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KEK and SLAC have long enjoyed an exciting and f
for the development of electron-positron colliders.
accelerator physics and technologies required for a future
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The goal of the workshop was to discuss and compa
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strengthen collaboration between the two laboratories.
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Although the basic approach and parameter sets g
SLAC NLC X-Band designs are similar, a number of impo]
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beam loading in the injector uses pairs of klystrons oper
shifted slightly from the central band, while the NLC plan is
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technique has been fully tested yet. The rf systems for the main linac are also
slightly different. The JLC design calls for a 130 MW klystron with a 500 ns
output pulse that is compressed a factor 2 with a 3 db coupler and the transit
time delay of the accelerated bunches. By contrast, the NLC design leans more
heavily on the use of pulse compression to allow use of a lower power (50 MW)
pulse 1.5 us long. A more elaborate SLED II system amplifies the peak power by
a factor nearly five. Work at both laboratories continues to improve the overall
efficiency of rf power systems through such developments as PPM focused
klystrons, superconducting focusing coils, and Blumlein modulators. Both
groups will use detuned accelerating structures, and a very healthy
diversification exists in fabrication methods being developed at the two
laboratories — KEK is exploring diffusion bonding techniques while SLAC is
working on precision brazing. A very interesting comparison was made of the
final focus designs. The JLC incorporates a new “double bend” layout that
minimizes the crossing angle of the beams at the interaction point. This has the
advantage that no crab cavity is required, and most probably could also be
designed to minimize muon backgrounds at the detector. The NLC design
maintains a relatively Iarge 40 mr crossing angle at the collision point, and
corrects for the skew angles of the beams with a pair of crab cavities. Tolerances
on the phase difference of such cavities are tight.

These are only some highlights of the KEK/SLAC miniworkshop on X-
Band colliders. The meeting proved to be a useful stimulus for both teams, and
the discussions of the week will strengthen each design. It was agreed that
follow-on workshops will certainly be beneficial, and we look forward to getting
together again in Tsukuba next Fall.

D. Burke
G. Loew

T. Matsui
K. Takata



KEK/SLAC X-Band Design Mini-workshop
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The goal of this workshop is to discuss and compare the K
NLC collider designs and technologies, to discuss imporf
differences, and to identify and discuss ways to ful
strengthen our collaborations.

Working Groups

Parameters

Sources, Injectors, and Prelinacs
Damping Rings and Compressors
RF Power Systems

Accelerator Structures
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KEK/SLAC X-Band Design Mini-workshop

Program

Monday, December 5 Presentations of JL.C and NL(C
Orange Room
Morning Session Chair: Burke

Welcome Drell
0900-0940 Parameters Yokoya/Ruth .| .
0945-1030 Sources,etc. Takeda/Miller .
1030-1100 Coffee Break
1100-1140 Damping Rings/Compressors Urakawa/Raubenheimer .
1145-1230 Instrumentation Hayano/Ross S
Afternoon Session Chair: Takata
1400-1440 RF Power Mizuno/Wilson
1445-1530 Structures Higo/Wang .
1530-1600 Coffee break
1600-1640 Final Focus Oide/Irwin . . |.
1645-1730 Experimentation Matsui/Markiewj

Tuesday-Wednesday: Working Group Meetings and Prepar.

Thursday, December 8 Working Group Reports
Orange Room

Afternoon Session Chair: Takata
1400-1440 Parameters

1445-1530 Sources, etc )

1530-1600 Coffee break

1600-1640 Damping Rings/Compressors
1645-1730 Instrumentation .o

Friday, December 9 Working Group Reports
Orange Room

Morning Session Chair: Loew
0900-0940 RF Power

0945-1030 Structures

1030-1100 Coffee break
1100-1140 Final Focus

1145-1230 Experimentation

Afternoon Session Chair: Loew/Takata
1400-1515 Discussions
1515 Monbusho Visit
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Parameters at Ecpe=0.5, 1.0, and 1.5 TeV with X-Band

version Dec.1.1994

———- Basic Parameters

Beam Linergy E GeV 250 500 750
Main accelerating frequency fry GHa2 11.424 11.424 11.:4244
Number of particles per bunch in main linac N 1010 0.753 0.753 0.770
Number of bunches per pulse my 72 72 72
Bunch spacing tp nsec 1.40 1.40 1.40
Repetition frequency frep Hz 150 150 150
Normalized emittance at damping ring €x rad.m 3x10~86 3x 106 Ix10-8
Ey rad.m 3x10-8 3x1078 3xt0-8
R.m.s. bunch length o, pm 89.1 90.2 98.3
—-———- Parameters related to Main Linac RFF -
Nominal accelerating gradient Go MeV/m 71.4 71.4 714
Effective gradient in cavities Ge.yy MeV/m 53.5 53.5 53.5
Active length of main linac per beam Lac m 4296 8966 136:45
Length of a cavity unit lcav m 1.31 1.31 1.31
Number of cavity units per beam 3279 6811 10,09
Iris radius/Wave length a/\ 0.1658 0.1658 0.1658
Cavity filling time (CQG) Ty nsec 102.8 102.8 102.8
Attenuation parameter T 0.553 0.553 00.5583
Q-factor Q G671 G671 G671
Average group velocity tg/e 0.0425 0.0425 0.0425
Loss parameter ki 10" v/C/m  2.06 2.06 2.06
Total average power into cavities for two linacs MW 25.8 53.8 81.2
Wall-plug power for two linacs MW 86 179 271
Assumed efliciency from AC to R % 30 30 30
Peak power per cavity Ppeak MW 130 130 130
Single-bunch extraction efficiency m % 1.40 1.40 1.43
Multibunch energy compensation by filling time shift % 2 2 2

fraction of cavities of zero and full timimg shift % 49 49 48



—-——- Parameters Related to Main Linac Beam Dynamics

Beta function scale (8 = 8y \/E/1GeV) Bo m 0.95 0.95 0.95
Total number of betatron oscillation in main linac 88.7 139.9 179.3
Phase shift from the crest dry deg 16.3 16.3 15.1
Single bunch full energy spread after off-crest correction % 0.50 0.50 0.50
Single-bunch energy slope due to wake (o:defdz) % -0.738 -0.768 -0.780
Energy slope for BNS damping % -0.295 -0.299 -0.329
— - Parameters Related to FFS and I[P ———
Number of particles per bunch at IP (10% loss assumed, N* 1010 0.678 0.878 0.693
Beta function at IP pd . mm 10.0 11.9 22.8
; pm 100 100 107

Rms beam size at IP Oz nm 260 200 227

oy nm 3.01 2.20 1.96
Crossing angle bcross mrad 5.52 5.00 5.00
Beam diagonal angle ozfo; mrad 3.25 2.78 3.17
Disruption parameter D, 0.1019 0.0868 0.0505

D, 8.70 7.90 5.84
Effective disruption parameter due to crossing angle Dy.esy 6.32 5.25 3.96
Number of beamstrahlung photons N 1.03 1.22 1.07
Maximum Upsilon Tmaz 0.316 0.802 0.993
Energy loss by beamstrahlung bps % 3.78 8.00 8.00
Detector solenoid field Byo Tesla 2.0 2.0 2.0
Distance from IP to mask tip m 0.66 0.66 0.66
Required mask angle radian 0.0848 0.0873 0.0839
Blowup factor of multibunch crossing instability ' 3.00 1.64 1.30
Geometrical luminosity reduction factor 0.676 0.624 0.633
Pinch enhancement factor Hp 1.60 1.55 1.-18
Luminosity L 10%3 Jcm? /s 5.42 8.66 8.68

Longitudinal wake function Wy, (z) = Wy + Wy \/z + Waz with Wp=1.90x10'%, W =-6.41x10'6, W,=7.03%10'7, (z in
m, Win V/C/m).

Transverse wake slope dWp/dz=1.532x10%° V/C/m3.



NLC Parameters

R. Ruth
KEK/SLAC X-Band
Design Miniworkshop
SLAC. Derember 5-9, 1994

1.) Layout and General Parameters
2.) Sources

3.) Damping Rings
4.) RF System

5.) Final Focus




NLC e- Source

High Polarization
“Acceptable” emittance
Polarized cathode current limit?

Conventional approach may be
0.K.
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Draft
NLC Positron System
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PosiHon

System Pavameters

SLC max NLC 1.0 or
Parameter SLC 93 design NLC 500 GeV 1.5 TeV
Scavenger Beam
Energy Ee- (GeV) 30.00 30.00 3.11 6.22
Intensity Ne- / bunch 3.00E+10 7.00E+10 1.50E+10 1.50E+10
coul / bunch 4.80€E-09 1.12E-08 2.40E-09 2.40E-09
bunch length (psec) 3 3 S 5
n bunches / pulse 1 1 90 75
Intensity Ne- / pulse 3.00E+10§ 7.00E+10f 1.35€E+12 1.13E+12
coul / puise 4.80E-09 1.12E-08 2.16E-07 1.80E-07
Beam Pulse Energy (Joules) 144 336 672 1120
rep. rate (Hz) 120 120] 1680} 120
Beam Power (Watts) 1.73E+04 4.03E+04 1.21E+05 1.34E+05
Beam size , sigma (mm) 0.6 0.8 1.6 1.6
Power Density=Ee-*Ne-
/pulse/(pi*sigma’2)
(GeV/mmA2) 7.96E+11 1.04E+12 5.22€+11 8.70E+11
P—— ————— —_——
Positron Collection :
Wall emittance (m) 0.01 0.01 | _0.06 \ 0.06
Energy Cut at 200 MeV_ (MeV) 20 20| 20 20
Long. Cut at 200 MeV/c _(psec) 15 15 | 60 60
Yield/Ee- (1/GeV) 0.083 0.083 0.300 0.300
Yield 2.50 2.50 0.93 1.87
intensity _ Ne+ / bunch 7.5E410]  1.75E+11] [ 1.4E+10 BE+10
coul / bunch 1.20E-08 2.80E-08 2.24E-09 4.48E-09
Intensity Ne+ / pulse 7.50E+10 1.75E+11 1.26E+12 2.10E+12
coul / pulse 1.20E-08 2.80E-08 2.02E-07 3.36E-07
Global
Efficiency 0.4 0.4 0.5 0.5
N e+ / bunch at IP 3.00E+10 7.00E+10] |7.00E+0 L1.40E+101

sde:Positron Parm 9/16/94




Damping Rings

Postitions --> pre-dampiﬂng ring
High Current ~ B-factory
Single bunch effects important

KEK ATF Damping Ring:

Key Prototype




Damping Rings

Parameters for Pre-Damping Ring

Energy 2 GeV
Circ. 114 m
Current * 1 Amp
Ve, Vy 10.18, 5.18
Nezy® 27 mm-mrad
O 0.1%
0z 5.4mm
oyl 3.5ms
Je 1.34
a 0.005
VrF 2.5 MV
fRF 714 MHz
AE/ERrp*© 2%
Lattice 30 FOOF Cells
Vacuum Aperture® | 4.0 cm by 3.2 cm
Dynamic Aperture? | > 0.1 m-rad at +2%

a Assuming two trains of 75 bunches of 1.5 x 10!? — the maximum train length is 90 bunches
with a 1.4 ns spacing (126 ns) leaving 60 ns for the kickers.

b Assuming the ring is coupled.

¢ Full aperture — this provides room for a hard edge emittance and energy spread of 0.06
m-rad and £2% with a 3 £ mm clearance.

d Aperture defined as v£%/25.

10



Parameters for Main Damping Ring

Energy 2 GeV
Circ. ' 220 m
Current ¢ 1 Amp
Vz, Vy 23.81, 8.62
Yex, Y€y be 2.3 mm-mrad, 0.02 mm-mrad
oc° 0.09%
o, ° 3.5mm
Te, Ty € 4.2ms,4.8ms
Tz 1.15
a 0.0005
VrF 1.5 MV
frF 714 MHz
AE/EpgF 3%
Lattice 40 TME Cells
Vacuum Aperture 9 2cm?
Vacuum Pressure 1nTorr?
Dynamic Aperture® > 0.009 m-rad at +£1%
Lyend 68.4 cm
Byjend 15.3 kG
Bibend 133 kG/m
vaigglcr 20 m
B.ss 15.6 kG
Bpeat 22 kG

a Assuming four trains of 75 bunches of 1.5 x 10'° — the maximum train length is 90 bunches

with a 1.4 ns spacing (126 ns) leaving 60 ns for the kickers.
b Before IBS has been included.
¢ With 20 meters of wiggler.

d Full aperture — this needs to be determined by the transverse ar
and the vacwum pressure.

e Aperture defined as 7£2/28 — this is without a proper injection/|

11

d longitudinal dynamics

extraction region.




NLC RF System

PPM Focused Klystrons ~ 50-70 MW
Pulse Compression --> SLED II + ?
Structure,—» Damped and Detuned

Moderate Accelerating gradient

12
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NLC RF Parameters

$00 GeV 1.0 TeV 1.5 TeV
Active Str. Length) (km) 13.5 10.7 16.2 24.5
Accelerating Gradient(?)
Unloaded/Loaded (MV/m) 50/37.3 60/44.8 85/63.4 85/63.4
Input Power to Str.() (MW/m) 50 72 145 145
No. 7.2m RF Stations®) 1877 1487 2254 3404
Particles per Bunch (10!%) 0.65 0.78 1.10 1.10
Repetition Rate (Hz) 180 120 120
Bunches per RF Pulse 90 75 75
RF Pulse Length™) 250 220 220
Pulse Compression System SLED-II (x5) SLED-II (x5) BPC (x8) BPC (x8)
Power Gain/Comp. Efficiency(®) 3.6 / 2% 36/ 72% 12/9%% 7.2/90%
Klystron Pulse Length (us) 1.25 1.10 1.76 1.76
Klystron Efficiency 60% 65% 65%
Peak Pwr. per RF Station (MW) 100 145 289 145 145
No. Kly. per Station @ Peak Pwr. (MW) 2 € 50 2072 4072 2@72 2@72
Total No. Klystrons(®) 3754 2974 9016 4508 6808
Modulator Efficiency(") PFN @ 75% PFN @ 80% PFN @ 80%
Energy per Pulse per Station(®) (J) 278 401 611 489 489
Net RF System Efficiency 2% 3% 47% 47%
Wall Plug Power(®) (MW) 94 107 165 132 200

14
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Cutaway View

Cross—section
through Center
of a Cavity

Beam Hole Iris
Cavity Walll
Slot from Cavity into Manifold
Damping and pumping Manifold
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NLC IP

Region Working Parameters

Parameter0.5 TeV 0.5 TevV2 1.0 TeV 1.5 TeV Comments

Ly 0.5 0.8 1.06 1.07

L 0.7 1.0 1.4 1.6 Luminosity w/ Pinch

Hd 1.3 1.4 1.5 Enhancement from Pinch

Ox 320 nm 360 nm 360 nm Variable

Oy 3.2 nm 2.3 nm 2.3 nm

Ex 10-11 1/2 10-11 1/3 10-11 yex=51060 m-rad

Ey 10-13 172 10-13 1/3 10-13 yey=5108 m-.rad

Bx 10 mm 25 mm 37 mm

By 100 u 100 u 150

ox',y" 30, 30 prad 14, 23 urad 10, 15 prad IP Divergent Angle

s |0z 100 p 100 p 100 p Bunch Length

84 3.2 mr 3.6 mr 3.6 mr Bunch Diagonal Angle

t Abox <+4 10-3 <+4 1003 < +4 10-3 Square Energy Profile Width

Dx,y 07, 7.3 .04, 8.8 .03, 5.2 Disruption Parameter

©p 25 mr 25 mr 25 mr Max. Disrupt. Angle
@ Beam Energy

Y 09 .11 .28 .42 Upsilon Parameter

oB 03 .04 .12 .16 Mean Energy Loss to
Beamstrahl. ys

Tty 8 1.0 1.1 1.1 # of Photons per Electron

NHad 04 07 0.3 0.3 # of Hadronic Events / Crosq4

Njets 001 0.03 # of Mini-Jets per Crossing




NLC Diagram

not to Scale
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Parameter

NLC PARAMETERS

21

M Energy (TeV)
uminosity (10**33)
180 120 12(1
9 75 75|
(10**10) 065 /0.78 1.1 1.1|
/y Emittance (10**8m) 500/5 500/5 S(X)/SI
t/y Beta at IP(mm) I 10/0.1 25/0.1 37/0.15|
Py Sigma at IP(nm) | 320/32| | 360/23| 360/23
| unch Length (microns) 100 100 1
psilon ]0.09 /0.11 0.28 0.4
inch Enhancement 14 / 14 14 1.5]
amstrahlung Delta | 0.03 /0.04| 0.11 0.1
. Photons per e- I 0.8 /l.q 1.1 1.1
Grad.(MV/m) | 37 /451 63 63
inac Length (km) | 135 /107 16| 2
umber of Klystrons I 3750/297( 9000/4500}13.5k /6.8
stron Pk Pwr (MW) | 0/73 | /7y 72/
Ise Compression Gain l 3.4 |36 /72| 36 /7
Power/Beam PB (MW) I 42 /5.0 7.9 11.
C Power PAC (MW) I 9 / 107| 165 /132] 250/ 20(1
B/PAC 0.09 /0.09 0.10 /0.12§ 0.10 /0.1

(R]S/a¥



1.98 GeV
Pre-Damping
Ring
1.98 GeV 10 GeV
Injector Linac
g)-::' GiﬁV 0.02 km Positron Thermionic Gun Thermlionic Gun 1.98 GeV L-gg'G':V
ping o | Injector ping
Ring taget cz=smm Ring
5 RF Gun RF Gun
| e —ol g o Polarized S
21k 0.1k
"‘!,— 0.1 km o:5 km Detector Electron Gun 0.1 km m
i H H oz = 420 um
\ 150~250 GeV FF FF 150~250 GeV /’ \
Main Linac - Main Linac
w _ Bunch 18 GeV 0-3-0.5Tev 18 GoV Bunch
Compressor Pre-Accelerator Pre-Accelerator Compressor
fole e 9 -+ % -+ oo e e e
0.05 km 0.1km 0.9 km 10.9 km 2 km 10.9 km 0.9km 0.1km 0.05 km
- e 259 km - e e
Positron 1.0 x 10° Electron

20 ~ 80 bunches x 50 ~ 150 Hz

LD~/

1.4 ~ 5.6 nsec

L LI

20 ~ 80 bunches x 50 ~ 150 H2

5 Takeda & H.Matsumoto / JLCDiag / 910906



Electron Sources for X-band JL.C

| Basic Parameters of Electron Bunch i

Total number of bunch / shot : 90 bunches
Bunch separation : 1.4 ns
Repetition rate : 150 Hz
Bunch population : 0.63 x 1()1 0
Total number of electrons /shot: 5.7x 10"
Tolerance of bunch population : <+1.0%

| Electron Sources

Thermionic Electron Gun
Laser Driven Photocathode RF Gun

Polarized Electron Gun

24

STakeda/ElectronSources’941201



1.98 GeV Injector Linac for X-band JL.C

I Pre-Injector Linac I

Thermionic Electron Gun System

Thermionic electron gun: up to gOO kV
714 MHz subharmonic bunchers
Buncher section

Accelerator section : ~ 30 MeV
Beam diagnostics section for individual bunch
Accelerator section: -~ 80 MeJV

* Total system similar to the ATF Pre-injector

* Gun is under development

* Total system in near future

25 STakeda/Prelnjector/941201
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Multi-bunch generation by Thermionic Gun
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Pulse Train
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Amp
GUN 10kw 10w 1.0 (3m Acc. Structure)
Mag Lens BewnChomes | 1P2 Bl  OTRI i
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WEKen < we B(Buncher) wee - ‘ + Wire Scanner Faraday Cup
o PRM1 PRM2 PRMS3 ] PRME
@ SHB1(357MHz) SHB2(357Ml1z) s

Faraday Cup

Multibunch from thermionic Gun

Specifications of Injector
1. 2.8ns spacing / 20 Multi-bunch / 25Hz repcetition
2. 2 el0 electrons/bunch
3. energy E=80MeV / AE/Erms <0.3%
4. bunch length oz <ps
5. normalized rms emittance e&x, ey <3e¢-4 radum

Injector Configuration
200keV Gun + 2 x 357TMHz SHB + 4 x 2856 MHz Buncher + 3m Acc.




Injector Proposal for ATF LINAC

; AL - .
( by D. Yeremian )
Faraday Cup
kiystron
soMw 1O (1.53m Acc. Structure)
. 3SMeV .
At ' OTR1
. IP3| A I ’(gg&tz QA-1 QA2 QA-3 f—T
ats I . (QAS) " QIAM) QIAM) — ——+~5\7*-— 1
= 'l \\ \X‘ } | - I
S AW 1 i - 4
RN R A S i 12-18 i \Bl chnl‘ajRM:; B STX STY T [ —
his Beaam Chopper wCr
W 1(cr)] ’ w2 w3 *B(Buncher) wes wC6 Wire Scanner Faraday Cup
PRMI PRM2 LOO (Im Acc. Structure) PRMS PRMS
SHB1(357MHz) SHB2(357MHz) 20MeV
3
ATF 8.3nc, 4E1Qe--, 1.2n8, 1 %0kv.
3.00 x{em) va distanca{cm) drift rune 500
T T T ‘7 A ' T r Specifications of Injector
Borcier mae s Taeo e
130 [ < / T ST e o 1. 2.8ns spacing / 20 Multi-bunch / 26Hz repetition
o m | [ ] | [ 1] “||| 2. 3 ¢l0 clectrons/bunch
[TITTiT H||| 3. cnergy E=20McV
R o2 Df;:;-"‘“*“"""“ ' - 4. bunch length FWIIM <15ps
o - o 5. Beam Chopper at 20MeV
A by 1 i 1 i - ”
g o _ A A 30RO o R 6. Small analyzer magnet
sc0 P""P’f"1‘°‘°’ ve distoncelem . . . , . 1. small R/Q SHB and TW-buncher for multi-bunch beam loading
400 i lis ]
““ Injector Configuration
° m SRR 200kcV Gun + 2 x 357TMHz SHB
~s00 Hm II’IH WE LD : + 28566 MHz TWBuncher &1m Acc. complex
{31
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Positron Sources for X-band JLC

I Basic Parameters of Positron Bunch

Incident Electrons

Beam energy :

rms beam radius :
Repetition rate :

Number of electrons /shot :

Beam power :

Target

Material :

Thickness (radiation length) :

JLC

10 GeV
1.2 mm
150 Hz

54 x 1011
130 kW

W-Re
6 (21 mm)

Phase-space Transformer Section

Length :
Initial magnetic field :

Accelerating Section

Accelerafing gradient :
Length :

Iris diameter at exit :
Solenoid field :

30

180 mm
80T

30 MV/m
1.Omx2

26 mm

08T

ATF

1.54 GeV
0.7 mm -
1 Hz
6.25 x 10’
0.04 kW

W
4 (14 mm)

120 mm
80T

STakeda/PositronSources/941201
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Positron Sources for X-band JLC

Positron Sources

Basically scale up present SLC design

Need to increase positr%on/pulse by ~10

Larger electron beam diameter at target
Increase beam power

Keep energy density fixed

Larger acceptance for capture and acceleration

Pre-damping ring

STakedaPositronProblem/941201
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Pre-Linac for X-band JLC

~40 MeV/m with beam loading
Multi-bunch Energy Compensation System
40 (or 20) RF units / Linac, L=~300 m/Linac

Modulator Modulator
80 MW Klystron
SLED
200 MW 200 MW
Acc. Str. Acc. Str. Acc. Str. Acc. Str.
- 12.5~ 16 m >

+ ~0.5 GeV/ two units

Modulator
160 MW Kiystron
SLED
Acc. Str. Acc. Str. Acc. Str. Acc. Str.
- 125 ~16 m —

+ ~0.5 GeV/ unit

STaleda PreLinac 94120
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143

High Power Operation of the ATF 1.54 GeV Linac Unit

Waveforms of RF Power

80 MW, 4.5 us

(TOSHIBA) somw, 458

_ Refrection power

200 MW peak

200 MW peak

200 MW

m .
thl 100mvQ NI 50.0mvQ

1st : Kilystron output power, 80MW, 4.5,s
2nd : Refrection power from SLED+Acc.x2

O
% 3rd : input power for left Acc., 200MW peak, 1us
52 MV/m 4th : Input power for right Acc., 200MW peak, 1us
g 42 MV/m putp q P y TH
©
B
9
3
0 -
< . 2 e MU
T -
100 MeV 84 MeV
‘20 . r20
Energy Gain with Beam Loading KEK ATF group, FEB. 15 '94

(H. Matsumoto)
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1.54 GeV ATF Linac |

200 MW Compact Klystron Modulators




1.54 GeV ATF Linac
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ATF (KEK) JLC Accelerator Test Facility

Energy Compensation System of 1.54 GeV ATF Linac .

Klystron Modurator | +#Klystron Modurator

#Klystron - Klystron

50 MW

1.0 us 10ps
2856 + 4.32727 MHz 2856 - 4.32727 MHz

-adConstant Gradient i 4 =Constant Gradient 4
. =afAccelerating Structure #Accelerating Structure
-designed at «designed at
2856 + 4.32727 MHz 42856 - 4.32727 MHz

nstant Gradient Accelerating Structure
Is=3 m :
Pin-max = 50 MW
= dig-max =26 MeV/m
- sidicomp-max = 80 MeV/unit




vty nn o iy
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"1.54 GeV ATF Linac

125.0 T T

Energy Spectrum of Multi-bunch with and without ECS
122.5 without Beam Loading

| without ECS
120.02—, (,N.e.' .0 0) RN -120.05 MeV

« ot v ?
+

175 e

, Y., | -7.51 MeV (Beam Loading)
11500 "o LN . : ‘

i with Beam Loading ° - 3 |
112.5 (Ne = 2.0E+10) -+ 112.54 MeV
. Energy Spread : £2.6 % ) s ;
B

11001 e ——
1 5 10 16

Bunch Number s 1 .54 GeVi 1. 1 Mev

12500:_,1, e e S ama ] V___r_ﬁ,,_,_,ﬂ._,,,,‘,,,,?,##,,,,,“., g ey
12256 Energy Spread 71164

with ECS| - 016 MeV (£0.07%) | e
| 1/ 0 1ee2Mev |

:
S
&
%
P
f:
S
S
-
=

1200

1175 -

+

P T L I L A o

)

11584 MeV

1150 " lugs

1125

: : AN : +115.6
110.0 [ b = o 7 . P VRS S N R ‘ £ R
A= "1 20 T 5

Bunch Number ~ . Bunch Number

- Energy' Gain / Structure (MeV/m)

STakeda/ECSW/0-W/040715




Pre-Linac for X-band JLC

| Beam Loading in an S-band Pre-Linac Structure

Energy Gain / Structure (MeV)

without Energy Compensation System

T L T L l L 4 L] L) L T ¥ ¥ | L] l LA q L

125 I L] T T i ]
1 3 Ne = 0:0%:1‘(3“ . 4 g
W _: o
120 |3 40 o
- ey, . i
- THers 44, A @
+ ““"‘h.‘ﬁ*’"‘ = ;
| * req. - - :p
iy i .
L — +eey . ] =
115 | ++ gy, o s . oe
L Ty, -
+++¢+ 4_‘-’* m
+ Ne =0.63E+10 "+, 7] -
- 7] o
I —
110 [ ) 2
_ ] o
=
- = -
= - o~
105 [~ —35 =
= 1 o
: | §
1 1 1 L L L 1 1 1 1 ) S| 1 Al A ] N
100 | I l |
o 20 40 60 30 100

Bunch Number
Ne=0.63E+10, Nb=90, 1.4ns, -00, 160
ds=080.0, dds=00.C, Emax=-0.00, INJE-00
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1.98 GeV Injector Linac & Pre-Linear Accelerator

Energy Distribution of 90 Multi-bunch After ECS

117.0
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Bunch Number
Ne=0.63E+10, Nb=90, 1.4ns, —-00, 18:0
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Bunch Number
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Total Length of Wire: 91 m
Total Number of Active Girder
Acec. Structure Girder: 13

Q-Magnet Girder: 13
Accelerating Beam Accelerating
Structure Monitor Structure Q-Magnet
Support
Girder
Hglizontal &Vertfal Active ent

Ground Floor

Active Alignment:
4(6) Vertical Slide Jack / Stage
2 Horizontal Jack / Stage
by Pulse Motor Drive

V

Induction Differential Coils

Wire: 0.6 mm SUS
RF Current : 60 kHz, 100 mA

Synchronous Detection by Lock-in Amp

Sensing Range: 1+ 2.5 mm

Resolution: < 2.5 pym

Precision: 40 pm STakeda/ActiveAlignSys/940708



1.54 GeV ATF Linac

Wire Alignment System for 1.54 GeV ATF Linac
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Shintake:Choke ' Mode Cavity is Under Testing at ATF
July 1'94

The first hot model of the choke mode cawity is under testing at ATF in order to
confirm capabibity of high accelerating gradient forithe future linear collider. RF
processing has been started since June 25. An average accelerating.gradient up to
26MV/m has already been achieved with an integrated of processing time of 50
hours withowt amy serious preblems. Present input rf-power is 33MW and the
pulse width 1 maicro-sec at'Ssband. The structure will be processed up to 100MW
to generate the gradient of 45V V/m on average. World-wide first trial of the beam
acceleration will be started end:of this month at ATF.

K Stopped 121 Acquisitions
¥ e -

W o.omves

JLC-ATF (H. Matsumoto and H. Hayano)
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XLC SOURCES

GUNS

DC Polarnzed Gun for Electrons
DC Thermuonic Gun for Beam to Drive Positron Converter

TWO S-BAND INJECTORS: (very similar, one with polarized gun,
and one with thermionic gun)

714 MHz Subharmonic bunchers
S-band Traveling Wave Prebuncher and Buncher
S-band Capture Section

FOUR S-BAND LINACS
One 2 GeV Linac from Electron Injector to Damping Ring
One 3 GeV Linac to Dnive Positron Converter

Two 8 GeV Linacs from each Damping Ring to each Second
Compressor

POSITRON SOURCE:; A Converter target, Flux Concentrator, a DC
Solenoid, an L-band Capture Section, and a Magnetic Chicane for
Eliminating Electrons and Collimating the Positrons

ONE 2 GeV L-BAND (1428 MHz) ACCELERATOR: Positron

Source to Dampmg Ring. Focussed with Close-spaced Quadrupoles.
mounted around the accelerator sections.

47



DESIGN ISSUES

@ All the Major Design- Problems for the Sources are Related to
the Long Bunch Train.

@ SLC Has Demonstrated all the Technologies for the XLC Injectors
for Single Bunch (or a few bunches).

POLARIZED ELECTRON GUN: the Average Current Limit during
the 126 ns Pulse and Pulse to Pulse Intensity Jitter are the Dominant

Problems. Because of Beam Loading Intensity Jitter Produces Energy
Jitter at the end of the Collider.

THE 2 XLC INJECTORS: Beam Loading in the Subharmonic
Bunchers and the S-band Prebuncher and Buncher is the Dominant
Problem.

POSITRON SOURCE: Average power and energy per pulse hitting
the target are very significant (but solvable) problems.
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ELECTRON SOURCE PARAMETERS

NORMALIZED EMITTANCE (RMS) 100 mm-mr
BUNCH LENGTH (FWHM) 15 ps
‘BUNCH FREQUENCY 714 MHz
BUNCHES PER PULSE 90

*
MACRO-PULSE INTENSITY JITTER (RMS,) 0.3%
BUNCH TO BUNCH INTENSITY JITTER 1%

PULSE REPETITION RATE 180 Hz

"‘PK’ODUcES 0.07 7o EnNvERGY JiTTER
DuvE To BEAM LoApiné = L x0.2 *T

T

SPEc. Fonr U:E

49



0s

I NJECTOR_For _XLC

LR
LASER

~|ZO0AYV
Tz% A"s [ sowmEwnoID. B CHICANE
|
14 |
PoLARIZa T4 7 S-Bawp Livad~" N—p
GuUN Bunw. Bwv/r
CvARRENT LimiTINvG / $-BAND ENVER
N ()
APERTURE GuneHrR it

S-BAND TW
PRE BUNCHER

SLIT



'POLARIZED GUN SPECIFICATIONS

TYPE
VOLTAGE
CURRENT

PULSE LENGTH

CATHODE

POLARIZATION

MACRO-PULSE JITTER (RMS)

51

PIERCE DIODE
120 kV

2A

1to 120 ns

STRAINED GaAs or
SUPER LATTICE

> 80%

1%



POSITRON SOURCE PARAMETERS

' NORMALIZED EDGE EMITTANCE 06 r-m
BUNCH LENGTH FULL WIDTH 60 ps
ENERGY SPREAD FULL WIDTH 10%

NLC/SLC; NUMBER et+/MACRO-PULSE 12

NLC/SLC; NUMBER e+/sec 18

52



Draft
NLC Positron System

S22t 2o 2020000202000 + —_——— |
» ' l 2GeV
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§ Bend FoDo Cowm pressey
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PosiTRoN CARTURE Stcriown
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S-BAND LINAC MODVLE
§ ; 150 MW KLY
3 pmSec PuLsk
—8 SLED

‘ ’ 3 m SECTIONS
[ s mosus
_

ACCRLERATES | AMP x1a6 ns Bram By 260 MeV

(4 KLYSTRowS % ~50 m PER G'QV)



Damping Rings / Compressors
Junji Urakawa (KEK), 1994.12.5 at SLAC

1. Damping Rings (DR) and Bunch Compressors (BC) Scheme for JLC
* Reguirements to the Beam Sources

* DR Scheme

Long Wiggler Sections in a2 Zero-dispersion Region

Racetrack Shape to minimize the Space for the Dispersion Suppression and Marching
Combined Function FOBO Cell for the Arc

DR are designed, using the same components as those developed for the

Accelerator Test Facility (ATF) at KEK.

* BC Scheme

Two-stage Scheme

Single-stage Scheme
Bunch-Compressor Test Facility

2. Tech nical R&D Status at ATF

* Alignment

Inxial Alignment

On-kine Monitoring

Reconfiguration

* Magnet

Machinimg and Constructing Accuracy for Magnetic Poles is less than 20um.

*RF

The Cold Mode! of Damped Cavity showed enough results. A Hot Mode! of Damped Cavity was
ordered.

* Vacoum Chamber

18 Vacuum Chambers with Two BPM for Arc Section were completed.

The resolution of the BPM is less than Spum.

3. Summary
57



SLAC/KEK Collaboration
1994. December 5
Junji Urakawa, KEK
Requirements to the Beam Source for the JLC-1

at the damping ring
e’ S-band C-band X-band  ATF
Bunch spacing [nsec] 5.6 2.8 L 2.8
Particles per bunch [10'%]  1.75 111 065, 2.0
Bunches per train S5 72 20 20
Repetition rate [Hz] 50 150 150, 25
Normalized emittance of
injected beam / with Pre-DR 1.0x10“/2.7x10‘2 3.0x10™

[radm] (r.m.s.-value)

Energy spread AP/P ( Rul| WO} ng/) <1%_
Bunch Length (Cakisiixiizt) g <10psec
Polarization 90%/mon —
Requirements for Energy Compensation in Linac
Intensity Jitter
Pulse to Pulse +£0.5%  for Precise Physics Experiment
Bunch to Bunch *+1.0%

Requirements to the Damping Ring for the JL.C-1

Emittance
e, <3x10°
-—__é
4 ve,<3x10
o, <5mm ---------- >80um (after BC)
‘ AP/P<0.1%
e )
*Energy Compensation in Linac

*Momentum Acceptance in BC, Linac and F.F.
*Requirement of energy spread at IP

b)' ’50.«1 Me.ﬁool " ond Pn.cm octive o.(x‘anuev:l’
58 ‘beej\v\te@we
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Figure 4.20: Schematic layout of the JLC damping ring.
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Figure 4.21: Lattice parameters of half of the damping ring.
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Parameters of damping rings on three options

Items S-band C-band X-band
Synchrotron Radiation per turn 0.367MeV 0.986MeV 0.71MeV
Harmonic Number 530 764 660
Total Current 410mA 478mA 405mA
Circumference 222.5m 320.8m 277.1m
Number of Trains 2 4 4
Number of Bunches per Train 55 72 90
Number of Particles per Bunch 1.73E10 1.11E10 0.65E10
Longitudinal Impedance Threshold 0.145Q 0.316Q {10.594Q2)
Repetition Rate S0Hz 150Hz 150Hz
Momentum Compaction 0.00098 0.00126 0.00140
Natural Emittance 0.512nradm 0.569nradm 0.618nradm
Horizontal Damping Time 6.13msec 3.54msec 4.04msec
Vertical Damping Time 8.01msec 4.30msec 5.20msec
Bunch Length 4.51mm (4.80mm) 4.90mm (4.98mm) 4.93mm (4.99mm)
RF Voltage (0.714GHz) 1L.IMV 2.1MV 1.9MV
Energy Spread 0.086%(0.0909%) 0.091%(0.0929%) 0.0914%(0.0924%)
Touschek Lifetime 41sec 70sec 130sec
Emittance with Intra-beam 6.73E-10 6.41E-10 ( 6.18E- m
Horizontal Phase Advance per Cell 120degree 90degree 92degree
K2 values of SF and SD 334,-459 259,-334 26.3,-33.6
Necessary Total Power SMVA OMVA TMVA
Normalized emittance of injected beam 1.0x10™ radm
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Estimated tolerances

o Le73

item tolerance
Linac Cavity Ay 100 pm
Quads Ay 10 pm
Ao 0.2 mrad
Chicane Bends Ao
Kol | 110 m-2
Ay 10 pm
AB/8 1 x 10-3
AL/L 1 x 10-4
Compressor RF Ag 0.8°

Problems to be considered
1. Supression of position shifts in DR

2. Detailed correction technique:

. alAignment of quads in linac

. dispersion correction

« beta match

3. Design of diagnosis section.

Bimplc is not easy 7
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To- comprace e basen Jomn b, M. KiRuck:
ATA PR wntt 8‘0/)»«. . y

Table 1: Parameters of Bunch-Compressor

Chicane Bends i fg=127Tm, 08 =9.8°, Tnar =0.3m
Compressor Cavities © Vinain = 473 MV, frp = 2.856 GHz, ¢ = 22.7°
Vaux = 76.2 MV, pr = 5.7T12 CHZ, ¢ =0°
Compensation Cavities ¥ =2 x50.4 MV, frr = 2.856 GHz
for Beam-loading " Afar = %10 MHz

Table 2: Tolerances of Bunch-Compressor

Beam line quads : Ay =10 um, A¢,o = 0.2 mrad

Chicane Bends : Ay =10 um, A¢e = 1 prad, Afg/fg =1-10"3
Afa/eg =1- 10-4, AKqylg = 100 m™?
Compressor rf . Agrp =0.8°

diagnosis section. The beta functions at the diagnosis section were made as large

as possible, otherwise the wire monitors cannot stand the tremendous heating
power of beams.

N
1€
Z
s
H
I§L
= 02 -
&
o} .
t ] 4 |
0.0 ° 10 © 80 a

B B 6 6B8 SRS

Figure 1: Layout of the Bunch-Compressor beam line

Bunch - Compressor Tesi Fadmy
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1. Multi-bunch and Multi-train Operation
20 bunches/train, 5 train---------------- > Total Current 600mA
2. Very Flat Beam
Horizontal Normalized Emittance=5x10°radm
Vertical Normalized Emittance=3x10" radm
3. Very Stable Operation ------------ >Extraction Stability=10"
r&D Stavis

High Intensity, Low Emittace, Multi-bunch and very Flat Beam

Low Emittace and very Flat Beam---------------- > Damping Ring
Low Emittance Ring------------------ > Combined-Function FODO
Fast Damping---------------------- > Conventional Electric Wiggler
Extraction Stability-------------=----- >Double Kicker System

Design is almost completed. and many components are already ordered.

Now we need many low cost religble acceleralor COmponenis.

Low Impedance Vacuum Chamber < 0.2Q------------ >No Bunch Lengthening
Alignment Error < 30um(r.m.s.)--=--=----=--------- >Very Flat Beam

Field Error<0.1% and No Instatbility------------ >Stable Beam Operation

;a::zt*::, Tevi Ty

Precise Monitor System

by Junji Urakawa and ATF DR Group



Date
1993.8

1993.12

1993.12
1994.7

1994.8

1994.12
1995.2
1995.3
1995.6
1995.7
1995.11

1995.12
1996.2
1996.1
1996.9
1996.10

1996.11

Schedule of ATF Construction

Milestone

We succeeded the beam acceleration up to 80MeV in the ATF Injector
Linac by using one 3m S-band structure.

Generation of High Accelerating Gradient with SLED

(51MeV/m maximum; 33MeV/m average)

Completion of the Shielding Hall for the Damping Ring.
We accelerated the multi-bunch beam up to 80MeV including
0.5-meter S-band Test Structure for Choke-Mode Damped-Cavity.
We succeeded the bunch by bunch measurements of beam emittance,
energy and energy spread.

The Control System for the 1.54GeV S-band Linac will be completed.
Test of Hot Model of Damped Cavity will be started.

1.54GeV S-band Linac will be completed.

Beam Transport Line will be completed.

Beam Tuning of 1.54GeV S-band Linac will be started.
Alignment System including the supporting tables with active movers
will be completed.

Vacuum System for the Damping Ring will be completed.

Control System for the ATF will be completed.

Magnet System for the Damping Ring will be completed.

RF System for the Damping Ring will be completed.
Extraction Line, Emittance and Bunch Length Measurement System
will be completed.

ATF Damping Ring will be completed.

F996.12

Beam Operation of ATF Damping Ring will be started. ‘

by Junji Urakawa 1994.5.7

-Bo.\o‘yeol owe year becante .& Jocke -% bwl%d
Snow i e\ o \c’a3
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Initial Alignment

* Theodolites
* Laser Tracker
* Water Hydrostatic Level
* etc.
Tolerance : & Opam (H) 50 pum (V)

Magnets of Arc Sections L To.rgei' accuracy
= 30 um

* 5 magnets on one support table

* Alignment of these magnets on the
table

— 1n an alignment hut
* Movement from the hut to the

installation place
— by "Air Pallet"
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On-line Monitoring

* Resolution (desired)
<1um

% Vert: cod posiTion
e [ evel

Water Hydrostatic Level
{ filled (HLS)
half-filled (LSHF)

X How'éonfa.@ position
* Relative Position ( arce sect'ong)

Laser Diode +
{ PSD (Position Sensitive Detector)
QPD (Quadrant Photo Qiode)

* Wive Alignmend cystem ?
(sfra.i?hf sections )
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Reconfiguration
Active Support Table (Funahashi et al.)



Measured Displacement at

LL

Poaidiow condrel accuracy loss thne

Performance of Active Table for Damping-Ring Deviation from Linear Fit at Point [A] 5‘(“

~— 1400 T Y T Y T g T 6 v M M
€ Measured Positons : = : :
=X 1200 F ; ] g Upward
oy e Al = 4l . .
O -re- B : =
- 1ot el : : u‘:
c ‘ Lo o 2t .
©  goof . Downward ] o
m o <
<« 600} s ’ : c o} .'.“o * -
:C; § _ : 5 ° . e %o
& 400 | | Upward ] -E 2l * . B
o ; o
c 200F ¢ -1 —
3] : : o
« N S G MOVER DISPLACEMENT S 4r y
w o «8.30m / PULSF o :

-200 AL i n A " N . .6 ‘ : ;

200 0 200 400 600 800 1000 1200 1400 -200 200 800 1000 1400

Downward «— Mover Displacement [um] —» Upward Mover Displacement {um]

Porformance of Active Table for Damping-Ring Deviation from Linear Fit at Point [ A]

Measured Displacement at

— 25 M v v M 6 v M v
£ : : 'é‘ f : :
3 : ‘ Downwa[d = P DOW”W;(:H(’
8 1ol , E ) | - - : ~
Measuremenl e (N
° Positon B -
@ / 4 g 2f A
5 N /A ; 1
o Measurem@nt\q 7 Start 5 . .« %e *o.
< Posnon(‘ 4 o c ol o‘...‘o..o‘.o‘ 1
_’g 20} Upward ] g * e ®e e .
c 2F - .
p S
£ ; v =
asl L ] ©
8 % Measurement s 4} - )
Ll Positonn A )
0 :
_50 & o It I _6 4 e 4
-50 -35 -20 -5 10 25 -200 200 600 1000 1400

Downward «— Mover Displacement {um] — Upward Mover Displacement [um]



P.iekiuz toivol Sasd them .?.W

8L

Measured angle (urad)

Measured angle (urad)

25¢

15 ¢

N Y
temperative $1.2C

.. . hosmubty $ 7%
Deviation from Linear Fit "

75}

25| f

T

A

T Y

Pitching Lata
Upward

" A i "

-10

-1500 -1000 -500 (o} 500 1000 1500

10

Set angle (prad)

No 9
temperature $1.2C

Deviation from Linear Fif mwmsy s
1994.8.)

75}

25}

-715¢%

-10

T ) g

Pitching Data
Downward

- ol

-1500 -1000 -500 0

500 10‘00 1500
Set angle (urad)

Measured angle (urad)

Measured angle (urad)

k&”k’ m‘{n‘

No 10
. temparature 31C
Deviation from Linear Fit rmaxy son

Locs thon ZJ/‘«m-o(

o

10 . v . 1994.8.3
' Rolling Data
75} * Upward 1
* i A%ﬂ‘(
sl s . . o
| . .o s o . .
25 . s o3 e ]
° ® ) [ I
0 ee® [} o : .
b 1 ° ®
-25 . * o 4
o ©
5 ‘ . *
L ]
75|
_10 A e —
-4000 -2000 0 2000 4000
Set angle (urad)
No 10
. temperature 31T
Deviation from Linear Fit rmay
10 . v v 1994 8.3
floling Data
75} Downward 1
5| : : : 1
H
25 o . . ‘ :
[ ] . L]
1] L] [ J . oo 1
3 * o ¢ *d
25 « B o
s e
5 [ ]
:
75 .
®
L ) [ ]
-10 " " .
-4000 -2000 0 2000 4000
Set angle (prad)



6L

#1 Tilt (microrad)

Thermal Distortion of the Table
1994/08/23 - 08/26

25-

Data Loss by Aiga Disturb.

--45

--50

--55

20
10

U 1 | I i T

20 30 40 50 60 70 80
Time (hours)

o 28-te 26°¢ .

-60
92

#1-X
#1-Y
#2-X

#2-Y

#2 Tilt (microrad)

NO Aivr |
Conditionay

Tmrwtiwt d\&wag va-the vormyr



08

Displacemant (m/Hz"0.5)

Spectrum of Ground Motion 4
at the KEK ATF floor Resolution 1600

1994.11.29 (night)

103

T T T T LS. oo Bt i 00 018 IESSRNERENE SRNSVR BN N SR AL ALK |

TTTTT™

““0\ Avtowastte
. Alh‘M Avn tha

Horizontale (Shot Side)
- Verticale
ON the Floor

10

LRI A4

T

107

LI B RRLL

108

Frequency (Hz)



18




|— .- -b.sumI

DR-CF b. sum

1 15 ™7 ] T T | T I ™T7 8 9
L ? ! B Y = MO+ MI*x + ... MB*x® + M9*x ,
- MO 0.99999 §

. N M1 -0.06614

1.1 I ‘.\ M2 -0.00057701

- AN M3 0.00021182
(] :

: N, i M4 3.2882e-05
1.05 ; ?

05T : LN i M5 -4.8122e-05

A R 1

et

b.sum
y ]

0,85 H-—rc ]
-2 1.5 -1 -0.5 0 05 1 15 2

r {cm)

Mockinsy ond w\wmi\wﬂa Accupec o o{ (proguatic
Polest owe Lets-thom 20pm.  Baaz plotn m-ck'b.“b
r‘: wa Qo4 olu—-kk reachivn gocurecy °{Y 20
Low A\%vxww-v‘i
el Miy o 99-0‘0\.






/8 Voounm chombeone reve e.‘fce(
Ne P.Rdm rmantia




c8

connected cack ddm b] sRie/ded choinloca bellows



Baovr .aees nul’ ama/l Lids omtha purfoca »{
244 duet .




Tarunnwe,
Colewledad ‘wgeo\&m w ©6.33\%-

|Z/n|/unit (m2) Number of units |Z/n|/ring (mS2)

Rf cavities 40 5 200
Vacuum pump slots 6 x 10—4 3600 2
Monitor electrodes 0.02 4 x 100 8
Bellows 04 80 32
Septum chamber 0.7 2 1
Rf quadrupoles 6.4 2 13
Tapered transitions 1.5 4 6
Clamp flanges 0.04 60 2
Gate valves 0.8 6 5
Photon masks 0.5 20 10
Kicker chambers 21 2 4

Rf absorbers =~ 50

Total @

6. Multi-bunch Instabilities

The thresholds of longitudinal and transverse coupled-bunch instability caused
by a higher-order resonance with impedance R and R, at the resonant frequency
fr are roughly estimated by the formulae

Ev,
R =
fi,th Imayl, )
R _ ETy

where f is the beta function at cavities. Equation (2) assumes a uniform distri-
bution of the bunches and the worst case the coupled-mode hits the resonance
exactly. In the case of the ATF damping ring, this threshold becomes

1 GHz
Ru,th = 1.4 ( f’_ ) kQ ,

Ri =16 kQ/m

3)

where we have used 3 = 8 m and 73 = 7, = 9.2 ms. The longitudinal threshold
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is satisfied by the damped cavity in the longitudinal direction as discussed later.
The transverse is cured by the damped cavity together with bunch-to-bunch tune
spread Avg ~ 1073 introduced by an rf quadrupole. According to the tune-spread,
the transverse threshold is effectively increased Ny times bigger than Eq. (3).

The actual threshold with the real bunch/batch distribution including transient
phenomena has been studied by multi-rigid-bunch simulations. The results show

the condition (2) and (3) are all right for the threshold.

Resistive wake of the vacuum chamber is another source of the coupled-bunch
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Figure 4.23: Lattice parameters of a wiggler cell.
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Damping Rings

:‘Parameters for Pre-Damping Ring

Energy 2 GeV
Ciec. 114 m
Current * 1 Amp
Ve, Vy 10.18, 5.18
Ve y $ 27 mm-mrad
| o, 0.1%
o5 5.4mm
eyt 3.5ms
Js 1.34
a 0.005
Vir 2.5 MV > 1SV
fRF 714 MHz W/ energy Comp.
AE/Egf€© 2%
Lattice 30 FOOF Cells
Vacuum Aperture® | 4.0 cm by 3.2 cm
Dynamic Aperture?|> 0.1 m-rad at +2%

a Assuming two trains of 75 buaches of 1.5 x 10'® — the maximum trein leagth is 90 bunches
with a 1.4ns spacing (126 ns) leaving 08 ns for the kichers.

b Assuming the ring is coupled.

¢ Full aperture — this provides room for a hard edge emittance and emergy spread of 0.06
m-red and 2% with a 3 + mm dearence.

d Aperture defined as 727 /28.
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Parameters for Main Damping Ring

Energy 2 GeV El
Cire. 226 m i
Current * 1 Amp ﬂi
Ve, vy 23.81, 8.62
ez, Yy be 2.3 mm-mrad,0.02 mm-mrad’
o€ 0.09%
o€ 3.5mm
Te, Ty® 4.2ms,4.8ms
s 1.15
a 0.0005
Var 1.5 MV
SrF 714 Mz
AE/Egr 3%
Lattice 40 TME Cells
Vacuum A perture 2cm?
Vacuum Pressure 1nTorr?

namic Aperture®
pe

> 0.009 m-rad at +1%

Liend 68.4 cm
Bybend 15.3 kG
Bl iend 133 kG/m
Luiggier 20m

By 15.6 kG
Bypeak 22 kG

a Assuming four trains of 75 bunches of 1.5 x 10! —the maximum train length is 90 bunches
with a 1.4 ns spacing (126 ns) leaving 60 ns for the kickers.
b Before IBS has been included.

¢ With 20 meters of wiggler.

d Full aperture — this needs to be determined by the transverse and longitudinal dynamics
and the vacuum pressure.

e Aperture defined as y2? /203 — this is without a proper injection/extraction region.
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£01

E(GeV)

I(mA)

RAD(M)

CIRCUMFERENCE -- TOTAL M)
-- ARCS (M)

TOTAL BEND MAGNETS

POWER - BEAM (KW)
-- BEND MAGNET (KW)
-- METER CIRC (KW)

N(gamma)=7.08E17*E*l (TOT. PHOTON/SEC)
N{flux) (MOL/PHOTON)

N1 (PHOTON/WATT)

N3 (MOUWATT)

Q (TUSWATT)

Qtotal =éE-20'N(g)‘N(f) for ring (TL/S)
DESIGN PRESSURE (TORR)

CALC. -- PUMP SPEED IN ARCS (L/S)
ACTUAL -- SPEED IN ARCS (LY/S)

CALC. SPEED -- PER METER OF ARC
-- PER BEND MAG.

NLC DR: SR POWER FOR VARIOUS MACHINES

NLC DR

2.0
1000.0
4.4
220.0
156.4

40
325

8.1
1.8

1.6E+21

5.0E+15
1.0E4+10
J.0E-10

9.7E-05

1.0E-09

06,960

620
2,424

20
1000.0
8.7
220.0
156.4

40
162

4.1
0.7

1 6E+21
2.0E-06
1.0E+16
2.0E+10
6.0E-10

9.7E-05

1.0E-09

96,960

620
2,424

PEP IIHER PEPIILER

9.0
3000.0
165.0
2,200.0
1,459.0

192

10,857
55.0
4.8

2.2E422
2.08-06
21E41S
4.1E+009
1.2E-10

1.3E-03

1.0E-08

130,896
173,760

90
682

3.1
3000.0
30.6
2,200.0
1,459.0

192

802
4.2
04

7.5E+21
2.08-08
9.4E41S
1.9E410
$.6E-10

4.5E-04
1.0E-08

45,086
42,240

31
235

SLC DR

1.2
136.2
2.0
35.3
30.9

40
13

0.3
04

1.3E+20
2.08-08
1.0F+18
2.1&410
6.3E-10

8.0E-06

1.0E-09

7,990

259
200

PEP

15.0
200.0
165.5

2,200.0
1,497.5

192

5,414
28.2
2.5

2.4E+21
$.0E-08
4.SE+14
9.0E+09
2.7E-10

1.5E-03
2.0E-08

72,720
165,000

49
379

10/12/94
BDS

- SPEAR

3.0
200.0
12.7
234.0
189.0

36

113
3.1
0.5

48E+20
2.0E-08
43E+18
8.6E+10
26E-00

2.9E-04
1.0E-08

29,088
29,520

154
808
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Damping Rings

e Optics
Finish the optics design L(\c./((ex&
Design injection and extraction systems
Physical layout and Verify magnet specs.

e RF system design

Large beam loading I ~ 1Amp T pedance

R s‘LJ; N1 ‘lt'e-*

(e}
1

Damped cavities for multiple bunches

e Vacuum chamber design
Bunch lengthening / Sawtooth??
107 Torr / SR power
Multibunch effects

ons

e Transfer lines
Energy compressors
Emittance and train diagnostics

¢ Tuning techniques and feedback
Diagnostic requirements
Dynamic aperture and vertical emittance
Intensity feedforward / collimation
Coupling correction

Extraction position

e Tolerances and stability
RF system
Jitter
Alignment,
Suppoets
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‘Jable 1 FParameters o1
the dow emergy compressor

Ver | 67TMV 130 MV
frr 2.8 GHz 1.4 CHe
Rss 0.5m
| Bunch Length | 5mm — 500 zm
Energy Spread 0.1% — 1%
Table 2 Parameters of
the high energy compressor
Pre-linac Vpr 8.3 GV
Pre-linac frr 2.8 GHz L.8GH,
180° arc R -0.5m -0. 28
2nd Vir 1.3 GV 4 v
2nd frr 2.8 GHz 2.8¢Hz
Chicane R 0.1m 0.036
Aesp/e @ 10 GeV 0.2%
Bunch Length |500pum — 100pxm

Energy Spread

0.2% — 1%
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Figure 3: Beam energy at the ead of the main linac as a function of initial phase error for N, = 1.5-10'%
a) full-width-half-maximum enmergy spread; b) rms-energy spread; c) mean energy.

114



JLC Instrumentation ('94 update)

H. Hayano (KEK)
Dec./94 KEK/SLAC mini workshop

1. Instrumentation R&D Goal/achievement

2. JLC(ATF) Instrumentation R&D this year
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JLC Instrumentation Table Update Nov. '94

911

by H. Hayano 11/30/94
Meas. location resolution accuracy “bunch # of unit possible candidates
train
XY Beam Position Injector /Pre-Linac  <1pm <50pum average 150 strip line BPM
Damping Ring <lpm <50um av, 300 button BPM
Bunch Compressor <lpm <10pm av./each 100 strip line BPM
Main Linac <lpm <10pm av./each 3000 strip line BPM
Final Focus <10nm <10nm av. 40 cavity BPM
Z Bunch Spacing Bunch Compressor 0.01mm(0.03ps)  0.03mm(0.1ps) each 2 streak camera
_ Main Linac 0.01mm(0.03ps)  0.03mm(0.1ps) each 10 streak camera
Ox,Oy |Transverse Spread Injector /Pre-Linac 50um av/each 30 wire scanner
Damping Ring 20pm for Ox av./each 3 synchrotron radiation
2um for Oy
Bunch Compressor 1lpm av/each 20 wire scan/synchrotron
Main Linac lpm av./each 100 wire scanner
Final Focus lpm av/each 20 wire scanner
Final Focus 3~30nm each. 2 Compton scattering
Final Focus <lnm each 1 Compton scattering
Oz Bunch Length Injector /Pre-Linac  0.5mm(1.7ps) each 4 streak camera
Damping Ring 0.5mm(1.7ps) each 3 streak camera
Bunch Compressor 0.01mm(0.03ps) av. 8 synch. rad. spectrum
Main Linac 0.01mm(0.03ps) av. 10 synch. rad. spectrum
Final Focus 0.01mm(0.03ps) av. 2 synch. rad. spectrum
Nb Number of Charge Injector /Pre-Linac 0.1% 1% each 40 wall current
Damping Ring 0.1% 1% each 12 wall current
Bunch Compressor 0.1% 1% each 16 wall current
Main Linac 0.1% 1% each 250 wall current
Final Focus 0.1% 1% each 10 wall current




1. Transverse Beam Position

LTI

Meas. location ' resolution accuracy bunch #of unit possible candidates
— train

XY Beam Position Injector /Pre-Linac <1 pm <50pm average 150 strip line BPM
Damping Ring <lpm <50pm av. 300 button BPM
Bunch Compressor <lpm <10pm av. 100 strip line BPM
Main Linac <lpm <10pm av/each 3000 strip line BPM
Final Focus <10nm <10nm av. 40 cavity BPM

Achievement
Strip Line BPM : FFTB

R&D

Cavity BPM (in laboratory) : VLEPP , CLIC ( JLC, TESLA ....)

Button BPM (in laboratory) : JLC-ATF

Cavity BPM (in laboratory) : JLC, TESLA ....
Cavity BPM beam test : FFTB
multi-bunch BPM : NLC,JLC
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2. Bunch Spacing

Meas. location resolution accuracy bunch # of unit possible candidates
train
Z Bunch Spacing Bunch Compressor 0.01mm(0.03ps) _ 0.03mm(0.1ps) each 2 streak camera
Main Linac 0.01mm(0.03ps)  0.03mm(0.1ps) each 10 streak camera
Achievement

(0.2ps resolution streak camera by Hamamatsu July '93)

R&D
waiting very fast streak camera
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R&D

Wire scanner

: SLC, FFTB, JLC-ATF

Synchrotron Monitor(20um) : SLC-DR , JLC-ES
Compton Scatter Monitor : FFTB

Carbon wire scanner :
Laser Wire Scanner :
Synchrotron Monitor(2um) :

JLC-Kyoto
SLC
KEK-PF

Transverse Spread
Meas. location resolution accuracy bunch # of unit possible candidates
train

Ox,0y |Transverse §pread injector /Pre-Linac  50pm av./each 30 wire scanner

Damping Ring 20pum for Ox av/each 3 synchrotron radiation
2um for Oy
Bunch Compressor 1um av/each 20 wire scan/synchrotron
Main Linac lpm av./each 100 wire scanner
Final Focus lpm av/each 20 wire scanner
Final Focus 3~30nm each. 2 Compton scattering
Final Focus <lnm each 1 Compton scattering
Achievement




4. Bunch Length

74t

Meas. location resolution accuracy bunch # of unit possible candidates
train

Oz Bunch I;ngth Injector /Pre-Linac 0.5mm(1.7ps) each 4 streak camera
Damping Ring 0.5mm(1.7ps) each 3 streak camera
Bunch Compressor 0.01mm(0.03ps) av. 8 synch. rad. spectrum
Main Linac 0.01mm(0.03ps) av. 10 synch. rad. spectrum
Final Focus 0.01mm(0.03ps) , av. 2 synch. rad. spectrum

Achievement

Streak Camera (0.2-0.5ps)

R&D
Synch. rad. Spectrum monitor

-

SLC , JLC-ATF ( Hamamatsu co.)

Happek, Nakazato
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5. Number of Charge

Meas. location resolution accuracy bunch # of unit possible candidates
train
Nb Number of Charge Injector /Pre-Linac 0.1% 1% each 40 wall current
Damping Ring 0.1% 1% each 12 wall current
Bunch Compressor 0.1% 1% each 16 wall current
Main Linac 0.1% 1% each 250 wall current
Final Focus 0.1% 1% each 10 wall current
Achievement
wall current monitor : every Laboratory
R&D

precise charge meas. by WCM : JLC-ATF




Tl

JLC Instrumentation Table Update Nov. '94

by H. Hayano 11/30/94
Meas. - location resolution accuracy bunch # of unit possible candidates
train
X, ¥ Beam Position Injector /Pre-Linac <lpm <50pm average 150 strip line BPM
Damping Ring <lpm <50um av. 300 button BPM
Bunch Compressor av.facll 100 strip line BPM
Main Linac av/Eachll 3000 strip line BPM
Final Focus av. 40 cavity BPM
Z Bunch Spacing Bunch Compressor ) each 2 streak camera
_ Main Linac } each 10 streak camera
Ox,0y |Transverse Spread Injector /Pre-Linac 50pum av/each 30 wire scanner
Damping Ring 20pum for Cx av/each 3 synchrotron radiation
|
Bunch Compressor _lpm av/each 20 wire scan/synchrotron
Main Linac Apm av/each 100 wire scanner
Final Focus lpm av/each 20 wire scanner
Final Focus 3~30nm each. 2 Compton scattering
Final Focus <lnm each 1 Compton scattering |
Oz Bunch Length Injector /Pre-Linac 0.5mm(1.7ps each 4 streak camera
Damping Ring g each 3 streak camera
Bunch Compressor av. 8 synch. rad. spectrum
Main Linac av. 10 synch. rad. spectrum
Final Focus av. 2 synch. rad. spectrum
Nb Number of Charge Injector /Pre-Linac each 40 wall current
Damping Ring each 12 wall current
Bunch Compressor each 16 wall current
Main Linac each 250 wall current
Final Focus each 10 wall current

10 pm Accunuc) striplime BPM
mult: bunch BrM

BPM
high resolutiom

Cav?ty
streak camero
:)modn. I-'Jl't momitoy
BLM

[ IY NV ]

2 pam  Presolution,
10 pm Pregolutiom

orecice Auale Liiael



2. JLC(ATF) Instrumentation R&D this year

ATF
OTR monitors beam size, emittance
energy spread
bunch length
Wire scanner multi-bunch emittance
Button BPM calibration/beam test
ES-KEK

Synch. rad. monitor
gated camera & streak camera
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Vel

Beam Size & Emittance by OTR monitor

I.1. gate Camera
with 3ns gate

- OTR1(streak / profile)

QA-1 QA2 QA-3 T N

bunch by bunch emittance

10104 |
9.0 105 |
8.0 10-5 |
10105 |
6.0 105 |
5.010-5
40105 |
3.0 10-5 |

2010-5¢ N N N
0 5 10 15 20 25 30

| bunch number

rms emittance x [mrad)

Profile examples

ATF LINAC 80MeV Injector Aug. '94
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beam

gated [.I. camera

m 1 s

3ns gate

gate generator

trigger

2
Z
g
:
8
OTR2 -
BPM10 (energy/
energy spread)
slit
Faraday Cup

@ beum energy [MeV] ~&8—-dE/E FWHM | %]

Beam Energy & spread by OTR

81.5_'-";:"f';' ']f['[- 1
i \\ ‘ | 4 0.9
. f 08

810 | LN ?_3

| 407 =

I -

80.57 _N06:$r3

Jos =

I B
800 - .- 04
L |03
79_5',. I!lll 02
0 5 10 15 20 2b 30

bunch number

ATF LINAC 80MeV injector Aug. ‘94
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streak camera
HAMAMATSU FESCA-500
0.6ps resolution

horizontal slit

30um slit

f=100,846 lenz

Bunch Length
by OTR & Streak Camera

S f=500,895 lenz
—e— main peak area Lz
—@—bunch length FWHM[ ps] vk aroa
Bunch Length & light Intensity by strenk camera Streak Camera Optics L1 395 mirror
300 [T T T T swd of OTR transportation M3
- : 3 | 's ':
= 260 | 12107 : Total Optical path length = 5525mm W2 s \
% 920 -\ K\ soms 2 concrete shield & %
' &
[ ®
g’ 18.0 | e010° ;
= ; S SUS plate
o 14.0 010° M2
g [
- [
10.0 0010 @95 mirror
0 5 10 15 20 25 30

bunch number

beam ¢95 mirror

ATF LINAC 80MeV Injector Aug. '94
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Beam Size & Emittance by Wire Scanner
. gateable

MCP-PMT
90deg Bend OTR I(streak / profile) Wire Scanner / with 2.5ns gate

QA-1 QA-2 QA3

> .
4y 7Y ;7'?‘"

gamma signal ADC count]

Faraday Cup

6-th bunch profile bunch by bunch emittance
70.0 :"f'(ﬁ"["f'l”"—,""!f"','fﬁ'l"ff: L010'4 :vv'v—!' v .!. —rT r.?—..f.jﬁ.ﬁ.-
600 | : : : : ; T 90105 - R SO - _ _
50.0 g E sows | B
40.0 = g 60105 | E
30.0 ] £ 50105 - , | : E
] | ogo0sfb ¥ .
20.0 - ) 4 : : : : : ]
-:, : E 3.010-5 - - : S TR TR
100 bl il 20105 D D DR DS SRS
10 20 30 40 50 60 70 80 90 0 5 10 15 20 25 30

stage position[mml] bunch number

ATF LINAC 80MeV Injector Aug. '94



ATF DR Button BPM

EBW reference top block (Ti)  HIP transition __ flange (A3003)
pla;le button (SUS304)
reference

reference SMA connector —
plane plane - 3 17 3
e ¢ 12 mm
QO X 2000 \ as
\ » o o] & o - . . « d .. 3 -
pin (Kovar) 1000 o | o] s o o o = . : e (o o7
— i ] 1 ] L] L] - . - - . L] o . E L.
70mm——’l g L S A En R e R -
—- v o s & [« | s 4 & F *
~ -1000 s e . L . . s|s of o b o ]
2000 .. L4 . l‘ . : b ‘l . ) . .. L " -
.
8 Trigger -2000  -1000 o 1000 2000
Generator
X [pm]
(GP.IB) LEBLELIRS T Y vV T ] v T ¥ T T Li Trrr
tungsten wire s . 1
. BPM .g50 um 200 | . " . ol L ]
L ] R
\1=1 \ _ . . . :
shicld H— shiold g el o [0 E.- . 1
x-y stage $0Q 'g‘ of " 'l-‘.lr . -
& B mg 1
100g = ]
i kS 100 _
L o - K -~ .
nitooon o ] support )y . -200 1
Y T R . ) e . o _ E
'300 [ 1.1 1 4 i1 1.3 .1 .1 L4 i1 L L;
-100 0 100 200 300

Calibration Stand -300  -200

Xolfser {pm]
electrical offset



Synchrotron Light Monitor Development

ES

E top =1.2 GeV
rep. rate = 21 Hz
16 bunches

1e9 electron/bunch

Hamamatsu gate 1.1. Camera

minimum gate = 3 ns

Hamamatsu Tokyo Univ. Electron Synchrotron(ES)
dual time base Streak Camera

synchro-scan / single fast scan
resolution < 2 ps

100ns - 100ms
streak
4 trigger
, N [
¥ : / :
200ps - <
50ns | \
o’ [
t, \ i
/ [
@E-ET | ) @E-E8
HP workstation Analyzer
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NLC Instrumentation
December 3, 1994' M {o5s
Define and describe:
NLC feedback systems
both beam-based and non-beam based
Centroid (SLC type)
Multi-bunch and phase space
Special loops
Instrumentation

Intensity, Centroid, Phase space
Other

Machine Protection

Mechanical design
Device controller
Control system

Controls Architecture
Integration of feedback
Timing/scheduling
RF Control
Non-beam based instrumentation
Conventional

Beam based feedback should be considered a possible
engineering solution for all tight tolerances in it’s
bandwidth
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NLC beam size monitors - transverse

Wire scanners for 1/62 < 1010/2x2 pum?2

May be ok in injector, e+, but probably not
anywhere else

Multi-bunch possible

[ aserwire

Resolution depends on signal strength,
background and laser spot aberrations

Best about 1/3 A for simple (00 and 01) systems
1/20 A for retro-reflector systems
+
Timing
wide dynamic range/thickness
other, parasitic, laser uses
cost
systematics from laser spot aberrations
High power required

Should be ubiquitous in NLC ring->linac
->FF systems

Simple system for DR
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Laserwire costs for 200nm system:
1994 comparison:

Laser:

cost about 5 completed wire scanners
(WSE)

RD needed to reduce
Transport: -
Geometry
UHV required
Radiation hardness
Profile monitors and steering included
may cost about 4 WSE

IP:
cost ~ 1 WSE for two planes
Radiation hardness issues
Profile monitors/position monitors included

Distribute these costs over sets of scanners; combine
diagnostics - 2 to 3 times more expensive than wire
scanners. Testing/experience needed to reduce costs.
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Key Laserwire parameters:

Angular Divergence (F number) vs. aperture
F2 optics chosen for SLD/SLC 90% transmission

Trade off between low angular div. and
diffraction fringes

How do fringes change O1mode performance?

Sets Rayleigh range - length of spot (important
for extreme aspect ratios)

Optical Damage issues
Vacuum, contamination, dust

Mechanical stability

Optical surface tolerances
impact of aberrations
Detection system and count rates

Ideal at SLC - may be harder in a linac

Diagnostics

Simplest optics (selected for SLD/SLC) 1s
not transmission optics -> no good post-1P
image is possible
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Longitudinal

BPM

Coherent transition radiation/synchrotron
radiation

resolution best for 6;< 1mm

Needs more careful testing at FFTB
Foil survivability

Broadband transient recorder
Narrow band TM110
B-factory comb filter
Structure

BPM’s will cost about 40 to 50% of the
instrumentation budget (SLC costs)

Testing is needed
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Machine Protection System

MPS in layers - mechanical, device controller, thermal,
ion chamber, toroid. Stress non-beam power related
controls.

Reduce the impact of the control system
rather than extend it

Use the MPS to produce diagnostic pulses that provide an
indication of the failure so that tuning systems can recover.

Provide beam power ramping with more
than one technique.

Provide redundant device controller MPS.

Redundant -> require more than one sensor
before tripping.

Logic to allow partial operation

Feedforward protection.

Done by ‘veto’ system at SLC that inhibits
low I pulses from reaching FF
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Linac Structure Protection

At typical sizes and train intensities a single pulse targeted
on the structure will be catastrophic.

5x 101 > 0.7 mm? to survive(Cu)
for W 10x less
(SLC W target .7 X 1011 > 0.6mm?)

typical at the end of the 0.5 TeV 5 X 10°® mm?
5 orders of magnitude needed

Proposal: Reduce pulse power by reducing train to one
bunch and greatly increasing it’s emittance.

Design the structure (and other systefns) so that
serious single pulse damage is not possible

2 prongs: a) sacrificial thick protection near
the irises

b) thin spoilers at half the radius
(work underway)

Reliably increase emittance at several places
along the linac
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Implications:

How are high repetition rate and full intensity
trains handled?

Make the machine static by limiting
bandwidth of ‘major’ field changes

(reduces allowable strength of fast
correction systems)

Power density ramp required for any start/re-start

No low repetition rate, full I pulses allowed
Start up sequence:

0) Operation at low repetition rate;
single nominal intensity bunch;
high emittance

1) Raise repetition rate

guarantees static machine

2) reduce emittance

check average power limits

3) increase number of bunches in train
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Controls Architecture

. Cost

Cost of SLC control system was (is) very
high in comparison to other machines with
similar numbers of components

Specifying as opposed to doing is often
paces tasks

Extension to higher level control
‘Nuclear’ nature of lowest level

Experiments with different architectures are
expensive and difficult to evaluate

» Integration of feedback systems listed above

Feedback is vital for much more than direct
stabilizing

Other considerations:

Data acquisition bandwidth
Scheduling system

Pulse oriented sampling

Special architecture for damping ring
applications.
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