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B=
= - Table 3
= % wj $ = Q efficiency of different cathodes [%]
Ay [nm]): 193 213 266 308 355 ref.
Metallic cathodes
Al 8.4x10°2 32%1073 34x10°% [38]
Ag? 20x1073 [40]
Au 4.0x1072 13x107° 138]
Au? 4 2 \ 140)
Cu 1.5x102 22x10” 1.6%107% 80x1077 (38)
Cu® 42x107? [38]
Cu® 14x10°2 [40)
Mg* Grdax-10 [40]
Ni? 25%x107? * [40]
Pd? 12x1073 [40]
St. steel 9.0x107* 16X 1074 (38]
Sm 1.6%x10°* (38)
Sm® 72x1072 [40]
Ta® 10x10°? [40]
Th* 23x1072 [40]
Y 27%10* Lix10-* [38]
i 1.8%10-2 138]
i 4 5.0x10°2 [40]
WK*® 1.2x1073 (28]
WBaO 35%10°2 1.4%1072 23x10-? [39)
Zn* 14%10? (40)
Zr® 1.0x107? (40
Ap [nm}: 193 213 266 355 532 ref.
Alkali cathodes
Cs,5b 35 2 1.8 0.38 [38]
CsK ,Sb 6 1]
ﬁ,s?(s 14 1.6 0.76 23% 10‘: [38]
a,KSb 7.1 6.1 35 20%10° [38) i
g 9.6 6.8 071 wxm-; (38) C. [[ravier et al.
+Ge 073 013 20%10° (38) 3
Cs,Te 60 57 20%x10-2 138] {IVU‘ I. Instr. And
¥ Afier laser activation at 2-5 mJ /cm? during 5-10 min. Meth. In Phys. Res.
Ionised controlled etching (ICE) cleaning process under vacuum. A3 0 (1994) 26'39
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B-3-1. Cs2Te 1Y/ — FICD VT

S Cs deposition T sub P max Operational
F Laboratory | Te stopped °c) (Torr) QE & lifetime
T 50% of maximum iy
4 = SEL 120 nm QE 150 107 ~12-17% 270-250
£ § 10 nm 70-80 min (max QE)
‘§ £ INF (Inmimin) | (1nmémin} 120 107 8-13% 254 ~ months
% 5 10 min 60-120 min 5
= g Fermi (1nm/min} | (1nm/min} 120 1-4-10° 12% 254 ~ months
& &
U:JJ g LANL 10-30nm | 80-90% of max QE 100-110 | few 10° | 15-18% 251 =100 h
3! ] 15 nm (max QE) (80
= 2 CERN 10 nm min} 110 4-T%; 16% | 262 1-2 weeks
g E . | 12%: 4-6% 11 h; few
E 5 - AL E q0g o z
w ot E g } Eg33ev 10 3 UT-LF 25-30min_| 2-15 min (max QE} | 120 low 10 16-21% 254 minutes
F ) I : : L2 N :
g ! Ea:<0.5eV Table 1: Preparation conditions of several laboratories
i H la <U.
2 1% ! {10°*
e; Cesium-Tellulide and Magnesium for high quality photocathodes
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| Ll i | | 1 i1 -
Yoz 3 4 5 & 7 8 5 6 i
PHOTON ENERGY {ev)
Figure 3: S.) ciral distr b fﬂ q b ﬁ‘f J"TE’ cath (“‘GS Curve
Ada aB e OF c espectiv vitho ith exc s (Taft a iyi( ).
Cm'\ (C D th OE fmg atec T bf ction with Cs. ( e E is
ata fror L Alamos [44].

Cs,TejJ ‘J —F

@ MEERE : 266nm(YAG:4w) . 263nm(Ti:Al203:3w)

@ QE : ;& {bERIZ 2%, BEBEZR(107Pa’) TQE1% LI LDESHN14BLLEDS
BohTW3EZAHHD (ChIIRBEIREICKETSILOT, LEEETF—HTIE
CsIHEEENNELK, RUVBHZMITEELAADNQEIIMEL XS BBMREN
BREOEEE)

ORELILDERZRELICHEL TWACsHBILDFTEEMNH S, 1$(C02,C020D
BEHAGEICKYRENLLT S, EREILET10-7Pall ESHE,




B-3-2. Cs2Te Y —F (O— KOy 2 %4=)

QE®D
EFEZE1t

+ RF-GUN[ZD(VT ( KEK ATF)

Sample Mo#0, Eva. 2003-0CT-20
Beam Operation 2003-OCT-20 to 2003-DEC-22

14 : ¢
an = 2085 46
¥ 10/20 E X/ ndf
" 13.6% an B Constand ‘ 533
F Mean. 1.796
i~ Beam Weeks T ;— Sigmna 0.7183E-01 == _..._l._._.’ 1 F
1 i e | | EREEAEAD)
b i E |
-~ & E : AR
A 0 - sk BB E)
: : :
o 6 i a0 b
Measut rement Error ~ 0.058%
| a0 B ] !
4 [ 8 i .
i 10027 = J 1
LI75% 1110 qqp97  qz09 1208 219 E | \
2§ Oas% 0% o.g% 1% 1A% 1222 w0 [
3 e D e 1_1%l E o
0 I o E I
0 10 20 30 40 50 60 70 1 15 2 2.5
Days Eearn cooerent {nC)
ict2

FEERE:266nm

QE: ZEBE®10%#8., 2HITED T B,
B AR OESR T 4 B LLE#F,
EERRE c s AETORE. TERIZQEDRMH
kB EVIIHALNT,

BRIZBE : 0.1-2.0x10'%electrons/bunch
NWIVABHIZYIINTF#:1-20
NIVABDEREZEZE : 3~5%

LIt 1 %I2E

B-3-3. Cs2TehY—F (A— kU v 2H3) + RF-GUNIZD (VT ( SPring-8)

S T

(#¥DHAQES. 3%, HEZEMET. 6x10-7Pa, IEEFIOMV/m, 266nmErEE T R JLF—120nJ)

! ! ! ! !
ﬁ'—Fiwm* L] § _ : :
: - 9008 TAEIHIEECE LB, ]
L Lo (:ctanEtanuoﬁﬁge
1 b\ﬁ.bﬂé EPMAﬁNﬁﬁ\bTJﬁZ

ThY.
_____QE;HI:!:]:RFI //0 BDCs

§ a2 115,
0 200 400 600 800 1000 1200 1400 1600 1800

time (min.)



B-4-1. GaAs 1Y — FICDI'T

Quantum Efficiency ‘

& 14 L

Pl 00, BFRARER O
b= i JLABI I —TDF—%
€T a * Pac97 p. 2894-2866

E %) @ C.K.Sinclair et.al.

Wavslength {(nm}

B0 70 800 800 ‘

Figure 2. Quantum Efficiency versus wavelength for an
NEA GaAs photocathode prepared after atomic hydrogen
cleaning_
NEA GaAshYV—F (LIF. BREE L7 \MEE(IBulk-GaAs, ) :
@ BREE: 10~20ps (L—HF—/LRIBIICOBERELVES THLW, K
BICEBDNNAFERDOEHBELEVELT HIHZETHDC-GUNTIIMHEELL, )
@ FhfSiEE : Bulk-GaAsD/\Y RF¥ + v 7/13860nmfHiE, AV — RMSEIHE
NEEFOIRLX—STHEMZABIZENY REY vy TREDOBREDHEBEFF,
® QE : jE&780nm, EMH(LEER TDQE5%, 10MABDAERE— RTREFE
Z2(-105EPa) TH10EHIZE CTEE.
@ EFHEGRERE:QE1%E THET I 3RO MESREGSTIEEL T3,
® GaAs/GaAsPiZi& FDRNEEE: 780nm (F#EF (Pol>80%)., QE : 0.5~ 1 %)
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@#EL : ~3MHz (337 nsiifE)
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® Intensity Jitter (rms) : 2%LLTF
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Bunch charge: ~6 nC (3.2 nCLLE ; N> F ¥+ —THDHERRDEREICELD)
— laser bunch energy: >10 uJ/bunch (6.4 nC,780 nm,QE 0.1%) loss#&& T >20uJ/bunch
@ #ILTIvo > R:rms~10—15 pi.mm.mrad
@ GaAsDILEME: 5 psIED/VIVABETE —AIZ100 psEEDTAINV%E5I<., 5 psLA FIZEKLL,
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EEOMETHS 0, BEFRYHLEBSBEuMTH SBulk-GaAsk Y bT A NVHRITNMEZWEEZ SN D,
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TNl
FAVYEERAYV—E:
D BRBE: RN (FE10psBEDOREN )
@ iR : BAEAMICIT120nmEI#E K TIZ197nm (Ti:Al203 4w) HSIREH
® QE : REIBICs#REET0%, HIRIR17%@120nm  FHBE(IFEHRER L
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ATREM DD D, COATREERIOABEFD)

BLDHJ— LDMHERE (1)

E g+Eg (V) (nm) Advantages Disadvantages Ref
— Csl 64 209 . 209nm is impractical satellite bunches
tase: | Gaes 50 248 ialeniainon and saturation in RF gun [
Cs ,Sb 20 620 ]
: K ,Sb Work in visible rang - o
Alkali- L 23 ) Ort I ASIVIE TaNge Very sensitive to contamination, short [
antimonide Na KSb 20 620 lifetime (1]
KzCsSb 21
3:5 354 a reliable photocathode material M
Good QE and life time. Stand high field up to Need UHV [4]
Cs.Te _ 120MVim
= A Resistance to laser damage: at least 6 W/cm
@262 nm Y
Alkali- Rejuvenation partially [11]013]
telluride The dark current@20MVim is negligible Need v fases 2
Rb ,Te
E N i Rejuvenated partly, by heating and ion [1]6]
RbCsTe bombardment etching
K,Te
T GaAs (Cs) polarized electron source response time is as long as ns
Herisn 1) 210n
Affinity Hanonid 2 Long life time and fast response A poor response because of NEA 21

Table1: Properties of semi-conductor photocathodes.

Jochen Teichert, CARE/JRA-PHIN 2004



BLZDHJ— FDMHERE (2)

Material sub QE@A\ Life time Field | working average Respo damage | Laboratory | Ref.
(MV! | vacuum Dark current density | nse by Laser
m) (mbar } cument time
CslGe 0.73 %@213nm > One year 70 CERN ]
0.13%@266nm
2%(@209nm > 160 h 10-10" (>ps) 2
CSBSD 2 0%@266nm very short (from CERN 1
0.38%@532nm__| 1 to few hours)
4%@527nm <4 hours =20 [ 10~10" ~ps 21
K_Sb 1.6%@266nm CERN ]
3 0.023%@532nm
1~-3%@262nm__ | robust [6]
K,CsSb 8%@527nm <4 hours =20 [ 107°~107 ~ps 2
1.2%@541Tnm daily Netherland | [19]
FEL
Cs,Te 13%@266nm ]
Cu,Au 0.2-05 % 22 Very small ELBE
16%@262nm ~450 hrs 100 [2
| OF =1 5% CTF2-2002
CuAu | 2-8%@262nm | Few week 120 | 1~6x107 CERN- 7]
QE>1.5% PHIN
Cu =300 hrs 100 | 7x10¥ Several mA 51
10% at 262nm | drops during the 127 | 109 <2ps CERN 161
first 50 hours with a
'~40 hours,
followed by a
slower decrease
with  ~350 hours.
Jochen Teichert, CARE/JRA-PHIN 2004
Y — ROtHE (3)
BL2DhYJ—LDMHEE (3
=15% QE=15% 1.4x10-9 21 mAlem® 6 W/cm2 | CERN U]
during 460 h @ @ 262
750 uA nm
Mo 5.6%@262nm 35~ [ 107 1604 DESY [10]
40 [21]
0205% 22 Very small ELBE
8%(@263nm More than one 5x108 Fermilab | [11]
month QFE=1%
Mo 16~18% @ 251nm | over 1% for 20~ | 1010 <0.4mA/c LANL [13]
8~12% @ 263nm 100h 25 m2
13%@266nm >100 hrs =20 | 10 <3ps 21
10 1 D-B
KCsTe Same as Cs,Te CERN [21
3~5%@ HeNe 30 Larger than BINP, 81
PEA carhodes Russia
20 hours of CW | 39 [12]
beam with an DC
average current | gun
GaAs of 3.1mA,
(Cs) ~58 hrs
1.5~6%@750nm | short 101 <ns 2
QE@ 'y Life time Field | working average | Respo damage Laboratory | Ref.
Material (MV/ | vacuum Dark current current | nse by Laser
m} (mbar ) density | time

Jochen Teichert,

CARE/JRA-PHIN 2004



BLXDHY— EDMRE (4)

Na. F:(\)’r)k funchion I (nm) Advantages Disadvantages
40 310 Nb cavity itself, direct and [20]
Nb simple, and no contamination,
robust cathode QE is too low because of their
Ca 20 29 427 high reflectivity and the shallow | [8]
Ba 56 [25 496 escape depth even with [2]
Y 39 |29 427 The most robust cathode, Air special treatment (etching, [2]
Sm 62 |27 459 transportable laser conditioning) [2]
Mg 12 [3.66 339 [2]
Cu 29 143 288 [2]
Table 2: Properties of metallic photocathodes.
QE @ A Advantages Disadvantages
Long response time.
Trioxide y Air transportable Need slight heating to
cathode 0.1%@355nm Can be rejuvenated by keep the QE from
heating to700°C, the work degrading too quickly
T function of Scandate Reod St heamgn [2]121]
3 dispenser is on the order
thermionic | 3.5x104@266nm of Zpev keep the QE from
dispenser degrading too quickly,
LaBg 0.1%@355nm ~ one day
Table 3: Properties of thermionic electron emitters.
Jochen Teichert, CARE/JRA-PHIN 2004
N — > [l Ll
B2 DhY—LDHEE (5)
4x10-°@248nm 75 ARGONNE | [8]
- 1.4x10*@266nm | Almost indefinite | >10 | 107 <ps 121
0
BNL
1.3x10*@248nm 75 [8]
6x10*@266nm >5000hours 107 <ps 2
0.2~0.3% 100 | 10 thermal BNL [22]
@266nm. emittance is
Mg 0.4 mm-
mrad/mm
1.3x10*@265nm 10-10 Univ_of [23]
Tokyo,
Japan
1x10-°@248nm 75 [81
Y 5x10*@266nm | long ~10 | <107 <ps 2
0
Ca 4x10°@248nm 75 ]
Sm 7x10*@266nm long a 10 | <107 <ps 21
Ba 0.1%@337nm <107 <ps [2
104@266nm 0.3 mJimm: | BNL [20]
for 15ps,
2661
Nb 35 :1mJ|fmm"
for 20ns,
248nm

Jochen Teichert,

CARE/JRA-PHIN 2004
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A. General Driven Laser for ERL
CwW

y

A
N

>0.77ns (7 = & PREBRAICIIRRER) >0.77ns

-
L —

S
1.3 GHzZHZRARIEVIRL & T BEE

ANXv 4% (Micro bunch Charge: 0.077—1 nC) :

D%« D/ ZADIE: 5ps~20ps (BEFDIL#EEZ S L5psLITFIXEKAL)
@4 D/IIVADIRIF—: &K30nd (CEHEADERK: 20 W)

@ik FK: 780~860nm (NEA GaAs, QE5%LL L)

@SR/ REYIERL: CW

‘

A
A\ 4
A
v

A-1. ERL [C & 2 R CIEEIRDEEE

SIEE., #BE/NILR

RS EDHEE

KBAE— K
1.3GHz DR Y i L TELEEIR

1

ey

RF&7O—TE—R
1MHz REBEICESIWTER

. BEEUZT Y a?,j ! $ ! >

—
ABigR

D CEFif E R L AhiER

' e-bunch
*o—p
' laser

ASThnERS:




A-2-1. Driven Laser for ERL (100 mA mode)
CwW

& »
“ y‘

0.77ns0.77ns 0.77ns0.77ns

- L
LI LI

——
1.3 GHz

AXv 4% (Micro bunch Charge: 77 pC)

D« D/ILZADIE: 10~20psLA FTHNIFL LY

@Of%4 D/ISIWVADIXILFE—:12nd (FEHEH : 15.6 W)

@ik K: 780nm (NEA GaAs. QEN5%MN51% £ THTIT 3£ T)
@LE/IVRIBYIRL: CW

A-2-2. Driven Laser for ERL (100 fs mode)

cw
7.7ns 7.7ns 7.7ns 7.7ns
T A MEIZERRE
< >le > —> TO2BA. NFHER
| [37.7nsTHIKNDD
— -
—
<0.13 GHz

AXw 4% (Micro bunch Charge: 1 nC)

OFE < D/ ZADIE: < 10ps

@4 D/INIVADIFRIVE—:155nd (FEHHEH : <20 W)
®ilkE: 780nm (NEA GaAs, QEN5%MNS51%FETHETI B ET)

@LE/NINRBYIRL: CW




A-2-3. Driven Laser for ERL ( 0.1 mm-mrad mode)
Cw

& »
“ V‘

0.77ns0.77ns 0.77ns0.77ns

) -
L L

——
1.3 GHz

AR w42 (Micro bunch Charge: 7.7 pC)

D% DIV ADIE: 10~20ps

@B % DISIWVADIRIVFE—:12nd (EHEAH : 1.6 W)

®if&: 780nm (NEA GaAs, QEH5%PS1%ETHTTSET)
BT v%RMEICIZ,. 860nm mIDEREANBEFIZMNQEIZE

@LEE/NSIREYIRL: CW

B. Linear Collider (IF#BEFIRIZGaAsD#A) & X-FEL(SASE) (Y &L _ER)

0.9 ms X-FEL(SASE) st &

» DESY:
| A FH 11,500
BUIRL:5Hz

332ns 332ns 332ns 332ns  LCLS:
INFE:112
#BURL: 120 Hz

A

&
Rl »

A
A\ 4

& » »
l L) V|

ILC (B{EELC)

20045 D ICFATHBIGE
LCIZ—&kT B EH
EEMICEE.

N— -
—

280018
AXv 4% (Micro bunch Charge: 6.4 nC)

D% D/ )V ADIE: 10ps (Cs,Te+RF-Gun); 1ns (GaAs/GaAsPiE1&F+DC-Gun)
@E % D/ ADIRIF—(Cs,Te: QE1%): ~3.2uJ
(2O AAFEEH~9mI . FHHEH~ 45 mW)
GaAs/GaAsPEBIERFD L —HYDIRIF—(E ED3.3F (QEZ0.1% & LIRS) .
@ik 266nm (Cs,Te); 780nm (GaAs/GaAsPiB&F Pol~85%)
@LFET ANV EYIRL: 5 Hz




B-1. Linear Collider ({R#BEFR: DC-GUN)

E=70-100 MeV
laser Positron-style room-temperature
accelerating section
standard ILC
’ SCRF modules
sub-harmonic diagnqstics
bunchers + solenoids section

Parameter Symbol [ Value Units
Electrons per bunch' 4x10"°(2x10")7 Number
Bunches per pulse 2820 (5640) " Number
Microbunch repetition rate ficro 3(6)" MHz
Pulse Repetition Rate 5 Hz
DR energy Acceptance AE/E 1 % (FW)
DR Transverse Acceptance A=2] 0.09 m-rad
Electron Energy Ey 5 GeV
Electron Polarization P, >8() %o

1 . .
twice IP requirement Cautesty of : Strawman BCD (Baseline Configuration Document)

.
Low charge parameters (C-18&2) http://lcdev.kek.jp/GDE/library.php

B-2. Linear Collider (FBE&FIR: /Nv 27 v ZHDGUN)

{ ool 7
Target e- Dump e

e* pre-accelerator ~5GeV

Auxiliary e* Source

REDILCOREI TIE - DBEFRERISLE

1) BIRILF—BFE—LEZETUDaL—2—ICHBL. BohdH U TEILRN
RCTORERICLYVERFEER. BRIMODEFE— A’éﬁﬁﬁﬂ'éd)f BET
RADFSAN—FBERL, COFEEELBEU~NORAFMNMECHIZ SN, D
REMNICEEBL AR, RRTEBFE—LHGE, BEFE O BN E, £
D=, 2) DNV I TV THRENERERAKIBICETT 5,

2) HGVDEFE—LZEMICAHFHL., TORERICKIBEFEFER. \VvI 7Y
TEEZOLNTWS, BFREBEMERNIOES FSAN—DRE, N\OFiE
EIXEFRIERLC (300-330ns) T, BRIFREIZI0%EE, ERHFEII RS 1 /3—
DIRILF—IZLBH., L—F - /ISR T RILE—IF0. 15-1. 5ud/bunch TREE,



B-3. Drive Laser for KEK-ATF RFGun (E{ziELCH)

Up to 20 pulses
r T GLC/NLC (&{nELC)
INFEIE: 1.4 0r 2.8
nsZ{RE.,
2.8ns 2.8ns 2.8n8 2.8nS  guxpi= (% 1.4ns NG

T192/\>F,

- e
L LI

=< 12.5 Hz

ANRw %Y (Micro bunch Charge: < 4.8 nC)

O£ D/ IV ZDIE: ~ 10ps

OB 4L D/ISIVADIRIVF—:2-4u) (EHHH : <0.1 mW)
@iffR: 266nm (CsTe, QE 1%), laser media Nd:YVO,
@LE/NIVAREBYEL: 125Hz LUTF

C. Inverse Compton Scattering & X-FEL (SASE) (##Y &L TIR)

100 ms (10 Hz)

X-FEL(SASE)&tid

Emittance:
1 mm-mrad @1nC

»
»

A

Brightness:
0.5 n"COBHERAEL L)
” SHEBRYPHS

ANRwvw % (Bunch Charge: 5nC):

Ol % DIV ZDIE: 10 ~ 20 ps
@M% DIIVADIRIVF—:>2.5 uJ (Cs,Te, QE <1%)
: >20 pJ (Mg, QE<0.1%)
: >250 pJ (Cu, QE < 0.01%)
®@ikE: 266 nm(YAG:FHG), 263 nm(TiSa:THG), 258 nm(YbYAG:FHG)
@LE/SIWVREBYEL:10Hz, > NVE—K




C-1. X-FEL (SASE) DE 7 1&%

Electron source
and accelerator

£ %
@’ Light beam

Experiment

K& BFE—LADEE
e TIgIBN R 3 T t TiT

SASE-FEL (FRoh~ Xi#x)

Self-Amplified Spontaneous Emission

EFU—FYD rvIaL—~

A T T T T T T T T T T T T T M/

.' o V .IIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIIII-)-L/__.Us_jlé

NYFIVTLvY

C-2. X-FEL (SASE) D#ifz, 1&g, B8
HISFE G 5
BHE & ERA—ESE oL, HA—RES

BLEE (FTE

KZ

Ay
JL=JLE(C,!V"—].)F‘-52—}’2(1+?)

BB DRIE
BFRIHETIHEINEBEERL. Y1 20N\YFUIZR
CULTHEARBRIE—LY MG ERET D DRGNS
SICYo20N\VFUTERET D

Bai0

KREICELDEFOIRILF—
BEHARKELED, IRILEF—
BHEENDE., BRLELKD

R Y& EE Log(P)

FYIalL—YEH

TSI

BFINVF




C3. #HJ>TR VB (L= 8EL) DIRE

BIXNF-—BFE—LALV—YLORBEERATXREER
Laser (Ag[um] (E[eV]), ] [W/em?])

I ¢ X#RDIRIVF—
<_\/E ectro; b/} oo (1+ Bcosp)E,

rm OC J g 1-BcosO + (1+cos(6 + ¢)) £

%2 xray() (E) :
M
\
XERO¥H Undulator Radiation& L T &0kt I_U I_U LU
1.8/ RS /_/__/—"r.
N /—\)"‘

2. RRATEM X B E
3. #HaM LM+ K/247°6°) m ﬁ' m
4. {5 ~ 2y*(1-cosg) %
5. & fREEE K =ed, /mc* ~0.85x107 AT o <Bi
6. %EU):I s//\"9 I\'IE k m ¢

C-4. FA>TNEEL (L= T BEL) XARR
YLinacR—22DaAY 7 b2 XBR

XBOWE (~#40keVIZE)
>107{@lIs (> > IVISILR)
>1010(@/s (RILF/LR)  Laser

Linac

by

P

‘,«“H "\'* * S e e : et b

*RingR—Z2DaA>7k ‘/Xﬁ;ﬁ

X-ray




D. Laser Accelerator (7S5 X% - Y —RK)

100 ms (10 Hz)

A 4

A

ANy .

O %2 D/IVADIE:<50 fs (30fs: /==L, ARSI MV - FO—A 25 WEDBLE)

@ORL D/IVADIRIVFE—:>10TW (=L, BEBEICLYEXBETES
CEISTHEE : ~ TWTHEIRRRD 2 u mIZE THER)

@ik&: 800 nm (/N RIEMSHEIFERICHNS I EPREE)

@_LER/NIVRBYIEL: 10 Hz

®aY bS5 R b:<10€~107

®QE (B&fE) : 7S XATERTHrEYVDIRIF—%EET S8, 3.9E-9,

D-1-1. Laser AcceleratorDIRE (EFFE L IFEHIBEDBAES BE)
(Tajima and Dawson Phys. Rev.Lett. 43, 267, (1979))

Injector &B

10-20 MeV#El CHEREa E —
5 % \ ® > 0y underdense plasma OA IS/E e1 8’3}—( iElE=A
= \ \ = ~10-25 pC/shot
= / / Ap Longitudinal plasma : w &3 Z ~0.05 T mmmrad
= I - " illation at ¢ BEINVFE
= / _ R oscillation at @y FBFNVFE <200 fs
z \\ N O+ + o+ }.\__+/+ + g P+ -r\-!-_,/
o \ 2 EE (F5X<E] i
c'é: / J | EI Fron I | E | MERE (FSXTERR) B
2/ /s ek cmA—F—DF v > RIVER
Y% A \ / P o EFYESU-KE (ZEVTF)
N ‘4 [Ny N Ml Tera Watt wsea gL — /LR %
5 , JTw % s el e s Ten s femtosecond HAF4 5T 3,
-~ 7 .\ ," - )”P - laser 1
> | \ aser pulse
= [ Stationarylons
ﬁ \ \ Electron

! ] bunch

Staged Acceleration Canill Gas jet
Aapiiary | G'
discharge |
A plasma channel can serve as I 'b!fr
a media for perfect wake-tfield | |'
for further acceleration generated y %ﬁ Y
via wave-breaking .
Further Femtosecond Injector
Acceleration (Laser Plasma Cathode)



D-1-2. Laser AcceleratorDJR# (Wave-breaking [ZJ 3 EFFRLE)

ap:d _injection into correct ’ Femtosecond
__acceleration phase e- bunch

Wave-breaking

B 100%
e | Energy spread

® Wave-breaking field
Ep~[2(®/wy-1)]12 mewyle
@ Density gradient

Aot NI(dN/dx)~1

 :Laser frequency
Wy : plasma frequency
A ol =2 21te/ Wy

L JLP,:_ plasma wavelength

Reference : 5.V.Bulanov, et al, Phys Rev.E. 58, R5257

D-2-1. Laser AcceleratorEE (¥EX)

(BS) Ti:Sapphire laser (~11TW, 371s)

ol ot i Photo
; Diode
|| = OAPf/3.5
,\J ; (f=178mm)
¢ BG39 [

Delay
him ICCD]ﬂ-G -

Ti-foul+DRZ

ICT monitor
Deflector Magnet

Supersonic Slit Nozzle

Gas density up to 6x1019%m @80atm



Y [pem]

Intensity [a.u.]

D-2-2. Laser AcceleratorEE{LH (EX)
Ti:Sapphire L —HDEMH : 17 TW, 37 fs (Dazzler[C LB AR bIL#HE)

10000

g g

&
S

:

=
'

-30 -20

-10

0 10 20 W
X [pm]

5 Opm (FWHM)
B.0pm@1/e?

(Rayleigh Length)

10.0;% \

Wiz)[pm]
o
o
SElmEe T
o
(=]
5 h
//

L~53 pm

(Focusing Parameters)

a ~,
® OAP f=177mm
® Beam size D~50mm
® F#.35

® Spot size ~8.0 ym @1/e?

8.0 => \ / ¥ 3 @ Rayleigh length ~53 ym
B ] ® Power Density
705 60 40 20 0 20 40 for Main Puise (~11TW)
Zlpm] ~2.2x1019Wem-2
( Contrast Ratio ) ap~3.1
Mo 31 e cross comelato ® Contrast Ratio 1:5X10°7
é S . ® Power Density
g for Pre-pulse
;E ty @2ns~1.0x1013Wem
G 103 @few ps~1.0x1016Wem-2
106 | LS A

-150 -100

50
Time[ps]

Brysvy—~&

[7] 54
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RF&ELV—YDRIBD S EE

T MDY —REFHICEWTIRL—TERFIZIASHEZE & ZHEHLD B,
COBRHIFEL—YDBHY —RICKEDENRBFNRET DI, COBEMDZE
THARDR F OMEIREMETEEL TWWINEEXEBRSBWHS TH S,

R F O E¥ 2856MHz  (SbandDiES)

L—HAY L —9 OEHK
79.33 MHz (RFER#E D367 A @ERKE)
89.25 MHz (RFEE# D324}/ @Spring-8)
119 MHz (RFEE# D240 B@ERKERRE) &

L—HYAYL—FDREEE fIZAYL—FDOHIEBR L. HHE clckD,
RATEZSNS 7 _c
2L

HIRRIHEO—AD I T — 2 ERHFAHERE LYV ZFTEHIIT C &Ic K
h, HIEBRLEZFAET 2, BEPLLOKELHEWT. L—FERE%E
\\RFEuwﬁﬁéztt$bﬁﬁﬁmﬁ%ﬁﬂ%tméo //

A. FRIEIZICDVT

PLLRAAERDOEE (@ SPring-8) / \
Laser Osc @89.25MHz EOFITRF EL—HRED

- rm.s¥v ¥ —X550fsBE
Piezo=X 7 —
. FEREIERDIES v 4 —{LDRA > b
[ B VAV | & s
4 {EETRINY RISR T 4 )V — oA LB SR
Photo Diode >+ s MHEEREIERAR
7 I~I"T’r ~ e Loop on/off W=7 4 )LF—DREL
v _,>_./o—> SE%®
Phase Dececter 3 1 NV RIS T 1LY —
@7 1 Loop aw wam | | ETVRFORERE
Loop Gain e /
2856 MHz RF OSC > 8HE+NRNRT 4 IIVEF—
(PLLEBUADIES v —@ELUADHE )

V—HF - h5DHNINAZRANTRFZBERTSHE. BERESNERFELVL—HFEHOD Y
9 I —3RPT B, rmsPyy—N230 fsETEBMTEZA_LERTFSH (@S pring-8) )

2oV —HY—2AHT S0 ICHEXERVSEE I

AT P OMELICE D XBRECSVTIIR FRFHA Y — REBHAOL—FEBI> T AR
EAL—FD2ROL—FORMERSBENDS, —OBAICIRPLLERVEVAMFENAETS
B. 200U —YHERBICEICEHOICHBIMEICH T, HTEEBXORELEN SRREN
bird, CNERNT—ADL—YRERICT «— KAy S EDFBEICEY 28D L —FHOBKE
EOR#EZEHEDS, ChICKYI0fsETDS vy —HAgETH 3. ¥ 7 U EBELDOEBSICE.
EIICRBIHS U — FESAD L —FRBFNEBORFE RNENIBENBHIDT, FL—YE
PLL[CCEFMEMRF & AEM > £ RETHEEIC L BAMERTS (GFESTA (EREMMIE) ) .
\_ . AROFETOmsYy 5 —HREEIL03 fs (MT)THS. /




B-1. L—=YA>L—2DH/ISINRADSER FEBEKT B%5/% (SPring-8)

EERNER ——

Laser Osc @89.25MHz
Laser Pulses @ 89.25 MHz
Piezo X 5 — Timing signal |pym
e e p laser
L—H—/NILRN @ 10Hz @ 10Hz
AERERIRNY RIXRT 4 IV 5 — YAG laser
5 » +
Photo Diode > N _ 10Hz
*—hoq R ©
| Loop on/off
v _>>—./0—>
Fast g;s;; De|_t|ecter f Timing signal
Photo F : Loop BW HV Amp @ 10Kz
Diode Loop Gain
2856 MHz RF OSC > 8RB+ NYRNRT 4N — 895 M
TR

RF amplifier

2856 MHz bandpass filter

HEEEN

Pulse signal @ 89.25 MHz |

RF signal @ 2856 MHz

Phase shifter

RF GUN Klystron RF modulation amplifier

‘ Laser Pulses
@ 263nm, 10 Hz

Laser Pulses
@ 790nm,10 Hz

THG

B-2. RFZHBERTBHEICL B8y 2 —1E (SPring-8)

File Edit View Setup Utiites Help [4179531 Wavefarms | Tekronix |5 x|
§|'§§| Fe |@ :"l-l: C ‘ Flunx’Stop‘Acq Mode |Sample LJ TriglEgtemaIDirect LJLII-BB.-’-leV B0 EJ

Pulse = ||Amplitude = J'LI1|I'LFIJ'I| fL|M|M|WJM|M|-"A—|\"‘*1*|&§'IM]‘ _ i :L' *E
4 B00mY - : ] : : i : : M

Mean 19.02ns
| Mzdian imoIng
\ Sidl Dev S06.4fs
i : ; pils  70.2%
P2 95.3%
pt3s  99.58%
Peak 156552
Hits 2936182
#Wfrns 4178028

|| 3 1.000m i
C4 50.00m v

I_E;g a |1.uuumw |-snb.uuv W @ | & |2.DDDEIEIpS |19.0082 E 522 PM 441242005

AAOXRA—-TDOAEvH— (200f s) ZZETHE
RF&EV—Y—RHODEKDrmsT v & —[3230fs




V. INZEEDZER

ERVIRULTABRRICHBELES =V
AR bDME WBEREEDIZ D FE

EITRENNRE EREDZER

FREFERIISERMELPENNRLITTALS, AEEZNE
KT BHDUBLREMCEREBERCOBRNEETH D,

1 2 4 6 8 10 T a—

1.3GHz | 2.856 GHz 5.712 GHz 11.4 GHz Frequency

L S C X
(IBLREEEZIAZI T - Pvd =100 f sLUTFIZRE L=,
FNZENORBRIMICOVWTEMLUAIFNIEZ ST,

| GI4B0.1 E(X-FELOES) SN TE S v & —DHFREHIT
L (240fs) S (100fs) C (50fs) X (25fs)

J RIAABI0E(ILCOES)ICHNE T vy —DHFRHHEIL
L (23ps) S (10ps) C (5ps) X (2.5ps)

e H UIRICEMEHRT1 00 f sLUTOLOGBES vy—NTERE
LTHRBERBICEHELLLEFEETSHDT., LA E (13GH)WE ICEAL,




HBILENELEDNDER

BIREOHHLIRD Q< BRIEN, LAY KETULMEOHEAMSH
BTEA, ¥, BBERESIVF LI THRENS, SiEEEEE L
[LERBHRA LN, EREASE<m5E. MIAECRELEDRR
POBBERIHRENG, SERTE 2 AEFRIBCLZ5EMDS,

RFUMIZED 2 V—F9E8EEREDY v TILDBKEVNZERRE, HBIGEZE
RITEGCEICLERTHIRDO QN 2 #H71(XFH VDT, Filling time/S 2 1R <R Y.,
E—ANZDRE/ A XDRELE 2HREEIZITE W=D ICERIBFF.
X-FELICWELRT7 a2l —4F TDOFEEIZ 0.5 nC @100 fs time width !
\ RFBFHDI10 psh SIEES &5 E100 fsl=F 5 Il EARE1/100,
N2 FEI00ICEREL 7= & = (- RFORAER R DS AEL0.01 ° ! !

Bl Z I, X-FELIZKO SNARFUMEZEEIZFEORBDIXRICELY
TESLASTEIDIBIEE (fHA<~1°) LCLSEEE (#HEHE<~0.1°)

FEREASVWANSERILRICEFNTIAUONI MEWSERDH SN, ]
EWNAEZERTOEERABRTIEL, S, C,. XY FIFXRT50 MVmiZE
TZEDLLEW, ChICIXERATO 2 REFEBOEZENEZZS5NS, E—
LEBTFBTREODZEEEZZEL. EEBIIZOXNEEDINREE TEL,
X REOE—ANMETHE BEESEVELEE—AO—T 4 Y IDBEDVDTEE |

X BGEIIREREICKIBEEORE. EEEIRATOKE EEHRHNEE) THIR !

HEIEEZFDSERL

TTE., BERBES<HEEXDIFECEOSFNBIEELY HSEFRM
RICEFTEED I NS MEICEE TS LEEDbNED., EE
ORMEMUAEBEMNTIFEAE., COETOEIZLZELSE>TWS,

acc. gradient [MV/m)
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ITRP (International Technology Recommendation Panel)

19 November 20413

Charge for the International Technology Recommendation Panel

: )

The Intemational Technology Recommendation Pancl (the Panel) should recommend a

Lancar Collsder ! L) lcchnnlogv o the Inlcmational Lincar Collider htccrmﬁ Commitice
{ b, B

On the assumption that a lincar collider construction commences before 2010 and given
the assessment by the ITRC that both TESLA and JLC-3/NLC have rather mature

conceptual designs, the choice should be hetween these two designs. If necessary, a
solution imcorporating C-band technology should be evaluated.
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We developed an extensive and systematic process for evaluating many criteria for both
technologies. These criteria fell into six major areas that are described in the body of this
report. Each criterion was analyzed and evaluated in terms of the relative advantages or
disadvantages for warm and cold technologies. We examined the extensive existing
materials and assessed the answers to specific questions that we posed to the experts and
proponents. Our evaluations led to substantial consistency, item by item over the Panel.
Our final evaluation and choice was primarily based on integrating over all these
evaluations from the twelve Panel members. Although the choice was very close, with
some criteria yielding advantages for one technology and others for the other technology,
we found a broad and consistent advantage for the cold technology. On that basis, we
recommended that the L.C design be based on the superconducting rf technology.
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