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Abstract
High energetic ion generation from thin foil targets irradiated by 30 fs laser pulses at intensity 1020 W/cm2

has been studied as a function of various targets with various concaves. We have demonstrated an increased
acceleration and higher ion energies for the targets with triangle concave by using particle-in-cell (PIC) sim-
ulations. The optimum target plasma conditions for the maximum ion acceleration are found. Mechanism of
fast (multi-MeV) ion acceleration in the rear of the targets with triangle concaves is analyzed.
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1．Introduction
Fast particles generated by laser-plasma interactions

can be used in many applications, from manufacturing
to medicine and even for the initiation of tabletop nu-
clear reactions. Fast ion generation by the interaction
of an ultra-short high intensity laser pulse with a plasma
has been demonstrated in recent theoretical [1] and ex-
perimental [2] papers, with maximum ion energies of up
to 55 MeV having been observed. Different methods of
fast ion generation have been proposed for both gas [3]
and solid [4] targets. It has been shown that the energy
of a laser pulse can be efficiently converted into fast ion
energy using foil targets. Simulation [5] has shown that
the mechanisms for generating ion acceleration are the
ambipolar field and the Coulomb explosion. It has also
been shown that fast electrons ejected from the foil by
the laser field create a strong ambipolar field, which is
the main source of acceleration of ions ejected from the
back of the foil. Thus a collimated ion beam can be pro-
duced by focusing an intense laser onto the surface of a
solid film. Fast ions accelerate normally to the foil sur-
face because this is the direction of the ambipolar field
[6]. We have demonstrated fast ion generation to get a
most energetic proton generation for the slab target, the
target with triangle concave and the target with circle
concave [7]. Most experimental high power lasers pro-
duce a pre-pulse, which generates a plasma layer with
a smooth density gradient on the surface of the foil. In
this paper, we attempt to study fast ion bunch genera-
tion by ultra-intense laser pulse in front plasma layers
with smooth density gradients and rear plasma layers
with triangle concaves.
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2．PIC simulation
We apply a PIC method to simulate the interaction

of a plasma layer with an intense ultra-short laser pulse.
The method is based on the electromagnetic PIC and is
appropriate for analysis of the dynamics of over dense
plasmas created by arbitrarily polarized, obliquely inci-
dent laser pulses. The 2D (using a Cartesian coordinate
system) relativistic, electromagnetic code is used to cal-
culate the interaction of an intense laser pulse with an
over-dense plasma. Simulations are performed for laser
wave length of 1.06 µm and laser intensity 1020 W/cm2

with a 30 fs pulse width. The transverse focal spot pro-
file is Gaussian with a diameter of 4 µm. The back-
ground electron density is 20 nc. Simulations are made
for target thickness of 3 µm with 1 µm density gradi-
ent. Simulation box is 12 µm wide 70 µm long. The
time step is chosen to be 0.1/ωL where ωL is the laser
frequency, and the grid size is chosen to be 0.2 c/ωL

where c is the speed of light. The time step normalized
by the electron plasma frequency becomes about 0.447
which is large for the simulation, but the simulation re-
sults are valid because that the total energy is conserved
in the simulation time. The number of spatial grids and
particles are 2000× 360 and 106, respectively.

3．Fast ion production from the rear surface of
the foil

Ions begin to accelerate as soon as the ambipolar
field is generated. We note that ions are ejected from
both sides of the target but fewer fast electrons, and
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Fig. 1 Profile of a target containing a concave.
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Fig. 2 Spatial distribution of ion density.
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Fig. 3 Spatial distribution of ion density.

hence fewer ions, are ejected from the front side. Thus,
we only consider the rear side of the target. In Fig. 1,
profile of a target containing a concave is shown. The
width of the concave L is fixed at 4 µm and the depth R
is changed. In Figs. 2-4, spatial distributions of ion den-
sity are shown at ωLt = 400 from the targets containing
various concave depth. In Fig. 5, average ion energy is
shown for the concave depth R. Figure 6 shows how the
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Fig. 4 Spatial distribution of ion density.
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Fig. 5 Average ion energy vs RωL /c.
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Fig. 6 Peak ion energy vs RωL /c.

peak ion energy is changed from 19.8 to 25.2 MeV as
the concave depth is increased from 0 to 1 µm.

4．Conclusion
We have shown numerically that a laser pulse of in-

tensity 1020 W/cm2 and duration of 30 fs will generate
an intense ion bunch that propagates directly from the
rear surface of the foil. It is clear that the peak ion en-
ergy is maximum at RωL/c = 2.3 in Fig. 6. The physi-
cal mechanism of the existence of maximum ion energy
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will be the difference of the electron density distribu-
tion. The more detailed explanation will be appeared in
forthcoming paper.
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