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Abstract; To investigate the influence of corona plasma density structure and spatiotemporal
evolution on energy deposition and instability in the electrical explosion of wires, an electron
density diagnostic system with high sensitivity and continuous temporal resolution was developed
based on the principle of laser dispersion interferometry, to achieve accurate and continuous

measurement of low-density corona plasma parameters. By utilizing the coaxial propagation of
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1064 nm and 532 nm dual-wavelength lasers and the frequency doubling technique of potassium
titanyl phosphate (KTP) crystal, stable common-path measurement without a reference arm was
achieved. Multi-point diagnosis was carried out on the electrical explosion process of single silver
wires, and the temporal evolution data of electron density of corona plasma at radial distances of
4 mm, 12 mm and 15 mm were acquired. The results show that the lower detection limit of the

? with a measurement error of less

system for electron line density reaches the order of 10" cm™
than 5%. Compared with traditional Mach-Zehnder interferometry, the detection performance is
improved by nearly two orders of magnitude, enabling accurate diagnosis of low-density plasma in
strong electromagnetic interference environments. As the radial distance increased from 4 mm to
15 mm, the peak electron density decreased from 8. 5X 10" em™? to 0. 7X10' cm . Based on the
probe distances, the average expansion velocity of the corona f{ront was calculated to be
approximately 82. 7 km * s7', and the effective generation time of plasma was inversely deduced
to be about 34 ns. It was confirmed that the formation of the corona plasma precedes the collapse
of the voltage waveform, and that a low-density conductive channel is preferentially formed on
the wire surface before the violent phase transition of the wire core. These results provide crucial
experimental evidence for an in-depth understanding of the early current shunting mechanism and
the initial perturbation source of subsequent instability development, and lay a foundation for an
accurate core-corona structure model for electrical explosion of wires.

Keywords: laser dispersion interferometry; electrical explosion of wires; electron density measurement;

corona plasma; core-corona structure
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Fig. 1 Schematic diagram of laser dispersion interference

principle
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Fig. 2 Laser dispersion interference system optical setup
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