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Abstract A Nd: doped-glass-based sub-picosecond laser system with the maximum peak power of greater than 20
tara watts and the energy on target surface of 16 J is accomplished by using the chirped laser pulse amplification
technology. While the laser pulse is focused by an off-axis parabolic mirror, the power density on target surface of
approximately 2X10® W/cm? is acquired. In the performed neutron experiment, a CzDs plate target is placed on the
focal spot of the off-axis parabolic mirror. The maximum neutron yield for a single shot reaches 2. 4 X 10*. Still
some other related problems are discussed.
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Fig.1 Schematic of the sub-picosecond laser system
(a) master oscillator, pulse stretcher, regenerative amplifier and the main laser bay;

(b) 70 mm rod amplifier and the last spatial filter, 10~% Pa vacuum host for compressor and the target chamber
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Fig. 2 Schematic of the four-pass laser pulse stretcher
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Table 1 Specifications of the spatial filters

Input focal length /mm

Input beam diameter /mm

Output focal length /mm Output beam diameter /mm

SF1 2950.0 14.0
SF2 1289.9 10.5
SEF3 2777.1 30.0
SF4 2914. 4 45.0
SE5 1967.3 61.0

3628.5 17.0
3749.0 30.0
4231.9 45.0
3976.2 61.0
2985.0 92.0
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Table 2 Designed parameters for rod amplifiers

¢ 16 mm ¢ 20 mm ¢ 20 mm ¢ 45 mm ¢ 45 mm ¢ 50 mm ¢ 70 mm
Pump energy /] 53760 53760 53760 53760 53760 53760 71680
Rod cubic /cm® 70 110 110 440 440 687 1924
Pump energy density /J ¢ cm™? 768 490 490 122 122 78 37.2
Small signal gain / K, 120 120 120 30 30 16 12
Beam diameter /mm 10 17 17 30 30 45 61
Input energy /J 0. 0005 0.01 0.1 0.15 0.5 ~1 ~5
Output energy /J 0.02 0. 25 1.0 0.75 2.5 5.4 20
B integral 0. 006 0.05 0.175 0.039 0.129 0. 205 0.413
Output pulse width /ps 650 650 600 500 500 450 450
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Fig. 3 Beam quality measured by a near-field CCD camera. The beam size reads ~95 mm and the filling factor 52.7%
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Fig. 6 Measurements for the size of focal spot. Horizontal dimension every 0.1 unit represents 25 pum

(a) and (b) represent the measured spot size in two perpendicular directions. They all read approximately 30 um
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Fig. 7 Photograph of the neutron measurement setup

FD means fast respond neutron detector and BF3 slow respond neutron detector. In the whole experiment, BF3 is placed at the angle of 50°

with respect to the direction of incident laser beam and 700mm away from the target, while the FD moved at the different angle and different
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Fig. 8 Results of the neutron yield experiment by the fast and slow respond detector at three different angles

(a) fast detector is placed at an angle of 12. 5°. Left graph represents the neutron count of fast detector, it reads 4540 while right graph the

neutron count of slow detector and reads 4000. On target laser energy is 13.2 J; (b) fast detector is placed at an angle of 60°. Left graph

represents the neutron count of fast detector, it reads 9000 while right graph the neutron count of slow detector and reads 10000. On target

laser energy is 13. 44 J; (c) the neutron count of slow detector it reads 24000. On target laser energy is 15. 7 J. while the fast detector is

placed at an angle of 90° and the signa
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Fig. 9 Neutron yield distribution via detection angle
Vertical dimension is the neutron count while horizontal
dimension is the detection angle. In the graph, “{>” represents
the result of slow respond detector. And “+” the result of fast
respond detector (which is kept at a constant place during the
measurements) for the laser shot corresponding to the fast

detector
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