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Schedule/Road Map for LC's

Year LC/JLC NLC TESLA

H.Sugawara, KEK,9/4/95 T.Barklow, Gran Sass0,6/3/95 B.H.Wiik, Gran Sass0,5/29/95
1996 ZDR(SNOWMASS96) First CDR
ICFA at KEK to discuss LC etc.. .

1997 JLC Design Study/CDR Detailed comparison with other
collider designs

LCY97-International Review

1998 recommendation from CDR Complete CDR including
Science Council of Japan construction schedule and cost
1999 Detailed engineering design

Office of preparation for
International Accelerator Center
( IAC ), various committees
including the cite selection.

2000 If approved
2001 IAC starts. Construction begins

Construction of LC starts.
2006 Luminosity Experiment

2007 Experiment starts.
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From Marciano's talk at Snowmass96, June 1996,
SUSY - most radical,
most appealing,
most ambitious,
and most likely;
Almost totally accepted by theorists.
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B. Jacobsen, CERN-PPL/94-97
0.237 Recontres de Monond, Meribel 1994
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Har, 1994

—including R, R,
----- excluding R,, R,

Preliminary
Ty v —
) 5
10 10 10
Figure 9: Ax® = x? — x2.;. vs my curves. Continuous line: using all data (last column of Table 23);

dashed line: as before, but excluding the LEP+SLD measurements of Ry and R.. In both cases, the
direct measurement of m, at the TEVATRON is included.
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Charginos: x1 X« W° H OBES
Neutralinos: x°,,.,, « B, W’, H,, H,DE&

u>>M, x1 ; x , = gaugino(wino,bino)
n<<M, %", %, = higgsino

- x01
% + +
e+ x+1 e X‘I q |
Ve '
_ vIZ (B) X : . <x_01
€ n /\ |
G Ny

e.beam : BOA E#ES — H RS
100%{5#0’&: U)o —HBE1ER

e beam : v3Z#lZsensitive — W B4

———> u, M,

min- max E(2 jets) = ;{1 e SZ‘WDEFE



180 Tj‘l]‘lTYIIIFIIFIIllll\i
Axs L0, 23, el

(G’el/)

175

Acoplorar

L, A o
L“'?._ °Zj @{-2/(?170

D"
€J. Mo:2o0bel, - mécl/,' /M : @ooGeV 165

|
mxt =2/’J6¢7: m;f‘ 3/‘2368'/ 160 lllllllllllllllllll'llll
205 210 215 220 225 230 eV

Am! = 12 GCV
AMg = 21tGel

|'lllllllllll'L

lllllllillllxli

| (S B IS ]

[ ] be] BSE

100 _l | B | 1 Faaned | e | | S B 5 | l- =S | B B | T2 0 v | | 5 B 2 llll:
e a) R R 0, U B W q : ) :

Vs = 500 GeV : i .

3 ~ 4 3 5 =
-'E 60 W'w ol o :_ o
Q - QO 60 5 -
= 1= 5 5
3 40 ¢ 4 = 40 :_ __:
20 | =3 20 —

0 o '
0 50 100 150 0 20 40 60 80 100



stau (1) &R :

SIFEEERICL Y
B EERTIRE £ WirEERIREE
U
AL T bR, —FEEVRIBEME,

c(e'e,—B —>¥1+;1' ), min- max Ep(;,'—n' —pV)
.-t atO) & &y DEEORE

' T
. :
e 1:{,.4.. S
% (W, H)

A

T3 (= 1:LcosE)¢+fcRsmet)
z Y:-1/2 1

T, -7, ORI = tanpD AT
m
2, D gaugino & higgsinoM L 43
47— SHEEA BIHEEEBY, ~ m/cosp)
Chirarity : 1#7% %z



k. Fujis , Crecow 96
Mass Determination leBk preprinl  G6 -4l (prp)

Can’t measure E¢ because of a missing V,
however, we can still measure

Epi distribution --—----- > (m =+ m =5 )
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If we combine M 30 from € = and ﬁé studies

Amz /mz < 1% possible with 100 fb'
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K.Tujc . Cracow '96
Results from Lepton Sector Global Fit M. Nojirt et.sf.
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and see how well we can determine tanf3
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Tentative JLC Parameters
basedonthe X-band Main Linac (June, 1996)

RF frequency
#Electrons/Bunch
#Banches/Train
Bunch separation
G(loaded)

Normalized emittance

11.4 GHz (2=26cm)

7.2x10° (6.45x10° at IP )

85

1.4 nsec

54.75 MeV/m

3(H)/ 0.03(V) 10°radm LINAC
3.3(H) /0.045(V) 10°radm IP

Ecm=500GeV 1TeV 15TeV

#Klystrons/linac
Length/linac
AC-power(wall-plug)

Rep.rate

B, (mm)/ By.'(urn)

o, (nm) /6, (nm)
AE/E due to BS
Pinch enhancement
Luminosity x10%

2138 4462 6785
5.25 1096 1667 km
99 200 200 MW
assuming 28% WP —RF efficiency
150 145 96 Hz

10/100 14/100 25/120
260/3 220/22 240/1.9

4.1 8.0 8.0 %
1.71 1.65 1.58
8.1 12.6 79 cm’s’
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Final Spot Size Measurement FFTB

Laser Interference ----> Compton Scattered y-ray
-==> Modulation ---> Spot Size 7. Shintake 1990
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ATF-LINAC
(S-band, 70m, 9 klystrons of 85SMW .4.2usec with SLED)
=g ERE(1996.7.21) i%EHE
E—LIXIF— 1.42 GeV 1.54GeV
ISR 28.7MV/m 30.4MV/m
E— LG - /)N F 1.7 x 10" 2.0x 10"
20/\N 2 F(1.2GeV) 7.65 x 10" 4% 10"
IZXIVX—Ig:HEINF 04% < 1%
[FWHM] 20/ >F 03% < 1%

IIyRXABENCF 13x10°radm < 3x10° rad.m
20/ F  7x10°radm < 3x10° rad.m

1995-1996 E D /N1 Z 1 b
¢ SWIIMELEDEAL (28.7 MV/m with beam )
¢ ECS (Energy Compensation System)® i Ih
fO +Af(2 - revolution frequency of DR)YD ¥ L L\ ik



ACCELERATOR TEST FACILITY FOR JLC
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Multi-bunch generation by Thermionic Gun

i ~300V peak B
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Accelerated Beam at 1.2 GeV energy

(July '96)




+Af ECS

Principle of Energy Compensation System

Bunch Number
IS A s SRR S |

f=1 9
(2,856 MHz) -
f=f +Af y
(2,856 + 4.32727 MHz) ]
F=fg \f ]
(2.856 - 4.32727 MHz)
Bunch Head Bunch Tail

Deceleration Acceleration

S. Takoda / EncrgyComgSys /™MaO7 1]
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Result of Energy Compensation System (July '96)
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ATF-DR

DR SLC ATF JLC
Ebeam(GeV) 1.2 1.54 1.98
Current(mA) 136 600 500
Emittance(10°rad - m)  30/0.7  5/0.03 3.3/0.045
Damping time(m sec) ~3 9.2 ~5
bunches x trains fx2 20x 5 90 x 5

e 2 wigglers (16.3msec—9.2msec at 20Hz)

e 4 damped cavities (Z/\ > FE — L)

e extraction line for beam diagnoses:

0 I3 vy&RAIE ;
SR(>40um), Laser wire, 4um¢ Carbon wire
Bkt RK * SLAC
o e+fRHEE — L ; Laser-ComptonEE (#3rX)
¢ and more (ATF++ to be proposed).

SHE12BICEK  1I0MADBE/IN L FE— L

BRAEDT F14 4> b
KIE : <90pm
FEE . <60um

EFR15 77(SLAC. BINP. MPl, CERN.PAL.DESYs,)






X-band(11.4GHz) LINAC

PERBEL © 5S0MV/m (1TeV/20km)
£HEBEEH | 200MW
0.7x10"/bunch, 85 bunches, 1.4nsec spacing, 6,=90um

774X A2 I 65MW, 800nsec (7¥)V A1)
XB-72K (72mméH vV — K@)
258 1 19934 . 1 £JL,97MW,50nsec/ SJL A EERK
758 . SEE 51t J)1,55MW(500KV),100nsec/ S )b X B2 L
85 . SE12BICHMA,
maEib->mAE N & T3, 500(800)nsec’ SIb ZHEA
9=# . 557t )l (Travelling wave mode). & 5 I(CHFUP.
19975E3R ¥ TICMA . 47%%DE,
ERIENHD,

hEEHICPRBRELE LT,
(Sm) B8, XKAKE (PPM) ERFEL T <,

—
Q

SLACTIZ. NLCTH 1 > DB DI TR L TL\ D,
XL4. 19954

o75MW(450KV,356A), 1.2usec/ SV X8 47%XhZE K
PPM INEKEEDLD. SHTAH
55MW(488KV,204A), 1.2usec/ b X I8, 55%%h 38 i
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DLDS(Delay Line Distributed System):
I 2 51808/ 2 1NV XIEAE (2/2)
Delay TE — A & DtimingiA%&

774X MA# 1

3 dB
Coupler

774X bA#2

r

JLC : 4 fZi8ig /3/¥)L XgHEl (4/3)
B2 94 X Bl L=y K
15201 = v F/500GeV

SLAC : SLED-Il (20m®delay line)
C-band : Amplitude(phase)-controlled
short(1m) delay line



Reference line

H.Mizuno, T.Hige 96-10.01

Phase switch é ;
Modulator

2- XB-72K klyst
67MW, 800ns
—_-— Q - AP

3dB hybrid X
, ] B
= LPeley (:ne M.

Modulator g E

(79.4m)IE01, 118.1mmé WG. -
vg/c=0.963, 1.52% power loss X

Beam line

| L
____ 555h —

128MW, 250ns / structure 129MW, 250ns / structure 130MW, 250ns / structure

EnL = 73MV/m, ELp = 53MV/m
for 130MW input to 1. 3m-long structure

X-band RF system with 4/3-DLDS

unit



HEE : DS(Detuned Structure)
Simple disk loaded structure (FIERIEE&IN T D &)

AZARDDSHHEE (150cell + 1.3m)Y X T AT
transverse long range wake fieldZ (i 2 B & L\,

« [1>ae—-L > k] HwakefieldDFn
=Z2R (MRE) BEHA=10"DH 7 X 2%
BIRBEOEER s Hh-FAxeh [1>ak—L 2 K]
—-)4* R ;A’E‘go
= IMEEDEEIML (OM\=2.6cm)x10*=0O(um) )
0.7MHz/0.3um

SE8AH

SLAC-ASSET(Accelerator Structure SETup) TXE5&
BRESIAL—Ya OFALELEE (HsR)
SLACDDDS(Detuned Damped Structure) $ £5&,

DS: AKIVAFLTHDEINIVE,
TI3AA NI RAT LDORAR



Kick [VIC/M2)

Design of a detuned structure

Design Parameters of 1.3m structure ( DS2 )

5.5 2.5
UbH!et
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as 05
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cell number

disk parameters

kick Factor of Eaclk Mode

Datuneld 4-interlaced
kick factor cal 560924

freq [GHz]
Mode frequency distribution
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Accelerator Structure SETup (ASSET) in the SL(;;

. elf Sen

- / Quadrupolc / BPM LIINE SCANNER, Dump
NRTL \
Test Structure
[l
SRTL U 224
e* i 3m > T

Profile Monitor

T-Beginning of the second girder in L102

MEASUREMENT OF THE BUNCH-TO-BUNCH TRANSVERSE W AKEFIELD COUPLING IN THE TEST STRUCTURE

« Inject a positron bunch into the linac followed by an electron bunch - the

positrons serve as the drive bunch and electrons as the witness bunch.

« Vary the vertical drive bunch amplitude and measure the betatron amplitude of the

witness bunch in the linac after the drive bunch is dumped - the ratio of these

amplitudes is proportional to the wakefield coupling.
« Repeat for different bunch-to-bunch time separations 10
dependence of the long-range transverse wakefield.

measure the temporal



"M2" Measured wake field @ ASSET in Aug. 96
wake Y _max

Wake_Y_meas. (;w{ &
- Env_181 [MV/InC/im*2] Cal. wake open mode code "detune181" (Q=6000)

T I 1

T 1 i T T

[MV/nC/mA2]

Wake Y

100

Time [nsec]



Wake-Field (V/pC/mm/m)

2 : {
Woke Frald DPofke @ ,4-55{-’:";'(-(44-«;- 7€) ad Clot. by

Envelope of Wake-Field via Spectral Fn. Method ‘K. Jeues (eg. etreasf )
Exp. Reflection Coeff. (Mag. & Phase) of HOMC Bends & Windows
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C-band(5.21GHz) LINAC

X-band LINACD /Ny 77 vy T X7 I

1992.8 LC92 Tc-band LCZ 3, (JLC-1 Green book)
1996.1 R&DEJ#A.

SORIRILFE— 0.5TeV 1.0TeV
754 b 50MW(350KV) 100MW
MR DE : 31.9MV/m 46.8MV/m
LINACER/E— LA : 7.53 km 10.55km

121 = v b I 8m(4 structures), 2 klystrons
= EE/ NV ZIEE ¢ O E 1 — 2§48 - Delay Line(1m)
HEE : HDS(Heavily Damped Structure)
Ly D % Open choked structure (LC92 T Mtopics)
19945 ATF-LINAC Ts-bandfli&E 7 X FOK

A4 a—Jb (powersource)
1996 85MW resonant ring{< & dwindow> X K
c-bandic A L components b EIRFIC T X b
1997.3 50MWZ7 51 X hO > (EZE3746)fIA
350KV, 3usec/ VL X 1§, 45%3%N 3R —0.5TeVER
1998 >60MW, >60%, IR FHPPM
200x 100MW, 70%«1TeVHAEH



LC

. »% MAIN LINAC RF-SYSTEM C-band LINEAR COLLIDER

C-band LC )

AC POWER LINE

Akdin
MODULATOR

FTNAOoN
Nid

ERipetell
Nid

uP =153 I *
N= 45%
350 kV 2o |1 somw
37 A 25 s
100 pps
Lofe 100 MW | fi%6
258
RF-PULSE COMPRESSOR ‘
X 35,1 =70% €= 350 MW, 0.5 us
|
L

LOSS 5% —4 ¥
83 MW, 0.5 s EF SIMPLE RECTANGULAR WAVEGUIDE
i

L

5712 MMz, 4/S =500 GeV FOR TWO LINACS
RE-SYSTEM : 2040 UNITS
KODULATORS + 4080
KLYSTRONS . 4080

ACC. STRUCTURES : 8160
ACTIVE LENGTH 147 KM
WALL-PLUG POWER : 150 MW

BEAM LOADING COMPENSATION USING PHASE -TO-AMPLITUDE MODULATION

18 mLCNG

1.8 m-LONG
Loy coses ol

!

E

Ea=32 (40) MV/m

1.8 m-LONG

l-i_l.i_

ALIGNMENT TORELANCE : g ~ 30 um / STRUCTURE

1
—— ' <350 MW, |
. : eac 05us !
ACTIVE MOVER 3 X4, 3% » 0.13-0.17, vge0.012-0.035¢, r=53 MOV, Th=288 N9, 1=0.53 ACTIVE MOVER K )

e PULSE COMPAESSOR INPUT
TO STRUCTURES 100 MW, 2.5 s
\ 5 -0
2 - 150 1

1EmLONG

TIME
L

OUTPUT AF-POWER

TIME

= Linear Collider =

JONG rn L HATSENGIY A LRISTARL SEN




Flat Pulse Generation by PM-AM Modulation

Phase Modulator

&

Coupled Cavity
Pulse Compressor

i 1m |
Oversized ,.___..4
TEOIn
Cavity

Phase-to-Amplitude Modulation
91 PM-AM
50 MW Kiystron / %
Vi V2 :
(92 T |
2
< o \/
3dB Hybrid Coupler
Puise 4 100 MW 2.5 usec
compressor
input | N
350 MWpk
Opl:::: 500 nsec

A

‘___-h—

C-band LC

E =32 MV/m

Acc. Structure

t. 330 nsec x 5, Modulation 0.8 -~ 3.5
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Choke Mode Cavity
S-band, 14 Cells, Active length 0.55 m



HOM-Free Linear Accelerating Structure

C-band JLC

Cooling water
channel

HOM Absorbers Wake Field

,/\ A

*Choke-Mode Cavity"
T. Shintake 1992

=~

__Choke Filter

Trapped

_Accelerating

Mode

Spaoo; Ring

éopper Disks



Wavelength (A)
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Accerelator Physics Linear Collider Workshop

Year  Workshop Location
1988 LC88 SLAC
1990 LC90 KEK
1991 LC91 Protvino
1992 LC92 Garmisch
1993 LC93 SLAC
1995 LC95 KEK

Studies of Particle Physics at Linear Collider

Year  Study/Workshop Location
1987 SLAC Study Group SLAC
La Thuile CLIC Study CERN
1988 SNOWMASS USA(Snowmass)
1989 1-st JLC Workshop KEK
1990 SNOWMASS USA(Snowmass)
2-nd JLC Workshop KEK

1991 LCWS91(EE500 Workshop) Saariselka, Finland
1992  Colliding Beam Workshops U.S.A.

3-rd JLC Workshop KEK

1993 LCWS93 Waikoloa, Hawaii
4-th JLC Workshop KEK

1994 5-th JLC Workshop KEK
LC2000 Workshops Europe

1995 LCWS95 Morioka-Appi,Japan

1996.12 6-th JLC Workshop Tokyo univ.



HBROYZF7ASAE—ETARN TP T 10—
(BHORIZIVF—=0.5-1.0TeV)

LC's MiRFR £, & A7 72UF1—
(GHz) FRG — SR

TESLA DESY 1.3 Super Con. TTF, S00MeV 1993-97

SBLC DESY 3.0 SBTA, 400MeV 1992-96
JLC-X KEK 11.4 ATF, 1.54GeV 1992-96
-C AT S-linac, DR

NLC SLAC 11.4 NLCTA,540-1028MeV 1993-96
SLAC FFTB, 6,=70nm  1989-93

VLEPP BINP 14 Single bunch BINP,400MeV 1992.97

CLIC CERN 30 2 beam acc. CTF1 1989-95
CTF2, 500MeV 1996-98
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1. 10p

Am=0.2GeV 10fb" FEBHEITE

AIYT,=0.05 100fb" ;HAEHDOFER (12
A0,=0.002 100fb’ ;A#i—IE:H

AB,=0.25 10fb" ;BIIFEEER (M, ~1006GeV )

2.WHOERES

Ak, ~%,~1% 30fb" P,_>90%;SM% B A %3

3. Higgs

Higgs®R : m, <E_-M. 30fb’
m>150GeV = SlSY=¥ > —

BRAlTE(EE, 75 EE):100 fb';SM or SUSY

4. SUSY(GUT)

SUSYRFDHER : my,, <E_/2 10fb’
ERAE(EE. WEiR):100fb’
M, MABURE=STS> 7 X5 —ILO#HR
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