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Abstract

To study the morphology of hypersonic plasma jets in Plasma Jet-driven Magneto-Inertial Fusion,
(PJMIF), a 10-channel time-resolved orthogonal heterodyne interferometer was employed. MATLAB
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simulations of jet morphology and density distribution guided the experimental design. Phase data
were processed through Gaussian fitting, interpolation, and Abel inversion to reconstruct the den-
sity profile. The jets exhibited concentrated density, clear boundaries, and good symmetry within
the range of 1016~1017cm-3, providing essential diagnostic support for PJMIF research.
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Figure 1. Cross-sectional design of STG1
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Figure 2. Cross-sectional design of STG1
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Figure 3. 10-chord time-resolved interferometer
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Figure 4. Comet-like electron density distribution
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Figure 5. Object light phase distribution diagram
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Figure 7. Interferogram spectral amplitude
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Figure 8. Reconstructed image phase
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Figure 9. Unwrapping phase (plasma region only)
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Figure 10. High-speed imaging result of Shot 1 on 2025-02-28: (a) 13.5 ps; (b) 14.25 ps
& 10.2025 £ 2 A 28 H Shot | FIEIRM & LER(a) 13.5 us; (b) 14.25 ps

IR EON T Bl S B 1 22 R A S, 7RI T4 B A W P 8 X 3l 9 A5 A% 1 T B DAY
PERGHEE, 45 TR 4h & liE T AL S TR R DLR S o

4.2. FHRIREAES — iRV EMaE

AR SRR - S IE N [8) 7 % IR A A0 T R GRS TR e A Rl AR A B BRGS0 E
BARGE T TR, CRIRINDE S S8 AR WS 250 N R AT, JF e R Rl R —
WIERTHES. THESOEFAMESEI() SIEZRPEQ(r), BTG HBERN R 2L KRERE B .
NFREEE B TR S BURBE AR AL AR A, R 1Q MR T T 5SS AL

ot
¢(t):arctan[1((t))J e))
I B AR S BT, TSR A A T R RN A R T AR AR e 2k . BE— D
- E A A RN A1 A2 A0 AR AT R P P, AT BRI B, SR S T AR RLE AR 1A B
B AR B S IRFAE o
9T PR B T AR AR L R AL R, SO T 10 @ TN RS S, M T RARE S
ARG B HEA L A S HIARBOEIE A 5 M R D5 R4 (Q) /i, AHIHIEE S LL 2.5 ns
I )OS HE SR LR . BT, I 1Q AR T A5 5 S I R 2 A P S A R A
¢, (1) =arctan2(Q, (),1,(1)),i =1,2,...,10 ()

DOI: 10.12677/app.2025.1511082 786 N ) R


https://doi.org/10.12677/app.2025.1511082

ESVE

IXLEARLL B ZRTE 10~30 ps P 2IB BB, & HR 1% B AR TP 4FE
B, KA unwrap VLN S@EARCL AT AIALJETF, THBR [—n, ) FIARRAS, R A 2 6 AR AL
BEATIE 5, ZBRARGEBEY, PRSI L&, (1) Wil 11 FoR, K 10 @B
PR BEAE AR ] - BTG B g AshR LR, 15 = 4ERAI s A
P(x.t, ) e RN (3)

Horprx BN N AR AL E, ¢ TR, FERE RO Y ERGL B (AR TT ), BRI ], Bk
FGAECRAL: rad).

10-Chord Phase Shift Distribution (Shot 1)

N
(O}

Phase Shift (rad)
W

=]
oo
\[ )

_1 ::y:,; = - —— —
2 -3 4 _5"\_*6:»/‘—86 55 50
Distance to Central Jet Axis (cm)

Figure 11. 3D distribution of phase perturbations from the 10-channel system
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Figure 12. Original phase diagram (two-dimensional interpolated phase distribution)
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Figure 13. Radial phase-shift data and Gaussian fit at t = 16.49 ps
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Figure 14. Radial electron density profile reconstructed via Abel inversion from the Gaussian fit
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Figure 15. Top: Interpolated radial phase distribution. Bottom: 1D Abel-inverted electron density centered at r=0, using
only the right-side (r >0 ) data
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Figure 16. Top: Interpolated radial phase distribution. Bottom: 1D Abel-inverted electron density centered at the phase peak,
using only the right-side (r >0 ) data
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Figure 17. Top: Interpolated radial phase distribution. Bottom: 1D Abel inversion using symmetric average centered at r=0
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Figure 18. Top: Interpolated radial phase distribution. Bottom: 1D Abel inversion using symmetric average centered at the
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