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Effects of Laser Spatial Profile on Fast Electron Generation
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2D PIC simulations for fast ignition with a planar target and 200 fs ultrahigh intense laser have been
performed to investigate effects of laser spatial profile on fast electron generation. Two cases of different
laser spatial profiles, namely Gaussian and super Gaussian are compared, assuming that total energies,
temporal profiles, and FWHMSs of transverse intensity profile for both lasers are the same. High-energy
electrons (> 5 MeV) are much generated near the laser axis and angle divergence is large at the area far
from the laser axis in the super Gaussian case compared to the Gaussian case.

1. Introduction

In 1994, fast ignition scheme was proposed [1].
Many studies have intensively been performed
since this proposal [2,3]. In Japan, the FIREX-I
project [4], of which purpose is the achievement of
heating a core up to 5 keV, has been started.
Cone-guided targets are used in this project and the
design optimization of the target has been being
performed [5-7]. In contrast, the laser profile is not
optimized so much and its effects on fast electron
characteristics are not clarified yet. Therefore, it is
necessary for full optimization to investigate effects
of laser temporal and spatial profiles. In this paper,
we paid attention to laser spatial profiles and
estimated those effects on fast electron generation.

2. Simulation Conditions

Laser-plasma interactions on normal incidence of
an ultrahigh intense laser to a gold planar target are
simulated for 200 fs with 2D PIC code, FISCOF?2.
We compared two cases of different spatial pulse
shapes, namely Gaussian with peak intensity of 5 X
10” W cm™ and super Gaussian (o = 4) of 5.36 x
10" W cm™ as shown in Fig. 1. Each laser has same
total energy, flat temporal profile (ta, = %), and
FWHM (full width half maximum) of transverse
intensity profile (20 pm). The target is made of the
gold with the atomic number of 197, the charge
state of 40, and the ion-to-electron mass ratio of
1836. The initial temperatures of electrons and ions
are 10 and 1 keV, respectively. The target consists
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Fig.1. Spatial pulse shape of laser in y direction

of a preplasma, whose electron density profile is
exponential from 0.1 to 20 times critical density
(ng) with the scale length of 4 um, and a main
plasma that has flat electron density profile with the
length of 15 um. The density profile in y direction
is uniform and its width is 70 um. To neglect the
circulation of fast electrons, we introduce an
artificial cooling region from three edges of the
plasma, except the surface of the laser irradiation,
to a 6 um inner side. In this region fast electrons are
gradually cooled down to the initial temperature.
We observe electrons in the main plasma, 5 pm
behind the boundary between pre- and main
plasmas in x direction at y = 0-5 and 20-25 pm.



3. Electron Beam Intensity

Figure 2 shows time evolutions of electron beam
intensity in the cases of Gaussian and super
Gaussian at y = 0-5 and 20-25 pm. Aty = 0-5 pum,
the electron beam intensity in the super Gaussian
case exceeds that of the Gaussian case because the
laser intensity of the super Gaussian case at this
region is higher than that of the Gaussian case as
shown in Fig. 1. On the other hand, the electron
beam intensity at y = 20-25 um in the super
Gaussian case is lower than that of the Gaussian
case as the laser in the super Gaussian case is less
intense than that of the Gaussian case at the area far
from the laser axis.
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Fig.2. Time evolutions of electron beam intensity

4. Time-integrated electron energy spectra

In fast ignition, the electron energy distribution is
extremely significant because the stopping distance
of the electron in the core varies with its energy.
Figure 3 shows time-integrated energy spectra of
electrons in the cases of Gaussian and super
Gaussian at y = 0-5 and 20-25 pm. Near the laser
axis, high-energy (> 5 MeV) fast electrons in the
case of super Gaussian are more generated than that
of the Gaussian case as the laser intensity of the
super Gaussian case is higher than that of the
Gaussian case, but the number of low-energy
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Fig.3. Time-integrated electron energy spectra

electrons is similar. In contrast, at the area far from
the laser axis, low-energy (< 3 MeV) electrons in
the super Gaussian case are less generated than that
of Gaussian because the laser of super Gaussian is
less intense than that of Gaussian.

5. Divergence angle of electrons

It is important for efficient core heating to
investigate divergence angle of fast electrons.
Figure 4 shows HWHMSs of angle as a function of
electron energy on electron momentum distribution
at y = 0-5 and 20-25 pum. Near the laser axis,
HWHMSs in both cases are similar. On the other hand,
HWHMs in the super Gaussian case are larger than those
of the Gaussian case at the area far from the laser axis. In
the super Gaussian case, most of the observed
electrons are generated not at the outer region but at
the area close to the laser axis, as the outside laser
intensity is so low compared to the Gaussian case.
Therefore, at the outer region, electron divergence
becomes large in the super Gaussian case.
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Fig.4. HWHMs of angle as a function of electron
energy on electron momentum distribution
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