Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

X BT A PR RIS F AR = (8] o #E 3R
IR wal FHEE KB IH ISA

Spatial resolution study of soft X-ray laser backlight shadow imaging technique
Wang Chen An Hong-Hai Fang Zhi-Heng Xiong Jun Wang Wei Sun Jin-Ren
5| 5 & Citation: Acta Physica Sinica, 67, 015203 (2018) DOI: 10.7498/aps.20171124

7 2% 413 View online:  http://dx.doi.org/10.7498/aps.67.20171124
23 N %% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/11

AT RERCH B BB S &
Articles you may be interested in

IrIEAARAE B AS A 6] 7 HE R bR 8
Calibration of the dynamic spatial resolution of framing image-converter
VP22 4%.2016, 65(9): 095202  http://dx.doi.org/10.7498/aps.65.095202

ill 488 45 B 1 A ol o SR A T BRI R ) 20 TR
The electrical-neutrality constraint of single Langmuir probe measurement in collisional plasma
YE = 4.2015, 64(11): 115201  http://dx.doi.org/10.7498/aps.64.115201

(TR0 A S0 [N =RY i<y G e R N P o
Optical properties of direct current glow discharge plasmas at high pressures
PP 27 %2015, 64(4): 045206  http://dx.doi.org/10.7498/aps.64.045206

Deduction of temperature and density spatial profile for implosion core by multi-objective optimization
YE 2 4.2014, 63(12): 125209  http://dx.doi.org/10.7498/aps.63.125209

XSO CRE 2 W Z MRS Tk
Diagnosis of high-Z plasma with soft X-ray laser probe
Y= 4.2014, 63(21): 215203  http://dx.doi.org/10.7498/aps.63.215203


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.20171124
http://dx.doi.org/10.7498/aps.67.20171124
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I1
http://wulixb.iphy.ac.cn/CN/abstract/abstract67118.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract64420.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract63317.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59728.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61587.shtml
http://dx.doi.org/10.7498/aps.63.215203

38 % 4R Acta Phys. Sin.

Vol. 67, No. 1 (2018) 015203

50X BB S F B AR IR R B2 18] S R 5

EFRI

ZaAK HAEIE

fER IfFE AASA

((RiEEOL S SFAEAAT, il 201800)

(201745 A 17 HU&H); 2017 4 10 A 2 HI R E0H )

X SR 2RO A SRR BORSE — T2 W e A 4 45 125 i 1 PRI B S SR B B2 W BOR, By L
WK AR Gy e 0w BORS i, BAT RS AT, RHZ ORI 23 0143 HE RAR BE 8 T8 B 4 T2 B M A #EAT
ERGWETE. AL BIMOCHE U AT IR S BARAR 2= = AT AT T AR i, 253858 H AR A IZ R
HIZ I RGTRENSIABIZ) 2 pm PR 8] 0 %, 2 B2 RGE Bk LT 3R, JE L BN TBOR A% B 2 4% 5 0 RS T/

oA RS 3, A A EIA R T 1 wm 14 R 23 2%

KR FE RS, AR, X0

PACS: 52.70.—m, 52.70.La, 42.55.Vc

1 5 7

BEE RBBOLEE, wmREMER S KEE
(NIF). FH #% (SG) BRI B MK, ot
S5 B UR B A T AR ORI L. 1 OB 0
PEA R E A (ICF) 2| m Rt % P (HEDP).
WO 45« R A 4 B 55 403k (1) . FH X TR} A ik
R 5T BRIRTT A HFT R K R AR o E
B R S, BA T2 R R SRS AR B 24 5 A
Fhoe e, EROGSE S TR SIS T, X 4T
TFEARE — P2 RS WiHE R, FIHZH
R, BEBRIGEE TR RRE, AT IRZHA
TEOCHAR & B A S B 8, FEnT A T RS A
KB 77, 0O &5 B 144 (1) B 7T B A
Fo(E P HRE R X R TS e AR R
F keV it BEIORE X 2%, ik r i )L A 7Lk
1% 19 Kirkpatrick-Baez (KB) &g ' 45§
AR s T X 5 Bl B I B S BOR W e T
& B IR SR, TR D

Bl & R X B SO ROR R fE, — PRI B X
ST EEOCAE NS ARSI I 55 B8 1k [ 52 U8 4

DOI: 10.7498/aps.67.20171124

A e R ok 12050 R T XS 2k X 2k
BOEDE K IE A5G, 1E F T2 Wi St i I (0 45 58 1
WA BB G S, R R EE TRLTHES
NSO AH DG T 1R 51T, O B 50 B ) R, - 25 P R
il T I S OO K B
5, WA (A = 1053 nm) X Rl 2 E LN
1021 em=3; AEHEOE (A = 527 nm) RIS
FEZI R 4. x 102 em ™3, ANSHEOE R REAEMC T 1 5+
LA B TR AR R, T AN REAE & Tl A B )
E RN STl e A NS S R T
FH T NSO SO . LRI S i, 555
MOIRES S ER AR K Py B R R 8 24, DRt
JE AT F R ORI X 3. 55— 5T, AR XA
LRI B, 2 JZ B e R B R 0] AT LR
R TE NS )77 ST U, 7T AR ORER & R 4E
2o BRIEZAb, BRX RO R R
77 e | e 5 B DA AR kv ()R i A B T S AR
DA B 1A BRI S, [RGB T304 7 28 1 5
W AbEE 16181 IR b, X ER ORI O B B AR
HARBANBOCHERE G & B TR WAk 714
FasE PEBI 9T S5 IO 55 B TR BIE 9T ) — AR B 1

* BEEP LS (HEHES: TZ2016005) F1E K H AR ZEEG: (HILHES: 11075146, 61475146) HIIFIEREL

T #E/E#. BE-mail: wangch@mail.shenc.ac.cn

© 2018 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

015203-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20171124
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 1 (2018) 015203

I,E< [12,13]'

FET MG II(SG-1T) = Dy 2ok 36 B ik 3) 7= Ak
PN 13.9 nm {2 X B0, RET
FHR B3 X WO TR 52 AR R, BRI X I
i 10 P 3 P 55 B A 9 s 0 B 3R AT v A 1) 43 R I
W AR R TV R R A3 (8] A HERE I Re ik B 2
A ARBHT BRI, AR SCRHZ 2 W R AR A
[ AT TAF AR 9, 45 0 T LU 2 I ==
&) 53 H¥ e

2 MXHEHOLTE AR REEA

i F8 S, X S 2RO T Ya B R B R FE
1 5t 2 R R X5 2RO A N R I 9T 5% g B2
A, A ERE LK. X SR E N
), it B A BUL (29500 mm) & 512 %
BT, SR 2 E RS (111240, 10 mm,
i 122 550 mm, NS 2 1.33°) X R i2

L

SR TR AT R, BN LA RS A e (CCD)
PRI, B X BOLE gt — e R 1
BErR AR ATE RS, B X 2R CCD BRiiid %
E R 6 1 KR8 R BRX g & 3ok ik K
13.9 nm, fiiH GER L1100 wJ, Bk b 8 E 2930 ps,
KEUAZ) 3 mrad x 4 mrad. 13.9 nm K, K5
IEIE & T2 Wil 5 B i 55 B8 144 29100 pJ (1)
it Be B AR 8 ORIE A W [ 5 RS, 30 ps Ak
T RE S AR I IR 45 S B TR R R, RIS
W 45 B - A 1 W s B T2 3 mrad x 4 mrad [
REHAEAS R ET R RN IA F7 12 W SR AL i 4R e
YR A2 AR~ 2 1.5 mm x 2 mm, & KT
E0E K AR 0 85 5 AR X 3, DR skt R 0 o 81
PR A X I, IR T FIRIX AR A fE1F IR
X 5 2506 T O I 52 BB BOR 1 — M2 I v
T S5 B8 - AR I S T PR I 5 5 A B 5 6 JRR ) 2
J5i%, AEA SR T FP AR T ARG R 2,

u

|
RXGLRHOG

?#iﬂﬂg S

1T B X EHOCH I RB AR T Son

Fig. 1. Schematic diagram of soft X-ray laser backlight shadow imaging technology.
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Table 1. Spatial resolution limited by optical path ge-

ometry with different combined conditions.

e Y T o
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10 1024 x 1024 24 x 24 4.8 X 4.8
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20 1340 x 1300 20 x 20 2.0 x 2.0
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Table 2. Spatial resolution with different backlight

source conditions.
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Fig. 2. Results on image plane calculated by ray-chase-

method: (a) Spot distribution; (b) intensity distribu-

tion along y direction; (c) intensity distribution along

—T74.62
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x direction.
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Fig. 3. Backlight shadow images with different back-
light wavelengths and different period gratings as ob-

jects: (a) White light at 550 nm, grating period of
30 pum; (b) He-Ne laser at 632.8 nm, grating period of
30 um; (c) 13.9 nm soft X-ray laser at 13.9 nm, grat-
ing period of 30 um; (d) soft X-ray laser at 13.9 nm,
grating period of 6 pm.
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Fig. 4. Backlight shadow images magnified by 20 times
with a soft X-ray laser as probe and a grating with pe-

riod of 6 pm as object.
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Fig. 5. Typical R-T instability measurement results
with soft X-ray laser backlight shadow imaging tech-
nology. The microflows with scale of several microns

in the plasma can been clearly seen.
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Abstract

The soft X-ray laser shadow imaging technique is a good tool for diagnosing shadow profiles near the critical surface
of high-temperature dense plasma. The short-pulse plasma X-ray laser, driven by high-power laser, is used as the
backlight, which spreads freely approximately 500 mm far, passes through the plasma to be diagnosed, and changes its
optical path by using a multi-layer spherical lens and multi-layer plane mirror, is attenuated by filters, and is recorded
by a soft X-ray charge-coupled device (CCD). The plasma to be diagnosed can be driven by one or multiple laser beams,
according to the needs of the physical research being conducted, and is imaged onto the CCD surface through a multilayer
spherical lens. The shadow profile image of the plasma to be diagnosed at a particular time is obtained by using the
instantaneous photographic mode of short-pulse soft X-ray laser backlight imaging. Compared with the traditional keV
hard X-ray backlight technique, the soft X-ray laser shadow imaging technique has two distinct advantages. One is the
appropriate wavelength of the probe light, which makes it possible to diagnose plasma near the critical surfac, and the
other is a better spatial resolution because of the use of mature multilayer optical elements for near-normal incidence
imaging. However, there has been no systematic study on the extent to which the spatial resolution of the imaging
technology can be achieved. In this study, a careful analysis is carried out considering three aspects: the optical path
geometry, the diffraction limit, and the imaging aberration. The results show that a spatial resolution of approximately
2 um can be achieved. An experiment is carried out to measure the Rayleigh-Taylor instability of plasma from the lateral
direction, by using the soft X-ray laser shadow imaging technique. Some microfluids with a width of several microns can
be clearly distinguished in the experimental shadow image, indicating that the diagnostic technique has a good spatial
resolution. Further analysis reveals that the main factor that limits the spatial resolution is the optical path geometry.
It is possible to achieve a spatial resolution of up to 1 pm by increasing the magnification, selecting CCDs with smaller

receiving units, etc.
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