
라즈마에서의 극 단형 고출력 이 펄스의 

상 론  자발집속 상에 따른 자주입 연구

Relativistic self-focusing effect of the femtosecond 

high-power laser pulse on the electron injection 

in the plasma 

유승훈*, 김재훈, 김종욱

한국전기연구원, 첨단의용물리연구센터

yoo731@keri.re.kr

1. Introduction

The relativistic self-focusing of the femtosecond high-power laser pulse results in 

the oscillation of the laser pulse in the plasma. This oscillation of the laser pulse can 

amplify the intensity of the laser pulse at focusing region. In this region, the electron 

cab be injected into the acceleration phase of the laser wake wave. The back ground 

electrons in the plasma forms the laser wake wave from the ponderomotive force of the 

laser pulse and breaks due to the breakaway of the electrons with specific conditions. 

The larger focal spot and higher plasma density enhance the wave breaking. Thus the 

focal spot size and the plasma density are important parameters in the relativistic 

self-focusing. In this paper, the focal spot size and plasma density effects on the 

relativistic self-focusing and wave breaking injection were investigated. The oscillation 

of the laser waist results in the multiple self-injection [1] and this multiple self-injection 

affects the beam quality of the accelerated electron bunch.

2. Sim ul a tion p a ra m e te rs  a nd re s ul ts

In this work, to find the effect of the focal spot and plasma density on the 

relativistic self-focusing with electron injection, the simulation work has been performed 

for the various parameter space of the laser focal spot size and plasma density using a 

fully relativistic and electromagnetic two dimensional particle-in-cell XOOPIC code [2]. 

In the simulations, the moving window, which moves at the speed of light, has a size 

173



Figure 1. Laser intensity variation with various 

focal spot       

Figrue 2. Phase plane of the longitudinal momentum 

of the electrons ((a), (b), (c)) and energy 

distribution ((d)).

of 80×80 , and it has 1600×800 grids and 16 particle per cell. The laser beam has 

a wavelength () of 1 , a full width at half maximum pulse duration () of 35 fs 

and intensity () of 5.5×1018 W/cm2. The focal spot size in vacuum varies between 5.9 

  and 23.5   and the uniform plasma density with 1×1019 cm-3, 7×1018 cm-3, and 

5×1018 cm-3 was used for the wave breaking injection scheme.

     

Figure 1 shows the intensity of the laser pulse as a function of propagation distance 

with various focal spot. In the larger focal spot case, the oscillation of the laser waist 

results in the oscillation of the laser intensity. In the focusing point of each case, the 

self-injection of the electrons occurs from the wave breaking. Figure 2 shows the 

longitudinal phase plot of the accelerated electrons and its energy distribution with a 

specific focal spot. The multiple injection affects the beam quality of the accelerated 

electron bunch. In the relatively high plasma density ( >1), because the longitudinal 

size of the cavity is small, the second or third injection can occur after dephasing of the 

first injected electrons.

In a uniform plasma, the strong intensity of laser pulse is necessary for the wave 

breaking injection and self-focusing effect amplifies the laser intensity. Self-focusing 

effect can be enhanced in the high plasma density and large focal spot cases. In this 

simulations, in the lower uniform plasma density cases, the more stronger laser intensity 

and larger focal spot are necessary to inject and accelerate electrons.
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