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The hot electron temperature and electron energy spectrum of intense laser plasma interactions are
reexamined from a viewpoint of the difference in laser wavelength. The hot electron temperature
measured by a particle-in-cell simulation is scaled by IA™! rather than IA? at the interaction with
overdense plasmas, where [ and A are the laser intensity and wavelength, respectively.
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High energy electron production by an intense
ultrashort laser pulse has attracted much interest as a
possible fast ignitor in inertial fusion energy [1].
Ultraintense irradiation experiments using an infrared
subpicosecond laser, e.g., Nd:glass (4 = 1,053 nm) or
Ti:sapphire (A = 800 nm) lasers, whose powers and
focused intensities exceed 100 TW and 10%° W/cm?, are
possible using chirped pulse amplification techniques [2].
In these experiments, the classical normalized momentum
of electrons ag = Pog./me = (IA%1/1.37 x 10'8)"2 > 1, where
m is the electron mass, ¢ is the speed of light, I is the
laser intensity in W/cm?, and A, is the wavelength in gm.
On the other hand, a KrF laser (A = 248 nm) has an
advantage as a fast ignitor in that the critical density is
close to the core, and hot electron energies are suitable
since the critical density of the KrF laser is ten times
greater than that of an infrared laser [3]. However, the
KrF laser irradiance intensities were only the order of
10'® W/cm?, namely ay < 1 [4]. Therefore, the depen-
dence of the laser plasma interactions on the laser
wavelength is not investigated in @y = 1.

The absorption, electron energy spectrum, and hot
electron temperature have usually been investigated and
scaled using the parameters 142, n./n., and L/A [5,6],
where n., n., and L are the electron density, critical
density, and density scale length, respectively. Critical
density absorption of the laser light converts laser energy
into hot electrons having a suprathermal temperature T}
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approximately proportional to NIAZ for ay>1,and T}, ~
[(1 + a?)'” - 11mc? at moderate density [7], where mc? =
511 keV is an electron rest mass. The scaling of the hot
electron temperature has been supported by experiments
of Nd:glass and Ti:sapphire lasers [8]. On the other hand,
the results of one-dimensional simulation for normal
incidence in the density region 4 < n./n. < 100 and the
normalized intensity 4 < a% < 30 have shown that T}, ~
N(ne/n)® [(1 + a2)'? — 1lmc?, where a; = ay(n./n.)"? is
the electromagnetic fields at the surface of the overdense
plasma, 7= 0.5 ~ 1.1 and a = 1/2, which depend weakly
on IA? and n./n. [6]. The hot electron temperature is
scaled by the amplitude of electromagnetic fields at the
plasma surface rather than that in the vacuum; namely,
the hot electron temperature is slightly dependent on the
wavelength.

In this Rapid Communications, the scaling of the hot
electron temperature and the electron energy spectrum are
reexamined from the viewpoint of the difference in laser
wavelength by using a particle-in-cell (PIC) simulation
code. Thus, the dependence of hot electron production —
by ultrashort intense laser pulse on solid density plasmas
— on the laser wavelength is clarified.

In order to investigate hot electron generation for
oblique incidence, we use the relativistic 1 and 2/2
dimensional PIC simulation with the boost frame moving
with ¢ sin 6 parallel to the target surface, where ¢ and 6
are the speed of light and an angle of incidence [9]. In the
simulation, the targets are the fully ionized plastic and
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aluminum, and the electron densities are ng ~ 3.5 X
10%cm™ and 8.6 x 10%cm™, respectively. The densities
correspond to ngy/n, = 20 and 48 for A = 0.25 pm, ny/n,
=78 and 190 for A = 0.5 um, and ney/n, = 310 and 770
for A = 1 pm, respectively. The density profile has a
sharp density gradient, n.(x) = neq for x 2 0 and n.(x) = 0
for x < 0. The laser pulse starts at x < 0 and propagates
towards x > 0. The laser intensity rises in 5 fs and
remains constant after that. The irradiated intensity
I=15x 10" W/cm? and the angle of incidence 6 = 30°
(p-polarized). a3 = 2.3, 9.2, and 36 for A = 0.25, 0.5, and
1 um, respectively. Normalized electron energy distri-
butions after 50 fs are shown in Fig. 1(a) and 1(b) for the
plastic and aluminum, respectively. The hot electron
temperatures of the plastic are 190, 120, and 60 keV, for
A =0.25,0.5, and 1 um, respectively. The hot electron
temperatures of the aluminum are 170, 80, and 40 keV
for A = 0.25, 0.5, and 1 um, respectively. Applying our
simulation results of the hot electron temperature to T, ~
N (nep/n) [(1 + a2)'? — 11mc?, we obtained 77 ~ 2.0 and
2.8 for A =0.25 um, n ~ 0.63 and 0.66 for A = 0.5 um,
and 7 ~ 0.16 and 0.16 for A = 1 um, respectively.
Namely, in the limit of a, < 1, 77 is proportional to A2, If
the hot electron is generated by the ponderomotive
potential of laser light at the surface, T, is independent of
the laser wavelength in the sharp density gradient [6]. In
our simulation, however, T, «< A instead of A° or Al
One of the reasons for this is the density profile
modification by the laser. The density profile is strongly
different between A =0.25 and 1 yum [11].

It is noted that T}, or 1) depends on the laser and
plasma condition, e.g., the incident angle, polarization,
and density scale length. For various laser and plasma
conditions, more quantitative details of the energy and
angular spectrum of the high energy electron will be
investigated further in the future. The density profiles of
both preformed plasma [12] and multi-dimensional
effects such as surface deformation [7] are very important
in these experiments.
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Fig. 1 Electron energy distribution att =50 fs and /=5 x
10" W/cm? for (a) ne = 3.5 x 10%cm™ and (b) ng, =
8.6 x 10%cm=, respectively. The solid, dashed-
doted, and dotted lines are for A = 0.25, 0.5, and
1 um, respectively.
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