
Critical to fast ignition 1) is the transport of the
laser-generated fast electrons and their associated heat-
ing of compressed DT fuel. The coupling efficiency of
laser energy to these fast electrons and the energy de-
posited in the fuel should be improved the cone mate-
rials. Improving coupling efficiency, we should consider
the behaviors of unstoppable, un-ejected, and diverging
fast electrons. From the numerical results, the low-Z
cone is expected to be the improvement of coupling ef-
ficiency, because the fast electrons are scattered by the
large Coulomb potential of highly charged ions in high-Z
cone wall 2). On the other hand, the transport of fast
electrons in the cone depends on the electrical conduc-
tivity in warm dense matter (WDM) state 3).

From above evaluations, the diamond-like-carbon
(DLC)4) cone, which is one of the low-Z cone, is promised
to increase the coupling efficiency due to the redaction
of stopping power in cone compared to the high-Z cone.
The properties of DLC respects the diamond and the
graphite, however, materials in WDM state are in a
complex area. The DLC is also made by the plasma-
enhanced chemical vapor deposition on the substrate.
Therefore, the properties of vapor DLC is difficult to
obtain the conventional method.

To evaluate the electrical conductivity in DLC
WDM, we propose a concept to investigate the WDM
properties of insulator by using pulsed-power discharges.
The concept of the evaluation of electrical conductivity
for DLC WDM is a shock compression driven by an ex-
ploding wire discharge with confined by a rigid capillary.
The qualitatively evaluation of the electrical conductiv-
ity for the DLC WDM requires a small electrical con-
ductivity of the exploding wire. To analyze the electrical
conductivity of exploding wire, we have demonstrated an
exploding wire discharge in water for gold.

The WDM generation by using pulsed-power dis-
charge is qualitatively evaluation of the electrical con-
ductivity and the other plasma parameters. However,
the pulsed-power discharge is difficult to make the WDM
for insulator. To evaluate the electrical conductivity for
DLC WDM, the shock compression driven by an explod-
ing wire discharge with confined by a rigid capillary is
considered. The exploding wire has a huge ablation pres-
sure approximately a few GPa. Thus, the pressure of
exploding wire drives the shock heating for the insula-
tor as the DLC membrane which is coated on the wire.
The heated DLC membrane state is observed by the ruby
fluorescence for the pressure and the emission spectrum

for the temperature. The DLC membrane coated on the
wire for gold was fabricated using RF plasma CVD.

The electrical conductivity is measured by the time
evolution of voltage-current waveforms. Therefore, the
electrical conductivity for the exploding wire should be
small compared to that for DLC WDM. The electrical
conductivity with the heated diamond at solid density
have been reported to be over 104 S/m with 1 eV of
temperature 3). It means that the exploding wire should
be less than 104 S/m. To confirm the electrical con-
ductivity of the exploding wire, we have evaluated the
electrical conductivity of WDM.

We measured time evolutions of the voltage-current
waveform, the input energy, the temperature, the re-
sistance, and the hydrodynamic behavior for gold wire
with 100 µm in diameter and 18 mm in length5, 6). The
wire/plasma boundary and its temperature strongly de-
pend on the input energy history. The resistance of
wire/plasma respected by the voltage-current waveforms
is estimated to be 103 Ω from the beginning of discharge
to 20 µs. It means that the resistance of wire/plasma
constitutes the resistance of water. The density of
wire/plasma is proportional to the wire/plasma radius.
Thus, the exploding wire of gold in dense regime has a
highly resistance.

To evaluate the electrical conductivity for low-Z ma-
terials as a DLC, we have proposed a concept to investi-
gate the properties of WDM by using pulsed-power dis-
charges. The concept of the evaluation of DLC for WDM
is a shock compression driven by an exploding wire dis-
charge with confined by a rigid capillary. The quali-
tatively evaluation of the electrical conductivity for the
DLC WDM requires a small electrical conductivity of the
exploding wire. To analyze the electrical conductivity
of exploding wire, we have demonstrated an exploding
wire discharge in water for gold. The results indicated
that the electrical conductivity of WDM gold for 5000 K
of temperature has an insulator regime. It means that
the shock compression driven by the exploding wire dis-
charge with confined by the rigid capillary is applied for
the evaluation of electrical conductivity for DLC WDM.
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The lifetime of final optic system is one of the most 

important problems to develop a laser fusion reactor. A 
liquid metal mirror can be used to solve this problem. When 
the liquid metal mirror will be used, the surface wave 
caused by a plasma generation and/or a thermal shock by 
the laser shot needs to be dumped before the next shot. 
Since the requirement of dumping the surface wave  
caused by the laser shot is less than one-tenth of the laser 
wavelength, to develop the technologies to measure and 
analyze the dynamic surface motion when the liquid metal 
surface is exposed to the laser is necessary. In this study, 
two subjects will be focused on: 

1) To grasp a dynamics of surface wave by 
experimental approach 

2) To analyze the surface wave motion by numerical 
simulation 

 In this year, the design of experimental apparatus and 
some preliminary experiments have been carried out. As for 
a part of the design work, the 2D numerical simulation on a 
vortex dipole impingement has been done. The purpose of 
this simulation is to know how large of the magnitude of the 
surface wave due to the vortex dipole impingement. 
Governing equations are as follows: 
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here,  is velocity,  is time,  is pressure, f is boundary 
body force, δδδδ  is delta function to attribute f at the 
desired position, μ is viscosity and ρ is density.  
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Table 1. Computational conditions 

 The vortex dipole force f is given by the following 
discretized equation momentum equation includes a source 
term as follows: 

here, U is the specified velocity and  is time increment. 
This method is called as “an embedded boundary method,” 
thus the velocity specified at the desired boundary which is 
not on the grid line can be determined to interpolate 
between the velocity at the neighboring grid of the desired 
boundary and the non-slip wall. 

Fig. 1. Computational Domain 

Fig. 2. Computational Domain 

Fig. 2 Transient behavior of vortex dipole impingement 
  
 Fig. 1 shows the computational domain and the 
computational conditions are shown in Table 1. Figure 2 
show the transient behavior of vortex dipole impingement. It 
can be discussed the magnitude of impinging disturbance. 
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