35 BH M
2006 4£ 9 A

X F ¥ Wi
ACTA PHOTONICA SINICA

Vol. 35 No. 9
September 2006

Angular Distribution and Pulse Compression of Stimulated Raman
Scattering in Ba(NQ, ), Crystal”

Chen Huiting"?,Lou Qihong', Dong Jingxing', Chen Wanchun®
1 Shanghai Institute of Optics & Fine Mechanics, Chinese Academy of Sciences ,Shanghai 201800
2 Graduate School of the Chinese Academy of Sciences, Beijing 100039
3 Institute of Physics s Chinese Academy of Sciences, Beijing 100080

Abstract The high-efficiency SRS in barium nitrate (Ba(NQ;),) crystal was obtained pumped by
a Q-switched Nd: YAG laser (532 nm) operated at 30 Hz. In the forward scattered direction, the
first (563 nm),second (599 nm) and third (639 nm) Stokes pulses were presented,the radiation
fields of which had cone structures with the scattered angles of 1.7°,3.5° and 5. 0°, respectively.
Furthermore,it was pointed out that the angular distribution of Stokes radiation was independent
of the pump intensity in this work. The results show that the angular distributions of SRS in Ba
(NQj;), crystals are mainly attributed to the phase matched process. The pulse widths of the
pump , first , second and third Stokes pulses were measured to be 11. 6 ns,9. 8 ns, 8. 4 ns and 4. 5 ns,
respectively. This indicates that SRS in Ba(NO;), crystals can provide the possibility of effective
pulse compression and increase of peak pulse intensity. With the pump intensity of about 150 W/ em? ,
the maximum conversion efficiencies of the first , second and third Stokes pulses were 23. 5% ,8. 8 %

and 3. 4%, respectively. Moreover, the saturation phenomenon of SRS efficiency was

experimentally observed, which was due to the thermal loading in the Ba(NQ;); crystal.
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0 Introduction

Stimulated Raman scattering (SRS) has been
employed for more than 40 years as a method for
frequency conversion of laser radiation to reach
Solid-state

possessing favorable features for stimulated Raman

new materials,

spectral ranges.
scattering, have been of intense investigation by
several world research group in last years!!™%!,
Their solid state nature, the compactness and
robustness of sold state materials in comparison
with large high-pressure gas-filled cells make them
promising candidates for use in all-solid state laser
systems'*~,  Among various solid-state Raman
the Ba (NO; ),

attached outstanding attention because of its high
[7~9]

conversion media, crystal has

gain and strong mechanical properties

the Ba ( NO, ), has
successfully applied to the Raman amplification of

Recently, crystal been

subpicosecond laser pulset!®.
Although SRS has been obtained in more and
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and partly by the Shanghai Science &
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more crystalline materials recently, there are no
detailed discussion on angular distribution and
pulse compression of SRS in crystals. In this
temporal

paper, the angular distributions and

the Stokes
demonstrated in a Ba(NQ; ), crystal. The radiation
fields of the first, second and third Stokes pulses

profiles  of components  were

had cone structures with the scattered angles of
1.7°,3. 5% and 5. 0°, respectively. Moreover, their
pulse widths were measured to be 11. 6 ns, 9. 8 ns,
8. 4 nsand 4. 5 ns, respectively, With the pump
intensity of about 150 W/cm?, the maximum
conversion efficiencies of the first, second and
third Stokes components were 23. 5%, 8. 8% and

3.4%, respectively.

1 The experimental setup

The schematic of the experiment setup is
F-filter, T-
telescope, L, 1;, I.;-glass lens, Ba ( NO; ), Ba

shown in Fig. 1. A-attenuator,
(NO; ), Raman crystal, P, , P,-dispersing prisms,
S, -first Stokes, S;-second Stokes, S;-third Stokes,
E,, E;-energy detector, SL-Slit. The Ba (NO, ),
crystal was grown with the aqua-solution cooling
method by ourselves'™. It had a large size with the
length of 48 mm and aperture of 10 mm X 10 mm.
The Ba (NO; ), crystal was cut along the [110]

crystallographic axis and pumped by a Q-switched
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Nd * YAG laser(532 nm) operated at 30 Hz. The pulse
width of the Nd : YAG laser was 11. 6 ns(FHWM)
and the pulse energy was up to 600 m]. The
divergence angle of the pump beam was ~360 prad
with a super-Gaussian pattern in near-field. The
diameter of the collimated pump beam in the
Raman crystal was 3 mm. The variable attenuator
(A) was used for fine adjustment of the pump
pulses energy,which was monitored by a calibrated
energy meter (E,). The telescope system T was
composed of the glass lens (L,) with 50 cm focal
length and the glass lens (L,) with 10 cm focal
length. It was used to increase the pump laser
intensity incident on the Ba (NO, ), crystal. The
highest pump intensity was limited by the optical
damage threshold in the Ba(NO;); crystal, which is
10 J/cm? at the center of the pump-beam patterns.
Behind the crystal, the scattered radiation was
partially collimated by the lens (L;) with 300 mm
focal length. Afterwards, the radiation of Stokes
components were separated by two flit glass
dispersing prisms (P;), (P;) and the movable slit
(SL). The scattered radiation energies of the
Stokes components were measured by the energy
detector (E;). The temporal shapes of the Stokes
components were recorded by a setup composed of
a fast photodiode and digital oscillograph.

T
A :_”"—lBa(Noa)z

— Photodiodc |

Oscillograph |

Fig.1 The experimental setup of Ba(NO;), crystal

stimulated Raman scattering

2 Results and discussion

The angular distribution of the scattered light
was registered at a screen installed 1. 5 m apart
from the Raman shifter without any light splitting
device behind the crystal. In the experiment, the
radiation fields of Stokes components had spatial
cone structures, the photograph of which at the
screen is shown in Fig. 2. The first Stokes radiation
in the Ba(NO; ), crystal mostly traveled along the
pump axis. The dark Ring 1 in Fig. 2 corresponds
to the external border of the first Stokes radiation.

It was believed that the dark Ring 1 was due to the
coupling of the first Stokes radiation with the
pump radiation to create the second Stokes
radiation by four-photo mixing. The included angle
between the first Stokes
border) and the axis of pump laser was measured
to be 1. 7° (plane angle). The second and third

Stokes scatterings under biharmonic excitation

radiation ( external

(pump + first Stokes component) had a rather
broad cone structure. The second Stokes radiation
was denoted with the orange Ring 2 in Fig. 2. The
included angle between the second Stokes radiation
(external border) and the axis of pump laser was
3.5° (plane angle). Likewise, the intense Ring 3
shown in Fig. 2 corresponded to the third Stokes
radiation. The included angle between the third
Stokes radiation (external border) and the axis of
pump laser was 5. 0° (plane angle). Furthermore, it
didn’ t observe the dependence of the angulat
distribution of Stokes radiation on the pump intensity
in the experiment. Because the angular distribution of
Stokes radiation was independent of the pump intensity
and the angles of the cones increased incrementally
with the order of the Stokes components, it was
believed that the angular distribution of SRS in Ba
(NQO; ), crystal was mainly determined by the phase
matched process.

Fig. 2 The photograph of Ba(NO;); crystal stimulated
Raman scattering at the screen

An optical spectrum analyzer (Ocean Optics
HR2000 GR-UV-NIR) was used to measure the
SRS spectrum. The wavelengths of pump, first,
second and third Stokes pulses were 532, 563, 599
and 639 nm, respectively. It can be seen that the
“breathing” vibration mode of the nitrate moiety
(1047
between the pump and Stokes radiations.

A 1. 5 GHz LeCroy9362 digital oscilloscope
with a 1 GHz DET210 fast photodiode was used to
measure the profiles of the pump and the' Stokes

cm™! ) dominates the frequency shift

pulses,and the experimental results were shown in
Fig . 4. The pulse widths of the pump , first ,
second and third Stokes pulses were 11. 6 ns,9. 8 ns,
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Fig. 3 Optical spectrum for SRS of Ba(NO;), crystal in

single-pass experiment pumped by 532 nm pump laser
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Fig. 4 Comparison of the temporal profiles of pump and
Stokes components pulses; 20 ns/div
8.4 ns and 4. 5 ns respectively. This indicates the
possibility of effective pulse compression and
increase of peak pulse intensity utilizing SRS in Ba
(NO;), crystals.

The energies of the first, second and third Stokes
components were presented as a function of the incident
pump energy in Fig. 5. With the input pump energy
of 581. 4 mJ (pump intensity of 246. 7 W/cm?) , the
output energies of the first , second and third Stokes
pulses were 120. 1 mJ ,39. 2 m]J and 16. 7 m] , respectively.
With the pump intensity of about 150 W/cm? ,obtained
the maximum conversion efficiency of the Stimulated

Raman

scattering. The  maximum

conversion
efficiencies of the first, second and third Stokes
components were measured to be 23. 5% ,8. 8% and
3. 4% respectively as shown in Fig. 6. A further
increase in the pump intensity leaded to the saturation
of SRS efficiency. This phenomenon may be caused by
the thermal loading in the crystal which lowered the
efficiency, since Raman processes always dissipate a

fraction of the pump energy as phonon energy'’.
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Fig. 5 Dependence of the output energies of the first,
second and third Stokes components on the pump

energy incident on the Ba(NO; ), crystal
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Fig. 6 Dependence of the conversion efficiencies of the first,
second and third Stokes components on the pump

intensity incident on the Ba(NQOs), crystal
3 Conclusions

In summary, it has demonstrated the scattered
angular distribution and the pulse compression of the
first, second and third Stokes radiation in the Ba
(NO, ), crystal pumped by the 532 nm Nd : YAG
laser. The scattered angles of the first,second and third
Stokes radiation were measuredtobe1. 7°, 3. 5 °and
5. 0°, respectively. The pump, first, second and third
Stokes pulse widths were 11. 6 ns,9. 8 ns,8. 4 ns and
4.5 ns,respectively. With the pump intensity of about
150 W/cm? , the maximum conversion efficiency of the
first (563 nm) ,second (599 nm) and third (639 nm)
Stokes components were 23. 5%,8. 8% and 3.4%,
respectively. Moreover, the saturation phenomenon of
SRS efficiency in the Ba(NQ;); crystal was observed.
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