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THz-Deflector

L

'screen

E — ¥Yms=0-15[mm]
1 Yms=0.3[mm]

] — Yrms=0.6[mm]




SACLA157?
« SEREAL (IrCe/1V—F)

30 MeV 400 MeV 1.4 GeV

Beam dump

Q-mag for dispersion

Gun .‘ ection  Energy siit et
¥ 7.45° 3.13° 1.41°
1 : ' N
‘ T L-APS -band W N &
| 238MHz (2mx2) - n A A
[Deflector | _correction C-band
: BC1 (3mx8) BC2 (1.8mx24) BC3
Injector (R56~—41mm) (RS6~37mm) (RS6~7,5mm)
Z=0m Z~50m Z~120m
. - BL1
Switching  / ;
t /’v
e—s" Beam dump
OTR screen for sice / R -
0.16° Y I\ 0.362 To users
V*(; 8mx2) w (1.8mx80) {% N l l
Deflector C.pan C-band | \ &
cavity c d Alpwane ‘ll:" Chlcane mx18 Boam dump
undutator ¢ i A e o5
A
XSBT | " -
. A,
To SPring-8 G

Z2~390m Z~435m Z~615m



THz-DWA [Z J:é‘f?ﬁ/hu a’ﬁl whk

EEXEDIAHVORIEE ~200m

TEEDT A OFEMEE (<50MV/m X 2m = 100 MeV)
X

TP,

PEEDIA YR IESR

=
H

DFCIEMm

THzfM®RE ——— THzANE GV/m X 10cm="100 MeV)




THz-DWA 1

AR

ﬁﬂFEﬁW—CO)THZ

—whDE

FEAMEIL=YFDEIIHAER

ol
=

ke

A Es v

—H—HE QRAvF

¥

TRE e TREL

HiRe

?

A/
Jﬁj]iﬂ[l

HR@L —H —3

ﬁﬂl%& ﬁﬂl*ﬂ mE ME MR ﬁ&i‘ﬂ)\

AR@[RHFE S ME ME B OWE ORE

-

HBIEIIVAVR
BFH

THz (200GHz)

TUEImm D

(1 GV/m)

THzEE ERIESS

BN (o0
TA—HAXERIR
. PHEFRE

PPMgLNZ L\ % ERE L RS
(¥ —-O—[RRLLE DT ER)

2um OPG Ats»  THz _i THz(A,,)
\V THZ(7\51

Chirped PPMgLN 4.

. PPMgLN

REARFE CHOXFELA—R <y

THZEEBAIMMEL =Y+

1GV/m X 10m
(HEED 1/20 LL'F) )




=S ILED A 30



MRFDERZKRIBICLITFHIZE

e MHF D= \VIEE 24
BEQBEVNEE ..,y oy
x && °
@705;(‘7 E:\/@~ f W E-BFR.H R

- ey V.V
OFERX / l 1}/: R
c FEZX/INSTHor BREIRILFT—ZLITS
2 4 Q=W

(L

BlIRB OB INES : THZ - Foal
- R DCHABMEA R QIEDBL
¥ 20GHZLE OB EREAEL 5 n=cu: Q10,000
_ARNEE - EBfREND: Q~10" LALEFHR<40MV/m
1001s BEQ@E Ve W BRE - O¥I0
ISR or BERHKICLLEM
L — —EXE) L—Y —2 R EIEELGEN

'EE?I:‘:—A.%IXEJJ SLAC/KEKZE THgE& H A RS EE D EE
-f&FE —LERE) CERN/JPARCETHBEY N\ FEHah B8



BEERMEAR
L—H—5 B A miE

L——ERE) &R
L—H =T 5 X NME(LWFA) —

Plasma wake Laser pulse

Lab frame e- beam

’&CMM

Laser or THz

il
THzD HNER 2

E—L EREhNEE

5 % A 0E(DWA) 2

RJy E—- .
Drive beam
Acceleration

TS5 X NE (PWFA)

Deacceleration

é

Electron beam




IRV

IR EE S

HizE®E |EFE—L |L—Y— |BFE—LEEE
AR RED

6/12GHz  1.3GHz 5THz (50fs) 5THz (50fs)  ? THz (&ih)

EX S 20) [/m] 200J [/m] 70J(SLAC) 400((h1kd) 15kI((SPS)
IRJ)L¥— =40MW  =300kW =23GeV X3nC = 450GeMx 30nC
X 500ns X 700pus  35J (KEK) 150kJ (LHC)
=7GeV X 5nC = 7TeV X 20nC
300kJ( (PARCMR)
= 40GeNK g5 |
E5E 40/80MV/m  40MV/m  20GV/m X2m 10 GV/m ?

MERER ~x1IoF =40GV

f@UIRL 50Hz 5Hz 50Hz 10Hz 1/18 Hz (SPS)
0.3 Hz (J-PARC MR)
E—LEH 400W 10 MW ? AW ? ?
/EREN/AC  /1kW /23 MW  /3.5kW /400W / 833W/75MW (SPS)
/ 8 kW /150 MW /70 kW /4KW(LD) / 300KW/25MW
(1midY))  (ILC) (JPART
W 5% ? 8% SHBEBFERK) RK01% 1% (EFE—LERK)

X n(e—>e) - 10 %? X n(p—>e)



k2R / \)LZ’H’E%)T*&)O)J_%{E

o« N\FIEHEIZIE
IRIILF—ENBE

— L 'U' : CPAFv—T /3L R 1217)

—E—L {5t [EER

IARILF— IARILF—
N
HiEIEI—ETHRFITHDT
— | THRILF—EERELAL
< > ERBE /N TFIZIEIESELY
TD/INFE:
TEFE—L|: 3mm (10ps) BRIC/ A\ FEAEMHET HICIE
f&FE —L.|: 60mm (200ps) 008D I RILF—LHYNBE
HEIT AR
>
& " . = o -~ suomnmRTARSRSRETL Iy _ S b (S BT R L —
mesfis oo mmmE | peaiads
. i
S o—

T |
BFOEITAR - spErBRE — — — — — - EHEARHE SFOFv—7



THz accelerator



THz DEFEEAIE 12 GV[m AN Wor d Record
XALL L GVIMBZEMNFIALYLT LY
(IEBDEEA 1/30 2D THLAELER)
FHIRASE AT HE

MYLF A FI LB ARAE —AOMEN T
(SEVRLL——HELTEZ/\FZFINEA]§E)
HEMNEE (HSRADFELMELY)

71;<7m R & A TIB IR FIFAL 50
BB / NG N DRI REAEL | #KEL 4

g
THz N3ER 2§ O) KEK/7> FH /B CTOEEIEER

E—LEBEICED  HFH-EHLOBAICES
BMEOELER =RETHZRES




NNIEFN 32 - Accelerator pulsed operation
 RF accelerator operates burst micro bunch

FnE 300ns 500ns 20ms |
INLAFBIGE  , 800us 700ps 200ms !
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ZHNERE EIFLHWLRY ., 88T A0

2 o2
0;2210 3 qg=p r’s;, 4 &N, Q w

2 ’
/ PlOSS
2 2 2 2 Cavity gradient +20%
U = ~EE°+ H iy eE* f ,OL (MV/m) ‘
- n 2 - 8 Loaded Q 10e6
Number of cavities
15,814
(e-,e+,RTML,ML) '
R = fEdz =iEL 2% sNEL -
beam 2 ‘S Cavities per klystron 39
Number of klystrons 378 5 29
P 8Qr
/7 — beam — Q q rN Beam pulse length 727us  650us  650us

2
I:?OSS p @ E’V Beam current 5.8 mA 3 mA 5.0 mA
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PRL 100, 214801 (2008) PHYSICAL REVIEW LETTERS 30 MAY 2008

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

in Dielectric Structures

M. C. 'l‘h«,)mpmrm.""" 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®
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THzHDLA FH Si BI#T#&F

THz St DHIESDF] & THz OI-DLA D 7= ® Si Bt FD T

0.1 mm FEEDINEEE
IRBEHDOARBENHRADELZE 100G
IR B DR IN T AN e]

7 (TR ITIE WS W INE A EC (FERRIRIR)

- 200 MV/m
= i 5 Pitch | 0.320 mm
KEK CHEREFEHROERE THz L—1
Depth | 0.210 mm
L TPX: Y RY AR LR THzif &' — 4
—WAT—Y \E ! Number of Pitches 10
w7 517 Y ALT LA

I Y SAAAAA Material of Wafer Si
Mgm'W:"’ Thickness of Wafer | 0.380 mm

- ; Index of Si @ ~THz 3.4
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Pulse compression
10ps

20ps, q > 5nC
ex,y < 10 mm=mrad
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Frofile
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Millimeter-wave detector
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350.000
330.000

E 270.000
g 250.000
(N 230.000
210.000
190.000
170.000
150.000

1.000

DWA®D MN3E /N5 A

Beam Parameters

Charge 5nC
Energy 3 GeV
Bunch length 2ps
Bunsh Shap{ rectangular
Tube parameters
U 3.75
a_b ratio 1.5

2.500 3.000

innerdiameter(mm)

2—(Simulation)

Ez (MV/m)

Beam Parameters

600
550 F
500 |
450 ©
E 400 ¢
S350 |
N 300 ¢
250 ¢
200 |
150 ¢
100 *

Charge

5nC

Energy

3 GeV

Bunsh Shape

rectangular

Tube parameters

V] 3.75
2a 1.0 mm
a_b ratio

0.00
Bunch length (ps)

3.00 4.00

2ps BFE—LS

340.000 |
320.000 |
300.000 |
280.000 |
260.000 |
240.000 |
220.000 |

200.000 *
1.000

Beam Parameters
Charge 5nC
Energy 3 GeV

Bunch length 2ps
Bunsh Shape rectangular
Tube parameters
U 3.75
2a 1.0 mm

1.500 2.000 2.500 3.000
b/a

DWA&

M 300 MV/m
([EREERED THHE
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DFG

Frequency(GHz) N (hm) n (%)
100 0.35466666/ 0.033333333
200 0.709333333 0.066666667
300 1.064 0.1
400 1.418666667/ 0.133333333

900

1.773333333

0.166666667/




THz generation (AR —T 4 7)

e DESY method

THz-Wave Generation via Cascaded Optical Parametric Amplification

M. Hemmer', G. Cirmi'?, F. Reichert’, K. Ravi”, F. Ahr'™ I Cankayal'z, N. H. Matlis',

O. D. Micke'”, L. E. Zapata', and F. X. Kartner***

! Center for Free-Electron Laser Science, DESY., Hamburg, Germany
? The Hamburg Center for Ultrafast Imaging, Hamburg, Germany
} Physics Department, University of Hamburg, Hamburg, Germany
*Department of EECS and RLE. Massachusetts Institute of Technology, Cambridge, USA

-—

AW
W,
’ t PPLN W
0 Wi E IS
Signal N 5 Idler / |L &rU‘ £
A : : I

(ws) THz detection

(I - FROG OSA

MgO:PPLN : Pole=212um, 3x3x L=20mm
(damage threshold : 1 J/cm?)
Pump : 1029.45nm AA<0.5nm, t=300ps
(Cryogenically cooled Yb:YAG amp)
Idler : 1031.2nm
=>0.5THz n=5%"7?

e Sub picosecond pulse train with spacing of a

few picosecond

Pulse Sequences for Efficient Multi-Cycle Terahertz
Generation in Periodically Poled Lithium Niobate

Koustuban Ravi'?", Damian N. Sthimpf1 and Franz X. Kirtner'?

! Center for Free-Electron Laser Science, Deutsches Elektronen Synchrotron, Hamburg 22607, Germany
? Department of Physics and the Hamburg Center for Ultrafast Imaging, University of Hamburg, Germany

24 It=0ps t=2.5 PS
‘e —Pump Az=cn;;FT1Hz
= 5 —THz
o
F-J | | e
® of :
g o @) (a) . . (b) .
0 0.5 1 1.50 0.5 1 150 0.5 1 1.5

z(mm)

*Department of Electrical Engineering and Computer Science, Research Laboratory of Electronics, Massachusetts

Insritute of Technology, Cambridge, MA 02139, USA
koust@mir.edu



MgO:PPLN / THz generation

THZPPLN .2, T L—O—BREMR 51021
1/ DR —F AT BR

{/ hv (300THz) ¥ hv (300GHz)
ry L[-h\‘\n Tz

e MgO:PPLN : Pole=212um, 10x20x L=40mm
(damage threshold : 1 J/cm?)

e 1=1ps, Dt ~1ps

P FHEEXE PPLN

5% EBENELNNIL
2JY 100mJ THZA | g4I 9"




tH 5L RY7Z B[] - DESY(F. Kartner)

DFHFEDPPLNE{E F

Pump ‘ IHE 1m) FEE
() 1
0 —=

t PPLN W
il ———E]'s
Signal T P : dler /_\' ‘Hﬁ)\ CE p
(ws) /L (L5-t05) THz detection
P FROG OSA
THzPPLN — RUL—O—RAZBZLH=OIZ(F
// DRI —F 405 BA

) | b hv (300THZ) { hv (3OOGHZ)
St A

e MgO:PPLN : Pole=212um, 10x20x L=40mm
(damage threshold : 1 J/cm?) Ats»

e t=1ps, Dt ~1ps A4 0




Yb:PCF/YAG + OPCPA + MgO: PPLN

I
Yb-doped fiber I

Transmission grating

I 80 M2 1037 nm
I

system

oscillator with # amplifier

Synchronization | !

2-bunch x 1 MHz

picker

SOA Pulse Yb-doped SMF
- amplifier

Littman ECDL x 2 H 19 pgnmx 2
Yb-doped SMF (FBG)
v gy 600ps/15nm
-dope _
amplifier

EO Filter 8

| row =

Yb-doped PCF amplifier

le X1

=

10mJ x 10

MHz = 10W ‘

Yb-doped SMF
amplifier

—e o o . o e e o

Yb-doped PCF amplifier

I — S SS—
Pulse Stacking

-— e -

Yb-doped PCF Regen

kHz = 100W 4 600ps

- - s - o S S

MgO:PPLN

+ 500 mJ (n=5%, 0.5

Compressor

OPCPA  |da| SHG

Cryogenic Yb:YAG

Compressor

THz) (1.5 J’lSOfs =10 TW

N

|

|

| & 5J,100ps 101, 100 ps l 23 (B4 20KW pump)
|

|

|

Compressor

,11.2)/600fs



Compressor & PPLN

Silicon wafer
with metal THz

mesh filter x 3

Grating : 1750 lines/mm Detector
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Ti:Sapphire FB DFCi#E L —Y —3E5EEABR

o #JEASEEIEHER @ KEK Thales a-10
— IRR{E#R : 300mJ /30fs =10 TW < 1) @ SHG & 2]
— Long Pulse: 1.5J/150fs=10TW & 51 @ SHG < 10J

o« xR BEZEDDFCHIFEL—H — (J-KARENFH )
—15J / 30fs =500 TW
& 25 ) before compression

< 50J) @ 532nm < 100 J@ 1064nm
(55 J for J-KAREN)




DFCIENEzs = 5L 51 BR

LD Stack IE

(

. BigE

DM

DFC

EI
| LD Stack

DM

2)L—TIZT BETRYMLFELT &9or‘|E|$z:
(FERDERITICLSIRIREEDRYE)

— 8 kW x 4 ([

175 [A1On-Axis il
— G=5 for L(Nd:YAG)

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

i©) x 250us = 8 J / cm?

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

Output

- 212 1J @ SHG



DFCIENEES E i BR

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




\

350W/bar X 25bar

KEKERQCWL —H —F L F—F X729
QCW LD Stack : 305 /kW (Fiber Bundle @ 1/5)
350W/bar X 25bar = 8.75 kW X 250us > 2J/stack

FACDREZE T SA A NTH —1 i/ N3 —

FAFEL = REARER/ NILARSA/
LD Stack _ppc (Fast Axis Collimation Lens) ) — AR L/ S —

—

(

Slow Axis B5i% F Cylindrical Lens
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LDD R KE
e 250us x 120Hz = 3 % Z{R:F

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




10kW LD FH 600A QCW LD Driver
(KEKTHF. REIERZEFESR)

1. 5% & | 2 1+ #
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LD Driver Circuit 2

l PA85
; 200mA(CW)
S SN U = APT

i (V.- V,) #, -5 (V
TR (W) M 2R % V) Y R31+RZ °r 1Fg +R
R __ R _1 _
R+R R +R akt m(\A'VO) % 5__&(\/ \4') V+

V,+aVy, V. a\y ay
RI=V, V. aV,



6. HAER BIFEDATA

600A QCW LD Drive

Current(A)
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385nm Direct Pump

e 885nm =EFIRELDD / N—BY D H AAKELY
(PE3E Yb:YAG BIZBFL TE1= 940nm EFEIFRE .. 808nm DfE)

o« IMUNHEALEEFEDLD/A—TERIER
o INU{REL ~ 1.5cm™! T On-Axis Fi#EH A gE

10
—~ b
Fsp —g——1—— ! 1 H' b
1 | Nonradiative decay R E ] = H i
E Y ) il A A 2 o 8 L&
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Fig. 2. Absorption spectrum of 1 at.% Nd:YAG ceramic.



Required Input Energy for 2-pass amp
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Required input energy for 2-pass amp
e Saturation fluence : 0.5 J/cm? (0.66 J/cm? @ 0=28x102°)

G / R(:E 1B %)
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Efficiency
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4-pump
e 8.85 kW x 250us x4 =8.85 ) pump




CRYSLASER
1. 1%Nd: YAG
Dial2. 7X50mm
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885nm FZBE : 10%




Preamp FH DPSS module
e 808nm 1.2kW x 121 =14.4kW=3. 6J DPSS module

r




Nd:YAG DFC S E& K i



DFC Z\E

3mm(Sapphire) + 0.65mm(Nd:YAG) x 20 stack - 75mm

Ploss AT
16.4058 78.1228
15.3161 72.934
14.3722 68.4392

13.565 64.5954
12.8869 61.3662
12.3314  58.7209
11.8932 56.6341
11.5681 55.0862
11.3531 54.0624
11.2461 53.5529
11.2461 53.5529
11.3531 54.0624
11.5681 55.0862
11.8932 56.6341
12.3314  58.7209
12.8869 61.3662

13.565 64.5954
14.3722 68.4392
15.3161 72.934
16.4058 78.1228



Nd:YAG DFC

e 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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5] B 31— LDBEH

e 15mm x 15mm DFC

e 750W/bar X 27bar =20 kW (IHFED2.51F)
— 1.5mm EvYF-> 2.5mm EWF
—IA78F v RI)LAH]



FY2020

DFCph#2 /N UTi:Sapphire L—H —{& &£

2J DFC - YCOB/QPM - 1J SHG

Oscillator
+Pulse picker
+Strecher

N\

OPCPA Ti:Sapphire

—

Compressor
B@EITL—Ta2YT
(45 3k 1L VBG R %)
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