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Abstract. Controlled thermonuclear ignition and subsequent burn will be demonstrated in a couple of years on 
the central ignition scheme. Fast ignition has the high potential to ignite a fuel using only about one tenth of laser 
energy necessary to the central ignition. This compactness may largely accelerate inertial fusion energy 
development. One of the most advanced fast ignition programs is the Fast Ignition Realization Experiment 
(FIREX) [1]. The goal of its first phase is to demonstrate ignition temperature of 5 keV, followed by the second 
phase to demonstrate ignition-and-burn. The second series experiment of FIREX-I from late 2010 to early 2011 
has demonstrated a high (≈20%) coupling efficiency from laser to thermal energy of the compressed core, 
suggesting that one can achieve the ignition temperature at the laser energy below 10 kJ. Given the 
demonstrations of the ignition temperature at FIREX-I and the ignition-and-burn at the National Ignition Facility 
[2], the inertial fusion research would then shift from the plasma physics era to power generation era. 

 

  The world largest short pulse laser LFEX, as a heating laser for fast ignition, was dedicated 
on March 2009. This laser utilizes Chirped Pulse Amplification (CPA) technique, which 
manipulates broad Fourier spectra of a short laser pulse so that the laser pulse is stretched, 
amplified and finally compressed. The most critical component of the CPA is obviously large 
format gratings, that extend the state-of-art precision of nano-technology to meter size. These 
gratings have been developed in cooperation among Japanese and American optics industries 
organized by ILE, Osaka University. The LFEX laser consists of four beams, each of which is 
compressed and focused on to a single spot.  
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   In 2010, two beams were equipped with pairs of tiled gratings and compressed form 2.2-
ns to 1.2-ps pulse width with the energy up to 1 kJ, providing about 1 PW laser power. Major 
effort has been devoted to significantly decrease an undesired pre-pulse in front of the main 
laser pulse. The pre-pulse produces an unfavorable low-density plasmas that may generate, 
via interaction with the main pulse, too high energy electrons to couple with the compressed 
core plasma.  

After the last IAEA FEC, the second series experiment was performed from late 2010 to 
early 2011, using deuterated polystyrene shells with gold conical light guide. The diameter 
and the thickness of the shells were about 500 µm and 7 µm, respectively. Special care was 
taken for some plasma diagnostic instruments under the harsh environment of hard x rays 
generated by energetic electrons.  

Figure 1 shows the ion temperature vs. heating laser energy, together with the scaling 
curves for the energy coupling efficiency from the heating laser to the compressed core 
plasma. The ion temperature data were deduced from the neutron yield and other quantities 
(core mass and density-radius product). The ion temperature in the 2010 experiment (red 
stars) was significantly increased from the 2009 experiment (green and blue dots), exceeding 
the 2002 results (black dots). These results reconfirmed the 2002 results [3] at the well-
diagnosed condition (various type of neutron diagnostics and ultra-fast x-ray imaging). The 
corresponding coupling efficiency was increased from about 3% or below to about 20%. With 
this coupling efficiency the ion temperature is expected to exceed 2 keV (open star) at the 
laser energy of 2 kJ, which will be attained by increasing the number of beams from the 
present two to four in the Japan Fiscal Year of 2012. The ion temperature is expected to reach 
5 keV at laser energy below 10 kJ attained by increasing the laser energy per beam.  

 
   Given the ignition temperature demonstration at the FIREX-I together with the ignition-
and-burn at NIF, we anticipate a next step toward inertial fusion energy: a laser fusion 
experimental reactor that demonstrates electrical power generation. It would take 10 years for 
technology development and 10 more years for power generation test. The technology 
includes high rep-rate lasers; target injection, tracking and beam steering; and fusion chamber 
and blanket. Among these, high-rep lasers, the most critical element, have been demonstrated 
by using two technology breakthroughs: laser diodes for optical pumping and cooled ceramic 
crystals for laser materials. Such technology breakthroughs have enabled much higher rep-
rates (250 Hz) than that required by more than an order of magnitude [4]. The stability of the 
liquid inner wall has been demonstrated at the same Weber number and the similar Reynolds 
number as those of liquid LiPb. These technologies would be converged into a laser fusion 
experimental reactor LIFT with the goal of demonstration of power generation of the order of 
10 MW around 2030. 
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Fig. 1. Ion temperature vs. heating laser energy. The 2010 experiment reconfirmed the 2002 
results at the well-diagnosed condition. Open stars represent the expected parameters in the 
upcoming experiments. 
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