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Fig. 1. (a) Configuration of capacitor-coil target; (b) schematic of magnetic field of capacitor-coil target. Pink-semitransparent is the

coil, white arrows indicate the current direction, and colorful arrows indicate the magnetic field in X-Y plane; (c) experimental

setup of proton radiography.
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Fig. 2. Simulation results of Geant4, the coordinates are adjusted at the position of detector: (a) Coil current I = 0; (b) coil current
I'=10kA; (c) coil current I = 50 kA. The red dash regions are the position of the shadow of the coils.
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Fig. 3. (a) Theoretical magnetic strength for I = 10 kA; (b) theoretical magnetic strength for I = 50 kA; (c) theoretical magnetic

configuration for 7 = 10 kA; (d) theoretical magnetic configuration for I = 50 kA. The black dash regions are the position of the

shadow of the coils. The coordinates are adjusted at the position of detector.
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Fig. 4. (a) Reconstructed magnetic strength for I = 10 kA; (b) reconstructed magnetic strength for I = 50 kA; (c) reconstructed

magnetic configuration for I = 10 kA; (d) reconstructed magnetic configuration for I = 50 kA. The black dash regions are the posi-

tion of the shadow of the coils. The coordinates are adjusted at the position of detector.

(X F Y J71m) PwITRE RS, o 2AEH X3 7 )
R, X H o ~ 1 mm. 1 w25

D =rg(1—cosa) - M , (9)

TR¥T A « = arcsin(li/rg), FIHEYAE rg = myv/eB ,
B V- YIRE R SR, my, ST, M = 10 &
TRRAEEL. TR AT 2 28 3 A T DXl i) SR A B e
T B ] O AT B . B AE T IS S
Tl B TE UG 2% B I 22 IR > < 1 P25 B
FZERIPRIEAL/N, 2 < 1 WHRIETF IR E AR
BB, 24 o> 1 ARt B i DT 7 A= £ i .
K5 (c) RXTH T 5(a) FIE 5(b) il Y 7 1a
Y N WudE, W0 Z 5 mBCEBIME, Z 05 A A
RE 2z~ 1 mm. @6 AT, T = 10 kA B, #%
Yt/ N Ho st B mdT i s A/ s, FERL B AR E 5 1

15 R ZEIRIR R, 1< 1 BT AT R A3 HTik B
AU T W B A A ISR B oA (RS T =
50 kA B, G 37%cm H X B B AT R Bk, 7
BAGHR 15 L A2 B 25 R IR A K, BB i
HOMITERE VIR, BT AR AR R 25 R 5 ROk
RIS 22 IR, BAR M u (K, 5
MrTEAS I 0 R0 3 FE T RE A A K i 22, (HR
PRGNS A R —E S5 AL
PEANABIFFE T 78 HoAth H 37 56 B R 7 R 1
LT wfE AR, B 6 Hh B SEAR RS R T
TiHE N 5 KA B 60 kA B [ 3I% 5 o5 Acb 2 S 7 51
JE, R A SR S R R T AR R R 1 DL R BE
1, 4, 7.5 F1 10 MeV B} A uft. 24 H 3 48 KA,
WG A8 5, JL PRt e &, R TRE A A
B, 37 0T 1) T 2 AR/, KL P 7 I

175202-6


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 17 (2020)

175202

I=>50 kA

Theoretical

Reconstructed

I ~1.00 VA T

1.00 1.00
N (@) | I=10kA
0.75 Theoretical 0.75
Reconstructed
0.50 0.50
0.25 0.25
g g
2 or N
>~ N >~
—0.25 —0.25
—0s50F T - —050F Y\
—0.75 —0.75
—1.00 L P I B —1.00
0 2000 4000 6000 8000 0
dez/(}cm

15000 30000
dez/G~cm ®

0 0.1 0.2 0.3 0.4 0.5

5 (a) I=10 kA, #f Y MM HEIS R A EM B IHTE-0.15 cm < X < 0.15 cm KBCEHE RN L, (b) =50 kA, ¥F Y71
H IS G M E G #E-0.15 cm < X < 0.15 cm KIBCESE AT L. (a) Al (b) T2 (SR BB MH, 41 (S0 E HA I, B
o fi3 28 2 2R 1B T ot 7 A7 5 () AR O TV Y 5 Al B B X HE, 85 (S48 T = 10 kA BYSER, S50 0 T = 50 kA H4E

Fig. 5. (a) Comparison between the mean theoretical and the mean reconstructed magnetic field for the I = 10 kA case in the re-

gion of ~0.15 ecm < X < 0.15 cm along Y direction; (b) comparison between the mean theoretical and the mean reconstructed mag-
netic field for the I = 50 kA case in the region of —0.15 cm < X < 0.15 cm along Y direction. The black solid lines are the theoretical
results. The red solid lines are the reconstructed line. The black dash lines are the position of the tips of the coils; (¢) comparison of
4 value along the Y direction between the I = 10 kA and I = 50 kA cases.
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Abstract

Proton radiography is a widely used method to diagnose the electromagnetic field of plasma. When protons
pass through the electromagnetic field of plasma, they are deflected by Lorentz force and redistributed on the
recorder. How to reconstruct electromagnetic field from the experimental result is an open problem. In this
paper, we take the laser-driven capacitor-coil target for example to introduce and compare particle tracing and
flux analysis, which are two widely used methods in proton radiography experiment to reconstruct the magnetic
field. The capacitor-coil target is an important method to generate strong magnetic field in laser plasma
experiment, where the strong current flows in the coil and its producing magnetic field may be larger than
kilotesla. Firstly, the theoretical magnetic fields of capacitor-coil target are calculated with current being 10 kA
and 50 kA. Secondly, the Geant4 is used to simulate the proton radiographs, where protons with 7.5 MeV pass
through the target and the theoretical magnetic field is recorded. Thirdly, the theoretical proton radiographs
are analyzed by the flux analysis method, and two magnetic fields are reconstructed. Finally, the theoretical
magnetic fields are compared with the reconstructed ones, and the advantages and disadvantages of these two
methods are analyzed. Particle tracing rebuilds the geometry distribution of proton source, plasma magnetic
field and recorder in experiment, and it needs few assumptions. However, it strongly relies on accurate
calculation of theoretical magnetic field and proton trajectory, and it requires to change the magnetic field over
and over to achieve a closest result to the experimental proton radiograph. Meanwhile, particle tracing method
consumes a lot of computation sources. The flux analysis directly reconstructs the magnetic field from
experimental proton radiograph. However, it is only applicable to the case of weak magnetic field, and the error
becomes larger for the case of stronger magnetic field. A dimensionless parameter u is used to estimate the
deflection of proton in the magnetic field, which measures the amount of deflection per unit length in the
interaction region. The flux analysis method is applicable to the u <1 regime. Additionally, the target may
absorb the proton when the energy of proton is low and produces shadow on the proton radiograph, which leads
to some difference between the original magnetic field and the reconstructed result.

Keywords: proton radiography, laser plasma, generation of magnetic field, diagnostic technique
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