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Fast Ignition opens a new rout to compact IF Reactor @
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Various ways for the fast heating of imploded plasm
have been proposed
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Fast Ignition Equivalent Plasma Experiment will be done by
FIREX-I and OMEGA-EP
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Construction of LFEX (10kJ PW Laser)
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Construction schedule and summary @

ILE OSAKA

FY 2003

Construction started

FY 2007

Installed all commponents

FY 2008

Optimization of CPA / compression
1beam experiment

FY 2009

Completion of 4 beams

Full power integrated experiment
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Present view of the installed gratings
fabricated by PGL, MS., USA for LFEX

Focusing test: 40um? spot of one beam

| ' LFEX laser




- Target design with FI3 simulation system
@ Fast Ignition Integrated Interconnecting code 4@
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PINOCO 2-D Implosion Simulation of a Cone Shell Target
Plasma motion is compared with experiments
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Design Parameter of the FIREX-I

Heating Requirement for CD plasma and DT plasma (cryogenic target)
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High coupling efficiency from laser to core
(Relativistic electron generation and transport) @
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The coupling efficiency depends on REB temperature, transport,---

Laser intensity; I, = 2x101° W/ nr, 2 ~ 1~2x 102 W/cm?
Electron energy; T, = (y-1)mc?,
Y, = [1+ 1 /(2.4x10¥W/cm?)]V2: T, ~ 5 MeV
T, -scaling: Ty ~y, (n/ngp )"* ~1 17 good news!, Beam transfer and divergence

Beam current> S00MA | s

Fuide cone

Hole boring
Ultrc -Intense Laser B-field g




@ Control of Laser Plasma Interaction ’
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High energy electrons can be confined to increase
coupling efficiency @

1. Single Cone target 2. Double-cone target "%}

Corona

Return current A
‘ - | E and B fields are generated and e-beams

are confined in the vacuum layer
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High energy electron energy density in
single cone and double cone v
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Transfer efficiency to the cone tip

power for single cone and double cone.

cone tip side wall |backward
(-18,18) A (-8,8) A
Single (314 18.6 239 041
Double (38.4 28.6 8.9 041

dQ,/dt =G - Q,(cS3V)(1-B) =Q, (cS, /3V)
source side wall loss
Q, : stored energy

f

S_O> When $ approach 1, Q,(cS,/3V) =G

forward emission

Q, =G/ ((eS/3AV)A-B ) + (¢S, /3V))

‘\j
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TABLE: Simulation energy flux normalized by the input laser




~=9, Advanced target for FIREX-I
i . \ 4
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Inner foam —> Absorption
Double cone —> Ele. transport efficiency

Quter CH layer —> Expansion suppression
Br doped capsule —> Hydro stabilization
Vacuum center —> Jet mitigation

Vacuum layer

/ CH layer

low density & low Z layer

>

Br doped capsule Vacuum

Evacuation requires solidification of hydrogen.




IFE Forum, Osaka Univ. and GPI Joint Committee
on Laser Neutron Applications (since Jan. 2008) @
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A plan ftor international demonsiration
of power genera’rlon by 2030

2003

NIF Ignition

— e
FIREX-1, EP F]HEI 11, H|FEH Ignition A Power generation
demonstration

Rep-rate operation

Driver development

1 kJ/10 Hz ]‘

— z [ 2 Enginsering
Target fabrication, Injection, = | Advanced driver WS- - Design -
Tracking 1= development B PN

Fusion chamber, Blanket

Power plant technology, ESE issues |

We would like fo invite the international community to co-ordinate around a common project IFE Forum




Summary i 4
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e Osaka University and NIFS are in collaboration for FIREX
project in target fabrication, simulation, and experiment.

e The 10k]J petawatt laser: LFEX is completed and one beam
experiment starts in Dec. 08 .

* Integrated fast ignition simulation code FI3 has been
applied to the FIREX target design.

* A new target design concept are investigated for the
coming FIREX-l experiments in 2009.

» Applications of laser fusion neutron for science and
industry are explored.




Broad-band (CPA) activation test of main amplifier @
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Chirping characteristic

Pulse width: 1.45 ns
(to be extended to 2.2ns)

Wavelength —»

: = - ] = Beam energy
1,040 1,045 1,050 1,055 1,060 1,065
Wavelength (nm) 23 kJ/ 37X37cm2

Spectral width: 3.1 nm @

Final test will start soon aiming at
12kJ/4 beams.



