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Effect of Laser  Mode  Structure on Stimulated 
Brillouin Scattering 

PAUL  NARUM, MARK D. SKELDON, AND ROBERT W. BOYD 

Abstract-The gain and reflectivity of the stimulated Brillouin scat- 
tering (SBS) process used as a Stokes-wave generator are shown theo- 
retically to be independent of the mode structure of the pump laser 
provided that the pump-laser mode spacing exceeds the Brillonin line- 
width and that the laser coherence length exceeds the characteristic 
gain length of the SBS process. Under the same set of conditions, the 
gain of an SBS amplifier is found to depend on the degree of correlation 
between the laser and Stokes fields. However, due to nonlinear cou- 
pling, these two fields become correlated within several characteristic 
gain lengths, and the subsequent propagation of the two fields is gov- 
erned by the same set of equations that apply for the case of a single- 
mode pump laser. These theoretical predictions are tested experimen- 
tally for an SBS generator using acetone, carbon disulfide, and meth- 
anol as the Brillouin-active media, and the results are in full agreement 
with the theoretical predictions. 

INTRODUCTION 

S TIMULATED Brillouin scattering (SBS) is a process 
that is useful for  producing  the  phase  conjugate of an 

arbitrary wavefront [l] ,  for  beam  combining [3], and for 
pulse  compression  [2].  The  theoretical  description of SBS 
for  the  case  of  a  single-mode pump laser  is well known 
and has been‘ reviewed by Kaiser and Maier  [4]. Many 
applications of SBS involve  the use of multimode pump 
lasers.  For  example, high-energy lasers must often be op- 
erated  multilongitudinal  mode in order to extract  all of the 
energy stored in an  inhomogeneously broadened gain me- 
dium [5], [6]. The extent  to which the efficiency of the 
SBS process is degraded  through  the  use of a multimode 
pump  laser has not been entirely clear.  In  fact, in many 
circumstances,  the efficiency of the SBS process is badly 
degraded  through  the use of a multimode pump laser  [7], 
[81. 

There has been considerable  theoretical  and  experimen- 
tal work on stimulated  scattering with broad-band lasers, 
including both stimulated Raman [9]-[12] and stimulated 
Brillouin scattering [ 131-[  171. D’ yakov [ 131 has treated 
theoretically the  case of a  laser with a  continuous  spec- 
trum whose width Fr, is much larger than the Brillouin 
linewidth I? in  the  limit of negligible pump depletion. He 
showed that the  threshold  for  the SBS process is indepen- 
dent of the  laser bandwidth as long as  the  laser  coherence 
length exceeds  the  characteristic  gain length for SBS. It 
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was also predicted  that  the spectrum of the  scattered  light. 
replicates  that of the  pump  laser.  These  predictions were 
verified in part in experiments of Popovichev et al. [14] 
and Zubarev and Mikhailov [ 151. 

In this paper,  we  consider SBS with a multilongitudi- 
nal-mode pump laser.  We  assume  that  the width of each 
mode is  much  smaller  than  the  Brillouin  linewidth, but 
allow the  total  laser  linewidth  to be arbitrarily  broad.  Our 
theoretical approach is similar  to  that of Zel’dovich  and 
Shkunov [ 161 , but is extended to include  pump  depletion, 
optical  absorption,  and  thermal  contributions  to  the Bril- 
louin  gain.  We  show  theoretically  and  experimentally  that 
under  a set of conditions  that  can readily be achieved in 
practice,  the  characteristics of the SBS process  are  inde- 
pendent of the number of modes present in  the pump laser. 
In particular, we show  that  the  spatial  evolution of the 
laser  and  the  Stokes fields are  described by three coupled 
nonlinear differential equations  that  describe  the  spatial 
evolution of the  intensities  and of the  correlation  function 
C between the  two fields. Analogous  equations  have been 
shown to hold for stimulated  Raman  scattering in the for- 
ward direction [ 111. For the  case of an SBS generator,  we 
show that  these  three  equations  reduce to the  two  equa- 
tions that  describe  the SBS process with a  single-mode 
pump laser.  For  the  case  of  an SBS amplifier?  the  initial 
gain depends on the initial value C, of the  correlation 
function  and is always  smaller than the  single-mode  gain. 
However,  the  nonlinear  interaction  drives C towards 
unity, and after  the  Stokes  wave has propagated a  distance 
approximately equal to the  inverse of the  product of C, 
with the gain per unit length,  the  equations  that  describe 
the  interaction  are  again  the  same  as  those  for  the  case  of 
a  single-mode  pump  laser. The main  criteria that have  to 
be met in  order  for  the SBS to be independent of the  laser 
mode  structure are that  the  spacing  between  the  individual 
laser modes must be larger  than  the  Brillouin linewidth 
and that the  coherence  length of the  laser must be  larger 
than the  characteristic  gain  length of the SBS process. The 
theoretical predictions  have  been  tested experimentally in 
an SBS generator?  and  excellent  agreement  between  the- 
ory and experiment  has been found. 

THEORY 
In this section,  we  develop  the theory that  describes 

stimulated Brillouin scattering with a multilongitudinal- 
mode laser.  For  completeness,  we  allow  the possibility 
that  the  scattering  medium  exhibits  linear  absorption,  and 
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thus our  treatment  encompasses both SBS and its thermal 
analog,  stimulated  thermal Brillouin scattering (STBS). 
We  assume  that  the  laser field is  linearly polarized and 
propagates in the  positive z direction and can be  repre- 
sented by the  plane  wave  expansion 

Here c is the  speed of light in vacuum and no is the re- 
fractive index, which we  take to be  the  same  for  all modes. 
We also  assume  that  the Brillouin Stokes field propagates 
in the  negative z direction  and can be represented as 

We  have used the  convention  here and throughout the pa- 
per that w refers  to  a  laser  frequency and v to  a Stokes 
frequency.  The  total  electric field E = EL + Es satisfies 
the  driven wave equation 

a2E ano a E ni a2E 4~ a2pNL 
aZ2  2c   a t  a t2  c2 a t2  
p _ _ _ - _ - p - - ~  - (3) 

where CY is the  linear intensity absorption coefficient. The 
nonlinear  polarization P N L  appropriate to the SBS process 
is given by 

where p ( z ,  t )  is the  deviation of the  material density from 
its  equilibrium  value p o  and E is the  dielectric  constant. 

SBS  is the  coherent  scattering of light from sound 
waves. The sound waves are  described by the  wave  equa- 
tion for  the density variation of the  material.  This  equa- 
tion is obtained from the  linearized  hydrodynamic  equa- 
tions of motion for  a viscous liquid, and has the following 
form [18], [19]: 

u 2  a2p a2 a p   a Z p  y e  a2E2 p a2T 
4 az2  aZ2  a t   a t2  sT aZ2  4: a 2  
-- + - __ - - - = - - - u P o - - .  

( 5 )  
Here u is the velocity of  sound, 4: is  the  ratio of the  spe- 
cific heat at constant  pressure C, to that at constant vol- 
ume Cv, y e  = po(aE/ap) r  is the  electrostrictive  constant, 
p = - ( a p / a  T),/p is the coefficient of thermal expansion 
at constant  pressure,  and q = qB + 4 qs I3 is the viscosity 
where qB is  the  bulk viscosity and qs is  the  shear  viscosity. 
The first driving  term  in this equation is due  to  the pres- 
sure  gradient  induced by the spatially modulated total op- 
tical intensity through the process of electrostriction. Note 
that the  laser  and  Stokes fields are coupled together be- 
cause  this driving term involves E', and hence  leads to a 
response  at  the  beat  frequencies between the two waves. 
The second driving term is due to the inhomogeneous 
temperature  distribution produced by linear  absorption. 
This temperature  distribution is given by the energy trans- 

port equation 

a T  a2T 4 - 1 a p  - 
p o c v -  - x,- - Cv-- - - E2 (6) 

at  a z  p at  4T 

where A T  is  the coefficient of heat conduction.  The driv- 
ing term is  the  power per unit volume deposited in  the 
medium by absorption of the spatially modulated total op- 
tical intensity.  The  solution to (5 )  and (6) for  the fields 
given by  (1) and (2)  is 

. &QIIln- 9nrnZ) + c.c, (7) 
where Q,, = w, - v m  is the frequency of the acoustic 
wave driven by the beating between laser mode n and 
Stokes mode m, qnm = no(w, + v,)/c is the propagation 
constant of this disturbance, I?,, = (77/2po)qi, is the 
acoustic damping  rate  or equivalently the Brillouin line- 
width,  and r:, = au ' c  p/2 no C,Q,, is  the  absorptive cou- 
pling constant.  In  deriving this equation, we have made 
the standard assumptions  that  the phonons are strongly 
damped and that  the slowly varying amplitude approxi- 
mation is valid.  We  have  also ignored terms that give rise 
to coupling  due to stimulated Rayleigh scattering. The 
amplitude of the density  wave induced by the beating of 
laser mode n and Stokes  mode m is maximum when !2im 
= (q,, u ) ~  or, equivalently, when 

where the displayed form follows from the  fact that the 
speed of sound is much smaller than the speed of light. 
The width of the  resonance in (7) is rnm. If the total laser 
bandwidth rL obeys  the inequality 

the variation of the right-hand side of (8) with w, is small 
compared to the width rnm of the  resonance, and hence w, 
can be replaced on the right-hand side by the  center fre- 
quency of the laser wo. In this case,  the Brillouin fre- 
quency shift Q = 2 uno w, / c  is the same for  all  laser modes. 
We shall henceforth assume that the  Stokes frequencies 
appearing in the  expansion (2 )  are  chosen so that for each 
laser  mode n having frequency w,, there is a  Stokes mode 
that we  shall  also  denote with the index n and which has 
frequency v, = w, - Q + Av. The  case A v = 0 corre- 
sponds  to  exact  resonance.  We  ignore  the possibility that 
some other  laser  mode has frequency 2 v, - w,, and hence 
can act  as  a  Stokes mode to  Stokes mode n. We  further 
assume  that  the  laser mode spacing is much larger than 
the Brillouin linewidth rnn and  that  the  detuning A v is 
much smaller than the Brillouin frequency shift a. Under 
these  conditions,  the only terms that contribute  apprecia- 
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bly to the  double  sum  over n and m appearing in (7) are 
those  for which n = m, and  therefore  the  double  sum  col- 
lapses  to  the  single  sum 

. , i ( ( Q - A u ) t - q , , ~ )  + c.c. (10) 
where  the  Brillouin  linewidth  and  the  absorptive con- 
stant y a now are  the  same  for  all  laser  modes.  Through 
use of (4) and  this  form  of  the density variation,  the non- 
linear  polarization  driving  the  laser  and  Stokes fields be- 
come 

P;L(Z, t )  = 
iwnoye(ye - 2-7") 

128 a2rucpo(1 + id 
. C E,,.(~) e -iw,(t-zno/c) 

n 

x C E ~ , ~ ( z )  E&(Z) e2 inoz (wk  -w~) 'c + 
k 

C.C. 

(11) 
and 

. E ~ , ~ ( ~ )  e - i ( w n - " ) ( r - z n ~ / c )  
n 

X Ef,k(Z) E,,&) e-2inoz(wk-wn)'c + C.C. 
k 

(12) 
By inserting  these  expressions  for  the  nonlinear polariza- 
tion into  the  wave  equation (3) for  the  electric field and 
using the slowly varying  amplitude  approximation, we 
obtain  the  following  expressions  for  the  spatial evolution 
of the  laser  and  Stokes  waves: 

-- aE',n(z) Y e w 2 ( ~  e - iy a )  Es,n(z) 
a z  

_ -  
32 aruc2po( 1 + i A  v / r )  

and  (13) 

- C E ; , ~ ( Z )  E,,,(z) e - 2 i n o Z ( w k - w ~ ) i c  + - E ( 
a 

k 
~ , n  2). 

(14) 
We  note  that  the  growth  of  Stokes  mode n is  due to the 
coherent scattering of laser mode n off the  density varia- 
tion induced by the  beating of laser  mode k with Stokes 
mode k for  all  mode  pairs k .  For  the  mode  pair with k = 
n ,  the  exponential phase factor  vanishes, implying that 
this process is perfectly phase matched. For all other mode 

pairs,  there is a  wavevector  mismatch given by 2 no(wk - 
wn)/c. In order  to find the  conditions  under which this 
wavevector  mismatch can be  neglected,  we perform a 
change of variables in (13) and  (14): ES,.(z) -+ E,,&) exp 
( ~ K s , ~ z )  and EL, .(z) -+ Et, .(z) exp (i K ~ , J ) .  It  is then eas- 
ily seen that  the  phase  factors K ~ ,  and K,, can  be  chosen 
in such  a way that  the  coupled  amplitude  equations retain 
their  original form, but with the  complex  exponentials re- 
placed by unity provided that 

A << - C 

no rL 

where A is the  characteristic gain length of the SBS pro- 
cess, that is, the  distance  over which the  amplitude  of any 
of the  waves  varies  appreciably.  The right-hand side of 
this inequality is the coherence  length of the  laser. 

We next derive  the  coupled  intensity  equations  for  the 
Stokes and laser  fields. We multiply (14) by E$n, add  the 
equation to its complex  conjugate,  and  sum it over  all 
Stokes  modes n to  obtain 

Similarly,  from (13), we obtain 

where ZL(z) = ( n o ~ / 8 ~ )  C lEL,n(~)12 and ZS(Z) = ( n o d 8 ~ )  
C IES,,(z)1* are  the  intensities of the  Stokes and laser 
waves, 

2 I C  Ef,nEs.n/ 

is the normalized correlation coefficient between the  laser 
and  Stokes  fields, and g is the total gain coefficient given 
by 

g = gB + gu (194 
where 

is that  part of the  gain coefficient which is due to elec- 
trostrictive  coupling  and 

is that part which is due to absorptive  coupling.  These 
gain coefficients are  identical to those  that apply for  the 
case of a single-mode pump  laser [4]. 

From  the definition of C(z) and (13) and  (14),  the  dif- 
ferential equation that  governs  the spatial evolution of C(z) 
is found to be 
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This  equation has two spatially invariant  solutions given 
by C(z) = 0 and C(z) = 1.  However,  the solution C(z) = 
0 can be shown by means of a  linear stability analysis  to 
be unstable.  For the case  of  a Brillouin amplifier in which 
both the  laser  and  the  Stokes fields are  generated  exter- 
nally,  the boundary value of C(z) depends on the  bound- 
ary values of these  fields,  and in general is less than unity. 
However,  due  to  the  nonlinear  coupling, the relative 
phases of the  various modes change  as  the beams propa- 
gate, and (20) shows that  within  a few gain path lengths, 
the  correlation coefficient C(z) approaches  the stationary 
value unity. For the  case  of  a Brillouin generator in which 
the  Stokes field is created  entirely within the scattering 
medium,  the  amplitudes and phases of the  Stokes modes 
are  determined by the  characteristics of the density fluc- 
tuations that initiate the SBS process.  Since all laser modes 
scatter  from  the  same  density  fluctuations,  their relative 
amplitudes and phases  are  preserved in the scattered 
Stokes field, and  hence  even initially C is equal to unity. 
For C equal to unity,  the coupled intensity equations (16) 
and (17)  are exactly the  same  as  those  that apply for  the 
case of a  single-mode pump laser.  We thus see  that  under 
the  conditions assumed in this  calculation, not only is the 
gain the same for a  single- or multimode  laser,  but in ad- 
dition,  the reflectivity of an SBS generator is the  same 
because  the  equations  describing  the  spatial evolution of 
the fields are the  same  and  depend only on the total inten- 
sities.  The  characteristic  gain  length introduced in in- 
equality (15) can then be  shown from (16)-( 19) to be 
given by A = 2/g(ZL + I s ) ,  and  the  condition  (15) on the 
total laser  bandwidth  becomes 

c rL << - g(z, + zs). (21) 
2n0 

The  conditions  that must be satisfied in order  for  the 
SBS process to be  independent of the pump laser  mode 
structure can be  summarized as follows.  We  have  made 
several  approximations which are standard approxima- 
tions in  the theory of  SBS with a  single-mode pump laser 
and which for most physical  systems do not restrict the 
limits of validity of our  calculation.  These  approxima- 
tions are  the  use of the slowly varying  amplitude  approx- 
imation,  the  assumption  that  the phonons are  strongly 
damped, and the use of the  equations of hydrodynamics 
in their  linearized  form. In order  to  extend  the theory to 
apply to the  case of a multimode pump laser, we have had 
to make  several  additional  assumptions.  We  have  as- 
sumed that  the  laser bandwidth satisfies the inequality (9) 
and  have  ignored the dispersion of the refractive  index 
over this bandwidth;  for most physical  systems,  these 
conditions  are very easily satisfied. We have also had to 
assume  that no two  laser modes are  separated by precisely 
twice the Brillouin frequency  shift  in  order  to  dismiss  the 
possibility that  the  Stokes mode associated with one  laser 
mode could act as an  anti-Stokes  mode  for  a different laser 
mode. In addition,  we  have assumed that the system  is in 
steady state  in  the  sense  that  the  mode  amplitudes  in (1) 
and (2) depend  only on the  spatial  variable z and not on 

time.  We  have also assumed  that  the  laser mode spacing 
is much larger  than  the Brillouin linewidth and that the 
laser  coherence  length is substantially larger than the gain 
length as stated in inequality (15). 

The physical interpretation  of  these  last two conditions 
is as  follows. The condition that that  laser  mode spacing 
must be  larger than the Brillouin linewidth implies that 
the medium cannot respond to the beat frequency between 
laser  mode n and Stokes mode 1n for n # m, and hence 
implies that  the  acoustic waves are driven only by the 
beating between laser  mode n and its associated Stokes 
mode n. The  coupling between different mode pairs arises 
from the fact  that they scatter  from each other’s acoustic 
waves. This  scattering of one mode pair from the acoustic 
wave formed by another mode pair is not necessarily phase 
matched.  The  condition that the  laser  coherence length 
substantially exceed the gain length ensures that this phase 
mismatch can be  neglected.  Note  that  the gain length A 
and not the total interaction  distance L enters  into in- 
equality (15) because  the  nonlinear coupling modifies the 
propagation vectors in such a  manner  as to decrease the 
effective phase mismatch. 

EXPERIMENT 
In order to test  these  theoretical  predictions, we have 

measured the threshold and the reflectivity under condi- 
tions of strong pump depletion for an SBS generator using 
the liquids methanol,  acetone, and carbon disulfide. The 
experimental setup  is  shown schematically in Fig. 1. The 
frequency-doubled  output  from  a passively Q-switched 
Nd : YAG laser (Quantel YG47l-C) is focused  into  a cell 
containing the Brillouin  active  liquid.  The pulse width is 
15 ns (FWHM), the beam  divergence is less than 0.5 
mrad, and the beam diameter is approximately 7  mm.  The 
focusing lens is planoconvex, has a  focal length of 3.7 cm 
in air, and serves  as  the  entrance window to the SBS cell. 
The energies of the  laser  and SBS pulses are measured 
with photodetectors D 1  and 0 2 ,  respectively, and their 
spectra  are measured by imaging  their  Fabry-Perot inter- 
ferograms onto  a  vidicon. By misaligning the  laser  oscil- 
lator, it can be  made to run on  up  to  four modes separated 
by 260 MHz, and up to  three modes separated by 5 GHz. 
The spectral width of each individual laser mode was less 
than 50  MHz.  The pulse repetition rate of the  laser is 10 
pps,  and  for each pulse, the outputs from the photodetec- 
tors and the interferograms  are digitized and stored by a 
computer. 

Typical Fabry-Perot interferograms  for  the  laser and 
SBS return from methanol are shown in  Fig. 2 both for 
the  case when the  laser is running single  mode and when 
it is running multimode with a mode spacing of 5 GHz. 
The relative mode amplitudes in the SBS return are seen 
to be  the  same as those of the  pump  laser.  This result is 
in agreement with the  theoretical  predictions that the cor- 
relation coefficient C(z) is equal  to  unity, and hence that 
the spectrum of the pump laser  is preserved in  the  scat- 
tered  light.  In Fig. 3,  the SBS reflectivity is plotted as  a 
function of laser pulse energy for a given number of modes 
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ND:YAG LASER DOUBLER SBS CELL 

FABRY-PEROT 

1P 1 

Fig.  1.  Schematic  of  the  experimental  setup. The energies of the  laser  and 
SBS pulses  are  measured  with  detectors D 1 and 0 2 ,  and  their  spectra 
are  measured by imaging  their  Fabry-Perot  interferograms  onto  a  vidi- 
con. Not shown is an  arrangement of lenses,  beam  splitters,  and  knife 
edges  that  images  the  interferogram  of  the  laser  onto  one  half  of  the 2 

THREE  5 GHr MODES 

Y :; ' :. . .. 
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vidicon  and tha; of  the  laser  onto  the  other. 

Fig. 3. SBS reflectivity  of  methanol  plotted  as  a  function of the  laser  pulse 
energy.  Each  graph  corresponds to  a different  mode  structure of the  ex- 
citing  laser. 

DISULFIDE 
CARBON 

METHANOL 

i 1, I , /  
Fig.  2.  Fabry-Perot  interferograms  for  the  laser  and SBS return  from P O  

methanol  for  the  laser  running  (a)  single  mode,  (b)  on  two  modes  sepa- 1 3 2 4  

rated by 5 GHz, and  (c) on three  modes  separated by 5 GHz.  In  each 
case,  the  interferogram of the  linear  pulse is shown  on  the  right-hand 
side  and  that  of  the SBS return on the  left-hand  side of the  picture.  The 
free  spectral  range of the  interferometer  is 30 GHz. 

in the pump  laser  for  methanol  as  the  SBS-active  medium; 
similar plots have  also  been  obtained  for  acetone  and car- 
bon disulfide. Approximately 1400 laser pulses are  col- 
lected and  subsequently sorted by laser mode  structure  for 
each of these  liquids.  The threshold and  the reflectivity at 
a  laser pulse energy of 10 mJ are  determined  from  these 
graphs  and are plotted in Figs. 4 and 5 as  a function of 

- - 1 2 3  
NUMBER OF LASER  MODES NUMBER OF LASER  MODES 

(260 MHz MODE  SEPARATION) (5 GHz  MODE  SEPARATION) 

Fig. 4. Threshold  pump  energy  for SBS normalized by its  value  for  single- 
mode  operation  of  the  pump  laser  plotted as  a function  of  the  number  of 
laser  modes  for  three  different  liquids. 

the  number of laser modes. For  each  liquid,  the threshold 
is normalized  to  its  single-mode  value. The.bars  indicate 
the pulse-to-pulse variations in the  experiment.  These 
variations are  due  to statistical variations in the SBS pro- 
cess,  and  are  much  larger  than  the variations resulting 
from  measurement  noise. 
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Fig.  5. SBS reflectivity at a  pump-laser  pulse  energy of 10 mJ plotted as 
a  function of the  number of modes in the  pump  laser for three different 
liquids. 

TABLE I 
PHYSICAL PROPERTIES AT A WAVELENGTH OF 0.53 p m  FOR THE THREE 

BRILLOUIN-ACTIVE LIQUIDS  STUDIED EXPERIMENTALLY 

w 2 n  g p  g y / a  r 1 2 ~  g, r,12n 
(GHz)  (cmlGW)  (cm2/GW)  (MHz)  (cmiGW)  (GHz) 

Carbon 
Disulfide 7.7 130 162 60 31 7 

Acetone 6.0 20 17 160 1.2 260 
Methanol 5.6 13 10 210 0.5 270 

Note: fl is the Brillouin frequency shift, g y X  is the gain coefficient for 
stimulated Brillouin scattering at Av = 0, g,"""Ia is the  gain coefficient for 
stimulated  thermal  Brillouin  scattering at Av = I? divided by the linear 
absorption coefficient a ,  r is  the Brillouin  linewidth, g, is  the  gain  coef- 
ficient for stimulated  Raman  scattering, and I', is  the  Raman  linewidth. 

In order  to  compare  these  experimental results to the 
theoretical prediction, we first check  the validity of the 
assumptions made in the  theoretical  section.  Table I pre- 
sents relevant physical parameters  for  the  liquids used in 
the experiment [4], [20]. For all  three  liquids,  the mea- 
sured absorption coefficient at 0.53 pm is less than 0.01 
cm-' . Table  I  can  then  be used to infer  that in each  case, 
gB >> g ,  or, equivalently,  that  the  electrostrictive  cou- 
pling is much greater than the  absorptive  coupling.  Hence, 
according to (19),  the total gain  is maximum when the 
detuning A v from the Brillouin resonance is equal to zero. 
It is easily seen from Table  I  and  the  facts that the  maxi- 
mum laser bandwidth was 10  GHz  and the confocal pa- 

rameter was approximately 0.5 mm that the requirements 
of inequalities (9) and  (15)  are satisfied. The requirement 
that the  laser  mode  spacing  be  greater than the Brillouin 
linewidth is seen to  be well satisfied for  the  case of a 5 
GHz  mode  spacing.  For  the  case of a 260 MHz mode 
spacing, this requirement is close to not being satisfied, 
in particular  for methanol where the Brillouin linewidth 
r B / 2  T is 210 MHz.  However,  our experimental results 
show no dependence  on  the  mode  spacing.  Finally,  our 
theory assumes that the SBS process is in steady state. 
This assumption is questionable for carbon disulfide where 
the phonon lifetime 4rB of 1.4 ns is comparable to the 
laser  pulse length of 15 ns. 

As shown  above,  our theory predicts that there should 
be no dependence of the SBS gain or reflectivity on the 
number of laser  modes.  From  Figs.  4 and 5 ,  we  see  that 
there is no dependence on the  pump-laser mode structure 
in either  the threshold or the reflectivity for the case of 
ethanol or methanol  as  the SBS active  medium.  However, 
for  carbon  disulfide,  the threshold increases and the re- 
flectivity decreases  as  the  number of modes in the pump 
laser  increases.  We  believe  that  this  dependence is due to 
competition between SBS and other  nonlinear optical pro- 
cesses such as  stimulated Raman scattering (SRS) and self 
focusing. As seen from  Table I, the ratio of the gain for 
SRS to that of SBS is  considerably  larger  for  carbon di- 
sulfide than for  the  other  two  liquids. In addition,  the SBS 
process is in the  transient  regime  for much of the duration 
of the  laser  pulse, and hence  the SBS gain is less than its 
steady-state  value.  Moreover,  the SRS process has an  ex- 
tremely short  response  time of 11  ps, and  hence can re- 
spond to the peaks of the intensity fluctuations that  occur 
due to mode beating when the  laser is operated multi- 
mode.  Since  the nonlinearity giving rise to self focusing 
is characterized by a  short response time,  competition  due 
to this process is also  sensitive to the  mode  structure of 
the laser. 

CONCLUSIONS 
We have shown theoretically that  under  conditions that 

are  often met in practice,  the  characteristics of the SBS 
process are independent of the  number of longitudinal 
modes present in the pump laser. We have performed an 
experiment that verifies these  predictions  for  the threshold 
and reflectivity of SBS generation in the  liquids  acetone 
and methanol for which the assumed conditions  are  met. 
For  the case of carbon  disulfide, which does not fulfill 
these  requirements, we find a  dependence on the mode 
structure of the pump laser. 
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