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Fig. 1. CH EOS side-on shadow experiments: (a) experi-

mental layout; (b) schematics.
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Fig. 2. (a) Heaven-I laser pulse shape; (b) spatial profile of

six-beam focusing spot.
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Fig. 3. Structure schematics of CH targets: (a) Planar CH
target without Al foil; (b) planar CH target with Al foil;
(c) flyer-impact target.
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Fig. 4. Shock dynamic processes in CH planar target: (a) t-z schematic diagram of wave propagation; (b) spatial distribution of
loading pressure at different time; (¢) loading pressure history for different layers; (d) spatial distribution of loading pressure for dif-

ferent laser intensities.

t b) P Al
() S (b) o
/
/ CH
/
/
R /
/ S 1
/
B T 2
Sl |
| R
O Al CH T (@) u
35t — 18?\?1{12;?]8;1 . 50 (d) — 100CH 22 ns
- + ns
30 —-— 10A1+50CH 22 ns — 150CH+10AI 30 ns
i -=- 10A14-50CH 15.6 ns 40 — 50CH+10Al 13 ns
-~ 10A14150CH 37 ns
25t ..
@ .
A N
U 20 \
~ \
E 15+ .
10 + 5 I:
51 i
]
O 1 I1 0 1 1 1 1 1 1 1
120 160 0 20 40 60 80 100 120 140 160

%36 /pm

5 BERECHEENMhdgh 2 (o) Wi B 5 AR EAER N -2 B R E; (b) BPUHEEE p-u [ (c) fBRTE R ALE WK%
(84370 ; (d) %8 BRI CH 2 W E J1 7S [ 5y 1
Fig. 5. Shock dynamic processes in CH planar target coated with Al: (a) ¢z schematic diagram of wave propagation; (b) p-u schem-

atic diagram; (c) spatial distribution of loading pressure when laser directly irradiates Al layer; (d) spatial distribution of loading

pressure when laser directly irradiates CH film.
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Fig. 6. Shock dynamic processes in flyer-impact target: (a) ¢z schematic diagram of wave propagation; (b) space distribution of

loading pressure at different time; (c) velocity histories of the

and back-surface (CH wugg) velocities of CH target layer.
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Fig. 7. Side-on shadowgraph images of streak camera: (a) CH planar target; (b) Al + CH planar taget; (c) flyer-impact target.
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Table 2. EOS parameters of CH target driven by long pulse laser.
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4.07 £ 0.16 8.06 + 0.21 5.46 £ 0.10 34.25 £+ 1.61 30.7
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Fig. 8. Shock and particle velocities (D-u) of different tar-
gets.
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Equation-of-state measurements for polystyrene under high
presure driven by HEAVEN-I laser facility”
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Abstract

The equation of state (EOS) for CH material used as an ablator layer at high pressure is important in the
study of implosion dynamics and target design for inertial confinement fusion (ICF). At present, most of EOS
data are on the Hugoniot line under shock compression. The EOS data below Hugoniot line need further
studying for low-entropy pre- compression. In the present article, the EOS of polystyrene is established under
quasi-isentropic compression driven by HEAVEN-I KrF laser facility with a long rising edge (~20 ns). The
shock dynamic behaviors of three kinds of CH targets are simulated, which are 100 pm CH planar target, Al-
coated CH planar target (10 pm Al, 50 or 150 pm CH), and flyer-impact target composed of flyer (Al-coated
CH), 100 pm vacuum layer, and 100 pm CH layer. The planar targets and flyer-impact targets with different
thickness are irradiated by six-focused laser beams with total energy of 50-100J, and the free surface velocity
and wave average transit velocity are measured by side-on shadowgraph technique. The simulation results
indicate that the initial loading process is quasi-isentropic compression process, and then evolves into a weak
shock compression process for the CH planar target in the rising edge stage. Comparing with the CH planar
target, the reflected rarefaction waves from the Al-CH interface of Al-coated CH target can suppress the
enhancement of compression wave, and delay the formation of shock wave when laser directly irradiates the Al
layer. The shock pressure of the CH target layer (the third layer) is significantly higher than those of the former
two targets in the flyer-impact target. However, the chasing rarefaction wave can unload the compression state
incompletely and reduce the pressure when the CH target layer is much thicker than Al layer. The final
pressure is about 15 GPa in the CH planar target, while the final pressure is about 30 GPa in flyer-impact
target: both of them are less than the pressure threshold of opacity change for the transparent polystyrene. The
quasi-isentropic dynamical process is difficult to measure by the velocity interferometer system for any reflector
technique. The experimental results show that the average wave transit velocity is significantly less than the
final shock velocity derived from the free surface velocities in the CH and Al-coated CH planar target side-on
shadow experiments. They indicate that the compression wave enhancement and quasi-isentropic compression
process occur in the propagation of wave front. The shock pressure is about 12 GPa in the CH planar target,
and about 34 GPa under shock load in the flyer-impact target. The experimental data and shock dynamic

processes are basically consistent with the simulation results.

Keywords: quasi-isentropic compression, side-on shadowgraph, equation of state, shock velocity, particle

velocity
PACS: 64.30.Jk, 52.35.Tc, 52.57.—z, 52.50.Lp DOI: 10.7498 /aps.70.20210240

* Project supported by the Continuous Basic Scientific Research Project from Ministry of Finance of China (Grant Nos.
WDJC-2019-02, BJ20002501).

1 Corresponding author. E-mail: tianbaoxian@163.com

196401-8


http://doi.org/10.7498/aps.70.20210240
http://doi.org/10.7498/aps.70.20210240
mailto:tianbaoxian@163.com
mailto:tianbaoxian@163.com
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

