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Fig. 2. Shock trajectory in two foam materials.
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Fig. 4. Schematic of the laser driven hydrodynamic instability
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Fig. 5. RM growth image at a laser intensity of 1 x 10" W/cm?
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Fig. 6. RM growth image at a laser intensity of 1.6 x 10 W /cm?.
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Fig. 7. Horizontal lineouts of perturbation sample images at a laser intensity of 1.6 x 10° W/cm?.
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Fig. 8. Horizontal lineouts of perturbation sample images at a laser intensity of 1 x 10 W/cm?.
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Fig. 9. Simulated shock trajectory, radiative precursor tra-

jectory and the movement of materials at a laser intensity
of 1.6 x 10 W/cm?.

140

120 ¢

100 F

80 -

60

TR /e V

40 +

20

1] /ns

Bl 10 Bl SiO, ¥ Pk A CHBr Jz L F il A2 L
Fig. 10. One-dimensional profiles of electron temperature of
Si0, foam and CHBr.

205203-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 20 (2021) 205203

WA vh I 29 0.7 ns 33k CHBr #h3h #m, %
Je HE SRS ek L, A e D Bk B RS T
R RTRIRAS.

PRI T2 B N, 3T [RIRE AT S5 B4 S FiT O
P HITE B ASAUL A SRR 2 R R AR v e I
TR RIS ) S04 I HH ) HL 30588 1 H 7% B 43 A
W 11 PR, 2 e D B AR, I i
ANRAAR W 11 (a) B, 24w s R $E 7t
22y 170 km/s B, JEHTHE %R THEE 2 8
G, E 11(b) Frs, BERH il B 5 4 S Rk
K. 2546 2 B R PR AR, IE SR
T35 B 05 T b e R 5 7 A T R S TR

R T IS S R X S T AN R PR
PR FZ I, S50 38 i) RO G T R B, ARATHR
SRR (5 PR AF T 1 A AN RS E P R A, T
T 5 5 I e S A0 B2 e A B T RML AR
KB HEAT LR IF ST . SR A Multi-1D #8106
YR 1 x 10" W/em? 244 F 45 )2Y508 50 | op
7 U 030 A G SR B an 1] 12 iR, 1.2 ns
Hif SiO, WL IK P AY v iy 3 29 0 70 km/s, 1.2 ns

24 40
. (a)
— N, (time = 0.9 ns)
— T (time = 0.9 ns)
23 430
7 2
g ~
=~ 221 {20 2
2 W
0 &
21 410
20 . n n n n n 0
50 100 150 200 250 300 350 400
X /pm
24 100
. (b)
— N, (time = 2 ns)
— T, (time = 2 ns)
23 475
; 2
- d
o p
= 22f 150 E
z 'ﬂ:
ey =
21+ 125

20 . . . . . . . 0
240 260 280 300 320 340 360 380 400
X /pm

P11 BB [ 220 Si0, 1 IR F L 2 B R TR R 1
24k (a) 0.9 ns; (b) 2.0 ns

Fig. 11. Simulated one-dimensional profiles of electron tem-
perature and electron density at different time: (a) 0.9 ns;
(b) 2.0 ns.
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Fig. 12. Simulated shock trajectory, radiative precursor tra-
jectory and the movement of materials at a laser intensity
of 1 x 10" W/cm?
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Fig. 13. Simulated electron density and electron temperature
in SiO, foam for different time: (a) 1.2 ns; (b) 2.5 ns.
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Fig. 14. Simulated (a) ablation velocity and (b) density-
gradient scale length on the surface at a laser intensity of
1.6 x 10" W /cm?.
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Abstract

Radiative shocks are ubiquitous in stellar environments and are characterized by high temperature plasma
emitting a considerable fraction of their energy as radiation. Radiative shocks occur commonly in nature,
especially in astronomical systems and inertial confinement fusion. The study of the effects of radiation on
Richtmyer-Meshkov (RM) instability will improve our ability to understand and predict the evolution of RM
instability under high energy density conditions.

A few experiments have been performed to compare the radiative case with the non-radiative case in
Rayleigh-Taylor (RT) instability, thereby studying how the radiative effects change the evolution of RT
instability, but the interplay between RM instability and radiative shock has been studied rarely.

This paper reports mainly the role of radiation in the changing of the RM instability. Two experiments are
performed at Shenguang III prototype laser facility, the RM instability growth data are obtained by varying the
laser intensity. The laser intensity for high-drive experiment is approximately 60% greater than that for low-
drive experiment. The target consists of a multiple layer in the axial direction, in which the first layer is a
15um-thick CH sample serving as an ablator, followed by a 10 pm-thick aluminum used as a shield layer to
prevent the preheat effect. The next layer is a 350-pm-thick SiO, foam, which is used as a material to produce a
radiative shock. The last layer is the CH perturbed sample. There is a sinusoidal perturbation on the surface of
CH sample which is adjacent to the SiO, foam. The target is irradiated by four overlapping laser beams, and
the laser beams produce a large pressure that drives a shock wave, whose velocity can be changed by varying
the laser intensity, into the target package.

In the experiments, shock-generated radiative fluxes first ablate the unstable interface which the shock has
not passed through, then the shock transmits the unstable interface to produce the RM instability. The images
of unstable interface are captured using side-on x-ray radiography, and the experimental results show that the
RM growth is suppressed in the experiment for the higher laser intensity. Radiation hydrodynamic code
MultilD is used to evaluate the electron temperature, shock velocity, and electron density. The simulations
show that the foam temperature in the high-drive case can reach 80 eV in the front of shock, this energy flows
away from the shock front, generating a radiative precursor ahead of the shock. The radiative precursor velocity
of 270 km/s is much larger than the shock velocity of 170 km/s, the radiative precursor arrives at the unstable
interface before the shock and ablates the unstable interface, so the radiative flux changes the initial conditions
of unstable interface. When the shock propagates through the unstable interface, the ablation increases the
density gradient length scale and reduces the Atwood number of the unstable interface, so the RM growth is
suppressed in the high-drive case because of the ablation of the radiative precursor.

Keywords: radiative shock, Richtmyer-Meshkov instability, density-gradient scale, ablation velocity, Atwood
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