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1. Repeatable kJ-class laser system for fast-ignition-based
fusion reactor engineering

2. Core key technologies and experimental results
- Repeatable kJ-class implosion laser
2-1 Cryogenic laser material
2-2 Active-mirror amplifier
- High-contrast heating laser
2-3 Spectrum-resolved pulse cleaner
2-4 Large-aperture Dielectric grating

3. Conceptual design of laser system for high energy
density plasma

4. Summary
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* One Iaser system

......

for multi-reactor chambers -

e

Core plasma

"Target gain

* Fusion output : > 50 MJ/pulse
: > 100

Implosion Fast heating
Energy 896- ki (») 500 kJ (w)
500 kJ (3m) 200 kJ (2m)
Duration 30 ns 20ps
(Tailored) (Rise:1 ps)
Rep. Rate 4 Hz 4 Hz
Wavelength 0.35um 0.53 um

100 Hz operation
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2-2 Active-mirror amplifier
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Cryogenic
Nd-glass | Yb:YAG | Yb:YAG
(@77K)
Thermal
Conductivity 0.5~1 11.7 70
(W/mK)
X7
Th >
ermo-
Optic (Phosphate) 6.5 1
(x10) 3
(Silicate) X 1/7
Thermal
Expansion /7~14 8 2
-6

Thermal effect is dramatically reduced!!

R. Wynne, J. L. Daneu, and T. Y. Fan,
Appl. Opt. 38, 3282-3284 (1999).

G. A. Slack an(rD‘W Oliver, Phys.
Rev. B 4, 592-609 (1971).



Pulse Energy (J)

Repeatable]DPSSLE @

1 KW —— Gas-cooled—
1000 Multi-Slab
100
Conductive-Cooled
Active Mirror
10 Wi
Ons | LN- l I ' I I*
1 /\ ps cooling
0.01 0.1 1 10

Rep. Rate (Hz)
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Conductive-Cooled Active Mirror Gas-Cooled Slab’

\

Yb:YAG
(1.1at%)

Yb:YAG
(2.0at%)

Laser Material

Yb:YAG ——

Front Surface:AR
Rear Surlface:HR

Cr+:YAG — |
kAs edge-cladding )

Amplified

Heat Sink
(Metal)

------ 18754
186.26
184.99

ELI HiLASE(Czech)

18372

/ i DiPOLE(UK)
80K Insulation ; m[ﬁfgg

30mm 7 mm 80 K 90K
+ Small temperature rise, 6K (@100Hz) - Large temperature rise, 10K (@10Hz)

- Thermal gradient is parallel to laser axis.|:> Easy energy scaling
. J |\ y,




Pulse Energy (J)
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@
\
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O |
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2-2 Active-mirror amplifier



Yb:YAG!diskisize fors100% @

Limitting
Factor
2a O 1/2 2a S Optical Damage [ Pulse energy
= (3/2) 3"2a (cm) (cm?) | Threshold (J/cm?) (J)
<\ 1 0.65 1.6 1.0
Tiling A 3 5.8 1.6 9.4
\j 1 kJ beamlet
(100 Hz, 100 kw) 7 32 1.6 51
10 65 1.6 104
32.5cm . . . .
Commercially obtainable maximum size
v
L:=mltttmg Storage Energy Density (J/disk) PR ASotalvelume
actor : <b J For.100 J output
_ Es = 80EV
L | Parsitic Maélsfgum Maximum =0.25x1.5x(62.5x0.7)
o) oscillation coefficient SSG =24.4 )/disk at t=10mm
9o go (cm™) Go Extraction efficiency 1 0.6 10cm: 7icm
Amplified Energy :100 J
10 2.5 0.25 1.284 — Required Storage Energy : 167 J




10008100/ Hz/AmplifieriModule K2
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Active—Mirror

10 active-mirrors
with 10 cm-dia. 7mm-thickness disks

( )

Required Volume
of Yb:YAG

t7/mm x 10 disks
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Significantiproblemlofilargezaperture 4

————————————————————————————————————————————————————————————————————————————

. Large difference of thermal expansion
between heat sink and Yb:YAG

Heat Laser

Sink | _/Materlal 2l Expanding Aperture size,

Strong internal stress
-Distortion of wave front
-Birefringence

Cryogenic
— Cooling OfF=
77K Peeling off

Strong Less
shrinkage shrinkage

. Bonding technology : Reduced internal stress

\————————————————————————————————————————————'
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DFB EOM
fiber laser Pulse picker
CW, 5 mW :1~100 Hz

Fiber

SA

Deformable " Laser

mirror (= diode

.

| |
SIS 50%,
Pum;r'ﬁfln Plu:n?_p[LD
Cry

il
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Multi-passamp. | Y [ =~ Vo -

77K

J

i Ss=vv
.. Ligid nitrogen ..
flowing system

~1J;;100Hz—

Pulse Energy (J)

12.0

10.0

100 K

10 Hz/ 33.3 Hz g

6.7J

Pump peak power (kW @0.7ms)




Pulse Energy (J)

Welarelhere* %

N 4
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w{ O SRR e VI utizBeam ),
O o Rt
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2-4 Spectrum-resolved pulse cleaner



HowJcanjwelgenerate|PW/peakipower2 @

Normal Amplification
\ High electric field of a laser
Seed pulse damages optics, which are used in

A the amp.

Osc. > Amplifier . ><

PW
Chirp Pulse Amplification (CPA) with k)
A At~ x 103~ 10° A
S
Pulse . Pulse '
Osc. 2| strecher =>| Amplifier > Compressor [

Large-aperture Grating

“Dielectric grating
"Meter-size large aperture



Difficulties
* Dielectric coating on large aperture silica glass
= Extremely precise grooving (0.05ppm)

Okamoto Optics (Japan)
Plymouth Grating Laboratory (U.S.)
Osaka Univeristy (Japan)




&lmanufacturingjsystem
@?[tf@]h ielectri 9.

Quartz material (Tosoh Co.) ' 2m-size
Japan D & Coating
|} | machine

ILE, Osaka Univ. [EAE=
Grating blank _

Polishing %

Wavefront |
Inspection

g 1 Okamoto Optics
‘ Works
-&Yokohama)

Wavefront
Inspection \

. | .
1 > :
U.S. Cleaning ’ ![&4 canning Exposure Plymouth Grating Laboratory

(1.3-m stage) PGL, Massachusetts

Resist coating
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2-4 Spectrum-resolved pulse cleaner



Saturablelabsorberiasipulseicleaner,

Compressed 0
Main Pulse Residual
AOPF

Chirped Main Pulse

Pulse
: . . Compression



OriginalfSpectrallylResolved|RulselCleane sl 4

AOPF is

Chirped

Main Pulse AOPF
l ~20 ps
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4-f non-dispersive optical layout
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2
10 — with SA /

103 l
10 /

5 . . . .
o | High contrast is successfully achieved for plasma experiments.
S ' T Y
~ -6 A 1
2 g
S 107 \
9
£ 10° 10 ps
10-°
10 ‘ bl s bk kbl 50 ps Third autocorrelator
' 11T (AL Ik — Mesurement Limit
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2-2 Active-mirror amplifier



ConceptlofjrepeatablelpowerlaseriiorHEDRINKLZ

16 kJ / 100 Hz
(Total)

Power Laser (DPSSL) Basic Power Module
100 J /100 Hz
Temporal
Fiber CW N Shaping/ S| Fiber N Yb:YAG Yb:YAG
Oscillator Phase Amplifier Amplifiers E Amplifier [NO 1k
Modulation Yb-YAG
» Amplifier [~ Q“ oS Beam
i YoYAC O > Combining
: '\rn&“f O
swchron.mm@@@xmm iS! conS|derany u
i 9 experlments

dlfferent mﬂ@@

energyyi (ﬂ]Iﬂ]E}, and/solon®
| 30~100 fs
v — , 30~100 J
Osclz\i/:ll:ator -~ Stf;tlst?er > OPCPA TIA?;;H. 'e = Comglrseessor
10 PW
30~100 fs
Intense Laser (Ti:Sappire) 0.3 ~ 1kJ

J-EPoCH



Innovativelhigh-power-laseriapplicationjplatform @

Technologies Integrate e

: Repeatable Power Laser
" (16 kJ, ~100Hz)
’ "W -f:, - —~ / » // ’
. —
,

Discover_ Frontler Repeatable o
WA -~ |Multi- PW PW Laser

v Lasor Accellerated
Electron Boam
2Xxe- beam « XFEL

New Industry Creatu

J-EPoCH Laser 1 shot/hour —» w-w-

J=EPoCH:Japan Establishment for a Power-laser Community Harvest
Innovative application platform with Al, Big Data in Cyber Physical System

J-EPoCH
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Repeatable Power Laser
Key technologies -70 mm bonding technology has been demonstrated.
-Large-Aperture Active-Mirror has been developed for 100 J.
Results 10J @10~ 33.3Hz or 6.7J @100 Hz has been demonstrated.

High Contrast Intense Laser
Key technologies -Meter-size dielectric grating has been successfully developed.
Original pulse cleaner for CPA improved the intensity contrast.
Results The world’s highest peak-power laser in kilojoule, LFEX has
been successfully demonstrated with a high contrast.
2 kd, 1~2ps, ~ 2 PW, <1019 (@ -170ps)

In future,
Innovative high-power repeatable laser system based on module concept for
application platform has been conceptually designed in nano- ~ femto-second region.
And
high energy density plasma physics including the fast-ignition-based reactor will be
actively researched using various beam combination.



