#) 32 % 3R Acta Phys. Sin. Vol. 75, No. 17 (2026) 170501

TRk RS TSR FE 7 S BEh S ST 5

TR RRTOGEF HAHME

AR BRI

FAX HEAE

(PHEAZRey:, LT AR S S M T AR, 194 710049)

(2026 4F 3 7 18 HIH; 2026 4F 4 A 12 HEMERH)

7, il 45 22 14 G0 28 0D T il o e X JH A AR ot T L H R S R R A R R O e L 3 9 AR 0 ) N A
T v 0 B - 2 M S R L B T PN R B A A T B, BT e e G X 0 37 08 T e A B Rl gl O 2 AT
F18y LA i i S AT . AR SR O I PVBIC L YR RSB B 2 W H R B9 T UK o el U A 4R S 1Y
R 22 M OB AT O LR S SRR, WUBK P A IO T AR RIR S, RO BV B9 22 8 B IR AL I
Bk, A5 il RS B0 AT A — SR TR] i R 8 3 S 1A TR A A [R) I Jay ¥ 37 1) 4 Jm i o 1) A o
PR T4 B A A AR I 18] OG0 AP BOR I i 2 T, E 400 ns B - 32 BK b AL R 9 R O
FEALE kb 25 F 92 1/3, S5 B 29 1/5. 455 0008 DXCBOUL I 21 5 7 IR 5 B AR AR 1) 3 SRR,
UESE T FE ki 8K gl f A PR e vh TR IX, T2 55% WYL YT BOF 2 E ARAE N IRIFRREEDURBE &
B 7R T BBk e 7 I o T 0 K 8l v R s T 3 AT, A AT A Bl 1) AR B A R Y

SARIT: 7 55, WOLHIINGCE, PRI, Mouebi A

DOI: 10.7498/aps.75.20260383

1 5 =

7, Fili 25 i S0 2 7 AR S K R XS A AR A A
R T Bz —, TR PELY SRR AE | sk o S
JO7 B S 6 % R Ay B i i U EL AT R 0
PrfE 9. G Jm 22 M — BRI Y 7 S 4 B A, L
gy o e R AL AR A TR R L P R L
4B, AR ER R B A 5 T R AY 60%—
80%4). TH Rl Ber) My B LT B DR AE T N AR AT
JER: AR S R0 AR AR, TR R X AR A R S )
R Pk Bkt 7. SR, 7RG Jm 22 MR R,
FRKES | R Y B AR PV M T, TERE T
R T 2 2 Je DAy WY S i i) ) S0 1 i 4t Ay 591,
oo i i) AN 27 53 P S BOAS [ A 1) 67 1) P R A
Shf I =2 22 5, FREN Rk ERA-25 8 (MRT) A
SE P S0 AR P i g 1O,

CSTR: 32037.14.aps.75.20260383

R VAT E T, FE EK R Z AT ATI
ok i e Y B A — A AR I R T B L Tk o]
DISRRT A8 R 22, BEE IR S5 2 IR B B 5 1.
HHRF9EH, Lorenz 45 2 #1 Harvey-Thompson
S 131 3 S B X e 2T 4 B 22 VAR 22 B £ 28, 1 Tk
SE K R PR T T XS A S AR A S A
AR, BB 2845 V1T AR UK v VR R i S22 |
X2z ] 22 [ R 3 IR A B 5 2 W B T 2 AT R T
J& T R B S ST ST, SR, A8 5 BT
B C 2 UESE, {EIRURK A w37 v Ak A
DL RE 2N ) At B 52 v AN BTEA, A)hEk= R 5T
HE R AR.

ZHTBFR FER RO . B 2Ot g5
FBAR 7R T UK fi4a T 22 B 0 22 UL AR AE, {3
X T 22 [ N ER B G S 4 F INAS RA TS | Rl ) P B
SR = R0 HE R SEER I . X Le) I ENR
XoF TR L TR ok T Rk 21 O 24 R AL 2

* EKE BRI (S 2023YFF0714905) FIEE FEER A RHZE SR S (HEHES: TYB2025XDXM312) %5 Bty .

t BIEVEE. E-mail: jxjawj@mail.xjtu.edu.cn
© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

170501-1


http://doi.org/10.7498/aps.75.20260383
https://cstr.cn/32037.14.aps.75.20260383
mailto:jxjawj@mail.xjtu.edu.cn
mailto:jxjawj@mail.xjtu.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 75, No. 17 (2026) 170501

KREEL NI, AICAE R E L, KRB0
BRPNEICR | IS RO AE S I W T B, X
ok b R 221 7 i 246 B4 T 7 Al i e e T i
B TAS BT R 2 o B SRS W, WHSE T I
Jok i R SR 4 i T R Bl 2T o SR A
IOEZBL RN

2 LR E
BRI REZE R TIE

SRR VG LA K 2E 17 ki kAT, 24
F0 L HL R A £40 KV B, I L IR 370 KA,
ETHEFE SR 275 ns (10%—90%) M. Ffjk i i HA
PRI R, FEH R £60 KV, 40 L I (R
22 kA, BTN 32 ns. T, ik oh A fh & ZERHT:
AT IR, AR SO R WA R TET R R 400 ns. & 1
J R T A 22 B 3R AR AT B LR TR 3= ok e e 9 D
B, EMKMHLFAE 240 ns A E]HL I (E 280 KA.
SIS AR AR 2, AR EAR 20 pm 948 24
M, 2B EHAR N 12 mm, =4 20 mm.

R TR AE R AR B )2 RIS AT R B
B, “F-1 BB IAS NEE R F 2 R G 2
Fr s, AR BOE P BT ¥ (laser Thomson
scattering, LTS). 357055 e 5 19 B 25 &1 53 1 A0

2.1

Spectrometer

\
DoFP N
camera Quartz N o
glass
Digital O Z
camera Beam
splitter 2
Beam Streak
dump camera
[# 2

HL ( XUV framing camera, XFC)?0 } 7] WLy44C

AHHLEE.
300 - 30
20
200 - lOl\f/\M
<C 0
< 100} S s 3
~
0
—100
—600 —400 —200 O 200 400 600
t/ns
ESIN I - R oY SUL IRk A L
Fig. 1. Pre-main pulse current waveforms of the Qin-1
device.
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Fig. 2. Schematic diagram of the experimental diagnostic optical path.
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Fig. 4. XUV framing images: (a) Under main pulse condition; (b) under pre-main pulse condition; (c) viewing geometry of XFC un-

der main pulse condition; (d) viewing geometry of XFC under pre-main pulse condition.
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Fig. 8. Interferometry and LTS diagnostic results: (a) Interferogram and LTS scattering volume distribution under main pulse con-

dition; (b) interferogram and LTS scattering volume distribution under pre-main pulse condition; (c) viewing geometry; (d) LTS

spectral image under main pulse condition; (e) LTS spectral image under pre-main pulse condition; (f) distributions of line-integ-

rated electron density n.L, velocity V, and electron temperature 7.
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Experimental study on ablation dynamics of aluminum
wire array Z-pinch under prepulse regulation’
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(State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an 710049, China)
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Abstract

The ablation dynamics of wire-array Z-pinch loads critically determine the implosion quality and the
resulting X-ray radiation performance. Introducing a tailored prepulse current prior to the main pulse is a well-
recognized approach to suppress magnetic Rayleigh—Taylor instabilities and improve implosion uniformity, yet
the underlying physics, particularly the evolution of the magnetic field topology and the ablation flow behavior
under prepulse regulation, remains insufficiently understood. In this work, a coordinated suite of advanced
optical diagnostics is deployed to quantitatively investigate the ablation dynamics of a 4-wire aluminum array
(wire diameter 20 pm, array diameter 12 mm) on the “Qin-1”7 pulsed-power generator. Laser Thomson
scattering (LTS) provides space- and time-resolved measurements of plasma velocity, electron temperature, ion
temperature, and electron density, while Faraday rotation polarimetry, simultaneously operated with a Mach-
Zehnder interferometer, captures the evolution of the magnetic field topology with high sensitivity. Extreme
ultraviolet (XUV) framing images, laser shadowgraphy, and a streak camera further trace the macroscopic
plasma redistribution.

Under the chosen prepulse-main pulse interval of 400 ns (main-pulse peak current ~280 kA), the prepulse
is found to fundamentally alter the initial wire state: the originally cold, dense wire cores are pre-gasified and
expand, so that the subsequent main pulse first induces a prolonged phase of core compression dominated by
local magnetic fields, thereby delaying the onset of the classical ablation stage. Faraday rotation imaging reveals
that the polarity of the magnetic field inside the array reverses, signaling the establishment of a global
azimuthal magnetic field, on a timescale far shorter than that required by ablation-plasma convection. This
rapid transition indicates that the global field is not formed by resistive convection of coronal plasma but more

likely originates from the pre-filled precursor plasma that is promptly ionized by the current and radiation,
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Interdisciplinary Disciplines Breakthrough Plan of the Ministry of Education of China (Grant No. JYB2025XDXM312).
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creating fast-establishing current paths.

LTS measurements reveal a dramatic reduction in ablation flow parameters: under prepulse regulation, the
ablation-stream velocity drops to approximately one-third of that in the main-pulse-only case, and the plasma
momentum flux falls to only about one-fifth of the value predicted by the classic rocket model. Moreover, the
gasified wire-core region exhibits elevated electron temperatures (with the temperature peak located in the core
and decreasing radially outward) and a significant bulk radial motion towards the array axis. These
observations provide direct evidence that the current distribution is reshaped by the prepulse: instead of being
confined entirely in the coronal plasma, a large fraction of the main-pulse current undergoes resistive diffusion
and penetrates deeply into the expanded core. By introducing an effective ablation current coefficient « into the
rocket model, it is estimated that only ~45% of the total drive current contributes to accelerating the ablation
streams, while the remaining ~55% flows inside the gasified core, depositing energy through Joule heating and
driving the core’s macroscopic motion. This spatial redistribution of drive current fundamentally slows down the
ablation dynamics and effectively suppresses the growth of axial non-uniformities during the ablation phase,
thereby establishing favorable initial conditions for a high-quality implosion. These findings clarify the
mechanisms through which prepulse regulation reshapes the magnetic field topology and the current
distribution, and highlight the crucial roles of the pre-expanded core and the rapid formation of the global
magnetic field in tailoring wire-array Z-pinch performance.
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