
Abstract. A two-stage weak-signal SBS ampliéer scheme
with an independent pumping of both ampliécation stages is
proposed and implemented. This scheme is devoid of the
disadvantages inherent in a single-stage ampliéer because the
competitive inêuence of pump-correlated noise components is
suppressed in it due to their amliécation either only in the
érst stage or only in the second one. It is experimentally
shown that this system allows amplifying weak signals by a
factor of 106 ÿ 109 for a bandwidth determined by the type of
SBS-active material involved and its gain increment (10ÿ2ÿ
10ÿ4 cmÿ1). The gain of � 108 is obtained with retention of
the spatial characteristics of the signal being ampliéed.

Keywords: SBS ampliéer, two-stage ampliécation, small-signal
gain.

1. Limitations on the SBS-ampliéer gain

Despite the apparent simplicity of realising large gains
[� exp (25ÿ 30)], which are determined by the threshold of
the lasing onset from spontaneous noise, and despite the
possibility of operation throughout the visible and near-IR
ranges, SBS ampliéers have not yet found applications in
practical laser devices for image reception and processing.
Here, the main negative factors are: the competitive inêu-
ence of lasing from spontaneous noise; the presence of non-
zero correlation of the spatial structures of the pump and
the Stokes signal, responsible for the generation of spatial
Stokes components phase-conjugated relative to the pump
[1]; and a signiécant reduction in the gain in the saturation
regime due to the pump depletion in the counterpropagat-
ing interacting waves [2].

To overcome the latter factor, a two-stage SBS ampliéer
was proposed and realised in Ref. [2], the pump radiation
érst being fed to the érst ampliécation stage and then to the
second one. This technique allowed a sharp increase in the

pump conversion coefécient, and the parameters of this
ampliéer approached the corresponding parameters of a co-
propagation scattering ampliéer. In this paper, we study a
two-stage SBS ampliéer with an independent pumping of
each of the ampliécation stages. This allowed us, on the one
hand, to retain the advantages of a two-stage scheme [2] and
on the other hand to weaken signiécantly the inêuence of
the érst two factors, because the components with a
structure conjugate relative to the pump are ampliéed either
only in the érst stage or only in the second one.

We will assume that SBS is stationarity in the case of
interaction of monochromatic waves. Then, the spatial
components of the pump and Stokes wave radiation can
be represented as Fourier expansions in terms of plane
waves [3 ë 5]:

Ep �
X
n

An�z� exp�iknr�, Es �
X
m

am�z� exp�ÿikmr�. (1)

Using expressions (1), it is possible to obtain [6] the
equations for the average pump intensity Ip(z) �

P
n jAnj2,
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where z is the longitudinal coordinate of the signal
propagation; I cs �

P
n ja c

n j2 and I ncs �
P

n ja nc
n j2 are the

average intensities of the parts of the Stokes signal corre-
lated and uncorrelated with the pump. In the absence of
saturation, the system (2) transforms to the system

dI cs
dz
� 2gIpI

c
s ,

dI ncs
dz
� gIpI

nc
s , (3)

which illustrates the ampliécation of the correlated
component with a double increment and that of the
uncorrelated component with a single increment.

The possibility of employing equations of the type (2)
follows directly from simple estimates of the number of
spatial pump components (n4 1) and the characteristic
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gains over the longitudinal correlation length (Gc 5 1),
which we made using a speciéc experiment geometry. Since
the spatial structure of the input Stokes signal is not related
to that of the pump, the input signal represents an
uncorrelated component. The criterion for a proper opera-
tion of the SBS ampliéer may be formulated as follows:
I ncs (L)4 I cs (L).

One can see directly from Eqns (3) that the second
equation describes the ampliécation in the average pump
éeld, while the érst one, describes the well-known phase
conjugation. It is obvious that in the case of an SBS
ampliéer, it is phase conjugation that causes, on the one
hand, distortions of the spatial structure of the ampliéed
signal and, on the other hand, restricts the gain due to
saturation, because phase conjugation can make a signié-
cant contribution to the overall Stokes signal at the
ampliéer output. The parasitic effect of phase conjugation
cannot be eliminated completely, because the contribution
to the non-zero correlation of the éelds is made by the
intrinsic spontaneous ampliéer noise, the possible overlap of
radiation patterns of the pump and the Stokes signal due to
diffraction by the receiving aperture and the inhomogene-
ities of the optical elements of the SBS ampliéer, and also by
the nonlinear processes of the `forward' four-wave mixing
type [1]. As noted above, a two-stage SBS ampliéer is largely
devoid of such disadvantages because the parasitic phase-
conjugation component of the Stokes signal is in fact
ampliéed only throughout half the total gain length. The
mechanism of operation of such a correlation isolation is
shown in Fig. 1.

2. Two-stage SBS ampliéer

To perform experimental investigations, we built a neo-
dymium-glass laser setup. The setup included a passively Q-
switched, single-mode, single-frequency master oscillator, a
preampliécation system, a SBS oscillator to generate Stokes
radiation based on a carbon tetrachloride cell into which
part of the radiation was focused, a Faraday optical
isolator, a two-stage SBS ampliéer, and a pump production
channel containing a GOS-1000 two-pass ampliéer head.
The 60-ns pump pulses were synchronised with the input
Stokes radiation to an accuracy of 4 ns. The main elements
of the optical arrangement are shown in Fig. 2.

The single-mode, single-frequency Stokes radiation
passed through a system of calibrated élters ( 2 ), optical
wedges ( 5 ), and a telescope with a spatial élter ( 4 ) to be
injected in a two-stage ampliéer. After ampliécation, the
Stokes radiation was directed to the phase-conjugate (PC)
mirror with the help of lens ( 7 ). The pump beam of
diameter � 45 mm was formed with the help of a semi-

transparent mirror and a totally reêecting mirror and
injected in SBS-ampliéer stages ( 6 ) employing focusing
rasters ( 12 ) [7] with a focal length of � 25 cm and a dimen-
sion of each cell of 10 mm�10 mm. The ampliécation stage
was a 20-cm long light guide of square 10 mm�10 mm
section élled with carbon tetrachloride. The characteristic
lifetime of acoustic phonons at the wavelength of a neo-
dymium laser was t � 1 ns, which ensured a stationary SBS
regime and the ampliécation bandwidth Dv � 1=ptcG 0:5 of
the order of 10ÿ2 ÿ 10ÿ3 cmÿ1, where c is the velocity of
light and G the overall gain increment of the two amplié-
cation stages. A system of calorimeters ( 3 ) served to
determine the degree of nonlinear signal distortion upon
ampliécation. To eliminate the effect of four-wave mixing,
the PC mirror was placed at a distance of � 12 m from the
SBS ampliéers, and the radiation reêected by the PC mirror
passed through the ampliéers in the backward direction at
the end of ampliécation.

We measured the dependences of the ampliécation
eféciency gain increment for different energies of the input
Stokes signal, determined nonlinear signal distortions upon
ampliécation, and recorded oscillograms of the input and
output pulses of the Stokes radiation and the pump. The
temporal behaviour of the signals was recorded with the aid
of FK50KP photocells and fast C7-19 oscilloscopes (not
shown in Fig. 2).

3. Experimental results and discussion

Fig. 3 shows the gain of a two-stage SBS ampliéer as a
function of the overall gain increment for an energy of the
input Stokes signal of � 8� 10ÿ8 J. The theoretical gain
was obtained by the numerical solution of stationary
equations (2) with the inclusion of losses by the Fresnel
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Figure 1. Schematic of a two-stage SBS ampliéer.
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Figure 2. Experimental arrangement: ( 1 ) source of the Stokes signal; ( 2 )
calibrated élters; ( 3 ) calorimeters of the system for recording the
nonlinear distortions in ampliécation; ( 4 ) telescope with a spatial élter;
( 5 ) deêection wedges; ( 6 ) SBS-ampliéer stages; ( 7 ) lens which focuses
the output Stokes radiation into the PC mirror; ( 8 ) PC mirror; ( 9 )
pump source for the SBS ampliéer; ( 10 ) semitransparent mirror; ( 11 )
R � 100 % mirror; ( 12 ) prism rasters; ( 13 ) calorimeters of the output
and reêected radiation.
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reêection from the optical elements of the ampliéer and
considering that I cs � 0. For an input signal energy of
� 10ÿ7 J, the output signal was as high as G � 0:5 J. Note
that the self-excitation of a single-stage SBS ampliéer with
an equivalent gain increment commenced at G � 10.

We measured nonlinear distortions of a signal during
its ampliécation. Initially, a balance was set between the
readings of the calorimeters ( 3 ) that measured the signal
energy in front of and behind the telescope with a spatial
élter. Then, similar measurements in the ampliécation re-
gime were made with the ampliéed signal reêected from the
PC mirror ( 8 ). The spatial élter of the telescope ( 4 ) was so
adjusted that its transmission in the forward direction was
equal to 0.9. The ratio between the calorimeter readings for
a signal ampliéed and reêected from the PC mirror ranged
from 1 to 0.8. This is indicative of relatively small nonlinear
signal distortions for the gain � 106.

When the energy of the input Stokes signal was reduced
to less than 10ÿ9 J and the overall peak gain increment was
Gmax < 20, the system passed into the regime of linear amp-
liécation, at which the maximum ampliécation is possible.
The energy eféciency can be estimated from a simple analy-
tic formula obtained assuming the interaction of synchrono-
us triangular pulses:

K � expGmax

Gmax=2
, Gmax � gImaxL.

In this regime, the Stokes pulse signiécantly shortens during
its propagation through the SBS ampliéer. This is
illustrated in Fig. 4, which depicts the results of numerical
simulation.

The energy (� 4� 107) and intensity (� 3:5� 108) gains
obtained experimentally for Gmax � 20 and an input signal
energy of � 10ÿ9 J are in good agreement with the calcu-
lations. Fig. 5 shows oscillograms of the output Stokes
pulses obtained in the regimes of linear ampliécation and
saturation. A signiécant shortening of the output Stokes
pulse in the regime of linear ampliécation is clearly visible.

Of great interest is the variant of ampliécation in the
regime of deep saturation, which is commonly referred to as
the beam combining and is the inverse variant of that con-
sidered above. Fig. 6 shows the theoretical time shapes of
the interacting pulses for an input signal energy of � 10ÿ1 J,
Gaussian input pulses, and a peak overall increment
Gmax � 12. In this case, the energy of the output Stokes
pulse is comparable with the pump energy of the second
stage, while the peak intensity exceeds that of the pump. For
comparison, Fig. 7 also presents oscillograms of the pump
and the Stokes signal obtained experimentally under the
conditions speciéed above. The results of energy measure-
ments in the regime of strong saturation are presented in
Table 1.

In Table 1, Eout is the energy of the output Stokes signal
and Ep is the pump energy of the second ampliécation stage.
The theoretical ratio between these quantities is close to
unity. The uncertainty of absolute measurements involving
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Figure 3. Theoretical and experimental dependences of the gain of the
two-stage SBS ampliéer on the overall gain increment for an energy of
the input Stokes signal of � 8� 10ÿ8 J.
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Figure 5. Oscillograms of the output Stokes pulses in the unsaturated
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the IKT-1N calorimeters used in our experiments was
� 10%. The uncertainty of relative calibration was deter-
mined in a conventional way ë by simultaneous energy
measurements of the same beam ë and did not exceed 2%ë
3%. Hence, it follows that the accuracy of determination of
this ratio for Eout=Ep � 1 is 3%ë 4%. The scatter in the
experimental data may be attributed to uncontrollable shot-
to-shot variations in the pump pulse duration and possible
abrupt jumps of the Stokes signal phase [8], resulting in a
partial loss in monochromaticity and, as a consequence, in
the reduction in the conversion eféciency.

Therefore, the two-stage SBS ampliéer proposed and
implemented in this work has parameters which are rela-
tively easy to calculate neglecting the parasitic oscillation
with phase conjugation in the pump channels. This ampliéer
offers small nonlinear distortions and can be used as a
narrow-band amplifying élter for the reception of images of
remote objects with the gain of � 106 ÿ 109. If combined
with laser ampliéers, it permits attaining the gain of � 1012.
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Table 1.

Ein

�
mJ Eout

�
J Ep

�
J Eout=Ep

80 6.1 7.3 0.84

80 6.7 8.3 0.8

90 6.6 7.4 0.9

100 5.0 5.2 0.9
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