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Abstract: A high space-time resolution imaging system with 1 ns temporal resolution and 0. 01 mm spatial
resolution was established. The dynamic spatial distributions of neutral atoms (Al I/Ar 1) and singly ion-
ized atoms (Al II/Ar II) in plasma induced by 10 GW/cm? are measured in argon gas. The experimental
results show that the plasma has an elongated morphology, and axial expansion velocity is faster than radi-
al velocity. Due to the strong coupling between laser and argon, the shocked gas layer has a high ioniza-
tion degree, and argon ions overlap with aluminum vapor plume. The morphological characteristics are
consistent with the laser-supported detonation (LSD) wave. Additionally, the lifetimes of different spe-
cies are also discussed, and the influence of upper-level energy and ion recombination on population decay
rate is elucidated. This work overcomes the limitation of traditional imaging techniques, which only obtain
line-of-sight integrated intensity. A novel method for observing the distribution structure of species and the
expansion process. The spatiotemporal evolution of plasma is expected to provide theoretical support for
the application of high-precision laser-induced breakdown spectroscopy (LIBS).
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NDF (neutral density filters), M (mirror), PBS (polarizing beam splitter),
EM (energy meter), DG (digital delay generator), SD (silicon detectors),
ICCD (intensified CCD), L1, L2, L3, L4 (lenses), F (bandpass filter)
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Fig.2 Emission spectra at 745-800 nm of laser-induced
aluminum plasma in argon gas (acquisition delay
is 400 ns, gate width is 20 ns) and transmittance
curves of narrowband filters F1 and F2 selected

for argon atom imaging
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Fig. 3 (a) Integral intensity image of argon atom include
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Fig. 5 Emissivity images of species in Al plasma at different delays in argon gas
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