Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

Z fE e S B R R AR B 52 i
FHR FET BERHE AFL HE AL FEFEF KRR
Shock X-ray emission image measurement in Z-pinch dynamic hohlraum

Meng Shi-Jian Huang Zhan-Chang Ning Jia-Min  Hu Qing-Yuan Ye Fan QinYi Xu Ze-Ping Xu
Rong-Kun

5| 15 & Citation: Acta Physica Sinica, 65, 075201 (2016) DOI: 10.7498/aps.65.075201
TE 281715 View online:  http://dx.doi.org/10.7498/aps.65.075201
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/17

EATRERCH B B S &
Articles you may be interested in

Z $i 4 2 7 R s T s R AR O B s i) R 2R B AL 9

Numerical studies on the formation process of Z-pinch dynamic hohlruams and key issues of optimizing
dynamic hohlraum radiation

Y% 4.2015, 64(23): 235203  http://dx.doi.org/10.7498/aps.64.235203

Xe J1 JF R 2R AN G ek B B R 2 AT 7T

Time behavior and optimum conditions for the Xe gas extreme ultraviolet source
YH 40,2013, 62(24): 245204  http://dx.doi.org/10.7498/aps.62.245204

Z fii i 7 BRI Bl 0 2 SRS R )0 SRR 5T
Preliminary experimental study on implosion dynamics and radiation character of Z-pinch dynamic hohlraum
YEZ24.2013, 62(15): 155203  http://dx.doi.org/10.7498/aps.62.155203

() Al [ A T B 2 A S A AT VR AR 5 AR U R R

Pulse loss front in coaxial cylinder vacuum magnetically insulated transmission lines under different volt-
ages

PP A H%.2012, 61(24): 245203  http://dx.doi.org/10.7498/aps.61.245203

B T AEHE T 22 B0 P R AT 5
Implosion characteristics of conical wirearray Z pinches on "Qiangguang1" facility
YE=4.2012, 61(19): 195205  http://dx.doi.org/10.7498/aps.61.195205


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.075201
http://dx.doi.org/10.7498/aps.65.075201
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I7
http://wulixb.iphy.ac.cn/CN/abstract/abstract65906.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65906.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65906.shtml
http://dx.doi.org/10.7498/aps.64.235203
http://wulixb.iphy.ac.cn/CN/abstract/abstract57140.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57140.shtml
http://dx.doi.org/10.7498/aps.62.245204
http://wulixb.iphy.ac.cn/CN/abstract/abstract55051.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55051.shtml
http://dx.doi.org/10.7498/aps.62.155203
http://wulixb.iphy.ac.cn/CN/abstract/abstract51451.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51451.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51451.shtml
http://dx.doi.org/10.7498/aps.61.245203
http://wulixb.iphy.ac.cn/CN/abstract/abstract50109.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50109.shtml
http://dx.doi.org/10.7498/aps.61.195205

38 % 4R Acta Phys. Sin.

Vol. 65, No. 7 (2016) 075201

Z 5a AR sh 7S B R R E R sR T B RIS

el

RN ZRE FXH HAFT

TH RN WRT BEE

(hE TRV PR S B A B S AR TP, 4REH 621900)

(2015 4£ 12 A 8 HYLEl; 2016 £ 1 A 12 HILBIEF )

RIS E L ITR T R SRR B IR 204 I 9GBS T 2 R SR b oo
R SR B PSR, 9608 T 0 WA SRR L P4, M0 T LLRE B T 9000k e I B
s ST P O RS U Ut 0 L E A (14.2. 1.7) eanps, WPt T 49549 0.8—0.9 .
AR I RO A0 090 A0 OBR I R 409 £10%, o0 SRIRE X AORE R 4009 £4.2%.

KEIR): ZHidE, shA R, sharpda T, AL

PACS: 52.58.Lq, 52.59.Qy, 52.70.La

1 5 =

7 91 45 5 A5 FR S A8 0 U N R R L AR B
DI 1o 1) 2850 23 0 O 50 248 A7k 1Y) PR G RE AR & B 2R AR
BEORL, TR AE Z $i 40 TA) 2 SR S AR PR 29 R 2R AR (in-
ertial confinement fusion, ICF) [F) £ ZH RigiE 2
— (L2 ZhA S R A B R | AR A AR
A, A2 Z 40 SR Bl IO fff F i SC B A B ) ji 2.
—. ZARER M EE N R LRSS TR TS
Tl AOAER 5 2 VUK B AR A, 22 B 55 B IR 1) 3))
REFE O FNEE, — 07 IE IR IR L AR 38 2 B TR 1k
ek v P A B AR, 5 — T T A O A AE
TR A5 AR DXIOES [7) ol Co A% R IR a7 8. i gk
FEAGRE ISR b, W B 1T b AP B RO Ak, HL
T B2 T a5 A ) SR A 1 v i DA AR X S i
SRR S AP ok U8 e I T P Tk ) O 4 T8
TR JE R P v SR e A B AR AR Oy B s BE R 4 1
AN IZ AR R, AT AE b et VB U8 7 THT A N T B0 It
T WG R R 52 S P T S il PR 26 v PR X 4, YD
A R5CRT R R XA o e I I R T 1 oA
H, A 0] I SRR DX 0Z WA /), R i S iR R

* EREHRRHEEES (HHES: 11135007, 11305154) FE 5.

T 1B E/E#E. E-mail: mengsj04@163.com
© 2016 FEYIEF S Chinese Physical Society

DOI: 10.7498 /aps.65.075201

BTN, B U, 2P TR SRR ik
Tl 88 T RS2 P o 5 90 2 0 A 35 FR I 1) 32 B e o
VR RIS B T AR R A AR
BN JIEAT N IR SRR VIR OG, T A 5 HeIR
A v e R O R L 1) 25 ) 1 4 EE R
U, Xt i ek R IR B A B AR (KB T RN FEEh A
PRJFE R BEAE.

I ] = b . ] 5 S B 2 A 7 i 4 21 2 R
TSGR, HR AR B 22 B N3 B A2 6 mm. &
12 mm PIEIRIRAFIEA I BE R I 200 eV (1 R ),
SR 1 ek I 17 oA R L B R P R O R 11 4 A
WEIR, 2 RIRGE 1S 14 mg/cm?® VA H i
A% 76 7 8 32.5 em/pum41% (401, il ok 76 i 3
ST PR A X3R4 2 Mg AT ALGER, MBS0 R
(YRR (8] 73 e B, B0 UIE T 2h S S s P9 30 BT Wi 1)
B — B0 O TRV R B R ST R, B
R S E VS HE B 79 o i B 1) AR R I 20 5 s [ B Y
L AR B e IR B AR A, o 7 AR PR A
] SR flas i 1Y kK 180 kI UL 7R3tk oL st B
BRE DD SRAZEE AL, SRAGh 7 8084 101 A rpy
BB S Y S5 & A ST T RN e A
PR )l R B0 22 B (1 N % SRR Y

http://wulizb.iphy.ac.cn

075201-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.075201
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 65, No. 7 (2016) 075201

Rl A2 o o U8 A R | 8 S OIX 50 2R A L ALY A DA
T R 0T S R L, AL PR AR 22 KA B 5
WA S AR, B WS DL 1 A S BRI 2
EIEE N, N TEECER RGBT TS
R J FLOKBN AR AL B B, N 2 R E IR
BRI, B 3 AT SR B R S5 R A B A
FE ORI 78 10101 Sof S f 2 it 2 A0 A S R P A
JR BR T R AU 7T D012 A R — 5 3
B (EE RN T8 MA, 10%—90% LTt 8] 2
60—70 ns 1)) FIFJE T B2 L2 B i E K
BNAS R SRS, o ek VR A% R HE LG ORT R ) T
FCHEATWIR AT FE. R F I T) 23 et L W AE AL ZE il
6] 0° 77 [0 12 W, 76 B & GRS T s 6 O 24
(R B, 3 At 1 ek o S B A i 52 B L A 1)
P51

2 ZhEa

A RELI AR EH R — 5 R B IEH
7—8 MA, Hi#i60—70 ns ¥ HIR IR S H
T B EAT um 168 R 235 5) 4 B il E 1A
20 mm F)AE T 22 B, 22 B = 9 15 mm, 22 fF
LI E B 6 mm. % 16 mg/cm?® 1355 i
(C15H200¢), TN =1 RS /N T 22 B i3 B, 45 22 [
5k R o 0.29. B E IR AR A
TP R (O RAAEL, T2 R T S K s 9 A 4B I T
AU 52 A Bt Bl e 2 2SRRI ) B R, RE ek
WRESE =, SEEAT R 1R, BAE5 mm
I) 2 W7 LB MV R A B T, e S 2 T R
Gt e AL T UL IRAT Hl 7] 0° 7 7] Y X5 2R L 40 T AH
B, e b 8° 77 m) b AR TR AR AR X Dy 38 AN K& Xl
ZBUHAL, X2 R G L iz WLt i 2 W B A R
JiE N EB PR A THAC I R, S AME LR A E T
PIE N PRI XU Th A, RIUE [ X OG4R S T 2 b
IS TE] AR A0 R e . XA Bt AL 70 iR AH AL -2 B
i B R R S BN, LN B 100 pm. JE
FE20 pm IR, LB FAERMEE R N 2 m, B
EEou1 - 1, B 1070 WR, A0 T ]I 1) 2 5 4 5
291 ns, &A1 [T [a] [8] B £ 2.5 ns. 8 HOE TE
HHL A% (micro-channel plate photo-multiplier
tube) & 4 FPEOGE S, ¥ & M2k RGN
(] 5 4% [m) X O S D) Z B T 3R 47 G HK, I 8] SCIHORS
JE 9 £400 ps.

LS AP
XOEALOHIL T IR R
NP
VST
Bk P
P
PR U SR
Bk AL A
TR /(CISHZOOG)
Bt

20 mm

R PO R R ]

Fig. 1. Dynamic hohlraum schematic diagram.
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Fig. 2. (color online) Top end-on time-resolved X-ray
pinhole images in shot 0180, corresponding times given
nearby each image are defined such that t = 0 corre-
sponds to radial peak power at stagnation. Red dash
circles indicate the 5 mm diameter diagnostic hole.
Two concentric dotted circles in the image at —11.9 ns
indicate the regions to azimuthal lineouts plotted in
Fig. 6.
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Fig. 3. Radial X-ray radiation power (solid line) and

times for images in Fig.2. (asterisk).
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Fig. 4. Radial lineouts of end-on X-ray images in shot
0180, corresponding to times of —15.1, —11.9, —8.6
and —6.2 ns. The lineouts are mean intensities along
the circumferences aligned to shock emission center.
The intensities are normalized for optimizing the vis-

ibility of lineouts.
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Fig. 5. Shock rising edge trajectory inferred from the
radial lineouts in Fig.4. The black points are experi-
mental data and solid line is a linear fit. Fitted shock
velocity is (14.2+1.7) cm/ps.
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Fig. 6. Azimuthal lineouts of radiating shock (trian-
gle) and hohlraum (plus) inside the shock ring. The
regions are indicated by two concentric circles in the
t = —11.9 ns image in Fig. 2. The azimuth is evenly di-
vided by 10°. Radiating shock means the area between
two circles while hohlraum here means the region in

the smaller circle.
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Abstract

Owing to high efficiency for delivering thermal radiation from Z-pinch plasma to an inertial fusion capsule, Z-pinch
dynamic hohlraum (ZPDH) is a promising indirect-drive inertial confinement fusion (ICF) approach. ZPDH is created
by accelerating an annular tungsten Z-pinch plasma radially inward to an internal low density convertor. The collision
launches a radiating shock traveling inward. Radiations emitted from the shock, after being trapped and thermalized
by the optically thick tungsten plasma, drive the internal fusion capsule to implode. In our previous experiments, shock
propagating process has never been imaged or even never been formed, due to low drive current (about 1.3 MA). In this
paper, the ZPDH has a load of single tungsten wire array embedded in a cylindrical 16 mg/cm® C15H200¢ foam, and the
tungsten wire array is explored using JuLong-1 facility (also named PTS facility) driven by current with a peak value of
7-8 MA and rising time of 60-70 ns (from 10% to 90%). Several results are presented for improving the understanding of
the physics of the shock propagating and hohlraum forming. For the high optical depth in tungsten plasmas around the
foam, radially directly diagnosing hohlraum radiation distribution along axis is impossible. The most convenient way to
diagnose the radiation symmetry and the shock evolution is to take the end-on X-ray images. The time-resolved X-ray
images of annular radiating shock evolution, which are performed with a 10-frame time-gated X-ray pinhole camera
located at 0° with respect to the Z-pinch axis, are obtained for the first time in China. By analyzing the radial X-ray
emission power waveform and intensity distribution of end-on radiation image, the process of wire array plasma impacting
on the foam convertor and properties of dynamic hohlraum radiation are discussed. The shock emission structures are
found to be circular, similar to the results predicted theoretically. The shock velocity which seems to be constant in the
whole process of inward propagating is linearly fitted to be (14.2+£1.7) cm/ps. The annular width of shock emission
is 0.8-0.9 mm, which is inferred from the full width at half maximum of radial lineout of end-on X-ray image at time
t = —11.9 ns and the blurring effect of shock velocity. The radiation symmetry is assessed by statistic property of mean
intensity of 36 sectors of end-on X-ray image evenly divided by 10°. The standard deviation of azimuthal shock emission
intensity is +10% while that of hohlraum region prior to shock impact is +£4.2%. The azimuthal symmetry improvement

from shock emission to hohlraum radiation is a piece of exciting news for ZPDH driven ICF.

Keywords: Z-pinch, dynamic hohlraum, radiating shock, frame camera
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