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? Fast Ignition: A Compact Root to IFE @
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Fast ignition reduces ignition energy.

Compact fusion will accelerate inertial fusion energy development.
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Roadmap towards Fusion Power Generation
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FIREX-I: 5-keV Heating

Atomic Energy Commission of Japan
report (Oct. 2005):

“Based on its (FIREX-I) achievement,
it will be decided whether the project
should advance to its second-phase
which will be aimed at realizing of
ignition and burning”

*Laboratory Inertial Fusion Test

LIFT: Power Generation




Summary
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Critical issues of fast ignition
v' Laser-accelerated Relativistic Electron Beam (REB) is too energetic,
and
v REB is too divergent to couple with a compressed core.

Cool REB Campaign
v' Contrast ratio of LFEX is improved to ten billion.
v Low energy electrons (<few MeV) increased significantly.
Guiding REB Campaign
v Kilo-tesla magnetic-field is generated in free space for the first time.
v' Convergence of REB by magnetic-field was demonstrated.

Integration Campaign
v' Cool and Guiding REB are simultaneously implemented.
v' Temperature of ~3keV is demonstrated at a reduced heating energy.

What Next?
v" High energy rep. laser J-EPoCH*
v International cooperation of FIREX-II.

*Japan Establishment for POwer laser Community Harvest
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Cool REB Campaign: Highest Contrast @
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See Kawanaka, Thu. Afternoon 7
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Electron number (/MeV)

Cool REB Campaign: Results
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Low energy component of REB increased dramatically.
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Guiding REB Campaign: Concept
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{7 Guiding REB Campaign: Mag Field ‘¢
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Guiding REB Campaign: Results 4
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Kilo Tesla magnetic field guides relativistic electron beam.
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Integration Campaign: Simulation ‘¢
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Nagatomo et al., NF (2015) & T. Johzaki et al., PPCF (2016).

Density & Field line REB energy density [erg/cm?3]
Mirror ratio is ~4 due to low convergence REB is punched by moderately
ratio and large magnetic Reynolds compressed B-field.

number (R, = 74l Gimp > 1)-

Density profile
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Mirror ratio of ~4 suitable for electron convergence,
leading to effective heating of high density plasma 12
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Growth of surface perturbation
Initiated by non-uniform laser drive
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Integration Campaign: Experiment “@w
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Compressed core is well heated to some keV. y
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A-ray Intensity

X-ray intensity

Integration Campaign: 3-keV Heating
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SSSSSSSSSSSSSSS What nexi?

1. Transition from single shot to rep-rate lasers
(5-10 kJ/0.1-10 Hz)
*High energy density science
*Industrial application
*Fusion basics

2. International Cooperation:
Fast ignition demonstration
*High energy density science with large scale plasma
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Three Innovations for High Repetition Laser
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From Flush Lamps to Diodes

NN

Flash Lamps
Broad spectra
—lnefficienty

Laser Diodes
Emission lines=
absorption lines

From Glasses to Ceramics

Laser Glasses

eLarge optics

°Low thermal
conductivity

Yb: YAG Cooled
Ceramic Crystal
eLarge optics
*High thermal
conductivity

X100 thermal conductivity
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J-EPoCH Laser-system
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" @ Laser Accelerators and XFEL

Japan Establishment for POwer
laser Communitv Harvest

For Innovation

High-repetition
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by coordinated by Osaka Univ and QST-KPSI
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Split Disk : a New Breakthrough @

in Rep-rate High Power Laser i
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One million times increase of rep-rate
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Next Generation Multi-Purpose Facility
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Summary
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Critical issues of fast ignition
v' Laser-accelerated Relativistic Electron Beam (REB) is too energetic,
and
v REB is too divergent to couple with a compressed core.

Cool REB Campaign
v' Contrast ratio of LFEX is improved to ten billion.
v Low energy electrons (<few MeV) increased significantly.
Guiding REB Campaign
v Kilo-tesla magnetic-field is generated in free space for the first time.
v' Convergence of REB by magnetic-field was demonstrated.

Integration Campaign
v' Cool and Guiding REB are simultaneously implemented.
v' Temperature of ~3keV is demonstrated at a reduced heating energy.

What Next?
v" High energy rep. laser J-EPoCH*
v International cooperation of FIREX-II.
*Japan Establishment for POwer laser Community Harvest
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