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Fig. 1. (a) Schematic diagram of the experimental setup; (b) measured angular distribution of the protons by RCF; (c¢) measured

proton spectrum by the Thomson parabolic spectrometer.
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Fig. 2. Optical microscope image of the lattice foam.
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Fig. 3. Results of static proton radiography experiment: (a) Image of the diamond steps obtained on the 14 th RCF; (b) enlarged
image of the black dotted box area in panel (a); (¢) gray value curve of the part of black dotted box in panel (b); (d) optical micro-
scope image of the diamond steps with the black arrow indicating the direction of proton propagation. The four vertical red dotted

lines in the figure are the boundaries of the three diamond steps measured according to the gray value in panel (b).
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Fig. 4. (a) Proton image on the 6th RCF (corresponding to proton energy 7.2 MeV), showing the density profile of the ablated tar-
get compressed by the nanosecond laser at ¢ = 5.2 ns after the nanosecond laser emission. (b) Density distribution of the ablation
target at 5.2 ns simulated by the FLASH code. The simulation parameters are as follows: the nanosecond laser is a square wave
with pulse width of 2 ns, energy of 60 J and focal spot of 1 mm; the parameters of the ablation target are consistent with the exper-
imental parameters given in section 2. The target locates initially between 200 and 800 pm, and the aluminum base occupies the
space of 0-200pum . (c) The solid black line is the gray value in the area indicated by the black box in panel (a), the dotted black
line is the gray value obtained in the 6th RCF after the Monte Carlo method is used to simulate protons passing through foam with
the same density profile shown in panel (b). (d) the black line indicates the density distribution on z = 512 pm in panel (b), and
the dotted red line is the initial density distribution of the target at the corresponding position.
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Fig. 5. Schematic diagram of the experimental setup using

quasi-monoenergetic protons.
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Fig. 6. Simulated proton images on 2nd-5th RCF: (a)—(d) Er =10MeV; (f)—(1) Ex = 10MeV, o =0.4MeV; (k)—(n) Ex =
10 MeV , o = 0.4 MeV respectively. (e), (j) and (o) are the initial density distribution of the sample. The red dotted line indicates
the corresponding relationship between the RCF image and the object density.
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Fig. 7. Gray value on the fourth RCF in Fig. 6 with differ-
ent energy spread and the initial density profile of the
sample. The solid black line for the monoenergetic case, the
black dotted line for the case with o = 0.4 MeV , the black
dashed line for the case with o = 0.8 MeV and the red
dashed line for the initial density profile of the sample.
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Fig. 8. The simulated proton images on the RCF pieces with different source sizes: (a)—(d) Proton images on the 2-5 RCF pieces

with a point source; (e)—(h) proton images on the 2-5 RCF pieces using a point 40 um source; (i)—(1) proton images on the

2-5 RCF pieces using a point 80 um source.
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Experimental study on the dynamic compression of materials
at XGIII facility by laser proton photography
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Abstract

A new method for material dynamic density measurement based on proton photography is developed at
XGIIT facility. The protons produced by the picosecond laser of XGIII was used as the proton source to
diagnose the density distribution of lattice foam under the compression of the nanosecond beam of XGIII. The
density of lattice foam was calculated from the photographic results using Monte Carlo simulation method.
Benefitting fromn this newly developed method, the images of the compressed lattice foam and the shock front
at 5.2 ns is obtained successfully. The density distribution of the lattice foam was obtained from the images and
the density of lattice foam increases about 20 times at the shock front due to the compression of the shock. The
velocity of shock wave in lattice foam is also given, about 40 km/s. The density and spatial resolution of the
method are further calibrated by using diamond step objects, and experimental results show that they are
better than 4% and 12 um, respectively. In order to further improve the density and spatial resolution of the
proton photography at XGIII facility, a new radiogrphy method utilizing quasimonoenergetic proton beams
obtained from an energy selector is proposed in this paper, and the resolution of this method is simulated by
Monte Carlo program. The simulation results show that the relative density resolution can be improved to more
than 1%. Through the above experimental and the simulation results, we demonstrated that diagnostic
capability has been established for fast process (nanosecond scale), high pressure (nearly 100 GPa) conditions at
XGIIT facility.

Keywords: Proton radiography, Fluid simulation

PACS: 52.70.Nc, 52.65.K] DOI: 10.7498/aps.71.20220919

* Project supported by the Science Challenge Project, China (Grant No. TZ2018001), the National Key R&D Program of
China (Grant No. 2018YFA(0404804), the Fund of the Plasma Physics Laboratory, China (Grant No. 6142A04200101), the
Key Laboratory of Impact and Safety Engineering, Ministry of Education of China (Grant No. CJ201908), the Foundation of
United Laboratory of High Pressure Physics and Earthquake Science, the State Key Laboratory for Shock Wave and
Detonation Physics Funding, China (Grant No. 2021JCJqLB05705), and the State Key Laboratory of Nuclear Physics and
Technology, China (Grant No. NPT2020KFY01).

1 Corresponding author. E-mail: lchero08@163.com

1 Corresponding author. E-mail: jianbo.hu@caep.cn

195202-10


http://doi.org/10.7498/aps.71.20220919
http://doi.org/10.7498/aps.71.20220919
mailto:lchero08@163.com
mailto:lchero08@163.com
mailto:jianbo.hu@caep.cn
mailto:jianbo.hu@caep.cn
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

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

ERITEEE EAPShE R R BOLR T RSB 5T
Fie Fink IMEF B4R M R4 BREE KM WRH R EEE KR FRE ALK SR

Experimental study on the dynamic compression of materials at XGIII facility by laser proton photography

Huang Hua LiJiang-Tao Wang Qian-Nan  Meng Ling-Biao Qi Wei  Hong Wei  Zhang Zhi-Meng
ZhangBo He Shu-Kai CuiBo WuYi-Tong ZhangHang Jiliang-Liang Zhou Wei-Min  Hu Jian-
Bo

5| {5 B Citation: Acta Physica Sinica, 71, 195202 (2022) DOI: 10.7498/aps.71.20220919
TELERE View online: https://doi.org/10.7498/aps.71.20220919
BN 2 View table of contents: http://wulixb.iphy.ac.cn

AT RE RSB HAN S R

Articles you may be interested in

% JBREE BN G BT IR R gt

Optimization of proton imaging system including fringe field of magnetic lens

YrH2EAR. 2021, 70(2): 022901  https:/doi.org/10.7498/aps.70.20201141

Ji MR i T RE R 1 AR

Density reconstruction based on energy loss in proton radiography

YrHE2E4R. 2018, 67(20): 206101  hitps:/doi.org/10.7498/aps.67.20181039

UK R A A o EL P v AT P R ) R (E AL

Numerical study on discharge characteristics in ultra—high frequency band modulated by pulses with electrodes covered by barriers

WIBEAEA. 2020, 69(11): 115204 https://doi.org/10.7498/aps.69.20191853

Fe BE ST A PP T B B AR B T A BB ST
Theoretical study of angle—cut collimator based design in high—energy proton radiography
Y247, 2020, 69(3): 032901 https://doi.org/10.7498/aps.69.20191691

AL FRT ZE AR 5 F AR X BRI A B S
Effect of phase angle on plasma characteristics in electrically asymmetric capacitive discharge

YIBR2F4. 2018, 67(22): 225203  https://doi.org/10.7498/aps.67.20181400

T AL D F 7 2R PR R
Measurement of magnetic field of capacitor—coil target using proton radiography

PFEEEAR. 2020, 69(17): 175202 https:/doi.org/10.7498/aps.69.20200215


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20220919
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20201141
https://doi.org/10.7498/aps.67.20181039
https://doi.org/10.7498/aps.69.20191853
https://doi.org/10.7498/aps.69.20191691
https://doi.org/10.7498/aps.67.20181400
https://doi.org/10.7498/aps.69.20200215

