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We propose in this article a new method of obtaining short light pulses, based on the
excitation of stimulated Raman scattering (SRS), of Stokes frequency, propagating slong the
pump direction. If the pump constitutes radiation from a multimode laser with unsynchronized
modes, then Stokes radiation is produced, whose spectral components are partly phased, unlike
the pump components., Under certain conditions it is possible to obtain complete phasing of
the SRS spectrum; the time dependence of the intensity of the Stokes radiation then takes the
form of a sequence of isolated short pulses.

The effect of phasing the spectrum is particularly clearly pronounced in the case of an
SRS amplifier, for which the output signal at the Stckes frequency Is(t, %) is connected with

the input signal I (t, 0) and with the pump I(t) by the relation

lsu,t)=1,(r—-vz—n) exp{gl'”f"- {LH ()

The envelope of the pump intensity I(t) contains fluctuation spikes due to the interference
of various modes, and is a quasiperiodic function having the period of the intermode beats.
In the case of large gain, gfI(t) >> 1, the irregularities in the time variation of (%)
become manifest in the time dependence of the function exp[gll(t)] to a much greater degree;
in particular, it becomes possible to separate the most intense of the series of fluctuation
‘spikes contained in one period of the function I(t).

We note that the change of the temporal characteristics of the Stckes radiation com-
pared with the pump profile was discussed in [1, 2], where the narrowing of Stokes pulses was
considered. We wish to call attention here to the fact that in the case of multimode pumping
there occurs also separation of the intense pulses (i.e. the phasing of the spectrum) in
addition to the narrowing of the pulses. Owing to the narrowing effect, the ratio of the
instantaneous radiation power to the average power increases by several times, in typical
cases by a factor of 3 or 4. The phasing of the spectrum makes it possible to increase this
ratio by m times (m is the number of the pump nodes ).

The effect of interest to us can be described by the simple formula (1) if the following
conditions are satisfied.

It is necessary, first, that the sum of the spectral widths of the Stokes signal and of
the pump be smaller than the width of the amplification band
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(Aw_+ Aw)? << /gl . (2)

Here v is the width of the spontaneous Raman scattering line, & is the length of the amplifier,
and g is given by the known formula
“ 1 d
9-(_‘-;._)__. o 1 Neaz, (3)

P

where ng is the refractive index, do/dQ is the differential cross section of the spontaneous
Raman scattering, N is the density of the scattering molecules, and w and w, are the fre-
quencies of the pump and of the Stokes wave.
Further, the group velocities of the Stokes wave and of the pump should be close in
magnitude and in direction:
v -1/v ) <« 2n/Ae ()
(1-cos@g)l/v < 2n/Aw , (5)
vhere ¢ is the angle between the propagation directions of the two waves.
In addition, the magnitude of the output signal should greatly exceed the level of the
amplified noise of the spontaneous Ramen scattering in the amplification solid angle AR, and

there should likewise be no pump saturation

d
T AONE2 V21 gli (1)} Zexplgfiir) 11 (1) << 1 (+0) expigli (1)} , (6)
11+, 0) explglitn)} « :‘ Ty (7)

It should be noted that the absence of pump saturation is very important for the separation
of a single pulse from a random temporal structure. This is connected with the fact that
saturation weakens primerily just those most intense sections of the pump profile which are
to be enhanced with the aid of the SRS.

Let us consider a concrete example. Let the period of the intermode pump beats be

T=3x 10-9 sec, and let the number of modes be m = 10; the characteristic duration of the

pump spikes is here 27/Aw = T/m = 3 x l()_lO sec, Let us take the following values of the

SRS amplifier parameters: £ = 20 cm, N = 10722 cm'3, g = 10"28 cm?, y=2x 10t sec-l,

w=3x 107 sec'l, and n

#

1.5. The conditions (2) and (4) are then satisfied for ordinary
liquids, and from (5) we obtain a limitation on the angle: ¢ < 0.2; under real conditions one
customarily uses angles ¢ $ 0,1, We assume in this connection, for estimating purposes,

82 = 1072, We then cbtain from conditions (6) and (7) the following limitations on the in-
stentaneous pump power density and on the gain: I(t) < Iax = 150 MW/cma, and gl . = 18.
— 30 MM/ch. Let us

find the probability W that the maximum Stokes pulse contains not less than half the total

We assume that the pump power averaged over the period is (1/5)I

energy radiated in one period at the Stokes frequency. A calculation similar to that per-
formed in [3] for another problem yields W > 0.55.

We have thus demonstrated the possibility of obtsasining during the time evolution of
the Stokes radiation one intense pulse per pump period. The parameter values assumed for the

estimates are typical of SRS experiments, so that pulses of duration At 10710 sec are
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readily obtainable. We note that the presence of an initiating signal of Stokes frequency is
not obligatory, since a similar picture is apparently cobtained when spontaneous Raman scatter-
ing is amplified,

The limiting SRS pulse durstion that can be attained by the indicated method are de-
termined by the Raman-scattering line width, At ~ 1/y v lO"ll sec, However, on going to
lower values of At/T, the probability of separating one pulse per period decreases. For a
mére effective separation of the pulse, it is possible to introduce selective absorption for
the Stokes wave, which leads to & decrease of the output intensity Is(tz) by a factor explaf).
Then the intensity ratio of the different sections of the pump profile Il/I2 will change, a=
in the sbsence of absorption, by a factor exp[gQ(Il - 12)] times. At the same time, con-
ditions such as (6) and (7) will now limit the total gain exp(-af + gtI), and the value of
gl can be increased, meking it possible to obtain an appreciable probability of separating
one pulse with a larger number of modes.
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