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E.O.Linac -> Collimation 

Function 
Beta and dispersion match 
Coupling removal? 
E.O.Linac . instrumentatw 
E.O.Linac dump(line) 
Passive protection 

SDecial Issues 
None 

Status 

Begin 

Maior decision branches 
Extent of instrumentation 
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Collimation svstem 

Function 
Collimate transverse and energy halos 
E.O.Linac beam-quality verification? 

Special Issues 
Wakes 
Passive protection 

Materials 
Incoming halo specification 

Jitter amplification 
Chromatic correction 
Tolerances 
Length containment 

Status 
2nd generation design 
Beampipe radius change required 
Quad string minimization required 
Q: Vacuum capability of plated g p ra hits2 
46 J.&/P dhfe &of coqvhk u 

Maior decision branches 
Three or four phases of collimation? 
Length for 1.5 TeV c.m.? 
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Function 
Beta and dispersion match 

Special Issues 
None 

Status 
1st generation design 

Major decision branches 
None 
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IP Switch 

Function 
3-way switch to either IP or centerline 
Beta and dispersion match to Big Bend 
Post-collim. beam-quality verification 

SDecial Issues, 
Machine protection 

Maior decision branches 
Mechanical motion or purely electrical? 
Specification for switching frequency 
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Centerline 

Function 
Post-collim. beam-quality verification 
for collimation svstem tuning 

SDecial Issues 
None 

status 

Zero 

Maior decision branches 
To include this functionality or not? 
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Function 
Muon protection for detector (+ 10 0 ) 
Allows for two IPs 
Allows for crossing angle change 
(hopefully it would never come to that!). 

Snecial Issues 
Emittance growth 

from synchrotron radiation 
from filamentation 

Ease .of alignment 
Length containment 
fldpef d$JQ J /‘f Ceud/&d da. 

Status 
1st generation combined function design 
Need separated -.function de&- * 

1 fo&rfg4cc C&k&rlbfiA 

Maior decision branches 
Combined or separated function bends? 

Pa +‘A 
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Muon Background Studies 

K / spoilers 

r7+$.,. 
Distance from IP [ft] 

Albvved Pahcles Incident on Collimator 
per Single Muon in Detector 

I I t I I I 
o12 - 

l o 0 /x d 
0 a f ---_-_---_-_-_-_-_----- -_---v-, 

IO9 

E 

0 Muon spoilers at 4 
locations in tunnel 

lo6 l IOmrbigbend 0 

2ooo 1500 loo0 500 0 
Source Location (meters from IP) 7563An 
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Big bend -> Final focus 

Function 
Beta and dispersion match 
Coupling removal 
E.O.Big-Bend beam-quality verification 

SDecial Issue9 
ODerational ease 

Status 
Begin 

Maior decision branches 
Coupling: correctors preceding match? 
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Final focus 

Function 
Compensate final doublet chromaticity 
Final beam-halo collimation 
Aberration removal 

SDecial Issues 
Tolerances 
Ease of operation 

Lengithation (4 ~~~~fl~~) 
Detector synch. rad, backgrounds 

Stat 
1st generation design 

Maior decision branches 
Chromaticity (H. and V.) of doublet: 

Free length to IP? 
_Horizontal IP divergent angle? 

Tolerance specification 
Emittance growth from synch. rad, 
73rinkmann” sextupoles or not? 
Anti-symmetric dispersion function? 
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TLCFF: TLC FF /3,'=10.0 mm, &.= OAO mm, l"=2.0 m (11/14/94) 
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Band pass plot: TLCFF 11/14/94 
Without chromatic correction 02 any telescopic sections 
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Crab cavity 

Function 
Compensation of 40 mr crossing angle 

SDecial Issues 
Phase tolerance on rf. _ (&hfscL sylk” TJj 
Multi-bunch operation 

Status 
Begin 

Maior decision branches 
IP disp. function not _possible *for 40 mr! 
Is 40 mr --crab cavity possible? 
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Final doublet 

Function 
Parallel (approx.) to point imaging 

Special Issues 
Stabilizatiounm) 
Detec__fo=r. -backgro&ds ----~ 
Wakefields 

Status 
1st generation design 

Maior decision branches 
Free length to IP (backscattering issue)? 
Horizontal IP divergent angle? 
Permanent or superconducting? 

crossing angle impact 
detector impact 
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Dump 

Function 
Absorb 10 MW beam 

SDecial Issues 
Window 
Heat removal 
Radiation removal 

Status 
“Engineered4 design 

Maior decision branches 
None known 
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Dumpline 

Function 
Transport beam from IP to dump 
IP beamsize and position monitoring 
Beam energy monitoring 
Beam polarization monitoring 
Post IP test and secondary beams? 
Energy recovery (tempting)? 

SDecial Issues 
Detector & instrumentation backgrounds 
Radiation levels 
Component protection 

Maior decision branches 
First post-IP quad position 
First post IP collimation 
Parasitic uses of beam? 
Secondary beams? 
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Requirements for Detector 

Characteristic features are that all physics processes can be 
recognized in terms of known fundamental particles 
(leptons, quarks and gauage bosons). 

To make muximum use of this advantage, we have to 
design a detector so as to exclusively reconstruct all final 
state particles except for neutrinos. 

Reconstructions of W and Z in jet invariant mass are very 
important in order to use large decay branching fractions. 

Identification of b-quarks by vertex detection is important 
for detailed studies of top and Higgs. 

The detector should be capable of confirming the narrow 
decay width of, for instance, Higgs. 

1> 

2) 
3) 

Hermetic calorimetry in the polar angle 
region of 1~0~01 < 0.98. 
Jet invariant mass resolution comparable 
with natural widths of W and Z. 
Lepton pair recoil mass resolution 
( e+e’ --> Zh) < 300 MeV. 
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ETECTOR 

VTX 
( Vertex 
Detector ) 

CDC 
Central Drift 
bamber ) 

CAL 

VIUON 

TYPE 

Silicon CCD 

Small-cell 
Jet Chamber 

Lead + Plastic 
Scintillator 
Sandwitch 
( Compensated ) 

Single Cell Number of Superlayers ; 6 
Drift Chamber 1 cos 8 I< 0.99 

CONFIGURATION 
Pixel Size ; 25 pm 
Number of Layers ; 2 layers 
Layer Position ; i=2Scm & 7Scm 
Thickness ; 500 pm/ layer 
1 cos 8 I< 0.95 

Radius ; r = 0.3 - 2.3 m 
Length ; 1 = 4.6 m 
Number of Sampling = 100 
] cos 0 ] < 0.70 ( full sampling ) 
] cos 0 ] < 0.95 ( 20 samplings ) 

EM part ; thickness = 29 Xo 
cell size = 1Ocm x 1Ocm 

HAD part ; thickness = 5.6 ho 
cell size = 2Ocm x 2Ocm 

Si Pad ; pad size = lcm x lcm 
1 cos 8 I< 0.99 

PERFORMANCE 

Position Resolution ; o = 7.2 pm 

Impact Parameter Resolution 6 [pm]; 

ti2 = 1 1.42 + (28.8/p) 2 / sin 3 8 
Position Resolution ; 

u =lOO~m(/axialwire) 
0” = 2 mm ( / stereo wire ) 

Mokentum Resolution ; 
opt / Pt = 1.1x1o-4 Pt + 0.1% 
opt / Pt = 5 x1o-5 Pt + 0.1% 

( with vertex constraint 1 
Energy Resolution ; 

o,+fE=15%/JE + l%(e&y) 
oE/ JE = 40% / JE + 2% (hadron) 

Si Pad Position Resolution ; o = 3 mm 
Si Pad eln; Rejection = l/50 

Position Resolution ; u = 500 pm 

Pt > 3.5 GeV ( barrel ) 

* All momentum and energy are expressed in [ GeV 1. 



CDC R&D 

Goal 

OPT - = 1.1~10-4PT(GeV)$1.5x10-3 
PT 

Simulation 

B = 2 Tesla 
‘in = 30 cm 
rout = 230 cm 
L = 460 cm 
n = 100 points 
CT = 100 pm 

But 
L=460cm : 

Goal : achievable 

Very long ! 

Wire sag due to gravitational and electrostatic 
forces will be large. 

Verify this can be corrected. 

Tension must be adjusted to a good accuracy 
for each wire. 

Test Chamber 
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Calorimeter R&D 

Goal 
EL 0.15 
E Jm 

$0.01 (EM) 

9, 0.40 
E dm 

a3 0.02 (Had) 

Simulation 
Pb : Scintillator = 4 : 1 

EM : Pb 4.0 mm 
Had : Pb 8.0 mm 

Goal : achievable 

cf) ZEUS T-36 (Beam test results) 
Q/E = 0.23/a (EM) 
Q/E = 0.44/a (Had) 

SPACAL 
~/E-0.13/a (EM) 
Q/E - 0.30/a (Had) 

Beam Test 
Preshower+Si-pad+EM+Hadron 

(ZEUS type Lead/Sci Sanndwich) 
10 mm Pb + 2.5 mm Scinntilator 
Wave Length Shifter : Y-7 30 ppm (2mm thick) x 2 
PMT : R580 x 2 
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Status of CDC R&D 

We have constructed a 4.6 m long test chamber. 

1) Machining errors on the wire holes within tolerance 

2) Wire tension uniformity 

--+ AT < 1 % (relative) 
inspite of initial tension drop by -3 % 
in the first two weeks due to wire creeping. 

................@ To be continuously monitored to check 
longer term stability. 

3) Wire sag (gravitational/electrostatic) 

----S-Z+ To be measured by a telescopic microscope 
equipped with a CCD camera. 

oxY < 3 pm (resolution) 
1 mm x 1 mm (visual field) 
1 mm (focal depth) 

-----+s A precision mover will be ready soon. 

----9 Measurements 
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Status of Calorimater R&D 

What have been achieved 

’ Test module 
/ 

made’ 
i Beam test done I , 

for 1 
’ Baseline design \ 
L SciFi option .) 

l e/n=1 confirmed 
l e/n separation works well 

Detailed studies to undertand the test results are going on. 

Future Plan 

Fine-sampling’/ 
EM SW test ) 

to make sure lmm thick 
scintillator works 

i 

CDF-type \ 
i tile/fiber test,] to reduce WLS volume 

Optical read- ‘1 
out in 2 tesla) 

Test of FMPMT, HPD, VAPD 
in 2 tesla scheduled this July 

Tune shower ‘1 
simulation / 

to optimize design and 
for detector simulation 
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LC 
INTERACTIONREGION 

SUBGROUP 

Chris Adolphson 
Gordon Bowden 
Dave Burke 
Pisin Chen 
Kim Cook 
Spencer Hartman 
Stan Hertzbach 

John Irwin 
Lew Keller 
Tom Markiewicz 
Gholam Mazaheri 
Tor Raubenheimer 
Ron Ruth 
Francisco Villa 
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Specification of IR: 

Essentially UNCHANGED since 
LC ‘92 - Garmisch 
LCWS ‘93 - Hawaii 

We are still looking at problems 
There are NO design solutions as yet 
(should thus be easy to reconcile with JLC design!) 

Dominated by uncertainty of 
if we can and how can maintain 
2.2 - 3.0 nm vertical spots 



TOLERANCES 

IR group serving as a clearing house for vibration concerns 
for the whole machine. Clearly issue of final quad doublet 
is most severe. 

For example: 
2% Luminosity loss from y spot position 

corresponds to 

a=&~= 20%, or 0.6 nm jitter in y spot position. Q 

Source multipliers connect this number back to various 
possible motions of Ql and Q2 at the final doublet 

& = 1.59 I 
dYQl SYS\ 

I 
&IF = -0.59 E 
dyQ2 JYQ2 

dY!E = 1.00 IO 
dYQW2 

These calculations need to be firmed up and translated into 
engineering specifications on the final doublet support 
structure. For now, consider worst case: 

x mode oscillation of Ql and 42 

~YQLQ~ = dyip I (1.6- (-0.6)) = 0.3 nm 

Beam-beam attraction eases this tolerance 
RMS motion ea 

95 
tolerance by 42 

Sk rnn s 2.b & ,iacz dcpd dc;ld do~bk eyM@nS fO/mCe 
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Possible Correction Schemes: 

Measure acceleration or velocity and feed back signal 
to drive either crystal magnet supports or steering 
coils. 

Measure change in B field seen by beam and drive 
corrector coil to null 

Passive isolation of magnets from source of vibrations 

Beam based feedback 
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Questions 

Source terms: 
Spectra of ground motion as a function of 

PlogY 
environment 

Coherence of noise sources as a function of frequency 
and direction 
Normal modes of support structures 

Detectors: 
Accelerometers, geophones, etc.: 

Sensitivity 
frequency response 
cost vs. sensitivity 
practical i ty 

Pick up coils: 
Signal to noise in accelerator environment 
Inertial support for coil 
Practicality of mounting in quad bore 
Ideas for other detectors or mounting locations 

Feedback schemes: 
Devise scheme, given source spectra properties and 
detector response, to drive correcting element. 
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Work In Progress 

Source terms: 
Measurements of the frequency dependence and 
coherence of local of ground motion spectra using 
geophones listed below and their associated DAQ. 
In particular FFIB tunnel investigated so as to 
correlate results with spot size measurements from 
last run. 

Detectors: 
Accelerolmleters, geophones, etc.: 

Study the re$&se and calibration of two 
MARK Products L-4C 1 hz geophones w/ lkg 
suspended mass 

Pick up coils: 

Survey the literature to find cost/sensitivity of 
other devices 

Have pickup coil supported on a pneumatic 
isolation leg within a short length of permanent 
magnet. 

RF BPM at FFTB: 
Integrated RF BPM/ spot size monitor w/ 1 nm 
sensitivity is under construction for January 
FFI’B run. 
Will be mounted at location of current laser spot 
size monitor. 
Will drive corrector coil. Try to see level to 
whiich we can stabilizize beam 

Feediback schemes: 
Plan to model a feedback scheme but have not yet 
begun. 
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D --. 

KEK BSM 137 
Orsav BSM 169 
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sgram Raw D vertical ‘Abration Power 

Window 

Display Unit 3.CE-5- 
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Vibration Reduction Strategies 
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Other Issues 

Backgrounds: No new results since LCWS 1993 
e+e- pair creatiocl in field of colliding bunches 
hadrons produced by photons from beam-beam effect 
Synchrotron radiation 
Muon Backgrounds 

Distortion of energy spectrum of colliding beams due to 
beam-beam interaction: 

No explicit work done. See Miller in LCWS 93. 

Crossing angle: assume 20 mrad per beam, not yet optimized 

Detailed Engineering Design of IR area: nothing new yet 
Beam Spot Diagnostics near IP 

Laser wires or other diagnostics 
Interferometer 

Vertex Detector 
support tube 
Beam Pipe 

Polarized source and conservation of polarization: Yes. 

One or Two IP’s: assume Yes 
any real design work done within John Irwin’s FF group. 

e - Gamma and Gamma-Gamma Implications 
No peal work done. Assume for the moment that other 1P is 
Ireserved for these interactions. 



c 1 1 - c I IO 

\ 
I 
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0 
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I 

I I I I 1 0 
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LNgt?p 
Ropqate SR P!wtoas into NLC Detector : EGS 

fkpl: 
Input: < 
SR Pbotoks from Sources 1,2,3 hitting Ql 

output: 

@vk!ok” (rewd) 8Il pdcks cro6sing phIbe rt xds m 
46Kpartic&95%pbt~most!yfromSaarce3 

Step 2: 
Input: Take into account 20 mrad Xing angk: 

l Rotate and off&et rays from step 1 
Ax’ = 20 mrad 
Ax = 0.02x LSm=3cm 

output: scwe Ptl~onsrrd&hitshVTX~cDc 
for each of2 NLC “protodetectm” 
1.) SlrrlRadiuspiseIbasedVXD+CDC 
2) kgerRadirrpixeIbasedVXD+CDC 

Results: Fa@‘@+, e-,&~V bunch trains 
e8ch*~l&wtKks8ndl%n8tt8il 

#photoas/tnin ~ltr8in 
I tdn 

SrrllrwliusVXD 
VXD-Ll (1.4 an) 2.28E+O4 7.92E+O4 0 27.2 
VXD-Lb (4&m) l.S6E+oJ 4.48E+OS 18.6 

(2!hn) 2.62EdS 1.54E+o4 

lArgwR8diusvxD 
VXDLI (6.0 cm) 2.36E+O!J 2ooEM!3 3.32 
VXD-IA (2oan) 6.11Eas 7.ooE+o3 0.1 

@km) 1.77E+M lAOEM 
qf> -2)raj CQ-2-W 
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Results: For 2 (e+, e-) 250 CeV bunch trains 
ABEL Beam-Beam Interaction code as input 

#photons / train #ef / train 

Smdl radius VXD 
VXD-Ll (1.4 cm) 
VXD-LA (4&m) 
CDC w3-a 

200 6200 
0 800 

4.2E+O4 200 

Larger Radius VXD 
VXD-Ll (6.0 cm) 
VXD-Lfi (20 cm) 
CDC WW 

200 200 
1000 0 
4200 0 

#e+ / mm2 
I train 

1.98 
0.34 

0.002 
0 
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MUON BACKGROUNDS 

Rodwed by BetheHeitltr pair producth 
&PC co~uwW( 

s= 

(cc 

t 
)c- 

t 
Took MC program developed by Feldman for Mark II and SLC final 

focus to produce muons and twsport them 
sTw)r P4- ufwr OF 
lud stouss 
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Collimrtof didam from IP (feet) 

l Magnetized iron toriods give about x150 impronnwnt 
l Bcsr to fill tunnel compkttly : round toroids in a rstaaguhr 

tunnel don’t work as well 
l sm tuNBd (5’ x 9) is 540x better than large tunnet (W x W) 
l Removing BIG BEND is about xl0 wont 
l +lhmoFcmu~~tLcIR,ktt~‘tbitrixiIr~~~ 
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Experimental Apparatus 

General feeling that it is way too early to think about a 
detailed apparatus. For now simulations have assumed: 

Vertex detector: 6 planes, pixel based, at various radii 

Magnetic Field: 2 Tesla no optimization done 

Masking: Tungsten Masks from 190-200 mrad 

Timing: Assume sub 1 ns timing possible in both 
calorimeter and tracking systems 

Lum . M0ndltor: Place at +I 5 m to avoid backsplash 

Assume SLD detector for the rest 
Tracking Resolution and Granularity 
Calorimetery Resolution and Granularity 
Muon Coverage 

A- 

DAQ issues: not yet addressed 

Extracted Beams:see John Irwin’s Beam Disposal subgroup 
Energy spectrometer 
Compton polarimeter 
BSM monitors 
Small angle Bhabba LUM monitor 

Calibration (?): not addressed 
Z pole running 
Varying # of bunches / train 
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k 3~m - d-qwrw H~:M 
Figure 4.20: Schematic layout of the JLC damping ring. 

P&&- -tk &wph$ 

c‘(- 

Figure 4.21: Lattice pazamebers of half of the damping ring. 
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RF Parameters for the NLC and ATF Dn~npillg Rings (Dee, 1004) 

Cm-ity Rt*lilttrl Prol,~*rtit~ SLC -\TF 

frj fIHz1 Acc~+rating Frrqlvncy 51-I 714 
rlarlllollic Kullll~c~r 5'4 330 

1,' pII-] Total Cii\.it?. \-oltagc 1.5 1.0 
Ci\Vit\. Coul&ng Pill.Rlllc‘t~‘l~ 

$) pm] Loaclc~cl 51 
13 2.4 

IT (= irmt Impc~liuicc~/C’n~~il~ 3.3 1.8 
62 L~~atlccl Qllality Factor 2040 GO0 

T@ (‘;l;jl 
Cavity Fill Time- 0.91 2.30 

Bucket Hvight 3 93 
th7c 

-.u 
X1unber of Cavit ic*s 4 4 

Iilys t ran Related Prqwrt icls SLC =\TF 

Pb k\\ 
I 1 

Total Bean1 I-‘o\vc~r 035 
PC kU Total U-all Lcws q.- 2; 

Pm.rpn-l ~lilSillllllll Iilystrou Olltl)llt Pc,U.<.l’ ;.‘, 0.3xl 

k Siimbcr of lilyl;r ro1lc 4 1 

Beam Rclatcd Prolwrtic,a NLC ATF 

“pyl Bcnm Ewrgy 2.00 1.54 
1Iasim1un (clc) Bcnm C’urwnt 1.0 O.GO 

hT 
-v: 

.SIUII~KT Bluwll Tri1ill5 4 3-5 
Sumbcr Bunches/Train i5 G-GO 

11) lO’O] 
f 

Slunlwr P;lrt,ic.lcs/B~lnch 1.5 I-3 
Cl0 la-V) Racliation Loss/Tllru G33 1x 

I-ho”, (kc*\-] Hig1lc.r Order blotle Loss/Turu z)O 
6; [111111] Bunch Length 3.5 311 

4. ;%I ’ 
,110intntum Ccmpiictioii 0.000~ 0.0019 

Synchronous PlliISC 54 81 
1111 Synchrot ran Tune 0.004s 0.00s~ 
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Y vs. Bunch in Pre-linac d 
1.0 

0.5 

0.0 

-0.5 

-1.0 

ib 

t ’ . * 1 I . . . . I . 1 1 1 I 1 

0 10 20 30 
Bunch Number 

362 



180 0 

362-l 

4- + 
5 

s s 

f 



Source and Pre-Injector Issues / Comparisons 

et Sources 

Bunch separation. 
Total numb@ of bunches 
Bunch population 
Bunch length (FWHM) 
Micro stability (rms) 

/ Nu-s stability (rms) 
SHB 

I Beam loacling compensation 

. Bumher 
Pre-Inj ec tor 

Beam energy 

Accelerator section 

NLC 
Pok&ed e- DC gun 

1.4 ns 
90 
1 E+10 
<lops 
1% 
0.25 % - 
714 MHz SHB x 2 

Reduce Rt (x1/10) 
Phase step drive (0 - 45 deg) 

2856 MHz Tw 

-70 MeV 

2856 MHz TW 
-1.5m long (14 MeV/m) 
-1Sm long (33 MeV/m) 

JLC-X 
Thermionic gun 
RF photocathode gun 
Poralized e- gun 

1.4 ns 
100 

0.25 96 
714 MHz SHB x 2 

Double feed BL compensation 

2856 MHz single-cell cavity x 4 

-80 MeV 

2856 MHz 
-1 m-long( 14 MeV/m) 
-2 m-long(33 MeV/m) 



Injector Linac Issues / Comparisons 

Beam Energy 

Total number of RF unithinac 
UF unit 

NLC JLC-X 
2 GeV 1.98 GeV 

8 with spa&e for Af upgrade 10 (5) + ECS x 2 

Klystron 

W pulse compression 

Accelerating structure 

Accelerating gradient 

150 Mw, 3.5 ps 

SLED 
135 Mw -> 400 Mw 

average pver pulse 

3 m-long CG TW x 4 

30 MeV/m maximum 
22 MeV/m with beam loading 

85 MW, 4S ps (170 MW, 4.5 ps) 

Two irises SLED 
80 MW => 300 MW peak 

average pver pulse 

3m-longCGTWx2 (x4) 

52 MeV/m maximum 
40 MeV/m with beam loading 



I . 
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SHB i 
Double Feed Beam-Loading Compensation i 

* Zero 4zamrmt bo the design bunch population 

l Compensatedatthewnegap 

. 
Fast Rise RF Pulse 

Prf -20 kW 
Prfecs 20-30 kW 

tf f Beam 
tb44Ons 

STakedalSHB 
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SHB 
Double Feed Beam-Loading Compensation 

* Zero ciammt to the design buiach population 

l ~atthesamegap * 
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Pre-Linac Issues / Comparisons 

NLC JLC-X 
Beam Energy 10 GeV 10 GeV 

Total Length -500 m -300 m 

Total number of I@ unit/Linac 32 34 (17) + 4 for ECS 
RF unit 

Klystron 150 Mw, 3.5 ps 85 MW, 4.5 ps (170 MW, 4.5 pi 

RF pulse compression SLED Two irises SLED 
135 Mw => 400 Mw 80 MW -> 300 MW 

average over pulse average over pulse 

Accelerating structure 3 m-long CG TW x 4 3 m-long Shintake choke-mode 
structure x 2 ( x 4 ) 

Accelerating gradient 30 MeV/m 52 MV/m maximum 
22 MeV/m with beam loading 40 MeV/m with beam loading 

Energy Compensation Sys tern 

Scheme At or combination of LT and Af Af 

ConfIguration (3 m long for f+Af’) x 2 
(3 m long for f-Af) x 2 

AE after compensation 0.1 % (10 5% without correction) 0.1 o/o (6.6 o/o before ECS) 
Flexibility Adequate High flexibility 

AE jitter < a.03 % < a0296 ._ ___ ., .-__. 



i. 

't"i=c+Af 
@8&+4327iW 

; 
f 
t f=&-Af 

(2356432727 
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1.98 GeV Injector Linac k Pre-Linear Accelerator 

J I 

1 Energy Distribution of 90 Multi-bunch After ECS 1 

116.5 

Bunch Number 
Ne=O.f33E+lO. Nb=90. 1.4.n~. -00, lf3:O 

ds=OSO.O, Emax=-+. MV, Inj=- 120, df= 1.923232 MHz 

117.0 I 8 , I 8 I I I I I I I 1 I I I I I 1 ’ 

116.5 - 

115.0 - 

114.5 - 

114.0 ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ J 1 ‘ ’ 1 ’ ’ ’ ’ 
0 20 4Q 60 00 100 

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

ds=090.0, Emax=-10.9 NV, Inj=-120, df=O.961616 MHz 
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Draft 
NLC Positron System 



---_- - ------- 
*+paplEpe I IO’O 31105 0.6 20 360 

I I25 a0 

t 
Gtv 30 1.8 /IO r 3.0 11 150 I rlSO zlw 

tKam power 

17.50 2656 l4ooo 2998 1300 
s - -150 35QlSO) 35QlSO) 

- - -1.0 3.6(-1.2) 3.6 (-1.2) 
- - 0-T 1.7 (-0.9) 1.7 (-0.9) _ 
- - loo 350 (-350) 350 (-350). 

W~S)Rt w W(74)Rt 
I 

‘X(75)Re W. Hg 
I 

li alloy Ii alloy 
mdnt so Ids 

xs 6.0 4.0 6.0 1 5.0 0.5 I 0.4 0.4 
1.0 I 0.7 0.7 PI ! 0.6 1.0 

K j2oOto3dd - 

kW )4.2to6.01 NtO41 

OIktion syefa 
rrPlching device l 

I 
I 1 AMD 1 AM.D t AMD 1 MID 1 LLens MID AMD 
I I 

1 1 

I tsdfkM lslns I 05 I 

kngth m 0.15 - 0.18 , (Flux @oc.I I I I 1 0.2 0.5 0.5 
wavelength of reel. structure m I 0.1 0.24 c I K0.105 
min. iris radius ! mm ! 9.0 I 16.0 L 13 I 20 ! I - 1 9.0 1 9.0 1 

20 
Y 

1.6 to 6.4 

64 
0.36 
1.8 

-30 1 I 30 I5 I 

- 1 18 18 1 

Ur Wb I .Llfl I nn I 

P01Priziati00 I 
i degree of polarizhon ISI - I - I - I 1 -75% 1 (max. 70%) I (max. 70%) 

l AMD=adiabaicmchii~&via.ml+drhroperrra 

Tab. 1 Positron Source pameters of d iirr collider pmjats. SLC panmeta n given as reference. Parameters in 
brackets refer to the option of a polarized ~olcc in - of DE!jYmD and TESLA. 
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Single vs Double BC 
Length / Complexity 0 + a_ 

Spare Charge a 0 + 

honlinearitp 

-IHultibunch 
Beam Loading 
Compensation 

ho S-band 
PossibiSity 
after BC 

. % 
0 + 

am---- 
1 

If we can make a low impedance DR. we incr-east t!-w 
acceferafim voltage to reduce the bunch kngth in IiR- 

So. we can red=- uuse the position shift due to the beam lmding 
in DR and baser 1 the tolerances in the single BC- 

Simple is Best but not Easy! 





NLC Diagram 
not to Scale 

Injector 3-6 GN (8) 2 QoV (L) 
Poritron Accumulator Electron 

and Damping Ring Damping Ring 
2 GeV, 714 MHz 2 GeV, 714 MHz 

I 

- Linac 

(L) 1.426 GHz 
(S) 2.656 GHz 
(X) 11,424 GHz 10-94 
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NLC Instrumentation 
December 8, 1994 

p&Cl-” 

Outline 

Table of BPM, beam size and other instrument 

Updated from Monday’s presentation 
Represents a union rather than an 

intersection of efforts 
Questions about requirements 

Machine Protection - Power control sequences 

How can linac train current be quickly 
reduced? 

Stabilization 
Long term alignment stability 

Vibration - recent results from SLC linac 
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Requirements for Transverse Beam Position 
Meas. 

xy 

location 

Beam Position Injector /Pi-e- 
Linac 
Damping Ring 
Bunch 
Compressor 
Linac 

Stripline 
(3000 ea) 
Structure 
Multi-Bunch 

Final Focus 

resolution stability beyond accuracy bunch 
(pulse to pulse which (initial train 
error -> signal to recalibration is placement) 
noise) required 
<lpm <50pm average 

<lpm 40pm av. 
<lpm <lOpm av. 

<lprn 1 -2 jdrn wrt <lOpm av. 
quad ten ter 

<lpm 5P-n <lOpm 
<lOOnm f& bunch 
<lOnm <lOnm <lum av. 

Key Parameter: Re-calibration interval (and re-calibration time) 

What are the characteristic stability time scales ? How many may be beyond stability tolerance? How 
can they be found? 

At SLC BPM offsets are measured to about 30pm using e+/e- technique. After a few days the 
distribution is about lOOurn RMS. 
Quad alignment is measured <lOOmicrons. It degrades after 2 months. 

Possible techniques: 
Quad Shunt 
Coupling from Quad to BPM electrodes 
Signal injection and processing 
Quad Field monitoring - not necessarily a BPM issue 



BPM Resolution, Accuracy and Stability 

Requirements for Main Linac BPM’s (nom. striplines): 

Accuracy - Reference to external locating 
reference (initial placement) 

1Opm 

Resolution - Short, pulse to pulse noise rejection 
<lym 

Stability - Long term repeatability 

Resolution specification should be achievable - scaling 
from FFTB 

Accuracy of initial placement may not be so tight 

Stability is the most difficult tolerance 
Bolt BPM to Quad cores (to be tested at 

KEK) 
What is FFTB experience? 

What calibration procedures are needed? 
Higher bandwidth increases calibration 

difficulty 
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Transverse Size 

VIeas. location resolution accuracy bunch # of unit possible candidates 
(detectable size (systematic train 
change) error) 

3x,oy Transverse Size Injector /Pre- 50um av./each 30 wire scanner 
Linac 
Damping Ring 20um for ox av./each 3 synchrotron 

2um for oy radiation/Compton 
scattering 

Bunch w av./each 20 synchrotron/ 
Compressor Compton scattering 
Main Linac 0.3 - lum <lO% av./each 100 Compton scattering 
Final Focus 0.3 - lum <lO% av./each 20 Compton scattering 
Final Focus 3-30nm <lO% each. 2 Compton scattering 
Final Focus <lnm ? each 1 Compton scattering 

Number of units is scaled from the number in the SLC linac, assuming 4 per group. Five or more 
may be required in order to accurately correct coupling errors. 

What accuracy is required for coupling correction? for emittance control? 

What range of sizes is important? For SLC linac 50 x is used. 

What sort of Compton scattering monitor is best? Two candidates - interference fringe device 
and laserwire device. 

Single pass size monitor - measures projected size of train bunches. 



Laserwire and Interference Fringe Compton scattering 
beam size monitor - comparison 

Disadvantages Laserwire Interference 
Diffraction dependent Higher laser 
spot shape power needed 
Limited minimum Limited dynamic 
spot size range 
Calibration is more Mechanical 
difficult stability 
More complex optics - 
radiation damage to 
optics 

388 

- - 



b 

389 



Bunch Spacing 

Most important at entrance to Main Linac 

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

Delta 2 Bunch Bunch O.Olmm 0.03mm each 2 Auto-correlation of 
bet. Spacing Compressor (0.03ps) (0. lps) fast pulse or coherent 
bunches 0.1 degree X radiation 

Main Linac O.Olmm 0.03mm each 4 Auto-correlation of 
(0.03ps) (O.lps) fast pulse or coherent 
0.1 degree X radiation 

What are phase difference tolerances? Are these devices needed at places other than the linac 
entrance? 

g 



Beam Power Limiting and Restoration sequences 
(Machine Protection System) 

Avoid rapid changes in damping ring average 
current 

Vary the number of bunches in the train 
slowly - from the injector 

Emittance increase control in linac 
3 to 4 orders of magnitude increase required 
Can this be done in the damping ring - anti- 

damping? 

A linac entrance aperture filling 10 single bunch 
train is too small by the end of the linac to 
prevent damage 

How many other emittance - increasing 
controls are required? 

Thermal feedforward will be needed for heavily 
loaded linac structures 
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Water Hydrostatic Level 
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(a) filled (HLS) 

(b) half - filled (LSHF) 
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A summary table of the rms movement in nanometers follows. All the 
measurements were done in sector 12 at girder 7 except for quadrupoles 801 
which is on a girder like 701 and 901 which is on an instrumentation girder. 

The power spectrum of electrical noise was measured to be orders of magnitude 
below the data, and therefore not a problem. 

Yet to be analyzed: 

Cross correlation data was taken between the midpoint of accelerator sections 
12-7 and 12-8. Cross correlation data was taken between the midpoint of 
accelerator section 12-7 and quad 801. Lmpulse data was taken to determine the 
resonant frequencies of various structures and quads. 

Summary and Conclusions: 

Measurements indicate that a 1 micron rms vertical motion of the accelerator 
structure drops by a factor of 5 to .2 micron rms motion when the cooling water 
circuits connected to the accelerator structure are turned off. The quadrupoles 
have 300 nanometer rms vertical motion with the accelerator structure water on 
and drop by a factor of 3 to 100 nanometer motion with it off. This indicates that 
the water turbulence drives the accelerator section motion which translates to the 
girders and quadrupoles. More analysis of the data taken is yet to be done. 
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0 3 

w I 

RF Refuencc Line 

Phase Switch 0 - II I2 

#I 

Klystrons 

- 30 m (1Mlns) 

TEol Waveguide 
-X 3 dB Hybrid Coupler 

BfXlIYl !I ..:.:.;,:::,,:, .., :.:.,:;:: .,..: ,. ..,, . . . ..i....... . . . . . , - 
Act. Guide 200 ns ( TOU + Bunch Train ) 

@ 1 A Schematic Diagram of an RF Power Distribution System 

Downstream 
Phase Flip 

400 ns 

Bunches 

q 2 A Railroad Diagram of RF Distribution 
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JLC parameters(Ecm=l Tev) 

Beam energy SOOGev 
RF frequency 11.424ghz 
No.of particles per bunch 6.9x1 Oe9 
Nr of bunches per pulse 85 (120nsec train) 
Bunch spacing 1.40nsec 
Repetition rate 150Hz 
Luminosity 1 Oe34 

Nominal accelerating gradient 
Effective gradient in cavities 
Length of a cavity unit 
Nr of cavity units(per beam) 
a/L 
Filling time(Tf) 
Attenuation parameter 
Vgk 
Rf input per a cavity unit 
Efficiency(wallplug to RF) 
Total AC power(RF) 

76.1MeV/m 
57.1MeV/m 
1300mm (8413m per beam) 
6423 
0.1576 
120nsec 
0.648 
3.64% 
130MW (240nsec) 
30% 
194MW(and some more) 
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The prototype RF power source for JLC(Ec=lTev) 

(l)Klystron(XB72k) 
RF out 
Pulse width 
Effkiency 
Focusing 

130MW 
500ns 
42% 
Super cond. Mag. 

97MW 

36%(50MW) 
(unit test OK) 

(2)x2 or x3 RF pulse compression system 
RF input 500ns 130MW 
RF out 240ns 250MW 
Efficiency >96% 

(Design stage) 

(3)Blumlein modulator 
Output pulse 
Effiency 
Pulse trans. 
Rise &Fall time 

600kV 500ns(flat top) 500kV 700ns 
75% 
1:5 1:7 was tested 
150ns 200ns 250ns(rise) 
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Table-l)XB-72 Parameters 

Beam voltage 550kV 
Beam current 490A 
Max. surface field 273kV/cm 
Beam area1 compression 110-l 
Cathode diameter 72 mm 
Current density(Max.) 17A/cm2 
Focusin field(Max.) 6.5kG 
Number of cavities 5 
Frequency 11.424GHz 
RF power 120MW 
Efficiency 47% 
Max. surface Grad. 720kV 
(Output gap) 
Gain 53-56dB 
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Table-l)XB-72 Parameters 
rK I 

Beam voltage s& 
Beam ainent 490A 
Max. surface field 273kVlcm 
Beam area1 compression 110-l 
Cathode diameter 72 mm 
Cunent density(Max.) 17Ncm2 
Focusin field(Max.) 6SkG 
Number of cavities 5 
Frequency 11.424GHz 
RF power 120MW 
Efficiency 47% 
Max. surface Grad. 720kV 
(OutPut IFPI 
Gain 
6”+pA c;fd 



-m-.- 
y0 MC 

410 

. 



260 



. 

J d 3 

. 
- 

- -~-- 
-- 

413 



- 

, 1 1 . t 1 L3 
0 x P . 

-f 36 
c 

%
 . w
 414 





3 4 In 
i 

1 

416 



s 
’ 

s 
.- 

b” 
5 

- 
,A 

417 



loo 

10 

1 
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b) 

2b 40 80 8-0 loo 120 
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Dipole wakefield amplitude measurements and prediction . 
a) with&t cell frequency errors and b) with 1.5 x 10 -’ rms 

fractional frequency errors. 

418 



Summary of Beam Del&~ 
12/8/19!u K. oidc 

1) The relative phase jitter between two crab cavities must be checked by 
R&D with real beam (for example using m). Fast common jitters of 
crab rf are not problem. Slow drift of phase due to temperature change is 
correctable with steering correctors. 

2) The layout strongly depends on the crossing angle. 

3) The vibration of final quads with mechanical support for the detector 
should be checked under realistic environment (water flow for quad if it is 
iron, or nearby human activities if two IP is necessaty). 

4) The size of the system is nearly pmportional to the beam energy. The 
maximum energy must be determined at the beginning. 

5) Both linear and nonlinear collimation s&e- are still alive. The depth 
of collimation depends on not only the beam energy and also the design of 
detector, so a simple scaling on the energy can be inadequet. 

6)There are several techniques to improve the budprss and to shorten the 
length of the final focus: 

a) Asymmetric dispersion 
b) Brinkma~ sextupoles 
c) “Brinkmann quadrupoles” 

Yet the merit of a big bandpass should be stated clearly in the design, 
otherwise the system becomes uselessly long. 
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Brinkmann Scxt “Brinkmann Quad” 

a = 4.5 mm a =3.2 mm 
L=33 





DEFLECTJON vs. fWASf _. 

PHASE SHImER 
DISPLACEMENT (cm) 

LA-?? * . \ 

n;G. l~--Dcnection vcmu8 phue. 
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Final focus optics for 1 TeV c.m. collider 1 z/05/94 
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Band pass plot for 1 TeV c.m. collider 12/05/94 
Without chromatic correction of telescopic sections 
No qnchrotrom excitation 
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Band pass plot for 1 TeV c.m. collider E/05/94 
With chromatic correction of all tels8copic rectionr 
No rynchrotrom excitation 
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Band pass plot for 1 TeV c.m. collider 12/05/94 
Wi& chromatic correction of all telescopic section8 
Synchrotrom excitation in dipole8 and quadrupoles 
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Band pass plot for 1 TeV c.m. collider 12/06/94 
With chromatic correction of all telescopic sections 
Synchrotrom excitation in dipoles and quadrupoles 
Q2 lengthened from 2.45 to 5.0 m 
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Band pass plot for 1 TeV c.m. collider 12/05/94 
With chromatic correction of all telercopic rection8 
Synchrotrom excitation in dipole8 
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NLC IP Region Working Parameters 

Parameter 0.5 TeV 0.5 TeV’ 1.0 TeV 1.5 TeV Comments 
Pinch JO 

L 
ng x N 

p 
UV-8b 

0.5 0.8 1.06 1.07 Luminosity w/o 
0.7 1.0 1.4 1.6 Luminosity w/ Pinch 
90 .65 1010 90.78 1010 7s 1.1 1010 75 1.1 10’0 

320 nm 360 nm 360 nm Varia blc 
3.2 nm 2.3 nm 2.3 nm I =- 

%Lat 2.+ P.4 0 i ;DS& # CA7 up se l 

eX 
10-l’ 112 10-l 1 l/3 10-l 1 yex -5 J@ m-rad 

E y 10-l 3 l/2 10-13 l/3 10-13 y v e - 5 10-8 m-rrd - . . . 
10 mm 25 mm 37 mm 

100 pm 150 pm Py 100 pm -.. 

100 pm 100 pm 100 pm Bunch Length 

f Abox <fJ lo-3 cf4 lo-3 <f4 lo-3 Square Energy Profile Width _ ., 
- .07 7.3 Disru tion Parrmater 

1.4 1.5 Enhancement from Plncb 
.25 mr .17 mr Max. Disrupt. Angle 

Q) Beam Energy - 

.015 .02 .07 .08 Mean Energy Loss to 
Btamstrnhl. ys 

.8 

W of Hadronic Events / Cress. 
U of Mini-Jets per Crossing 



Tder amet Accounting & Specification 

Needed &+r mmparisons of alternative systems 

1,: 
if motion, then relative to what 

If stability, then relevant time scale 

What is basic impact(s). 

What is total impact permitted, all sources. 
(total allotment) 

What of total, is rlloted to this source? 
(the budget) 

3- 

What is probability of meeting goal? 

Relative to this uncertainty, 
what is judicious margin for possiblly larger impact? 

Important not to get carried away. 

A rough first pass already very helpful. 
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Linear Collidera 

TO 

T 

68 

“7 

fdi 

Gsli 

tdi 

P. Chen 
Dec. 7,1994 

I 3Wmtm in ,NLC 1.0 TeV and 1.5 TeV 

NLC 1.0 TeV 1 VLC 1.5 Tel 

1.05 

rm 

75 

1.17 

1.1 

36Oj2.3 

100 

25/9.1 

1.56 1.31 

36O/4.6 254.56j4.6 

100 loo 

25la.l 2510.1 

..04?I/r.a ..068/s.n 

O.ror/l.O MM/l.0 

1.2q1.35) 1.2ql.29) 

1.35 

(1.57) 

(9.27) (0-W 
t..m (0.W 

0.07(0.07) O.ll(O.12 

1.2(1.1) 1.6( 1.5) 

(0.37) (0-m 

(OW to-=%) 

1.31 

(1.51) 

0.114/6.33 0.032/5.07 

0.004/1 .o o.OO3/0.667 

1.29( 1.32) 1.47(1.49) 

1.35 1.54 

(1.54) (1.73) 

(0-W 
(0.45) 

0.14(0.16) 

1.9(1.8) 

(0-W 

w=3) 

70.49, 

1.05 

120 

7s 

1.17 

1.1 

36012.3 

100 

37/0.15 

(0.W 
(0-W 

0.06(0.09) 
l.l(l.1) 

(0-W 

(0-W 

* 

(7.04) 

(0.23) 

(0.031) 

1.56 1.31 

36O/4.6 254.56f4.6 

100 

I 

no 

3710.15 87fO.15 

0.046/3.57 0.076/4.22 
I 

Hl03/0.66 I 0.003/0.667 

1.41(1.43) 1.46(1.46) 

1.49 
1 

1.53 

(0.57) 

I 

(0-W 
0.13(0.15) O.lS(O.18) 

l.S(l.4) 1 lJ(l.7) 

(0.24) 

(0.~ 1 

(0.46) 

(7.75) : (8.47) 

(0.30) (0.W 
(0.048) (0.062) 

l The quantities in (...) UC fro heoretical calculations. 
l * Tbe quantities not in (...)’ either by dcdinition or Gem ABEL simulations. 
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Detector strategies are roughly independent 
of machine design 

with exception of backgrounds as discussed 
in Final Focus working group 

Here we take this opportunity to discuss 
physics driven machine requirements for 

l Energy 
l Luminosity 
l Energy Spread 
l Polarization 

OUTLINE 

Draft #O, 19 September 1994 
Draft #l, 28 October 1994 

0.1 Experimtntation 

R. Settles’ (Clujanun), T. Markieriu’ (Deputy Chairman), S. Bertolucci,3 S. Kanabata,’ 
D. htiller,’ IL. Oraya,’ F. Richard,’ T. Tauchi,* and A. Wagner9 
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Table 3: Exarn~lcs of detector wrformanccs used in physics studies up to now. . l .  - - 

cdao eesoo LEP/SLc- 1OOOCCV JLC 

1991 Typical Style Detector Detector 

Tracking 

g+C 

c= 5-100 10 8 2 1 X1O-QCeV-l 
E-M Calorimeter 

0.02-0.15 0.1 0.2 0.1 0.15 &iv 

Hadronic Calorimeter 
0.3-l .o 0.8 0.9 0.65 0.40 &iv 

Energy Flow 
0.3-0.8 0.5 0.65 0.4 0.3 J&T 

Vertexing 
d(W) = A@$ 

A= S-20 10 25 10 11 Pm 
B= So-100 50 100 50 28 pm&V 
Hermetic coverage 

lcostq < 0.70-0.99 0.95 0.96 0.98 0.98 

446 

5 



Table 1: Main physics issues and the corresponding performance needed for machine and 
detector aspect 

PHYSICS 

Key: from“-” not important, to “w” very important. 
MACHINE DETECTOR 

I Ldt fi Nvmr Pd. Herme- Trzxk- Calor- SDim. Lipton Vertex pi/l< 

l-b-‘/u TeV l(A)” beams ticity ing imetry CrUUl. I.D. T% I.D. 

l HIGGS 

Bj- prod. 

Boron fusion 

Shl/Susy B.R. 

*TOP 

Thr. wan 

Rare decays 

g-2,hel. 

Yukawa 

l ww 

wwv-cwpl. 

WWV-hel. 

WWVV-coupl. 

Str.-int.Higgs 

.SUSY 

Slepton 
Chargino 

NeutrJino 

susy puam. 

Squuk,&i8mo 

.QCD 

Hadronintion 

Heavy flavors 

a,(s) 

VY 

6% Q2) 
Flavors 

*NEW PHEN. 

OVERALL 
L[ 6) Detector 

7 
l-10 .2 

10’ to *b - ff+ f+ fk * Jr, m * 

1w 1 

10 -.5 

50 to A-A-k jrlr fht * * *-k Jrk - . 

100 1 

10 .2 

10 to 

10 .5 *c fL-k ck * * ck . - 

100 to 

100 1 

1 Fff 

10 

2 - - 

* * * * * A-k * 

10 

10 *-+ 

-I- * 

** * kk * * 

10 

OhIere bhe *‘s indkate how important it is to have a narrow and w&measured c.m.s. energy spread 
arising Cram machine and kwtrahlung effects. The detector for mapping the luminosity as a function 

“f 
s to high precision is boated in the last row of the tab. 
If Mhigps <600 GeV is discovered, this should be upgraded to l * or more. 

‘If snpersymmetry is discovered, this should be upgraded to l t*. 

2 
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0 

CM Energy (GeV) 

:: 
z 

0 z 

Higgs: Bj-Prod,uction 

H&s: Boson Fusion T 
- 

-I- 
Higgs: SMLSUSY BRs 1 

-I- 
I 

Top: Threshold Scan 1 

Top: rare Decays j 
t 

Top: g-2, helicity ’ 
I 

Top: Yukawa j 

WW: WWV - coupling T , 

? 
WW: WWV - helicity ; 

ww:wwvv- t 
coupling 

WW: Strongly 
interacting Higgs i 

I- SUSY: Slepton l 

SUSY: Chargino ’ ~-~ 

SUSY: Neutralino i 

SUSY: SUSY t 
parameters / 

SUSY: Squat-k, gluino 1 

t 
QCD: Hadronization I 

i 
QCD: Heavy Flavors I 

OCD: Alpha(S) i 
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Luminosity (fb’*(-l)(yr) 
A 

lu L Q, 03 ;s ;2 iit z 
00000~00 

=: 
0 0 0 

t-.-1---- {--- I-.. -I---.--k --I- -~ +-- 1-4 -1 

Higgs: Bj-Production 

Higgs: Boson Fusion 

Higgs: SMSUSY BRs 

Top: Threshold Scan n 

Top: rare Decays 

Top: g-2, helicity m 

WW: WWV - coupling 
1 

WW: WWV - helicity --- 

ww: wwvv - 
coupling 

~Fyw!y!q 
-L ;.. :* 

WW: Strongly _ .?.q---1.r .- -- w-l 
Interacting Hlggs u L- - 

‘3’ 1. 
- .-.-.- 

SUSY: Slepton 

SUSY: Chargino 

SUSY: Neutralino 
I 

SUSY: Squark, gluino 

QCD: Hadronization 
I 

QCD: Heavy Flavors 
1 

QCD: Alpha(S) --a 
- 
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a, - 0.11: dotduh . 
- 0.12: molid 
- 0.13: dub 

292 294 290 298 300 302 304 
6 (GeV) 

0.13 

‘;3 
E 0.12 

Y 
a” 

0.11 

. . . 

. b) 
I - - - - I - - ’ 

Ax’ = 1.00 : dotduh 
- 2.20 : dub 
- 4.61 : -lid 
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0.1 ’ I .’ : i :* 
: : ---m,=lSl GeV 

0.08 - : : : : : : -q=l50 GeV 

25 SO 0 25 50 

Top momentum [GeV] 

h 

Top mass [GeV/c*] 

m, [GeV/c2] Am, [MeV/zj Aas 

120 130 0 .OOS 
150 300 0.006 
180 520 0.009 
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Lo 

f 

Fire 3: Dbtributiar of the recomputed mu of the Higgs pair in tbe four-jet topology 
(a) befwe aad (b) after b-tagging, for all known backgrounds (shaded histogram) and for 
the signal (rnH = 110 GeV/e’). 

0 a0 loo IO 
-,r Iy2,, Ls 

Figure 6: \‘isi& maw distribution in tbe missing energy channel for all background 
processes (shaded bAagram) and for HUE with mH = 120 GV/Z, (a) before and (b) 
after btgging. 
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2 - I 

10 I I I 

&= 500 GeV . 
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l \ 

10 
50 ‘00 15” --. 
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Zf f : -* x3 112: Neutralinos 
110 22? 401437 

+ 
xi 

-* 
xi Chargino 

219 432 

in 11 iq1 sleptons 
141 234 

cl sneutrinos 1 a’ 1 gluino 
227 



STUDY OF CONSTRAINED MINIh4AL suPERsYh4M&IRY 

TABLE VI. The same as in Table IV but now for my” = l?OGcV, tan/3 = 20, Ao/mo = 0, and 
WPQ = -1 (Fig. 9). 

b&s limits COMPASS CDM MDM 
(GeV) Lower Upper Lower UPPer Lower Upper 

h 113 131 116 12s 114 119 
A 532 1502 564 1020 532 828 

ZL 244 1069 244 1011 244 832 
ZR 167 1023 167 1004 167 824 
‘;1 144 980 144 960 144 788 
5 250 1051 250 991 250 816 
CL 230 1066 230 1008 230 828 
CL 641 1681 677 1156 641 931 
GR 631 1611 654 1110 631 924 
c 441 1302 sol 863 464 607 
G 584 1579 687 1117 605 814 

x: =LSP 28 353 34 232 34 152 
XS 51 657 62 432 62 281 
Xi 50 657 61 432 61 281 
9 207 1812 249 1257 249 874 
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Strong Electroweak Symmetry Breaking 

,’ 68% C.L. 

0.2 

0.1 

/ -0.1 
95% C.L. 

SM with Light Higgs 

-0.2 - 
0.9 

I I I I 
1.0 1.1 1.2 

Wh) lo-94 

1 “<a< Te>TeVj 

=6TeV 

I&= 1.5TeV 
C = 190fb-’ 

1.3 1.4 

782oA2 

I+ = &( A$. r,) is the form factor for e+e- + W,+Il’< 
where MP, rP = mass, width of a techni-rho resonance. 

FT is analogous to the rho-dominated pion form factor 
for e+e- ---) 7r+n- 

A Maximum Likelihood analysis of the production and decay 
angles of all 11. 11. events isolates e+e- + W,‘Il;T 
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