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研究成果の概要（和文）：この研究の目的は、誘導ブリルアン散乱(SBS)によりパルス圧縮特性を調査、広範囲
に調整可能なns幅、数mJのTi:Saレーザーパルス圧縮方法を開発することでした。SBSに基づくns光パルス用のコ
ンプレッサが設計および構築した。FC72およびFC40 SBS液体を使用し、720～850nm領域で18～30ns幅、5～13mJ
のTi:Saパルスの圧縮実験が実行した。キャビティ内エタロンを設定で、圧縮されたパルス幅は11.2から7.0nsに
減少し、効率は42から55%に向上した。また、SHG（第二高調波発生）ユニットを構築し、より広いスペクトル領
域でのSH変換効率と圧縮パルスの発生安定性を調査した。

研究成果の概要（英文）：The goal of this research was to investigate pulse compression 
characteristics and develop a pulse compression method for a broadly tunable, ns duration, few mJ 
energy Ti:Sapphire laser pulses by stimulated Brillouin scattering (SBS) technique.
A compact pulse compressor for ns optical pulses based on SBS was designed and built. Pulse 
compression experiments of 18-30ns duration, 5-13mJ energy Ti:Sapphire laser pulses in 720-850nm 
region were performed using FC72 and FC40 SBS liquids. Using an intracavity etalon, the compressed 
pulse width decreased from 11.2ns to 7.0ns, and the efficiency improved from 42% to 55%. The short 
coherence length of the pump pulses has been identified as the main reason for low energy conversion
 efficiency. To increase the conversion efficiency, narrowband pulses must be used. We have also 
built an SHG (second harmonic generation) unit and investigated the SH conversion efficiency and 
generation stability of the compressed pulses in a broader spectral region.

研究分野： High-power lasers

キーワード： 誘導ブリルアン散乱　SBS　パルス圧縮　compact SBS cell　tubable ns pulses

  １版

令和

研究成果の学術的意義や社会的意義
Single WL pulse compression by SBS has been done previously, but to the best of my knowledge, it has
 not been applied to wavelength-tunable laser pulses. By establishing such a compression method, one
 can compress and use ns pulses in different areas such as resonance Raman spectroscopy, LIDAR, etc.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。



様 式 Ｃ－１９、Ｆ－１９－１（共通） 
１．研究開始当初の背景 

There are many pulse compression techniques to increase the peak power of the laser 

pulses. In the ultrafast regime, techniques using prism- or grating pairs are applied to 

compress optical pulses. However, these methods cannot be applied to nanoseconds (ns) 

duration pulses. Pulse compression from several ns to sub-ns can be done by utilizing 

only nonlinear light-matter interactions such as degenerate four-wave mixing, 

stimulated Raman scattering, or stimulated Brillouin scattering (SBS). 

SBS pulse compression in liquids has been investigated for many years. So far, 

different SBS liquids and compression geometries, such as single-, double-cell, counter-

propagating pulses, etc., have been utilized. Analysis of the available literature indicates 

that more than 50 times pulse compression factors and energy efficiencies as high as 

95 % can be achieved. Most investigations, however, were performed at discrete 

wavelengths (1064 nm, 532 nm, etc.) using quite long (1 – 3 m) SBS amplifier cells. The 

primary goal in previous investigations was compressing Joule class, 5 – 20 ns duration 

optical pulses as short as possible (~ 100 ps) for application in the inertial confinement 

fusion reactions as an ignitor-shock spike. 
２．研究の目的 

In our investigations, we have set a goal to study pulse compression characteristics 

of low energy (tenths of mJ), tunable, varying duration ns pulses. Such pulse 

compression systems could have applications, for instance, in material processing, in 

LIDAR (Light Detection and Ranging) for spatial (depth) resolution, in OPCPA (optical 

parametric chirped pulse amplification) for a pump pulse compression, or in remote 

resonance Raman spectroscopy (RRS) for increasing the S/N resolution. Spectrally 

tunable, nanosecond Ti:Sapphire laser operating in gain-switching mode is one such 

candidate. To increase the peak power of the pulses, minimize the pulse duration spread 

versus the wavelength, and achieve a good S/N ratio, two strategies can be applied: 

increasing the pump power or compressing the ns pulses to sub-ns duration. Due to the 

limitations of power upscaling, pulse compression seems to be the most viable option. 

Recently, we have proposed a variable-length, compact SBS amplifier cell for ns pulse 

compression applications. In this report, we describe the pulse compressor system with 

the new SBS amplifier cell and present results of our ongoing investigations on pulse 

compression characteristics in terms of pulse compression factor and energy conversion 

efficiency. 
３．研究の方法 

SBS is an inelastic interaction between light and sound. It can be described by the 

3rd order term of the polarization induced in the medium by the applied optical field. It 

is associated with the nonlinear (3) coefficient of the electric susceptibility of the 

material. SBS is a fully understood and mathematically described physical phenomenon, 

so here we will not go beyond qualitative explanations.  

There are many applications of the SBS phenomenon, for instance, phase conjugation, 

optical limiting, coherent beam combination, pulse compression, etc. In the following, we 

will briefly describe the SBS pulse compression process. Fig. 1 illustrates the principle 



of the SBS pulse compression process. A pump pulse is focused into the SBS cell 

producing a backward scattering Stokes pulse at the focus. The rising edge of the Stokes 

pulse sweeps through and depletes the counter-propagating pump pulse, converting the 

energy from the pump pulse into a temporally compressed Stokes pulse during the 

interaction. 

 

 

 

 

 

 
 

Fig. 1.  Illustration of the SBS pulse compression process: (a), (b), (c), and (d) points on 

the time scale are representative moments for the pump pulse (red) entering 

the SBS cell, generating a counterpropagating Stokes wave (green), amplifying 

it by depleting the pump pulse, and exiting the SBS cell, respectively. 

 

Fluorocarbons (FC72, FC70, FC40, etc.) are widely used SBS media due to their broad 

Brillouin linewidth, acceptable gain coefficients, thermal and chemical stability, 

transparency in the 400 – 1100 nm spectral region, fast phonon lifetimes, etc. In the 

present experiments, FC72 and FC40 liquids with ~ 1.2 ns and 0.2 ns phonon lifetimes, 

~ 6 cm/GW and ~ 3.8 cm/GW SBS gain coefficients, and ~ 270 MHz and ~ 1292 MHz 

Brillouin bandwidths were used, respectively. 
４．研究成果 

The SBS pulse compressor schematics with the variable-length (folded), compact SBS 

amplifier is presented in Fig. 2.  

 

Fig. 2. Schematic diagram 

of the pulse compression 

system using the variable 

length SBS cell for SBS inte- 

raction length optimization. 

 

Linearly polarized pump pulse (blue) passes the polarizer, /4 plate, SBS cell with 50 

cm length, and is tightly focused into the SBS cell using the lens L (f = 50 cm). The 

generated SBS wave (red) propagates back, is amplified in the same SBS cell, and is 

extracted from the polarizer. By changing the angles of two mirrors (M) relative to the 

amplifier cell windows, one can control the round-trip numbers of the laser pulse in the 

cell to optimize the interaction length (temporal overlap) between the pump and 

generated pulses in the amplifier.  

To reduce the linewidth of the optical pulses, we have inserted a Fabry-Perrot etalon 

inside the laser resonator. In this way, the pulse bandwidth at 820 nm was reduced from 



50 pm to about 5 pm (from 22.3 GHz to 2.23 GHz). In Fig. 3, a snapshot of the 

experimental setup is presented.  

 

 

 

Fig. 3. Experimental setup of 

the pulse compression system. 

 

 

 

A Ti:Sapphire laser operating in the gain-switching mode with the following 

parameters: 15 Hz rep. rate, 10~30 mJ/pulse energy, 15~30 ns FWHM pulse duration, 

680–1000 nm spectral tuning range, ~ 50 pm (~ 0.72 cm-1) linewidth, M2 ~ 1.6, was used. 

FC-72 fluorocarbon liquid was used as an SBS liquid. 

Experimental results describing the characteristics of the pulse compression are 

presented in Fig. 4. At 800 nm, the pulse FWHM before entering the SBS compression 

system was ~ 18 ns. When the effective length of the SBS cell was ~ 1 m (2 passes), the 

pulse width was compressed to 13.8 ns with energy efficiency of ~ 55 %. When the 

effective length of the SBS cell was ~ 1.5 m (3 passes), the pulse width decreased to 11.2 

ns with energy efficiency of ~ 42 %. At ~ 2 m (4 passes) SBS cell length, the pulse duration 

was 8.7 ns with ~ 30 % energy conversion efficiency. 

 

 

 

Fig. 4. Pulse compression characteristics- 

of the SBS compressor at 800 nm. 
 
 
 
 
 

 

In Fig. 5, the pulse FWHM dependence on the wavelength for two SBS liquids and LS ~ 

1.5 m effective interaction length in comparison with the same dependence, but without 

a compressor, is presented. As expected, due to the shorter phonon lifetime (0.2 ns vs. 1.2 

ns), the compressed pulse FWHM in FC40 vs. FC72 was more efficient. The SBS energy 

conversion efficiency at around 770 - 800 nm range, on the other hand, was still low, ~ 

0.55 (~ 0.7, if linear optical losses of the system are taken into consideration) for both 

FC72 and FC40 SBS liquids. Compared with the case without inserting the etalon and 

the same effective length of the SBS cell (LS ~ 1.5 m or 3 passes), the pulse width 

decreased from 11. 2 ns to 7.0 ns, and the energy efficiency improved from ~ 42 % to ~ 

55 %. To mitigate this problem, other SBS liquids such as galden perfluoropolyether 

(PFPE) compounds HT230 and HT270 (HT stands for Heat Transfer) which have 0.1 ns 



phonon lifetime, and 3.16 and 8.4 GHz Brillouin linewidths, respectively, could be used. 

 

 

Fig. 5. Pulse FWHM dependence 

on the wavelength for FC40 and 

FC72 SBS liquids (LS ~ 1.5 m) 

in comparison with the pulse 

FWHM before the compressor. 

 

 

We have also built an SHG unit and investigated the SH conversion efficiency and 

stability of the compressed pulses in a broader spectral region. The compressed pulses 

were directed to the broadband coated BBO crustal where the second harmonics (SH) 

was generated. Using a dichroic mirror, the SH was separated from the fundamental 

frequency and measured by a power meter. The pulse-to-pulse stability of the SH was 

good. Although the FWHM of the SH pulses reduced, the SH pulse energies of the 

compressed pulses significantly dropped. Estimation shows that the peak intensities of 

the resulting pulses are also reduced to the ~ 90% level of the non-compressed pulses. 

In this report, we have described the optical pulse compression principle based on the 

stimulated Brillouin scattering (SBS) phenomenon. A variable-length, folded SBS 

amplifier cell allowing compact cell design with reduced SBS liquid volume, has been 

proposed for ns pulse compression applications. An SBS pulse compressor was designed 

and built. Pulse compression experiments using ~ 18 ns duration, ~ 30 mJ energy 

Ti:Sapphire laser pulses at 780 nm, 800 nm, and 820 nm were performed. An etalon was 

inserted into the laser resonator to reduce the pulse bandwidth, and pulse compression 

experiments using ns laser pulses in 720 – 850 nm spectral region were performed using 

FC72 and FC40 SBS liquids. Compared with the case without the etalon and the same 

effective length of the SBS cell (LS ~ 1.5 m or 3 passes), the pulse width decreased from 

11. 2 ns to 7.0 ns, and the energy efficiency improved from ~ 42 % to ~ 55 %. Nevertheless, 

the energy conversion efficiency was not enough for practical applications. Our analysis 

showed that the main reason for the low energy conversion efficiency is still the short 

coherence length of the pump pulses (Lc ~ 13.5 cm, bandwidth ~ 2.23 GHz). 

We have built also an SHG unit and investigated the SH conversion efficiency and 

stability of the compressed pulses in a broader spectral region. Although shorter SH 

pulses could be obtained, the peak powers for compressed pulses were on the ~ 90% level 

compared with the pulses before the compression. The main problem hindering the 

improvements of the pulse compression ratio and energy conversion efficiency has been 

identified to be the short coherence length of the available nanosecond Ti:Sapphire laser. 

Our experiments indicate that the proposed SBS cell and pulse compression technique 

can be applied to broadly tunable ns laser pulses having bandwidths compatible to the 

transform-limited ones. 
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