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To optimize the output of SBS sub-nanosecond pulse compression, two kinds of
compact double-cell structures are carried out and compared experimentally. The
beam parameters of the compact double-cell structure are calculated theoretically,
which provides the selection guidance of structural parameters such as lens focal
length and SBS cell size. The dependence of lens parameters and medium
parameters on SBS output parameters are experimentally studied. Results show
that SBS pulse compression enters the saturation region at a low injection energy
with a long focal length lens or a large gain coefficientmedium. For compact double-
cell setupwith one lens, it is easy to obtain narrow pulses for themedium FC40with a
short phonon lifetime. While in setup with two lenses, it is easy to obtain SBS output
with a high energy efficiency and narrow pulse width for HT110 medium with a large
gain coefficient. The pulse width compression ratio is up to 16 times after
optimization. These experimental results can provide references for the
experimental design of SBS pulse compression.
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1 Introduction

A single-longitudinal mode sub-nanosecond pulse laser with good beam quality has
important applications in the fields of fast ignition lasing radiation [1], space debris
detection [2, 3], medical laser cosmetology [4], Doppler wind radar [5], and high spatial
resolution in LIDAR Thomson scattering diagnostics [6], etc. Stimulated Brillouin scattering
(SBS) has proved to be an effective technical means to compress long nanosecond pulses to sub-
nanosecond pulses and improve the beam quality of the laser system [7–9]. The compact
double-cell structure based on liquid media, with the advantages of a high pulse compression
ratio, no high pressure, a small absorption coefficient, and a high laser damage threshold
compared with gas and solid media, are commonly and widely used in high-energy sub-
nanosecond pulse laser systems [10–14]. SBS pulse compressors with a compact double-cell
structure have received considerable attention by employing the medium of perfluorocarbon-
compounds (PFCs) liquids and perfluoropolyether (PFPE) liquids.

Many previous theoretical and experimental studies have been conducted to obtain a high-
reflected energy efficiency and narrow-pulse width beam laser by optimizing the structure
parameters and medium parameters. Feng et al. stated that the interaction length between the
Stokes and pump pulses is the key parameter in achieving sub-phonon lifetime pulse
compression and experiment was conducted by employing an energy-scalable generator-
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amplifier setup [12]. Xu et al. used a combination of theoretical
modeling and experiments to identify and optimize all critical
parameters, including optical configuration, interaction length,
intensity matching, choice of gain medium and thermal stability in
an energy-scalable generator-amplifier setup [15]. Yoshida et al.
achieved a high compression ratio by SBS consisting of two long
cells [11]. Guo et al. designed a single-cell experiment to study the
energy reflectivity property for the SBS medium of PFCs and PFPE in
high peak power laser [16], and Park et al. also measured the SBS
characteristics in several liquids [17]. Hasi et al. stated the
characteristics of four PFCs media for two-stage SBS pulse
compression structure [18]. Therefore, the optimization of the
structure parameters and medium parameters for compact double-
cell structures is required to study systematically to obtain good SBS
compression with a high energy reflectivity.

In this study, to obtain sub-nanosecond pulses with a high
reflected energy efficiency, the SBS pulse compression for two types
of compact double-cell structure setups are experimentally studied and
compared. The focal depth and focal spot size in the compact double-
cell structure are calculated, which provides theoretical guidance for
structural design such as lens focal length and medium cell size. The
experimental setup is described in Section 2. In Section 3, calculation
of beam parameters in compact double-cell structure is presented. In
Section 4, the experimental results and discussion are presented, and
Section 5 concludes the paper. This work has important reference
value for the design of SBS experimental structure in high-energy laser
systems.

2 Experimental setup

The experimental setup employed in this research is shown in
Figure 1. The pumping source is p-polarized light originating from an

injection seeded single-longitudinal-mode laser at a fundamental
wavelength of 1,064 nm. The pump beam has a pulse width of 10 ns
operating at a repetition rate of 10 Hz. The laser propagates from left to
right. A half-wave plate (HWP1) and a polarization beam splitter (PBS1)
were used to control the input beam energy. Two setups are employed in
this research. The input beam is introduced into the SBS amplifier cell
through a quarter-wave plate (QWP) and a pair of lenses L1 and L2 with
focal lengths of 30 cm and −20 cm, respectively in setup A. The pump
beam size is reduced from 8mm to 5.2 mm using a beam reducer. The
laser is focused into the generator cell through a focusing lens L3 with
focal lengths of 20 cm or 50 cm, respectively. In setup B, the input beam is
introduced into the SBS amplifier cell through a QWP and a lens L4 with
focal length of 200 cm and focused into the generator cell through a
focusing lens L5 with focal length of 50 cm or 75 cm, respectively.

In the process of SBS pulse compression, the phonon lifetime and the
gain coefficient are two significant parameters affecting the compressed
pulse width. The influence weight between the two parameters, the
phonon lifetime and the gain coefficient, is necessary to obtain a good
SBS compression [7]. Based on this, we choose two commonly usedmedia
of perfluoropolyether liquid HT110 and heavy fluorocarbon liquid
FC40 as the objectives due to the large difference between their
phonon lifetimes and gain coefficients, which are made by Solvay
Company and 3M Company, respectively. Phonon lifetimes of the
medium of HT110 and FC40 are .6 ns and .2 ns, respectively. SBS
gain coefficients of the medium of HT110 and FC40 are 4.7 cm/GW
and 1.8 cm/GW, respectively [7].

3 Calculation of beam parameters in
compact double-cell structure

To avoid damaging the lens and window mirror of SBS cell in the
design of compact double-cell structure, it is necessary to select the

FIGURE 1
Schematic of experimental setups for compact double-cell SBS compressor. QWP, quarter wave plate; HWP1~2, half wave plate; L1~5, lens. In setup A,
the input beam is introduced into the SBS amplifier cell through a QWP and a pair of lenses L1 and L2 and focused into the generator cell through a lens L3. In
setup B, the input beam is introduced into the SBS amplifier cell through a QWP and a lens L4 and focused into the generator cell through a focusing lens L5.
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lens and SBS cell with appropriate parameters. Taking setup B as an
example, the focal depths and focal spot sizes within the generator cell
are theoretically calculated. It is generally believed that the generation
position of the Stokes beam is at the focal point within the generator
cell. The focal depth indicates the interaction length between the pump
beam and the Stokes beam, which affects the compressed pulse width
of SBS. It is easy to cause optical breakdown and permanent damage to
the optical window mirror of SBS cell if the beam size of the focus spot
in the generator cell is too small. Therefore, it is important to select the
generator cell with the appropriate physical length.

In the compact double-cell structure, the contour maps of the focal
depth and focal spot radius in the generator cell are shown in Figure 2.
Physical parameters used for the simulation are as follows. The pump
beam quality of M2 is 2. The radius of the pump beam spot is 4 mm,
and the distance from the waist position of the pump beam to the lens
of L4 is 50 cm. The physical length of the amplifier cell is 100 cm, and
the distance between the lens L5 and the window mirror of generator
cell is 5 cm. The refractive index of SBS liquid medium is 1.28. The
optical wavelength is 1,064 nm.

According to ABCDmatrix theory, the variations of focal depth
and focal spot radius with the focal lengths of lens L4 and L5 can be
calculated as shown in Figure 2 f4 and f5 represent the focal lengths
of lens L4 and L5, respectively. It can be seen from Figure 2A that,
within the range of focal length f4 of lens L4 less than 200 cm, the
focal depth within the generator cell is jointly affected by the focal
lengths of lens L4 and L5. When focal length of lens L4 is greater
than 200 cm, the focal depth of the generator cell is more sensitive
to the focal length of lens L5. In Figure 2B, the focal spot size varies
greatly with the focal length of lens L5, and it is not sensitive to the
focal length of lens L4. When the focal length of lens L5 is fixed, the
focal depth and the focal spot size gradually become stable with the
increase of the focal length of lens L4. According to the theoretical
calculation, a generator cell with a physical length of 80 cm is
required when the focal length f5 of the lens L5 is 50 cm, and a
generator cell with a physical length of 20 cm is required when the
focal length f5 of lens L5 is 15/20 cm.

4 Experimental results and discussion

To optimize the output parameters of SBS pulse compression and
obtain the optimization rules, the experiments for setup A and setup B
are respectively studied. A comparison of the output parameters under
different focal lengths of lens L3 and SBS media is shown in Figure 3
using setup A. The experimental results show that the energy
extraction efficiency improves and the compressed pulse width
becomes narrow with an increase of the input energy. In this
experiment, the focal length of lens L3 is 20 cm or 50 cm,
respectively. Figure 3A shows the reflected energy efficiency under
different focal lengths of lens L3 and media. The average energy
efficiencies are 74.8%, 68.5%, and 77.1% for the cases of L3 lens of
50 cmwith FC40medium, 50 cmwith HT110, and 20 cmwith HT110,
respectively, at the pump energy of 70 mJ. Comparing the cases of lens
L3 with focal lengths of 20 cm and 50 cm in HT110 medium, the
reflected energy efficiency of the shorter focusing lens of 20 cm is
obviously greater than that of the focusing lens of 50 cm. This is
because as the focal length of lens L3 increases, the focal spot size in the
generator cell also increases, which causes the decrease of the pump
power density at the generation position of the Stokes seed beam
under the same pumping conditions, thus leading to the reduction of
the energy reflectivity. For the setup A with a focal length of 50 cm and
HT110 medium, the reflected energy efficiency enters the saturation
region when the injected energy is 30 mJ, which is not conducive to
further improvement of the reflected energy. The corresponding
compressed pulse width using HT110 is shown in Figure 3B, with
the increase of injected energy, the SBS compressed pulse width
gradually narrows and finally enters the saturation region. The
minimum pulse widths are 649 ps ± 14 ps at the pump energy of
50 mJ and 654 ps ± 9 ps at 70 mJ for the lens focal lengths of 50 cm and
20 cm, respectively. With the focal length of L3 lens increasing, the
compressed pulse width becomes narrower as the injection energy and
enters the saturation region at the lower pump energy. The longer
focal length of the focusing lens, the lager the focal depth within the
generator cell, which indicates that the longer interaction length

FIGURE 2
Contour map of beam parameters with respect to focal lengths of lens in setup B.
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between the pump beam and Stokes beam is easier to obtain the
narrow compressed pulse width. According to the experimental
results, the pump power density and interaction length both affect
the energy efficiency and compressed pulse width. Setup A with short
focusing lenses is easy to obtain a high reflection energy, while with
long focusing lenses is easy to obtain narrow compressed pulse width.

With the focusing lens L3 of 50 cm, compared with the medium of
FC40 and HT110 in Figure 3A, the energy efficiency obtained by the
two media is the same at the pump energy of 40 mJ. When the injected
energy is less than 40 mJ, the reflected energy efficiency with HT110 is
higher than that of FC40 medium. When the injected energy is greater
than 40 mJ, the reflected energy used FC40 medium is greater than
that of HT110. The experimental results show that it is easy to obtain a
high energy efficiency in the case of a medium with a high gain
coefficient. So the energy efficiency with HT110 medium is higher
than that of FC40 at a low injection pump power. With the increase of
injection pump power, the energy efficiency for HT110 with a high
gain coefficient enters the gain saturation region earlier than the case
for FC40 with a low gain coefficient, then the energy efficiency of
FC40 is higher than that of the medium HT110. The relationship
between the compressed pulse width and the injected energy for

different media is shown in Figure 3B. At low injection energy, the
compressed pulse width using HT110 medium is slightly narrower
than that of FC40, this is because the medium with a high gain
coefficient can effectively amplify the front part of the Stokes pulse.
With the increase of injection energy, the compressed pulse width
using FC40 medium is narrower than that of HT110, which is because
during the amplification process of the Stokes pulse, the front part and
back part are both amplified resulting in the broadening of the
compresses pulse. Under the injection energy of 70 mJ, the average
pulse widths measured in FC40 and HT110 media are 620 ps ± 12 ps
and 660 ps ± 26 ps, respectively. For compact double-cell setup A, it is
easy to obtain narrow pulses for the medium FC40 with a short
phonon lifetime.

In setup B, the focal length of lens L4 is 200 cm, and it is 50 cm or
75 cm for the lens L5, respectively. The SBS output parameters under
different lenses and media employing setup B are shown in Figure 4.
Figure 4A illustrates the reflected energy efficiency under different lens
focal lengths and media. The average energy efficiencies are 71.3%,
75.5%, and 68.3% for the cases of lens group of 200–50 cm with
FC40 medium, 200–50 cm with HT110, and 200–75 cm with HT110,
respectively, at the pump energy of 70 mJ. Comparing the cases of lens

FIGURE 3
Output parameters with different focal lengths of lens L3 and media for setup A.

FIGURE 4
Output parameters with different focal lengths of lens and media for setup B.
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L5 with focal lengths of 50 cm and 75 cm in HT110 medium, the
reflected energy efficiency with a short focusing lens of 50 cm is larger
than that of the focusing lens of 75 cm. For the case with lens focal
length of 75 cm, the reflected energy efficiency enters the saturation
region when the injected energy is 30 mJ, which is not conducive to
further improvement of the reflected energy. The corresponding
compressed pulse widths are shown in Figure 4B. The minimum
pulse widths are 626 ps ± 27 ps ns at the pump energy of 45 mJ and
619 ps ± 16 ps at 60 mJ for the lens focal lengths of 50 cm and 75 cm,
respectively, and the pulse width compression ratio is up to 16 times.
With the increase of injected energy, the SBS compressed pulse width
gradually narrows and finally enters the gain saturation region. In the
case of 75 cm, the pulse width become widening when the injected
energy exceeds 30 mJ.

With the focusing lens L5 of 50 cm, compared with the medium of
FC40 and HT110 in Figure 4A, the reflected energy used HT110 medium
is much higher than that of FC40 medium at the same pump energy. The
relationship between the compressed pulse width and the injected energy
under different media is shown in Figure 4B. Under the injection energy
of 45 mJ, the average pulse widths measured in FC40 and HT110 media
are 653 ps ± 25 ps and 626 ps ± 27 ps, respectively. The compressed pulse
width of HT110 medium is slightly narrower than that of FC40. This is
because the medium with a high gain coefficient can effectively amplify
the front part of Stokes pulse. Therefore, in compact double-cell setup B, it
is easy to obtain a high energy efficiency and narrow pulse width for the
medium HT110 with a large gain coefficient.

5 Conclusion

In this study, experiments in the compact double-cell structure are
conducted to optimize the output parameters of SBS pulse
compression. Firstly, the focal depth and focal spot size in the
compact double-cell structure are calculated, which provides
theoretical guidance for the structural parameter design such as
lens focal length and SBS cell size. Then, the influence of the lens
and medium parameters on output parameters of SBS pulse
compression is experimentally studied for setup A and setup B,
respectively. For setup A, it is easy to obtain a high reflection
energy efficiency with a short focal length lens, while easy to
obtain a narrow compressed pulse width with a long focal length
lens. As the focal length of focusing lens increases, the injection energy
at which the compressed pulse width enters the saturation region
becomes small, and the compressed pulse width is narrower. The
experimental results show that it is easy to obtain a high energy
efficiency in the case of a medium with a large gain coefficient. With
the increase of injection pump power, the energy efficiency for
HT110 with a high gain coefficient enters the gain saturation

region earlier than the case for FC40 with a low gain coefficient.
For compact double-cell setup A, it is easy to obtain narrow pulses for
the medium FC40 with a short phonon lifetime. However, in compact
double-cell setup B, it is easy to obtain a high energy efficiency and
narrow pulse width for the medium HT110 with a large gain
coefficient. The pulse width compression ratio is up to 16 times
after optimization. These experimental results can provide output
optimization guidance for the experimental design of SBS pulse
compression in high-energy laser systems.
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