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NA1J7HOBERKRT7 A KZT R

c BXAY (BURF DR > 72 8u) DOHEHTHZNRNICHIET S
c EDRRTHBDIVA IV OAX—FYEATD L XA VHIEHHER

AEBH S5 DHER — EFfRHIFEED IR
Py, (1) @ FERFZIE
T l T l Pt)=¢e,x"E@t)+e,x " E*(t)+ &, E () +...

XU =xo-ix. W FEEHTRRER
FE - IRIN SHG/OPG/DFG...

NAVORXA Y OflliEllc & D= @, FiKgiez RIS

MxRAAEE (1998.2.15 ~ HHE)

@ Y(/0 (Fv7) L—Y—: @BEL—Y—n/N\E
@ L —t53Iv I X (ER1ium) : Nd, YbITHHE

® R FREREH (BLULEES) : LA-PPMgLN, QPM-7K& - GaAs
* QPM: Quasi Phase Matching, LA-PPMgLN: Large Aperture Periodically Poled LiINbO5
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o EATMMEEDIYOVEDHDZHIRESE & LUB/NBIERL —1—

Nd:YVO, Yb:YAG

R L—Y—/\7—/ (@ - ihf) \ Y,

B= P[(M°A) = jgm nsiragss

B=1.15MW/sr-cm?2 B=1.03MW/sr-cm?2
Av=0.9THz Av=0.9THz

NL1oaFy 7L—Y%—

Q-sw. Ic& Bz LP>

I*w# wgﬁ&

Cr:-YAG
Nd:YAG

B=115kW/sr-cm2

YAG

B=64.7TW/sr-cm?2

B=132MW/sr-cmz2
Av=10kHz

Taira

RAO0FvIL——) ATROZOU R, 17 (193, 1), 63-70 (1998)



Distributed Face Cooling (DFC) Tiny Integrated Laser

TILA

Tiny Integrated Laser

Heat removing and management
NIF (LLNL) 3x larger ion diameter

Fvas= 0-98A |

— 5

Y
! Spectroscopy? !

® 4.2MJ, 104Hz — 420W Average gt'éc{?' —DEYAG

Ref. M. L. Spaeth et. al., FUSION SCIENCE AND 0000

TECHNOLOGY, 69, 25 (2016). D

L} Thermal Problem !

ELI-DiPOLE

‘ Yb:YAG ceramics '

RE:YAG in Al203 » DFC

[ Typical laser matérial
— Laser Ceramics

He-gas cooling : 150K

® 100J, 10Hz, World first 1kW average NIF (Laser Fusion)
Ref. P. Mason et. al., Optica 4(4) 438 (2017). [ k——Nd:glass
* il-SAB: Inter layer assisted surface activated bonding Ref. L ——#f3%, 50(7), 382 (2022).



DFC (mHh@mmsil) we/NEERL —1—

T"'A DFC-structure for Tiny Integrated Laser

il-SAB : Intermediate Layer assist Surface Activated Bonding
(ZEEE + PEILD 7RE) IC&D (BE) AFEMEORERESH IR

Surface roughness: RMS < 2nm
Flatness: A/5 @1064nm

HV ~105P
u 0=Pa DFC-structure Tiny Integrated Laser

Ref. Opt. Mater. Express 7, 3214 (2017).
Opt. Express 27, 30217 (2019) .

Photo: Aug. 15, 2016
® Low temp. bond = coat-material Patented




Tiny Integrated Laser

I (K>[IFESN) 25X 5
Yy bhE—=>9 L—Y—t—=>9

B®OE (¥avh) T RoE (L—H—) T
lEE(t et

http://icsp9.iitt.! r ! ~100mJ, #ins

Dr. Sano

L —H—b—=> e T4 —3VY

SREL —Y—ICLXD3EBERNNE
E——Y9 :EOXKEZINWTHUEET Z &ick D, RAICTEEZXRS

Giant-pulse
Laser
Water
Ablation

. Y , Plasma
, N2 (few GPa)
Material

IvA4 7Y NNILANBRICKDEE
(#GPa) DEE7 7 AVRE
HEEDHELE - Gk, TRl ZzBELR
AERDE MR IC & D REICEMRBIS
HEEB (E—=>7%)
EVWHETRFREINHOTHNS
., REIICHEKETIEBLAIFNZTW
(FA—=>7)
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o MZHHHE - DRI :
BULL—Y—E—>7

0 RFiZ1Z DERINLIE

0 AVEIDREMEICE

Ref. Y. Sano, T. Taira et al., For

ENAE (BB (C (X

2Ly F D4 — S I EORTRIAESIEIED
—SUJCBRR. ERE3 RIS E R

B KIRPHIER)

BB ANEL DO, EBHBEDO L

Laser Peen Forming

O

s 7, 100080 (2022).

HEEFE 1 20mm

%E3D7’U > Y DRENE P je55783RE D8P (C '
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DFC (mHh@mmsil) we/NEERL —1—

TILA

DFC-structure for Tiny Integrated Laser

iI-SAB : Intermediate (amorphous) Layer assist Surface Activated Bonding
ERESO7O0EA»REMHEIES

Composite chip, Sapphire/
Nd3+:YAG/Cr4+:YAG/Sapphire

Y7717

Cr:YAG 7 ¢ /!
,/ ,l ,l
Y S 4 7
I . -
V4

YIO7147

(a) ZEIDERES (b) BE), FFEE, I—F 1> (C) BI&F v
Ref. The 83rd JSAP Autumn Meeting 2022 (JSAP-Optica-SPP Joint Symposia 2022),Sendai, September 20-23, 23a-C205-1 (2022).
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Unstable Resonator type Microchip Laser

https://www.ico25.org/?s=welcome

—
Breakthrough !?
Ref.
[1] Opt. Express 30: 5151-5158 (2022).
[2] Opt. Express 27: 31307-31315 (2019).
[3] Opt. Express 27: 30217-30224 (2019).

[4] Opt. Express 25: 6431-6439 (2017).
[5] IEEE J. Quant. Electron. 49: 454-461 (2013).
[6] ASSL, AF2A.8, 2013.
[7] IEEE J. Quant. Electron. 46: 277-284 (2010).
o [8] Opt. Express 16: 19891—19899 (2008).
R S A [9] Opt. Express 15: 14516-14523 (2007).
! [10] Appl. Phys. Lett. 89: 101120 (2006).

Year
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Tiny Integrated Laser

TILAOd>Y —> 7L (https://tila.ims.ac.jp/)

EEER - SHEL—Y—DHRREDLHDIATHRAR—ZAEUVTAFHEREY Z2—7I)L, RIEETRK
- BT O0F v L —H—THEE | HyTILA (Hyper Tiny Integrated Laser)

EEEEZHR
BEODEWI Y —
VIL—AICTEES

SERR LT @R REPIESR (FXRMAFER DIR)
EETANEE  38HK (EEk 15 FHF)
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R A AL —t—

RRTRBZHIET = FoinflF \

LGD Eﬁ%o%% C\: ﬁg;;%

FLA4 90 UTHERE = EXERM

1BV 21— ZE LGN UEXER

H

(A fiil =Yl o

VNS
DFC6JEY 12—/l EE
I X T Ti:Sapphire % [

Nd:YAG/sapphire-DFC

10 J @, 100 Hz
6J @20, 100 Hz

| g

A

r]:EKJ_)L

AW (=P 2

) DFCOZ LI & D & 5 /N,

B/ LA
Fikas

LDfhi#c

NIV R [EfESS

&g F v —7/NLA
1H e

(XZF . EBFHET)

E— I BHDHEE

e

CPA Strickland and Mourou, Opt. Comm. (1985)

>



JST MIRAI Project : Development and demonstration of laser-

driven quantum beam accelerators
https://www.jst.go.jp/mirai/jp/uploads/saitaku2017/JPMJMI17A1_kumagai.pdf

=BEE DFC F v FHEmESE (HDFiF. BiF. KEK) DFC chip 2x (gain length 10 mm)
1.1-at% doped Nd3+:YAG

10x10x0.5 mm3

c-cut Sapphire
10x10x2 mm3

Pump 4x LD modules
Wavelength 885 nm
Rep. rate 1 Hz to 50 Hz

Pump pulse 250 us

Pump power 8 kW per LD

: J per LD
=28

=8 Eﬁb7%—l/2f
ELI-DIiPOLEZ=R®BAZ = !

Enerqy Rep. rate | Aperture Fluence Temp
(J) frep (Hz) (cm x cm) (J/cm2) Pav (W/cm2
ELI-DiPOLE 10x 10 150K
This work 2 50 1x1 2 100 RT

DFCF v Z(10mm0) =& L
fciEbe—~ho > ONE




THz-wave-Dielectric Laser Acceleration

> Quantum Efficiency by LA-PPMgLN
THz DLA= XFEL

® Chirp and delay: cascaded DFG

Ref : Nature Commun.10 (2591), 1-8 (2019).| ® Narrowband THz waves
DOI: 10.1038/s41467-019-10657-4 ® Overcome the Quantum Limit

® 0.6mJdJ THz for 0.1J/cm2input
® conversion efficiency of 0.24%

100MV/m

(QPM + DFC)-chip laser
INBY L —F =R SR

Ref : Nuclear Inst. and Methods in Physics Research, A 909, 27 (2018).



Nonlinear Optics

for high power applications

w: angular frequency, d: nonlinear coefficient,

® FOM of nonlinear OptiCS L: crystal length, n: index, I intensity
2 72 12 12 2 272
1(2(1)) — 260 d3L31 (a)) s FOM é d_3 High Brightness Laser FOM é d ]D];(CU)
nCe, n n
LA-PPMgLN » MIR, THz World record Pamaged by infense faser
Nature Commun.10 (2591), 1-8 (2019). ® Overcome the QL Game
Change
® PPMgLN (FZG) | |
|
O

(a) Conventional FOM (b) Offered FOM : Take in account Ibt
FOM of nonlinear optics (normalized by KDP)

Ref. OYO BUTURI, vol. 90, no. 3, pp. 155-161 (2021).DOI: 10.11470/oubutsu.90.3_155
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Tiny Integrated Laser
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TILA-PowerChip OIRFEFRF
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— SEABEL—URTF
(2 F4ft, 1B, BS1tF)
Laser H . - Amplified
Signal >Laser
Pumpl_>| H F R i
- >5J, 100Hz, 500ps@1um (ZE;8, Pav>T1kW)
HGpRE N2 DFC-PowerChip
o BEEMSIESTHED (BMz ® JERIFIESHE
B, DFCHM) (FE, EFH=X)
® BUBRETIC X D555
N SERBIT L D BFHRIERE
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QPM-PowerChip ‘
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RIKEN SPring-8 / SACLA Campus
http://rsc.riken.jp

’\‘{ o

Conventional RF accelerator ~200m (50MV/m x 200m =10GeV)

>
THz-DLA

~10m
High brightness THz laser (>10mJ) -(x—l;‘v—ni_—_lc:eew
= Undulator

® THz-DLA: THz wave-Dielectric Laser Acceleration

- -
"’

e e R N

j LPA Platform

.
DA "%‘3"?

LPA: Laser Plasma Acceleration

Pulse Compressor

e-Beam-line X-ray Diagnostics
Plasma Diagnostics

Beam Dump
X w!&%@iﬂﬁ* o\
Xie \

m g
Laser System .
Micro-Undulator
Injector
<

Laser 20 m < Booster €-Beam Monitor
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N1/ RN—2 3> :Ey‘/—yﬂa
DB VWCTRENBEEHDFIRSNTND EE
MNMECEPHWRIGII CTEEZITHIDBRUVNESE
Ref. C. 7URFT Yty (#@Xit, 2001, 2004).

Ty a1-)Uk ( f f — S
" . Manufacturing Infrastructure edica ecurity
J\U a1 —FT—V3Elk

JND— L —H—D/\BY
£1B1t + o

TLLI59 0 LUTHEREK = EXEH

‘ Tiny Integrated Laser
HBRDIFK= FTinftF

Power density Bandwidth
Energy density @ Efficiency
Wavelength Reliability

Beam quality Cost, etc.

ginst | wnn - %7 || J
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® RFYa1—Il 2022

2023

6/18-24, Optica Siegman Summer School (Dublin, Ireland)
6/26-30, CLEO / Europe 2023 (Munchen< Germany)
9/19-23, IbFAMIBZEEMEARE (REX)

10/8-12, ASSL 2023 (Tacoma, USA)

11/18, TILA-LIC2024#&ia#@sd 1 D (https://tila-lic.opicon.jp/)

2024
1/16-19, L—H—ZKERKE (RR)
1/27-2/1, SPIE Photonics West (SF, USA)
3/3-7, Optica Leadership Conference 2024 (Washington DC, USA)
3/22-25, FYIBZFSEEFEKRS (FR)
4/22-4/26, OPIC, TILA-LIC@/\> D« Di&k
TILA-LIC2024 =h0DHFEL)

ZESFRETE !

10[8] (9/13, 7K), 11[al (12/20, 7K), 128l (2/14, K)






