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Large Hadron Collider (LHC)

International Linear Collider (ILC)

O —@

Electron + Positron: collision of fundamental particles
All the energy participates in the reaction. The collision energy is tunable.
Given sufficient energy, unparalleled discovery power and measurement precision

e 0 HC + ILC = determime new-laws of nature 5

University



Linear Collider (ex. ILC)
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XFEL / BRXHRFEL

FIREMNRER =) HEIRENES (SEYIRL)

LCLS 120Hz

Euro-XFEL 27 kHz

SACLA 60Hz LCLS-I| 300 kHz
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NNIEFN 32 : Accelerator pulsed operation
* RF accelerator operates burst micro bunch

FnE 300ns 500ns 20ms |
INLAFBIGE  , 800us 700ps 200ms !

IN—RARNILATE—LIRILF—AD
ZHNERE EIFLHWLRY ., 88T A0

2 2
_ 272' O, q _ 71'2,00' 20' | = CIN Q _ oJ Cavity type 9-cell TESLA-type SSCs
X 12 ’ x Tt , Ploss eeeeeeeee frequency 1300 MHz
Cavity gradient
U 8E2 + l[IH Zdv 80E212ﬂ'2 L (MV/m) 31.5+20%
- _[ 2 - g Loaded Q 3¢6~10e6  ~3e6
Number of cavities
5)( 12 (e-e+,RTML,ML) L
IDbeam = I IEdZ = IEL = 10 2 O-tNEL Cavities per klystron 39
mber of ki
P 8Q 0.0, N
beam = Qp Xt m pulse | h  727us  650us  650us

n= 2
P|OSS 1 80a)E Beam current 5.8 mA 3 mA 5.0 mA
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Dielectric Laser Acceleration (DLA) :
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PHYSICAL REVIEW LETTERS wosk Snding

PRL 100, 214801 (2008) '.i()lMA\ 2008

D LW Breakdown Limits on Gigavolt-per-Meter Electron-Beam-Driven Wakefields

in Dielectric Structures

)

M. C. 'l‘h«,)mp»cm.' “* H. Badakov,! A.M. Cook,' J. B. Rosenzweig,' R. Tikhoplav,' G. Travish,' 1. Blumenfeld,®
M.J. Hogan.” R. Ischebeck.” N. Kirby.” R. Siemann.” D. Walz.” P. Muggli.* A. Scott.” and R. B. Yoder®

138 =07 GV/II’]. Fused silica, THz range,

~psec exposure

Single-wall DLW

® Mode wavelengths

z,zfﬁgfﬂdg—1=a7mm

n

" Peak decelerating field

2
—4N,r.m.c

=2GV /m(o, =0.1ps)
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" Transformer ratio
g=5nC E
R — __zacc S 2
O-Z = 30,le (OlpS) Ez,dec
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L TPX U FY AL X THazif £ — 2
—WAT—Y \E l Number of Pitches 10
7 517 ) ALT LA

I Y SAAAAA Material of Wafer 51
Mgm'm:'"* Thickness of Wafer | 0.380 mm

_ ; Index of Si @ ~THz 3.4
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THz- Dielectric Lines Waveguide (DLW)
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THz-Deflector
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THz-DWA DE — LEFENZ LS ESFHER

Pulse compression
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20ps, q > 5nC
ex,y < 10 mm=mrad
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Millimeter-wave detector
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350.000

DWAM MR/ \T A

Beam Parameters

2—(Simulation)

Ez (MV/m)

Charge 5nC
330.000 Energy 3 GeV
310.00 Bunch length 2 ps
290.000 Bunsh Shape rectangular
£ 270,000 Tube parameters
Z 250.000 . 3.75
Nt a_b ratio 15
N 230.000
210.000
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170.000
150.000 N ,
1.000 1.500 2.000 2.500 3.000
inner diameter (mm)
Beam Parameters
600 ¢ Charge 5nC
550 Energy 3 GeV
500 © Bunsh Shape rectangular
450 Tube parameters
E 400 | Er 3.75
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250 |
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200.000 -

Beam Parameters
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Energy 3 GeV
Bunch length 2 ps
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2ps B FE—L, 10 DWA
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MgO:PPLN / OPA THz generation

e MgO:PPLN : Pole=212um, 10x20x L=40mm
(damage threshold : 1 J/cm2 => target : 2J input )

e T=1ps, At ~1ps
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P FHEDKED MgO:PPLN

e 10 mm thickness
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/ 8 kW /150 MW /70 kW /4kW(LD) / 300kW/25MW
(1midy))  (ILC) (J-PARC)
W 5% 8% SH(BEBFERK) RIK01%? 1%(EFE—LERK)

STl X n(p->e)



Laser Diode
 Laser Diode Stack

X w18  3nm (DB)
AE—LINF—2F BT HFENDE

— QCW(Duty ~3% ) Tl kW/bar iIE TEIZE
3%/ 100Hz = 300ps (UL EDEXEFGIIFE)

— CW

 Fiber Bundle

— QCW 504 H/kW, 150/

* VCSEL
X I ZE{ELY 150W/chip > Nd:YAG side pump
OQCW~CW E TE#H

Ok
4

LT IEk

« 25 5H/kW X 3%=30W(CW) - 1000/ H/kW

e 100AA/KW = 1kHz TH 1ms DEILFmHNHE

1/kW



VCSELAA4 7 ® Nd:YAG DPSS Module

VCSEL

LD Bar

- BEZEIZKDEEN LD bar D 1/5
B R F a0 (20G shot © HEEDLD bar [X1G shot)
Y& (1nm @) T Nd D808nm fE#EIZ T 1wk

—+=Racro-Charne] (Chins)

- =
‘n. &~ Ricro-Channel (China)
Qclare
\
. Jenoptik

—— VCSEL

0.5G 1G

~+—LED Geperal

20G 50G Shots




VECSEL DPSS Module

Model No. Nd:YAG Diameter VCSEL Pump Power Pulse Energy
(mm) Chips @200us,100Hz @200us, 100Hz
SLD-3x3-3 o3 9 1350 W >68 mJ
SLD-3x3-4 b4 9 1350 W >68 mJ
SLD-3x3-8 o8 9 1350 W >81 mJ
SLD-3x4-3 b3 > 02 12 1800 W >90 mJ
SLD-3x4-4 b4 12 1800 W >90 mJ
SLD-3x4-8 b8 12 1800 W >108 mJ
Model No. Nd:YAG Diameter VCSEL Pump Power Pulse Energy
(mm) Chips @200us,100Hz @200us, 100Hz
SLD-5x3-3 b3 15 2250 W >113 mJ
SLD-5x3-4 b4 15 2250 W >113 mJ
SLD-5x3-8 $8 15 2250 W >135 mJ
SLD-5x4-3 ¢3 20 3000 W >150 mJ
SLD-5x4-4 b4 20 3000 W >150 mJ
SLD-5x4-8 $8 20 3000 W >180 mJ

8, 3 kw, s EIEIE m) [




VCSEL vs LD Bar

Parameters VCSEL LD Bar VCSEL Advantages

EO efficiency 40~50% 50~60% -

Spectrum width ~1nm ~3nm Narrow spectrum
Wavelength-temperature shift 0.06nm/K 0.3nm/K Very stable for pumping
Long time wavelength shift No Yes Very stable for pumping
Optical damage threshold No COD Terrible COD High damage threshold
Direct heat conductive area Big Small (by FF) Easy heat sinking

Heat stress during pulsing Low Very high Long pulsed life time

Max operation temperature >85 Deg.C 35~45 Deg.C High temperature operation

Current inrush sensitivity

None-Sensitive

Very Sensitive

Very robust to driver

Voltage-current relation Linear None-Linear Very simple driver design
Chip-water isolation Isolated Connected No need de-ionized water
CW life time 10~20K hours 10~20K hours -

Pulsed life time (20ms pulsing) ~100M shots ~10M shots 10 times longer life time
QCW life time (250us pulsing) >20G shots 1~2G Shots +10 times longer life time
Operation Mode CW & Pulsed CW or Pulsed Free modulation in all mode
Power degradation Near-Linear None-Linear Life time can be expected
Manufacture cost & price Low High Very low cost
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LD Bar: VCSEL:
1.6~2.1V/Bar, 1.6~3.8V/Bar,
808nm(3nm) 50~60% 808nm(1nm) 40~45%
i , 3500
Power - Current - Voltage - Characteristics”
350 2,5 80 3.000 4
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_ 20 . 2500
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350W/bar X 25bar

KEKiRQCWL —H—F A1 F—K X2y 5
QCW LD Stack : 305 /kW (Fiber Bundle @ 1/5)

350W/bar X 25bar = 8.75 kW X 250us > 2J/stack
FACDREZE T T4 AU T —1EhfE /N2 —

FAFREL-ZMERER/ NILARSA/N

LD Stack

FAC

—

(Fast Axis Collimation Lens) ¥ — iR/ N2 —>2 M|

Slow Axis B5i% FA Cylindrical Lens

IREREE . £¥/885nm 100 kW(QCW), KEK/940nm 300kW(QCW)
m) Si%: BHRTEET/885nm 200 kW (QCW)







LDD R KE
e« 250us x 120Hz = 3 % Z{REE

2.1 WRBAER \ﬂ(
B CHEE LTI ORWERFMMETHAL, FO—DDOFEREGBA TIRLRNWED LT 5,
HE % 5E #% B

3V A BT Iy \ 350 A
E—7 e Dep N 9.0 kW
7V ANg tor \\ 250 ns
Fa—F 1M DR %
T 2 2.0 v
) {EE BHIRE Topla) +5 ~ +40 U °C
{%T%;HLJE Tstg 0 ~ +50 #1) E2) oC
fih el K OMRERE — 50 %
B | Bk - ik -
0 BHAKRE (HHVK IN ) - +15 ~ +30 °C
& | WEKES (E— b7 E) - 0.3 3 MPa
f MmEKIEE (2K) — 0.8 ~ 1.8 L/min




KEKIZETHL—H—BIF

« ETHDL—H—LRXT LD Multi-pass
— X JLF/\>F [ Enhancement Cavity [ZX%F ity
« JFEMIZIT/NEDU AT LEZEHEFE
c YoRRL—H—FF
— D FIHRAEERES D Think Disk {5 FF
— 28 Yb:YAG ©> A E] Yb:YAG
* Ti:Sapphire 2D 1E5R

— Nd:YAG DFC pump laser DEA
(REHRENIES X/ FFEL—F—FHFHG)

e Chirped PPLN ~) HA%




Yb: PCF/YAG + OPCPA + MgO:PPLN

0.2nJ @ 1037 nm

Yb-doped fiber
oscillator with
Transmission grating

Synchronization
system

I
I 80 MHz |
| 600ps/15nm
I
|

Pt
I 19 ps/nm x 2

A Yb-dopgq SMF » FBG

amplifier

Yb-doped SMF '
amplifier

- » Yb-doped PCF amplifier

1w % 1 MHz = 10W ‘

» Yb-doped PCF Regen
10 mJ x 10 kHz = 100W ‘ 600ps
Compressor

2-bunch x 1 MHz \\

_ |

SOA Pulse - Yb dopep! SMF |

picker amplifier |

|

|

|

) Yb-doped SMF :

EO Filter ‘» amplifier /I
X ’

Yb-doped PCF amplifier

I — S SS—
Pulse Stacking

- o - o e o .

— oy,

OPCPA  |da| SHG

Cryogenic Yb:YAG

MgO:PPLN

Compressor

|
|

|
|
' & 5J,100ps
I
Iy
Iy

v 500 mJ (n=5%, 0.5THZ) | 1. 5J’150fs- 10 TW

104, 100ps J ) 4% Dokw pump)
Compressor
11.21/ 600 s




Yb-fiber laser system
Oscillators (1025-1065 nm)

ARNLD

Center : 1084nm
FWHM: 0.50m _  gjie

1030=%*=1.5nm for Yb:YAG
1064 +=0.2nm for Nd:YAG
1030-1045nm for Yb:PCF

4 QOscillator




Yb:YAG High gain multi-pass amplifier (10-15 pass)

gainl3
5000

\\ 4500 - idth
4000 using over room-temperature
3500 o
Yb:YAG amplifier.
3000
"5 \ 2300 ==—gainl3
Q
& - 2000
\ ) 1500 *
|_\
.é"' 1000
y » 500 -
O i T T 1
\ 1020 1030 1040 1050 1060 1070 1080

3 '

S FHRL =B #ES Yb:YAG Thin Disk (Kausas&Av)
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Ex. Our Yb:YAG thin disk loop mulit-pass amplifier

YRR o

....................

7 Heatsink
, e : ‘ v
- /% YheYAG disk
g - s -
8 £ 7 ~ i g DM
> : d
4 - o )
3 S, =,
1 g : ¢ €
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e 10kW X 1ms
=10J pump

aaaaaaaaaaaaaaaaaaaaaaa

10 kW LD GE# &L, FACIZKDERR)



AN Yb:YAG / PPLN

Silicon wafer

DEEBIANYRD/INIAF1—T % FER (FEIR) with metal THz
Detector

mesh filter x 3




Nd:YAG - DFC
EoaEL—Y—BR




DFCIENEzs = 5L 51 BR

LD Stack IE

(

. BIEE

DM

DFC

EI
| LD Stack

DM

2)—TIZF BB TRYLEELT &9or‘|EI$n
(FERDERITICLSIRIREEDRYE)

— 8 kW x 4 ([

15 [B]On-Axis il
— G=5 for L(Nd:YAG)

* Pump(885nm)
4 stack(32kW, 8J)

i©) x 250us = 8 J / cm?

= 1.3cm(1/e?) (2-pass T5013)

Output

- 212> 1)@ SHG



Nd:YAG DFC

e 0.65t x 9 Nd:YAG + 2t x 10 Sapphire = 25mm




2) DFCIENE 5 E AL A BR

e 1cm? 4 stack(8.85kW x4 =8.8]) > 2J-> 1J@SHG




2) Nd:YAG DFC
e 8 kW XZSOUS X‘4 8 | pump

\\\\\

A
A1
Al L

/

X3 = 6J pump > x2 12 pump

& m) 2.4Jouput (5 Hz)
" 2.0 J output (25 Hz)




SJEaA—)LA
* 15mm x 15mm DFC
e 750W/bar X 27bar =20 kW (£ D2.51F)
— 1.5mm EvwF-> 2.5mm EwF
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KEK [CEIFRART—25 IEDEER

Advanced photocathode RF-Gun (under operation) &

Experimental Area

Pulse compression ; Laser
P ;h& N synchronization TISapphlre
10ps | Yb:YAG
20ps, q > 5nC
THz-DLW ex,y < 10 mm=mrad
I
4-stage pulse compression
S N . g _P_ IS€ €O _P _________________ R \

Total length ~400m => 7 GeV
~a few 100 fs

e- 7 GeV, ox,y =35pum (B~1m)
3nC/200fs= 100TW(FY2019)
5nC/30fs = 1 PW (FY2021)

60000
50000
240000
330000
20000
10000
0

M
e o ¢ Future target: 1 PW beam x 10 J laser
(upgrade to 100J in the future)




8 GeV LINAC Third Switch Yard

KEKB
(continuous inj.)

KEKB Beam Transporttine N ;
| | . -,......____..,'—r‘.‘;- -

" AdVanced RF Gun

Damping ring
under construction)

- =



Experimental area for laser plasma after burner

= —"

KA

7 GeV, 350TW beam

Ok

KEK




Experimental area for laser plasma after burner

TapV!

8.49328
=] g

g
0

o 2.5-GeV e-

B X

B KEKB LER
3§ 3.5-GeVe+

g | To <\"
‘ . Beam du ?Q

‘0
‘0
‘0
Ti:Sapphire Laser
7 TW => 100TW(future)
Compressor under installation

Vacuum chamber



Ti:Sapphire Laser from U-Tokyo Uesaka—lab
THALES o- 10 + Osclillator

Pulse compressor
— « p 7 -

.
E
=3

i%mmn

o

i mmumnummm

| 300mJ/4fs =7 TWat pesent
=>25TW «— Nd:YAG DFC pump
REMKFESE X/ TEL—YF—FHRG)




F=EDHD
- HEESR (> #100Mv/m) DIER K

&Y

— THz 05&E

« FDI=HDOL—H—FIF / THHAE

— W BETYVEL+S, S0H: BMENDPE
—Yb RL—Y—TNDEIEER

— Nd%& - Ti:Sapphire
— Chirp PPLN

— THz - PPLN

Jok R7T—¥
RAT  F—hk
Nd:YAGDFC:1cm? 2.5cm?
JFi#2 885nm LD stack:
8kW x 4 =8) 20kW x 4=20Jx2
1064nm: 2 10J
532nm: 1) 5]
Ti:Sapphire: 0.5 2.5)
10TW 50TW



