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Fig. 2. (a) Stopping range vs. proton energy; (b) the stopping time vs. proton energy (E, is the proton energy and 7y is the pro-

ton deposition time).
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Fig. 3. Initial plasma density distribution: (a) Without preplasma; (b) with preplasma.
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Fig. 4. (a) Proton energy spectrum from PIC simulation (E, is the proton energy, dN/dE is the number of protons per unit energy);

b) the maximum proton energy vs. laser energy (Fy, is the laser energy, F is the maximum proton energy).
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Fig. 5. Longitudinal electrical field distribution in z direction at ¢ = 500 fs from 2D PIC simulation: (a) Without preplasma;

(b) with preplasma.

BRI R 20%. MG T T Bt mT LA
AR, A AT BT A AR T B s S A

PG IN AR, SRR A A
T R U AR (14440 4530 2 I 4 3 110 % P
H IS5 R Mz 2l 5 7
Hoon WETHIE, v NETHE, C NFE T
PO RE BT A UK T € = o/t 15 F)
— fef

n; = ngel"+e/CO g — O 4 2/t (16)

Horbr o T2 B s S TR i ) FL B 3 7
e

(15)

Ope
oz’

Horpn, AT, e TR, p, NETIRT).
XA IE R

neek = — (17)

— 7.
eCit’
X R T, iR A Bsh Tk .

R4 (18) T AAFRITEROCII R T = 5.4x
10 W/em?, #O%HER FL = 350 J A}, B[] 500 fs
B EL 7R 2R 0.34x 101 V /em. T A 4075 5]
MITE t = 500 fs BFAYHLIZ A0 A Q& 5(a) s, ATLL
B RIS B 25 R 0 AF B IR A i I Ik A4S
SR HL 5 B 2N, X R R FEIX AN 2, A5
RO K, N B FIF I, © 2 HFERR
HL37, BT LAASAULF 37 LU R AR AR 7R 1 235 SR O/ )

W LGEE T A TS B R B R0 TG T4 2 A s
ML, WKL 5 BN, A3 1005 B IR A f 4
PR WA TR 3 5 iR 2, X TN
FH 247 TAE B TR A5 200 7 RE AR &1, I i
ity A EER=AO)S)

g5 FrR, TR AACR | B BT RE L 2

(18)

095201-5



Y B ¥ R Acta Phys. Sin.

Vol.

72, No. 9 (2023) 095201

TSR () J5 T4, A THAG 25 1R AR b TG 7 55 2 1A R
T, g 1 pTAL

£ 1 ZHOR RS B IY TC I B AR AT
I B ot o LA
Table 1.  Proton qualities with preplasma or without pre-
plasma by 2D PIC simulations.
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Abstract

The proton beam energy deposition and the prodution of proton beams in proton fast ignition are
investigated with the fluid program, partice-in-cell program and Fokker-Planck program based on the
parameters of Shenguang II upgraded device. Firstly, according to the target parameters of fast ignition, the
energy depositions of different energy protons are investigated. It is obtained that the higher the incident proton
energy, the higher the surface density that the protons go through, accordingly the longer the proton deposition
distance in the same background plasma density. On the assumption that the diameter of the compression core
is 20-30 um, and that the protons deposited in the core give the energy to the background plasma, the energy
of the proton required by fast ignition is obtained by Fokker-Planck simulation. Protons with energy of 7—
12 MeV are appropriate for ignition when the background plasma density is 300 g/cm?, while 8-18 MeV protons
for 400 g/cm?. The background plasma temperatures are both 5 keV in the two cases. Secondly, we use particle-
in-cell program to study the proton acceleration with or without preplasma which is given by fluid program
with using the laser intensity I = 5.4 x 10! W/cm? based on the parameters of Shenguang II upgraded device.
The laser has 350 J of enegy, 3 ps of Gaussion pluse width and 10 pm of spot radius. The curvature of the
target which is 10 pm thick copper coated with 1 pm thick hydrogen plasma, is 500 pm. The maximum proton
energy obtained with preplama is 22 MeV, however the maximum proton energy obtained without preplasma is
17.5 MeV. The conversion efficiency from laser to protons is 5.12% with preplasma and 4.15% without
preplasma. The conversion efficiency with preplasma is 20% higher than that without preplasma. We also study
the mechanisms of the acceleration in the two situations. The freely expanding plasma model is used to explain
the acceleration mechanism. The simulated electric field is smaller than that calculated by using the freely
expanding plasma model, because some protons are accelerated at the time of plasma expansion, which
consumes some electric field. The results of proton energy deposition show that the proton beams that are

suitable for fast ignition can be obtained by the Shenguang II upgraded device.
Keywords: proton fast ignition, energy deposition, proton acceleration
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