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The results of a theoretical and experimental investigation of stimulated scattering in the field of a 
noise pump are presented. A complete theoretical picture of the phenomenon is given in the 
approximation of a prescribed Gaussian noise-pump field. The coherent and noncoherent scattering 
regimes and the region where transitions between them occur are investigated in detail. The 
increments, correlation functions, and Stokes-radiation and optical-phonon spectra are computed for 
arbitrary relations between the pump-correlation time Tcw the dephasing time T 2' and the 
characteristic group-delay time T 3' It is shown that in many cases of practical interest a noise pump 
can be at least as effective as a harmonic pump of the same mean intensity. The feasibility of 
generation of highly monochromatic optical phonons [spectral line width AVQ « Avo = {IT C T2 )-1 1 in an 
optical-noise field is noted. The theoretical results have been experimentally verified by investigating 
SRS in liquid nitrogen excited by a broad-band optical-noise source. The possibility of realizing 
effective scattering in an essentially nonquasistatic scattering regime {for Teor « T2 and Teor « T3 ) was 
demonstrated; spectral and energy measurements were performed and are compared with the theory. 
The obtained results can be used to analyze different types of scattering and such problems as decay 
instabilities in a plasma, etc. 

1. INTRODUCTION 

An important section of the theory of nonlinear wave 
phenomena in dispersive media is the study of the 
dynamiCS of the parametric effects and stimulated scat­
tering (decay interactions) in a modulated-pump field. 
The investigations carried out in recent years and per­
taining primarily to nonlinear optics have shown that 
allowance for the modulation of the pump leads not only 
to quantitative, but also to qualitative, changes in the re­
sults of the theory developed back in 1962-1964 of the 
parametriC interactions of unmodulated waves [lJ. 

Undoubtedly, the most interesting of the new effects 
are the ones connected with the temporal modulation of 
the pump. The nonstationary broadening of the spectrum 
of stimulated scattering in the field of short-compared 
to the transverse relaxation time-pump pulses, the ap­
pearance of pulsed-pump excited stationary modes in 
stimulated scattering and in parametric amplification, 
the suppression of the parametric effects owing to the 
phase modulation of the pump-these are a few of the new 
effects predicted here theoretically and experimentally 
observed [2J. 

The majority of the enumerated time effects have, 
generally speaking, space analogs (see [3J ); it should be 
noted, moreover, that in practical situations (especially 
il'lvisotropic media) allowance for the spatial modulation 
of the pump often can be performed quasi statically, 
averaging the results of the theory for plane waves over 
the profile of a real pump beam ( 4J • 

The next natural step in the study of the dynamics of 
decay interactions is the generalization of the theory to 
the case of the stochastic pump [5J .As applied to stimu­
lated scattering (to which the present paper is primarily 
devoted), the study of the statistical phenomena due to 
the stochastic modulation of the pump is of interest from 
several standpoints. 

1. By stUdYing the statistics of the scattered radia­
tion, we can obtain information about the statistics of the 
pump-in particular, about its higher-order correlation 
functions. 
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2. Of fundamental importance is the question of the 
effectiveness of the noise pump in a nonlinear process. 
There are two aspects here. On the one hand, of interest 
is the realization of conditions under which the effec­
tiveness of the noise pump approximates that of a 
harmonic pump of the same power [2,6,7, 24J • 

Such a formulation of the problem is typical for non­
linear optics, in particular, for the optics of the ultra­
violet and x-ray bands, where the construction of highly 
monochromatic sources is at present meeting with con­
siderable difficulties. On the other hand, as applied to 
such problems as the laser heating of plasmas, the 
propagation of radio waves in the ionosphere, etc., 
parametric processes and stimulated scattering are the 
causes of the harmful (decay) instabilities of a high­
intenSity wave [8J. In this connection, it is of interest to 
find ways of modulating a high-intensity wave in such a 
manner as to facilitate its stabilization; as will be shown 
below, noise modulation proves to be one of the promis­
ing methods. The present paper contains the results of 
a theoretical and experimental investigation of the sta­
tistics of stimulated Raman scattering (SRS) excited by 
a noise pump. 

In the theoretical part, we attempt to give in the ap­
proximation of a prescribed pump field a complete pic­
ture of the phenomenon. It should be noted that the non­
existence of the general solutions of the SRS equations 
for the most interesting case when there develops a lag 
in the molecular vibrations at the same time as the 
medium becomes dispersive compels us to resort to 
such methods of deriving equations for mean quantities 
as the Fokker-Planck approximation and the Dyson­
equation technique. In the experimental part we describe 
the results of experiments on SRS excitation in liquid 
nitrogen by optical noise produced by a dye-based super­
radiant source. The elimination of such competing proc­
esses as self-focusing and stimulated Mandel'shtam­
Brillouin scattering allows us to carry out a quantitative 
comparison of the experimental data with the results of 
the theory developed. 
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2. THE THEORY OF SRS IN THE FIELD·OF A NOISE 
PUMP 

In the given-field approximation (we also neglect 
population movements), SRS is described by two equa­
tions for the off-diagonal element of the density matrix 
Q and the complex amplitude As of the Stokes wave: 

aAs· 1 aAs 

l/A Inls/ls(O) 

1 -------------

p -az-+~at+.ssAs=o,Ap(e)Q·, (1) f 2 ~ 
FIG. 1. The mean Stokes intensity as a function of the normalized 

(2) amplification factor ~: the curve 1 is for the harmonic pump, while the 
curve 2 is for a noise pump with Tcor > T 2 , T3 and Al = 27. 

Here Us is the group velocity, 15 s is the damping constant 
of the Stokes wave, Ul and U2 are coupling constants, 
9 = t - z/~ is the rUIll1ing time connected with the pump, 

and T2 is the transverse relaxation time. In Eq. (1), 
es = + 1 if the Stokes wave and the pumping wave are 
codirectional, and es = -1 if they propagate in opposite 
directions. In Eq. (2), N(9, z) is the stochastic force 
describing the intrinsic noise of the medium. 

The nature of SRS in the field of a noise pump in a 
medium of characteristic dimension 1 is determined by 
the relation between the correlation time T cor of the 
pump, on the one hand, and the transverse relaxation 
time T2 and the characteristic group-lag time T3, on the 
other. For co-moving waves 

T'=l(~-~), 
Up Us 

while for opposing waves 

T3=z-/~+~) ""~. 
\up Us c 

Comparing the indicated characteristic times, we are 
able to distinguish four characteristic stimulated-scat­
tering regimes, which are all of practical interest, 

1. T cor > T2, T3: the quasi static regime, The mole­
cular vibrations are able to follow the fluctuations in the 
pump; the dispersiveness of the medium is not mani­
fested. 

2. T2 < Tcor < T3. SRS in a dispersive medium with 
broad Raman lines. Such a situation is realized in, for 
example, experimental investigations of SRS in certain 
liquids. 

3. T2 > Tcor > T3. Nonstationary SRS in a nondis­
persive medium. A fairly typical case of such scattering 
is forward scattering in gases. In condensed media this 
regime is usually realized when the scattering is ob­
served in focused beams (1 R< 4 is the focal length of 
the lens). 

4, T cor < T2, T3: there appears a lag in the mole­
cular vibrations and the medium becomes dispersive at 
the same time, This is the most important regime in 
the investigation of SRS in large volumes. 

Let us proceed to consider the above-enumerated 
cases. 

1. The Quasistatic SRS Regime in the Field of a Noise 
Pump. Stochastic Instability 

Under conditions when the pump can be regarded as 
a slow (in the time scales T2 and T3) function, we have 
from (1) and (2) for the instantaneous intensity of the 
Stokes wave the expression 

Is (z) =Iso exp (gIl'z), g=2T2o,o,. (3) 
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For a Gaussian pump W(~) = ~lexp (~/~), the mean 
intensity of the Stokes wave is given by 

- fm Iso 
Is= IsW(Ip)dIp=--_-. (4) 

o l-glpz 

It is evident from (4) that in the quasi static regime 
the Raman amplification in the field of a noise pump can 
significantly exceed the amplification in the field of a 
harmonic pump of the same mean power. Moreover, it 
follows from (4) that Is - 00 as g~Z - 1. This implies 
that the prescribed-field approximation becomes inappli­
cable at g~z = 1: the Gaussian-pump excursions lead to 
the divergence of the moments of the Stokes intensity. 
To eliminate the divergences, we must take into account 
the back reaction of the Stokes wave on the pump; to the 
Eqs. (1) and (2) is added an equation for the pump. Then, 
instead of (3), we have 

eA ' 

Is(z)=Iso l+eA(, t) , (4a) 

A=!n(lpoII,,), x=gIpoz, s=xIA. 

and for the Gaussian pump we obtain 

- fm ( Iso ( 1 ) Is(z)= Is z)W(Ip)dlp=-exp A,--
• ~ L 

{ a'-I/"-f 11: } 
x ---+ . 

l-1Ixi sinn(l-llx,)' 

(5) 

lpo x, Iso 
A,=ln-, x,=glpoz, s'=A-,' a=-_-. (6) 

Iso Ipo 

In Fig, 1 we present graphs characterizing (on a 
logarithmic scale) the growth of the mean intensity of 
the Stokes component for a noise pump and a harmonic 
pump of the same power. It can be seen that the growth 
for the noise pump is considerably more rapid. The ex­
perimentally realized excess of the Stokes-component 
growth rate over the rate computed for the harmonic 
pump is usually attributed to a positive feed back. In 
the present case the distinctive "stochastic instability" 
is, of course, not cOIll1ected with an absolute instability; 
it is due to the high sensitivity of the exponentially grow­
ing process to the excursions of the Gaussian pump. Of 
course, for the observation of the mean quantities des­
cribed by the formula (5) the observation time Tobs 
must be much longer than Tcor (i.e., we must have Tobs 
»Tcor)' Using (3), we can also easily compute the 
Stokes-wave and phonon spectral widths. 

2. SRS in a Dispersive Medium with Broad Raman Lines 

Since in this case Tcor > T2, the derivative aQlat in 
Eq. (2) can be neglected. Being primarily intE;rested in 
the growth rate of the Stokes wave, we set N(9, z) = 0 
and As(O, t) = AsO(t). Then from (1), for the co-moving 
waves, we have 

As(t,z)=Aso(t- :Jexp{-.ssz++gj Ip(t-u: -~z')dz}, (7) 
o 
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where ~ = 1~12 and Il = l/llp - l/us is the detuning of 
the group velocities. 

Representing ~ in the form 

(8) 

we can easily verify that the amplification of the Stokes 
component in the field of the noise pump exceeds the 
amplification in the field of a harmonic pump of intensity 
~ by the factor F(t, z), where 

F(t,z)= +d lp( t -~- J.lZ') dz'. (9) 
o Us 

In virtue of (9), the fluctuations in the pump average out 
when Tcor « T3 = IlZ; therefore, as the pump spectrum 
broadens (under conditions when T co > T2), the incre­
ment tends to the static increment, vfhich is determined 
by the mean pump intensity ro = gip. 

The computation of the increment for Tcor < T3 can 
be performed under the assumption that the fluctuations 
in the pump in this case are O-correlated: 

lp' 
<Jp(t)Jp(t+t» =--6(,), 

nctJ.vp 
(10) 

where ~IIR is the spectral width of the pump (in cm-1), 
while the function F is a standard random process (the 
standardization, when T p < T3, occurs owing to the inte-
gration, so that F is a Gaussian process independent of 
the pump distribution). USing the above-indicated cir­
cumstance, we can determine the mean intensity and the 
correlation function (and, consequently, the spectrum) of 
the Stokes wave. 

If A (t) = Aoeint when z = 0, then 

l,(z) = I Ao I' exp [ (fn-26)z], (l1a) 

where the increment in the field of the noise pump 

fn=fo(1+foLcoh/2n) ""fo+2r', r.=glp, (l1b) 

Leoh = (c 11l1~ IIpr1 being the coherence length. It follows 
from (l1b) that the increment in the nOise-pump field 
exceeds the static value ro, which is determined by the 
mean intenSity of the pump; the excess is determined by 
the value of the amplification over the coherence length. 
Since the coherence lengths in the forward and backward 
directions are different, the latter circumstance leads to 
an asymmetry in the scattering indicatrix. Moreover, 
Lcoh - 0 and r n - ro as ~lIp - 00 independent of the 
scattering direction. This is the fundamental difference 
between the noise pump and the regular pulsed pump, 
where the shortening of the pulse duration (the broaden­
ing of the spectrum) leads to a sharp increase in the 
asymmetry of the scattering indicatrix (see (3) ). This is 
one of the examples of situations in which the properties 
of SRS can be used to draw conclusions about the statis­
tics of the envelope of the pump. 

For the spectral width of the Stokes component we 
obtain 

er"-1 r' 
Ih, (z) = . 1 ' I I . 

e r '- -f z nc J.l 
(12) 

It follows from (12) that the spectrum of the Stokes wave 
narrows down with increasing z: ~lIs/~lIp - roLcoh/7T 
as z - 00. Since Q Rj T2a2~A;, the spectrum of the 
phonon wave is broader than the spectrum of the scat­
tered light. 

251 Sov. Phys . .JETP, Vol. 39, No.2, August 1974 

3. A Noise Pump in a Nondispersive Medium with Slowly 
Relaxing Molecular Vibrations 

If the group velocities of the pump and the Stokes 
wave coincide (Le., if ~ = us), then T3 = 0, the corre­
sponding "dispersion" band ~lId = (7TCT3r1 - 00, and the 
solution to Eqs. (1)-(2) can be obtained in the form [2,7) 

e 01 _ t 2" lIt 

As(8,z)=cr,A p (8) S dt S dz' exp (-y, )10 [r: S fo(Y)dy] N(8-t,z-z'), 
o 0 '-1 (13) 

where ro(8) = glp(8) and 10 is the modified Bessel func­
tion. Introducing the natural assumption that 

(N'(t', z')N(t, z) )=G6(t-t')6(z-z'), 

we obtain from (13) 
8 t J 2' e , 1/2 

1,(t,z)=Gcr.lp(8)Sexp(-T)dtSlo'h~-Sfo(Y)dY] dz'. (13a) 
o 2 0 20 8 _ t 

The increment in the field of the noise pump is evi­
dently determined by the argument of the Bessel function 
in (13a). By writing the intensity of the pump in the form 
(8), we can verify that the influence of the fluctuations in 
the pump is described by the integral: 

1 • Y(t,O)=tT~ Tp(O'-O)dO'. (14) 
Po 

The upper limit of the interval of integration in (14) is 
equal to g~ZT2' In the case (Tcor < T2) under considera­
tion, as a result of the averaging due to the integration, 
the quantity Y is small and 

1,=1" exp (glpz) =Iso exp (foz). 

Thus, a broad-band noise pump turns out to ~as effec­
tive as a harmonic pump of intensity equal to 1>1). 

The spectrum of the Stokes wave has, according to 
(13), the same width as the spectrum of the pump. In 
fact, for T 0 < Ta the quantity As (t) can be represented 
in the for~ ~s (t) = Ar,(t)cp(t), where cp(t) is a slowly (in 
comparison with ~(t)) varying function. Therefore, to a 
high degree of accuracy 

(15) 

Moreover, the spectral width of the phonon wave is con­
siderably narrower. Since 

dQ Q at +T,= cr,[lp+Tp]fll(t), 

then 

4. The Noise Pump under Conditions of Simultaneous 
Manifestation of Molecular Relaxation and Medium 
Dispersiveness. Noncoherent Scattering 

It is not possible in the case under consideration to 
solve the dynamical equations (1) and (2) exactly. There­
fore, the data presented below are based on a different­
stochastic-approach in which we seek at once the equa­
tions for the mean amplitudes or intensities, the corre­
lation functions, etc. 

One of the variants of the stochastic approach to the 
SRS equations (the so-called Fokker-Planck approxima­
tion) is based on the fact that for L > Leoh the fluctua­
tions in the prescribed noise pump can be assumed to be 
O-correlated [9). For L > Lcoh the correlation time of 
the pump is clearly much shorter than the correlation 
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times of the Stokes wave and the phonons; there occurs 
a smoothing out of the waves being amplified as they 
move relative to the pump wave. The phase correlations 
between the interacting waves are largely lost: the scat­
tering becomes noncoherent. 

Another variant of the stochastic approach to the 
analysis of the system (1)-(2) is connected with the use 
of the Dyson-equation technique [10J . Here the equations 
for the mean quantities can be derived for an arbitrary 
correlation of the pump; as a result, passage to both the 
Ii-correlated pump and the harmonic pump limits proves 
to be possible. 

A. The characteristics of noncoherent scattering (the 
Fokker-Planck approximation). We shall assume, in ac­
cordance with the foregoing, that ~ is a Ii-correlated 
Gaussian noise2): 

<Ap(e»=o, <Ap(9,)Ap(9,» =0, 
S(9) 6 

(A p(e,)A p'(9,) > =--6(9,-9,), (1 ) 
c 

S(9) =Ip (9)/uvp. 

Assuming that the As-Q correlation times will be T s,Q 
» 'Tp' and using (1)-(2), we can separate out those small 
corrections to the amplitudes that correlate with the 
amplitude of the pump: -

As=cr,Q' S Ap(9+'J.Z')dz', Q=cr,A; S Ap(9-'t')d't'. (17) 
o o 

Using (17), we can express the mixed moments of the 
amplitudes As' Q, and Ap in terms of only A and Q. In 
consequence, we can derive the equations for the mean 
intensities of the...§.tokes wave Is = (AsA;) and the mole­
cular vibrations W = (QQ*): 

ats 1 oIs [ gS(9) ] _ gwsS(9)_ -+--+ 26 s--- fs.=---w oZ U, ot 2T,c wQT,J.L'· 

oW + [~_ gS(9) ]w= wQgS(9) 1 .. 
ot T, 2T,J.L' 4wsT,c' 

(18) 

(19) 

where wQ = wp - Ws and J1. I = J1.c is the relative disper­
sion of the group velocities. 

In the stationary case it follows from (18)-(19) that 

( _( ) wogS _ ( ) 
Is z)=Isoer" W z = 8w s(1-SISa )is z , (20) 

r - 8.vo n/2 4J.L' 
=gip----. Scr=-. 

8.vp 1-SIScr g 
(21) 

'Thus, the increment in the noise-pump field is a non­
linear function of the intensity of the pump. The key 
parameter in this case turns out to be the critical value 
of the spectral density of the pump defined by the form­
ula (21). For S « Scr' r = roD.volD.vp « 1; the incre­
ment increases sharply when S ::::: Scr' The jump in the 
increment at S = Scr is connected with a corresponding 
decrease in the damping of the optical phonons. 

According to (19), in the field of the noise pump the 
effective transverse relaxation time increases: 

. T. 
T, err = 1-SIScr ' (22) 

For the spectral width of the optical phonons we obtain, 
in accordance with (22), the expression D.vQ 
= D.vo(l - S/Scr)' i.e., the quantity D.vQ « D.Vo for 
S - Scr' 
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The spectral width of the stokes component [llJ 
(ex-1)x 1 

8.v, = ex-1-x ltZJ.L' • (23) 

x=2n8.vozJ.L' (S;scr )'[ i-S;S", ]-'. 
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It follows from (23) that as S - Scr the spectrum of the 
Stokes component rapidly broadens. The theory devel­
oped in this section is valid so long as D.Vs < D.Vp' i.e., 
so long as (1- s/scr f 1 < D.vp/2D.vo, In the case when 
S > Scr (here the noncoherent scattering becomes 
coherent) stimulated Raman scattering cannot be consid­
ered in the framework of the Fokker-Planck approxima­
tion; this can, however, be done, using the Dyson-equa­
tion technique. 

B. Coherent and noncoherent SRS (the Dyson-equation 
method). We shall now assume that the pump wave is a 
Gaussian stochastic process, but with an arbitrary 
correlation function K(T) = (AP(t)~(t + T» and spectrum 

1 -
G(w)= 2nJ K('t)e'·'d't. 

In (24) we have retained only terms of definite parity 
with respect to~; it follows from the structure of Eqs. 
(1) and (2) for N(II, z) = 0 and the boundary condition 
As(t, z = 0) = AsO that As is an even, while Q is an odd 
function of Ap. -

As = r, AS,h, Q = r, Q'o+l. 
(24) 

Am. Qm-(Ap(t,z,)Ap(t,z,) '" Ap(tmzm »; 

The approximate representation of the amplitudes in 
the form of a few leading terms of the series (24) is, in 
the case of SRS, ineffective: even the steady-state solu­
tion As(z) = AsOexp (g~z), in which usually glvz 
::::: 10-25, cannot be well approximated in this way. 
Another method of estimating the amplitudes consists in 
separating out from the series (24) certain infinite sub­
sequences that are exactly summable. Such an approach 
is analogous to the method employed in, for example, the 
theory of multiple scattering [12J , and is connected with 
the derivation of the so-called Dyson equations for the 
mean amplitudes or the Bethe-Salpeter equations for the 
correlation functions. The Dyson-equation method can, 
in principle, be developed for application to linear equa­
tions of the type (1) and (2) [l3J, as well as to nonlinear 
equations that take saturation into account [10, 14J. The 
representation in the form of a finite series in ~ ~s 
!!len used not directly to determine, for example, As or 
Is = (AsA;), but to compute approximately the coeffi­
cients of those equations which these mean quantities 
satisfy. In the first approximation-it is sometimes 
called the Bourret approximation [12J -into the coeffi­
cients of the equations for the mean quantities enter only 
quantities that are of second order in ~, i.e., certain 
linear functionals of the correlation function K(T). 

The equation for the mean amplitude of the Stokes 
wave in a medium without losses has, in this approxima­
tion, the form3): 

OA,s= As'!" S· G(w)dw (25) 
{)z 2 _. 1 +w'T,' 

and describes both the coherent (T cor > T2, T3) and the 
noncoherent (Tcor < T2, T3) SRS regimes if 

ro i-exp (-2n8.vpJ.L' z) 
, <t: 1 
. 2 (1+8.vp /8.vo) 2n8.vpJ.L' . 

The fulfillment of the last condition is necessary if ~ is 
a Gaussian stochastic process. 

If the complex amplitude of the pump contains only 
one stochastic parameter-a diffusing phase-i.e., if 

Ap(t) - exp {ij ;(t')dt' }. (;(t)6(t+1:) >=D6('t). 
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rlr, 
d-~ I.Ot---:;::;---===:::::===: r-=d_l. 

'd-O 

iJ.5 

o 6 8 10 s/scr 

FIG. 2. The dependence of the increment of the noise-pump excited 
SRS on the reduced spectral denSity of the pump. The curve parameter 
d = /::'vo//::'vp is the ratio of the spontaneous Raman line width to the 
spectral width of the pump. 

then it can be shown that Eq. (25) is exact. 

The estimation of the increment r for the mean in­
tensity ~(z) is more complicated and shows that r satis­
fies the following transcendental equation: 

r~g(~+~) s~ exp[-(~+~)'t]K('t)d't. 
1, 2/l 0 T, 2/l 

For a Lorentz pump spectrum this equation goes 
over into a quadratic equation and determines two values 
for the increment (d = ~ZJo/~ZJp): 

~~~ [1-(Hd) Scr] ±{~[1-(Hd)~]' + Ser d}'I'. (26) 
ro 2 S 4 S S 

The plot of r 1 as a function of the relative spectral in­
tensity of the pump is shown in Fig. 2. Notice that ac­
cording to (26) for ~Wo « ~wp 

rl""ro-rcr , 
r cr ~gS crc,yp~4/l' c,Yp. (27) 

Allo~ance for saturation leads to the nonlinear equation 
for As: 

UAs~A ~ Soo~ex [_ Wr __ g __ s' IAsl'dz']dw, 
UZ s 2 _00 1+w'T,' P Ws 1+w'T,' 0 

from which follows, in particular, the possibility of a 
complete transfer of the energy of the broad pump line 
to the narrow SRS line in a highly dispersive med­
ium[10,14J. 

C. Noncoherent scattering in focused beams. The 
specific distinctive feature that essentially distinguishes 
noncoherent scattering from scattering in the field of a 
harmonic pump turns out to be the strong influence that 
conditions introduced by the focusing have on the scat­
tering threshold. Let us recall that in the first approxi­
mation the total amplification (and, consequently, the 
scattering threshold) produced by a focused harmonic 
pump in a medium of dimensions z »4, the lengthwise 
dimension of the focal spot, does not depend on the focal 
length f of the lens focusing the pump4). In fact, since the 
focal-spot radius rf f':j Apf/1Tr, 4 f':j Ap (f/r)2, r being the 
initial radius of the beam, the total amplification 

Pp L P. -I G~gIpLf~g--, f~g pn,-p . 
n:rrz 

Let us now estimate the SRS threshold for a focused 
noise pump. The spectral density of the pump at the 
focus is equal to Sf = (r/rdS. There is a jump in the 
amplification at Sf = Scr' Le., at a pump power of 

4'- '1'c,Yp/l' 
Per ~nrf'Ser.C,yp ~,-p-,--. 

nr g 
(28) 

Since r < ro, the threshold pfhr for the noise pump 
generally speaking exceeds the threshold P~hr for the 
harmonic pump, but they could be close. 
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If P > pfhr' then the value of the thresho!d in the 
case offhe nOlse pump depends on both f and f • 

We can, in accordance with the foregOing, write that 

n h { 1 for I<t', 
PthrlPthr = (tlf') , for I>/', (29) 

r ( Gthr )'" 1'=--;;: ApC,Yp/l' 
(30) 

while Gth is the total amplification produced by the 
focused IJrmonic pump and corresponding to the SRS 
threshold. 

3. THE EXPERIMENTAL RESULTS 

1. Apparatus. Optical-Noise Generator 

In our experiments (a block diagram of the setup is 
shown in Fig. 3) the broad-band pump source was the 
radiation of a rhodamine-6G-dye laser operating in the 
two-pass superradiance regime. The advantages of 
such an optical-noise generation scheme are a relatively 
high coefficient of conversion of the pump into super­
radiance and the simultaneous generation of a broad fre­
quency spectrum (see [16J ). The cuvette with the dye was 
pumped by the second harmonic of a single-mode neo­
dymium glass laser (A = 0.53 fl). The pump energy was 
0.18 J and the pulse duration was 20 nsec. The concen­
tration of the rhodamine 6G was 2 x 1016 cm -3; as the 
solvent we used ethyl alcohol. The line width ~ZJ of the 
dye's radiation was then equal to 250 cm-l, and tRe wave­
length at the generation line center was Ap = 0.5625 fl. 

The length of the dye-filled cylindrical cuvette, 
which was equal to 120 mm, corresponded to the length 
of the confocal parameter of the lens L 1, which focused 
the second-harmonic radiation of the neodymium laser. 
Such coordination allowed the attainment of the minimum 
possible divergence (1.2 x 10-3 rad) of the dye's radia­
tion. The angle between the directions of the forward 
and backward superradiant beams was < 3°. The cuvette 
with the dye had a Brewster window. The maximum 
super luminescence energy was 0.03 J. The simultaneity 
of the generation of the entire frequency spectrum was 
specially monitored. The super luminescent radiation 
was led to an ISP-51 spectrograph with a UF-85 cham-

FIG. 3. Block diagram of the experimental setup used to investigate 
SRS excitation in liquid nitrogen by optical noise: I) pump generator, 
2) calorimeters, ISP-51) spectrograph, FEK) coaxial photocell, DMR-4) 
double monochromator, 12-7 and SI-19A) oscillographs, L t •2 • 3 ) lenses. 
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ber. At the exit of the chamber was pl~ed a slit that 
separated out different sections corresponding to differ­
ent: frequency components of the generated spectrum of 
the dye. After passing thro,ugh the exit slit, the radia­
tion was recorded by an FEK -09 coaxial photocell and 
an 12-7 oscillograph. The measured pulse widths of the 
individual frequency components were compared with the 
pulse width of the radiation of the entire superlumines­
cence spectrum. The equality of the measured widths 
(25 nsec) attested to the fact that the entire spectrum 
was generated at the same time. 

The beam obtained from the dye was focused by the 
lens L2 (see Fig. 3) on a spot inside the cuvette with the 
liquid nitrogen (length 25 cm). The energy of the first 
Stokes SRS component was measured with the aid of a 
circu!t consisting of a DMR-4 double monochromator, 
an FEU-22 photomultiplier, and an Sl-19A oscillograph. 
Energies exceeding 10-4 J were recorded directly with 
the aid of calorimeters. The spectral compositions of 
the exciting and scattered light beams were monitored 
on the ISP-51 spectrograph with the UF-85 chamber. 
The shapes and widths of the pump and Stokes-compon­
ent pulses were recorded by the FEK-09 photocell and 
the 12-7 oscillograph. 

A. The characteristics of liquid nitrogen. Liquid 
nitrogen was chosen as the dispersive medium for sev­
eral reasonso First, the Raman amplification in it is 
relatively high (for Ap = 0.56 jJ. and a vibrational fre-
quencyof vQ = 2326.5 cm- I , g = 2.15 X 10-2 cm/MW). 
Moreover, the high thresholds for such other nonlinear 
processes as self-fOCUSing and stimulated Mandel'shtam­
Brillouin scattering allows us to carry out a quantitative 
investigation of SRSo The line width of the spontaneous 
scattering in nitrogen is equal to tovo = 00067 cm-I, so 
that tovp »tovo in our experiments. The relative disper-

sion of the group velocities in the wave band under con­
sideration is jJ.' = c jJ. ~ 6 X 10-3 ; therefore, for the opti­
cal-noise source used in the experiment the coherence 
length for codirectional waves was Lcoh = 0.67 cm, while 
for opposing waves Lcoh = 2 x 10-3 cm. Consequently, 
for the critical intensity values Icr = Scrtovp we have 

Icr = 280 MW/cm2 (for forward scattering), 

Icr = 93 GW/cm2 (for back scattering)o 

The latter value was unattainable in our experiment. 

2. The Experimental Data 

The experiments described below were performed 
with focused beams (it was not possible to excite SRS 
under our conditions with an unfocused noise pump). 
Lenses of focal lengths f = 9-60 cm were used. The 
dimensions of the focal regions for these lenses were 
experimentally determined. The spatial distribution of 
the radiation was photographically recorded, after which 
microphotometric scanning was carried out. The experi­
mental data were compared with the theoretical results. 
Since the effective nonlinear-interaction length L in the 
focused beam for SRS was close to the dimensions 4 of 
the focal region, the variation of the focal length of the 
lens was equivalent to the variation of L. The relation 
between Land Lcoh was varied in our experiments in 
precisely this manner. 

We measured: a) the dependence of the SRS thres-
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FIG. 4. Threshold pump powers corresponding to SRS excitation in 
liquid nitrogen as a function of the focal length of the lens focusing the 
pump. The curve I corresponds to the noise pump, the curve 2 to the 
normal pump; the curve 3 was computed from the formula (27). The 
threshold pump powers are normalized to the value Ph of the threshold 
for the harmonic pump, while the focal length is normalized to the value 
f' found from the formula (28). 

FIG. 5. Plots of the energy of the first Stokes component as a func­
tion of the energy of the noise (dashed curves) and normal (continuous 
curves) pumps: a) L"" Lcoh; b) L ~ Lcoh (L = 11.2 cm); c) L = 25 cm 
(the scattering region encompasses the whole length of the cuvette). 

hold on the focal length of the lens; b) the energy char­
acteristics of the scattering; c) the asymmetry in the 
Stokes scattering (at angles of 0 and 1800 to the pump 
beam); d) the spectra of the Stokes components under 
different conditions. In all the cases analogous meas­
urements were carried out with a normal pump at the 
same time as the measurements with the noise pump 
were performed; as a normal pump we used the second 
harmonic ~! the neodymium laser (Ap = 0.53 jJ.; tovp 
~ 0.01 cm ). 

Let us now turn to the discussion of the experimental 
data. Figure 4 shows graphs characterizing the depend­
ence of the SRS threshold on the focal length of the lens 
that focuses the noise pump. Also shown in the same 
figure are the corresponding data for the harmonic 
pump. The spread of the threshold-energy values corre­
sponding to a given f did not exceed 1<J1'0. It can be seen 
that the experimental data presented in thi~ section are 
in good agreement with the theory developed in Sec. 2. 

The experimentally determined value of f' (to it 
corresponds the beginning of the rise in the curve 1) 
turned out under the conditions of our experiment to be 
equal to f~xp = 20 cm. The calculated value ftheor 
= 30 cm; the discrepancy should clearly be attributed to 
the aberrations that arise in the focusing of the optical 
noise and the errors in the data on the group-velocity 
dispersion. The effects of the incomplete spatial coher­
ence of the optical noise should, apparently, also explain 
the appreciable discrepancy between the threshold en-
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FIG. 6. The relative spectral line width of the first Stokes component 
excited by the noise pump as a function of the pump energy. The curve I 
corresponds to the case when L '" Lcoh, the curve 2 to the case when 
L}> Lcoh .. The dashed line indicates the theoretical value of the minimum 
band width of the Stokes wave for L}> Lcoh. 

ergies for the noise and harmonic pumps for f < ff; it 
should be emphasized at the same time that this dis­
crepancy does not exceed 200/0' The energy characteris­
tics of SRS in the field of the noise pump are summarized 
in the table; also given in the table for comparison are 
the corresponding characteristics for the harmonic 
pump. 

Two circumstances should be noted: the possibility, 
which follows from the table, of obtaining a high scatter­
ing efficiency in the field of a noise pump and a sharp 
asymmetry in the scattering indicatrix R (cf. the data 
given in Sec. 2). Of course, the noise-pump energies 
required to achieve high efficiencies turn out, generally 
speaking, to be higher than for the harmonic pump. A 
quantitative idea about this is given by the plots in Fig. 
5, which show the dependence of the energy of the first 
Stokes component on the pump energy for the noise (for 
different relations between Land Lcoh) and normal 
pumps. 

From the experimental graphs of Fig. 5 we can find 
the difference between the threshold energies for the 
noise and harmonic pumps: AW = Wn - Who The theory 
(see also Fig. 2) gives (see formula (27))5) 

where T P is the pump-pulse duratiou. Using the last 
formula, we obtain from the graphs of Fig. 5b for the 
critical intensity the value Icr = 100 MW /cm 2. 

Finally, in Fig. 6 we show the plots of the dependence 
of the spectral width of the first Stokes component on 
the pump energy 0 It can be seen that the behavior of the 
curves are determined, in complete accord with the 
theory (cf. the data cited in Sec. 2), by the relation be­
tween Land Lcoh' For L ~ ~oh the quantity AVs ~ AVp 
= const. In contrast, the sharp growth of the Stokes-line 
width with increasing pump energy when L »L h is 
distinctly visible. co 

4. CONCLUSION 
The experimental data indicates that the theory de­

veloped in Sec. 2 satisfactorily describes the distinctive 
features of SRS excited by a noise pump in the case when 
L > Itoh (experimental data pertaining to the case 
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The energy characteristics of SRS excited in 
liquid nitrogen by noise and normal pumps 

Spectral width of pump I Efficiency (max,) Ilndicatrix. asymmetry 

~Vp = 0.01 em-I 

(harmonic pump) 
.6Vp = 250 em-I 

(noise pump) 

20 % 

12 % 

L:=:: Leoh can be found in the recent paper by Grasyuk 
et al. [17J). The theory expounded in Sec 0 2 was devel­
oped for a Gaussian noise pump. This model is quite 
adequate not only for the superradiant pump source used 
in our experiments, but also, as analysis shows, for a 
multimode laser pump if the phases of the modes are not 
correlated and the amplification produced by an individ­
ual mode is small (if r Onz « 1, where rOn = g!P, n' !p, n 
being the intensity of the individual mode). 

The formulas obtained are directly applicable to 
5MBS (under conditions when the lifetimes of the free 
phonons are not long) and, with some modifications, to 
stimulated temperature scattering. However, speaking 
of 5MBS with a noise pump, we should point out one im­
portant circumstance. If T cor < Tph' T3 (here Tph is 
the lifetime of a phonon), then the equations describing 
5MBS have the same form as (18) and (19). This means 
that the effective damping constant of the hypersound 

{)e~f= (i-SIS cr)/i h , 

decreases with increasing pump power. Thus, the damp­
ing of the acoustic phonons in the field of the noise pump 
may turn out to be so weak that it will be necessary to 
take the effects of the propagation into account. The 
noted effect may turn out to be useful in hyper sound­
generation technology. 

Considering the obtained results in the aspects noted 
in the Introduction, we can assert the following. 

1. The characteristic that is very sensitive to the 
pump statistics turns out to be the scattering indicatrix. 
Useful information can be obtained from the investiga­
tion of the spectrum of the Stokes component. 

2. In all the regimes of practical interest the incre­
ment for the Stokes component in the case of the noise 
pump (at any rate for forward scattering) can be made 
to be equal at least to ~ ro, i.e., the noise pump can be 
made as effective as the harmonic pump. In this case, 
however, the spectrum of the Stokes component usually 
turns out to be quite broad: AVs ~ AVp. To narrow down 
the Stokes spectrum, we can use the optical resonator. 
The self-excitation threshold for a Raman laser of 
length L with a noise pump turns out in this case to be 
equal to 

Ithr= 2(1-R) (1+j.yp). 
gL Avo 

where R is the reflection factor. At the same time, it 
must be emphasized again that it is possible to generate 
in the field of the noise pump extremely narrow 
(AVO « AVo) optical or acoustic phonon lines (see 
alsorU ] ). 

3. If stimulated scattering is a harmful effect, then 
Scr should be increased. In particular, in optical fibers, 
where SRS and 5MBS prove to be the cause of harmful 
"nonlinear" reflections (see [18J ), Scr can be increased 
by influencing the magnitude of the group-velocity de-
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tuning /L The developed theory can also be used to in­
vestigate the decay processes in a plasma in the field of 
a noise pump. It should be noted that by approximating 
the pump by a process with a diffusing phase, we can ex­
tend the developed approach to the case of arbitrary 
T cor ~ T2, T3 [l9J (see also [20, 21J). 

Of course, the statistical theory of stimulated scat­
tering cannot yet be regarded as a complete theory. It 
would be interesting to allow for the effects of the spa­
tial coherence of the pump [6J; in certain cases allow­
ance for the diffraction of the Stokes radiation may prove 
to be essentiaI6). Another interesting problem is connec­
ted with allowance for the back reaction of the Stokes 
wave on the pump and with the fluctuations in the popula­
tion difference; some results have already been obtained 
here with the aid of the Dyson-equation method; they 
are expounded in[1o,14J (see also the review article[23J ). 

The authors express their thanks to A. I. Kovrigin 
and N. K. Podsotskaya for assistance in the carrying 
out of the experiment. 

l)por T cor> T2 the results obtained with the aid of the formulas (13) 
go over into the results obtained in sec. 1. 

2)The time dependence of Sand Ip in (16) describes the averaged envelope 
of the laser pulse. 

3)The Dyson equations for the correlation functions are considered in [15]. 
4) Actually, there is a weak dependence: it is due to abberations and the 

effects of the spatial non coherence of the Stokes radiation and the 
pump. 

S)We neglect the small difference (less than 20%) between the durations 
of the pump pulse and the SRS. 

6)Interesting results in this direction were recently obtained by Bespalov 
and Pasmanik [22] for the monochromatic pump. 
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