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Short wavelength effects on fast electron generation in fast ignition
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1. Introduction

A fuel target is imploded by long-pulse implosion lasers and its compressed core is heated
by a short-pulse ultrahigh-intense laser in the fast ignition scheme. FIREX experiments have
started at ILE, Osaka University to demonstrate this scheme using Au cone-guided targets.
But relatively small enhancement in neutron yield was achieved. Integrated simulations and
basic experiments indicate that even the coupling efficiency from the heating laser to fast
electrons is generally high but the divergence angle of fast electrons is large and their slope
temperature is too high to deposit the energy into the core. Thus it results in lower coupling
efficiency from fast electrons to the core [1].

As the slope temperature of fast electrons T;, is scaled with T;, o (I, A, >)"”* where I, and A,
are laser intensity and laser wavelength, respectively [2], using a shorter wavelength but same
laser energy and focal spot size can reduce T, to heat the core more efficiently. Additionally,
a number of fast electrons is increased when A; becomes short because the critical density of
the laser, n, is also increased with the laser wavelength is becoming short as n, o< 1/A,°.
Recently, a large-sized lithium borate (LiB,O;) crystal, which is used to convert fundamental
laser beam into second harmonics to halve the wavelength, is available for high-power lasers
on the market, and is planed to be installed into the LFEX laser rear-end system in near future.

Therefore characteristics of fast electrons, which are generated by the short wavelength
laser, are investigated by 2D PIC simulations, and an enhancement effect for core heating due

to the short wavelength is estimated.

2. Fast Electron Characteristics
As fast electrons are generated by the lase-plasma interaction inside the cone, they must

penetrate the cone tip to reach the core. According to transport simulations, the fast electron
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beam loses its power by 30% due to the collisional drag by the bulk electrons and the beam
divergence becomes much larger due to the scattering by the highly ionized Au atoms during
10 um propagation in the Au cone tip, and this leads to less efficient core heating [3]. To
prevent this degradation, a low-Z material is preferable as the cone tip and we introduce
Diamond-Like-Carbon (DLC) instead of Au as the cone material. On the other hand, as the
fundamental wavelength of the heating laser LFEX is 1.05 wm, doubling (tripling) the
frequency leads to 0.525 um (0.35 um) wavelength and we introduce these wavelengths in
simulations.

First, preformed plasmas in front of the DLC cone tip are evaluated by STAR-1D [4]
simulations using the Gaussian pre-pulse of 0.7 ns full width at half maximum and 10"
W/cm® peak intensity, because fast electron characteristics are much affected by the
preformed plasma. Scale lengths of preformed plasmas are measured at 1 ns when the laser
intensity reaches the peak value, and it is found that the scale length for each wavelength
pre-pulse is almost proportional to the laser wavelength. As DLC is easily full ionized by the
main pulse at an early stage, the maximum electron density should be same even for different
wavelengths. We introduce the C* plasma with the preformed plasma that has the scale
length of 2, 1 and 2/3 um for 1.05, 0.525 and 0.35 um wavelength lasers, respectively. As the
density is normalized by the critical density for each wavelength and we assume 5n,, as the
maximum electron density for 0.35 um, we should use 11.25n,, for 0.525 um and 45n_, for
1.05 um. But we introduce 10n, for 0.525 um and 15n, for 1.05 wm due to limitation of
computer resources. The plasma has 15 um width and 10 wm thickness, and electron density

profiles are shown in Fig. 1 for (a) 1.05, (b) 0.525 and (c) 0.35 um wavelength lasers.
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Fig. 1: Electron density profiles for (a) 1.05, (b) 0.525 and (c¢) 0.35 um wavelength lasers.

The heating laser is set to A;=1.05, 0.525 or 0.35 um, [,=10* W/cm?, t, =T;,=25 fs,
T =J00 fs and plane wave or Qpyy=5 wm Gaussian. Fast electrons are observed at 3.5 um
behind of the cone tip surface with 15 (£7.5) wm width. To ignore a circulation of fast
electrons, we introduce an artificial cooling region (2 wm width), in which fast electrons are
gradually cooled down to the initial temperature, at 3.5 pum behind the observation region.

Electron energy spectra, which are time averaged by 50 fs after the fast electron beam
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intensity reaches the steady sate, are shown in Fig. 2 for (a) plane wave and (b) Gaussian
wave. Reduction of the slope temperature and enhancement of the fast electron number due to
the short wavelength are clearly seen, but the effects by the wavelength shortening in the case
of Gaussian wave is smaller than that of plane wave, because Gaussian wave has a spatial

profile in the transverse direction and only a center part of the beam has its peak intensity.
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Fig. 2: Time averaged electron energy spectra for (a) plane wave and (b) Gaussian wave.

3. Short Wavelength Effects

We concentrate the energy range from 0.5 to 10 MeV and try to fit the energy spectrum
with one slope temperature, namely n(€) = n,exp(-¢/T), but we cannot fit it well due to an
inflection point in the graph. Thus, we introduce to fit it with two slope temperatures, namely
n(e) = n_exp(-¢/T,) + n,exp(-&/Ty), and results are summarized in Table 1 for the plane wave.
The slope temperature of low energy region is scaled with T, o (I;4,%)"*®, so it does not
follow 1/2 scaling, but 1/3 scaling [5]. We compare carrying energy by fast electrons with the
energy range from 0.5 to 2 or from 2 to 10 MeV for different wavelengths, and results are also
summarized in Table 1. As fast electrons with 0.5-2 MeV can deposit their energy into the
core and efficiently heat the core, so efficiency of the core heating can be assumed to be
proportional to carrying energy ratio of this energy range, and enhancement factor of 2.96 for

0.525 wm and 4.55 for 0.35 pwm can be expected.

Table 1. Summary of two temperatures fitting for plane wave.

Mlpml o TUMeV]  my TyMeV] [ ERRETRR  e2iomev
105 158x10° 083 504x10” 588 1.00 1.00
0525 801x10° 063  2.13x10° 323 2.96 1.88
035 243x10” 039  376x10° 244 455 193

Same evaluations for the Gaussian wave are summarized in Table. 2. The slope

temperature of low energy region also follows 1/3 scaling, but the carrying energy ratio is
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reduced comparing with the case of plane wave and 1.61 (2.26) times enhancement of the

core heating can be expected for 0.525 (0.35) um laser.

Table 2. Summary of two temperatures fitting for Gaussian wave.

Mipml n TUMeV] my TMeV GORSNS e iome
105  843x107 065  207x10° 455 1.00 1.00
0525 2.76x10° 039 _ 501x10° 270 161 1.04
035  559x10° 032 9.07x10”__ 1.96 2.26 0.96

4. Wavelength Conversion

Recently, a lithium borate (LiB;Os) crystal block, which is large enough and applicable to
high power laser, can be fabricated in China [6]. Four 10 x 10 cm size crystal plates, which
are cut out from a large crystal block and polished, are placed onto a crystal holder, which is
shown in Fig. 3 (a). The crystal holder will be introduced into the LFEX target chamber,

which is shown in Fig. 3 (b), and we are going to test the halving wavelength conversion.

Fig. 3: Photographs for (a) crystal holder where 4 crystal plates are placed and (b) inside of target chamber.
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