usion Energy Conference (FEC2025)
Che QU People’s Bepub ic of Ch|na
$ 13‘?18 October 2025y

N 5
A1 p— " -
§ 20222026 Next

EVELOPMENT OF INNOVATIVE REPEATABL

‘“‘Qk" \

POWER LASER FOR LASER FUSION

1J. OGINO, K. TSUBAKIMOTO, H. YOSHIDA,'S. MATSUQ, 2S MOITOKOSHI, 1N
MORIO, K. FUJIOKA, 3S:TIOKITA, 12N. MIYANAGA, 14K..UEDA,
IR. KODAMA, A" YOGO

1 Institute of Laser Engineering, The University of Osaka 2l
2 Institute for Laser Technology 0 ] ar
3 Institute for Chemical Research, Kyoto University ﬁ%

4 Institute for Laser Science, University of Electro-Communications J’

@ FEC2025




/0 Institute of Laser Engineering

Motivation - Toward Practical Laser Fusion

World’s largest Power Laser

U.S. National Ignition Facility T S \
z ' g v N
in ; il
i e s = o 7 Hed]
- I
7 l 7 =
Erl i ]
Global Milestone
Laser Energy Energy gained by fusion « In December 2022, the National Ignition
1900000joule 31'50000j0ule Facility (NIF) at Lawrence Livermore
National Laboratory achieved fusion ignition,
for the first time
« This success marked a historic milestone for
isihighenthan laser fusion research

thellaserenergy.
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Motivation - Toward Practical Laser Fusion & |nstitute of Laser Engineering

o 198N I P
K Ilnstltute of LaserEnglneer

\' ’
* ”~ 8
‘ LN M -~
3, -
- e
N P | [E) e
v 20 P ! >
. Nl )
-
B . < 3
N
i

Contribution from ILE
« ILE also contributes to IFE research through facilities such as GEKKO-XIIand LFEX.
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’0 Institute of Laser Engineering

Motivation - Toward Practical Laser Fusion

v" To realize sustainable fusion power and accelerate research
There are the key challenges must be overcome in current laser systems.

Current high energy laser system Key Challenges
kl-MJ] - Operate at single-shot mode.
T « Low plug efficiency : <1%

Need to improve efficiency and repetition rate
— Essential for sustainable fusion power
— Enables AI-assisted control and real-time optimization

Our Goal

« Develop a next-generation laser system
that can be a game-changer in laser fusion research
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From Flashlamp-Pumped Glass Lasers to Diode-Pumped solid-state laser 74y \nstitute of Laser Engineering

v" Why current high energy laser system low plug efficiency and reptation rate.

Energy flow of the laser system: Cooling
Current laser system ray y - 75%
W b st Pump . . Frequency
Source Flash lamp Absorption Extraction .
96% 2% 92% 60%
Plug efficiency = 96%- 2% + 92%"* 60%- 60%-° 75% < 1%
o e Critical issue : Low e[ectro-dptica[ efﬁciency ...........................................................
3 Absorption spectrum
Pump source: Flash lamp of laser medium
Flash lamp emission spectrum (Nd:glass)

==

600 700 800 900
Spectrum (nm)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Osaka University

Laser
on target
Yo

National ignition facility user guide,
LLNL last updated 09.08.2024

-------------------------------------------------------------------
.

« Flashlamp emits broad white light:

Lot o0 1 Only a small part of it overlaps with
the absorption band of gain medium

-------------------------------------------------------------------
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From Flashlamp-Pumped Glass Lasers to Diode-Pumped solid-state laser 74y \nstitute of Laser Engineering

v" Why current high energy laser system low plug efficiency and reptation rate.

Osaka University

Energy flow of the laser system: Cooling
Current laser system ray y - 75%
——— Pump - - Frequency Laser
Source Flash lamp Absorption Extraction . on target
96% 2%0 92% 6(% 60%
Plug efficiency = 96%- 2%:- 92%- 60%*° 60%:° 75% < 1% mgig';g'sigu";gggeﬁggi_tgslf;gzrfuider
B e Critical issue : Low e[ectm-o:ptica[ efﬁciency ...............................................................................................................................
3 Absorption spectrum

Pump source: Flash lamp of laser medium
Flash lamp emission spectrum (Nd:glass)

600 700 800 900
Spectrum (nm)
......... Critical issue rLow themal Conductivity

Laser medium :
Glass (Nd:glass)

long time to remove the heat: Few shots par day

g
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

« Flashlamp emits broad white light:

S T Only a small part of it overlaps with
the absorption band of gain medium

--------------------------------------------------------

--------------------------------------------------------

« Glass gain medium has low thermal conductivity (1W/m-K):

.
-------------------------------------------------------
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From Flashlamp-Pumped Glass Lasers to Diode-Pumped solid-state laser 74y \nstitute of Laser Engineering

Osaka University

v' To overcome the limitation, many groups are developing DPSSL

New laser system Energy flow of the laser system: -~ C<7><5>Li/ng
. " (o)
BB g e s 0 Pump - - Frequency Laser
o 4 . Source P T Absorption Extraction i ontarget
T N — 96% 60-70% 92% 607 60%0
= : =~ ;..4-44{44“111“11
Diode pumped

Plug efficiency = 96%:- 60-70%- 92%- 60%- 60%"* 75% > 10%
solid-state laser: DPSSL _ﬂnprovement: High e[ectro-opti.ca[ efficiency .............................................................................................................................
Pump source:
Flash lamp Absorption spectrum
Flash lamp

- of laser medium
emission spectrum

Absorption spectrum
(Nd:glass)

of laser medium
(Yb:YAG)

Emission spectrum

of
} Laser diode
00 850

600 700 800 9 900 950 1000 1050
v Spectrum (nm) Spectrum (nm)
Pump source:

s iode The laser diode has high potential for electrical-to-optical
- efficiency, theoretically reaching 60 to 70%

-
R ,;;fﬂ « Emits narrow-band light that matches the absorption band of
e the laser medium: High efficiency compared flash lamp

.
g
., **
.........................................................................................................................................................................................................................................................
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From Flashlamp-Pumped Glass Lasers to Diode-Pumped solid-state laser 74y \nstitute of Laser Engineering

Osaka University

v' To overcome the limitation, many groups are developing DPSSL

New laser system Energy flow of the laser system: - C<7><5>Li/ng
. ()
_ Pump : : Frequency Laser
-.N\\)@ o|? ] Source Laser diode Absorption Extraction conversion on target
T N . J l 96% 60-70% 92% 6(% 60%
"““““‘“‘“” Plug efficiency = 96%- 60-70% 92%:- 60%- 60%:- 75% > 10%

Diode pumped

solid-state laser: DPSSL _ﬂnpmvement_- High thermal Conductivity ............................................................................................................................. .

X
o

Laser medium :

Glass (Nd:glass)
« Glass gain medium has low thermal conductivity (1W/m-K):
Q long time to remove the heat: Few shots par day
v

Laser medium : . o
Ceramics (Yb:YAG) « Ceramics is High thermal conductivity

« Cryogenic Yb:YAG ceramics: Fifty times higher thermal conductivity
than glass. (50 W/m:-K @ 77 K)

- Improved thermal and laser performance at cryogenic temperature

o
g o
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Global Trends in POWER LASERSs

v' Several systems are using cryogenic Yb:YAG ceramics

Pulse energy (J)

Institute of Laser Engineering

Osaka University

4

W Q HILASE/STFC (UK, Czechia)
LLNL
NIF
: Gas-cooled Split-Disk
100k —| 0.1 kW H1 vH 10 kW H 100 kW of Yb:YAG ceramic
" 150J,,10 Hz @ 150 K
\\ \ DP2a e bPib i ‘m preamplmer
SN \l ;
P IR NN
\\\ \ \ I \ Front End
Q e N XN N \\\ Y
1k | RN Y N T
O EEE OThaIes \\ \\ S A S N
RN HILASE/STFG
100 O HiExas ‘ OThaIeS M |-|pI|Z’ \\ \‘
E Hamamatsu “* HAPL m\\\
Jena @ AR TG HAMAMATSU (Japan)
10 3 \\ N \’ Laser chamber
ua . AORR I 10 Yb:YAG ceramic
. \\\ N\ disks . .
1L MPQ . (- Gas-cooled Split-Disk
iy : S - of Yb:YAG ceramic
v @ Il 4 200J),10Hz @ 150K
01 O Flash lamp pump 1 I N -
F . Laser diode pump \ Pressure vessel
0.01 e o o] I ———
0.0001 0.001 0.01 0.1 1 100 1000 |,
A=
Repetition rate (Hz) K—=

Current mainstream repetition rate: 10 Hz
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POWER LASER developments atILE 7@ !nstitute of Laser Engineering

Osaka University

v' Our project aims for a ten-times higher repetition rate to realize a stable laser driver.

MJ @ Cryogenically-cooled (77K)
: NIF SENJU Active-mirror of Yb:YAG ceramic
* Super-Energetic Joint Unit 100 J, 100 HZ (10kW), 10 I"IS
100k — 0.1 kW H 1kw—| 10 kW H 100 kW };
: . N N ‘\\ |
[ N I
1ok | O e b RN AN 3
k|
o
g I Based on module conceptito’achieve even higher energy
¢ 100 ¢ levels.
2 F
S I \ i Cryogenically-cooled (77K)
a 10 Q- ILE(O‘S,_;;:;/‘ B S E NJU- the Active-mirror of Yb:YAG ceramic
at N 10J,100Hz, 10 ns
Y S ! N2 Out
1k MPQ N N Heat sink ol
Jena RN SN P

01 O Flash lamp pump

e i
i - Cr:YAG cooler ml
o, @ - 1 7"

‘ Laser diode pump

0_01 MMM‘M‘M

00001 0001 001 0.1 1 10 100 1000 Amplified &

laser

Repetition rate (Hz) For development elemental technology.
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Amplification method: Conductive cooled active-mirror S@/ nstiltite of LaserEngineering

Osaka University

Conductive cooled active-mirror

Laser medium .
Bonding (Yb:YAG) - Simple structure

— Disk like laser medium with AR and HR coatings on each side
— HR coating works as a mirror

— amplification & reflection at the same time

« High heat removal performance
— Gain medium directly bonded to metal heat sink

Cooling P _ il
\ — Cooling direction along beam path
/ — minimize thermal distortion and lensing

Heat sink ]
(Metal) HR coat AR coat . Scalable design

— Number of disks easy adjust — easy power scaling
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Amplification method: Conductive cooled active-mirror

v Active-mirror laser architecture is not a new concept.

GE & Rochester
®15cm, 245 ], 1 shot / 15 min

ANTI-REFLECTION
COATING

ACTIVE MIRROR
SLAB

AMPLIFIED

SIDE ANGLE

| COOLANT AREA
- (EDGES AND BACK)

WATER JACKETED
FL A'!HL AMPS

‘EJ? "Q-RING" SEAL

A

FACE ANGLE

J. A. Abate et al., Appl. Opt. 20, 351

(1981).

University of Electro-

Communications, (Tokyo, Japan)

Diode pumped, CW

fiber coupling
AL =1084 nm ip=
Qutput 809 nm
Coupler

Nd:YVO 4 crystal
(Nd: 3 at. %)
t=0.1 or 0.2 mm

TE Cooler

AT
IFAES
Heatsink

K. Ueda and N.
Uehara, Proceedings of
SPIE. 1837, 336 (1993).

/0 Institute of Laser Engineering

Osaka University

Active-mirror laser concept has been studied
since the 1980s.

— Basic principle was already demonstrated
— However, scaling up to large aperture is difficult

To achieve >10 ] output energy,

— Large-aperture (cm-class) laser medium is required
— Large apertures present challenges.
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Thermal Stress Challenges in Conductive-Cooled Active Mirror Lasers 74 |nstitute of Laser Engineering

Osaka University

v" The main challenge is thermal stress.

Wave front

Heat Laser distortion
sink [N /med'um I W + Thermal expansion mismatch between
- heat sink and laser medium
. AP - High stress at the bonding interface during cooling
- Causes wavefront distortion and reduced beam quality
i C‘;‘;'Ii("g u_l /| . Gap formation at the interface
] i 2 - Increases thermal resistance, reduces cooling efficiency
Bonding at Cooling at
room temp. Low temp.

Reliable bonding technology is critical for practical systems
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Key Technologyfor High Active-mirror laser : Bonding technology ‘& !nstitute of Laser Engineering

Power Laser

v" We solved the thermal stress challenge of active-mirror laser system.

Temperature dependence of CTE

Conductive cooled active-mirror

: . « Matched thermal expansion: {——VAG Ceramics
Muti-layer bonding structure 14 | —mo
( y g ) - Use molybdenum, L¥ i
Reinforcing parts with thermal expansion close 22 10 ,/
: _ 5 .
(Mo) Laser medium to laser medium 8% 4 /
(Yb:YAG) . : o /
\ — Inserting a molybdenum disk E s
: Greatly Reduces stress g;g a
£3 2
o
0
« Reinforcing parts: 0 50 100 150 200 250 300

— Mo has high Young’s modulus Temp.  (K)

Cooli
i NN - Prevents deformation transfer from the heat sink
. - Buffer layer:
Heat sink Buffer parts _
(Metal) (Metal solder) — Bodied by a soft metal that reduces stress

— improve thermal contact

Based on this bonding technology, achieved a repeatable high-power laser system.
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SENJU-Lite 103, 100 Hz Conductive cooled active mirror laser system 74 Institute of Laser Engineering

Osaka University

\]ﬂ ! 82, _3
_Laser Vacu”m:_c_lad Lens /é/ ‘\I Quar;tz h/ 74K
1

=\ Loud!
T @;3““] u \e chamber Jj(f=5 m)  ~SHead 2 .ruta'i:l?r
< . m “.-Liquid nitrogen-#
PumEplLD '-‘:: S D 74 flowing system
Pump ~
27 K LD “(‘:;"'I“'(‘ﬂhG 77K LD %l- 10 J, 100 Hz q
| Regenerative amplifier Multi-pass amplifier | Vl':l?F TFP Main amp. —————— Laser head

ar
A

N’

= o o)
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SENJU-Lite 103, 100 Hz Conductive cooled active mirror laser system 74 Institute of Laser Engineering

Osaka University

SA  peformable
mirror
j'.'

Phase
modulator

| DFB fiber EOM
laser Pulse pick:
' CW 5 mw

Fililer

g<amN2 Out
E Hastaink S2sie @
(Cu) "

Mo heat sink Cr:YAG

<«——60mm——>

Edge cladding

Cr:YAG
Ampllf' ed

laser Important point: ASE control and edge-cladding cooling
ASE (Amplified Spontaneous Emission) reduces laser gain.
« ASE circulates inside the gain medium: Parasitic oscillation
« Cr:YAG edge cladding absorbs ASE and prevents this oscillation.
« Edge cladding hot and transfers heat to gain medium.

« Cooling jacket: Connected to a LN, circulation system for locally cooling

Stable ASE control and efficient edge cooling enable repeatable high-power operation.
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SENJU-Lite Experiment result of 103, 100 Hz /& Institute of Laser Engineering

Osaka University

Amplified energy and efficiency Output stability

RMS : 0.7%
12 pump energy: 41.6 3 25 12 >10J, 100Hz 20s 17 1.2
Output energy : 10.2] (2000shot)
A

10 20 - 10 .MW 1.0
~ > ~ 3
Z 8 o) Z 8 08 X
& L 15 5 & 5
Q O @ S
o 6 % g 6 06 8
5 ; 5 o)
g 08 g g

= s

o 8— <

2 | ™ > 2 0.2

y —@— Energy
-ll-- Efficiency
0 0 0 0.0
0 10 20 30 40 0 5 10 15 20
Toatal pump energy (J) Time (s)

High plug efficiency
« Optical-to-optical efficiency: 23.6%
« Pump LD electro-optical efficiency: >50% — Indicates high plug efficiency

Demonstrated e<=cient and repeatable laser technologies. _
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SENJU 100 J, 100 Hz active-mirror laser system (@ Instituts of Laser Engineering

Osaka University

DFB fiber laser
- CW, 5 mW
ﬂw‘e_‘

Pulse pick: 1~100 Hz L

Fiber amp. <

Faraday.
rotator

Laser

diode —
Vacuum » ]
chamb\er -

Vacuum
Laser chamber

diode

/ YU
TFP—QWP Deformable J
mirror

SENJU lite §ENJU
SENJU system design A
« SENJU-lite output is used as the seed for SENJU.
« Laser medium size: 60 mm— 120 x 120 mm.
« Number of amplifier heads: 6 — 10.
« Each head: conductively cooled active-mirror.
« 1001, 100 Hz operation using the same cooling and k‘“\.._\i
control concept as SENJU-lite. 60'""’([9 '

X 6 disks X 10 disks
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SENJU 100 J, 100 Hz active-mirror laser system <@ Institute of Laser Engineering

v' SENJU: Construction is now in progress. SENJU Laser head
- . e ngi”eering
V7 A !_.t“‘-U.ters? »
G eaia uriversity Yb:YAG/Cr:YAG

(120X120mm)

Successfully bonded Large aperture (120 mm square) Yb:YAG
ceramic laser head.

Single-head test confirmed the designed gain.
Wavefront distortion during cooling to liquid nitrogen
temperature was extremely small.
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Conclusion 7& |Institute of Laser Engineering

Validation and technological foundation

Osaka University

DEVELOPMENT OF INNOVATIVE REPEATABLE POWER LASER FOR LASER FUSION

SENJU lite

Reinforcing parts
[MS? Laser medium

\ / (Yh:YAG)

P
100

Developed a conduction-cooled cryogenic Yb:YAG active mirror laser.
SENJU-Lite: Achieved 10 J, 100 Hz, 23.6 % efficiency (Plug eff.>10%). cootng W ;
Solved key issues: thermal stress, ASE-control, parasitic oscillations, thermal Sestank  Baffer part

(Metal) (Metal solder)

management. SENJU
SENJU: construction is now in progress.
Established efficient, repeatable, stable and scalable architecture.

We believe that innovation in laser technology will open the path to laser fusion.
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ACkﬂOWledgmentS 74 Institute of Laser Engineering

Osaka University
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Osaka University
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IFE Laser driver requirement

NIF [1] Power plant* [

Laser medium
Wavelength
Pumping
Total energy
Beam lines

Energy / beam

Plug efficiency

Bandwidth

Temperature

[1] National ignition facility user guide,

Nd:glass

1053 / 351 nm
Flash-lamp
3.0/ 2.1 MJ
192

~15 /10 kJ

0.5%

A, (SSD)
~ 0.02%

RT @ 20°C

LLNL last updated 09.08.2024
* Assuming a direct drive implosion scheme

TBD

Green or UV
Diode

~1 MJ]

< 1000

> 1 kJ

> 10%

~1%
(10nm@1um)

27

/0 Institute of Laser Engineering

Osaka University

There are two ignition schemes in IFE:
Indirect drive and Direct drive.

Indirect drive: uses X-rays generated in a hohlraum
— requires narrow bandwidth (~0.02%, ~0.2 nm @

1 pum).
Direct drive: lasers directly compress the fuel —

needs broad bandwidth (1-2%, 10-20 nm @ 1 um)
for beam smoothing.

Cryogenic Yb:YAG lasers: have narrow bandwidth
(~0.1 nm) — suitable for indirect-drive or driver-
technology development.

Bandwidth broadening techniques are being studied
(e.g., chirped or tailored gain media).

The optimal laser medium for future power plants is
not yet defined.

Improving efficiency and repetition rate remains a
top priority for all IFE drivers.
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New laser material research : Nd:CaF, ceramics

Optical Materials Express

Osaka University

/0 Institute of Laser Engineering

Fabrication, spectroscopic characteristics, and lasing performance of
Nd,La:CaF2 transparent ceramics

4

N w
T T

Intensity (a.u.)

A
I

0
1000

La (mol%)
e 20
e 15
— 10

P —

1050

Wave

1100
length (nm)

K. Fujioka, Y. Matsumoto, Y. Tamaru, et al.,
Opt. Mater. Express 15(4), 890-902 (2025).

oON O,

1150

/0 Institute of Laser Engineering

Osaka University

Absorbed pump energy (mJ)

Nd,La:CaF, 7/ 8
ceramics | e \
Apump = 795 nm Pump Ml Laser
: beam output
Fiber coupled 1
LD - G i
/ DM oc
Core size = 135 ym L L2
NA=0.22 f=100 mm f=60mm r- =50 mm
B r —————————————— —
7t En:-: 'rer'I'E' /
| ® &% 20% -
= &}
= : ® 91% 15% rf"
= OF|(@® 88% 7T3% - -
EI' [ ___F_.-"'
e 4 g ;
D ] ey l’f
5 3 rd -
% -~ d____---l’
D 2 i _.-'-"'-.i/f___f E
E o
1k P ]
[ —
D [ i i i
0 10 20 30 40 50
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Low-Power LN2 Cooling System vs. Conventional Cryostat Cooling

Liquid nitrogen
flo wing system

R
't
¥t |

Laser system

Cooling temp.: ~78 K
Flow rate: ~12 I/min
Pressure : 0.5 MPa
Cooling cap. : 4.0 kW

Liquid nitrogen flowing system
- LN, cooling

LN2 cooled by liquid nitrogen itself
: Very low electrical power required

’0 Institute of Laser Engineering

Osaka University

Laser system

B _ Cryostat

Compressor

Vacuum _—— Cooling

chamber
I=N3

Liquid nitrogen flowing system
- Cryostat cooling

LNz cooled by cryostat using a compressor :
Requires large electrical power
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Low-Power LNE>Cooling System vs. Conventional Cryostat Cooling /& Institute of Laser Engineering

Osaka University

Liquid nitrogen L _
flowing system Liquid Nitrogen Cost and Production Background

14 7;%. i LN « Accurate estimation of cooling efficiency is difficult due to the

tggf( Laser system complex production and supply background of LNz

« Most LNz is obtained as a byproduct of large-scale
air separation units (ASUs), producing oxygen and argon for
industrial use

« It use for large industries such as semiconductors,
practical cost of LNz is extremely low

Cooling temp.: ~78 K
Flow rate: ~12 I/min
Pressure : 0.5 MPa
Cooling cap. : 4.0 kW

Vacuum
chamber

Liquid nitrogen flowing system

- LN, cooling
LNz cooled by liquid nitrogen itself
: Very low electrical power required
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Future brought by high-average-power lasers in 2040 7& |nstitute of Laser Engineering

Osaka University

2025 2035
SENJU J-EPoCH

(module) (Multi purpose)

O 100Hz/100] Laser

O Test facility of the high
repetition laser

O 1-100Hz/10kJ Laser
O Data-driven reseaech

Deep learning requires 30,000 data sets at least

2 { 1 shot/2 hours = 4 shots/day 10-100 Hz e o  ‘
s 20 years- 5-50min! o
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Future brought by high-average-power lasers in 2040 & |nstitute of Laser Engineering

Osaka University

Predictionland|Inference

Iiheoreticalllaws¥Simulation]

’_J\
! Recogmtlon Optimized @iﬁidb
understandmg Cyber space automationg
*Theoretlcal Laws miinIEﬂEi] s Laser and deV|ce parameters

. cyber physical system

Sensing Actuation

Physical space
Integrated high-average .

St .\"f’i§,,
S "
power lasers Lo T
4
i
e
=

m
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SENJU-lite Experiment result of 10 J, 100 Hz /& Institute of Laser Engineering

Osaka University

Amplified energy and efficiency

-20

Pump energy: 41.6 ] 05

Output energy : 10.2] -10 »

Opt.-opt eff.: 23.6% % T 0 E, a

£ z
10 g 10 M M fW
20 : -0.5
> 20
> 20 -10 0 10 20 -0.5 0 0.5
s 8 a. x(0U0) x (mm)
& | 155 Flatness factor: 50.5%
g 6 b’ Calculated spot size : 235.6 pm (Airy disk)
et ) Measurement spotsize: 313y m =1.3TDL
2 10 &
3 4 *,:5_ Wavefront change (Pumping)
At o
7
> | 5 Total wavefront change :
,/ —@— Energy 1.2A
~ - Efficiency £ Estimate one head
0 0 £ wavefront change
0 10 20 30 40 > :0.1A

Toatal pump energy (J3)

-15 0 15
X (mm)
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= . TH &) |nstitute of Laser Engineerin
Experiment result : Output stability @ e Sl
Without cooling jacket RMS : 0.7%
LN2 Output stability >10J, 100Hz,
Heat 20s (2000shot)
sink ~ . 12 | - 1.2
T ,"
Pump 10 flan J - 1.0
’/X 5 "l Ill "l
/‘ th_NZ . ", ,’I ’:M 0.8 g
% /1 >10], 33.3Hz, ! -3
Laser /| 20s (2000shot) " . g
medium % 6 ! Without the cooling g N Laser medium temp. 0.6 §-
With cooling jacket ~ ! jacket, gain is reduced 8 v
Heat 2 £ / and 3 80 g
2 H . . (7] o
sink ~. o 4 ! 100Hz operation is not Q 04 Z
/ possible %
/ < 70
/ 4 -20 -10 0 10 20 30 40 0.2
E" Time (s)
0.0
5 10 15 20
Time (s)
Ias_er
medium Stable output stability at 100Hz operation!
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SENJU-lite Steady-state operation at 10], 100Hz 7& |nstitute of Laser Engineering

Osaka University

Laser New Liquid nitrogen flowing system
ea

il Liquid nitrogen....E
flowing system

Heat generation Liquid nitrogen flowing system

Yb:YAG : 64 W /head Cooling temperature: ~78 K
Cr:YAG : 355 W/head Flow rate: 6~9 I/min

Cooling temperature: ~78 K
Flow rate: ~12 I/min

Num. head: 6 Pressure : 0.1 Mpa Pressure : 0.5 Mpa
Total heat generation:  Cooling capability : 300 W Cooling capability : 4.0 kW
2.5 kW
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Improved cooling capacity with cooling jacket

B The temperature rise of the gain medium during pumping
is measured and confirm the effect of the cooling jacket

Cr:YAG side surface temperature (K)

5

130

120

110

3

8

80

70

Cr:YAG

/ /Yb:YAG

Pump v
| ot T~
e o
Measurement temp. of Q.
Cr:YAG side surface e
%
o Ci)&)ling
@ capacity UP!
I”‘
/’.’ —’—.'
’./’ _ —‘—
o ®
@ ° -
;_,.—"' @ Without cooling jacket
@® With cooling jacket
0 200 400 600 800

Average pump power per head (W)

Cooling capacity is 3 times higher than

that of the previous laser head.

Without cooling jacket

LN2

Heat
sink ~
Pump BT
", .y
- LN2

Laser

medium

With cooling jacket

Heat Lh2

laser
medium

Institute of Laser Engineering

Osaka University

4

Numerical calculation
Cr:YAG temp.: 135K

78
Temp. (K)

Yb:YAG temp.:
107K

Numerical calculation
Cr:YAG temp.: 93K

78
Temp. (K)

Yb:YAG temp.:
88K
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Cooling jacket improves temperature distribution

Without cooling jacket
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Parasitic oscillation control (@ Institute of Laser Engineering

L. E. Zapata, H. Lin, A. Calendron et. al., Optics

T. Liu, Z. Sui, L. Chen, Z. Li, Q. Liu, M. Gong, and X.
letters 40, 2610-2613 (2015)

Fu, Opt Express 25, 21981-21992 (2017).
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- Water flows between edge cladding and gain

medium
« Heat generated from the edge cladding is not
transferred to the gain medium

Pump / Laser

» The gain medium shape is parabolic
and structured to emit ASE.
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Faraday rotator 55mm¢ TGG 7@ NSt o) Laser Engineering

1.5 T, 35 mm-dia.
Permanent magnet

TGG-ceramic disks
Diameter: 53 mm
Clear aperture: 50 mm
Thickness: 5 mm
Number of disks: 3

Isolation: >20 dB
Power capability: ~1 kW
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Faraday rotator for high power laser system G hime oy Laser Engineering

TAG (Tbh;Al;O,,) ceramics
fabricated by Konoshima Chemical Co. Ltd.

Sample size: 10 x 10 x 3 mm?

Thermal conductivity of TGG and TGG ceramics
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Collaborative Research with Nippon Electric Glass “& Institute of Laser Engineering
‘onlthe‘D‘evelopmentKOflLarge:ApeITtute‘EaradayAGIaSS saka University

QFM-003 glass Faraday Glass Evaluation (QFM-003)
110 x 110 x 10 mm QFM-003 Faraday glass
« Interferometric wavefront measurement using ZYGO
« No significant striae or birefringence observed after polishing
« Transmitted wavefront: 0.12 A (excellent quality)
- Indicates clear progress in large-aperture glass production
— For ~0.5 T operation, thickness >15 mm s required

Cryogenic Faraday Rotator Test

Faraday rotator with QFM-003 glass (15 mm thick) at ~116 K
- Irradiated with ~480 W laser for 1 hour

« Glass temperature increased from 116 K — 127 K

- Faraday rotation angle at 127 K: ~48°

— Not saturated: indicates operation possible beyond 480 W

 Next step: Develop c enic Faraday rotator with better heat
110 x 110 x 10mmt handling PEYos Y
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What the SENJU ? 74 sttt of Laser Engincering
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Super Energetic Join Unit

10 kW (100 J/100 Hz) module

po—n" g

Id

SENJU is nhamed after the thousand Avaloit svaralBodhisattva?

symbolizing the ability to performlmanyitasksfafonce s
— just like the modular structureloflourhighzrepetitionjlaserysystem

We plan to deploy this laser in variousiplaces
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