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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 

Large Hadron Collider (LHC) 

International Linear Collider (ILC) 

Proton + Proton: collision of composite particles 

A fraction of the energy participates in the reaction. 

Can reach very high energies to discover new particles / phenomena. 

LHC + ILC = determine new laws of nature June 22, 2012 12 
ILC University Tour TF @ Hokkaido 

University 
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 250GeV (H+Z , H self-coupling ) 

Ҧ 500 GeV/1TeV ( ) 
 Ҧ  

 Oide-limit  
 

Linear Collider (ex. ILC) 
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   /   10km   Ҧ   100MV/m 
   10000  
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XFEL / X FEL 
 

LCLS 120Hz 
SACLA 60Hz 

 ( ) 
Euro-XFEL 27 kHz 
LCLS-II  300 kHz 

: 
 > 100GV/m  

  (Flash Forward) 
THz  <1 GV/m 

THz   >10 GV/m 
THz-Enhancement Cavity  

 



High Gain XFEL (sub-femtosecond) 
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4 fs 

FEL  
 

RF-Gun 

C-band RF accelerator 

4m (140MeV) x 18 unit 

0.8ps 4 fs 20fs 

 High energy  

attosecond XFEL  

(3 nm, 600 as) 

100 MeV 2.3 GeV 

200fs 

C-band  

RF accelerator 

THz bunch compressor 



XFEL   ALFA BL-D 
XFEL  : 1 ˂  

 
 ˂= 3 nm  

10 as  
XFEL X  

 

 XFEL :  
 

X  

SACLA :  8.2 GeV, 150 pC, 3.5 kA (40 fs)  

‗ = 18 mm ˷  277 period (5m) x 18, K = 2 

Ÿ  ɟ= 4x10-4, Lg = 2 m, ‗ = 0.1 nm 

ALFA :  2.3 GeV, 40 pC, 50 A (0.8 ps) Ÿ 10 kA (4 fs)  

‗ = 30 mm˷ 110 period (3.4 m)x1, K=2.5 

Ÿ ɟ= 5x10-3, Lg = 0.25 m, gain = 5000, ⱦ╛ = 3 nm 
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Dielectric Laser Acceleration (DLA) : 
  
  
   ˃Ƴ  /  B 
    THz :   
Dielectric Lined Circular Waveguide (DLW) : 
  
 THz  
  
     Ҧ KEK/ /  
Dielectric Wall Accelerator 
 (PCSS)  
  
     /    A 
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THz DLA  Si  
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THz- Dielectric Lines Waveguide (DLW) 
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THz-Deflector 
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THz-DWA  

20ps, q > 5nC 
ʶȄΣȅ < 10 mm mrad 

Pulse compression 

10ps 
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Millimeter-wave detector 

ÅWR-22 (40-66 GHz)  
50GHz = 6ps Ҧ 2ps  

B6   +90deg 

Ҧ  
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DWA (Simulation) 
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MgO:PPLN / OPA THz generation 

ÅMgO:PPLN  : Pole=212˃m,  10x20x L=40mm  
(damage threshold : 1 J/cm2 => target : 2J input ) 

Å̱ Ґ1ps, Dt 1ps 
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Å10 mm thickness 
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2J Ÿ 100mJ THz   
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Laser Diode 
ÅLaser Diode Stack 

 3nm (DB) 

 

ïQCW(Duty 3% )  kW/bar   
Åо҈ κ мллIȊ Ґ олл˃ǎ  ό) 

Å25 /kW 3%=30W(CW)  Ҧ 1000 /kW 

ïCW 
Å100 /kW Ҧ 1kHz  1ms  

ÅFiber Bundle 
ïQCW  50 /kW,  150 /kW 

ÅVCSEL 
   150W/chip Ҧ  Nd:YAG side pump 

QCW CW  

 

 



VCSEL  Nd:YAG DPSS Module 

VCSEL  LD  
-  LD bar  1/5 
- (20G shot Ҟ LD bar 1G shot) 
- (1nm )  Nd 808nm  



VECSEL DPSS Module 

Ҧ ʊн 

ʊуΣ о ƪ²Σ р 



VCSEL vs LD Bar 



 
LD Bar: 

1.6~2.1V/Bar̆ 

808nm(3nm)  50~60% 

VCSEL: 

1.6~3.8V/Bar̆ 

808nm(1nm)  40~45% 



KEK QCW  
ÅQCW LD Stack : 30 /kW (Fiber Bundle  1/5) 

Å350W/bar 25bar = 8.75 kW нрл˃ǎ Ҕ нWκǎǘŀŎƪ 

ÅFAC  

Å  
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 FAC (Fast Axis Collimation Lens) LD Stack 

Slow Axis  Cylindrical Lens 

 :  /885nm  100 kW(QCW),   KEK/940nm  300kW(QCW) 

 : /885nm  200 kW (QCW)  



 

100mm  

 

 

100mm  



LD  
Åнрл˃ǎ Ȅ мнлIȊ Ґ о ҈   



KEK  

Å  Multi-pass 
ï   / Enhancement Cavity  

Å  

ÅYb  
ï  Think Disk  

ï  Yb:YAG Ҧ  Yb:YAG 

ÅTi:Sapphire  
ïNd:YAG DFC pump laser  

 (  / G) 

ÅChirped PPLN  
 



Yb:PCF/YAG + OPCPA + MgO:PPLN 
Yb-doped fiber 
oscillator with 

Transmission grating 

Yb-doped SMF 
amplifier 

EO 

Yb:YAG thin-disk multi-loop 

SHG 

Synchronization 
system 

80 MHz 

0.2 nJ @ 1037 nm 

Yb-doped PCF amplifier 

FBG 
Yb-doped SMF 

amplifier 

1ɛJ   1 MHz = 10W 

SOA Pulse 
picker 

2-bunch  1 MHz 

Yb-doped PCF Regen 

Yb-doped PCF amplifier 

Cryogenic Yb:YAG 

Yb-doped SMF 
amplifier 

OPCPA 

10 mJ  10 kHz = 100W 

Yb-doped SMF 
amplifier 

10 J,  100 ps 5 J, 100ps 

Compressor 

Compressor 

1.5 J / 150fs = 10 TW 

70W 

500W 

19 ps/nm 2 

600ps 
2.4kW 

100 kW 
(100 J) 

600ps/15nm 

Compressor 

2J (  20kW pump) 

Yb:YAG thin-disk multi-pass 10kW 

1.2 J / 600 fs 

Pulse Stacking 

Filter 

MgO:PPLN 

Seed Pump 

500 mJ  όʹҐр҈Σ  лΦр ¢IȊύ 



Yb-fiber laser system 

Menlo oscillator 
orange 

ANDi oscillator 
1064nm 

ANDi oscillator 
1030nm 

Oscillators  (1025-1065 nm) 

1030 1.5nm for Yb:YAG 
1064 0.2nm for Nd:YAG 
1030-1045nm for Yb:PCF 



Yb:YAG High gain multi-pass amplifier (10-15 pass) 
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gain13 

gain13

Keep 3nm bandwidth  
using over room-temperature  
Yb:YAG amplifier. 

  Yb:YAG Thin Disk (Kausas ) 



Ex. Our Yb:YAG  thin disk loop mulit -pass amplifier 

Å10 kW 1ms 
 = 10 J pump 

10 kW LD ( FAC ) 



 Yb:YAG / PPLN  
 ( ) THz 

Detector 

Silicon wafer 
with metal  
mesh filter x 3 



Nd:YAG - DFC 
 



DFC  

Å  

ï8 kW x 4 ( On-Axis ) Ȅ нрл˃ǎ Ґ у W κ ŎƳ2 

ïG= 5  for  L(Nd:YAG) = 1.3cm(1/e2) (2-pass 50 ) 

ÅPump(885nm)           Output 

4 stack(32kW, 8J)    Ҧ  2 JҦ 1 J @ SHG 

DFC 
DM DM 

LD Stack LD Stack 

 & 90  
( ) 



Nd:YAG DFC 

Å0.65t x 9 Nd:YAG + 2t x 10 Sapphire = 25mm 



2J DFC  
Å1 cm2, 4 stack(8.85kW x 4 = 8.8J)   Ҧ  2 JҦ 1J@SHG 

 



Å8 kW x 250us x 4 = 8 J pump   

 

 

 

 

Å8 kW x 250us x 3 =  6J pump  Ҧ x 2  12J pump  

 

2J Nd:YAG DFC 

2.4 J ouput (5 Hz) 
2.0 J output (25 Hz)  



5J  
Å15mm x 15mm DFC 

Å750W/bar  27bar = 20 kW ( 2.5 ) 

ï 1.5mm Ҧ 2.5mm  


