
  
  

Fast Ignition Realization Experiment project phase-I 
(FIREX-I) has been being furthered in Institute of Laser 
Engineering, Osaka University. In this project, cone-guided 
target is used to guide the heating laser close to the core. 
The goal of this project is to achieve the ignition 
temperature of 5 keV by fast heating of ultrahigh intense 
laser, LFEX. 

Features of the LFEX, which are high power, long 
pulse (1 kJ / 1–5 ps), and large spot diameter (30–60 µm), 
are considered to cause interesting results that differ from 
many usual researches, where the laser is ultrahigh intensity, 
but femtosecond and small spot size close to the diffraction 
limit. Kemp et al. [1] reported that a high power long pulse 
laser such as the LFEX creates a large underdense plasma 
during first 1 picosecond, after that the laser interacts with 
the self-generated large underdense plasma, and the 
effective temperature becomes high even in the case of 
initially no pre-plasma. 

Simulation of Kemp et al. was the case of a planar 
target. So, we perform large-scale simulations in the case of 
the cone-guided target. Similar tendency is predicted, but 
the cone affects plasma expansion, hence fast electron 
generation and its characteristics. Furthermore, LFEX has 
prepulse, thus the inside of the cone may be mostly filled by 
preplasma before irradiation of main pulse. In this study 
preplasma effects are also investigated. 

Interactions between high-intense picosecond laser 
beam and the preplasma-filled cone-guided target are 
simulated with 2-D Particle-In-Cell code. Figure 1 shows 
two-dimensional electron density profile of the preplasma-
filled target at the beginning. The Au cone is introduced as 
10 µm thickness, 100ncr, real mass, and Z = 40 plasma, 
where ncr is the critical density. The outside of the cone is 
surrounded by CD plasma with the density of 40ncr, ZC = 12, 
and ZD = 1. The inside of the cone is filled by preplasma, 
which has exponential profile of the scale length of 30 µm 
with the density from 0.1 to 10ncr. From the left boundary, 
temporally flattop and spatially Gaussian laser beam 
irradiates the cone tip at normal incidence. The pulse 
duration is semi-infinite, the peak of averaged intensity is 
1019 W/cm2, and the spot diameter is 60 µm at full width of 
half maximum. The laser beam is linearly polarized and the 
oscillating electric field is parallel to y direction. 

Figure 2 shows time-evolution of reflectivity that is 
calculated by observing incident and reflected laser lights at 
x = 0 µm. In the case of no preplasma, the laser light 
interacts with overdense plasma directly and reflects 
efficiently. In contrast, the large underdense preplasma 
absorbs the laser light mostly when the preplasma is filled 

inside the cone. It is obvious that the preplasma enhances 
laser absorption. However, the beam intensity of forward-
going electrons in the case of the target with preplasma is 
lower than that of the no preplasma case as shown in Fig. 3, 
where the forward-going electrons observed at x = 186 µm, 
namely rear surface of the cone. It means that generated fast 
electrons is so diverged that most of them is not observed 
despite of the high absorption in the preplasma-filled target 
case. This is because the fast-electron-generating point in 
the case of the target with preplasma is farther than that in 
the case of no preplasma. More detailed fast electron 
characteristics will be studied in the next fiscal year. 

 

 
Fig. 1. Initial electron density profile of the target 
 

 
Fig. 2. Time-evolution of reflectivity 
 

 
Fig. 3. Time-evolution of electron beam intensity 
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We have developed a new framework of particle-
in-cell(PIC) scheme to investigate intense laser - mate-
rial interaction1). PIC scheme is a standard simulation
method to examine kinetic plasma dynamics. Additional
microscopic reactions such as Bremsstrahlung and pair
production should be taken into account for plasma dy-
namics interacting with relativistic electrons and gamma
photons. These processes are incorporated by using
Monte-Carlo approach. Radiation transport mediating
photon reactions is given by a multi-dimensional fluid
description. The developed scheme was applied to the
pair production experiments using intense laser and thin
gold target2), and successfully demonstrated the basic
properties of observed positron energy spectrum.

The simulation scheme is now being improved to in-
clude physics of quantum electrodynamics(QED) in ex-
tremely intense electromagnetic (EM) fields, i.e., strong-
field QED. Typical reactions are non-linear Compton
scattering and multi-photon Breit-Wheerer process3).
Unlike the interactions among gamma photon, relativis-
tic electron and high-Z nucleus, strong-field QED is not
fully understood by accelerator experiments since the in-
teraction thresholds are determined by background field
strength. Cutting-edge intense laser facilities are ex-
pected to prove some of the strong-field QED physics4).
Using a part of the developed simulation scheme, exper-
iments on quantum correction of photon emission and
pair production in intense laser field are proposed to Ex-
treme Light Infrastructure (ELI-NP)5).

As the first step, we consider the interaction be-
tween electron beam and pulse laser. Two numerical
schemes are combined for electron dynamics and pho-
ton emission. Equations of motion with radiation reac-
tion terms6) are employed for continuous low energy pho-
ton emission. Stochastic high energy photon emission is
evaluated by Monte-Carlo approach. We have confirmed
that expected value of total electron energy loss is con-
sistent with the total cross section of quantum photon
emission in intense EM field7), e± + nγL → e± + γh,
where e±, γL, γh and n stand for electron(positron), low
energy photon of background EM field, emitted gamma
photon and absorbed photon number. Emitted gamma
photon moves in a straight line with pair production in
intense EM field7), γh + nγL → e− + e+.

Figure 1 shows extracted orbits of electron and
positron in the 3rd generation (indicated by the arrows).
Here ”generation” indicates the number of (photon emis-
sion + pair production) cycle until the particles are gen-
erated. Other gray lines give particle orbits for other gen-
erations (0th, 1st and 2nd generations). Peak intensity

of pulse laser and electron beam energy are 1023 [W/cm2]
and 4 [GeV], respectively. The simulation results in-
dicate that large number of electron-positron pairs are
spontaneously generated from one electron via chain re-
actions of photon emission and pair production.

Fig. 1: Extracted orbits of electron and positron.

We have examined roles of laser pulse structure on
the chain reaction8). Incident electron loses its energy by
radiation reaction dramatically at the edge of pulse laser.
This process limits gamma photon emission and resulting
pair production in intense EM field at the pulse center.
Once the chain reaction is achieved, the pair production
rate increases as laser intensity becomes large. This is be-
cause gamma photon can penetrate into the pulse center
without contenuous energy loss and secondary electron-
positron pair emits gamma photons in intense electro-
magnetic field. Roughly laser intensity ∼ 1023 [W/cm2]
and electron beam energy ∼ O(1)[GeV] are required for
the chain reaction and effective increase of positron num-
ber.
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