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Low-threshold stimulated Mandel'shtam-Brillouin (SMBS) scattering with distributed feedback 
is realized in carbon bisulfide. The effect is due to Bragg diffraction of the SMBS radiation by the 
space-periodic lattice of the refractive index, induced in the optically nonlinear medium as a 
result of interference of the exciting-light beams incident on and reflected by the mirror. Single- 
frequency SMBS radiation generation, with a low angular divergence and high energy efficiency, 
is attained. A theory is developed that can be employed to calculate the nonlinear coefficient of 
pump conversion into SMBS radiation and to determine the optimal generation direction. Good 
agreement is observed between the theory and experiment. 

1. INTRODUCTION 

Stimulated Mandel'shtam-Brillouin scattering (SMBS) 
arises as the result of nonlinear interaction of intense stimu- 
lating light with a material medium.' It corresponds to the 
process of decay of the exciting light wave into another scat- 
tered light wave and a hypersound wave. Under the assump- 
tion of a specified intensity of the exciting light, the intensity 
of the scattered radiation increases exponentially in space 
(covective instability). Significant intensity of the scattered 
radiation can be achieved under such conditions only for 
very high values of the coefficient of exponential amplifica- 
tion - 20-30. 

The SMBS threshold can be lowered significantly if 
positive feedback can be created in the SMBS excitation. 
Here, an exponential growth of the intensity of the scattered 
radiation in time takes place (absolute instability2). As a rule, 
this is achieved by excitation of SMBS in an optical resona- 
tor of the type of a Fabry-Perot interferometer, where the 
so-called "lumped feedback" takes place-the interaction of 
the oncoming waves is produced in fixed cross sections of 
space. The necessary condition for high energy efficiency of 
the SMBS is saturation of the gain. In the resonator, it can be 
accompanied by a cascade generation of the SMBS compo- 
n e n t ~ , ~  significantly degrading the monochromatic charac- 
ter of the generated radiation. 

A regime of absolute instability can also develop in the 
cavity-free excitation of scattering, for example, when the 
SMBS is excited by two antiparallel light  beam^.^-^ In this 
latter case, absolute instability arises in the case of SMBS 
only from the simultaneous excitation of the Stokes and anti- 
Stokes components of the scattered field. For this reason, the 
threshold of such parametric generation is not much lower 
than the threshold of the ordinary convective SMBS. Much 
lower thresholds of generation exist in this case if the para- 
metric coupling can be realized without participation of the 
anti-Stokes  component^.^ 

In the present work, low-threshold SMBS with distrib- 
uted feedback is proposed for the first time and then experi- 
mentally realized for the case of almost antiparallel pump 
beams, and a theory of this phenomenon is developed. 

Distributed feedback exists because of the Bragg dif- 
fraction of the SMBS radiation by the spatially periodic lat- 
tice of the index of refraction, induced in an optically nonlin- 
ear medium as a result of the interference of two light beams. 

Since the distributed feedback possesses a much higher 
spectral selectivity in comparison with the "lumped back",' 
the SMBS excitation used in such a scheme allows us to ob- 
tain single-frequency generation, which possesses a high en- 
ergy efficiency and low angular divergence. The theory de- 
veloped here for this phenomenon permits us to calculate the 
coefficient of transformation of the pump energy into the 
SMBS radiation, and to determine the optimal direction of 
the generation and distribution of the amplitudes of the 
waves interacting in the nonlinear medium. A comparison of 
the experimental results with the theoretical results shows 
excellent agreement between the two. 

2. SETUP OF THE EXPERIMENT AND EXPERIMENTAL 
RESULTS 

The experimental setup is depicted in Fig. 1. On a cell 
filled with carbon disulfide, with internal dimension 1, = 6 

FIG. 1 .  Experimental setup: I-incident light beam, 2-reflected light 
beam, 3direction of SMBS generation, &mirror. 
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cm, a collimated light beam of circular cross section was 
incident obliquely in the direction 1. The beam was generat- 
ed by a single-frequency, single-mode neodymium laser 
(wavelength A, = 1.06 p). The beam was collimated by a 
mirror with radius of curvature 2 m in such fashion that its 
diameter in the cell amounted to d = 1 mm. Passing through 
the cell, the laser beam was reflected almost directly back- 
ward in the direction 2 by the plane mirror 4 with reflection 
coefficient 0.99. This mirror was located in back of the rear 
window of the cell. The minimum distance between the 
boundaries of the liquid and the mirror was limited by the 
thickness of the windows of the cell, and amounted to 0.8 
cm. Reflection from the window of the cell amounted to 
0.04. To prevent the appearance of parasitic resonators in 
the process of excitation of the SMBS, the cell was mounted 
in such fashion that the planes of its windows were not paral- 
lel to the plane of the mirror 4. 

The mechanism of formation of distributed feedback 
can be illustrated qualitatively as follows. The incident (1) 
and reflected (2) laser beams interfere with one another in the 
region of overlap. As a consequence of the dependence of the 
index of refraction of the medium on the intensity of the light 
wave n, = n(l + 1/2n,l E 1') a three-dimensional phase 
grating of the index of refraction develops in the medium, 
with a period -A,,/2n cos 80, where 28, is the angle between 
the incident and reflected beams of the laser in the medium 
(see Fig. 1). The radiation arising as a result of the SMBS of 
the incident and reflected light beams, with wavelength 
A -, = Ao(l + 2nvs /c), where v, is the sound velocity in the 
medium and c is the light velocity in vacuum, is diffracted by 
this grating. The Bragg condition cos 8-, = (Ao/A - ,) cos 8, 
allows an approximate estimate of the angle 8-, between the 
direction of propagation of the SMBS radiation and the nor- 
mal to the mirror 4 at which the distributed feedback arises. 
A more accurate relation between the angles8-, and 00, 
which takes into account the nonlinear phase shift of the 
interacting waves and the boundedness of the region of inter- 
action, is given by Eq. (14) (see below). 

Liquid carbon disulfide was used in the research as the 
optically nonlinear medium that is active in SMBS, as has 
already been noted. Such a choice was made because of the 
fact that carbon disulfide has the highest nonlinear index of 
refraction n, =: 1.0 . 10- cm3/erg (Ref. 9) of all simple li- 
quids, and also the largest value of the increment of SMBS, 
equal to 4 lo-' cm/MW at a wavelength of the exciting 
light A, = 1.06 p.1° The index of refraction and the sound 
velocity of carbon bisulfide are respectively equal to 
n = 1.61 and v ,  = 1.2 10' m/s. 

The spectral, temporal and energy parameters of the 
SMBS radiation and of beams 1 and 2 of the exciting radi- 
ation were studied experimentally. The divergence of the ra- 
diation and the dependence of the direction of generation of 
the SMBS on the angle between beams 1 and 2 were also 
studied. The energy of the radiation was measured by a ca- 
lorimeter of the type IKT-IN. The time analysis of the dy- 
namics of the radiation was carried out with coaxial ~ h o t o -  

brought about by means of additional photocells of the laser 
radiation; the instability of the triggering amounted to less 
than 5 ns. The spectral analysis of the radiation was accom- 
plished with a Fabry-Perot interferometer with a free spec- 
tral range 1 cm- ' after preliminary doubling of the frequen- 
cy of the radiation in a LiIO, crystal. 

Two series of experiments were carried out in the case of 
energy and duration r of the exciting laser pulse of 2 1 mJ, 40 
ns and 19 mJ, 60 ns, respectively. In the first series (7 = 40 
ns), the effective generation of SMBS was observed under 
conditions in which the angle 8, was varied in the range from 
3.4 mrad to 5.4 mrad. The SMBS was generated in the plane 
of incidence of the wave of exciting light; then the beam of 
SMBS radiation 3 (Fig. 1) was deflected from the normal to 
the mirror 4 in the direction of the wave entering into the 
cell. The angle 8-, between the direction of propagation of 
the SMBS radiation in the cell and the direction of the nor- 
mal to the mirror 5 amounted to 0.6 mrad at 8, = 3.4 mrad 
and 1.5 mrad at 19, = 5.4 mrad. The SMBS radiation was a 
well-collimated beam of circular cross section with a diver- 
gence of not more than 0.5 mrad, approximately twice the 
divergence of the exciting light. At an exciting pulse energy 
kJ incident on the cell with the carbon disulfide, the energy 
of the radiation emerging from the cell was distributed as 
follows: 6 mJ of SMBS radiation in the direction 4; 8 mJ 
specularly reflected in the direction 2; the remaining 6 mJ of 
the exciting pulse was lost to parasitic reflection from the cell 
windows (4 mJ) and to absorption in the carbon disulfide). 
The energy efficiency of the SMBS was 30%. 

The dynamics of generation of SMBS with distributed 
feedback are shown in Fig. 2b. For comparison, the oscillo- 
grams of radiation incident on the cell with the carbon disul- 
fide in the direction 1, and emerging from it in the direction 
2, are shown in Figs. 2a and c. These were obtained in the 
same scale and at the same stage of triggering of the record- 
ing system as the oscillogram in Fig. 2b. It follows from the 
given oscillograms that the intense generation of SMBS (Fig. 
2b) begins within about 20 ns after the beginning of the excit- 
ing pulse (Fig. 2a). The front of the SMBS pulse is steeper 
than the front of the exciting pulse. The generation of SMBS 
is accompanied by the depletion of the exciting wave emerg- 
ing from the cell in the direction 2 (Fig. 2c). At maximum 

of the type "K-' and connected to a high FIG. 2. (kiillograms of the incoming pump ware /a/, the exciting SMBS 
speed oscilloscope S7- lob and to the storage oscilloscope S8- radiation (b\ and the radiation of the pump exciting in the specular direc- , , 

12. The triggering for scanning of the oscilloscopes was tion (c). The scales of the oscillogrami ard the same. 
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SMBS generation, the power of the SMBS radiation amount- 
ed to more than 80% of the maximum power of the incident 
pulse 1 (Fig. 2a) and almost three times the maximum power 
of the reflected wave 2 (Fig. 2c). Thus the observed SMBS 
generation was accompanied by a strong saturation of the 
gain and depletion of the pump. 

The results of spectral measurements of the radiation 
emerging from the cell are shown in Fig. 3. An interferogram 
of the radiation at double frequency, emerging in the direc- 
tion 3 (the inner set of rings) is shown in Fig. 3a, along with 
an interferogram of the second harmonic of the laser beam 
(the outer set of rings). It is seen that only a single spectral 
component of the second harmonic radiation in the direction 
3 is present in the spectrum, shifted in the Stokes direction by 
0.25 cm-'. The accompanying spectral shift at the basic fre- 
quency (0.125 cm- ') corresponds to a shift in the SMBS line 
in carbon disulfide in the backward direction. In the spec- 
trum of radiation reflected in direction 2, there is only a 
single spectral line of the laser (Fig. 3b). It should be noted 
here that the SMBS radiation contains only the first Stokes 
component, in spite of the fact that the SMBS process, as has 
been noted above, takes place under conditions of saturation 
of the amplification. 

In the second set of experiments (r = 60 ns) effective 
SMBS generation was observed in the range of angles 
3.2 < 8, < 5.0 mrad. The corresponding values of the angle 
8-,  between the direction of SMBS generation and the nor- 
mal to the mirror 4 are shown in Fig. 4. As is seen from this 
drawing, the dependence of the value of the angle 8-, on the 
values of the angle 8, is nonmonotonic. It has been possible 
to excite the SMBS generation effectively at 8, = 1.3 mrad. 
Here the angle 8-, amounted to at most 0.3 mrad. For the 
angles of incidence of the laser radiation specified above, the 
amplitude of the pulse of SMBS radiation reached 50-60%, 
while the beginning of the generation was delayed relative to 
the beginning of arrival of the pump pulse at the cell by 50 ns. 
The shapes of the pulse of the exciting radiation and of the 
SMBS radiation were similar to those shown in Figs. 2a and 
b. Upon increase in the angle 8, > 5 mrad, the amplitude 
coefficient of SMBS conversion decreased sharply and at 
O0> 8 mrad it amounted to 4 lop3. Here the SMBS was 
excited strictly in the back direction. 

FIG. 3. a) Interferograms of the SMBS radiation (inner system of rings) 
and of the pump radiation (outer system of rings) b) Interferogram of the 
radiation specularly reflected in the direction 2 in Fig. 1.  

2, , mrad 

4 ,  mrad 

FIG. 4. Dependence of the threshold direction of the SMBS generation 
8-, on the angle of the incidence 8, of the pump radiation at A = 0. The 
numbers of the curves correspond to the numbers of the excited modes. 
The calculation is carried out according to Eq. (1  1) for the conditions of 
experiment: ? = 0.9; n,/G = 0.3; 1, = 6 cm; d = 1 mm; the dashed line is 
the boundary of the strong overlap of the beams, the points are measure- 
ments in the first (.) and second (0) set of experiments. 

3. THEORY 

In this section, we shall set forth the nonlinear theory of 
SMBS with distributed feedback, which will then be used for 
the analysis of the experimental results. The distributed 
feedback considered here is due to the mutual diffraction of 
scattered Stokes waves by the refractive-index grating creat- 
ed by the exciting waves incident on and reflected by the 
mirror. This process is one of the possible manifestations of 
coherent SMBS excited in the medium by the incident and 
reflected waves, called in Ref. 7 double stimulated Mandel- 
stam-Brillouin scattering (DSMBS). 

We consider a one-dimensional model, assuming the 
fronts of the interacting waves to be plane. Let a wave of 
frequency wo be incident from above on a layer of nonlinear 
medium of thickness I(0 < x  < I ). The lower boundary (x = I ) 
specularly reflects the waves incident on it with an ampli- 
tude reflection coefficient reiq. Consequently, two exciting 
waves are present in the medium-the incident Eol and the 
reflected Eo - , . 

In correspondence with the general premises of 
DSMBS theory that the excitation of absolute instabilities 
have a high threshold connected with the presence of anti- 
Stokes components,' and in accordance with experiment, we 
shall assume that only the Stokes components of the scat- 
tered light E - ,, (u = + 1) are excited. Therefore, the opti- 
cal electric field in the medium has the form 

E, (r ,  t )  = R e [ E  (x, Y, t )  e-'"'' 1, (1) 

where 

Xexp (iak-,.,.z+ik-,,y+iQt) 1. (2) 

Here k, = ko cos 8,, ko = nwo/c = (kox2 + kOy2)1'2, 
k - ,, = k-, cos 8- ,, k-, = n(wo - 0 )/c. The amplitudes 
of the light field obey the boundary conditions imposed on 
the field on the upper edge of the layer Eol(0) = Eo, 
E- ,,(O) = 0 and the conditions of specular reflection of the 
waves from the lower edge 
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where q = kox - k - ,, . Such a statement of the problem is 
typical for DSMBS theory (see Ref. 7). 

In the nonlinear equations written for the field, we take 
into account two mechanisms of nonlinearity. First there is 
the mechanism of orientation nonlinearity, which leads to a 
change in the dielectric constant S E ~  = nZnzIE 12> 0. Then 
we take into consideration the SMBS strictive change in the 
dielectric constant which determines the ordinary and is due 
to the field beats at the frequency of the sound wave 

where Y =pa&/+ is the parameter of strictive nonlinearity, 
p, is the density of the medium, k, = kox + k - ,, , k, 
= koy + k - ,, , A = (a /us - k, )/a is the departure of the 

frequency of the sound from its resonance value, a is the 
amplitude coefficient of sound absorption. Corresponding to 
such mechanisms of nonlinearity, we can limit ourselves to 
the following truncated equations: 

where G = (k, Y 2/32?ran2pvf) Here, since I q 1 (k,, the differ- 
ence between kox and k - ,, is taken into account in Eq. (4) 
only in the exponentials. The right sides of Eqs. (4) describe 
three nonlinear, spatially distributed optical processes: first, 
the convective amplification of the Stokes components and 
the weakening (depletion) of the exciting light, which corre- 
sponds to ordinary SMBS; second, the nonlinear change in 
the index of refraction, and third, the distributed feedback 
that is necessary for the SMBS, and that is due to the mutual 
diffraction of the pair of exciting waves by the refractive- 
index grating created by the Stokes waves, as well as the pair 
of Stokes waves by the refractive-index grating due to the 
pair of exciting waves. 

Under conditions of the smallness of the ratio n,/G 
there is the possibility of constructing an approximate non- 
linear solution of the system (4), using a small parameter (n,/ 
G( 1). Since very few nonlinear solutions have been obtained 

up to the present in SMBS theory, we shall describe our solu- 
tion in some detail. First, we note that, upon neglect of n,, 
Eqs. (4) describe two independent processes, while, by virtue 
of the boundary conditions, E- , , = 0 in this approximation. 
Account of the small quantity n, leads to the result that the 
amplitude E- , , turns out to be smaller by a factor of G /n, 
than the other amplitudes. Basing ourselves on this fact and 
introducing the dimensionless amplitude of the waves 
@=O, -1 )  

we find from the truncated equations (4), with accuracy to 
terms that are linear in n,/G, the following set of equations: 

where g(ko2/k ox )G IEo12, h = (ko2/k ox )n,lEo12. Only the 
last equation of the set (4) contains the effect of the Bragg 
diffraction that transforms the wave e-,-, into the wave 
e- ,, on the refractive index grating that is produced by the 
incident and reflected components of the exciting light. 
Therefore, only this equation describes the effect of the dis- 
tributed feedback.' 

Using the notation Ro = eo- ,(O), R - , = e- , - ,(O) for 
the coefficients of reflection from the nonlinear layer at the 
frequencies wo and oo - R respectively, we can write down 
the following solutions of the first three equations of the 
system (5), which satisfy the boundary conditions on the up- 
per boundary of the layer: 

eat (x) = (i- 1 R-l / ' ) I h  [i- 1 R - ~  1'  ex*( -gx 
I-;;;! ) ] -I1¶ 

- l e i z  1 [ 1-IR-,12 
- 1  - ( - l R , l  exp - g ~ h  

1+A2 

Graphs of the x dependence of the amplitude moduli are 
shown in Fig. 5. The monotonic falloff of amplitude of the 
exciting light with increase in x is accompanied by a growth 
(with decrease in the x coordinate) of the amplitude of the 
reflected Stokes component le- , - , 1 .  
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FIG. 5. Distribution of the moduli of the amplitudes of the pump waves 
and the scattered waves over the thickness of the layer. The coefficient of 
reflection of the mirror r = 1, the coefficient of SMBS conversion 
IR-, I 2  = 0.7, the ratio of the nonlinear susceptibilities G / n ,  = 5, funda- 
mental scattering mode. 

The boundary condition for the component of the excit- 
ing light wave on the lower boundary of the layer gives the 
connection between the reflection coefficients R, and R - ,: 

where M = 1 - ~ R ~ , ~ Z e x p [ - g l ( 1 - ~ R ~ , ~ Z ) / ( 1 + A 2 ) ] .  
Equations (6)  and (7) allow us to write down the solution of 
the last equation of the set (7) in explicit form for the field of 
the Stokes component traveling into the depth of the layer: 

e-,I ( x )  =ihROgR-I (1 -  I R-,I2) 

Xexp [ -- 1 1 ~0 1 ( x - x f )  +2iqxf 

The amplitude e- , , can undergo oscillations, depending on 
the value of the phase of the integrand in Eq. (8). We shall call 
the number of maxima N  of the function le-,, 1 on the seg- 
ment (0, I ) the number of modes of the nonlinear state. The 
amplitude distribution in the layer for N  = 0 is shown in Fig. 
5. 

Finally, using the boundary condition at x = I for the 
field of the Stokes component, we obtain the following rela- 
tion, which determines the reflection coefficient IR -, I : 

(9) 
where v, = gl(1 - IR -, 1 2 ) .  

For an understanding of the conditions of applicability 
of the approximate system (5) and the solution obtained from 

it, we must note that it does not take into account the effect of 
depletion of the reflected component of the exciting light 
wave e,- ,. Because of the smallness of the amplitude of the 
wave le- 1 - h /g, the effect of depletion of the wave e,- ,  
not taken into account in (5) becomes important at h '1 >g. 
Therefore, the use of the system (5) and its consequences is 
possible for not very high intensities of the exciting wave, 
namely, when 

For the subsequent comparison of theory and experi- 
ment, it is necessary to consider the consequences of Eq. (9). 
First of all, setting R-, = 0 in (9), we obtain the following 
complex equation for the boundary of absolute instability- 
the generation of DSMBS: 

where N  is an integer. Here, if 2 r N <  ln(G/n,?), then the 
limiting value ofg does not depend on N  (compare with Ref. 
8) and the real part of the complex equation (1 1) gives 

In accord with this, the minimum threshold of absolute in- 
stability corresponds to A = 0, i.e., to resonance excitation 
of the sound wave (0 = k, v, ). 

Modes with different numbers correspond to genera- 
tion of waves at different angles. Thus, at small N, in accord 
with the imaginary part of Eq. (1 I), we have 

which differs from the simple condition of Bragg synchro- 
nism kox = k - ,, . The fact that ql) 1 on the threshold of 
SMBS generation makes it possible to detail the conse- 
quences of Eq. (9) even above the threshold of absolute insta- 
bility. Thus, for the small angles 8,( l used in experiment, 
and for the fundamental mode N  = 0, the direction of gener- 
ation is, in accord with (1 3), given by the formula 

which characterizes the difference of such a direction from 
the usual value (8,' - 4nvs/c)"', which is obtained from the 
conditions of coherent Bragg scattering by the lattice of the 
field of the exciting light. In addition, it turns out to be possi- 
ble to write down the following equation for the conversion 
coefficient I R - ,I ': 
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here 4. DISCUSSION OF RESULTS 
1 

F ( 9 ,  IR-,Iz)= [ J  ~ s ( ~ - s I R - , I ~ ) - ~  ~ - ( ~ - ~ ~ ) f ~  I-'. 
At the same time 

0 

F(1, IR-,I2) =-~R-,~zln-l  (I-IR-,I2); 

F(0, IR-1~2)=In-'[(1+~R-,~)/(l-~R-,~)]. 

Furthermore, in the case IR-, ('(1, we have F ( 2 ,  
IR-,12)z(l +?)/2, while at 1 - I ~ - , 1 ~ 4 1  we have F ( 3 ,  
IR-112)=: - In-'(1 - IR-,I2). It follows from Eq. (15) that 
I R - , l 2  increases monotonically upon increase in the intensi- 
ty of the exciting wave. The graph of the dependence of the 
reflection coefficient of the Stokes component I R - , 1 on gl  
at A = 0 is shown in Fig. 6. It is seen that at twice the thresh- 
old level, 50 per cent transformation of the exciting signal 
into the Stokes component is achieved. Moreover, the possi- 
bility is seen of almost complete transformation without vio- 
lation of condition (10). 

We now consider the dependence of the intensity of the 
Stokes component on the detuning. According to (IS), the 
maximum value of lR - 1 is achieved at A = 0. Along with 
this, the possibility of generation of the Stokes components 
with large detuning lA I <A,,, -(gI)'I2 is seen from this 
same formula. Therefore, our theory predicts the possibility 
of a sufficiently wide spread of frequencies of the Stokes 
component with 601 -av, (gl )'I2. 

In conclusion, we pause to consider the single DSMBS 
regime that was treated in Ref. 7, and that is due only to the 
strictive nonlinearity and leads to the change from specular 
reflection to backward reflection of the Stokes component. 
In such a regime, the time of development of an absolute 
instability is determined by the damping time of the sound 
waves propagating perpendicular to the x axis with frequen- 
cy 2kOy v,. Since koy (kOx under the experimental condi- 
tions, the damping time of such waves exceeds the duration 
of the pulse by more than an order of magnitude and no 
absolute instability can develop. In contrast, the damping 
time of sound waves, given by the truncated equations (4) 
and (9 ,  is significantly less than the pulse duration. This, 
together with the practically inertia-free orientation nonlin- 
earity, guarantees the possibility of realization of the abso- 
lute instability of DSMBS considered theoretically here, un- 
der the experimental conditions set forth above. 

In the comparison of the predictions of theory with ex- 
periment it is necessary to take into account the bounded- 
ness of the region of overlap of the beams. It is seen from Fig. 
1 that the vertical cross section of the region of overlap of the 
incident and reflected light beams in the plane of the drawing 
is a triangle of height d /28,. Therefore, the depth of the cell 
lo can be taken as the interaction length only for small angles 
8,s d /2IOz 8 mrad and only for small angles of propagation 
of the SMBS radiation 8-, + 8,s d /210. 

For large angles 8-, we must expect a sharp increase in 
the generation threshold because of the shortening of the 
path length of the beam of SMBS in the region of overlap of 
the beams. 

Further, the reflection coefficient of the mirror 4 trig. 1) 
amounts to 99, but on the glass-air interface there is an 
additional reflection at each passage of the beams. There- 
fore, the reflection coefficient must be taken to be 3 = 0.9. 

According to the parameter of nonlinearity for carbon 
disulfide given in Sec. 2, 

where I is the intensity of the entering light beam 1 (Fig. 1). 
Hence, the ratio of the parameters or orientation and stric- 
tion nonlinearity for carbon disulfide is given by h /gz0.3. 

Calculation of the generation thresholds of SMBS from 
Eq. (1 1) for the parameters given above at A = 0 gives the 
results shown in the table for the first five modes. 

The corresponding dependences of the threshold direc- 
tions of generation of 8-, from 8, are shown in Fig. 4. The 
region in which the one-dimensional theory of SMBS gener- 
ation is applicable is bounded by the dashed line. In corre- 
spondence with the table and Fig. 4, we can state that the 
SMBS with the lowest threshold at the mode N = 0 is possi- 
ble at angles 4.5 < 80 < 5.5 mrad. At large angles of incidence 
of the pump, generation at the modes N = - 1 and N = - 2 
is possible. In the range of angles 3.5 < 8, < 5.3 mrad, where 
SMBS generation was observed in the first series of experi- 
ments, minimal thresholds were achieved for the modes 
N = 0, and 1. Apparently, these are the modes in which gen- 
eration took place. The experimentally measured values of 
the generation angle, shown in Fig. 4 by points, also confirm 
this. 

In the first series, the experiments were carried out at a 
power of 0.52 MW at the maximum of the pulse; in the case 

TABLE I. Generation threshold of SMBS, values of the detuning of the 
wave numbers ql and limiting angle of generation 8,+ for the first five 
modes (the calculation is carried out according to Eq. ( 1  1) for the experi- 
mental conditions 3 = 0.9, n,/G = 0.3, I,, = 6 cm. 

FIG. 6. Dependence of the SMBS conversion coefficient IR -, I Z  on the 
coefficient of convective amplification of the SMBS gl for the case n, / 
G = 0.3, r? = 0.9-curve 1 and n,/G = 0.1, r = l-curve 2, fundamental 
mode of scattering. 
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go*, mrad 

435 
5,9 
330 
676 - 

I gihr ,=m-' I 
1,s 

-2,s 
49 

-5,7 
892 

0 
- 1 

1 
-2 

2 

0,29 
441 
441 
0.44 
0,47 



of a beam diameter d = 1 mm, this corresponds to an energy 
flux I,= = 66 MW/cm2 and g,,, lo= 17; in the second se- 
ries, the power reached 0.3 MW, which corresponds to 
g,,, lo=: 10. Thus, the excess over threshold at the maximum 
of the pulse reached 9 in the first series of experiments and 5 
in the second. It then follows, in particular, that in the first 
series of experiments generation could be observed over a 
wider range of frequencies than was actually used in the ex- 
periment. 

We now consider the dynamics of the generation. 
The time growth rate of the absolute instability 

y = av, Im A, as follows from Eq. (1 I), is proportional to the 
damping decrement of the sound wave ys = au, : 

In the linear stage, the intensity of the SMBS signal increases 
exponentially with time: 

For an estimate of the value of the damping decrement, 
we use the formula for the SMBS gain G [see Eq. (4)]. Since 
the value g/I is known to us and all the remaining param- 
eters of carbon disulfide are known ( Y  = 2.15; p = 1.26 g/ 
cm3; v, = 1.2 10 cm/s, we find from the expression for G 
that az5.103 cm-', ys z 6  lo8 s-'. 

The ratio of the intensity of the spontaneous scattering 
of light in carbon disulfide into the solid angle of the record- 
ing system to the intensity of the pump for the conditions of 
our experiment amounts to -10-lo. Therefore, if we start 
out from the fact that for the recording of SMBS generation, 
it is necessary that its intensity be 2 1% of the intensity of 
the pump, then we have the condition for the generation 
delay time to 

to 

2r l  j d t ( g ( t ) / g t h r - I )  =ln i08=18.5. 
0 

Hence, for the first set of experiments, the delay time to--, 20 
ns, which is close to the experimental value (see Fig. 2). At 
the maximum of the laser pulse, the quantity 2S,dt reaches 
the value - 100 and consequently, a nonlinear state is real- 
ized that is close to stationary. Therefore, the experimentally 
measured conversion coefficient 1 R -, 1' 80% is close to 
the prediction of the nonlinear theory (for gl = 17 we have 
from (15) lR -, 12=95%), while on the trailing edge of the 
laser pulse, the shape of the Stokes signal repeats the shape of 
the pump (see Fig. 2). 

For the second set of experiments (T = 60 ns), the calcu- 
lated time of delay of generation amounts to 40 ns relative to 
the start of the pump pulse. This is also close to the experi- 
mental value -50 ns. The values of the conversion coeffi- 
cient recorded in the second set of experiments reached 
2 50%, which is somewhat less than the value - 80% pre- 
dicted by the theory. The somewhat smaller values of the 
measured conversion coefficients, in comparison with the 

theoretically predicted values, are evidently connected with 
the fact that the assumption made in the nonlinear theory on 
the smallness of the ratio h /g carbon disulfide is quite inad- 
equately satisfied, while the experimental realization of the 
value of gI lies outside the limits of the inequality (10). 

There is good qualitative agreement with the theory in 
the investigations of the dependence of the direction and in- 
tensity of the generation on the angle of incidence of the 
pump wave as carried out in the second set of experiments. 
The nonmonotonic dependence O1(OO) at small angles 0, < 7 
mrad corresponds to SMBS generation at different modes. 
The open circle in Fig. 4 show the values of 0-, measured in 
the second set. 

At 0, > 8 mrad, the intensity of the SMBS radiation be- 
comes a constant, independent of the angle B0gl, corre- 
sponding to the usual convective SMBS backward. Knowing 
the level of spontaneous scattering and taking it into account 
that the amplification takes place both in the incident and 
the reflected pump waves, we can determine the value of 
(g,,, I0),,, achieved in our experiment. For I R -, 1 z 0.4% at 
angles 0, > 8 mrad, we find (g,,, lo),,p = 9, which is excellent 
agreement with the calculated value g,,, 1, z 10. 

The good agreement of the theory and experiment al- 
lows us to confirm that SMBS due to distributed feedback by 
the refractive-index grating has been observed in the experi- 
ment. 

The proposed scheme of SMBS converter is distin- 
guished by its low generation threshold, high quantum yield, 
absence of higher Stokes components and small angular di- 
vergence of the radiation, which makes such a source prom- 
ising. 
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