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Influence of stimulated Mandelstam-Brillouin 
scattering on the time parameters 
of NdrYAG laser pulse
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The paper describes a method of a laser pulse shaping, in which the stimulated Mandelstam- 
Brillouin scattering (SMBS) was used. This method when applied to a high power Nd.glass laser 
system yielded the pulse of a contrast ratio 109.

1. Introduction

One of the basic parameters of the laser pulse, generated by a high power laser 
system suitable for plasma investigation, is the contrast, i.e., the ratio of the power 
(or energy) of the laser pulse to that of the prepulse. The magnitude of the 
prepulse recorder at the output of the laser system consists of superluminescence 
of the amplifying stages, parasitic generation on the optical element surfaces (free 
generation), and the prepulse appearing due to the application of the nonperfect 
systems shaping the laser pulse (i.e., the cut-off systems).

The actually used cut-off systems of laser pulses of duration ranging from 
10“ 11 to 10"8 s, working on the base of Pockels cells located outside the 
generator, assure the power contrast ratio of order of 103-104 [1]. A simultaneous 
application of the high quality electrooptic switches and nonlinear absorbers 
allows us to obtain the contrast ratio of order of 108 [2].

The work [3] presents the experimental results of the Nd laser pulse contrast 
investigation in the system of one amplifier (on the neodymium glass) with the 
application of the SMBS mirror. CC14 has been used as an active medium and a 
laser pulse contrast ratio 4 x 107 has been obtained.

In the work [4] to enhance the contrast ratio of high power iodine laser pulse 
SF6 has been used as the active medium and the recorded contrast was of order of 
107. From the theoretical [5], [6] estimations it follows that the application of 
SMBS may give the contrast of order of 109. In the papers [7-9] it has been 
pointed out that the SMBS mirror, located between the generator and the 
amplifiers of the high power laser, protects the system against the autoexcitation. 
The SMBS assures also a correction of the phase distortions due to reversal of the 
wave-front [10], [11].
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2. Experiment

In the up-to-now plasma investigation the high power laser system has been 
applied, the generator of which together with the pulse forming system is shown in 
Fig. 1. From the pulse of duration t1/2 = 20 ns produced in a YAG Q-switched 
generator with the help of the Pockels cell PC-1 a pulse of duration t1/2 = 3 ns 
has been cut off with the help of two electrooptic switches PC-2 and PC-3 
synchronized in time and space. The application of this additional Pockels cell 
PC-3 located in the system of double crossed dielectric polarizers DP and a 
nonlinear absorber NA assured the contrast ratio 5 x 105 at the output of the high 
power laser system.

The preliminary experimental investigation of the stimulated Mandelstam- 
Brillouin scattering has been carried out in the system presented schematically in 
Fig. 2. The purpose of these investigations was to determine both the experimental 
conditions in which scattered backwards radiation may be utilized in the high 
power laser system and the measurement of the time-energy parameters of both 
incident and scattered backward pulses in the system of SMBS mirror.

The time shape of the input laser pulse after being reflected from the beam 
splitter BS2 was recorded by a photodiode PH2 and an oscilloscope. Next, the 
radiation polarized linearly in the plane of the figure passed through the dielectric 
polarizer DP and a quarter-wave plate A/4 changing the polarization to a circular 
one. After having passed the beam splitter BS1 the radiation was focused by the 
lens L in the cuvette filled with an active medium. The time shape of the pulse 
scattered backwards was recorded by using the photodiode PHI. Since, due to 
backscattering in the SMBS process, the polarization of laser radiation changes its

Fig. 1. Scheme of the laser generator. M1-M6 -  dielectric mirrors, PC1-PC3 -  Pockels cells, D l, D2 
-  diaphragms, PH -  photodiode, YAG -  laser head with an active medium YAG:Nd3+, DP -  
dielectric polarizer, NA -  nonlinear absorber, (SSM -  selfsynchronization of modes)
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sign to the opposite one, then after the second passage through the quarter-wave 
plate 2/4 the radiation is polarized perpendicularly to the polarization plane of the 
input pulse. The laser pulse polarized in such a way was subject to total reflection 
from the surface of the dielectric polarizer DP, and next the transverse distribution 
of its power density was recorded by using photographic camera.

The measurements have been carried out for two active media CS2 and CC14 
for the pulse duration ranging from 3 to 20 ns and the energy from 1 to 150 mJ 
for different focal length of the lens L. Since, due to the propagation of the laser 
pulse in the Ndrglass amplifier system, the value of the contrast ratio decreases, its 
value at the output of the whole high power laser system is essential. Therefore, 
before starting the contrast ratio measurement, the laser pulse formed in the 
system shown in Fig. 2 was amplified in the sequence of main amplifiers to the 
energy value E = 15 J.

The contrast ratio measurement was realized in the contrast ratio measuring 
system (CMS) shown schematically in Fig. 3. The principle of contrast ratio 
measurements consists in determining the peak laser pulse power ratio to the 
prepulse power. The contrast ratio magnitude K was determined by using the

SM B S  mirror

Fig. 2. Scheme of the system to SMBS mirror investigation. L — lens, BS1, BS2 — beam splitters, DP 
— dielectric polarizer, 2/4 — quarter-wave plate, PHI, PH2 — photodiodes

Fig. 3. Scheme of the system to measure the laser pulse contrast ratio. BS -  beam splitter, AF1-AF3 
— attenuating filters, PHI, PH2 — photodiodes, Osc. — oscillator input (for Vx and V2 see the text)
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dependence K = k(V2/Vi), where: Vlt V2 -  prepulse and pulse amplitude, 
respectively, K -  coefficient of correction taking account of the transmission 
differences on the measuring line.

In the further investigations a nonlinear absorber has been additionally applied 
in the regenerative amplifier system [14], [15], the scheme of which is presented in 
Fig. 4. In order to assure the double passage of the pulse through the nonlinear 
absorber NA the latter was located at the distance / >(1/2)ct1/2 from the totally 
reflecting mirror Ml. Next, the pulse formed in this way was amplified, similarly 
as before, in a sequence of Nd: glass amplifiers to the energy value E =  15 J and 
the contrast ratio measurement was realized. The scheme of the whole high power 
laser system, in which the SMBS mirror is applied, is shown in Fig. 5.

Fig. 4. Scheme of the regenerative amplifier. M l, M2 -  dielectric mirrors, /./2-Ż./4 — phase plate, DP 
-  dielectric polarizer, NA -  nonlinear absorber, YAG -  amplifier, CMS -  contrast measuring
system

M3 PC 2 M2 YAG MP PC1 M1

Fig. 5. Nd:glass high power laser system with SMBS mirror. M1-M8 — dielectric mirrors, PCI, PC2 
-  Pockels cells, DP — dielectric polarizer, M P — multiplate polarizer, YAG — laser head, YAG1, 
YAG2 — amplifiers, PH1-PH4 — photodiodes, EMI, EM2 — energy meters, A/2, A/4 — phase plates, 
L — lens, 07-045 — Nd:glass amplifier, CMS — contrast measuring system
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3. Results

In the system of SMBS mirror (Fig. 2) the carbon disulphide was used as an active 
medium. The stationary conditions of scattering (r1/2 P i f , where: t1/2 — duration 
of the laser pulse (FWHM), zf — life time of photons) [12], [13] for laser pulses 
of duration 5-20 ns being assumed a regular distribution of spatial power density 
of radiation reflected and diffraction divergence of the beam were recorded. For 
laser pulses of duration comparable with the phonon life time (for CS2, i f 
= 2.2 ns) a strongly nonhomogenous spatial power density distribution recorded 
in the beam reflected radiation was due to non-stationary scattering conditions. 
The time shapes of incident pulse and that reflected from the SMBS mirror are 
shown in Fig. 6a, b, respectively, for pulse duration t1/2 = 20 ns and t1/2 = 5 ns.
a b

Fig. 6. Laser pulse oscillogram (input pulse at the bottom, pulse reflected from the SMBS mirror at the 
top), a — long pulse oscillogram (10 ns/div), b — short pulse oscillogram (5 ns/div)

As it follows from the oscillograms presented, the scattering in the system of 
SMBS mirror, due to its threshold character, brings about some sharpening of the 
foremost pulse front, and an increase of the modulation depth caused by the 
nonlinearity of the active medium. Further examinations of the SMBS mirror were 
carried out for the laser pulses of duration t 1/2 = 3 ns. In order to assure the 
stationary scattering conditions as the active medium the carbon tetrachloride was 
used, for which the phonon life time rf = 86 ps [13]. The oscillograms of the laser 
pulses obtained in the SMBS mirror system with the carbon tetrachloride are 
presented in Fig. 7. From the comparison of oscillograms a and b it follows that

Q b C

Fig. 7. Laser oscillograms obtained in the system with SMBS mirror, a -  input pulse (1 V/div, 
2 ns/div), b — reflected pulse (100mV/div, 2 ns/div), c — passing pulse (1 V/div, 2 ns/div)
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an abbreviation of the pulse duration to its halfvalue as well as some sharpening 
of the forehead pulse have been achieved. The shape of the passing pulse results 
from the mechanism of SMBS phenomenon [13].

Fig. 8. Plot of the reflection coefficient R from 
the SMBS mirror as a function of input energy 
Ep for two lenses (A — f i  = 10 cm, x — f 2 
=  38 cm)
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Fig. 9. Time shape of the laser prepulse and the corresponding oscillograms obtained by application: a 
— electrooptic system with Pockels cell and nonlinear absorber, b — SMBS mirror, c — SMBS mirror 
and a nonlinear absorber
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The experimental results of the measurement of reflected energy as a function 
of incident energy Ep are shown in Fig. 8 for two values of lenses focal lengths f x 
= 10 cm and f 2 = 38 cm. As it follows from this figure a rapid increase of the 
reflection coefficient R is observed within the energy range up to 50 mJ, while for 
the further increase of input energy up to 150 mJ the reflection coefficient 
stabilized at the levels of 9 and 14% for the focal lengths f 2 and / j ,  respectively. 
For the pulse duration r 1/2 = 3 ns contrast ratio measured in the system without 
the SMBS mirrors (to enhance the contrast ratio an electrooptical system, shown 
in Fig. 1, and a nonlinear absorber were used) amounted to 106*. The oscillogram 
obtained for this case is shown in Fig. 9a. Next, an SMBS mirror has been applied 
and the measured contrast ratio increased to the value of 107. The oscillogram for 
this measurement is shown in Fig. 9b.

In order to further increase the contrast ratio a nonlinear absorber was applied 
to the system presented in Fig. 4, and a contrast ratio of order of 109 was 
recorded. The corresponding oscillogram is shown in Fig. 9c. The time shape of 
the laser prepulse for the three cases discussed above is shown in Fig. 9.

4. Conclusions

It has been shown experimentally that SMBS is a very effective method for 
increasing the laser pulse contrast ratio and combined with a nonlinear absorber 
in the two-pass regenerative amplifier system it assures both the contrast ratio of 
109 at the output of the laser system and the shortening of the pulse duration. It 
has been observed that this method allows us to obtain the diffraction-limited 
divergence of the laser beam and a homogeneous transversal distribution of the 
power density, provided that the stationary scattering conditions are preserved. An 
application of the SMBS mirror allows us to eliminate the up-to-now enhancing 
contrast system which was composed of Pockels cell and four dielectric polarizers 
(Fig. 1).

In our experiment a phase conjugation of the laser pulse was also observed 
[14], however, this phenomenon was not analysed since it was not the subject of 
the study.
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MccjieAOBaiiHe bjihhhhh bbitty>K/iehhoi o paccesiHHH MaH/iejibiiiTa!Vfa-BpHJiJiio3Ha 
Ha BpeMeHHbie napavierpbi HMnyjibca la tepa Nd:YAG
B HacToamefi pa6oTe npezicTaBJieH mcto/i (JiopMHpoBaHHa jia3epHoro HMnyjibca, b kotopom Hcnojib- 
30BaHO BbiHyac^eHHoe pacceaHHe MaHztejibiuTaMa-BpHJUiio3Ha. Mcnojib30BaHHe 3Toro MeTO.ua b jia- 
3epHOH yCT3H0BKe 6ojlbUIOH MOUtHOCTH Ha HeOOTMOBOM CTeKJie n03BOJIHJIO nOJiyHHTb KOHTpaCT
H M n y jib c a  10 9 .


