linearized evolution equations gf andg, are
2mty 2mls q of andg,
(azgoga5|n7)+ > (21959s
No No 0% 1, 0)
(1+ 55)?"' §5s|wsgs: —(Bs S|n7+lgsl €0SY)dooda
dag
+ —
a200Ja COSY) o (37) 27t g,
+V329003m77, (42
) . 0
(?—ta = Bo9ods Siny, (39

%9 _ sin
ot = BaY%009s Y-

(1
(1+ 6p) — 9 ( —-Q )
007~ %0 09 Let gi(t)=gjo exp(’t)(i=s,a). The growth rate of SBS in-

27l stability can be derived from the linear algebraic equations
a

. 0 .
=(Bo COSY— B0 SINY)FsPat ——— (220592 SINy)
NG ro Bsi (8wy)?
by 27l 1+ 60 s 16(1+ 6O)T2
el (219300 + @,050a COSY), (39 o
NO 5gl)ws 43)
da ® 41+ 60T, |
(1+5s)gs§_ts_5s<7s_ﬂs)gs
Here
(8 B SN Gotla 2 i) ke /
= COSY— Ls1SINY)Goda™ —5 (22909a SINY . €KaJoo o
) ) TN : Po=\=BaBalsinylley ef=7 = al o lsinles-e,
dag 2wl d (44)
e &t(algogs—i_ as0odacOsy), (400 . . N
No is the conventional SBS instability growth rate whef
=8 =0
X .
%:_IB cos 1) When the linear terms ofs,(x®) remain and for
9a 5 ad00s COSY- Li(x®)=0 (hence, theds= 6=0), Eq.(43) becomes
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I'o

r=r©@4r@-—__°
N Q)

(45)

Due to5")>0, the third order susceptibility® will always
reduce the linear growth rate of SBS instability. According to
Egs.(25) and(26), the third nonlinear susceptibility® can
effect the linear instability of SBS only when the intensity of
the pump lased ;> 10 W/cn?. This is also the case in
SRS.

Consider the effects of®) on the growth rate of SBS.
Let

gs:)((z)gs:

wheree, = x'?/x(®. The first term of thex? in Eq. (43)
becomes

§s=(8y &) (8- €)1 (€ &) (& &),

2
S

Bsi 4y s My o
Bs

k,C2
Ng Aps € 2 aws

and the second term of thé?) in Eq. (45) can be written as

0510 _ é\slws: 7TX(2) &s wgwag
4J1+5l, 4To N2 Isinyllag] V 02wy

Though both terms are in proportion to the valug®?,
only the second term depends on the intensity of the pum
wave. For estimating the values of the above terms, we wil
take the saturatioimaximum value of y(?) as y(?~5
X108 cm/statvolt, and assumeg~ws~w,e~10"° Hz,
wii~10 305~ 107" Hz, £~ags, siny~1, T=T;=3 keV,
Cs~3.5x10° cm/s, wy~4.4x 102 Hz (k,~ko), then use
Joo= V10'(87/c)l,. Equation(45) becomes

r
[=T@+T@+ @=L _[1-034r2.1x10 1,

N Q)

—1.4x1078/1,]. (46)
From this expression, when the pump wave intenkity

> 10" Wi/cn?, the second order nonlinear susceptibijjty’

will reduce the instability growth rate of SBS significantly.
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C. The nonlinear evolutions of the SBS

The numerical analysis of Eq&5)—(41) is similar to that
for SRS. Consider a Au plasma as an example. The initial
values areyqy/goo=0.05, g,0=n/(20Q2)(Z is the charge
number of the Au ol agy= ag=a,0=0, Te=3 keV,
ni=10%%cm 3, goo=V8X10'mlo/Ny, x (esu=4
X 10 %n; (cm %), we=6.3X10% 571, w=wq, ags= /4
=ap,, as,=m2, x?-g=x?, x*.-e=xPcos(m4)
=x?.e,. Shown in Figs. 8)—3(d) are results of numerical
solutions. Just similar to Fig. 1, Fig(8 shows the general
behavior of the SBS nonlinear evolution.

(a) Pure effects of the third susceptibili®(x(?=0).
Figure 3b) shows the effect of(®) on the SBS while the
pump strength(hence amplitudeis constant. The growth
rate of scattered waves decreases and the saturation time
lengthens with increasing®, but the saturation amplitude
of the scattering wave remains almost constant at any value
of x®. In Fig. 3b), the strength of pump wave is
10 W/cn?, and the effect of® is large, which illustrates
the sensitivity ofy(®).

(b) Effects of the second order nonlinear susceptibility
P (x®=0). Figure 3c) shows the effect 0§ on SBS
evolution for 1,=10' W/cn?. The growth rate decreases
with x(®), while the saturation amplitude of the scattering
wave decreases only slightly. From the above results, we can
also find that the effects gf(®» and y(®) on the SBS process

re similar, which all act as a stabilizing factor. This is dif-
erent from the SRS case, in whigh?) destabilizes the SRS
while x® stabilizes the SRS.

(c) Effects of both second and third order nonlinear sus-
ceptibilities(x®, x®#0). The effects of botly(? and y
on the SBS process are shown in Figd)3 When x®) and
x'?) are fixed, we find that the initial pump wave strength
also has a large effect on SBS. With increadipg the rela-
tive saturation amplitudes and growth rate of the scattering
wave all decrease monotonically. There is also a critical
strength | .=4X 10" W/cn?, above which the saturation
time of the scattering wave decreases with increasing
When | <l,., the saturation time of the scattering wave
monotonically increases with increasihg

V. CONCLUSION

The pump wave intensity in the laser fusion experiments is The nonlinear evolutions of pump and scattering waves,

usually 16%<1,<10' W/cn?, so the effect ofy®) on the
instability of SBS is more observable than thatydf) (the
latter is active wher,>10 W/cn?).

From Egs.(43), (45), and (46), we reach the following

which are periodic(and not damped due to the absent of
dissipation mechanism in our mogetan be characterized
qualitatively by three factors: the growth rate, the saturation
time, and the saturation amplitude. In SRS, the second order

conclusionsi(1) If we take the possible maximum value of susceptibilityy(?) will destabilize the SRS process, increas-
x'?), the linear growth rate of SBS will be reduced enor-ing the growth rate of instability while reducing the satura-
mously when the intensity of the pump lasdr  tion time and the saturation amplitude. The third order sus-
> 10" W/cn?. (2) If the frequency of the pump laser is far ceptibility x® is found to stabilize the SRS process. In SBS,

below any atomic resonance, the obvious effecy 3(N.)
on the linear growth rate of SBS occurs only when
>10' W/cn?. In laser fusion, usually the intensity of the
pump laser is 1< 1,<10'® W/cn?, so the effect of(?) on
the SBS process may in this case be more important.

both x(?) and y® stabilize the SBS process. Increasing the
pump wave strengthy can destabilize or stabilize the SRS
and SBS processes, depending on the valug&dand y ).
Choosing the proper material to form a plasma with certain
values ofx(? and x(®) may therefore avoid instabilities of
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(a)

[ [ _1n16
Io_10

x?=1071°

(b)

x®=1 0‘39nI 3x1 0'39ni

FIG. 3. (a) General behavior of SBS nonlinear evolutign, is similar to Fig. 1.(b)—(d) The relative amplitudes of the scattering
electromagnetic wave evolves with time when twal g{W/cn?), ¥ (esu), andy® (esu) are constant and another is various in SBS.

SRS and SBS which can potentially degrade the laser couy¢® and x®) are approximately taken according to Rief].
pling in ICF geometries, for example. Unfortunately, accu-The values of nonlinear susceptibilities and the functional
rate values of nonlinear susceptibilities in partially strippeddependence of polarization on the electric field of the pump
plasmas are still not well known. In this paper the values ofand plasma waves should also be further studied.
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