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INTRODUCTION 

A kJ-class mini reactor CANDY, as in Fig. 1, is 
proposed for an engineering feasibility study of the power 
plant in the counter beam fast ignition scheme fusion. 

     Fig. 1.  Inside the first wall of the CANDY 
reaction chamber. 

To develop the CANDY, we are performing fast 
ignition experiments using both  single shot petawatt 
lasers[1,2,3] and a high-repetition-rate laser-diode(LD)-
pumped laser with counter beam configuration[4].  

SINGLE SHOT PETAWATT LASER SCALING 

Fig. 2.  Direct core heating by LFEX ion beams 
 
''Laser for Fast Ignition Experiment (LFEX)", has 

heated a preimploded core (see Fig. 2 image), enhancing 

DD neutron yields by a factor of 1000 (5 x108 n/4πsr)[3]. 
Facing the ignition laser directly to the core as close as 
possible made it clear that the energetic ions heat the core 
rather than the hot electrons. We had performed 30 years 
the fast ignition fusion studies using the Petawatt Module 
Laser[1], Petawatt Laser[2] and the LFEX[3], which shows 
us that the thermal neutron yield is increasing as the 
square of the heating laser energy from 40 up to 600 J, as 
shown in Fig. 3. 

Fig. 3.  DD thermal neutrons from PWM Laser (blue 
dots, 2001), PW Laser (green, 2005) and LFEX(red, 

2015) illuminated CD shell targets. 

HIGH REP. RATE STUDIES 

Figure 4 shows that a tailored-pulse-imploded core 
was flashed by counter irradiating 110 fs, 7 TW laser 
pulses. The experiment was performed by using the 3.5 J 
amplified 300 ps (or 1.9 J/110 fs) Ti:sapphire laser HAMA 
pumped by a 10 J second-harmonic of diode-pumped 
Nd:glass laser:KURE-1. We have upgraded HAMA to 

 

 

 



realize an implosion of spherical shell target by using a 6 
J of remaining fundamental beam from KURE-1. This 
beam is transported to the counter irradiation system 
where a dual wavelength coated beam splitter/combiner 
optics is installed. The resulting beam includes three 
pulses in sequence : 2.5 J/15 ns, 0.5 J/300 ps, and 0.4 J/ 
110 fs, labelled as "K", "L", and "S", respectively. We 
have found that the counter hot electron currents drive the 
Weibel instabilities in the core center, leading to enhance 
the core temperture (see Fig. 7). 

Fig. 4.  X-ray streak image (a) without heating 
(b) with heating [4]. 

 
Shock ignition was studied with high-rep. rate short 

pulse lasers. Chirped pulse frequency domain 
interferometer was first introduced to measure the shock 
wave velocity in a 150 µm-thick YSZ ceramics[5], as in Fig. 
5.	 The laser intensity of 5x1016 W/cm2 has provided the 
velocity of around 106 cm/s[6]. 

Fig. 5  Top: Chirped pulse probe beam reflected 
from the rear surface(1, 2)  interferes with the 

reference one(3). Bottom: Spectral interferogram. 
 

On target injection and engagement[7],  we are 
investigating the hole boring phenomena, which may be 
related to the anomalous penetration of hot electrons and 
ions into the overdense core. Figure 6 compares the boring 
inside the target between the CD bead and plate. The 
results suggest the Weibel instability, shown in Fig. 7. 
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Fig. 6.  Comparison of hoe boring between CD 
bead and CD plate. 

Fig. 7.  2D PIC(PICLS): Counter electron beam 
excitation of Weibel instability at the center of core[4]. 
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