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LIMITATIONS FOR SSC TRACKING

Radiation Damage
Current Draw

Chamber Lifetime

Gain Reduction from 'Parﬁcle Flux
Hit Rate

Occupancy

Pattern Recognition



Philosophy for Wire Chamber Tro.cking

Momentum Measurement |n| < 2

Position Measurement 2<|n|<3

R->

s50cm




MOMENTUM MEASUREMENT

. Good Enouah to See Bump In Mzx
‘%t = 0.54 pr (TeV/c) o.K.

%E. < 10% o.K.

2. Charge, Sign for pr< X GeY/c

X = 280 = /020

3. Opr CDF CDF

4 Y} -

“Pr L (%0/2) 3

For A Large Magnetic Detector,

want \\Eeasanabla'( Momentum TResolution
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Berkeley ‘8%  large Solenoid Detector :

(UPT> S\ Fo_ o = Pr

—F; Theor I+ 5/N 0’32 BL*WN o
B=2T |
L= lim i > o0.54 pr (TeY/e)
N= 104
Ox= 150 pum

Mork I - Single Track (No Beam Constraint)
5= 045 T o s _ \
f (ZF Irheor = 025 Pr (Gl

k= /.25m
N= ¥2

“Oxz |FSum 9'.511_ ) Meas = O-#opr(GeNfe)Y.

CDF - Single Track

B = /.“'T foff
L=z Im } (—g—:)ﬂmsz 0. 18 pr (GeV/e) 679.

N= 84 (~06x = ZGOMM)
Reésidual = oN=/50Cum

ox = 150um Net Realistic, Incduding Systematic

for a Large System!

CDF/3 > OPr/p. ~ 0.0Lpr (GeN/c) Yo
— oM. COPT CTﬁV/C)

Scale LSD: z50mum > 200um

(L \)2 = 200um = L= L2Fm
[.lm /Somm




Concl ude:
Want Tracking
RMIN = 50 em
Ruax=/78m

2_:..: = 0.6Fpr (TeY/e), scaled +o

measured (DF resolution

B: /4T 2T
L Im > L5m
N: 84 = /o4

Charge Sign to 450 GeY/c

( Beam Constraint op; = 0.85 pr, but this
P

is not achieved in real systems,
¢.3., CDF would predict 0.09 pr (Gev(e)%,
but measures 0.13 pr (GeV/e) %)

LI§ Ryax = 7.55m,

Opr
By = /.03 pr CT:.V/c).S



Large Magnetic Detector Tmcking System

B= 2T
RM|N= S0cm
RMAX= 1.8 m
"."’5 '15’0824
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Central: 13 Super layers —_——
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¢ Layers/ Superlayer \ 7
Al+erna+ing Axial’Si'erca ?

Superlayers

Central : 290 K Straws (4,¢ mm), Sphit in Middle
Intermediate: 24 K Stmws, Split in Middle




Ruin = 59cm L=o0¥ m
Ruax = 1. & w

B= 27

n (.82

Single Track Homentum  Resolution
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Single Track Homentum  Resolution
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B=0.7T
RN(N = 50 cm
Ruax=2.Tm
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Field
Qp)

0.5
2.0

Tra.ckins Simulation
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542 850
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Straw Tube Track ng

Electronics

Preamp, Time Measurement
on Detector (Penn) s key
a',b = JS00ps
‘~/5ns Recovery Time
Very Rough Cost Estimate : ~ #20/channel

Power ~/5 mw/ channel

Trigger:

Track Segments in Outer Super layers
Inf<2

AZ 2 1.5mm (Needs STMY)
Also Want Position +o Few mwm

for 2< |n|<¢ 3

2 | evel ?



Smuwlation Issues

1. Position Along Wire
Stereo Linking
Do We Need Cathode Pads ?
Trigger
2. Forward C= Intermediate) Region
Pattern Recognition
Trigger
Optimal System ( Cathode Pads ?7)
3, Track FE'H'Ena C tnl<e2)
What is rea op/p ¢ track- finding efficercy 7
4. Occupancy
S, Cuwrrent Praw
6. Hits vs. B- ficld
7. Material, e's from Conversions C TBeam Pipe,
Supports, Silicon)
8 Neutrons s Albedo
4, Dead Areas

/0. Integration of Silicon



Straw Tube and Mechanical Issues

l. Alignment § Mcchanical Stability
- Need Real Engineering Help Here!
2. Getting Cabling, Power, Gas, Cao\'mg
In/Out
3, Study Power Dissipation

Straw Tubes

1. Wnderstand Drist Time

2. Thinner Wallg
3. Radiation Hardness of Materials
4, Cathede Co :Hr:ﬁ ? Gold?
5. Attenuation?
. Moximuwm Length

. Resistance , Impedance

S S

Supports

Modular Structures

N

t0, Lifetime, Current Draw Limitatiens



Straw Tube and Mechanical Isswes

I Alignment ¥ Mcchanical Stability

= Needl Real Engincering Help Here!
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3, Stucly Power Dissipation
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1. Wnderstond Drift Time
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5. Attenuation?
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{ M ¢ ","'!l Y et !"/v "'0'3 :’"'b

¥. Resistance , Impedance
S’". '\" ';'-r’_f?f r.-é.. A
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SILICON STRIP VERTEX DETECTOR
TELESCOPE DISPLAY

8
12 1 o P= 0.¢ ch/c
A1
1?// ' SDM #13
| A * * 4
—4 SDM # 9
i |
l : — h SDM #19
\ 4= =% un o
M. I |

RUN 18394 EVENT 1471



ID= 202
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Comparator

Amplifier

Write

| = Threshold
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Bipolar
Chip
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CONCLUSIONS

. Wire Chamber System Shouldl Be Capable

of Minimal Performance for Physics

2. Need Replistic. op/p for Specification

Tt @i 2 W

¢ Rea) Systene

3. Want op./p. ~ 0.6 pr (TeV/e)

= RpMax = 1.8 m

4, Silicon. Trozling Helps Tut Needs
EristYerce TPreod As Systens ((Mork I,
CDF: ) ?ﬁ!‘ﬁ ) ¢ e o §>

Lots of Werk +¢ Do!



FUTURE COLLABORATIVE STRUCTURES

Subsystem Proposals (Due October)

\. Straw Tube Tracking System
2. Siljeon
Strips

Pixels
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Silicon tracking system
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Depth in Lambda (proton)

Energy vs Depth for Jet Containment
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Track and event selections

Tracks used : Pt > 10 GeV, |nl<2.5

Events used : # tracks >= 4

Clustering or simple segmentation

N\

0 d
o\ )
" 4

combine tracks with 0 < resolution

Resolution for nf0/y oy =30mr
charged Och = 50 mr

Slim cluster : cone size © < resolution

== single isolated cell is fired
Fat cluster : cone size © > resolution

== several contiguous cells fired

Isolation of clusters to reduce tracks in jets

Minimum opening angle between the cluster and all other

clusters. Isolated cluster : ®min> 0.2
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Fig. 2. End view of the Large Solenoid Detector.



Fig. 1. (a) Schematic view of the Large Solenoid Detector.
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<M. G. D. Gilchriese _>— ~ %
SSC Central Design Groupt
c/o Lawrence Berkeley Laboratory, Berkeley, California 94720 USA

Abstract

Some aspects of triggering requirements for high Pr physics processes at the
Superconducting Super Collider (SSC) are described. A very wide range of trigger
types will be required to enable detection of the large number of potential physics
signatures possible at the SSC. Although in many cases trigger rates are not now
well understood, it is possible to conclude that the ability to trigger on transverse
energy, number and energy of jets, number and energy of leptons (¢lectrons and
muons), missing energy and combinations of these will be required. An SSC trigger
system must be both highly flexible and redundant to ensure reliable detection of
many new physics processes at the SSC.

Introduction

The intent of this note is to give a few examples of potential high P physics signatures at
the SSC and their related triggering requirements. The reader should be wamed that not enough
work has been done to'quantify trigger rates (from background processes) so that precise energy -

thresholds or multiplicitics for triggering may be gives. Since it is readily apparent that any trigger

system must have the ability to vary thresholds, multiplicity and other criteria, this lack of precise
information about rates is of little consequence at the present stage of design of triggering systems
for the SSC. I will not discuss triggering for B physics experiments. This issue has been covered
in some detail in previous workshops.1

General Comments

Itis important to remember that there is a very high probability that there will be a gradual
approach to the design luminosity (1033 cm~2sec-1) of the SSC, jusi as has been the case in most
previous colliders. This implies, for example, that energy or other thresholds of interest will
change with time. In addition it will be important to be able to trigger on known physics
processes, particularly during the initial operation of the SSC. Production cross sections for
known processes (e.g., W production or jet production) will be of intrinsic interest in the new
encrgy domain explored by the SSC. Furthermore, such processes will often be backgrounds to
new physics and hence must be understood in detail. Known processes (e.g., Z — ee or pj)

L ] .
Talk given at the Workshop on Triggering and Data Acquisition for SSC Experiments, Toronto, January 16-19,
1989, to appear in the Proceedings.

t .
Operated by the Universities Research Association, Inc., for the Department of Energy.
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A { B | C | D | E
1 Version: Solenoid Radial Parameters
2 16/28/89
3
4 Element | Param. |NoFe Cap Sol.| Fe Cap Sol. | Large Sol.
5 y
6 |Tracker Rmax(m) 1.56 1.55 1.55
7
8 |Coil Rmin(m) 1.60 1.60 -
9 Rmax(m) 1.95 1.95 -
10
1 1 {Calorim. Rmin(m) 2.00 2.00 1.60
12 Rmax(m) 4.50 4.50 4.10
13
1 4 |Coil Rmin(m) - - 4.15
15 Rmax(m) - - 4.75
16
17 |MuMeas. |Rmin(m) 4.50 4.50 4.75
18 Rmax(m) 4.70 4.70 5.35
19
2 0 |Yoke Rmin(m) 4.70 4.70 5.35
21 Rmax(m) 5.05 5.05 7.57
22
2 3 IMuMeas. {Rmin(m) 5.05 5.05 7.60
24 Rmax(m) 5.65 5.65 8.20
25
2 6 |Toroid Rmin(m) 5.65 5.65 -
27 Rmax(m) 7.55 7.55 -
28
2 9 {MuMeas. [Rmin(m) 7.60 7.60 -
30 Rmax(m) 9.60 9.60 -
31
32
33 Bo(T) = 2.00 (all versions)
34 Byoke(T) = 1.80 (all flux returns)
35 Btoroid(T) = 1.80 (all magnetized Fe)
36 pion lambda(m) = 0.32 (assumes 1.5xPDG with e/hs
37
38
39
40
4 1
4 2
43
44
45
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End Params

~ Verslon: Solenoid End Cap Parameters
6/28/89
Element Param. | NoFe Cap |Fe Cap Sol.|Large Sol. Large Sol.] Comment
Solenoid | Solenoid Long Trkr.
Tracker Zmax(m) 4.00 4.00 4.00 6.00
Coil Zmax(m) 4.00 7.00 8.00 10.00
Barrel CalorimiZmax(m) 4.00 7.00 4.00 6.00
ECap Calorim |Zmin(m) 4.00 4.00 4.00 6.00
Zmax(m) 6.88 6.88 6.88 8.88
Return Yoke |Zmin(m) 7.00 7.00 7.60 9.60
Zmax(m) 7.50 8.00 10.10 12.10
Mu Meas. Zmin(m) 7.50 8.00 10.10 12.10
Zmax(m) 8.10 8.60 10.70 12.70
Toroid Zmin(m) 8.10 8.60 10.70 12.70
Zmax(m) 12.10 12.60 14.70 16.70
Mu Meas. Zmin(m) 12.10 12.60 14.70 16.70
Zmax(m) 14.10 14.60 16.70 18.70
Bo(T) = 2.00 (all versions)
Byoke(T) = 1.80 (all flux returns)
Btoroid(T) = 1.80 (all magnetized Fe)
pion lambda(m) = 0.32 (assumes 1.5xPDG with e/h=1 ratio of active/passive
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Version:

Large Solenoid Detector Parameters

lambda: Fe 25
6/28/89 pilon Pb 26
. . (cm) U 16
Magnet Coil Flux Return Muon System Calorimetry
‘ LigA LiQA WLiIqQ Scin Scifi
Parameter Value |Parameter Value |Parameter Value{Parameter +Pb +U +Pb +U (Pb)
(unit) (unit) (unit) (unit) Value Value Value Value Value
Barrel:
B(T) 2.00}B(T) 1.80 |[Barrel: delta eta EM
Had
1/2 L(m) 8.00{1/2 L(m) 7.60 |B(T) - |delta phi EM
inner Had
R min(m) 4.13|1/2 L(m) 10.10|R min(m) - |depthvs eta:
outer eta=0 7.00 7.00 7.00 7.00 7.00
R max(m) 4.73|R min(m) 5.33 |R max(m) - =1
. =2
Yo 1.00 |R max(m) 7.54 |Tot W{T) - =3
(90 deg.) lambda 7.00 7.00 7.00 7.00 7.00
lambda AvDensity 6.27 |No.Meas. - |R min(m) 1.60 1.60 1.60 1.60 1.60
(90 deg.) (gm/cm3) Postions Rmax(m) 4.08 4.08 4.08 4.08 4.08
Tot WH(T) No.Meas. 3.00 |etaRange - /2 L(m) 4.00 4.00 4.00 4.00 4.00
of Muons Barrel Wt(T: 2811 3082 2811 3082 2811
Max Stress No.Meas. 5.00 {Ends:
(ksi) Postions End Caps:
Cons Bar Wi(T) 11298|B(T) 1.80 |delta eta EM
Time(yrs) Ends Wi(T) 7028 Had
Cost($) Tot Wt(T) 18326|R min(m) delta phi EM
Had
Comment R max(m) lambda 9.00 9.00 9.00 9.00 9.00
a Comment R min(m) 0.20 0.20 0.20 0.20 0.20
b Tot WH(T) R max(m) 4.08 4.08 4.08 4.08 4.08
Z min(m) 4.00 4.00 4.00 4.00 4.00
No. Meas. Z max(m) 6.88 6.88 6.88 6.88 6.88
Postions ECap WH(T) 2447 2683 2447 2683 2447
Eta Range
AvDensity 9.28 10.18 9.28 10.18 9.28
Tracking: (T/m3) ’
Parameter Value deltat/E EM
(unit) Had
Tracking 1.55 e/h intrinsic
Radius(m) eta Range
Tracker 4.00 Noise
Length(m) (GeV/gm)
Total Xo Total WKT) 5258 5765 5258 5765 5258
delP/pP Cost/T($K) 16 39 18 39 44
vs eta: Cal Cost($M) 84 225 95 225 231
eta=0
=1 Comments
=2

a)

The solenoid field can be uniform with Fe end plate
outside of or incorporated in the end cap calorim.
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LSDLT

Version: Large Solenoid Detector Parameters (Long Tracker) lambda: Fe 25
6/28/89 pion Pb 26
(cm) U 16
“lagnet Coll Flux Return Muon System Calorimetry
LigA LigA WLiq Scin Scifi
Parameter Value |Parameter Value |Parameter Value|Parameter +Pb +U +PB +U +Pb
(unit) (unit) (unit) (unit) Value Value Value Value Value
B(T) 2.00|B(T) 1.80 |Barrel: Barrel:
delta eta EM
1/2 L(m) 10.00]1/2 L(m) 9.60 |B(T) - Had
inner delta phi EM
R min(m) 4.13]1/2 L(m) 12.10}JR min(m) - Had
outer depth vs eta:
R max(m) 4.73 JR min(m) 5.33 |R max(m) - eta=0 7.00 7.00 7.00 7.00 7.00
=1
Yo 1.00 ]R max(m) 7.54 |Tot W{(T) - =2
(90 deg.) =3
lambda AvDensity 6.27 |No.Meas. - |lambda 7.00 7.00 7.00 7.00 7.00
(90 deg.) (gm/cm3) Postions R min(m) 1.60 1.60 1.60 1.60 1.60
Tot WHT) No.Meas. 3.00 |etaRange - |Rmax({m) 4.08 4.08 4.08 4.08 4.08
of Muons 1/2 L(m) 6.00 6.00 6.00 6.00 6.00
Max Stress No.Meas. 5.00 |Ends: Barrel Wt(T,4217 4623 4217 4623 4217
(ksi) Postions
Cons Bar WY(T) 13536|B(T) 1.80 |End Caps:
Time(yrs) Ends Wt(T) 7028 delta eta EM
Cost($) Tot Wi(T) 20564{R min(m) Had
delta phi EM
Comment R max(m) Had
a lambda 9.00 9.00 9.00 9.00 9.00
Tot WY(T) R min{m) 0.20 0.20 0.20 0.20 0.20
Comment R max(m) 4.08 4.08 4.08 4.08 4.08
b No. Meas. Z min(m) 6.00 6.00 6.00 6.00 6.00
Postions Z max(m) 8.88 8.88 8.88 8.88 8.88
EtaRange ECap Wi(T) 2447 2683 2447 2683 2447
Tracking: AvDensity 9.28 10.18 9.28 10.18 9.28
Parameter Value (T/m3)
(unit) deltaE/E EM
Tracking 1.55 Had
Radius(m) e/h intrinsic
Tracker 6.00 eta Range
Length(m) Noise
Total Xo (GeV/gm)
delP/P Total Wi(T) 6664 7306 6664 7306 6664
vs efa: Cost/T($K) 16 39 18 39 44
eta=0 Cal Cost($M) 107 285 120 285 293
=1
=2

Comments

a)

The solenoid field can be uniform with Fe end plate
outside of or incorporated in the end cap calorim.
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Fe Cap Solenoid

Version: Fe Cap Solenoid Detector Parameters lambda: Fe 25.1
6/28/89 pion Pb 25.6
(cm) U 15.8
Magnet Coil Flux Return Muon System Calorimetry ‘
LigA LigA WLiq Scin Scifi
Parameter Value|Parameter Value |Parameter Value|Parameter
unit {unit) (unit) (unit) Value Value Value Value Value
B(T) 2.00|B(T) 1.80 |Barrel: Barrel:
deita eta EM
1/2 L(m) 7.00)1/2 L(m) 7.00 |B(T) 1.80 Had
inner delta phi EM
R min(m) 1.60|1/2 L(m) 8.00 |R min(m) 5.63 Had
outer depth vs eta:
R max(m) 1.95]R min(m) 4.68 |R max(m) 7.53] eta=0 7.00 7.00 7.00 7.00 7.00
=1
Yo 1.00{R max(m) 5.03 |Tot W(T) =2
(90 deg.) =3
lambda AvDensity 7.87 [No.Meas. 5.00}lambda 7.00 7.00 7.00 7.00 7.00
(90 deg.) (gm/cm3) Postions R min(m) 2.00 2.00 2.00 2.00 2.00
Tot WH(T) No.Meas. 0.00 |etaRange Rmax(m) 4.48 4.48 4.48 4.48 4.48
of Muons 1/2 L(m) 7.00 7.00 7.00 7.00 7.00
Max Stress No.Meas. 2.00 |Ends: Barrel Wt(1 5645 6190 5645 6190 5645
(ksi) Postions
Cons Bar W{(T) 1346 |B(T) 1.80]End Caps:
Time(yrs) Ends W{(T 1253 delta eta EM
Cost($) Tot WYT) 2599|R min(m) Had
delta phi EM
Comment R max(m) Had
a lambda 9.00 9.00 9.00 9.00 9.00
Tot WH(T) R min(m) 0.20 0.20 0.20 0.20 0.20
Comment R max(m) 4.48 4.48 4.48 4.48 4.48
b No. Meas. Z min(m) 4.00 4.00 4.00 4.00 4.00
Postions Z max(m) 6.88 6.88 6.88 6.88 6.88
Eta Range ECap W(T) 2988 3276 2988 3276 2988
Tracking: AvDensity 9.28 10.18 9.28 10.18 9.28
Parameter Value (T/m3)
(unit) deltaE/E EM
Tracking 1.55 Had
Radius(m) e/h intrinsic
Tracker 4.00 eta Range
Length(m) Noise
Total Xo (GeV/am)
delP/P Total WY{(T) 8633 9465 8633 9465 8633
vs eta: Cost/T($K) 16 39 18 39 44
eta=0 Cal Cost($M 138 369 155 369 380
=1
=2 Comments
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NoFe Cap Solenod

Version: No-Fe Thin Solenoid Detector Parameters lambda: Fe 25.1
6/28/89 pion Pb 25.6
{cm;, U 15.8
Magnet Coil Flux Return {[Muon System Calorimetry
; LigA LiqA WLiq Scin Scifi
Parameter Value |Parameter Value{Parameter Value|Parameter +Pb +U +Pb +U +Pb
(unit) (unit) (unit) (unit) Value Value Value Value Value
B(T) 2.00 |B(T) 1.80|Barrel: Barrel:
delta eta EM
1/2 L(m) 4.00{1/2 L(m) 7.00]B(T) 1.80 Had
inner delta phi EM
R min(m) 1.60]1/2 L(m) 7.50|R min{(m) 5.63 Had
outer depth vs eta:
R max(m) 1.95 R min(m) 4.68|R max(m) 7.53] eta=0 7.00 7.00 7.00 7.00 7.00
=1
X 1}R max(m) 5.03}Tot Wi(T) =2
(90 deg.) ' =3
lambda AvDensity 7.87{No.Meas. 5.00}lambda 7.00 7.00 7.00 7.00 7.00
(80 deg.) (gm/cm3) Postions R min(m) 2.00 2.00 2.00 2.00 2.00
Tot WY(T) No.Meas. 0.00|etaRange Rmax(m) 4.48 4.48 4.48 4.48 4.48
of Muons 1/2 L(m) 4.00 4.00 4.00 4.00 4.00
Max Stress No.Meas. 2.00|Ends: Barrel Wt(" 3226 3537 3226 3537 3226
(ksi) Postions
Cons B(T) 1.80|End Caps:
Time(yrs) Comment delta eta EM
Cost($) b R min(m) 0.25 Had
' delta phi EM
Comment R max(m) Had
a lambda 9.00 9.00 9.00 9.00 98.00
Tot WH(T) R min(m) 0.20 0.20 0.20 0.20 0.20
R max(m) 4.48 4.48 4.48 4.48 4.48
No. Meas. Z min(m) 4.00 4.00 4.00 4.00 4.00
Postions Z max(m) 6.88 6.88 6.88 6.88 6.88
Eta Range ECap WY(T) 2988 3276 2988 3276 2988
Tracking: AvDensity 9.28 10.18 9.28 10.18 9.28
Parameter  Value (T/m3)
(unit) deltaE/E EM
Tracking 1.65 Had
Radius(m) e/h intrinsic
Tracker 4.00 eta Range
Length(m) Noise
Total Xo (GeV/gm)
delP/P Total Wi(T) 6213 6813 6213 6813 6213
vs eta: Cost/T($K) 16 39 18 39 44
eta=0 Cal Cost($V 99 266 112 266 273
=1
=2 Comments
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