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Abstract  Spherically bent crystal imaging is a measurement technique that can be used to achieve quasi-
monochromatic high-resolution imaging in experimental studies of inertial confinement fusion based on high power
laser facilities. With a high-resolution backlight arrangement design similar to that of point projection, the
spherically bent crystal imaging system developed is applied to 10 kJ-level Shenguang facilities for hydrodynamic
instability, implosion compression trajectory, and other experimental studies of laser-induced plasmas. When it is
applied to interface trajectory measurement during the ablation and compression of spherical samples, the spherically
bent crystal imaging has the advantages of a large field of view, quasi-monochromaticity, and self-smoothing of
backlight intensity distribution. The influences of the resolution in the meridian direction and that in the sagittal
direction on one-dimensional interface trajectory measurement are balanced by optimizing imaging parameter design
without changing the arrangement parameters of the imaging system. Even with a larger backlight, the spatial
resolution of the interface trajectory absorption image is improved, and the signal-to-noise ratio of the image is also
effectively enhanced. An accuracy of 2. 1% is achieved in implosion velocity measurement by combining the
optimized spherically bent crystal imaging system with the alternative target design.
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Fig. 1 Principle optical path diagram of backlight imaging using spherically bent crystal
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Fig. 2 Schematic diagram of spherically bent crystal imaging system for Shenguang laser facilities

TEBCSS el b B8 T T B MO A L X AT
LIRS BT XA B il AT L A T O
BT R e, [ B8 TOLR . ZOt Rk E T
ARG BUEFLAR - BE G L B B il AR 1 L I 5 A
TR . AT B A S 82 T 9 S T AT — B B
Ab L 3E S B EUE S iE R B A . SR AT R fE
0% [a] i 3 TE 0 T 4 SR 00 B R R A R S AR 1

(CCD)IC 5% R GE A T — 4E I 8] 43 HR 00 1 1) 45 BCHH
Bl RS DR TIE I 5% 5 G A A0 2 08 1 T
HATR A fe R A A . 255 5 18 T ARG 6] 7y
Bt oK R R SR NE BT B AN = H RGN
WS RN 1 s, H L FoV MR R 4
AR AE W T AR DX RN 32 B i O RS R
i (S o RBK TR 25l A AR R E

F 1R SRR RGBT S

Table 1 Design parameters of spherically bent crystal imaging system
Orientation of crystal R /mm 0/ d /mm a /mm b /mm  FoV /(mmXmm)
Quartz 21—33 250 83.1 20 135 1695 1.3X1.3
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Fig. 3 Spatial resolution and magnification of spherically
bent crystal imaging system
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Fig. 4 Imaging measurement results based on spherically bent crystal in Shenguang laser facilities. (a) Measurement result

of hydrodynamic instability experiment; (b) measurement result of implosion compression trajectory
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Fig. 5 Optimized imaging parameters of spherically bent crystal
imaging system for implosion trajectory measurement
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Fig. 6 Simulation results comparison of spherically bent crystal imaging system with different imaging parameters.

(a) Imaging sample; (b) simulation result of conventional equal resolution design by using backlight with diameter

of 200 pm; (c) simulation result of one-dimensional optimization design by using backlight with diameter of

200 pm; (d) simulation result of one-dimensional optimization design by using backlight with diameter of 400 pm
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Fig. 7 Comparison of pellet imaging simulation results obtained by spherically bent crystal imaging system. (a) Simulation

result of pellet imaging by using backlight with diameter of 200 pm; (b) simulation result of pellet imaging by using

backlight with diameter of 400 pm
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