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Formation of High p-R core using slow implosion method for Fast Ignition
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In the implosion phase of the Fast Ignition scheme, most critical issues are breakup of the cone tip and the
formation of high pR core plasma to improve its heating efficiency. Also material of the cone tip is
essential for high energy electron transport. For the integrated FI experiment at ILE Osaka University,
robust and reliable implosion must be redesign. In this paper, feasible target design under the constraint
condition of existing GXII and LFEX facilities is studied using two-dimensional radiation hydrodynamic
simulations, and an optimum target design based on low velocity implosion is proposed.

1. Introduction

There are some difficulties in formation of core
plasma for fast ignition scheme. Most of
implosion design has inserted cone in shell target
to keep the heating laser pass vacuum. Therefore
the tip of the cone which is exposed in high
density and high temperature core plasma during
the last phase of implosion should be survived
until the heating time. In FIREX-I (Fast Ignition
Realization Experiment phase 1) at ILE Osaka
University, implosion design is based on
conventional high density implosion experiment
[1], where implosion velocity is go up to
3.0x107cm/s to obtain hot spot in the center of
core plasma. This is not necessary condition in
fast ignition. One possibility to improve process
is the slow implosion [2] where implosion
velocity is less than 2.0x10°cm/s to keep low
adiabat. In this paper a possibility of the slow
velocity implosion scheme at GXII laser in ILE is
studied using  two-dimensional  radiation
hydrodynamic simulations, and a preferable
design for FIREX-I experiment is proposed.

2. Simulations

The 2-D radiation hydrodynamic code, PINOCO
[3] is used for this simulation. The laser conditions
are based on current GXII performance. The energy

and the wavelength of the direct drive laser are
assumed as 3.3 kJ and 0.53 um respectively. The
tailored laser pulse is applied and its duration is
limited to 4.5 ns due to the GXII limitation. In the
conventional implosion, radius and thickness of the
typical shell target are 250 pum and 7 pm
respectively. Here, they are set to 145 um and 25
um respectively after optimization using 1-D
simulations. Robustness of the implosion is
necessary against laser non-uniformity and target
surface roughness. In this study non-uniformity of
laser irradiation are assumed as mode 6, and
amplitude of 5%, which are typical numbers in
GXII facility.

Figures 1 and 2 show the temporal p-R of
compressed core plasma in cases of conventional
implosion and slow implosion respectively. The
solid lines and dashed lines indicate the implosion
with uniform laser irradiation and with non-uniform
laser irradiation respectively. In this ideal case p-R
is 0.48 g/cm? with uniform laser irradiation whereas
0.25 g/cm? with non-uniform laser irradiation. On
the contrary, in low velocity implosion cases, they
are about 0.30 g/cm? for both cases. In realistic
conditions, the higher mode of laser non-uniformity
and target surface roughness must be seeded
furthermore and the hydrodynamic instability will
be grown exponentially. Thicker shell target of low



velocity implosion will be robust and stable against
such perturbations also.

The duration of high p-R period (p-R > 0.2
g/cm?) is 80 ps in conventional implosion case and
140 ps in slow implosion case respectively. This is
another advantage of low velocity implosion for
fast ignition where long heating window is
required.
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Fig.1. Temporal averaged p-R of core plasma in
conventional  cone-guided implosion case, with
non-uniformity laser irradiation case (dash line) and
uniform irradiation case (solid line).
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Fig.2. Temporal averaged p-R of core plasma in slow
velocity implosion case, with non-uniform laser
irradiation case (dash line) and uniform irradiation case
(solid line).

The breakup time of the tip is 4.36 ns which is
slightly earlier than maximum compression time if
it is made of Au (thickness: 6 um). In this study, tip

material, shape, and thickness are not optimized yet.

It will be able to optimize using pointed cone
concept using Diamond-like-Carbon [5].

3. Conclusion

The slow implosion for fast ignition is studied
and an optimized design for FIREX-I experiment is
proposed wusing 2-D radiation hydrodynamic
simulations. The advantage of the scheme is not
only low adiabat implosion but also robust against
hydrodynamic instability due to the non-uniform
laser irradiation and target surface roughness. Also,
relatively longer confinement time may extend the
heating window time.
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