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Wavefront Evolution and Analysis of 10-Petawatt Laser System
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Abstract The key nodes of laser subsystems on the Shanghai Ultrafast Laser Facility are selected to measure the
laser beam wavefronts, and then the origin, evolution, and causes of wavefront distortion are analyzed. Further,
the effects of installation stress of optical devices and quality of Ti: sapphire crystals on the wavefront are
investigated. The results demonstrate that the laser wavefront distortion increases with the increasing number of
large-aperture optical devices. Facet fabrication and installation and debugging errors of optical lenses are
particularly important factors affecting wavefront distortion in a Ti: sapphire laser amplifier. Such errors greatly
affect the focusing ability of the laser. Measuring the wavefront of the laser system can help optimize and control the
wavefront distortion of the entire system. In addition, such measurements can improve beam quality, focal spot
properties, and focusing power density.
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1-3: the data acquisition positions after three multi-pass amplifiers; 4: the data acquisition position before the soft-edged aperture;
5: the data acquisition position after 35-65 mm beam expansion; 6.1-6.3: the data acquisition positions after one, two, three
pass of 80 mm Ti sapphire amplifier; 7: the data acquisition position after 65-115 mm beam expansion;
8.1-8.3: the data acquisition positions fter one, two, three pass of 150 mm Ti sapphire; 9: the data acquisition position after 130 mm DM;
10: the focus position after focusing of OAP; I-IV: the data acquisition positions after 115-180 mm beam expansion
and one, two, three pass of 180 mm Ti sapphire
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Fig. 2 Optical path schematics for wavefront measurement. (a) Amplification part; (b) OAP measurement
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Fig. 3 Evolution of wavefront at nodes of laser system
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Table 1 Zernike coefficient measurements at each node

Measured point 0° astigmatism 45° astigmatism

X axis coma Y axis coma Spherical aberration

1 0.031 0.065
2 0.063 —0.001
3 —0.090 0.225
4 —0.156 0.082
5 —0.123 —0.125
6.1 —0.209 —0.071
6.2 0.039 0.399
6.3 0.183 0.176
7 0.317 —0.318
8 —0.118 —0.382
9.1 —0.053 0.166
9.2 —0.412 0.126
9.3 0.671 —0.998

—0.075 —0.019 0.013
0.040 0.037 —0.011
—0.216 0.190 —0.079
—0.140 —0.008 0.013
—0.025 —0.026 0.005
0.020 —0.103 0.021
—0.063 0.027 0.011
—0.224 0.069 —0.009
—0.097 0.027 —0.057
—0.037 0.347 0.029
0.173 —0.285 —0.110
0.206 —0.241 —0.115
0.007 0.082 —0.110
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Table 2 Wavefront measurements at each node for

220 mm Ti:sapphire amplifier

Measured point PV value /pm RMS /pm
1 2.3448 0.3192
Il 2.2400 0.3472
| 2.4552 0.3504
v 2.0800 0.2968
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