Simulation Studies Of Sub-Terawatt Laser Wakefield Acceleration
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@ser wakefield acceleration (LWFA) can be operated at a high repetition rate to generate MeV electron beams by injecting sub-terawatt (TW) laser pulses irﬁ
nigh-density gas target. A three-dimensional (3-D) particle-in-cell (PIC) model was developed to simulate the process of highly nonlinear and complicated laser-
nlasma interaction Iin sub-TW LWFA. Since the front foot of the laser pulse ionizes the gas target, the field ionization model Is considered. Based on the finite-
difference time-domain (FDTD) method, the governing equations including Maxwell's equations and Lorentz force equations are used to describe the evolution of
electromagnetic fields and plasma dynamics. Each simulation is performed in a moving frame co-propagating with the laser pulse. The simulation box Is defined
as Lx=80 um along the (x-)direction of the laser propagation, while Ly=Lz =40 ym In the transverse y- and z-directions. To ensure a high accuracy, the cell sizes
are determined as Ax= 32 nm and Ay=Az=200 nm while the particle number per cell is set as 8, which gives up to 8x10° particles in the simulation domain. This is
a computing Intensive task, therefore, the parallelization with message passing interface (MPI) Is conducted to improve the simulation efficiency. Finally, the

@merical results of the sub-TW LWFA will be demonstrated and discussed. /
Introduction of sub-TW laser wakefield acceleration (LWFA)
Schematic of laser wakefield acceleration Effects of self-focusing and self-modulating to enhance laser peak power
electron plasma wave laser pulse Relativistic selt-focusing Ponderomotive self-channel * The self-modulated effect occur when
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1. Laser power P; > critical power P..
2. Pulse length L. > plasma length L,

incident modulated
pulse intensity pulse intensity
Ye: LOrentz factor ne: electron density /\ ::> /\_/m/\
| The refractive index n(r) of the plasma is characterized by the lasma densit
When an intense laser pulse propagates through the plasma, distribution of the laser intensity I(r), which acts as a focusing P Birbat y plasma wave
the ponderomotive force of the laser pulse may generate the lens to focus the laser pulse and increase its intensity. PEHUrbation
plasma waves to efficiently accelerate the injected electrons.
. In order to achieve high-repetition-rate LWFA, one of « Self-focusing occurs when the laser power exceeds a critical power. » The self-modulated effect shapes the

solutions is to inject a laser pulse of moderate peak power [Pcr 174 ( w? ) GW} w: laser frequency wy,: plasma frequency laser pulse into a series of pulse train.

(sub-terawatt (TW)) to interact with a high-density gas target. W2 | * The pulse duration Is compressed.
\ pe G. Z. Sun et al., Phys. Fluids 30, 526 (1987). /
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Three-dimensional simulation model for sub-TW LWFA
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Three major mechanisms . . . o . € Lorentz force equations ¢ Field ionization model
* Moving window In x-direction is applied . .
oP, P, Charged particles multi-photon tunneling above-threshold
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MPI parallelization efficiency Simulation results of sub-TW LWFA
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* We have used the Advanced Large-scale Parallel Supercluster (ALPS) in (b) -6 C LU — — m'i
National Center for High-Performance Computing in Taiwan to test the 5o & o”
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The grid number is 200x200x2485. 25! -6120 140 160150 190180 200 220210 230 250240 260 *
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The initial particle number is 4.9x108. \g 2 : « The focused laser pulse gradually evolves into few
— 't filaments.
The simulation time step Is 64. 1.5 i « The corresponding plasma wave provides the electron
e Lk injection and acceleration.
T, 1s the simulation time of p cores. 158256 512 1024 - L e avmevs. °* The accelerated electrons spectrum can be obtamed./
Cores

This work has been supported by the Ministry of Science and Technology in Taiwan.
* The scalabllity of this simulation model Is good enough with MPI parallelization. The authors would like to acknowledge the National Center for High-Performance

K / Computing in Talwan for providing computing resources.




