TpkAIEIE a2 Z fda AR s NFE KI5
TR REW FEAD AP KD B D FXD HE

# D

1) (W2 AZE R, IR 54 i =, Bl 710049)
=

Z S 246 22 G 8RR R RE X L P R et o B LR T AT R,
FUBK P JAL R 972 A 1) P R R rh B A - ZR AR R L ST AR A
A T B, AETHK o i it i T A R DL A b Bl 71 2247 N ) B AR
SR T AN . ASSCR B0 IR U « 10028 e e A2 B BoR
WEFC T Tk L 92 R I AR 22 G B RlAT . SRR IRAR W], bk
U NG G = i E LR T T ks & Al R DA T TR A 7 S
T RLR B HTAEAE MK 8] R i £ 2 S s ge i e, AN =
P T 37y 17 e R T 20 WD 6 A 3 R R - 58 o T R AR B A R AR N 8] RO
Dy I R, £ 400ns FRIT- Bk RIRE N, Rk 5 e AR AX
TR SFAFEIZ) 1/3, ShEEEFFEEL 1/5. F5E7T00 XU 2 =
LR S AR FE SRR, ESE T BRI A e etk T
X, MRL 55%MERYT BOFHEENUL S NI RFEETIR RE . #
7 1 FRK R R 47 i o S UK L R A, A R 1 R B
ALY SR -

A



—

nel / lel7 em
— ()
o =
T T
.
]

0 Ablation Flow Gasified core

—f=— Main pulse
= i \ —=— Pre-main| pulse
£ 80 F
ot

‘Hi‘-“f“-.i\
*5_——5——;‘{._,_[__4_‘}_‘_\!1 5

Fiber array 1
Fiber number
Fiber array 1

Fiber number

—

—_
—
N

[y

Fiber array 2
Fiber number
Fiber array 2
Fiber number

—
(=)

—

LN

)

50 F

40 '-
z L
'&' 30 F
=~

m-ﬁv$ﬁ%#¢3§s4qﬂqﬂ
-0.2 0.2 02 0.2 2 4 (I)
Al /nm AL/ nm x/mm Wire

KR Z $idi, BOCHBHREUY, ERCEOL, MK DIEREAR

PACS: 52.30.-q, 52.58.Lq, 52.59.Qy

o FRE AR HTRIGHES . 2023YFF0714905)F1#E 3Lt BRI AZ X fl 28l
RIS TYB2025XDXMM312) % Bl f i A0,

{5 {F ¥ E-mail: jxjawj@mail xjtu.edu.cn

% —1E# E-mail: wangwei9902@stu.xjtu.edu.cn

1 5 7
7 $4E R S 5 PR AR o Sk i XS AR B e A R —, AR

A5 BB O T S50 % K R R S A ISR 41 160, 4

JE 22— SRR Z i 0, Hoah S Rl e AR L TR R AT



HE IR DOANB B, e AR B A T BRI 1) 60%-80%614 51, A B ) Py T
LA EL B e T YRR H 5 R 40 A SRR , HETRTSAMA X 24 0 Ty 2 5 ik
PRI ARTT, ESJR AWM R, AR B R I AR AR R T
TEREIA IR NG IV P 4 0 8 A0 0 S50 0 i 0 B R s £ RS 90 S ot 1) <34
IV S SR Rl 130 8 P P R R BN )7 A 25 5, R IR F-Z8 ) (MRT)
AR VO T 5025 RIS R 0,

9T MBI R P, 7E SRkl L B SN UK R R A — o A
PRI, TR AT R AT S R L, I IR B TR A . LR
Fir, Lorenz % \U2HI Harvey-Thompson 25 N34 Tt B 2F 4k o 22 40 £
Sid, FIFANST Ukl BB BT T X LR AR R ST . AR, 76225
K25 BN T 1 P M 822 . A0 e 4B AR A AR 5 5 L 1 34T
JOTFR T OB S SR S0, SR, A PR TR AR DAL,
LTk e 8 2 0 R B A oA L R 3l 2 R R W AR AR 73 B 2 2R
e BSR4

Z R IBEIE BRI BOCHI R . B RIS T BHR R T Bk T 2
5 ) WAL R AE S LSO TS 6 P 350 ) 3 0 1 R B8 . SRR P 2T S 007y
T ARG L RS B X RG] TN AR T e o 3l ) 2
PRI E R, Ak, AUE “F-17 BB L, SRREEOCHIBREG . S
SMEN S5 S HE S T T B, XTIk 1 T R 4455 Z 400 B W37 s oL 7 I s
S TRSHAT T R 250 WH SCU v T, WF9E T TUbkal fy J VA 25 5 B4 R
FIEEAT R R R A B
2 ERRE
2.1 FkuhThEes B R 5k



S0 AE P 2 A0 R 2 - 1 kIR BT o MR H U 40 KV,
WIEE 370 kA, LEFHEHEIA275 ns(10%—90%)M 4, TRk I B A Pl 4 14
7o HLHL R 60 KV, I IR A22 KA, TR N32 nse Tl kb Rl &
IR AR R TT, A SCIRG 18 W IR (D BR 400 nso B LREZR T 22 M S kA T
() SR - T Rk LR, T K B TE 240 nsPRHIA B FL I (5280 kA . SEIG 471
WK AR LR, M4 EAA20 umAR 22 H R, 2 A N2 mm, 5 ~20 mm.

mm% me
Tk A

~
0
-100

-600 -400 -200 0 200 400 600

t/ns
B “Z2-17 3B - Bk i e
Fig. 1 Pre-main pulse current waveforms of the Qin-1 device.
N T IEBE TR 1% ST T REMiZH, “%R-17 KBRS TGRS
K2 W RGBT R, B S HOG % W U U8 (Laser Thomson scattering, - {jic
HNLTS) EFLEETEEM RS IEAHLE( XUV framing camera , {12 XFC)

L] W sk SR o



! __ Laser2
g A Cg;aw 5320m
<1 0\; e 0.9ns
g e, G\
%
7 \
0\ } E _ : Beam
) \ Load Polarizer splitter 1
DoFP f]
camera v QUlﬁITZ ~N — Vacuum
glass
— A chandber Fiber array 2
Digital r]
camera v Beam I .y
splitter 2 S /= 1000 mm
Beam Streak Laserl
dump camer: 537nm

3] 8ns

K2 seEsie Wik os = IE
Fig. 2 Schematic diagram of the experimental diagnostic optical path.
2.2 WOLH M EC
X T ZAE AR S R TR, LTS TAE TR IR, B 7 A % Gonic
acoustic wave, fAJ1CNIAW) R 3RIG 5B FARHE . JEE  BUN G iE AR TR FH B
WIS 712 TR R 1Sk, ) R :

14

2
7 (2}2& Ze
€

el o [%j : (1)

Fe P foo Moo 7 73 2 HEL 3 VS 1 R 22 50 i 53 BE AT BRI, e Ay 70 ol 2 L R 1

2z
Stho)==~ k) K

RIURRIZE, /e SR FARILEN B, ZPIHRERE, kL o/ iR EOL
SHURG R R ZE FIBUR AR 22 . ilid SalpeteriTfBh, 3% Z R BUBR 5555 1

5

RSB R R U3 PR 55 B A4 1 2 Hod 1 o B2 5 s ge B b AT L &
Wi, MESHEEUFBTRET.. B TERET. SR T AEERY. r-B71

PR g, LT T2 W g Rt tbst, &Rz i A7

5



FESE B TR AR KT A, BOMEI T — NG S 8ve, AREUAR hid L
B E AT K~ i e

JVZT, I m,

—_
(=]
T

Intensity / a.u.
(@]
(9]

Uy

T |
00— 4
531.6 531.8 532.0 532.2

A/ nm

K3 OGHEAR 555 B TR S 21 SalpeteriTBh
Fig. 3 Salpeter approximation of spectral shape and plasma parameters.

LTSZWr R H — ENd: YAGHEO:2% (532 nm, 8 ns, 3 J, Beamtech:SGR){EN
WEOL, ZAEIE1000 mm &G RE R HANEE FARXE, RENRHERA
400pm,  HUR G AE IO DL EL AN RS , BUR AR 2 ) 967 50 M 112,50, HIARER
150mm 3% BB 22 1< 16 6 AFRE A . 12125 (8] 73 8 26 N 135um, 2 T st B By
320pm, PHMELFSLFERE G 20 el 00k, Jeilk tRICCDAHNIILSE , HBFIRSE RS+
i B RS S LL S0, ICCDAHMLIT] % % B NS5 ns.

BRI BE R S (k, 00) 5 S AT RS HE OGS DU R BCEE RS, 5 550
WG . A U PN 7 B G M A R A FRE . BFEE.
P GG A RS B S, B R R AR R R T B e
BT HARZEME, A NIR BRSBTS WNR ZAER, 1IN T DU
PS4 FaR = 0 APl LLe8% BEAG BEfl LA 45 iR 21 E R IR
2.3 WO EIER G L

ot T2 W SiEf B e e 1R RIREHE (532 nm, 0.9 ns), H



-5 FE 43 AT S - 8 B R T O &, Forb g i SRR R IS W A S
WJE T H8ERL S e BUR - R RE A X LTSIREH Y AEIRS ns, LA S 24 B0t
T,

e AL )1 315 sl DN e B i/ 71y A P E B == b W e N e 7
WA AT AE B . LR RIA N

a:ﬁiam , 2)
He A FHAE, LABOLHEK, o BTN HBEEE, mAETiE, otH,
LR S EETRNKE, BRUSAHIRBOL T M.

ARSI K VAR e Y 2 W KRG T o £ P m R A ML 5 3RV IR S5 i
HBOR R ERA o ARIRAE LR U R R FE 21 B SR B T-CMOSAR IR A8 3R 1H, W AE HR
PRI R AT SREL0° + 45° L 90° F1135° PUAMRIE T M IsRE(S B, HARF IR
RN IRIRA . BT ImIRANLE & KSR ZE2)80.5° , MDA E 3 2 24
TE R B ORI AR TR R Ak, KRGO A RS
THI ) FETE 7R RS RS I e e AR AT TBOR M 2wt A AT & Wrdss f 1 A
FENSTI,  stifik SptmdR 0 I B2 REE R, FEUN G RIRAEIICR, 1K
KAk ] @ i L8 NS A R T

SLER R, EREEEOG S WS k-G AR TS W A IERE L, IREDE
L0y R fa it NERLEIEIE, CAAIS4 NGBS A R, Zbr e IOREEk =
-29.5. SRR IRIER: 77 05 NSHOCAH R, ARG 7 17 BRI W . 5458 e
N EG R IRAINL G FEFLES A, MV-CH050-10UP) X4, FHHLI]5E W B N20 us,
e 4532 nm 78 7 Y86 A R 55 B F iR B RS . R G0 E bR v 22 52.6 X
107 ° o Z2W RG] SIS TP B R SR BE L AE, AT 45 & T2 Wik A5 1)

FLY 8 B AT IR 15 I



3 IHhER

K 4 JEos 1AMk B I FEBK i 26 A T 22 B S s KA 5 Ah B RO i BR
LAk XEC 4R8I T AL, K 2Lt di ko &R 22 J5an i B o 18 4(a) A Tk
AT T #25148 KL TAFHIN KA B A6 B R . 1E 80 ns I, 7T AT UL 52
PSR e R L IR R BT M R I ANa e MRS H . SRR O ms), J &R
LRS- A RAF B T, 2 e )R H A RIS, TS B TR
[e] [ [ 2 oY SR BT R s 28 130 ns I, 22 JBOVH RibuAt 76 4 71 v o el b Al
TR T BRI S s 7EBE S (¥ 180 ns %2 230 ns NI, & 22 RESE 1A N VE NV Rl
S GAE RIS A 4E R TR A HOHE, BRI £ B 22 [ Z 4 45 (1 B[] 9 R RRALE

P4(b) N GIN TR i 42 JE #25 153 % S B sk AF AR A B RO 6 7 i EAR . i
TRk TR SIZIKAER, RIS 2REES S ) ZF AR . E115 ns
I, )8 22 OO AT S IEAK, FEAIAME 23 H 2 (8] o AT A R U 5 TR
eV 7> HE 22 5K, (BAESEITRA . BEAR XSk C AT H B Pl s A F PR TES BRFD3i i 5
BT 2145 nsi, FRECH AR B TR S0 — D R4 B RO HIAE S AL E,,
JER T SRR TR TE R 2205 nsi, 12558 AL AR R LR AR AR 1)
Yediis 27235 ns, GFREERINUSE, RUEE AIEAFFF L0 S 480 B,
7 B L 2 PR R o il A B R ) 1 R AR S S A o R LR TR, FRUBK R 0 5N 2

AR T AL AN RAT O, AR SERTVILIZAK, JFHEIR T e SAE IR .



130 ns

#25153

. #25148

115 ns

wires (d)

FAE

K4 BERSBE RO IEERG (2) TMkeh2%E: (b) B-Fhkeb s (o) ERkF AT TXFC

Py

A 55°

L

TR (d) -k A T XFCH T A K
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(d) LTS spectral image under main pulse condition; (¢) LTS spectral image under
pre-main pulse condition; (f) Distributions of line-integrated electron density 7L,
velocity ¥, and electron temperature 7.
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Experimental Study on Ablation Dynamics of Aluminum
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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/um;
array diameter 12 mm) on the “Qin-1" 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
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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, 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 a
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 magnetie field topology
and the current distribution, and highlight the¢ rcrucial 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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