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Nd:YAG DFC

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

Nd:YAG DFC
e 8.85kW x 250us = 2J pump
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Elementary particle physics
in next 10-20 years

Energy Frontier
LHC, ILC, ...

KEKB upgrade

New particle & its

3-way approach
to new physica

B-Factory,
LHCb, K-Decay,
nEDM etc.



Large Hadron Collider (LHC)

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

LLHC + ILC = determine new laws of nature

Positran source Detectars Electron source

Electrons
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THz-Deflector
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Plasma wake

Laser pulse

Lab frame

Laseror THz
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Acceleration beam Acceleration ~ Deacceleration

Electron beam
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Facility concept of Ultra High Intense Beam-Laser Complex
using existing7 GeV KEK LINAC

Advanced photocathode RF-Gun (under operation)

Experimental Area

—
Laser

Pulse compression
| ~ 10ps

20ps, g > 5nC
ex,y < 10 mm-mrad

Total length ~400m => 7 GeV

SR e-7 GeV, ox,y =35um (B~1m)

P e L LN

4 7nC/50fs = 1 PW (FY2017)
| 3nC/200fs= 100TW (i )

.....

“ra =t Future target : 1 PW beam x 10 J laser
(upgrade to 100/ in the future)




8 GeV LINAC Third Switch Yard
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Experimental area for laser plasma after burner

1 Ti:Sapphire Laser
25ceve ) 7 TW => 100TW(future)

h W
Experimental fll
beam line ]

Compressor under installation
Vacuum chamber
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300mJ/40fs = 7 TW at present
=> 25 TW (upgrade compressor and Nd:YAG pump) in FY2016

=>100 TW (Yb:YAG pump) tigse4, /b4, ILBEEDRAIZRYBER
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PRL 100, 214501 (2008) PHYSICAL REVIEW LETTERS 5 MaY 2008

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

in Dielectric Structures

M. C. Thompson, " H. Badnki \ A.M. Cook,' 1. B. Ro: 'u.n{\ll.iu 'R llkll(\pl‘:\ G. ll'l\l‘v! 1. Blumenfeld.”
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Single-wall DWA:

® Mode wavelengths
A, = M\/E —1=0.7mm
n

® Peak decelerating field
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® Transformer ratio

g=5nC
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- 200 MV/m
KEK CHERFKDOEMRE THZ L—Y Pitch | 0.320 1un
. Depth 0.210 mm
_ o é | ‘“M Number of Pitches 10
- I_L,_—_L‘.‘ .‘ Material of Wafer Si
MEGALINEONN Thickness of Wafer | 0.380 mumn
o i Index qf Si@ ~THz 3.4

k




THZHBIRBER = E—FAYIILEE

o .

FETEREEEE

L—H —ER B THZ N &



OPA — THz generation (DR —T 42T ML E)
* DESY method

THz-Waye Generation via Cascaded Optical Parametric Amplification

M. Henumer'. G. Cirmi'”, F. Reichert’, K. Ravi"!, F. Ahr'?. H. Cankaya'*. N. H. Matlis’,
0. D. Miicke'?. L. E. Zapata', and F, X. Krtner'***
' Center for Free-Flectron Laser Science. DESY. Hamburg. Germany
* The Hamburg Center for Ultrafast Imaging, Hamburg, Germany
* Physies Department, University of Hamburg. Hamburg, Germany
‘Department of EECS and RILE, Massachusetts Institute of Technology. Cambridge, USA

Pump 7& MgO:PPLN : Pole=212um, 3x3x L=20mm
) l 5 At PPLN w (damage threshold : 1 J/cm?)

3.
u o

e S
v /% - l Pump : 1029.45nm AA<0.5nm, t=300ps
PR dler IL

f’f’;a’ A —*—T (o) (Cryogenically cooled Yb:YAG amp)
: 2. Idler : 1031.2nm
. . =>0.5THz n=5%7?
* Sub picosecond pulse train with spacing of a

few picosecond I T e .

THz detection

FROG OSA

84 "
Pulse Sequences for Efficient Multi-C'ycle Terahertz 5 y :fr':’z“p ]
2 J
Generation in Periodically Poled Lithium Niobate & Annd bkt oo ,
Koustuban Ravi'"", Damian N, Schimpf and Franz X. Kirtner'” E 2 | VT ] YL
22 f2 : {e]

MgO:PPLN / OPA THz generation

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

* 1030-45 nm, t=1ps, At ~1ps

Ate> |
- ! ‘ -
Further

- Very precise synchronization is required
with RF accelerator
(especially with RF-Gun photocathode laser
based on Yb-fiber / Nd:YAG hybrid laser system)




* 10 mm thickness

N KE D MgO:PPLN

5% EHMENFELNNIE
2] — 100mJ THz A A[geAEIE T

Yb:PCF/YAG + OPCPA + MgO:PPLN

0.2nJ @ 1037 nm

Yb-doped fiber
oscillator with
Transmission grating

.

Yb-doped SMF
amplifier

t 80 MHz

Synchronization
system

—— o —

\ 500 mJ (n=5%, 0.5 THz)

-

2-bunch X | MHz BN
19 ps/nm X 2 \
SOA Pulse Yb-doped SMF
FBG [N # =5
M picker amplifier

Yb-doped SMF
amplifier

Yb-doped PCF amplifier

600ps/15nm
' £O Eilt ’ Yb-doped SMF
el amplifier h
Yb-doped PCF amplifier
mm e :’?__________,I

I X 1 MHz = 10W ’,

-

Pulse Stacklng

Yb-doped PCF Regen

10mJ X 10 kHz=100W

—— o —— — — —

Yb:YAG th|n~d|sk multi-loop % -
B

600ps

Compressor

«Ei

Yb:YAG thin-disk multi-pass

MgO:PPLN

lPump

___________ '_ S e———
At——’« SHG | 4m Cryogenic Yb:YAG .h-

5J,100ps _ 10J, 100 ps l 2) (4% 20kW pump)

I

| Compressor

Compressor

« 1.5 J’lSOfs =10 TW

o mm om

,/1.21/ 600 fs



Compressor & PPLN

Silicon wafer
with metal THi

Grating : 1750 lines/mm mesh f”t,e-f-___\x 3 Detector

£ Yb:YAG / PPLN
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