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Intensity: >1012 \W/cm?

==l 1

Interaction
vacuum
chamber No 5

Interaction
vacuum
chamber No 8

O

I
i
)| K
/
/‘f
/
A
-
:O ~Interaction \
vacuum Y
Interaction chamber No.4 )
vacuum
chamber No.3
= —




AEDBEHEME
[B /]
TW~PWHiEBEREL—Y — AT LZFI AT 5
2RI DOL—Y—FZOERMBZ DD,
[#IZ]
th (12, TW~PWi#kTi:sapphireL—%—> AT LIZE8

EYHIBEDF—T—F(EMAHE ITONT. D
BREZHAT D,

https://private.laser.kuicr.kyoto-u.ac.jp/files/AccLaserSchool2025.pdf
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Laser & Photonics Reviews, Volume: 17, Issue: 1, First published:
26 October 2022.
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Oscillator Stretcher
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Power amplifiers
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[ e Compressor l
\ .
High-peak-power
Ultrashort pulse

Yoon, J.W.,Sung, J.H., Lee, S.K. et al. Ultra-high intensity lasers as
tools for novel physics. J. Korean Phys. Soc. 81,562—-569 (2022).
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1. 7-UIZEH#RE (FTL)
o ERIEETOER/VA E(t) & AELEESTOARI N E(w) R7-UIZBOBRICHYET,
o J-UTETHOMENS, BRIE At LEEHIE Aw ORIZIE
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EVWIRIHINEFELET,
o IOTRICERELLZE. ZO/NNABT-VIEBRR/INIA (Fr-TOBVWRE/NIA) EFENET,

2. MEIRIVI OAREEE HIRE
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1. TEEEHEEDOER
KINWAMBEEPH LR TEERBTDE. BB CECAIEERE - BLEENERABED., VAN LY N
EALYLET,
COI BEEEEEFEHEDHZEE % 28] (dispersion) &FFEUET,
o NEMBEMTE. FEH k(w) PEIEHOBHELUERATEXY,
48 $(w) = k(w) - L OFA5—EH :

P(w) = d(wp) + ¢ (wo)(w — wo) + 56" (wo) (w — wo)* + 36" (wo)(w — wo)® + -+ -
o IITHEIBOYIERNERE :

o ¢'(wp) : BHELE (GD, Group Delay)
o ¢ (wo) : BHEFESEL (GDD)
o ¢"(wo) : ZRHHE(TOD)

2. GDD (Group Delay Dispersion)
e TE:

o B : fs?
o B FEFHRCEOELERDELE,
e GDD >0 : EREEMSNENS (EODEL /ULAR LN S)
e GDD <0 : mREEKSTENS (BOSEL S EMEICH AR
o B : TURLNRT . Fv—T5-12ETGDDEEHEL., BE/NIADEMBPHREETI,
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3. TOD (Third-Order Dispersion)

e TFH:

d3¢
TOD = -3
o Efi: fs?
o BN HEESBNSOILARBIKETIEAL.
o JOUVAOMIHEAIEFIRIEY, BEATEZSILSBEHEELD.
o HURANWAR YT NIVADFEIRD BEN B ER,
o i :
o KITAN-OHEFHEIET GDD I TEREB IR EAORRENTOD,
o FU-TJIT-LLFHETIITODNERTET, EHOERSHBERTTEHATS,

4. F&8 (R

I5H EE By IILANDEZE 1 F B

GD (BHRIE) ¢’ fs JOVADEE FFZ KR

GDD (BHEHEEX) ¢ fs? JVATED R - [T TUALNRT, T=F49Y7, Fr—
735~

TOD (= Rk48%) " fs® JVADIETAFREH, ANT BB AEEI S, AOPDF

BT
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o EEES
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D. E. Spence, P. N. Kean, and W. Sibbett, "60-fsec pulse generation from
a self-mode-locked Ti:sapphire laser," Opt. Lett. 16, 42-44 (1991).

o JRIE I HEO Kerr FFIRZIE

n =mng + nol

LY. BEP-IECRITEMEI T A TER (= BERELYZ) “HELS, /UL ADBNES - LN
), TI-Fr O RS ETORASEAT5—75. BLEERS (W) PEZHEENAS), FRLLTE
WNE/UVAMBENICEIESN 3| = REMNAEE TR L TEE, T-FRBMNHTT S,
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Nd:glass.”Nd:YAG

YAG

ED-2 Silicate

INTENSITY

. JUMU\J\}L

1020 1040 1060 1080 1100 1120
WAVELENGTH (nm)

Miniscalco, W. J., “Optical and Electronic Properties of
Rare-Earth lons in Glasses,” in Rare-Earth-Doped Fiber
Lasers and Amplifiers, 2nd ed., M. J. F. Digonnet, Ed.
(Marcel Dekker, New York, 2001), Chap. 2, p. 17.
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(inhomogeneous broadening) 7K,
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RIABFEANNHEZ T #—1E (homogeneous) TV VI
X

o XLk 1 Nd:YAG [FRBFESR - EE1EOYI T Rig—
IEAS NS BRI

o &E ! Ndglass FLEHFHME E/NIA-CPARZE)
1oh E-ORAMTEELESD 5 Nd:YAG EFHE -5
BTEHE CRRFIEN A,
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e

R ORI DS E ISR CIRTT 375, HARRT MUBAA S KRR TS,
H1EH

FEEROERRGETEAR (g(v) B'E-2) ,

(ETREANRT MU

Sout(v) = Sin(v) explg(v)L]

E13Y. exp(-)IC &Y s LAHERIEICE S 1B = S EOFWHMANE/ X,
B4R

IV —

ART VIR | = J-UIZEERAE (FTL) JULAIERLES,

- ZER - SHBEFEEE, ASRMINESE B L THRIFFEFEILE,
[SEZESE S
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http://www.rp-photonics.com/thermal lensing.html

BMUUAERBEROE SN

dnldT: BIETE K]
—y _ 4n/dT P K BMEEEW/m-K]
2KA A: FhicmEiE

W. Koechner, Appl. Opt. 9, 2548 (1970).
M. E. Innocenzi et al, Appl. Phys. Lett. 56, 1831
(1990).

EE8mmONJ: YAGHS &

TIAWD R TR EIET-15
B D SR E 5 i (FR#R) &
EmAOREN N (FR).

YAGD B E
dn/dT = 8 x 106 [K-1]
Kk = 13 [W/m-K]

@200umTI4WHET B L,

f=7 mm
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Grating-based Pulse Compressor Crating \

Outpult Pulse, re-compressed,
higher peak power

Input pulse
Chriped , broadened

R

Grating 1 Grating 4

Wavelength )
Tuning < Grating

C
(b) Retro-reflector
Grating 2 Grating 3
_ S. Backus et al.; High power ultrafast lasers. Rev.
https://www.meetoptics.com/academy/pulse-compressors Sci. Instrum. 1, 1207-1223 (1998).

3/2

Nm2X\3L A ) 2

A e s 2
TOD — 3\ 1+ 5 sin 0; — 811129?; . GDD
2mc 1 — (% — sin@i)

https://www.lasercalculator.com/grating-pair-dispersion-calculator/
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https://www.researchgate.net/publication/341368817_Etude
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H. Sung et. al., 17th Opto-Electronics and
Communications Conference, Busan, Korea

(South), 2012, pp. 576-577.
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s B 248 (Intensity autocorrelation)
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crystal
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............................ »
- j\'+ Esig(tfd
Variable E(t) Detector
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http://www.advancedfemtotech.com/Tutorial_Autocorrelation.html
&
oo oo
Af(fr):f I(t)I(t—T)dt:f |E(t)]? |E(t —7)|* dt
— 00 — 00

o NEE (BHM2FE) ((EIBECZHEHE,

o EREROAIE XN ZHFRINIPISHGHESR | EFE>TIT I,
o 2DD/\VAZEEIBTEREDOES — 2 FBEP2RAERAFROESNEER SEEICLHIT 2,

o FHEIFABHEY. ERET—RINICEDNZE SHEEE (autocorrelator) [FIFEAEZDTAT,

o MMEBHEEDON, NIVABERDIBHBNIWATARBE—ECIERESLHEN (IR A7 T7Uhsech’h &R ET S
LELHB) ,
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AY VY &= M1 S 7 4 o (Temporal Contrast)

(a) (b)
Temporal profile of high intensity laser pulses - 1
= Laser
A I | R pulse 1
aser pulse
¥ > | 1
2 noise level of
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= < Iasers\
£ noise level N 406 [ noise level of lase 4
(]
£
S i
108 Iy
. . . . . L 1
starting time of light-matter interaction -100 -50 0 50
time (10'%s)

https://rdreview.jaea.go.jp/review_en/2008/e2008 4 11f4_26.html

o EE: ENINAOE-IBECNTSRENEROL

. Ipeak
C(At) = 7bg(At)

s HENER
o ASE: E#fiFdy (AR -IFML) [IhI>TRE - ERBIN B B
o FERAIEEIDRIEE/RE | SPM-SVVE
o ZERS-IFOY  AFEODINERFCLZI-AK
o EOY-FDVU-7 : Pockelst VDAL BT, ALYy Fv/IV Tyt EFEDQTY - RARS
WA
o REEEN : E/NIVATLERICY-T Y MEER - MAL, EMEXBECBEEREEES
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Applied Optics 55, 5647(2016).

26



AJJLCPA "’

Standard CPA

Oscillator > Stretcher > Pre-/Power Amp | Compressor |- Output

Goal: energy scaling with pulse stretch/compress

Double CPA (for contrast enhancement)

. Contrast Cleaner
Oscillator | Stretcher-1 |& Amp-1 & |Compressor-1je (e.g., XPW / SHG +filter) | Stretcher-2 |e Amp-2 & |Compressor-2 b[ Output

Key idea: First CPA + cleaning (nonlinear/temporal filter) removes ASE & pedestals,
then re-stretch and amplify again - High-contrast output after Compressor-2.

JLITE-XL—H—D /LR KR Dl
10°

o “ERIER MES-T4J+FEHBY-T1V) -

0.84

1. SICPATIF) ¥ —FE(R — EMRBECIFRIEIU-F (XPW, SHG+I1LT%) A, 00| 5.
. HU—FoEBEEERE T(I) o« I" (n > 2). 2 10| 3 o
o EJUR T, BEL. EHREDRER-ASE I, 5 (I S Eo
= IYRSAMEREE ~ (I,/ L) " S| e TR
2. ZOBWIVNIANEEBUAN vF — BB~ M, BVEFAZLORISHRBI £ o o
gafL. = 10
AN Gres NNECED — ASERIIEAHIE] 10"
Pagg o< eCrs —1 |, 10° ! o :
« BRESTOBEBRTE BEHY, B COEIEE THBMAICLIASEDBR SRS T g

- —_ 7= = LEA ° ~ = “ = i
CO—EMR CERAGNI ATV FIADRIBRET 2. A. Yogo et al 2016 J. Phys.: Conf. Ser. 688 012128.
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NaeRIE—LHEDIBED—DTY,

4 B5.A . 12
N 14 432 . — 2 BFRFADZE: M* =1
FHERE:d =M= FA {Mz;sﬁjzawianﬂnﬁmﬁm J

M2 = M2 >1
Gaussian beam Mode mixture
T S z,
O = Oum B " ndll *
A B e J .
dOG V2 4 doo do ™ d(',u,l V2
Y z
v [ y
[ \\‘ \ 2
ZRC" ZR_\uy 2
Rayleigh length
Focusing lens

https://sot.com.sg/laser-beam-quality/
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ARL—ILEE (Strehl ratio)

ARL=IVEE (Strehl ratio) (. XZFRO=E (PSF) OHLEBENDSLEEZRIERCHD.
« TR

S _ I aberrated (O)
I diffraction-limited (0)

FA—0O (EREE) R ASFIRNF-TERLEEZD, IEHY ROPSFHLGEER, BEEITRAR
DPSFAR /LR E TEIoT2bE,

o VLyvhiEfl (RMSKEEZE o HMIhENEE)

2w o 2
S = exp[—( )\W) ]

BRELTS 2 0.8 (ow ~ A/14) Z[EIHFBRRRIEHETIENZ N,

'
f
|

fluence, J c

[+]

6

o
H

y (mm)
N |
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V. Lednev et. Al., J. Anal. At. Spectrom. 25, 1745 (2010).
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Mirror Substrate
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Wang, K.; Yu, Y.; Preumont, A. Shape Control of a Unimorph Deformable Mirror for Space
Active Optics under Uncertainties. Micromachines 2023, 14, 1756.

33



Spherical Mirror
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