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SLAC 

December 5-9,1994 

shop 

KEK and SLAC have long enjoyed an exciting and itful collaboration 
for the development of electron-positron colliders. research on the 
accelerator physics and technologies required for a futur 
collider has included important collaboration on all m r areas of R&D - 
parameters, particle sources, damping rings, high-power 
structures and dynamics, final focus systems, instrumentati , as well as study of 
goals for particle physics and experimentation. Particular lose collaborations 
exist between KEK and SLAC on the development of a li r collider based on 
acceleration of beams with X-Band frequency (11.4 GHz) owaves. Physicists 
from the two institutions met at SLAC during the week of cmeber 5-9,1994 to 
review and compare their progress, designs, and plans for 

The goal of the workshop was to discuss and corn e the KEK JLC and 
SLAC NLC collider designs and technologies, to discuss portant similarities 
and differences, and to identify and discuss ways to ther enhance and 
strengthen collaboration between the two laboratories. 

The first day of the workshop was used for prese 
each laboratory. Individual and small group meetings e held on Tuesday 
and Wednesday, and reports from the working gro 
Thursday afternoon and Friday morning. Many interesting d important topics 
were covered during the review, and the detailed camp 
designs added insight to our understanding of each of them. 

Although the basic approach and parameter sets f the KEK JLC and 
SLAC NLC X-Band designs are similar, a number of imps ‘tant and interesting 

differences were found during the workshop. The JLC sche le to compensate for 
beam loading in the injector uses pairs of klystrons ope sting at frequencies 
shifted slightly from the central band, while the NLC plan i to shape the applied 
rf by controlling the klystron phase at input to the compr ;sion stage. Neither 



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 ps 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 large 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 
SLAC Dee 5 - 9,1994 

The goal of this workshop is to discuss and compare the K.EK JLC and SLAC 
NLC collider designs and technologies, to discuss important similarities and 
differences, and to identify and discuss ways to fu:rther enhance and 
strengthen our collaborations. 

Working Groups 

Parameters 
Sources, Injectors, and Prelinacs 
Damping Rings and Compressors 
RF Power Systems 
Accelerator Structures 
Final Focus and Collimation 
Instrumentation 
Experimentation 

Committee: D. Burke G. Loew T. Matst2 K. Takata 



KEK/SLAC X-Band Design Mini-wo 
Program 

Monday, December 5 
Orange Room 

Presentations of JLC and NL 

Morning Session Chair: Burke 
Welcome Drell 

0900-0940 Parameters Yokoya/Ruth 
0945-1030 Sourceqetc. Takeda/Miller 
1030-l 100 Coffee Break 
1100-l 140 Damping Rings/Compressors Urakawa/Raube 
1145-1230 Instrumentation Hayano/Ross 

Afternoon Session Chair: Takata 
1400-1440 RF Power 
14451530 Structures 
1530-1600 Coffee break 
1600-1640 Final Focus 
1645-1730 Experimentation 

Mizuno/Wilson 
Higo/Wang . 

Oide/Irwin . . 
Matsui/Markie\; 

Tuesday-Wednesday: Working Group Meetings and Prepa 

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 . . . . . . 

Friday, December 9 Working Group Reports 
Orange Room 

Morning Session Chair: Loew 
0900-0940 RF Power . . . . . . . 
0945- 1030 Structures 
1030-l 100 Coffee break . * ’ * . * * 
1100-1140 Final Focus . . . . . . . 
1145-1230 Experimentation . . . . . . 

Afternoon Session Chair: Loew/Takata 
1400-1515 Discussions 
1515 Monbusho Visit 

shop 
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Parameters at Ecnf =0.5, 1.0, and 1.5 TeV with X-Dam1 

version Dee 1 1994 . . 

---- Basic Parameterr ------- 
Beam Energy 
Main accelerating frequency 
Number of particles per bunch in main linac 
Number of bunches per pulse 
Bunch spacing 
Repetition frequency 
Normalizecl emit tame at damping ring 

R..m.s. bunch length 
---- Parameters related to Main Linac RF -- 
Nominal accelerating gradient 

c Effective gradient in cavities 
Active length of main linac per beam 
Length of 8 cavity unit 
Number of cavity units per beam 
Iris radius/Wave length 
Cavity filling time (CC) 
Attenuation parameter 
Q-factor 
Average group velocity 
Loss parameter 
Total average power into cavities for two linacs 
Wall-plrig power for two linacs 
Assumed eficiency from AC to RF 
Peak power per cavity 
Single-bunch extraction eficiency 
Mrrltil,unch energy compensation by filling time shift 

fraction of cavities of zero and full timimg shift 

N 
mb 

tb 

f rep 
ES 

&Y 
ffz 

GO 
Ge// 
L ClC 

1 Claw 

P peak 

Vl 

GeV 
G l-12 
10’” 

naec 
112 
rad.m 
rat1.m 
m 

250 500 
11 .424 11 .424 
O.?S3 0.753 
72 72 
1 .40 1 .4-I 
1fH-l 150 
:$x1o-6 3x10-” 
3x 10-a 3x1wd 
89.1 90.2 

MeV/m 71.4 71 .-1 71 :l 
MeV/m 53.5 53.5 5:i.s 
m 4 296 89(X l:l(i:15 
m 1.31 I .x1 I .:I I 

3279 m.1.1 I O-,0!) 
O.lC,SR 0.1 fiTi 0. I ti!iti 

nsec 102.11 102.8 I0’L.H 
, o.ss3 0.553 0.,5,5:1 

m7 I - 671 ,117 . . I 

0.042s 0.042s O.CJ‘125 
lOI V/C/Ill 2 .or, 2.m 2 .oci 
MW 25.8 S3.8 HI .‘L 
MW 86 179 271 
‘XJ 30 30 30 
MW I.70 130 130 
%I 1 .40 1 .40 1 .43 
% 2 2 ‘) a 
%I 49 ;I!1 ‘18 



--_ Parameters Related to Main Linac Beam Dynamics --- 
Beta function scale (0 = /3a ,/m) 
Total number of betatron oscillation in main linac 
Phase shift from the crest 
Single bm~ch full energy rpread after off-crest correction 
Single-bunch energy slopa due to wake 
Energy slope for BNS damping 
--- Parameters Related to FFS and IP 
Nunrber of particles per bunch at IP (10% loss assumed; 
Beta function at II’ 

Rms beam size at IP 

Crossing angle 
Beam diagonal angle 
Disruption parameter 

h, Effective disruption parameter due to crossing angle 
Number of beamatrahlung photons 
Maximum Upsilon 
Energy loss by beamstrahlung 
Detector solenoid field 
Distance from II’ to mask tip 
Required mask angle 
Blowup factor of multibunch crossing instability 
Geometrical huninosity reduction factor 
Pinch enhancement factor 
Luminosity 

m 

deg 
% 
% 
% 

10’0 
mm 
pm 
niir 
rim 
mrad 
mrad 

% 
Tesla 
m 
radian 

1O33 /cm2 /s 

0.05 0.05 0.9s 
88.7 139.0 179.3 
16.3 16.3 IS.1 
0.50 0.50 o.so 
-0.738 -0.768 -0.7tw 
-0.205 -0.209 -0.:1’,,9 

0.678 0.678 
10.0 11.0 
100 100 
260 200 
3.0-l 2.20 
s.s2 5 .I~0 
3.25 2.78 
0.1019 0.0868 
8.70 7.00 
6.32 5.25 
1.03 1.22 
0.316 0.802 
3.78 8.00 
2.0 2.0 
0.66 0.66 
0.0848 0.0873 
3.00 1.6-l 
0.676 0.624 
1.60 1 .ss 
5.12 8.66 

O.W3 
22.8 
107 
227 
1 .!K 
n.00 
3.17 
1).1MJS 
S.H:l 
3.96 
I .07 
cI.WI 
8 .nn 
2.0 
n.cici 
O.(ltWJ 
1 .:jo 
I).li:l:l 
I :IH 
U.(iH 

Longitudinal wake frrnction W,(z) = M/o + 14’rfi+ w2z with ~~o=1.00~10’~, \Yr=-6.41~10’~, \~~‘2=7.o:~X lr)17, (t in 
ni, MT in V/C/m). 

Transverse wake slope tfW~/tfz=l.532~ 102’ V/C/m3. 



NLC Parameter 

1.) Layout and General 

2.) Sources 

3.) Damping Rings 

4.) RF System 

5.) Final Focus 
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NLC e- Source 

0 High Polarization 

0 “Acceptable” emittance 

0 Polarized cathode current limit? 

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



SLC max 
Par- SLC 93 design NLC 500 GeV 

Scavenger Beam 
1 Energy Ee- (IGeV) 30.00 30.00 3.11 

Intensity Ne- I bunch 
cod / bunch 

bunch length @set) 
R bunches / puke 
Men&y k/p&e 

3.OOE+ 19 7.00E+lO 1.50E+lC 
4.9oE-09 l.l2E-08 2.40E-09 

3 31 5 
1 1 9a 

3.OOE+lO~ 7.OoE+lO 1.35E+ 12 
coul/puke 

Bezun Pulse Energy (Jobs) 
rep. rate (Hz) 
Beam Power (Watts) 
Beam size , sigma (mm) 
Power Density=Ee-‘Ne- 

lpulsel(pi’sigmaA2) 
(GeVlmmA2) 

4.8OE-09 1.12E-06 
144 336 
12q 120 

2.16E-07 
672 
lea 

1.73E+O4 4.03E+O4 1.2 1 E+05 
0.6 0.8 1.6 

. 

7.96E+ll l.O4E+12 5.22E+ 11 
4 

[Positron Collection 1 

.NLC 1.0 or 
1.5 TeV 

6.22 
1.50E+10 
2.40E-09 

5 
75 

l.l3E+12 
1.80E-07 

1120 
i2a 

1.34E+05 
1.6 

B.tOE+ 11 
I 

\ 
Wall emittance (m) 0.01 0.01 1 O.OSjv 
Energy Cut at 200 MeV (MeV) 20~ 20 20 20 
Long. Cut at 200 MeVlc (psec) 15 l5\*so, 
YiekUEe- (1GeV) 0.083 0.063 0.3001 0.300, 
Yiild 
kMAty Ne+ / bunch 

cod / bunch 
Intensity Net / pulse 

coul / pulse 

2.50 2.50 0.93 1.87 
7.5E+lO 1.75E+ll 1 1.4E+lO 1 2.8Et10, 

1.20E-08 2.80E-08 2.24E-09 4.48E-09 
7.50E+lO 1.75Etll 1.26E+12 2.10E+12 
1.20E-08 2.80E-08 2.02E-07 3.36E-07 

Global 
Efficiency 
N e+ / bunch at IP 

0.4 0.4 0.5 0.5 
3.OoEt 10 t.OOE+ 10 \ 7.00E+09 \l.JOEtlOI 

8 
sdek:Positron Parm g/16/94 
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Parameters for Pre-Damping Ring 

t Current ‘ I 1 Amp I I 10.18, 5.18 I 

7%’ 27 mm-mrad 

cc 0.1% 

5.4 mm 

Tt,r 
b 3.5 ms 

& 1.34 

I VRF 2.5 MV I 
714 MHz I 

I AEI ERF ’ I 

I 30 FOOF Cells I 

Vacuum Aperture ’ 4.0 cm by 3.2 cm 

Dynamic Aperture’ > 0.1 m-d at f2% 

a Astmning two trains of 75 bunches of 1.5 x 1O’O - the maximum train length is 90 bunches 
with a 1.41~ spacing (1261~) leaving 60~ for the kickers. 

& Assuming the ring is coupled. 
c Full aperture - this provides room for a hard edge emittance and energy spread of 0.06 

la-rad and fB with a 3 f mm clearance. 
d Aperture defined = 7i2/2/3. 

10 



Parameters for Main Damping Ring 

Energy 2Gev 

Circ. 2ZOm 

current Q 1 Aanp 

h, “y 23.81, 8.62 

ret9 7% ‘,c 2.3 mm-mrd, 0.02 mm-:nrd 

UC C 0.09% 

02 C 3.5 mm 

Tz, TV C 4.2 ms, 4.8 ms 

LL 1.15 

a 0.0005 

VRF 1.5 MV 

~RF 714 MHZ 

AEIERF 3% 

Lattice 40 TME Cells 

Vacuum Aperture d 2 cm? 

Vacuum Pressure 1 nTorr? 

Dynamic Aperture e > O.W9m-rad at &l% 

bend 68.4 cm 

&bend 15.3 kG 

Bl bend 133 kG/m 

L wiggler 20m 

B eff 15.6 kG 

B mk 22 kG 

a Assuming four trains of 75 bunches of 1.5 x 10” - the maximum ain length is 90 bunches 
with a 1.4 ns spacing (126 ns) leaving 60 na for the kickers. 

6 Before IBS has been included. 
c With 20 meters of wiggler. 
dFbll8pature- thii needs to be determined by the transverse 

and the vsuurn pressure. 
e A~&URC tit&d m 7i2/2p - this is without a proper injection/ 

11 



NLC RF System 

0 PPM Focused Klystrons - 50-70 MW 

0 Pulse Compression -+ SLED II + ? 

0 Structure, w Damped and Detuned 

0 Moderate Accelerating gradient 
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NLC FtF Parameters 

UXICCV 1.0 TeV 
~~ - 

1.5 TeV 

Active Str. Lcngthfl) (km) 13.5 10.7 

Accelerating Gradie&) 
Unloaded/Loaded (MV/m) 50 j37.3 So/U.8 

Input Power to Str.t2) (MW/m) 50 72 

No. 7.2m RF Stations(“) 1877 1487 

Particles per Bunch (lOlo) 0.65 0.78 

Repetition Rate (Hz) 180 

Bunches per RF Pulse 90 

RF Pulse Length(‘) 250 

Pulse Compression System SLED-II (x5) 

Power Ga.in/Comp. Efficier~cy(~) 3.6 / 72% 

Klystron Pulse Length (ps) 1.25 

Klystron Efficiency 

Peak Pwr. per RF Station (MW) 100 143 

. Kly. per Station 0 Peak Pwr. (MW) 2 @ 50 2072 

Total No. Klystrons@) 3754 2974 

Modulator Efficiency(‘) PFN 6) 75% 

Energy per Pulse per Station(*) (J) 278 101 

Net RF System EfTidency 32% 

Wall Plug Power(g) (MW) 94 107 

16.2 24.5 

85163.4 85163.4 

145 145 

2254 3404 

1.10 1.10 

120 120 

75 75 

220 220 

SLED-II (x5) BPC (x8) BPC (x8) 

3.6 / 72% 7.2 / 90% 7.2 / 90% 

1.10 1.76 1.76 

65% 65% 

289 145 145 

4 8 72 2 0 72 2 Q 72 

9016 4508 6808 

PFN @ 80% PFN @ 80% 

611 489 489 

37% 47% 47% 

165 132 200 

14 
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XL1 

SOLENOID POWER: 24 KU 

PPM FOCUS 

NO FOCU! 

3 DESCENDANT 

:NG POWER 
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NLC IP Region Working Parameters 
Parameter0.5 TeV 0.5 TeV2 1.0 TeV 1.5 TeV Comments 
U 0.5 0.8 1.06 I .07 
L 0.7 1.0 1.4 1.6 Luminosity wl Pinch 
Hd 1.3 1.4 1 .s Enhancement from Pinch 
ox 320 nm 360 nm 360 nm Variable 
by 3.2 nm 2.3 mlm 2.3 nm 

EX 10-11 l/2 lo-11 l/3 lo-11 yEX=51k6m-rad 
Ey 10-13 l/2 100 13 l/3 lo- 1 3 -yap = 5 IO-8 m-rad 

PX 10 mm 25 mm 37 mm 

PY 100 u 100 p 150 p 
Ux’,y’ 30, 30 prad 14, 23 prad 10, 15 prad IP Divergent Angle 
OZ 100 p 100 p 100 p Bunch Length 

ed 3.2 mr 3.6 mr 3.6 mr Bunch Diagonal Angle 

f Abox <*4 10-3 < f 4 10-3 < f 4 lo-3 Square Energy Profile Widt 
DX,Y .07, 7.3 .04, 8.8 .03, 5.2 Disruption Parameter 
@D .25 mr .25 mr .25 mr Max. Disrupt. Angle 

@J Beam Energy 
Y .09 .ll .28 .42 Upsilon Parameter 

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

.% 1.0 1.1 1.1 # of Photons per Electron 
NHad .04 .07 0.3 0.3 # of Hadronic Events / Cros! 
NjetS .OOl 0.03 # of Mini-Jets per Crossing 



NLC Diagram 
not to Scale 

Injector 34 GN 6) 2 GeV (L) 
Pootml Acamulator Electron 

mOMlQkrgml OIlllpklfJ Riclg 
2 GeV, 714 MHz 2 GeV, 714 MHz 

- Linac 
(L) 1.428 GHr 
(S) 2.858 GHr 
(X) 11.424 GHz lo-94 

7038A2 



NLC PARAME 
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1.98 GeV 
Pre-Damping 

Ring 

Thermionic Gun Thermlonic G 

RF Gun 

150-250 GeV 

z Bunch 18 GeV 
Compressor Pre-Accelerator 

18 GeV Bunch 
Pro-Accelerator Compressor 

t + + II + II + II + 5) 0.05 km 0.1 km 0.9 km .-.+ $j..+ +cf 10.9 km 

2km 10.9 km 0.9 km 0.1 km 0.05 km 

4 25.9km-- ~- --. -- --w 

Positron 
-l.OxldO Electron f-7 

JJJJJ-b ““@A A III1ILaJJJ-L 
20 - 80 bunches x 50 - 150 Hz -I--c 20-8Obunchesx50-150Ht 

1.4-5.6nsec 

S Takeda R H.Matsumoto / JL CDiaQ IQ1 0906 



Electron Sources for X-band JLC 

I Basic Parameters of Electron Bunc,h 

Total number of bunch / shot : 

Bunch separation : 

Repetition rate : 

Bunch population : 

Total number of electrons / shot : 

Tolerance of bunch population : 

Electron Sources 

90 bunches 

1.4 ns 

150 Hz 
10 

0.63 x 10 

5.7 x loll 

c + 1.0 % 

Thermionic Electron Gun 

Laser Driven Photocathode RF Gun 

Polarized Electron Gun 

24 



1.98 GeV Injector Linac for X-ban JLC 

Pre-Injector Linac 

Thermionic Electron Gun System 

Thermionic electron gun : up to 00 kV 

714 MHz subharmonic bunchers 

Buncher section 

Accelerator section : -3OMe 

Beam diagnostics section for indi idual bunch 

Accelerator section : -8OMe 

* Total system similar to the ATF 
4 

re-injector 

Laser Driven Photocathode Gun 

* Gun is under development 

* Total system in near future 

25 
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80 MeV Injector of ATF LINAC ( ‘95 plan ) 

\ 13( Huncher) 

I 
WC6 

O’fR2 

PRi41 I 
PFiM2 

s SllI~1(357M1z) \ SH132(3S7M ir.) 

Multibunch from thermionic Gun 
) -. ..: ,,,....: ,,.., ,. . ..~.. : ; ..; . . . . . . . 

: : : : 

: __.: 

PRh43 

Spccifica tions of Injector 
1. 2.8ns spacing / 20 Multi-bunch / 25Hz repetition 
2. 2 e10 electrons/bunch 
3. energy E-80MeV / AE/Erms 10.3% 
4. bunch length oz 15~s 
5. normalized rms emittance &x, EY I 3 e-4 radm 

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



c 
. . :: . . . . -4 
_ . . . . . . :.;; 
‘ii 
l&L 

_Ti 
--. 
-_-. 
---. 
-3 
--. 
-. - I-I 
A -. 

I- 



Positron Sources for X-band JLC 

Basic Parameters of Positron Bunch 

Incident Electrons JLC 

Beam energy : 

rms beam radius : 

Repetition rate : 

Number of electrons / shot : 

Beam power : 

lhu3L 

Material : 

10 GeV 

1.2 mm 

150 Hz 

5.4 x lo,, 

130 kW 

W-Re 

ATF 

1.54 GeV 

0.7 mm 

1 Hz 

6.25x 18 

0.04 kW 

W 

Thickness (radiation length) : 6 (21 mm) 4 (14 mm) 

Phase-sDace Transformer Section 

Length :. 180 mm 120 mm 
Initial magnetic field : 8.0 T 8.0 T 

Accelerating Section 

Accelerating gradient : 30 MVlm 
Length : 1.5qlx2 

Iris diameter at exit : 26 mm 
Solenoid field : 0.8 T 

STakeda/PositrollSources!941201 



- 



Positron Sources for X-band JLC 

Basically scale up present SLC design 

Need to increase positron/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 

32 



Pre-Linac for X-band JLC 

10 GeV S-band Pre-Linear Accelerator 1 

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

80 MW Klystron 

SLED 

I 
200 MW 200 MW 

Act. Str. II Act. Str. I1 Act. Str. II Act. Str. I 

4 12.5 - 16 m * 
+ -0.5 GeV/ two units 

piiiiq 

160 MW Klystron 

12.5 - 16 m--- 

33 

t 
+ -0.5 GeVI unit 

STs!:fda PreLiSc3r ‘94120 



x 

High Power Operation of the ATF 1.54 

80 MW, 4.5 ps 
(TOSHIBA) 

2-iris 
SLED 

u c 
a 

52 MVlm 
42 MVlm 

52 RN/m 

GeV Linac Unit 

Waveforms of RF Power 

1st : Klystron output power, 80MW, 4.5~s 

2nd : Refrectlon power from SLED+Acc.xP 

3rd : Input power for left Act., 200MW peak, 1~s 

4th : Input power for right Acc., 200MW peak, 1~s 

P ------ -4 p )88MeV ” 
,zMeV 

/ta 
Energy Gain with Beam Loading KEK ATF gm.~p, FEE. 15 ‘94 

(H. Matsumoto) 
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Pre-Linac for X-band JLC 

I Beam Loading in an S-band Pre-Linac Structure -1 

without Energy Compensation System 

125 

120 

115 

110 

105 

100 
0 20 40 00 80 100 

Bach Number 
Ne=0.63E+lO, Nb=90, 1.4ns, -00, L6:O 

ds=090.0, dds=OO.O, Emax=-G.00, INjl-00 

42 



1.98 GeV Injector Linac & Pre-Linear Accelerator 

Energy Distribution of 90 Multi-bunch After ECS 

114.6 - 

Bunch Number 
Ne=0.63E+lO. Nb=90. 1.4~1s. -tlO. 1B:O 

ds=OSO.O, Emax=-5.7 MV, Inj=-LZU, df=1.923232 MHz 

116.5 

116.0 

i i5.5 
++-- 

115.0 

1140t ” ” ” ” ’ I’ ” I” ” ” ’ “ ’ 
0 20 40 60 60 100 

Bunch Number 
Ne=0.63E+lO. Nb=90, 1.4ns. -00. 16:0 

ds=O90.0, Emax=-10.9 MV, Inj=-LZO, df=0.961616 KHz 
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% 

Total Length of Wire: 91 m 
Total Number of Active Girder 

Ace. Structure Girder: 13 
Q-Magnet Girder: 13 

Accelerating Beam Accelerating 
Structure Monitor structure Q-mwt 

-.-. .-.- 

Wire 

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

*t +A-, 

- 2.5mm 

Synchronous Detection by Lock-in Amp 
Sensing Range: f 2.5 mm 
Resolution: < 2.5 pm 
Precision: 40 pm 

Induction Differential Coils 

mm SUS 

L RJ?Current:6OkHz.lOOm.A 

STakeddA&veAl@3@940708 
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ShintakeChokeiMode Cavity is Under Testing at ATF 

duly1~94 

The fir& hot model of the choke mryIp cw&ty 9s under testing at ATF in order to 
confirm aqx&iGty of high accelerating gradie& rforlthe.future linear collider. RF 
processing has b * &xe June 25. An average acceleratinggradient up to 
26MV/m has My beea &zj&vd with an integralted mfpooessing &ime of 50 
hours with@& ~~y330nious w. Present input rf-power is 33MW acwjl the 
pulse ridtln 1 ti-set atlSJbm& T&e rtru&ture will be processed up TV lOO&fW 
00 m #JIB ~a&entlof~4E3MV/~ 011 average. World-wide first trial of the beam 
acxdmkm d! be&zwted end~&tBmis uwx&h at ATF. 

Shintake Choke Mode Cavity 

RF wave form 
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XLC SOURCES 
GUNS 

DC Tbermitic Gun for Fbm to Drive Positron Converter 

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

714 MHz Subharmonic bunchas 

S-bad TrawAing Wave Prebuxk & Buncher 

s-band capture section 

One 3 GeV Linac to IXve Positrm Converter 

Two8GeVLinacskmcschIImpingRingtocachSewnd 
Compressor 

POSITRON SOURCE; A Gmurtms target, Flux Concentrator, a DC 
Soknoid, an L-band Capture m Ipd a Magnetic Chicane far 
Eliminating Electrons and Cdk&ing the Positrons 

ONE 2 GeV L-BAND [I428 MHZ) ACCELERATOR: Positron 
Source to Damp& Ring. Faxssed with Close-spaced Quadrupoles. 
mounted around the uaxkator s&ions. 
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DESIGN ISSUES 

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

l SLC Has Demonstrated all the Technologies for the XLC Injectors 
fix 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 Subhamonic 
Bunchers and the S-bmd prebutslcher 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 EMI’ITANCE @MS) 100 mm-ml 

BUNCH LENGTH (FWHM) ups 

‘BUNCHFREQUENCY 714MHz 

BUNCHES PER PULSE 90 

* 
MACRO-PULSE INTENSITY JITI’ER (RMS,) 0.3% 

BUNCH TO BUNCH INTENSITY JITTER 1% 

PULSE REPETITION RATE 18OHz 
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TYPE 

VOLTAGE 

CURRENT 

PULSE LENGTH 

CATHODE 

POLARIZED GUN SPECIFICATIONS 

PIERCE DIODE 

120 kV 

2A 

1 to 12ons 

STRAINEDGaAs or 
SUPER LATTICE 

IFQiLARIZATION > 80% 

MACRO-PULSE JITTER (EMS) 1% 
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POSITRON SOURCE PARAMETERS 

NORMAL= EDGE EMMTANCE .06 r-m 

BUNCHLENG‘IHFULL WIDTH 60 ps 

ENERGY SPREAD FULL WIDTH lo?! 

NLC/SLC; NUMBER eNMACRO-PULSE 12 

NLC/SLC; NUMBER e+/sec 18 



Draft 
NLC Positron System 

-7 
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Damping Rings / Compressors 
Junji Wakawa (KEK), 1994.12.5 at SLAC 

1. Darnping Rings (DR) and Bunch Compressors (BC) Scheme for JLC 

+ Rm to the Beam Sources 

hg Wggkr Sadons in a %mdispdon Region 
Ramrack Shape to minimize the Spatx for the Dispasion Sqpcssb ad Matching 
Combined Function FOB0 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 Sdxrne 
Bunch-Compressor Test Facility 

2. Technical R&D Staitus at ATF 

* Alignment 
IlitialAlignmcnt 
on-hnc Monitoring 
RW 
*btaqpt 
Machihg rpd Chsnuxhg Accuracy for Magnetic Poles is less than 2Op’n. 
*RF 
The Gdd til d bpcd Cavity showed enough results. A Hot Model of Dampad cavity was 

0Kitred. 

* Vm Chamber 
18 Vxuum chambers with Two BPM fa Auc Sahn mere amplecd. 
Tbc rcd~tion of the BPM is less than Spm. 

3. Summary 
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SLAC/KEK Collaboration 
1994. December 5 

Junji Urakawa, KEK 

e-/e+ 

Requirements to the Beam Source for the JLC-1 
at the damping ring 

S-bZlltUd C-band X-band 
~~ wg r=c1 5.5 2.8 $4, 

Particles per bunch [lO1o] a.75 1.11 &0.65, 
Bunches per train 
Repetition rate [Hz] 

Normalized emittance of 

55 72 , 90 l 

50 150 ,150 ( 

ATF 
2.8 

2.0 
20 
25 

injected &am / with Pre-DR 1.Ox1O4/2.7x1O-2 3.0x104 
[radm] (r.m.s.-value) 

Energy spread AP/P (F~\~i&~~~ ~1% 
Bunch Length w) c c 1Opsec 
Polarization 9O%/non - 

Requirements for Energy Compensation in Linac 
Intensity Jitter 

Pulse to Pulse 20.5% for Precise Physics Experiment 
Bunch to Bunch U.O% 

Requirements to the Damping Ring for the JLC-1 
Emittance 

p,<3x10d 

I- 

p,<3x10-8 

cT c5mm ---------->80pm (after BC) z 
AP/tP<O. 1% 

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

by %d w.eh-4 ” mt3, pk&uz o&e 4Jtl”“cQ 
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Figwe 4.20: Schematic layout of the JLC damping ring. 

rukjn- 

Figure 4.21: Lattice parameters of half of the damping ring. 
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Parameters of damping rings on three options 

Items 
Synchrotron Radiation per turn 
Harmonic Number 

S-band 
0.367MeV 

C-band 
0.986MeV 

X-band 
0.71MeV 

I I I 

I 530 764 660 
Total Current 
Circumference 
Number of Trains 

410mA 478mA 405mA 
222.5m 320.8m 277.1m 

I I I 

2 I 4 4 1 
Number of Bunches per Train 
Number of Particles per Bunch 
Longitudinal Impedance Threshold 
Repetition Rate 
Momentum Compaction 
Natural Emittance 

55 
1.73ElO 
0.145a 
50Hz 

0.00098 
0.5 12nradm 

72 
1.1 lEl0 

0.316R 
150Hz 
0.00126 

0.569nradm 

90 
0.65ElO 

150Hz 
0.00140 

0.618nradm 
1 Horizontal Damping Time 
1 Vertical Damping Time 

6.13msec 1 354msec 1 404msec I 
I 8.0lmsec I 43mhec 1 5.2Omsec 1 

Bunch Length 4.51mm (4.80mm) 4.90mm (4.98mm) 4.93mm (4.99mm) 
RF Voltage (0.714GHz) l.lMV 2.1MV 1.9MV 
Enera Spread 0.086%(0.0909%) 0.091%(0.0929%) 0.0914% (0.0924%) 
Touschek Lifetime 4lsec 7osec 130sec 
Emittance with Intra-beam 6.73E-i10 6.41E-10 C6.18~-10 1 
Horizontal Phase Advance per Cell 12fklegree -m 92de_gee 

(K2valuesofSFadSD I 33.4,-45.9 1 25.9,-33.4 1 26.3,-33.6 1 
1 Necessary Total Power S?clVA 9MVA 7MVA 

Normalized emittance of injected beam 1.0x104 radm 
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Estilm+ate.d tolerances 

item tolerance 

Li.nac Cavity Ay I 100 pm 

Quads Ay lO~.~rn 

fw I 
GbimneBends Acp I 

K2CB I 

AY I 
A818 I 
AL/t I 

Comipressor RF Atp I 

0.2 mrad 

110 m-2 

10pm 

1 x IO-5 

1 x 10-4 

0.8" 

Problems to be considered 
I. Supression of ,position shifts in DR 
2. Detaileld correction technique: 
0 alignment of qu,alds in linac 

l dispersion correction 
l beta match 

3. Diesign of diagnosis section. 
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Table 1: Parameters of Bunch-Compressor 

Chicane Bends : !?B = 1.27 m, 8~ = 9.8”, q,,- = 8.3 m 
Compressor Cavities : Vmain = 473 MV, ~RF = 2.856 GMz, 4 = 22.7O 

Kmf = 76.2 MV, fRF = 5.712 GHz, 4 = 0” 
Compensation Cavities . V = 2 x 50.4 MV, fRF = 2.856 GHz 
for Beam-loading * N-RF = 210 MHz 

Table 2: Tolerances of Bunch-Compressor 

Beam line quads : Ay = 10 pm, A&, = 0.2 mrad 
Chicane Bends : Ay = 10 pm, A#,, = 1 l,rrad, A&/& = 1. lo-’ 

AJ!B/~B = l-10 -4, A K2.f~ = 100 mv2 
Compressor rf : A.g& = 0.8” 

diagnosis section. The beta functions at the diagnosis section were made as large 
as possible, oltherwise the wire monitors cannot stand the tremendous heating 
power of beams. 

Figure 1: Layout of the Burmch-Compressor beam line 
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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=Sx 10” radm 
Vertical Normalized Emittance=3x 1 O-’ radm 
3. Very Stable Operation ------------>Extraction Stability= 1 OS4 

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 ~~IJJ ~QYQ ca,st ~P&I~%,>LP, gxx&:~Q~: ~~~yp~.ymg&. 

Low Impedance Vacuum Chamber < 0.2R ------------>No Bunch Lengthening 
Alignment Error < 30pm(r.m.s.) _-_-____________--- >Very Flat Beam 

Field Error<O.l% and No Instatbility------------>Stable Beam Operation 

by Junji Urdkawa and ATF DR Group 
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Date 
1993.8 

Milestone 

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 

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 
(5 1 MeV/m maximum; 33MeV/m average) 
Completion of the Shielding Hall for the Damping Ring. 
We accelerated the multi-bunch beam up to 80MeV including 
OS-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 lS4GeV 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 support@g 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. 

1996.11 ATF Damping Ring will be completed. 
996.12 Beam Operation of ATF Damping Ring will be started. 

Schedule of ATF Construction 

by Junji Urakawa 1994.5.7 
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Initial Alignment 

l Theodolites 
l Laser Tracker 
l Water Hydrostatic Level 
l etc. 

72 0 eramce ! 6opm q J-opnl W) . 
Magnets of Arc Set%’ Tiwpt acuracy 

= . 30 /EL m 
l 5 magnets on one support table 
l Alignment of these magnets on the 

table 
+ in an alignment hut 

l Movement from the hut to the 
installation place 
+ by “Air Pallet” 
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On-line Monitoring 

l Resolution (desired) 
< 1 pm - 

* vkt;c&Q posif;oPL 

l Level 

Water Hydrostatic Level 

i 
filled (HLS) 
half-filled (LSHF) 

* ~,,lg0dU podfi’on 
l Relative Position ( arc s&,‘oH~ ) 

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



- 

I 

$ 



Relative movement 
between tables 

Diode laser + 
PSD or QPD 

2 sensors for each gap 

Ax, Ay 
AZ, and roll 



X - staee 
read-out circ uit 

PSD 

Filter 

25 cm w 
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Reconfiguration 
Active Support Table (Funahashi et al.) 



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

iz 
1400 

zs 1200 

b.. .._ _.. .__ ._. _  ..4 

Measured Posbns 

F3 ,ofJo 
ED 
Gzi 
Sm 800 
.4a 600 

nz 
u..c 400 
20 
=a 

2L.i 3% 

200 

0 

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

Dcrwnward +- Mover Displacement [pm] - Upward 

Performance ot Acttve Table tor Damping-Ring 

I 

MBasurement L’ i / 1 A3 
Positon Et ‘A 

Measurement 
Positon C 

-50 
-50 -35 -20 -5 10 25 

Downward t Mover Displacement [pm] - Upward 

6 6 1 - 1 - 

Upwarcf 
4 - : :. 4 

2 2 - :, .: i - 

0 

-2 

4 

-6 
-1 

-6 1 . 

-200 200 600 loo0 1400 

Mover Displacement [pm] 
200 600 loo0 1400 

Mover Displacement [pm] 

Deviation from Linear Fit at Point Deviation from Linear Fit at Point [ A ] [ A ] 
6 

4 

2 

0 

-2 

4 
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60 

Thermal Distortion of the Table 
1994108123 - 08126 

t 
t 

-50 

cm&f:- 
20 I I I 1 1 1 I -60 

10 20 30 40 50 60 70 80 90 

#l-X 

#l-Y 
-m- 
#2-X 

#2-Y 

25 
1 

Data Loss by Aiga Disturb. 
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1.1 

1.05 

0.95 

0.85 

I- .- -b.sumI 

DR-CF b.sum.mukiDoles 

- 2 -1.5 - 1 -0.5 0 0.5 1 1.5 2 
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~Z/m~/manit (m$l) Number of units IZ/nj/ring (ma) 

Rf cavities 410 5 200 

Vacuum pump slots 6 x lo-’ 3600 2 

Monitor electrodes 0.02 4 x 100 8 

Bellows 

Septum chamber 

Rf quadrupoles 

Tapered transitions 

Clamp flanges 

Gate valves 

Photon masks 

Kicker chambers 

Rf absorbers 

0.4 80 32 

0.7 2 1 

6.4 2 13 

1.5 4 6 

0.04 60 2 

0.8 6 5 

0.5 20 10 

2.1 2 4 

z 50 

Total 

6. Multi-bunch Instabilities 

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

Ru,th = E& 
Iwpfr 

k,th ETo =- 
IqP ’ 

(2) 

where /3 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 

, (3) 

where we have used ,9 = S m and r,~ = rY = 9.2 ms. The longitudinal threshold 
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Nh=3.4 10 10 / 

,/ I 

0 
0 

0 

"'.".',.'1',",""' 
0 1 2 3 4 5 

Panicles/bunch (1010) 

20 30 40 
z (mm) 

fdckwbuh (1010) 

is satisfied by the damped cavity in the longitudinal direction as discussed later. 
The transverse is cured by the damped cavity together wkh bunch-to-bunch tune 
spread Av~ N 10V3 introduced by an rf quadrupole. According to the tune-spread, 
the transverse threshold is effectively increased Nb times bigger than Q. (33. 

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) aze aJl right for the tihresholal. 

Resistive wake of the vacuum chamber is another source of the coupled-bunch 
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1 IA 2 

a c !s 
Figure 4.22: Lattice parameters of a single normal cell. 

0.0 8 4 

E I 0 %  
Figure 4.23: Lattice parameters of a wiggler cell. 
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:Enengy 2ckv 

c&c. 114 In 

1 Amp 

10.18, 5.18 

27 mm-mrad 

0.1% 

5.4 mm 

3.5 ms 

1.34 

0.005 

I 6s MV3 

Dynamic Aperture ’ I > 0.1 m-d at *2% 
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I 
cdl: 

fmf-m3.ccll x 30 CA 

200 

2 
100 

0 
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I 
B pcok I 22 kG I 

l Assuashiorg fout t&ns of 75 bunches of 1.5 x 10” -*he maximum train length is 90 bunches 
with a 1.4 ns spacing (12611s) leaving 6Ons for the kickers. 

b Before bBS has been included. 
c With 20 meters of wiggler. 
B Full1 aperture - this needs to be determined by the transverse and longitudinal dynamics 

& the vacuum pressure. 
c Aperture Mined as yZ2/2/3 - &is is without a proper injection/extraction region. 
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EON 2.0 2.0 9.0 3.1 1.2 15.0 3.0 
ww 1000.0 1000.0 3000.0 3000.0 136.2 200.0 200.0 
RAD(M) 4.4 0.7 165.0 30.6 2.0 165.5 12.7 
CIRCUMFERENCE -- TOTAL M) 220.0 220.0 2,200.o 2,200.o 35.3 2,200.o 234.0 

-- ARCS (M) 156.4 156.4 1,459.o 1,459.0 30.9 1,497.s 189.0 

TOTAL BEND MAGNETS 40 40 192 192 40 192 36 

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

5 
N(gamma)=7.06E17’EgI (TOT. PtiOl@USEC) 
N(fiux) (lmLJPHoTot4) 
Nl (PHOTONMAT I-) 

M CWArr) 
0 W=‘JATT) 

Qtotal = ;E-PO’N(g)‘N(f) for ring (TUS) 

DESIGN PRE$iSURE (TORR) 

CALC. -- PUMP SPEED IN ARCS (US) 
ACTUAL -- SPEED IN ARCS (US) 

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

NLC DR: SR POWER FOR VARIOUS MACHINES 

NLC DR PEP II HER PEP II LER SLC DR PEP 

1 O/l 2l94 
BDS 

SPEAR 

325 162 10,557 802 13 5,414 113 
8.1 4.1 55.0 4.2 0.3 28.2 3.1 
1.8 0.7 4.0 0.4 0.4 2.5 0.5 

16E+21 16h-21 2.2E+22 7.5E+21 13E+20 2.4E+21 
m 

4 SE+20 
2AEa t.mdm 2.osoI ¶.#a6 cI#a 2.6Edl 

S.OE+lS 1 .OE+l6 2.1E+lS 9.4EtlS l.OF+l(l I.§E+14 4.3E+l!J 
l.OE+lO 2.OE+lO 4.1E+OCJ l.oE+lO 2.1 Ii+10 Q.OE+O9 6.6E+lO 
3.OE-10 6.OE-10 1.2E-10 ME-10 6.3E-10 2.7E-10 2.6-09 

9.7E-05 

1 .OE-09 

W 6,960 

620 
2,424 

9.7E-05 

1 .OE-08 

96,960 

1.3E-03 4.5E-04 8.OE-06 

1 .OE-09 
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Damping Rings 

0 Optics 
Finish the optics design 
Design injection and extraction systems 
Physical layout and Verify magnet specs. 

l RF system design 
Large beam loading I - 1Amp 
Damped cavities for mult.iple bunches 

l Vacuum chamber design 
Bunch lengthening / Sawtooth?? 
lo-' Torr / SR power 
Multibunch effects 

l Transfer lines 
Energy compressors 
Emittance and train diagnostics 

l Tuning techniques and feedback 
Diagnostic requirements 
Dynamic aperture and vertical emittance 
Intensity feedforward / collimation 
Coupling correction 
Extract ion position 

l Tolerances and stability 
RF system 
Jitter 
Alignment 
3 “?P- 4-s 
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I/RF 

f RF 

R !x I 
Bunch Length 

Energy Spread 

Table 1 rammeters 01 

rthe &DW energy compressor 

67 MV 

2.8 GHz 

0.5m 

5mm + 500pm 

0.1% + 1% 

Table 2 Parameters of 
the high energy compressor 

Pre-linac VRF 8.3 GV 

Pre-hat fRF 2.8 GHz 

180’ arc R;G -0.5m 

2nd VRF 1.3 GV 

~IWRF 2.8 GHz 

Chicane R;g 0.1 m 

AC& @I 10 GeV 0.2% 

Bunch Length 500j4rn + 1OOpm 

Energy Spread 0.2% + 1% 

a.8 Gtk 

4 Gv 

2.8cflr 
0.036 
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Figure 3: Beam energy at the cad of the main linac as a function of initial phase error for N, = 1.5 - 10”; 
a) full-width-half-maximum eznergy spread; b) rms-energy spread; c) mean energy. 
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JLC Instrumentation (‘94 update) 

H. Hayano (KEK) 
Dec./94 KEiK/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 
by H. Hayano 11/30/94 

Damping Ring 2Oj.un for 0x avJeach 3 synchrotron radiation 
2pm for Oy 

Bunch Compressor lpm avJeach 20 wire scanlsynchrotron 
Main Linac av Jeach 100 wire fanner 

avJeach 20 wire scanner 

each 3 streak camera 
av. 8 synch. rad. spectrum 

wall current 
wall current 
wall current 



1. Transverse Beam Position ,a 
IM I eas. location resolution accuracy bunch I of unit ,possiblecandidate4 1 

Injector /Pre-Linac < 1 pm <50pm average 150 strip line BPM 
Damping Ring <lprn <50pm av. 300 button BPM 
Bunch Compressor < 1 pm <lOprn av. 100 strip line BPM 
Main Linac <lprn <lOpm avJeach 3000 strip liue BPM 
Final Focus <lOnm <lOnm av. 40 cavitv BPM 

Achievement 
Strip Line BPM : FFTB 
Cavity BPM (in laboratory) : VLEPP , CLIC ( JLC, TESLA . ...) 
Button BPM (in laboratory) : JLC-ATF 

5 R&D 
Cavity BPM (in laboratory) ; 
Cavity BPM beam test 

JL&fESLA . . . . 

multi-bunch BPM : NLCJLC 



2. Bunch Spacing 

Meas. 

z Bunch Spacing 

Achievement 

location resolution accuracy bunch # of unit possible candidatea 
train 

Bunch Compressor O.Olmm(O.03ps) O.O3mm(O. lps) each 2 streak camera 
Main Linac 0.01mm(0.03ps) O.O3mm(O. lps) each 10 streak camera 

(0.2~s resolution streak camera by Hamamatsu July ‘93) 

R&D 
waiting very fast streak camera 



3. Transverse Spread 

Meas. location resolution 

GX,O~ Transverse Spread Injector /Pre-Liuac 5Opm 
Damping Ring 20jl~1.1 for 0x 

2p.m for 0y 
Bunch Compressor 1Frn 
Main Linac Wm 
Final Focus 1CLm 
Final Focus 3-30nm 
Final Focus <lnm 

accuracy bunch U of unit possible candidatea 
train 
av./each 30 wire scanner 
av./each 3 synchrotron radiation 

av./erch 20 wire scanfsynchrotron 
av./each 100 wire scanner 
av.leach 20 wire scanner 
each. 2 Compton scattering 
each 1 Compton scattering 

Achievement 
Wire scanner : SLC , FFTB , JLC-ATF 
Synchrotron Monitor(2Op) : SLC-DR , JLC-ES 

E Compton Scatter Monitor : FFTB \o 
R&D 

Carbon wire scanner : eJLc4Kyoto 
Laser Wire Scanner : SLC 
Synchrotron Monitor(2Cl;m) : KEK-PF 



4. Bunch Length 
Meas. ~~ -~location resolution accuracy bunch # of unit possible candidate43 

train 
Bunch Length Injector /Pre-Linac 0.5mnd1.7ps) each 4 etreak camera 

Damping Ring 0.5mm(l.7ps) each streak camera 
Bunch Compressor O.O1mm(O.O3ps) av. x synch. rad. spectrum 
Main Linac 0.01mm(0.03ps) av. 10 synch. rad. spectrum 
Final Focus av. 2 synch. rad. spectrum 

Achievement 
Streak Camera (0.2-0.5~s) : SLC , JLC-ATF ( Hamamatsu co.) 

R&D 
Synch. rad. Spectrum monitor : Happek, Nakazato 



5. Number of Charge 

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

Nb Number of Charge Injector iPre-Linac 0.1% 
Damping Ring 0.1% 
Bunch Compressor 0.1% 
Main Linac 0.1% 
Final Focus 0.1% 

1% 
1% 
1% 
1% 
1% 

train 
each 
each 
each 
each 
each 

40 wall current 
12 wall current 
16 wall current 
250 wall current 
10 wall current 

Achievement 
wall current monitor : every Laboratory 

R&D 
G precise charge meas. by WCM : JLC-ATF c 



JLC Instrumentation Table Update Nov. ‘94 
by H. Hayano 11/3O/?J4 

6ynchrotron radiation 

avleach 20 wire scdsynchrotron 
avJeach 100 wire acanner 

Final Focus vm avJeach 20 wire ecanner 
Final Focus -3-Mnm each. 2 Compton scattering 

. lope Accuray se-;p l:‘*y. SW 

a *mwlt: bwnck i3pM 
. Cavk7 i3Pbj 
- In+ ~SOlUdO~ sth& <CL-era 
. 2 pm ~so\uz~o% s7ma. I; kt hum*;tw 3 . /Op*r, )~colutio~ B L M 
. over.:<* nlvAl+: L.,*L trsr M 



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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Heam Size & ICmittancc by O’TH monitor 
1.1. gate Camera 
with 311s gate ‘.. 

QA-1 QA-2 QA-3 
CUXl(strenk / profile) 

.\. 

Profile examples 

bunch by bun& emi t;tanw 
LO 104 

3 2 9.0 106 

a 8.0 10-S 
Y 
n 7.0 10-S 

ATF LINAC 80MeV Injector Aug. ‘94 



Energy and Energy Spread by OTR & gated Camera 

O’I’Rl( streak / profile j 
----ii- -~-+-..--- 

-* .- tmllll a1ergy I M&J -f+- dE/E F\\-HM 1921 
Beam Energy & spread by OTR 

81.5 ."',~,,,r,,,,,,,,,,,,,,r,,,,.l . 
- 0.9 

1 0.8 a 

- G slit energy spread) 79.5 0 0 5 10 15 20 26 ,i 30 

0.3 

o-2 

bunch number 

Faraday Cup 



Bunch Length 
by OTR & Streak Camera 

-O-bunch Imgth FWHM[pl -*~ ‘hl I>,’ rk .A: ~.a 
Bunch Length & light Intensity by streak camera Streak Camera Optics 

of OTR transportation 8 26.0 L2lo’ 
Ii! 

Total Optical path length = 5525mm w2 

E’ tutlo ‘0 concrete shield 
m 

J 0.0 lo ’ 
0 5 10 l.5 20 25 30 

bunch number 

streak camera 
HAMAMATSU FESCA-500 

1 995 mirror 
M3 

095 mirror 

ATF LINAC 80MeV Injector Aug. ‘94 



Beam Size & Emittance 

90deg Bend 
QA-I QA-2 QA-3 \ 

by Wire Scanner gateable 
MCP-PMT 

O’I‘I-? I (ntrwk j/ profile) 
I Wire Scanner / with 2.5s gate 

Faraday Cup 

i 60.0 

6-th bunch profile 
~‘“““““““‘“,“,,“,““‘,“‘,,“~ 

I II.1 I ,I,, I .,I, I ,,,, I ,,,, I I ,,,, ,,,, 1 
0 20 30 40 50 60 70 80 90 

stage position[mm] 

bunch by bunch emittame 
1010-4 C""I."'1""~"*'r.,..l,,.,~ 

y 9.0 

$ 8.0 
w 7.0 
8 6.0 4 
s 5.0 

‘1 40 . 

. . ..i....l....i....i....~ . . . . 
0 5 

bxkh Eum&- 
25 30 



-I E 8 5 
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Synchrotron Light Monitor Development 

ES 

E top = 1.2 GeV 
rep. rate = 21 Hz 
16 bunches 
le9 electron/bunch 

Hamamatsu gate 
tininnntmgate=3ns 

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

synchro-scan / single fast scan 
resolution < 2 ps 

streak 

10th~ - 1OOms 
/_- -j 

o-cross 

HP workstation Analyzer 
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NLC Instrumentation 
December 5, 1994 , ptl &;I) 
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 snace 
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 I/& < 1010/2x2 pm2 

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

Multi-bunch possible 

Laserwire 
Resolution depends on signal strength, 
background and laser spot aberrations 
Best about l/3 h for simple (00 and 01) systems 
l/20 X 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: 
n 

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 Olmode 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 SLDKLC) is 
not transmission optics -> no good post-IP 

image is possible 
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1 
Ratio center/side peaks vs e/laser sig ratio 
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Longitudinal 

Coherent transition radiationkynchrotron 
radiation 
resolution best for 0~2 lmm 

Needs more careful testing at FFTB 
Foil survivability 

BPM 

Broadband transient recorder 
Narrow band TM 110 
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. 

5 X loll > 0.7 mm2 to survive(Cu) 
for W 10x less 

(SLC W target .7 X loll > 0.6mm2) 

typical at the end of the 0.5 TeV 5 x lO-6 mm2 
5 orders of magnitude needed 

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

Design the structure (and other systems) 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 

11) Raise repetition rate I 
guarantees static machine 

12) reduce emittance 
check average power limits 

13) increase number of bunches in train 
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Controls Architecture 

l 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 

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

Experiments with different architectures are 
expensive and difficult to evaluate 

0 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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