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Multiframe Laser Differential Interferometer and Shadowgraph
System for Z-Pinch Experiments
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Abstract A multi-frame interferometer and shadowgraph system based on angular—spectrum—division all-optical
frame imaging technique has been developed. The system is capable of shooting 2~4 high definition shadowgraphs
or interferograms in one shot with frame interval of 3~12 ns. By the 4f differential interferometer structure, the
system is applicable for diagnostics of electron density of Z—pinch plasma with high temporal and spatial resolution
of large density gradient. In the cylindrical single—shell tungsten wire array Z—pinch experiments conducted on
Primary Test Stand, a sequentially timed shadowgraphs of implosion plasma give implosion velocity, compression
ratio, magneto Rayleigh Taylor (MRT) instability evolution, etc. In the planar tungsten wire array experiments
conducted on XP-1, the interferograms and calculated electron densities give plasma distribution and evolution
in the early stage of wire array ablation.
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Fig.1 Schematic diagram of all-optical multi—frame photography
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Fig.2 Object—image relationship of off-axis 4/ imaging system where f is the combined focal length of the front lens set

and f; is the focal length of the rear lens
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Fig.3 Schematic diagram of multi—frame laser differential interferometer and shadowgraph system
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Fig.4 Shadowgraphs of tungsten wire array (diameter: 7.7 pm, number of tungsten wire: 180) Z—pinch obtained at =12, -6, 0 and
6 ns relative to X—ray peak (the average imploding velocity is 2.4X10" m/s, the compression ratio is about 10, and the imploding kinetic

energy is about 70 kJ according to the mass of wire array and the average imploding velocity)
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Fig.5 Shadowgraphs of tungsten wire array (diameter: 10 pm,number of tungsten wire: 150) Z—pinch obtained at =20, —14, -8 and
-2 ns relative to X-ray peak (the MRT instability shows well angular relevance, and the instability wavelength increases with the

imploding process)
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Fig.6 Instability of reflux column under Z—pinch process. (a) Long wave instability; (b) short wave instability
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Fig.7 Experimental results of planar tungsten wire array (diameter: 7.5 pm, number of tungsten wire: 4) Z=pinch obtained at 40 ns and
50 ns relative to the start of current rise. (a)~(d) Interferograms; (e) (f) 2D phase difference distribution; (g) (h) electron areal density

distributions; (i) (j) electron volume density distributions
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