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Fig. 1. (a) Schematic diagram of initial plasma density (loc-
al); (b) current in the foam target at 757,. The simulation
window size is 100 Ag X 16 Ag. The units of plasma dens-

ity and current are nc, and encc, respectively.
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Fig. 2. Magnetic field distribution in foam region at 15070 : (a) Bubble radius is 0.075 Ao ; (b) bubble radius is 0.15 Ao ; (c) bubble

radius is 0.6 Ao . The unit of magnetic field is mewc/e.
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Fig. 3. Trajectory of 50 electrons whose initial positions
randomly distributed on the front surface of the target: (a) Pla-
nar target; (b) foam target. The labeled number is the kin-
etic energy of the electrons moving to the area behind the
target. The red line is the trajectory of one of the acceler-

ated electrons.
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in multiple acceleration of electron. Here, the = (40, 42) Ao

region marked with yellow is the foam region.
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Fig. 5. Spatial distribution of electron energy density for (a) planar target, and bubble target with bubble size of (b) 0.075\¢,

(¢) 0.15 X0, (d) 0.6 Ag. The unit of electron energy density is ncmec?.

10873 T T T T T T T T T 3
3@ —— w/o bubble E
1074 — — Bubble radius = 0.075)¢ 4

— -~ Bubble radius = 0.15X, ]
— == Bubble radius = 0.3\ E
------- Bubble radius = 0.6Xg ]

10973

Electron number/arb. unit

1073 .
To=1.5 MeV '__":-;_.._____._;._
104 T T T T T T T T .‘
0 2 4 6 8 10
E/MeV
108 T T T

. T .
—— Foam thick = 1)\

107 - T, = 0.2 MeV —— Foam thick = 2
—— Foam thick = 5X¢

xT2 =0.9 MeV —— Foam thick = 10\
T3 =3.0 MeV

106

10°

10*

Electron number/arb. unit

E/MeV

K6 (a) ARFLAR AL AY B E D T BETE; (b) AN [] J5 B2 0 PR HE i 8 e, 7~ R %
Fig. 6. (a) Electron energy spectra of foam targets with different bubble radii; (b) electron energy spectra of foam targets with dif-

ferent foam thicknesses.
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Enhancement of high-energy electron yield by interaction of
ultra-intense laser pulses with micro-structured foam target”

Wei Liu-Lei!)  Cai Hong-Bo?3%t  Zhang Wen-Shuai?  Tian Jian-Min )
Zhang En-Hao!  Xiong Jun®  Zhu Shao-Ping V21

1) (Graduate School, China Academy of Engineering Physics, Beijing 100088, China)
2) (Institute of Applied Physics and Computational Mathematics, Beijing 100094, China)
3) (Center for Applied Physics and Technology, Peking University, Beijing 100871, China)
4) (IFSA Collaborative Innovation Center, Shanghai Jiao Tong University, Shanghai 200240, China)

5) (Shanghai Institute of Laser Plasma Research, Shanghai 201800, China)
( Received 28 December 2018; revised manuscript received 12 March 2019 )

Abstract

Micro-structured targets have been widely used in the interaction between ultra-intense laser and target,
alming at improving the electron accelerating efficiency. In this paper, we perform two-dimensional particle-in-
cell (PIC) simulations to study the interaction of the ultra-intense laser pulse with the micro-structured foam-
attached target (the foam is composed of low density bubbles and high density interfaces between the bubbles).
It is found that at the beginning of the laser-plasma interaction, the fast electrons accelerated at the front
surface of the foam freely propagate into the target and drive a return current of cold background electrons.
These cold background electrons are restricted to propagate along the interfaces between the bubbles in the
foam due to the self-generated large sheath field. As a result, small current filaments are generated in the foam,
which then leads to the generation of randomly distributed megagauss magnetic field in the foam layer. This
quasistatic magnetic field then acts as an energy-selective “magnetic barrier” : the low-energy electrons are
reflected back into the laser acceleration region while the high-energy electrons can penetrate through it. If the
reflected electrons enter into the laser field with proper phases, they can be further accelerated to higher energy
through cooperative actions of the ultra-intense laser pulse and the sheath field generated due to plasma
expansion at the target surface. Our simulation results show that many of the laser accelerated low-energy
electrons can be reflected back and accelerated several times until they gain enough energy to penetrate through
the magnetic barrier. This is termed the “multiple acceleration mechanism” . Due to this mechanism, the
electron acceleration efficiency in the foam-coated target with a thickness of several microns is significantly
enhanced in comparison with that in the plane target. This enhancement in the electron acceleration efficiency
will be beneficial to many important applications such as the fast ignition. Additionally, foam-coated targets
with different bubble radii and layer thickness are also studied, and it is found that the yield of the high energy
electrons increases with the radius of bubble size more efficiently than with the bubble thickness. In order to

understand the physics more clearly, a single particle model is developed to analyze the simulation results.
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