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As a mile-stone of inertial confinement fusion (ICF) research, it is of importance to create a
hydrodynamically equivalent plasma (HEP), similar to that of central-spark ignition but in a smaller
scale, with precisely controlled multiple laser beams. For such an isobaric compression scheme,
hydrodynamic instabilities arising from surface roughness of the fuel pellet and non-uniformity of
laser irradiation must be lower than a tolerable level to attain high fusion gain.

At the Institute of Laser Engineering (DUE) Osaka University, the beam profile and the
power balance among the 12 beams of GEKKO XII Nd: glass laser have been extensively improved
[1] in order to carry out the precise implosion experiments. Figure 1 illustrates the present status
and approach of implosion experiments to high gain. Initial perturbation of amplitude Ao on a pellet
surface may grow due to Rayleigh-Taylor (R-T) instability during the acceleration phase. The
perturbation fed through the inner surface together with the initial inner surface roughness will
grow subsequently in the deceleration phase. The overall perturbation amplitude on the pusher-fuel
interface (given by GfA0 using a growth factor GF) must be smaller than the final radius of the
compressed fuel Rf. This condition is given as GfCs</(7?(/4,,,) where the radial convergence ratio of
CR is defined by RJRf (Ro is the initial gas-fuel radius) and / is a fractional depth of mixing region
normalized with the final radius Rt. The criteria for different GF and Cs are represented by curves
with yield ratios YR (=Ya?/Y1D.siJ. A picket-pulse followed by a square-drive-pulse was used to
control the instability growth during the acceleration phase at the expense of larger isentrope [2].
As shown in Fig.l with closed circles, the observed neutron yields agree well with those from ID
simulation despite of relatively low convergence of 6, growth factor of 4, and medium adiabat of 4-
5. This is in contrast to low-adiabat but much greater R-T instability with a picket-pulse-free, single
square drive (shown with open circles).

In order lo achieve greater CB and lower
adiabat (which results in greater Gr), smoothing
by spectral dispersion (SSD) is to be
implemented to the laser system in addition to
the partially coherent light (PCL). The PCL will £ 100 .
pre-compress the pellet as a foot-pulse and the
2D SSD light will accelerate it as a main drive,
providing lower adiabat compression. For
elimination of high modal non-uniformities
arising mostly from initial imprinting, indirect-
direct hybrid scheme targets [3] will be used.
This is a combination of a uniform indirect-
drive in the start-up phase and an efficient
direct-drive afterwards. The idea is that the
pellet surface is irradiated with low-intensity
thermal x-ray radiation to provide uniform
plasma expansion in prior to the main drive
incidence. At the time when the main drive
starts, the pellet already wears a sort of jacket of
the expanded plasma and initial imprinting
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Fig. 1 Present status and future goal of implosion
experiments. Circles represent the experimental data
for low-isentrope (open circles) and medium-isentrope
(closed circles) cases [2],

imposed by the main drive will be mitigated substantially by thermal-smoothing taking place
between the energy deposition region and the ablation region. Their separation is named stand-off
distance. The other effect is that the preformed surface plasma is optically opaque so that it can be a
protection for target pre-disassembly caused by laser light shine-through.

Among the several hybrid-targets, we have demonstrated the hybrid effects for two types:
One is called external-hybrid in which the target has an external x-ray source apart from the pellet
and x-ray radiation is generated with a different beam from the main one. The other is called foam-
hybrid in which the target has a low-density foam layer directly attached on the surface of
accelerated pellet and radiation generated with a thin high Z layer set on the foam surface
propagates supersonically through the foam, creating a preformed plasma [4]. In the experiments,
initial imprinting imposed on a plastic foil with a structured beam (spatial wavelength of 40 |im,
modulation depth of 10%, and the average intensity of 4xlO12 W/cm2) was amplified with R-T
instability in the linear phase provided with the main drive of 7x10" W/cm2. The intensity of the x-
ray flush on the external-hybrid target was 7xlO10 W/cm2-. Resultant growth of areal mass density
perturbation was observed with face-on x-ray backlighting. Figure 2 shows the experimental results
for the external-hybird targets. Both of the imprint pulse and the main drive arrived lately with
respect to the x ray flush. Linear growth of the perturbation was confirmed and smaller amplitudes
were obtained for longer delay-times. Figure 3 shows the growth for the foam-hybrid targets. The
thickness of the foam layer was 20 Jim and its density was 40 mg/cc. In this experiment influence
of the choice of x-ray converter on linearity of the R-T growth was also investigated by changing
overcoat-materials and their thicknesses. This measurement is important to avoid excessive
radiative preheating. For both hybrid targets, a factor of 2-4 imprint-amplitude-reduction is
obvious. The observed smoothing effect can be explained by the cloudy-day model using stand-off
distances obtained from the ID simulation.

Several types of target configuration are proposed and fabricated for use in implosion
experiments. They will be soon examined on the GEKKO XII to achieve the indirect-direct hybrid
drive implosion.
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Fig. 2 Growth of initial imprinting for the external-
hybrid target.
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Fig. 3 Growth of intial imprinting for the foam-
hybrid targets.
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