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Fig. 4. Schematic view of experimental diagnostic configura-

tion (top view).
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Fig. 5. Aluminum flyer velocity obtained by Multi calcula-

tion at different laser energy and vacuum gap length.
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Table 1.  Experimental parameter above the shocked melting point.
e RS SN Hotrgm psH HEAHAERT /ns
1 20210524123 FRAS B AR ps: 927 —
2 20200902010 BRI A B S L ns: 50 J, ps: 46 J, 346
3 20210524125 B A BRI ns: 46 J, ps: 93 J, 350
4 20210527134 B A BRI ns: 47 J, ps: 37 J 350
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Fig. 6. Aluminum flyer velocity obtained by PDV measure-

ments at different ns laser energy.
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Fig. 7. Static spatial resolution: (a) Radiography of copper slab; (b) spatial resolution determined by edge spread function.
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Fig. 8. Radiography of aluminum flyer driven by laser plasma, where time delay is 346 ns: (a) Raw image; (b) magnified flyer im-

age after rotation.
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(b) 180 ns, (c) 240 ns, (d) 300 ns.
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Laser-plasma jet driven sub-millimeter diameter aluminum
flyer and its gesture diagnosis®

Shui MinT Xi Tao  Yan Yong-Hong  Yu Ming-Hai  Chu Gen-Bai
Zhu Bin  He Wei-Hua  Zhao Yong-Qiang  Wang Shao-Yi  Fan Wei
Lu Feng  Yang Lei  Xin Jian-Ting  Zhou Wei-Min
(Science and Technology on Plasma Physics Laboratory, Laser Fusion Research Center,

China Academy of Engineering Physics, Mianyang 621900, China)

( Received 19 November 2021; revised manuscript received 15 January 2022 )

Abstract

Laser-driven flyer has been studied for decades as it promises to possess many applications such as in
measuring the equation of state (EOS) under ultrahigh pressure, investigating the material dynamic properties
under high strain rate, simulating the high-speed impact for aircraft protection, and igniting explosives.
However, the planarity and integrity of flyers are determined by indirect velocity Interferometer system for any
reflector (VISAR) or witness slab results due to its high speed and small dimension. For further and wide
applications, it is very important to obtain direct experimental proof of the flyer gesture and configuration.
Thus, the acceleration and gesture investigation of aluminum flyer driven by laser plasma are studied on
Xingguang-IIT laser facility. The X-ray radiography is achieved by a picosecond laser irradiating the copper wire
target. The shadowgraph of flyer and plasma are realized by the incidence of a bunch of infrared laser through
the flyer flight path. In additon, photon Doppler velocimetry is employed to measure the flyer velocity
simultaneously. The radiography, shadowgraph and velocity of typical small aluminum flyer are obtained. By
optimizing the thickness of both CH ablation layer and vacuum gap, the flyer is slowly accelerated via
consecutive stress wave produced by plasma colliding. The aluminum flyer has a thickness of 20 pm and
diameter of about 500 um. The whole flyer remains the integrated shape after a great angle of rotation due to
uneven plasma loading. The flight distance is about 400 pm, giving an average velocity of 2.2 km/s. The
planarity of the flyer is good except a little bend on the two sides due to side rarefaction of plasma. The study
verifies that the laser plasma collision can generate a sub-millimeter-diameter metal flyer with integrated shape
and a velocity of several kilo-meters per second, showing that it possesses the promising applications in

measuring the EOS and igniting explosive .

Keywords: laser-driven flyer, plasma jet, quasi-isentropic loading, high-energy X-ray backlight radiography
PACS: 52.38.Mf, 52.70.La, 41.50.4+h, 52.40.Hf DOI: 10.7498 /aps.71.20212136
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