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Abstract In the research of laser inertial confinement fusion (ICF), plasma diagnostics involving X-ray time, space
and energy spectrum provides key experimental data for numerical simulation, and effectively promotes the
understanding of key physical problems of ICF. The multi-channel grazing-incidence system represented by
Kirkpatrick-Baez (KB) microscope is an important means to realize high-resolution X-ray spatial-temporal imaging,
which has a wide range of applications in ICF diagnostics research. This paper mainly introduces the development
history of high-resolution multi-channel KB imaging system, analyzes the bottleneck problems in the development of
KB systems, and focuses on the domestic research progress in the development of multi-channel KB diagnosis
system based on multilayer optics in recent years. With breakthroughs in key technologies such as precision thin-
film devices and grazing-incidence X-ray optical integration, multi-channel multilayer KB microscope has been widely
used in domestic ICF diagnostics, which effectively guarantees the development of relevant physical experiments.
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Table 1 Performance parameters of KB microscope on OMEGA
System Mirror Highest Collecting Work
Material Magnification
location length /mm resolution /pm solid angle /sr energy /keV
H8 9.0 Ir 5 12.9 4x1077 2.0-8.0
H9 9.0 Ir 5 13.6 4x1077 2.0-8.0
H13 4.5 Ir 3 20. 3 1x10° 7 2.0-7.0
Non-fixed 4.5 None 3 13.6 1X10°7 1.5-3.0
Non-fixed 9.0 WB,C 5 13.6 4x10° " 7.0-9.0
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Fig. 1 GMXI system composed of flat crystal and KB microscope
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Fig. 2 X-ray imaging spectrometer composed of KB microscope and transmission grating,

and its imaging results on OMEGA™"
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(b) imaging result on OMEGA

H1.5~7.0 keV, & it 09 i £ 53 BF R ik 3 pm,
400 pm N HRL T 5 pm., SR, X Fh 2% i
S5 AR R G2 Ve 0 RS FE SR MY g R L e i ) A
SEAEE , HAHC R 22 LR E IE W BR . K 4(b) A+
7Nl KB B nY X 552 A% AR 45 . 4518 05
HEAT HCEL o X% T A A B AN — , Ul B 4% B 150G T8 A 4
A VR A AE 3R AR 22 L M DL B B o
2.2 ZEEKBEFENEZERBR

TR 85 T 0E 1 45 ) X 59 2 2 )2 BT DL 4 e
KB W 58 1 TAERE i T 3845 — & M BB It 73 BF . 1999
4, Marshall F1 Bennett ™™ i 7 DU W/B,C £ 2
i KB Wi H TAEREB N 7~9 keV,400 pm #1137
WA R T 5 pm AL ST R G K G RGN
Z3 [ AP HER AT T 2 3 pm, 8] 5 & OMEGA % & il

HLF A SE I of, 22 B8 KB B B X Au 4E-Cu 8
I CD BRFEHL 1Y AR 45 27 . 78 TITAN OB
P ok szserh R KB B o T 77
R4 S B TR P 0 e i AN s e A

2013 4F , Pardini 25/ g NIF BFH T 1 [6] 10 keV
P X PP NARIZ WY U 8 2 )2 R KB Wi, TAE
AESIELE 10. 3 keV(Ge Hea 20), R Pt/C £ 2
FEEAE A S S B L B A B A R 0. 67, 2 J2 IR R Bt
RUETTEE AN 6 Ca) BT/ o 3 1o 25 ) 300 5L 8 f g 158
TFoR A0 R 1 BEAT 56 L LASRAS R 0 AT 28950 32 B 4 A
1M, HAEFIH 8 keV BEI #E1 745 & A1 OL T I (H
R4 A 50%5 , %E KB &4 B T 50
3 I (10 DX A5 it — A s 19 8 1) 25 i) 4 B R A —
100~100 pm WM T 8 pm, BLAGFIFR & 45 5 73 5

1134007-4



8 4 ik

R e b !

KB % %%

(a) Configuration of sixteen-channel KB microscope;

FEA4E F11H/2022 F£6 B/FEHER

4 2 1
®) 5280
6 5
1 10 9

15 14

58 ) 7R J HL s ) 43 W 4 R

Fig. 4 Configuration of sixteen-channel KB microscope and its spatial resolution test result™ "

(a) T 75l

1 KB B AL ; (b) 23 8] 43 HF i il 45

(b) spatial resolution test result

Cu Ko-line Gold cone  Cu-doped
1.0 T . | y | ] CD shell
Measured /
0.8
> -, Calculated ~
Q \
c 06 1 .
L : )00
£ 04f ! _
w AN
02+ _
N -
0.0 L !
0 2 4 6 8 10 12
Energy (keV) KB microscope
K5 ZJZB KB B RN Au#E-Cu $B4% CD BRGEHE RS 45 1"

055 056 057 058 059 06 061 062 063 064 0.65

Fig. 5 Imaging result of Au cone-Cu doped CD spherical shell target by multilayer KB microscope™”
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Fig. 7 Reflectivity curves of multilayer and single-layer Ir film under 8.0 keV X-ray
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Fig. 11 Coaxial aiming method of backlight and diagnostic object based on double indicator ball
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Fig. 12 Experimental results of sixteen-channel multilayer KB system™ . (a) Spectral response curves of multilayer at

different grazing angles; (b) offline grid calibration images of 600-mesh Au grid obtained by X-ray charge-coupled
device (CCD);
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(c¢) dynamic measurement result of self-emission of CD shell target core on Shenguang-Ill prototype
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Fig. 13 Two-color sixteen-channel multilayer KB system™” . (a) Schematic diagram of optical structure; (b) spectral

respons of multilayer for low-energy and high-energy channels; (c¢) 1500-mesh Au grid imaging calibration

results obtained by Shenguang-1I upgrade device
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Fig. 14 Four-channel multilayer KB system""

. (a) Schematic diagram of optical structure; (b) four-quadrant grid imaging

results recorded by framing camera on Shenguang-II device; (c¢) measurement results of hydrodynamic instability

growth of planar modulated target on Shenguang-1I device
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Fig. 15 Eight-channel multilayer KB system ©"

. (a) Schematic diagram of optical structure; (b) spectral response curves

of multilayer at different grazing angles; (c¢) dynamic imaging result of self-emission of imploded Au-cone target

obtained by Shenguang-1I upgrade device
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