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Fast Ignition Realization Experiment(FIREX) Project
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Clear Enhancement was Observed in Thermal Neutrons
ILE Osaka Univ.

Enforced heating was realized at  a heating  power close equivalent to the
ignition condition.
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Simulation Parameter
- 3D PIC - Laser Amplitude a = 1.5

(I=5•1018W/cm2)
Pulse Width Lw = 6 µµµµm
Cone : 5 nc,
depth = 6.5 µµµµm, width = 8 -> 3 µµµµm
Simulation Box : 14 µµµµm x 9 µµµµm x 9 µµµµm



Laser Intensity Profile in cone target at t=16ττττ

The focused intensity reaches 20 times larger than  I0
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Electron Energy Density (γ-1)ne/nc at t=16τ

Contour Level: 0-25
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Cone target heating, corresponded to Backside 
X-ray Image (Integrated in X-direction)
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Electron Energy Distribution
 in 3 directions

at t=16τ



Fokker Plank Simulation for Dense Plasma Heating

The F.P.  Simulation with PIC electron spectrum indicates
Significant  fusion reaction with 10kJ FIREX laser. 

   The break even could be achieved if the coupling efficiency
   is higher than 30% .



0 . 1

1

1 0

1 00

1 0 01 0 1000

Laser Energy Å@(kJ

F
u

si
o

n
 

G
ai

n

FIREX  Fusion Gain vs laser Energy



Summary and Future Prospects

1.        We demonstrated that high density implosion plasmas
can be heated by 0.1 and 1.0PW laser both for cone and
coneless target in collaboration with the Imperial college
and RAL group.

2.    3D simulation shows that local laser heating generates
a  strong global magnetic field and confines  heat flux
carried by relativistic electrons .

3.    In the cone target,  laser beam and relativistic electrons
are  guided to the top of the cone along the cone surface .
This energy focusing optics can be applied to efficient ion
acceleration and point X ray source as well as laser
fusion.

4.    The recent research results on fast ignition indicate
that the FIREX project will achieve breakeven and
ignition.
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Laser Fusion Facilities at Osaka University
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1 kJ / 1.5 ns / 3nm 

RA50

Long Pulse Osc.

500É” Optics

cw ML 
Glass Osc. 4 Pass Amp. FR100

to Target

Pulse Compressor

DA350
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500 J, 0.5 ps, 1 PW
     (Sep, 2001)
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50 J, 0.5 ps, 100 TW
     (Oct, 1997)

10 mJ / 3 ns / 6 nm
1st
Stretcher

1st
OPCPA

SF 350

3 J / 2 ns / 4 nm

Deformable Mirror 350

to IMAP-C

Serrated Aperture
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Sech-square shape fitting yields pulse width of 720 fs.
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FFP (Far Field Pattern)
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PWM PW Remarks
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Neutron Energy Spectra from Imploded Plasmas

(a)-1 and -2 ;  the neutron spectra from
                      coneless targets

(b)               ;  the neutron spectrum from
                       cone guide targets
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Xray pinhole camera

imploded core heated by laserAu  cone

initial shell

Cone Guided Target Implosion and Heating by CPA Laser

Ny : (1-3) ∞∞∞∞    10
5

Ny : (0.8-1) ∞∞∞∞    10
4

with heating without heating

100TW
CPA Laser

GEKKO XII
Laser beams

cone target structure Fuel Pellet

8The temperature increased by 130eV. This is 20J/80J coupling



Clear Enhancement was Observed in Thermal Neutrons
ILE Osaka Univ.

Enforced heating was realized at  a heating  power close equivalent to the
ignition condition.
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Electron Energy Density (γγγγ    -1)ne/nc at t=16ττττ
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Cone target heating, corresponded to Backside 
X-ray Image (Integrated in X-direction)

Polarization
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