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Fig. 1. Schematic of the STG-1 experimental setup and key
diagnostic layout. The blue-to-red arrow indicates the
propagation direction of the plasma jet. The two observa-
tion chords of the two-chord HLI are located approxim-
ately 220 mm and 307.5 mm downstream from the gun
muzzle, respectively, for time-resolved measurements of the
line-integrated electron density. The OES system collects
the jet emission at approximately 290 mm downstream
from the muzzle to infer the electron density from Stark
broadening. The PDA-TOF system is used for radiation-in-
tensity monitoring and velocity measurements. High-speed
imaging provides the transverse jet size and constrains the
conversion from the interferometric line-integrated quant-
ity to the volumetric density. The upper-left inset shows
the relative positions of the HLI observation chord and the

OES collection chord in the diagnostic cross section.
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Table 1. Target parameters of the STGI plasma-
gun jet at the muzzle (current stage).
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Table 2. Detailed parameters of the two synchronized

spectroscopic systems.
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Fig. 2. Interferometric phase (A¢(zogs,t)) (left axis) and line-integrated electron density (Ny(z,¢)) (right axis) for 20250121

Shot 15.
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Fig. 3. Example of using high-speed imaging to constrain the transverse jet size and establish the conversion model from line-integ-
rated quantity to peak volumetric density: (a) Two-dimensional intensity distribution of a framing image, where the dashed line
marks the sampling position at z ~ 290 mm , aligned with the OES collection position; (b) transverse intensity profile along the y
direction at this position (solid line) and the corresponding Gaussian fit (dashed line), yielding a characteristic width of

oe = 17.1 mm.
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Fig. 4. Representative emission spectrum and line-profile analysis of the argon plasma jet for 20250121Shot 15: (a) Representative

emission spectrum showing characteristic Ar II lines and the Hg line; (b) Voigt-profile deconvolution result of the Ar II 480.6 nm

line and (c) Voigt-profile deconvolution result of the Hg 486.1 {nm} line, where the contribution of non-hydrogen spectral lines has

been subtracted in the Hg line-shape analysis.
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Table 3.  Electron densities inferred from laser interferometry and Hg -OES at . for a single shot.

BWTk S (AU SR 3 -
Ph2ET A¢(t.) = 1.20 rad no(t«) = (1.60 £ 0.11) x 10%? m=3
Hs-OES AP = 1.080m n") () = (1.22 £ 0.18) x 1022 m—3
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Fig. 5. Statistical temporal evolution of the diagnosed elec-
tron density. The shaded regions indicate the uncertainty
ranges. The blue curve represents the laser-interferometry
result, the green curve represents the result from the Hg
line, and the red curve represents the result from the Ar II
480.6 nm line. The vertical axis is shown on a logarithmic

scale.
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Fig. 6. Calibration relation between the Stark broadening of
the Ar II 480.6 nm line and the electron density inferred
from the Hg line.
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Laser interferometry-Stark broadening cross-validation and
diagnostic study of electron density in a hypersonic
plasma jet”
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Abstract

Hypersonic plasma jets generated by coaxial plasma guns are essential for plasma-jet-driven magneto-
inertial fusion (PJMIF), and accurate electron-density diagnostics is crucial for evaluating single-jet performance
and providing benchmark data for plasma-liner formation. However, in the intermediate density range of 10%° -
102 m™* | heterodyne laser interferometry (HLI) and Stark-broadening spectroscopy measure different physical
quantities: the former gives a line-integrated density that requires geometrical reconstruction, whereas the latter
provides an emission-weighted local density affected by line-shape fitting and instrumental deconvolution. This
paper investigates the electron-density evolution of a hypersonic argon plasma jet produced by the
ShanghaiTech Gun 1 (STG1) coaxial plasma gun by combining Mach-Zehnder HLI, optical emission
spectroscopy (OES), photodiode-array time-of-flight measurements, and high-speed imaging. The interferometric
phase shift at 532 nm is converted into line-integrated electron density, and the transverse jet size obtained
from high-speed imaging is used to reconstruct the peak volumetric density with a Gaussian-profile model.
Meanwhile, the Stark broadening of the mg line at 486.1 nm is extracted through Voigt-profile deconvolution
and used as an independent spectroscopic reference. Experimental results show that, for a representative shot,
the interferometric phase shift averaged over the spectroscopic gate is approximately 1.20 rad, corresponding to
a peak electron density of (1.60+0.11) x 10> m™®, while the mp Stark-broadening method gives (1.22+
0.18) x 10*2m~3® at the same time. Based on the cross-validated ms density, an empirical calibration relation
for the Ar II 480.6 nm line is further obtained as n. = (7.64 x 10%*)(AXarn — Aderr) , Where Adey = 2.42 x 10 3 nm .
Multi-shot statistics further indicate that the two diagnostics exhibit consistent temporal. evolution and
comparable density magnitudes, with a systematic difference of about 5-30% mainly caused by their different
sampling meanings and spatial averaging effects. The measured density evolution shows a dominant main peak
followed by a weaker secondary peak, suggesting that the jet density is influenced by the primary current-sheet
acceleration and possibly by secondary compression or re-acceleration of residual plasma during the later
discharge stage. This work establishes a cross-validated HLI-mg<Ar II diagnostic framework, clarifies the
applicability and limitations of different electron-density diagnostics, and provides reliable density data for
future PJMIF jet-propagation and plasma-liner studies.

Keywords: hypersonic plasma jet, electron density, laser interferometry, stark broadening
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