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Abstract:
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AGENDA

- GEM Collaboration Meeting — Nov. 3-6, 1992

Tuesday Nov 3

Registration — BNL Center
- Informal meetings all day
Informal get-together with refreshments 3-8 PM
Dinner on your own
Magnet Meeting - G. Deis - Orange Room - Physics Building

- Wednesday Nov 4
7:30 AM Breakfast and registration - BNL Center
Chairman - Frank Plasil
9:00 Welcome - H. Gordon/G. Yost - BNL Center - North Room
n 9:30 News of the GEM collaboration, plans for Baseline 2 -~ B. Barish
10:30 Project Manager’s Report and. Discussion of TDR plans - G. Sanders
11:00 Break
11:15 Status of Simulation Effort - K. McFarlane

; 5 - V3 & T8 T Tracker status - J. Brau
12:15 PM Lunch at BNL Center
Chairman — Larry Rosenson

1:15 Calorimetry status, progress toward TDR in December - W. Willis
”L{ S'-E"rS" Magnet status - R. Stroynowski
2:45 Status of IR5 Facilities - D. Moeller, IR5 Design Manager, The PB/MK Team

315 23S Break

30 Muon system: v (o i;c}\mvalk’ Yo

F. Taylor, G. Mitselmakher, L.’Osborne, C. Bromberg, C. Wuest
Open discussion - M. Marx moderator {30 min)

5:30 . The Importance of tt Associated Production at the SSC - W. Marciano
5:50 The Search for the Supersymmetric Higgs - A. Stange
- 6:30 Adjourn
7:00 Cocktail Hour at Berkner Hall
8:00 Dinner Buffet at Berkner Hall

The simulation/physics group will meet at 2 PM (K. McFarlane/F. Paige, conveners) in
Room 2-160 in the Physics Building.
The evening after dinner is also available for groups to meet.



4395

13

L\/7) )%An—rv LZ»G‘-«K‘_Q. (_A S
TT & CapiLo~a o = Q/-‘:;
gmwlé%«i\ e (

AGENDA - Page 2

Thursday Nov 5

7:30 AM
8:30 AM
8:30

. ~Physics/simulation (K. McFarlane, convener) - RoorrA;-BerknerHalt

12:30
12:30
1:30 PM

6:00
6:30
8:00

9:30
Friday, Nov 6

7:30 AM
8:30

9:30

10:00
10:30
10:45
11:15
11:45

- 12:30 PM

1:30

1:30
2:30

Breakfast at Berkner
Subsystem Meetings
Muon subsystem (F. Taylor, convener) - Room B, Berkner Hall
Calorimetry subsystem (W. Willis, convener)
I. Engineering - Instrumentation/Annex
II. Simulation - Small Seminar Room (AM) - Physics Building
II. Simulation - Large Seminar Room (PM) - Physics Building
ITI. Baseline - Definition - Room 2-160 - Physics Building

IV. Common Meeting - Large Seminar Room - Physics Building

Trigger group (D. Marlow, convener) - Room D, Berkner Hall

Tracker - AGS (Snyder Auditorium) (C. Baltay, convener)
Magnet - 2-34 = Physics {G. Deis, convener)

R. Fischer R&D Lunch - Room A - Berkener Hall

Lunch at Berkner Hall

Continuation of morning groups, plus

EVRNYA

TDR planning session (G. Sanders, convener) - Orange Room, Physics Building
To be attended by spokesman, lead authors of each chapter, to discuss TDR.

Adjourn
Dinner at Berkner
Round Table discussion on role of university groups in GEM -

Berkner Hall/Theater{G. Yost, convener; panelists plus audience participation)

Adjourn

Breakfast, Berkner Hall

Chairman — George Yost

Summaries of Working Groups’ Results — Theater

F. Taylor

W. Willis

D. Marlow -~

Break

K. McFarlane

C. Baltay

Summary of the Meeting - B. Barish/W. Willis/G. Sanders
Lunch at Berkner Hall _

Executive Committee - Room C, Berkner Hall

Chairman - Howard Gordon

Progress in Technical and Model Building - S. Dawson - Theater
Adjourn
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of the traveler,
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Afghaniatan : Chile
! i Ira
ﬁib:qm China, Peopie’a Republic of [rnazl1
'*Ang:;l ;::a *Comoro Isfands Israel
oot *Ouba ' Rampuchia (Cambodin)
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Libya *Niger Syria
*Mauritania *Oman Tanzania
*Monaco . Pakistan *United Arab Emirates
Mongolia Romania *Vanuatu
Mozambigue South Africa Vietham
Namibia Soviet Republics (see below) Yemen _
Nicaragua Surinam Yugoslavia - . .

1. The responsibility to notify BNL-SSD of travel to a aen‘aiﬁve country continues for 5 yearsafter '
o person’s Access Authorization is terminated. _ R
Travel relating to Taiwan is handled under the policies and procedures which apply to Sensitive

Countries, |
. “Soviet Republics” include the republics which constituted the Soviel Union in 1990 (except for
Estonin, Latvia, and Lithuania), whether oxr not now {ndependent or joined in a unton with other -
republics, and any component territories of these republics which may consider themselves

independert, '

Countries so marked appeat on this list for reasons related to 10 CFR 810, “Assistance to Foreign
Atomic Energy Activities.” If the subject matter of the iravel is not related to nuclear energy,
ihe traveler is not professionally involved in nuclear energy matters in his/her work, and the
element of the facility or the people lo be visited are not involved in nuclear energy, the counlry
so marked may be treated ap non-sensitive for purposes of this particular foreign travel.

V. RESPONSIBILITY OF EMPLOYEES NOT POSSESS'HG ACCESS AUTHORIZATION

TO CLASSIFIED INFORMATION
Any employee who does not possess Access Authorizalion {o classified information and who receives
or finds classified writlen material must immediaiely notify the Security Office. Clasaified written
material mey be identified by the official classification merking “Top Secret,” “Secret,” or
“Confidential,” whicih is Iocated on the top and botlom of each page of a document containing
classified information. The Security Officer is responsible [or reperting to DOE the details of the

security infraction. 6
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Computing at GEM Collaboration Meeting

There are 12 terminals in Room 1-240 in the Physics
Building (also 8 phones). Enter by pushing 5-3-1.
(May need to do this twice)

The terminals or PC’@ are on a terminal server

o user > XXX

e local > C BNLCL@
e User: > BNL

This -account will give you access to your home sy s-
tem. There are additional terminals in Room 2-84

in the Physics Building.
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GEM Magnet

Central field 0.8T
Outer radius of outer cryostat vessel 10.15 m
Mean radius of windings 9.5 m
Inner radius of inner cryostat vessel 9.1 m
Inner radius of magnet subsystem 9.0 m
Magnet axis height above hall floor 13.0 m
Half Cryostat vessel length 15 m
Half Coil iength 14.44 m
Total conductor length 27.2 km
Total mass of half magnet subsystem 1,300 t
Total mass of half coil 153 t
Total mass of half cryostat vessel 851 t
Total mass of half FFS 1,265 t
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GEM Base! = ]. March 25. 1992

MITMARP V1.0 3/38/92 17:289
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CONTOURS OF CONSTANT FLUX

Figure 1. Lines of constant magnetic flux in 2 meridional half-plane; the figure is
rotationally symmetric about the horizontal axis and has mirror symmetry about Z = 0.
Note: the beam axis, Z, is vertical while the ransverse axis, R is horizontal. Both axes
extend from 0 to 20 m and the field is in gauss. A sketch of the superconducting winding
and the forward field shaper is also shown. _ o :

Figure 22
30
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Conmrin, A0 ; T Superconducting Super Collider Laboratory
7 -~ - " ’ 2550 Beckleymeade Avenue, Mail Stop 2005
/ o frda) fuigv.cens Dallas TX 75237-3946
: i - (214) 708-6207
/’ Fax: (214) 708-6083
// GEM Project Department
Memorandum i
i/

To: Gary Sanders

From: Paul Reardon, Gary Deis, Ryszard Stroynowskd, Bill Wisniewski
Subject:

Date: DRAFT

The GEM Magnet Project has now reached the stage at which it is necessary to freeze the major system
parameters of the coil assemblies. This is required to support the overall schedule, which necessitates
that the detailed design be advanced quickly in the next six months, and that major procurement actions
be initiated immediately. At least one of these procurements, the conductor purchase, will be firm fixed
price, so any design changes which would affect the conductor specifications in any way must be strictly

avoided.

The Magnet Project recommends an immediate freeze of the following magnet parameters:

Yalue Unit
Magnet subsystem inner radius 9.0 m
Magnetic field at [P 0.8 T )

- Vacuum vessel minimum 2z .04 m . l 5 ‘9«,
Vacuum vessel maximum z v 150 -« m’ o ! Lf’ "o
Winding mean radius 9.5 m <,
Winding minimum z 075 m Mk -\-\o.J "
Winding maximum z 5.0 m

Freezing these system parameters will result in a freeze of many other derivéd parameters, such as
number of turns, current, conductor cross section, etc. Many other parameters relating to the detailed
design of the coil assemblies will be frozen as the design progresses.

The magnet project would also like to freeze the design of the FFS. However, in view of the ongoing
discussions related to the designs of the wacker, calorimeters, and muon system, together with the
slightly less critical schedule for the FFS design and construction, we do not request that the design be
frozen at this ime. However, please note that uncertainty in the design of the FFS will impede our
ongoing discussions with potential foreign suppliers of these components, so an early freeze will be
required. We anticipate requesting this freeze within 2 months.

The details of the magnet interfaces with the Central Detector Support, the Muon Subsystem, and the
facility, as well as the interface between the FFS and the coil assemblies are being evolved as a normal
part of the detailed design process. These details will not affect the magnet design in a significant
"system” manner (as would changes in the parameters listed above); therefore we do not regard these
interfaces as frozen, and we will continue to work with the other systems to develop the details as a part
of our design effort.

Freezing of the major magnet system parameters, now, is essential in keeping the magnet project on
schedule, in minimizing the overall cost, in maintaining project momentum, and in demonstrating the
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BARREL CALORIMETER: FIBER

VACUUM SYSTEM: OPTION L or3

OPTION 1

GEM DETECTOR PARAMETERS

EM. CALORIMETER: Lig Kr
FORWARD CALORIMETER: SCINTILLATING FIBER
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GEM
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TRACKER

Electron/photon identification
Isolation cuts

Primary vertex
Electron/hadron identification
Electron sign

Background rejection
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The Physics Goals of the Central Tracker
1. Required to support primary objectives of
GEM: detection of vs, es and us at high pr.

e Identify the primary vertex of an event:
separate from pileup events

e Separate electrons and gammas:
charged track pointing to an EM shower

¢ Provide track information for e, u or :
isolation cuts
rejection of conversions and Dalitz pairs

e Electron-hadron separation:
momentum compared with energy in calorimeter

e Rejection of u background:
- match tracker 4 momentum with p chambers

e Determine the electron sign up to 400 GeV/c

Fulfill these goals well at 1033¢m =251

— Survive up to 1034em 2571, -
(met by looking for hits in a specific road extra,p-
olated from calorimeter or u system)

00



The Physics Goals of the Tentral Tracker
Second Category

e Full reconstruction of the charged tracks in the
event. -

e Secondary vertex finding.

e Tracking at low momenta with good resolution.

Enhance GEM’s ability on b and top physics.

More demanding in pattern recognition require-
ment and vertex resolution.

Expect to meet up to 10%3em~2s~ 1, but probably
not much higher.
(satisfactory due to large os)
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The Silicon Microstrip inner tracker

6 layers of silicon strip ladders

Each ladder = two back-to-back
single sided silicon sensors

5 mrad stereo angle between the two sensors

Each sensor is 300 pum thick

Strip pitch of 50 um

Each pair of sensors provides a space point
resolution of 10 um in the r — ¢ plane
and 3 mm in the r — z projection

The 6 layers of ladders = 3 superlayers

Fach superlayer = track stub

Forward region: Silicon disks -
strips projecting radially inward
toward the beam axis

Length 200 cm
Radius 10 to 35 cm
Area of silicon ladders 7 m2
Number of strip 3.5x10°
Strips per fiber optic readout channel 1028
Readout channels 3500
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The Interpolating Pad outer tracker

8 layers of pad chambers in the barrel
at radii 35 - 70 cm,
AND in the forward region,
radius 20 - 70 cm

8 layers = 4 superlayers

Each barrel layer: 20 chambers,
each chamber covering 18° in azimuth,
largest chamber 30 cm x 200 cm

Forward layers: disks of 10 trapezoidal chambers
about 50 cm x 50 cm each

03
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GEM Central Tracker

Magnetic field 08T

Length (from IP to outer faces) +150 cm

Outer radius 70 cm

Location of neutron shield 70O <R L7T5¢cm

Occupancy £ =1033 cm—2 -1 < 1% .
£=103% cm—2s1 < 10%

Charge separation at 95% c.i. < 400 GeV

Ap/p High p 0.0015 pp, pp in GeV/c
Low p ~ 4%, |

Vertex Beam direction bz~ 1 mm

(> 10 GeV/c) Impact parameter 8b ~ 30 pm
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2MVS.1.5M CENTRAL TRACKER

LITTLE CHANGE IN THE S1 TRACKER (2CM FOR LONGER LADDER)
CURRENT IPC MODULE PACKAGING QUITE TIGHT

CURRENT OUTER SUPPORT STRUCTURE INTERFERES

TWO TIMES IMPROVEMENT IN THE IPC RESOLUTION

60
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racker lin 2 j r

Silicon Tracker 4 cm inside radius + 1 cm rad.
38 cm outside radius + 3 cm rad.
200 cm long same

IPC Tracker 39 cm inside radius + 3.5 cm rad.
95 cm outside radius + 26 cm rad.
300 cm long same

Polyethylene Barrel Section
97 cm inside radius + 26 cm rad
102 cm outside radius +26 cm rad
End Sections
310 cm inside same
350 cm outside same

Cost Scaling

June 10 Cost Est.
Si_Tract Current Desi N Desi | |
* Note: These cost increases reflect a larger diameter that would allow for an 18 cm fwd
region if the design were to evclve in thal direction.

Electronics

Power Cable & FO readout These cost oplions are documented in

Si Det. & Assy the 12 vs 18 cm ladder cost sheel.

Cooling Rings

Mechanical Structure®

Support Sheils these probably don't change significantly either way 0

Outer & End Gas encl 35 cm r 38 cm r 10%
431 k$ 474 k$ 43k$

Inner Gas Enclosure 8cmr 10cmr 25%
60 k$ 75 k$ 15 k$

Space Frame Hex. < 35 cm Oct. < 38 cm 10 %
New design is not yet costed, but the central spoke and
complex joints may increase the cost 10% 33 k$

External Systems No cost difference in the external cooling and safety
systems is expected. Ok$

Si Mech. Structure Total 91 k8§
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Electronics
Fwd Mod. Panels Assume these costs increase by the ave. radius whichis 30 %
360 k$ 468 k3 108 k$
Cent Mod Panels Assume these costs increase by the ave. radius squared 68%
204 k$ 342 k3 w138 k$
Cathode pads A —
Module Frames _—
Windows & Wires _—
Cooling Channels  Since the number of channels and heat load is not expected to
change there would be no cost diffarential. O k$
Ext Gas & Cooling Sys. There Is no expacted cost increase for either one
of these systems. 0 k$
Support Structure _
Bulkheads 25 sq f 46 sq ft 84 %
15 k$ 28 k$ 13 Kk§
Cylinders 69 cm r 85 cm r 38%
44 k$ 61 k$ 17 Kk$
End Cap Gas Encl. :
Boron Poly. 3.7 k Ibs 5.7k Ibs B4 %
39 k$ 60 k§ 21 k§
IPC Total 300K, Wi
Total Incremental costs -

Note: there may be many small additional added costs such as
increased powser cable jengths, cooling distribution lines and gas
manifolds lengths that should be accounted for.
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EM BARREL MODULE with Electronics and Cables

4.000*
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J Energy Resolution o/ \/l—;
. Stack Measurement™ | Monte Carlo
1 mm Ar 6.1 - 5.8 6.25
2 mm Ar 7.5 7.8 7.3
2 mm Kr 6.3 - 6.9 6.3
phe —

subtractmg beam spread of 0.5-0.7%




P

Energy Resolution o/vE

: Stack Measurement® | Monte Carlo
1 mm Ar 6.1 - 5.8 6.25
2mmAr | 7.5-78 7.3
2 mm Kr 6.3 - 6..9 6.3
Arhe '

- subtracting beam spread of 0.5-0.7%




Probability to select wrong vertex

z position resolution (cm)

Fig. 2 Wrong vertex selection at different luminosity
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Fig. 3 vertex distribution when wrong one is selected
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Event vertex resolution

Event sample used
120 GeV Higgs — y+1y (500 events)

Detector
150 cm (half length) x 75 cm (radius) cylmder EM Cal
Pointing resolution = AR / V E
Vertex resolution by CT = 1 mm
Event vertex - Gaussian distribution with 6 =5 cm

Vertex determination
1. Pointing by one EM cell
2. Combination of pointings of two EM cells
3. Combined pointing and CT vertex determination

Result
) Fig. 1 vertex resolution by pointing
<15
ED y
:
a8, d
- i
3 1.0 _
2
_‘2‘ ]
g 0°5-. ——a— independent
-g —————  tombined
8
/2] R
I e
N 20 30 40 50 60 70 80 90

Pointing resolution (mr)
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Barrel Cross-Section (looking down beam line)
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[HE GEM MUQN SYSTEM
" FUNCTIONS:

. Muon Identification
Track outside 12 to 14 A calorimeter

(146 Xo of Cu)

e Prtrigger ( Pr> 10 GeV/c typical)
| Segmentation: 1.3 cm. - barrel
S mm. - endcaps

L

Rates - Level 1:  10%Hz @ 1033
Level 22 3 x102Hz @ 1033

e Beam crossing tag: (t < 5 ns. )

e Tracking
- Pt resolution:
P1/P1 =~ 5%
for 500 GeV/c & n = 0 (90°)
Pr/Pr =~ 10%
for 500 GeV/c & n=~ 2.5 (9.47°)

- Muon charge assignment: .
95.% confidence level -
o’er. <.2.8.TeM/cfor 0 <n< 2.5
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~ WE USE 3 POINT SAGITTA MEASUREMENT

Optimize Magnet with |érge L and weak B

S~ 1500 pm

for:
B = 0.8 tesla

L=5m.
P = 500 GeV/c

To keep oP < 005 =>88< 75 um,
P g7



Events/SSC Year/0.4 GeV -
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Figure 2 H— ZZ* — ugtp~ptp” mass ditribution for Mg = 140, 150, 160 and
170 GeV, superimposed on all backgrounds for GEM.

98




GEM Muon System

Central field 0.8 T
Length of magnet 30 m
Inner radius of magnet 9.0 m
Outer radius of calorimeter system 3.6 m
Location of neutron shield 3 6<R<3.7m
Pseudorapidity coverage in barrel 0.074 — 1.33
Pseudorapidity coverage in endcaps 1.40 — 2.46
Intrinsic single layer resolution 100 pm
Alignment accuracy in a superlayer - 50 pum
Alignment accuracy between superléyers 25 um
Global alignment accuracy 200 pum

39
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Proposed Technologies for GEM Muons

ENDCAP REGION

0.5°<©®<30° (1.3 <n<2.5

Measurement Technology

Pt (r-9) _ Cathode Strip Chambers
Second Coordinate (6) Cathode Strip Chambers
Trigger Cathode Strip Chambers
Beam Crossing Tag Cathode Strip Chambers

wdp Also Under Consideration for Central Region @

S R P

CENTRAL REGION
@ >30° (0.0 <n <1.3)

Measurement Technology

PT (r-9) Proportional Tubes or Limited
Streamer Tubes in Drift Mode

Second Coordinate (6) Resistive Plate Chambers
Trigger | Resistive Plate Chambers
Beam Crossing Tag Resistive Plate Chambers
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for the counter light attenuation properties, and by discriminating on analog signéls

proportional to event energies.

2) Tt digitizes and stores waveforms (100 M H:z 8 equivalent bits) from one particular

' y * i
counter only when an “ET” has occurred.

'

3) It measures with high accuracy (o ~ 1 ns) the time of each event relative to the
experiment atomic clock standard time; it measures, with the same accuracy, the

time difference between the signals from the two counter ends.

4)" Each time an ET is obtained from one counter (from now on: “primary event”™),
the PHRASE energy threshold ( “secondary threshold”) for that counter (and for the
adjacent counters) is lowered (in = 80 ns) to a different programmable value for a
presettable time interval ST (“special time”); PHRASE goes on recording any (lower
energy) event which might occur during this time interval (from now on: “secondary™

event).

5) A maximum of 14 secondary events can be stored during the “special time”.
~ .3 :
A0 LS

6.2 The Energy Trigger

The energy trigger works along tHefollowing principles. If L is the MlACRO counter
length and one chooses a longitudinal coordinate axis x witl"x origin at the counter center,
the two counter ends are identified lby the x-values 2 = —L/2 for the “Left”-end and
= +L/2 for the “Right”-end. Since light attenuation in the counter is exponential with
very good approximation (apart from the last meter close to the PMT’s), if one calls A the

attenuation length (A &= 12 m). the pulse amplitudes for of the “Left” and “Right” PMT's

* waveform digitization is based on techniques developed for the circuit GATHER by Francois Bourgeois

at CERN. 111
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SOME TOP LEVEL FY93 GEM MILESTONES

1. December PAC review of GEM calorimetry and TDR readiness. Magnet RFP release
scheduled immediately afterwards.

2. Technical Design Report Submission end of January...
3. March PAC review of TDR - a fixed point.
4. Major Stage I review of GEM in July PAC meeting - a fixed point.

5. Lehman review by DOE for Stage II approval.

Other key waypoints:

1. GEM magnet and conductor procurement.
2. Presidential and Congressional influence.
3. Foreign participation in SSC Project, SDC, GEM to be examined in spring 93. Real

construction start for GEM and SDC depends upon this status.



0ct

FY93 GEM WORKPLAN ACTIVITIES

. Physics requirements of detector and subsystems.

. Top level physical, cost, schedule, functional requirements.
. Specifications which meet these requirements.

. Design in detail.

Design reviews (Critical design review, Preliminary...)
Integration.

Interface definition and design.

Assembly plan.

. Installation, test and commisioning plan.

10. Cost estimate.

11. Schedule.

12. Resource loaded baseline.

13. Responsibility assignments.

14. Validation of requirements.

15. Planning and replanning tools and infrastructure.

16. Integration into SSC Integrated Project System (IPS)/Performance Measurement
Baseline (PMB).

VO NOU AN~

Our work has two customers - the scientific commmunity and the SSC Project.
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Critical Path
Page 4 -

TOFPIC: IR Halts and Detectors

Current
+ Level 1 Milestone Impacted Baseline Projected  Analyzed Impact -
BOD Large Experimental Halls Jan96 29Mar96 29Mar96 -43 days
« Review of Critical Path:
The critical path runs through design, procurement, and construction of the underground halls and the -

related surface facilities. The relocation of the large halls to the west, to take advantage of better soil
conditions for the foundations of the large detectors, results in a 2-month impact to the Level 1
milestone "BOD Large Experimental Halls" as currently defined. The critical path, however, ends at
this point since the detectors themselves can still meet all major milestones in spite of the later final
BOD. This path does not impact the "Beam to Experiment’ milestone.

* Analysis/Concerns:

The current formal definition of "BOD Large Experimental Halls" requires that all systems, including
mechanical, electrical, HVAC, and other finishes be completed in Janvary 1996. The detector
collaborations, however, have indicated that during the initial phases of detector assembly, joint

occupancy of the hall is acceptable. Initial occupancy of IR8 is currently projected on October 1, -
1995, IRS on January 14, 1996. Both detector collaborations have indicated that final beneficial

occupancy by March 29, 1996 will meet their schedule requirements.

* Recommendations:
A CCB action is being prepared which proposes that either the "BOD Large Halls" milestone date be

adjusted to a later date, with no impact to subsequent major milestones, or that BOD is redefined 1o be -
the point in time at which Joint Beneficial Occupancy begins. Further review of the CCD schedule
durations, contracting methods, and construction methodologies should be completed to provide
reasonable "float” in this area of the Integrated Project Schedule.

-
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KEY UPCOMING EVENTS

FEATURE: WARM MAGNET SYSTEMS

REVIEW COMMENTS
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cGcu EVENT DATE STATUS ISSUE MILESTONE
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(A~ 200) BOD
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[ BOD
TUNNEL & ACCESS
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(A-300) - 29 OCT 92 S1 & A2 BLDGS
O1 MAR 94
80D
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= 90% DESIGN 19 07T 92 [Y] |[m SCHEDULE OF 22 SEPT 94
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TUNNEL JYbEC p UNDER REVIEW BOD NORTH:
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BOD SOUTH WEST:
11 MAR 94
TEST BEAMS |m  TITLE | REVIEW [)/ 1 |= PB/MK AWAITING BOD:
(A—~420) COMMENTS o SSCL TITLE | 29 NOV 94
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FEATURE: EXPERIMENTAL FACILITIES —- SDC

KEY UPCOMING EVENTS

e i R ———

S - B SCHEDULED 'CHlT!CA'Ej. ‘
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= L MILESTO
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i FINISH FOR TECHNICAL LOADS MAR 96
xﬂ - E—306
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BUILDING
E-308
TIE BACK s INITIAL TEST RESULTS 12 OCT 92 [G]
TEST :
PROGRAM

CARMEAN\KEYUPCOMING EVENTS

4 4

¢ ¢




Rl _

Gel

15-0ct—92
KEY UPCOMING EVENTS
FEATURE: EXPERIMENTAL FACILITIES -~ GEM
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ot ) S : SCHEDULED CRITICAL
Poe CCL. E} ENT DATE STATUS ISSQ_E M ESTONE
[ ,
" WC & EC s RFP COMPLETION 12 JAN 93 | [G) PERMANENT POWER WC POWER
' MAN ACQUISITION REQ JAN 95
SUBSTATION |= ISSUE RFP 17 JAN 83 | [G] BY DOE -
EC POWER
@ RECEIVE PROPOSALS 02 MAR 93 | [G] REQ JUN 96
a AWARD CONTRACT 23JuN 93 | {G]
s PRE BID MEETING 13 OCT 92
EAST COMPLEX
CONNECTOR |m» BID OPENING 27 OCT 92 | [Y] | INSUFFICIENT NTP FUNDING
ROADIRS & IR8 S-410 (IR8) & S—412 (IRS) NTP
SITE GRADING [® CONTRACT AWARD 30 NOov 92 | [Y] COMBINED WITH S-445 07 DEC 92
(S—445)
Ni5 " [FB 120CT 92 | [G] REDUCTION IN SCOPE BOD
COMMUNICATION BY SSCL 2 QTR 93
(S—-225) m  BID OPENING 17 NOV 92 | [G]
LACKE\02250205 PAGE 2
< €« ¢ ¢ ¢ ¢ ¢ ¢



T 0 Tl N ST PR T 3.

Superconducting Super Collider Laboratory
2550 Beckleymeade Ave., Suite 125 MS-7000 -
Dallas, TX 75237-3997:

PROJECT MANAGEMENT OFFICE

MEMORANDUM

To: Distrjbution /‘p 92 5160 E B
From: J. 7Rees/E. Siskin /

Date: October 21, 199

Subject: PRELIMINARY FY93 COST AND COMMITMENTS
FUNDING TARGETS

Attached are the prelirninary FY93 Cost and Commitment Funding Targets. These targets
are based on the IPS FY93 schedule impact study and on input from Machine Leaders and
Division personnel. Results of the schedule impact study will be provided to the WBS
Managers and Division personnel by the PMO Cost and Schedule Department. These
targets are supported by the total funds available for FY93, but are in some areas
significantly lower than information currently in the PMB. The project plans for the fiscal
year need to be consistent with the funds available, therefore modifications will be required
to the schedule, the PMB, or the funding targets to fit within the funds available. Costs
%nxg Commitments should be planned to be equal for FY93 which is the same direction as in
92.

The Machine Leaders/Detector Project Managers have the responsibility to manage all
actions required to modify the project plans to be consistent with the fiscal year constraints.
As specified in the PMCS, FY93 budget allocations will be determined at the second-digit
WBS level. As a first step in this process, the Machine Leaders/Detector Project Managers
will define targets at the next lower level (three digit) WBS consistent with the attached list

of funding targets by two-digit WBS. In the case of WBS elements not associated directly

with a machine or detector, other individuals have been assigned to carry out this function
in the planning process. The attached table indicates the responsible WBS managers. After
establishing the targets at the three-digit WBS level, these individuals will then work with
the Divisional Cost Account Managers to allocate the target funds among the cost accounts
for each three-digit WBS. As noted above, this may lead to cost account allocations
different from (in general, less than) those currently in the PMB (COBRA). In some cases,
this may result in significant impact on the work planned for FY93. For each three-digit
WBS, the Divisions will provide to the Machine Leaders/Detector Project Managers a
staternent discussing the impact of the proposed target funding on the work planned for
FY93 and on the total project schedule for the activities associated with this part of the
WBS. The project will utilize the Estimate at Completion features of COBRA for the above
process. This process should be completed by November 11.

The resulting information will be analyzed and utilized by Project Management to alter
funding targets or uvpdate the project schedule (IPS) as necessary to satisfy the FY93
funding constraints with minimum impact on the project. Once a final set of funding
targets have been established, the information in the PMB for each work package may be
modified 1o form the baseline for performance measurement per the attached instructions.
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WBS DESCRIPTION WBS MANAGER
11 Management J. Rees/F. Gilman
21 LINAC W. Funk
22 LEB R. York
23 MEB R. Gerig
31 HEB D. Johnson
32 Collider R. Meinke
41 Global D. Gurd
51 Experimental Systems R&D F. Gilman
52 Detectors T. Kitk/G. Sanders
53 Experimental Systems Computing P. Leibold
54 Experimental Facilities/Support Facilities T. Kirk/G. Sanders <}
55 Experimental System Support R. Richardson
56 Test Beams J. McGill
57 PRD Project Coordinator F. Gilman
71 West Complex J. Clifton
72 El Complex R. Meinke
73 East Complex J. Clifton
74 Collider Infrastructure J. Clifton
75 Off-Site Infrastructure J. Clifton

Jndirects E. Siskin
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FY93 FUNDING TARGETS

PRELIMINARY - FOR PLANNING PURPOSES ONLY

FUNDING
($K)

DOE
Texas
Foreign

SSCPO
Contingency

1992 Carryover
FY93 Total Project

517,000
74,000

20,000
611,000

-18,000
=20.000
573,000

180,000
753,000




IPS COST TARGETS (By WBS)

PRELIMINARY - FOR PLANNING PURPOSES ONLY

21 22,000
22 20,000
23 38,5600
31 63,000
32 308,000
41 19,000
51 1,600
52 68,000
53 | 7,000
54 23,000
55 9,500
56 9,000
57 7,500
71 - 11,000
72 5,750
74 5.750
618,500
11 32,500
8 100.000
Total 751,000
130
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DIVISION TOTALS
($K)

IPS Co Request **

Accelerators 128,000 136,000
Magnets 218,000 236,000

Physics 95,000 100,000
Construction 179,000 188,000

Project Management 31,000 31,000
Indirects 100,000 140,000

TOTAL 751,000 831,000

*+ Based on Input From COBRA or Divisions
(Note - All Numbers in 93§)



FY93 Cost Plan

I
i DESCRIPTION wns ASD MSD PRD CCD| PMO Accel OTHER TOTAL COMMENTS
:Gcncric Pelector R&D 511 0 0 0 0 0 0 0
Detector, Subsys, R&D _ 512 0 0 1,424 0 0 0 1,424
ExpSys, R&D. Total 51 0 0 1,424 0 0 0 . 1,424
Detector I-SDC 521 0 0 33,561 0 0 0 33,561
Detegtor 1I-GEM 322 0 0 33,980 0 0 0 33,980
Other Deteciors 323 0 0 491 0 0 0 491
Detectors Total 8 0 o] 68,032 0 0 0 68,032
Administration 531 0 0 4,601 0 0 0 4,691
Off-Line Sys Devel, 532 0 0 2,392 0 0 0 2,392
On-Line Sys. Support 533 0 0 0 0 0 0 0
ExpSys Computing Total 53 0 0 7,083 o 0 0 7,083
Page 3
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FY93 Cost Plan
DESCRIPTION WEBS ASD MSD PRD CCD| PMO Accell OTHER| TOTAL COMMENTS

Exp, Facilities IR1 541 0 0 0 0 0 0 0 CCD Requires 23M
Exp. Fagilities IR4 542 0 0 0 0 [i 0 0

Exp. Facilities TR3 543 0 0 0 16,489 0 0 16,489

Exp. Pacilities IRS 544 0 0 0 6,569 0 0 6,569

Suppog(-__fiqgil_itit:& 545 0 0 0 0 0 0 0

Explac & Sppt Fae Total 84 0 0 0 23,058 0 0 23,058

Admin, Ung. Resources {531 0 0 1,400 0 0 0 1,400

Engingering Support ___]_332 0 0 7,680 0 0 0 7,680

Test Beam Insteum, Support | 353 0 0 129 0 0 0 129

SDC Sypport 554 0 0 140 0 0 0 140

GEM Support 555 0 0 140 0 0 0 140

Other Detector Support 356 0 0 0 0 0 0 0

Physics Support 357 1 0 0 0 0 0 0 0

ExpSys Support Total 5% 0 0 9,489 0 ] 0 9,489

MEB Proton Beam 561 1,653 0 0 0 121 0 1,774

‘Turgets & Target Hall 562 203 0 0 0 52 0 257

| Secondary Reams 563 1,243 0 413 0 59 0 1715 o
Calibration Hall 564 0 0 0 0 0 0 0

Tust Beam Conv. Const. 565 ¢ 0 0 5,467 0 0 5,467

‘Test Beams Total 56 3,101 0 413 5,467 232 0 9,213

PRD Project Coord 571 0 0 7,593 0 0 0 7,593

PRD Project Coord Total 57 0 0 7,593 0 0 0 7,593

Page 4
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Superconducting Super Collider Laboratory
2550 Beckleymeade Avenue, Mail Stop 2001
Dallas TX 75237-3946

(214) 708-9000

Fax: (214) 708-0006

Physics Research Division

Memorandum

To: T. Kirk, M. Gilchriese, George Trilling, G. Sanders, B. Barish,
and W. Willis ;

From: Fred Gﬂman%

Subject: Texas Funding of Research and Education Activities
Date: Ociober 23,1992

Lynn Bowers from the TNRLC staff called yesterday to inform me of the results of the

meeting of the Commission on October 21st with respect to their research and education
activities. This was the first meeting under the new chairman, Mr. Perry, and with Mr.
Williams, the new member also present.

Recall that with the SSC Fellowships (at a level of about $2M per year), 1990 activities in
research and education were $3.4M, rising to $11.7M in 1991. With the supplemental
R&D proposals this past spring 1992 activities came to $13.6M. At the meeting this past
Wednesday a target of $15M for 1993 was set. There was also informal discussion of
what should happen in succeeding years. Rather than the level funding in previous
planning, a peak level of about $25M in 1995 was projected, with a drop to zero in 1998.

cc: R. Schwitterz
V. Luth
H. Lynch
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GET

GEM FY93 PLANNING IN NEAR FUTURE

1. TNRLC proposals submitted.

2. Tentative list of endorsements of TNRLC proposals recommended by Webb and
Sanders will be discussed at GEM Executive Committee on Friday.

3. R&D/Engineering work plan and budget information have been provided by
subsystem leaders to Webb, Sanders and Harris. Discussion draft budget which
matches SSC IPS plan to be reviewed by Executive Committee Friday. Final SSC
budget not yet available, thus GEM discussion draft quite preliminary.

4. Expect final SSC budget by late November. Revised GEM budget will then be
reviewed by subsystem leaders, PM, Executive Committee, Spokesmen.

5. However, 40% to 50% of conservative budget now being released as funds to GEM
institutions. This release will keep work moving forward, but will not constrain final
FY93 budget if managed prudently. _ ,

6. TNRLC technical review in December. GEM endorsements solicited at that time,
following merit review. Full Commission meets in January, but they have not
downsized awards in past. Decisions in December, funds released starting January.
HOW DO WE COPE WITH THIS TIMESCALE?
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TDR

1. We have 10 weeks left to produce TDR.

2. Probably two weeks eaten by printing and production.

3. Each subsystem leader and chapter lead should now have a week-by-week
schedule of activities:

a. scope and outline

b, writing

-c. calculations and design

d. TBD list

e. draft release dates

f. review team identified

g. review periods defined

h. figures being selected and done now when possiblel

i. date for final version and production

j. plan for coordinating with overall document and cost/schedule, physics,
R&D/engineering/test beam, and overview books

TDR PLANNING MEETING
THURSDAY 1:00 - 2:00
ATTENDEES: BARISH, WILLIS, REARDON, STROYNOWSKI,
TAYLOR, MARX, BALTAY, MARLOW, SHAEVITZ,
MCFARLANE, HARRIS, YOST, FISCHER, SANDERS, DURDEN



LET

GEM MAGNET RFP RELEASE
ENABLED WEEK OF DECEMBER 7
BY SSCL MANAGEMENT

THIS IS A MAJOR MILESTONE!
KUDOS TO MAGNET GROUP (SSCL, LLNL, MITPFC),
GEM BUSINESS GROUP,
AND PETER KLEE, BOB JOHNSON, BILL FLICK
AND ABBI!

The FY92 magnet effort showed that with an investment of 20
FTE engineers and $5 million, GEM can bring a major subsystem
to readiness for industry involvement in the fabrication. This is
a model for the calorimeter and muon groups in FY93.
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FAST1 detector geometry
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Resolution of the Central Tracker
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G . dTROYNONSKs [SMV
Nov. 4,1992

MAGNET

?QOG&ESS SINCE (AT CoupRBRATION MEETING AT TVcsoN

-

- A’T 'EICSON 1 MODIFICATIONS OF GLosa. PA-QAMET ERS OF THE MAGNET

e [NCREASE OF RADIS

- o ADDITioN OF FORNARD RELD SHAPER
o FREE STANDING~ CENTRA- DETECYDR SvPPORT
e MOgiLE COILS

Since Then
- o CONCEPTUAL DESIGN HAS REeN COMPLETED

o TECHNICAL DESIGN REPORT (BASELINE )

wheLeTED (6/R9(32)
- o TECHNICRL DESIGN AND COST ESTIMATES HAVE

GEEN REVIEWED (AWD CoNFIRMED) BY SEVERAL
INDEPENDENT G—QovPs, PANELS AND ORGANIZ2ATIONS
- ® PROCUREMENT AND MANAGEMENT PLANS
HavE GEEN FORMULATED Awd APPROVED RBY DoE
* ENVIRAONMENTHAL ASSESSHMENT OF MAGNET FRINGE
FIELD (No SIGNIFICANT EFFECT) APPROVED BY DOE
» REQUEST Fol PeoPoSALS HAs REEN PRePaRED
AND  CoMMENTS FRoM INDUSTRY INCORPORATED
e DETAILED ASSEMBLY PLAV was REeN PREPARED
IN DRDER TO PROCEED WiTH THE DESIGN OF
SUVLPACE BUILDINGS AND FACILITIES
171



L AsT -3MONT'H : MAIN EMPHASIS ON DETAILED PLANNING
OF INDUSTRIAL COVTRACTS AND FURTHER

EXPLORDTION OF COMPONENTS UWHICH CAN BE
MANY FACTURED /PVRCHASED Ay Nartionht LABS .

P@&LEH : HE sveMission 0F RFP (Reavest Foa Profosies)
TO (NDVSTRY HAS BEEN SCHeDVLED FOR SePTEMSER
IT ups BEeN DELAYED BY RoY SCHWTTERS
PENDING ThE REVIEW (BY ED SiSkuN - $Sc PeojecT )
MANACER) 0F THE MAGNET TECHNI (AL ASPECTS AND
OF 1S MANAGE HENT -
THis REVIEW HAS NOW BREEN COMPLETED AWD A3
0F FRUDAM (AST WEEL HE ARE LD THAT
QPP 'S FPuRTHER DELAYED PEWDING PAC
RevieEWw OF GEM 18 DECEMBER. -

P> MAGNET PROCUREMENT HUNGES ON STATYS
OF CALOZAMETRY AND MUON SYSTEN DEsSieN
IT 1S 8TiLL PoSSIsLE <TO SATISFY OvepAll -

SCLHEDVLE
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'rECHmcm_ DES|eN ?ROMESS — IN MANY AENS

® DETAILED DESICN OF COLD MASS SuPPORT RobS

o (COMPRESSioN PADS FoR FFS-VACVUM VESSEL INTERFACE
™ AcCCountT Fol MOVEMENT AT PoweR~vf

® DETHRILED DESIGN 0F STIFFEMING RQUNCS oF TE VACUUM
VESSE L

* NEW (BEAS ON JoINT DESIGN

¢ DETAILED ASSEMBLY PLAw Fol BoTH HORI2ZONTAL AWND
VERTI Chri. ASSEMBLY

2D Peoeceat MODIFICATIONS

LONDUCYTOA NORK SHIFTEd FRoM "R¥D" 9
‘VEQRICATION' |
TeoPLe ARE CONFIDENT THAT CoNbUCTYE CAN 8€  WMAWFAGURED
¥ REQNIRED (EN@T™M AND K\TH  SVFPICIENT QUALITY ASSURANCE
CONDUCTO. FERCOLMANCE AND ao.m—s PERFOLMANCE NEFDS
™ 3e TESTED
~— HAILPIN TesT — 60w OF Convvue™@ AND A full -
SCALE 0INT ML € TESTED AT PULL CvRLENT
VSING STRING TEST WMAGNET CAVOSTATS
e MAMiN R AD CFFoaT SHIFTED MUARDS DEVELOPMENT -

OF “TOoLING  Fol Coib HINDING
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FFS / vacuum vessel interface L

preload wedge

vessel longeron .
ng shim stack

cylindrical bearing plates

FFS structure

(not to scale)

L1

outer vesse!

inner

muon sector support
vessel

 vessel/ FFS structure interface is preloaded with large
wedges, assuring contact at eight load points

JMB-20
10/52/92



31vd

WILHANI TAD —

A\

Jivd 3SvE

=

Gz

TR 7

—

22
'_£§§S§Sn

N

&

5

1708

T~ ___goy

LNINLSNIQY
390 3M

T6ITUBL -
1T NI

177

ped uoissaidwon



Document Control No. E21-000020.A

SCN No. B002.A

R

caraee

MR N S R A A R R A PR R R I ]

P R R N N N L LR L

“ue[j J00[] Surppng A[quiassy inog  7-9 a1y

5

R L e e N RN N R R R NS

Tt
£0079£2000P30 uu_uw
£00°102000P2

¥00Q TaNvd DNIONS
HOM 8t X IO OF

DNHEIONN

Comad

S P e s g
Dot M e

AR R A R A Y

Jd
& 5 SNOVL V30 wuuqco.—m
20 H0123130 noon
5 NOD
5 1
AAS
VIHY LHOJSHVHL ¥ -#U
OHMOVIS TvrALtvR ~ 2
g=mary ! WO V1S ddug Wy Sz EE T TiviE iR W7 SN G
- T - WOlLves oK
Cow [P L B 1
x5 g o '
o hpe Zx e .
=3 by =] vawr  SUEIL e !
&2k Ew] awmassy f 30 '
abkl Fa] wltamuowd gz i
=R g3 ; it
g% I =K "
[ " . '
HERH \\ ' “
001 OISE i - !
1 ]
i o " 4 far3ea
5 ¢ “ aesen N.lll.“
F3d yIuy o SJOMS '8 30VHO1S " esew 3 ¢
ge ssiv ¢ ATddA1S D0nER W00 4 ) 39vuoLs e -
e H1MON ' sm P RS T
s : 3NV 39040 ' WURID
]
! i
1

3NNDL S°F

iy T
i

j 553

b
o

P L R I e e I I I A ]

P Y L N T I N

R L R I I B R A BN I BB BN B R

[ S N N N A N A A R L IR I I OB B L

e e T R N E R R R A R E R R RN E R SR R

178

Page 26



Assemble the Half Coil

In the North Assembly Building high
bay;
1. Transport to NAB with straddle
lifter.
Lift to top of ass'y with crane
Make conductor joint
Boit bobbin flanges
Install voitage taps, strain
- gauges, etc.
(Repeat 12 times...)
Install cryogenic manifolds
Certity ready for assembly
Protect from weather
Lift with "heavy hauler”

Coil Form

abh N

L

14.40
vnetars

L

© N,

Conductor
Splice
=] ab ..
S PO
o i
[+
L+ ]
o
]
L+
o S ————————
. Q e —————-
. 2 2]
* o
. N Q .
goou% O it
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TWO TURN CICC HAIRPIN in IRON

Power Leads

CICC Lo Power Lead Joints

]
/— ILN2 Reservoir & Shield

Inter -Module Test Joint

T Dipole Cryostat
e

—T i
C
vl/l/ .
=
A0
RN
MU
Ah
| L
N - — —7
a
S
S
4
7

L 4K Shield

f Z”
Re—enlrant Supports

Magnet fron & CICC Hairpin

NOTE: 4K Circulating Lines : MIT—-PFC

Not Shown

9/20/92
RICIr




GEM MAGNET DATES

Magnet Subcontract Award
Conductor Subcontract Award
Test full scale SC joint
Built hairpin sample:
Strand (66 km)
Cable (120 m)
Pull into 60 m conduit
Sheath

Built test facility and
Assemble hairpin sample (60 m)

Test hairpin sample

Winding Building (South Assembly
Building) Ready

Shipping of the 1st piece
of the conductor

Winding of the 1st coil start
Shipping of the 24th piece
Assemble the 2 nd magnet half

Test and map magnet

182

March 12, 23
March 19, 93

February 1, 93

Dec 14, 92
Jan 27, 92
May 5, 93
March 30, 93
Oct. 4,93

Dec. 14, 93
February 8, 94

March 25, 94
April 12, 94
January 1, 96
June 6, 96

March 24, 97
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& THE PEB/MX TEAM
" = ARCHITECTS - ENGINEERS - CONSTRUCTION MANAGERS
Q
~

+,

-

CONVENTIONAL EXPERIMENTAL FACILITIES STATUS
GEM DETECTOR AT IR 5 SITE, EAST COMPLEX, SSC

Presentation at GEM Collaboration Meeting at BNL, Upton, New York
November 4, 1992

Presentation by Dale T. Moeller, IR § Design Manager, The PB/MK Team
. INTRODUCTION

« ORGANIZATION & WORK FLOW

« DESIGN PROCESS

« CONSTRUCTION PACKAGING & DESIGN CONCEPTS
SITE & INFRASTRUCTURE
SURFACE BUILDINGS

U/G HALL

» SCHEDULE

185

A JOINT VENTURE OF PARSONS BRINCKERHOFF AND MORRISON KNUDSEN
7220 South Westmoretand Road. Dallas. Texas 75237 = (214) 709-09G0 = FAX (214) 709-0014



GEM COLLABORATION

l

EXPERIMENTAL FACILITIES DEPARTMENT (EFD)
PHYSICS RESEARCH DIVISION (PRD)

CONVENTIONAL CONSTRUCTION DIVISION (CCD)

Y

THE PB/MK TEAM
A-E/CM
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EFD
PRD

GEM

PB/MK
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» DESIGN PROCESS

RECEIVE DESIGN REQUIREMENTS

TITLE I DESIGN (PRELIMINARY)

REPORT
DESIGN REVIEW
COST ESTIMATE
VALUE ENGINEERING (VE)

TITLE II DESIGN (FINAL IFB DOCUMENTS)

90% SUBMITTAL

DESIGN REVIEW

100% DESIGN

DESIGN BOARD

IFB

COST ESTIMATE
ADDENDUM PREPARATION

TITLE III (DESIGN SERVICES DURING CONSTRUCTION)
SHOP DRAWING REVIEW

DESIGN CHANGE NOTICES
RESPOND TO RFI's

188



4.1A
The Project

Notes:

1.

The variables can change within a
project but, by definition, a change
to one variable must resuwitin a
change to at least one other,

. laherent in the scope, the schedule

and the budget is the quality of
the services the client has con-
tracted for. A material change in
quality requirements will also
result in a raterial change to the
primary variables.

4.18
The Changed Project

An eniarged scope held to the same
schedule requires an enlarged budget,
i.a., a changed project.
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CONSTRUCTION PACKAGES

« ROADS AND SITE PREPARTION
-« HALL SHELLS

« HALL FINISHES

« UTILITY BUILDING

- +» OTHER BUILDINGS AND
INFRASTRUCTURE
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GEOLOGIC CONDITIONS

« TAYLOR MARL - A SOFT SHALE

« AUSTIN CHALK - A COMPETENT
- FOUNDATION MATERIAL
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-

_HALL DESIGN COMPONENTS

-« WALLS SUPPORTED BY TIEBACKS
« ROOF ON COLUMNS
« SHAFTS AND TUNNELS

201
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TIEBACKS

« DOUBLE PROTECTION AGAINST
CORROSION

« ALL PROOF TESTED
« TIEBACK TEST PROGRAM
« PRINCIPLES OF DESIGN
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Fig. 42
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Higgs Diseovery Signa tures
( View From The ToP)
§SC Goa| - Elucidate Origin of Electroweak

Symmetry Brea.kina- Mass Generation

Find the Higgs or Whatever takes its place

LEPI —>/m, ~606eV  LEPI - ~80GeV (706<V?)

. $SC  my = 80 - 800 GeV

H couP'es te mass (Studr Heavr Rl"'hdes)

m, (1.786eV) , m, (4.56eV), mw(co&V) » My (26:v)
- ”7( (14524 GeV) Zop couples most sfmg/)r

) The SSC és a f.‘of fac'z‘ar)_/ ) ::I:t

13 .2. t
.Z’=/o’em‘.s" 70’ J

s0% ¢ lyr /

- Concentrate on lop f/‘y.m.-s

Mass, Pecays ete. Other 2 (Rare or wusus/ deceys)
I " o t-Wb (x)?

A—
-t
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Higgs Froduction al the §S5C (Direct)

. -
L eas L 5i~>__8 - 3(__5_
W« 2. .

o= /oz«./ofé

Decax 180 €M, €80 GeY H-ZZ-» ¥ lep
130 S m, € 1BoGeV Ha22"—> 44

H-> W'W~  hard but important (nez2~LL>5)  ~
(’oaﬁrmﬁm!

m, = 80 -30 GeV Very Hard

Productionn = l()6 /ssc yr. !

H-> bb y H-+1"" dominate (large 546"&]“’“’?‘/9) )

(QO%) (8'/0)
Look for rare decay H-—= ¥ .
D (I B I g T T
Qm'ﬁ ."'w"' ’ .‘
7 |
Backaround g%y ~10 /yr A_ég_om t
J 1 resolution

After cuts ~ S s /4
(After cu ) sc;yza/ "gl‘-'geﬂ siyr (6enm)
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*10

) ] 1 i i | i | L 1 '

B0 100 120 140 160
2-30“ My, (GeV)
FIG. 6. Simulated mass distribution for 100 GeV Higgs
in detector with extraordinary resolution.

0 L i 1 i1 1 1 L ?

[-]1] 100 120 140
M,, (Gev) 18€

FIG. 5. Simulated mass distribution for 150 GeV Tliggs
m detector with extraordinary resclution.

 Ezbresrolirary Resofution

%: % + 0.5%
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From C. Barfer et'ef.
Snow maess /988

[} 1 1 f i 1 1 ] L 1 L

80 100 120 143 160
M,y (GeV)

FIG. 4. Simulated mass distribution for 100 GeV Higgs
in detector with excellent resolution.

*10

15F

14 |

12r

—

————
MR e

HO 100 120 ey 160
7.6¢
M, (GeV)

FIG. 5. Simulated mass distribution for 150 GeV Higgs
in detector with excellent resolution.

Excellent Resolullont
o ¥ )
E _ /107 + 7%

amstiopamelt
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Xher rare decays? H-» ¥Z-»¥0U"
(Freduce )

& 250/ssC yr myvi3oGeV
How well can GEM do ? 'y

(In general) Inferesfing sicjrml for spir O particles

H.,l!"'l!‘ alse about 250 /ssc yr (Preduceal )
(No e'e” events)

Backarounds ? a-’,u;z' Lrel-San ?

Goodd Exercises for GEM

Associalool fws Boduction

% > "’1 H ’% > "' H
W or

-+ ‘2
'j t ==/ t
N imd, or :E--_.ﬂ,. larﬁ!
3 t At

Expec't ~ |°s.f-£H N WtH /SSC'yr'
Beg SSC aa’mnl‘.’”c over LHc 214
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200 400 600 800 1000
Higgs Mass (GeV)
//{vs frodadc'oh Cross-sed_c‘on ot $SC
- /85C le > L= /0 7/15-, -
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From SPC
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2 & 3
‘uopjouay Bujgouvag sy

120 160 200

Higgs Mass (GCV)
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~ .q_

0.00! of ¢ pairs _fave a Aj{z’ys :/ 10"y /

¢ Wb Z 0.22 BR -+ 0% of all LEH
=ty have feplon Log

Oplions  hok for H+bb ~ 70% B8R | Skowld be
o YedD  ~ 3% 8R examered !
V2¥74 J-oxlo “BR
Horpp sxre?

( Perﬁaps V7Y & 4 ) Under Study

- WUV Studed by SOC

M) CEH > L XY 2%¥ delecled

- QCD corrections
go 42 ? orvbably ©
/100 39 /0 area/ -/3):7«:4”
R 120 39 /10 maeh ? ( 25-50%)

- Wiy ~ 2.5 /SSC)/r after cats

SDC claims 36 in one SSC yr (%o Pessemistic)

GEM should oo batber (5o for mys806eV)
F. Page.

Bachgroend = Severts fyr (M bkitestd.N-)

e*
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; gm {t‘ 2 2 l! (&cﬁyalad) _
try EH //"/I;H- or LY (tow éac/f'Jmad;'

( //cc‘jﬁ V4 ame’ﬂa.s‘it‘y ) fff_’ 2% ? )}

Heavy /%vs Ry 3 200 GeV

10? EEH Vssc yr —~ WWE VW 740°4e
N'N.‘[ zZ2Z Jx/v"/yr .

Con You Finad 10 WW W W everts Qr e

#hter you discover the Higgs you will went 4o stuty &

Corelysionn: LE€EX window %o origin of mass
Xz H or ot‘éer) H> BV, pu, F7 ¢ 0

Start ‘/ a’ocg 8{0/2 sludies (L2 "'/o ° ol Zurn- on)

— /033 /o"?

7op (¢ frof &”ﬂ ,/

Should be ira//y exp/oc't.’ed -
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Associated /Vc'zzs Froduction at the §9C

PP - LEH X

¢
pat
t

( &. Marciono » F. /&ge)

~» Aa':-/o! z‘[ﬁ’éyr at $8C

“-» Nb

£

drepu iselated fepton Tay

Search tor rare a’eca/s A+»dY (B8R ~to? cnlermed. lws)

Eac/tyramd:

f’?” (6e V)

fo

Qo
/00
/1o
/20
/3e
/Yo
/So

o2 22X, tTX ,¢T  sdher ¥ o docays

Scynal LEH2YVY L

/7
/8
/9
/8
17
/5
/2
8

Lovered éy GEN i /SSC yr.

wrer¥

(A Whide thle P2 Thesis + &). Marciano )

Real 5L &cbmm’
2/5% Rese/utbion

8

9

9
s
4
7

7
é

%rA'z‘/g on olker /e«/s A/-'/;u', J;, Yt
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~ GEM CALORIMETER

x E.M.  PERFORMANCE

x ENHANCE Po/NTIN &
Aanp TN REJTECTION

¥ HADRONIC
CALORIMETER
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5x§ towery
0 - ddiyiminotor OUdf“—f davedaal
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E =206%Y
] J

l ] | ! _* '

10 2L E
E «— 0=280% 30ps ]

o |
| ﬁﬁﬁ %%% ? |
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Counts/.08 ns
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-%ﬁNNNTHVG 00D

ENOUGH IN ANY
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CONFUSI0N
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LN =A 9,2’_11 -
Vl o Wp = 0.026

| +20 towers in RBawra |

2% F938 fovess in Gadcaps
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Theta resciution (mRad)

N
o

i
8}

—
(o]

-
i-N

12

10

4
o 004 008 012 0.16

Pointing resolulion, 90 deg, R=75cm

fllll1lll|lllfl7ll_l—liilliill!l‘lf']lllllllrilll_il

lll!]tLIi/ll]lllll|llIIIIII!III!II!Ill_lllilll

0.2 024 028 032 0.36
1 /sqri(E)
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THETA strips

pi-zero acceptance at 90% gamma acceptance (efficiency)
for E, = 25 GeV (only lateral energy distribution used)
inner cryostat radius at 95 cm |

s 3¢ % o e sk e A ok ok vk ok e o ok e ok o % ke ke ok gk Y g ol dle v e e g ke e e g s o d e e vk Ik o Yk ok ok e Sk Ok ok e 3K e o ok ok ok ok ok

Strip Noise Strip
width sigma length 25 GeV, 90 deg 35 GeV, 45 deg

mm MeV cm

'**************************************************************

5.0 0 8.6 122% 24%
5.0 3 8.6 23% 24%
5.0 0 5.8 28% 24%
2.5 0 8.6 20%
2.5 3 8.6 24%

2% e Y e ok K T e e e e ke de e ok e ok ek o ok e ke Sk vk ke sk gk ok ke vk vk ke ok e vk dle ok ke ok ok vk vk vk dke ke ok gk ke ke 3k ok ok ok e ik ok o e ek ke ok

* ‘Uncorrelated Gaussian noise was added to each strip signal
* % 200 - 500 events per run |
*x% gStrip width = tower width divided by 6 (or 12)
Tower width -» 0.02618 rapidity units at the radius of the
middle of 3-d stack (114 cm) = 2w
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Pi0 Rejection, Gammma acceplance=0.9, theta=90, R=75cm
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THE GEM SPOKESMEN

WE. DeEcIDE FOR A HYBRID
CALORIMETER:
1. To REDUCE THE s|ZE OF

THE LARGE CRYOSTAT
REQUIRED FOR 12 ) INTEGRATEP

2. To GINE A CHANCE FOR
THE MoST FAVORABLE E.M.

A HYBRID INVOLVES COMPROMISE

/"D
&R
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. AS
R







238 \



Z2ONDS TOANG T C SR Sy

o5y
rior
oty )
wﬂnaoa .,..
t1zz ——
L pee—
b ves ] o
gat - vos wdt bl | N R . ””H
.ﬁleh _ = 03” -ﬂl Fl-l.l!ﬂl“l. I p— T—ﬁar ﬁﬁ ﬁ‘ M
= i T
1 === | : 1T [
_Ilaaul.. = n3 %
w [{®]] <l . IE
f F.

239

AR R S R T T T T T T Y







LS. o TreN
At s e o

¥
' B

g 0 e O S AN e s e




Preliminary Hybrid Concept EM + 4 Lambda

¢be

SIthq:por\snndiaedihmbcaﬁon
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* Only 1 em. Proixably ot ahaugh space,
-~ Onytom anmnialynoluﬁugh spaca jor racker and calorimelar cabiing,
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Tracker Maintenance - 1 Piece ort Tube Calorimeter

Tracker access is similar with each cabling and piping option:

1. With Option 1, the roll transfer cradle will fnclude provisions for supporting the cabling and piping while
accessing the tracker.

2. With Option 2, all cabling and utilities must be dlsconnected

Option 2 ptlon : &
N Piping disconnected .
= from Endcap | iping integral with Fb"“”*

i " Endcan J ﬂS‘,lo"iﬂlh.

e Wl —ome




SCINTILATION
CALORIME TER

- PROTECTIVE TOWERS

-—-P.MT s AT ENDS 27 :
~ TILES + FIBERS

— LONGITUDINAL F/ BERs/
BARS ~--. TPC, READOUr .-
FRoM ENDS /N b, 5w B/NS

= FEWER PFHIT s OR i
MDRE SPACE Po/N7TS

—~ WANT TO Spor M MONS?

-
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Presentation by:
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: @002
00/16/92  09:33 TCLT 253 1758 LNS/CSC GROUP _

Chambers to be delivered to TT R

Technology Chamber size ' TTR delivery date
® & PDT-JINR 1mx4mzx 8 layers 7/28/92 (delivered)
e ¥ PDT-MSU 1.3m x 3.8 m x 4 layers 9/11/92 S/>e
® v LSDT 1mx4m x4 layers 9/20/92 /23

¢ REC Jmx2mx 2 layers 9/20/92  9/30

CSC-BU 05mx 0.6 mx3x 2 layers 9/16/92 -
® v CSC-BNL 0.6 m x 0.6 m x 2x4 layers 9115192 mfas

CSC-BNL I1mx 1.8 m«x4layers = cese-s aee 0
¢ v CSC-UH CSmx1mzx3layers 9/15/92 .9//f’
o ¥ CSC-INR 1.1m x 1.5 m x 2 layers 9/28/92  + ,‘0/2,

+ Barrel Issues:

L. Which is the more atrractive drift tachnology - PDT or LSDT ?
2. Will the RPCs perform in terms of jitter, background sensitivity ?
3. In case RPCs are not accepted.':is there an Ealter.natima trigger ?

4, Will the CSCs perform in barmel in te;?ri-ns:‘of_: alignment, costs ?

FEg

« Endcap Issues:

1. Will the CSCs perform in terms of resolutions, background, costs ?

251



TIR  Tarocer + S¢i . counters

82/11/03 11.12
L c 13107
L Entries 52675
i Mean .6349
RMS 17.59
4000 | | Y 9.283
[ | | Constant 3807. % 25.98
Mean 5848 £ 238BE-01
i ‘ Sigma 4239+ .2373E-01
3500
3000 P~
2500 |-
2000 |-
1500
1000
3 §
L | }
500 ‘ ; '
b= **
L 4
s ,
i -o“" "‘»
™ -"’“"’ “vlﬁ.._ -
0 hamh -—-—wﬂf—fﬁ ol e e g ey b 1'0': L all o e e oy T ey v ——
-104 ~80 -60 -40 =20 0 20 40 &0 80 100
X -residuc!s in plane 1 '

259 6=9.’,w [”3”?5).
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2000

1780

1500

1260

1000

730

500

250

92/11/03 11.13

hit prefiie for plane 1

o 13103
- Entries 259885
i Meon 231.4
- RMS | 147.9
F
.
-

¥
=
L
o
1 | I_ [ [ | 3 1 ;I l 1 ! L 1 l L i L 1 l tad

0 100 200 300 400 500. 600

2903
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Fils Technologies Sst Event Fit

254

Tue Nov 3 10:16:12 1932
Run 533

Event 108

Tho Oct 16 17:47:35 1932




 File Fit

2090

Event. Number 108

Residual = -0,006 mm

. Residual = ~0,099 nn

Residual = 0.210 mm

Residual = -0.105 mm

Chi squared = 6,507




Mn/alq9

LSDT Status
C Prq,(imlv\an’ l"esuH:s -cfom TTR)
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6=79/uw

LSDT @ TT\"\,

.
.

3200

2800

2400

2000

1600

1200

80O

400

[=]

92/10/28 23.21

LSOT 1it residuals, mm

run0626
[ D 16
- Entries 35920
n Meon  —,134BE-01
[ _RMS A3 : .
o X 4878 -
- Constonl 3059, + 18.71
N Meson  -.5867E-024 .3276E-03
E__ Sigma 7B870E-01 £ .2034E-03
I
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LSDT @ TTR
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Resolution (o),
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STATUS OF DUBNA PDT PROTOTYPE
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Ar C,H,(50/50)
PROP. MODE
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UA kV
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V. YorycHrow Ao s €
BNL & Nev, ’92.

Proportional Chambers with Segmented Cathodes
CSC

Segmentation in strips (pads) of varying lengths:
e Width 0.5 cm to achieve = 50 — 75um resolution.

¢ Length 20-300 cm.
o Integration time 300-300 ns to keep rms noise to &=1500 electrons.

These chambers allow:
¢ Flexibility of segmentation for rapidly varying rates at high 7.
¢ One device used for :
¢ Precision measurement (momentum)
¢ Z-coordinate (R in endcaps)
e Level 1 Trigger
¢ Bunch crossing assignment

¢ Insensitivity to variations in gas gain, ambient pressure, temper-

ature, electric and magnetic field, etc.
¢ Low current proportional mode, No aging effects

¢ Easy, straightforward alignment.
e Alignment verification in situ

Emphasis on Readout. Has to be:

¢ simple
¢ affordable
¢ highly integrated
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Institutions involved in CSC R&D

Beijing Institute for High Energy Physics
Boston University
Brookhaven National Laboratory
Draper Laboratory
Hofei University
Institute for Theoretical and Experimental Physics, Moscow
Joint Institute for Nuclear Research, Dubna
Minsk Institute for Nuclear Problems
Oak Ridge National Laboratory
Princeton University

St Petersburg Nuclear Physics Institute

SSC Laboratory
State University of New York at Stony Brook
Tsinghua University

University of Houston
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R&D Activities:

PN SR W

Prototype Development and Tests
Chamber Performance Simulations
Studies and choice of operating Gas
Electronics Develpment

Alignment

Neutron Sensitivity Studies

System Performance

System Layout and Engineering
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Prototype Development

e BU Prototype (0.5x0.5m2) undergoing tests in RDS5,
CERN

o Houston (1x0.5m?-Iarocci tubes) being tested at TTR

e Dubna prototype(1x1.5m?) being tested at the TTR

e BNL prototype (0.5x0.5m?) taking data at the TTR

e BNL,BU,ORNL,PNPI,SB large prototype being con-
structed. Expected to be delivered at the TTR later
this month. |
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Chamber Performance Simulations

Detailed Monte Carlo developed to study/optimize design. It
takes into account: |

¢ Electronic Noise contribution

¢ Channel-to-channel intercalibration

¢ Diffusion of the Electrons

¢ Range of é-electrons

e Lorentz effect

¢ Differential nonlinearity

¢ The effect of anode wires that are not at right angles

wrt cathode strips.
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Spatial resolution for either track [microns]
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Gas Requirements
¢ High Drift Velocity
¢ Low (< 8°) Lorentz angle

¢ Nonflammable, nontoxic

20%CF4, 30%Ar, 50%CO9 current choice.

All chambers being tested with min. ionizing particles op-

erate with gas that could be used in GEM.
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Drift velocity
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Lorentz angle
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Electronics Development

¢ Prototypes fully instrumented. Small prototype at the
SSC/TTR has 1/4 of channels of largest module. Full
size prototype will have as many channels as the actual
experiment modules.

e Compact, high performance readout using existing ICs
implemented.

¢ Monolithic Developments at BNL, Minsk, PNPI, Prince-
ton under way for the production version. For some

IC’s prototypes already fabricated.
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Pulseheight after calibration
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Alignment

e Internal Chamber Alignment is integral to the cath-
odes. Externally visible alignment marks etched along
with strips with photolithography.

e CSCs have minimum number of alignment transfers.

o X-ray diagnostic techniques can be used to verify strip

position in situ (work in progress at PNPI, BNL).
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Deviation from nominal [inches]
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Number of measurements
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Neutron Studies
Boston U. studies at MIT Cf source along with the other

Technologies. Results reported at several Muon Meetings).
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LIMITED STREAMER DRIFT TUBES FOR THE
GEM MUON SYSTEM

LSDT R & D Group

R. Sumner

LeCroy Corp., Chestnut Ridge, NY

R. McNeil, W. Metcalf

Louisiane State Univ., Baton Rouge, LA

W. Busza, H. W. Kendall, A. Korytov, J. Kelsey, L. S. Osborne,
L. Rosenson, F. E. Taylor, R. Verdier, B. Wadsworth

Massachusetts Institute of Technology
Caembridge, MA

We expect that whatever technologies are chosen most of the present GEM muon group
will coalesce around the chosen one(s). Many groups here who have expressed a definite

interest in pursuing LSDT’s were they selected. Among them:

Joint Institute for Nuclear Research, Dubna, Russia
Institute of High Energy Physics, Beijing, P. R. China
Superconducting Super Collider Lab, Dallas, Texas

University of Houston, Houston, Texas

1
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Serendipity
For LSDT

Streamer Mode

J

Measuring accuracy; 50 to 100 um

+

Modern Machine Tools
Typical accuracies; 2/10,000” = 5 ym

Accurate Wire Placement
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| (Gases Considered

Argon(A), Isobutane(IB) Safety!!
A(few %),IB(10 %), CO,
A(few %),IB(].O%),COQ,CF4

IB(<10%)-non-flammable
CO5-ohmic,slow,cool
CF4-flat,fast
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Merits of Streamer-Drift System

. Preservatjvonx @f;"%ecfa,st rise t%wlse trans-

mission. |

Open structure for laying down wires-allows
multiple wire placement and placement check-
ing for ease of construction.

Precision wire positioning.

Minimum scattering material.

No restriction on chamber length.

Parts and assembly amenable to mass produc-
tion. |

Stiffness in the final chamber to minimize sup-
port points.

Single wire resolution of ~100um.

Qne tube per one wire minimizes efficiency loss

in wire breakage. v
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Streamer Pulse

Fast: 10 nsec rise time

Large: ~ 100 mv
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Table X.1: Resolution® and Tau for Drift Readout in 2.5 cm. cells

A-IB A-IB-CO; | CO3~CF(~IB | CO, - CF, - IB
25-95-88 20-69-11 40-50-10

Gas— 2% - 75
1. is. So l 4 Tanasx a Tenax a Toaax -4 Taxu
lonu urce | | (um) _(_""‘C) (um) (nsec)_ (pm) {nsec) | (um) | (nsec)
Lasex-no mag. field .| . 353 260 | 85 830 | 70| 20| . 70 460
Y >ae| eo| 83| 15|, s =¥ T ] -

CPESCORS 8 Laatan
B ¥

10.5 TeV Muons . -, ;
- O = oK - N -+‘:; 1

-

Caver mag feld08T) ] " 877 7 '
S o

"l Averaged over all grift fimes . - Lo .
,‘ \ . '!..‘;-?.';. K - - .: i -L—V..._... e . . T ’ A ‘ -
o -

Table X.2: 'Res'_oluti'pn‘ for Pick-up Strip Readout ( 1.0 cm. strip;)]

GasAmpl.Mode ~ | Proportional Limited Streamer i -
loniz Source | ~

Laser 45 um 100 um ]
05TeV Muons 85 um

* Averaged over ali onization positions

. -
- .
. -
- - -
B
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Worries Over Cathode Strips

1.) Measurmg to 100 um with 1 cm qtrlp reqmrm

a 1% measurement. -
a.) Superb amplifiers though mass produced

b.) Very accuratly made strips. |

2.) Thermal noise requires long (~ 1 usec integrat-
ing times. | |

3.) Thermal noise places upper limits on the size of
the strips and, therefore the chambers.
a.) Needs many small chambers .-
b.) Large number of electronics channels.

4.) Man made noise will be present to some extent;
this will not be known quantitatively until turn
on day.
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CF4+Coz+C4H o = 69+20+11!

—1

- Y ——r

® .05, 2., .005
= 05, 4, .010

© .10, 4, .010

R

ao
o
SR S—
v
3! ;
& !
v ! i
( ¢ b : 1
! ¢ ¢
r : L ] L ¢
t ¢ 1 v
o i L N
e — —- } |
10 100 !
Momentum (F), Gev/c |
s
Fig.A.IV.8 ‘ |

326 i



\

Vo

50

47

46



iPRINTED CIRCUIT CARD REF

—

/
7
R4
~ _%_

uhal¥

&

328

W

IRE



-

Lo.yer
3|
#2
# 5
#4

SISmaQum)

79
g3

78
75

Zbispla.cemen‘t Crun)

400
350

2}‘

== [] 1K

= Enisian A

- M - -03

- nes R |

E ey Ma

E oy wre

E 1808

E Covamam. WO -
- ean - JOOAC-ATR IO
- Sgew TOIME-lg ITIOC-8
E

il

-

=

-

Tt S B

Lk
o
o

-C.4

Q.4 0.8

LSOT fit residuc!s (Loyer 1), mm

l‘llllll"[TlllIllll'lIllllll!ll‘llll'l

b
-
L
t
-

113

T
] v
w—— T
na 1701
oy 0
Y 200

pre)

r

Conmtoml b TF e

W D013 TR0
Tk -2 JaTa-g2

<k
o
=

LSDT fit residuais (Layer 3), mm

run0626

360
320
280
240
200
160
120
80
40
0

400
350
30C
250
200
150
100

50

JEIN P

s L .

[ 112
Toariem L]
e - TIRN-G2
nE i
wnw 183.0

184.0
Fd .z
Comtatet AT [ ]
Mo~ 10KMA02 % L113GE-0C
Sqgew  DENE-0 & .1OMBE 00

~-0.8

-0.4

0 0.4

LSDT fit residuc!s (Loyer 2, mm

0.8

-0.8

-0.4

il

L ] 11s

Emrie 4256

bean - 1240C-C1
L3 RE

| uorLe 208.0
onw

1.0

F'd 2364

Comptont T 1.4t

e - 10AX-J1 2 Z13E-02
TR 4 VaTSE-02

|I!I‘h|-—i._JJA;:

I

c 0.4

LSDT fit residucis (Lever 4}, mm

0.8

329



92/10/28 232

~
z5

run(626
F D 16
L Entries 35920
3200 g Mean —.1348E-01
- AS~79 RMS 1713
2800 ’ e 4.978
- Constant 3058, + 18.71
C Meon —.5867E-02+ .3276E-03
zn0 b Sigma  .7870E-01% .2034E-03
2000 |
1600 E
200
s
800 E
400
0 E L —-i—-'!—r_] i ] b l i i L 1 I 1 4 I L ' L K ——[ — ! b
-1 -0.8 -0.6 ~0.4 -0.2 0 0.2 0.4 0.5 0.8 1

LSODT fit residugis, mm

330



What are we waiting for?

LSDT have:

1.) Baseline accuracy (CF4 yet to be measured)
2.) Triggering ability

3.) r¢ - z measurement

Documented drawings

Documented costs

Exportability

Conservatism-e.g. less susceptible to noise

>

So o
‘-._/\:._/\-__/\-._./

What more do you want?

Usable at small angles? One technology?
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WIRE CHAMBER AGEING WITH CFUISOBUTANE
AND ARGON/ETHANE MIXTURES

. Henderson™, R Openshiaw, W. Faszer, M. Salommon G Salomons and G. Sheffer

TIUUM], 4004 Weshrook \all Vascauver, B.C, Canada VBT 2A3
+ Also asgociated with University of Melbourne, Australia
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(mivture is an excellent candidate for small high Hiux chambers. We belicve

this remarkable hardin-ss is ]ikc‘f‘ related to the cheinizal activity and »nd
ca! sravenging ability of flourioe

wactions on Nudear Science. Vol. 38, No. t, February 1989
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Joss in Se-nﬂb'wty < 5%
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RESISTIVE PLATE CHAMBER
TECHNOLOGY REVIEW

November 4, 1992

M. Widgoff
Brown University
E. D. Alyea
Indiana University
E. Abies, R. Bionta, M. Haro, D. Makowiecki, G. J. Mauger, M.Mcltm
K. Miller, P. Ramsey, C. R. Waent*
Lawrence Livermore National Laborasory

D. Chen, E. S. Hafen, P. Haridas, M. Lee, L A. Pless*. S. Yumes
Massachusetts Institote of Technology

R. Santonico
University ot' Rome and Instituto Nazionale di Fisica Nucleare

S. Bemmidge, W. Bugg, P. Y.C.Du
University of Tennessee

*Co-spokesmen

337



gee

'* Resistive Plate Counter Design

M,

« Resistive Plate Chambers (RPCs) have been in operation in experiments
throughout the world since 1981. .

» The current standard (Italian) design is two meters long by one meter wide
with a sensitive gas gap of 2 millimeters.

» There are no wires or conductors anywhere in the sensitive region.

» The walls of the chamber - in contact with the gas of the sensitive volume -
consists of a semi-conductor (Bakelite, for example) with a bulk resistance
of about 10**11 ohm-centimeters.

» An ioniz ing particle passing through the sensitive volume (2m x 1 m x 2 mm)
breaks down the gap and ¢reates an electrical discharge.

e This discharéc ‘is vcry- fastf"(,a few nanoseconds).

» The dlschargeu capacmvtly coupled 1o pick-up str:ps which are located outside
the semiconductor walls ef the gas cell.



6E8¢

% "@wwm@@@ﬂ@w

» Hundreds of these chambers have been produced and are operating in
experiments all over the world.

* A set of these chambers have operated at Frascati for 7 years.
» Such chambers are currently being used in E-771 at Fermilab.

+ Recently L3 at CERN has ordered 400 of these chambers from
General Technica, Colli, Italy, a company that is a commercial
supplier of RPCs .

« Not a new technology, but rather a mature technology which is well
understood and for which the manufacturing technology has already
been trmfmed to mdusu'y |

v el ~

e
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| % Resietive Plute Counter Technology Review

 In November 1991, the RPC Collaboration submitted its R&D program for
the GEM Muon Beam Tagging Trigger and Z-coordinate Measuring System
using Resistive Plate Counters,

 Properties of RPCs that have been measured include:

» Pulse rise-time jitter

o

X ¢ Maximum counting rate
« Efficiency |
« Lifetime
* Noise

« Response to mtrons and gammas
e A number of RPC prototy‘p'es'havc been fabricated using new materials:
» Glasses ' o

o Cermets e A
« Plastics - ... Tor

BEEAT
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* Wm Phote Counter Technology Review

* Results fram the RPC R&D program:

* Pulse rise-time jitter measured on 1m x 2 m Italian RPC - 1.4 ns
* Pulse rise-time -2.5 ns
* Pulse width - 50 ns
* Pulse height - 200-500 mV into 50 ohms without amplification.
« Saturated counting rate -
* Glasses - 50-75 Hz/cm”2
» Bakelite - 560 Hz/cmA2
* Static-dispersive plastics - 15 KHz/cmA2
» Efficiency — 95% using cosmic ray scintillator telescope.
+ Lifetime — 1% decrease in efficiency measured for 8.2 SSC years exposure.
« Noise — 10 x cosmic rays.
e Neutron sensmvny (1-10 MeV) - 4.8 x 107-3, same as other technologies.
« Photon sensmvny (1 10 McV) 6.6 x 1073,

. Concluswns

* The R&D program has successfuﬂy addressed the major concerns of RPC
countmg rate, agmg/hfcnme, neutron sensitivity, and noise.
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Materials Test Detector |
Mitech-411 - o
piastic 1 micron gold coating
0.90 mm f 6x6cm
T I
+ HV
Output <}
| N 2 mm quartz
. o spacer
f e Gas Box

f 4% Freon 1381 .
38% lsobutane -+’
Balance: Argon
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RPC Candidate Material
Mato;lal Thickness Bulk T Arc -
. “(em) | Resistivity (Qcm) | Resistivity (Qcm?)
MIT misror 300 5.0 x 1012  1.5x1012
750 micron mirror 066 4.9 x1012 3.23 x 101
Kodak projectot glass |  .123 6.42 x 1011 7.89 x 1010
halian RPC | 200 1.0x 10" 2% 1010
Bakelite =~ 161 4.5 x 10° 724 x10°
ABSTAT-M310 072 5.78 x 10° 4.16 x 108
ABSTAT-M310 .060 5.78 x 10° 3.47 x 108
Mitech-410 .090 203x10° 1.83x108
Mitech—410 [c 030 2.03 x 109 6.19 x 107
Coming021tglass | 056 8.7 x107 3.75 x 10
Boron . .. - | ..000L_] 1x10° 1x102

AICICA- 1 A/
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* Rsolethve Pinls Chamber Teshnology Review

+ Results since October 6, 1992:
« We have built 3 RPCs from low resistivity ABS plastics:

— Two 51 cm x 51 cm (0.25 square meters each).
—~ One 76 cm x 127 cm (0.96 square meters).

« Measurements have been made on efficiency, noise rate, rate capability, jitter.

» Noise - 20 Hz/cm**2 -

+ Pulse Height - 200-500 mV

« Plateau > 800 Vwide (measured with two-fold cosmic ray coincidence)
 Rate capability - 10-20 KHz/cm**2 (measured with 36 cm**2 RPC)

« Jitter - less than 5 ns (mcasurcd with 36 cm**2 RPC)

« Single laycr 1 m"2 RPC wexghs 0.4 g/cm**2 (4.1 kg) |
. Ar/COZlnsobutane/freon and C02/CF4 gas mixes tested in RPCs.
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Presentation by:

Frank Taylor
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Frank Taylor 11/4/92

Muon System Technology
Choice

« R&D Program for FY92

R&D program for FY92 focused on building a number of prototypes
of several technologies to determine properties and assess
applicability for GEM Muon System.

Baseline 1:

Barrel Endcaps
L-1 Triggering: RPC CSC
Tracking: PDT or LSDT CsC

+ Oct. 6-7 Technology Review Meeting:
Intended to define the TDR baseline (Baseline 2)
-proponent reports (C3C , ASDT Pb'r, RPCJ
-independent engineering assessment { R. Sawict: 2t of.)
-outside reviewers (Branson, Fabjan, Foley, (Nygren))

But at that time not all of the prototype chambers had been
delivered to the TTR and there was little performance data.
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Issues Listed for Oct. 6-7 Meeting

e Barrel Issues:

1. Which is the more attractive drift technology - PDT or LSDT ?

2. Will the RPCs perform in terms of jitter, background sensitivity, and
longevity ?

3. In case RPCs are not accepted, is there an alternative trigger for the
drift option 7

4, Will the CSCs perform in barrel in terms of resolution, alignment,
and costs ?7

e Endcap Issues:

1.  Will the CSCs perform in terms of resolutions, background, and
costs 7

2.  Are there any alternatives to the CSCs in the Endcaps ?
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Baseline 1 Resolutions

Cathode Strips:

Configuration (SL1:SL2:S13)

Single layer resolution
Alignment (internal random)

Alignment (external SL-to-SL)

Drift:

Configuration (SL1:SL2:S13)
Single layer resolution
Alignment (internal random)

Alignment (external SL-to-SL)
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8:4:4

8:8:4 forward angles
75 ym RMS
50 ym RMS

25 pym RMS

8:8:4
100 ym RMS
50 pm RMS

25 ym RMS



Muon Chambers at the TTR

Asof 11/3/92

Technology

Chamber size

TTR delivery date

PDT-JINR
PDT-MSU
LSDT

1SDT

RPC
CSC-BU
CSC-BU
CSC-BNL
CSC-BNL
CSC-UH

CSC-JINR

1 m x4 mx 8 layers
1.3 m x 3.8 m x 4 layers
1 mx4mx4layers

1m x4 mx4 layers

1 mx2mx2 layers

0.5mx0.6mx3x2layers

0.5mx 0.6 mx3x2layers

0.6 m x 0.6 m x 2x4 layers
1 mx 1.8 mx4layers
0.5 mx 1 mx 3 layers

1.1 m x 1.5 m x 2 layers

7/28/92 (delivered)
9/29/92 (delivered)
9/22/92 (delivered)

10/23/92 (delivered)
10/28/92 (sent back)

9/29/92 (delivered)

RD5-CERN (delivered)

10/20/92 (delivered)

9/92 (delivered)
10/10/92 (delivered)

eore detallg Leon G. Mmitselive e
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Result of Oct. 6-7 Meeting:

« Attempted to rate drift technologies in barrel:
-LSDT with stand-alone trigger (without RPC) seemed
attractive.

.'."::::howcvcr::::

-PDT (actually operated in limited streamer mode at 1 ATM.)
would have essentially the same operation properties.

-RPC low resistivity plastic looks attractive (high rate possible).

» CSC was not rated for barrel application (no performance data was
available.)

« A number of questions were identified:
-showering from material inside the chambers
-acceptance coverage
-location of alignment paths and affect on acceptance

-comparative costs of chamber construction and electronics

Present Situation:

Examples of all chamber technologies have been delivered and
tested at the TTR.

Cost comparisons have been refined.

Performance data available from all technologies.
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For today:

o Summary of TTR reselts Mitselnakher

o c?es:ript‘-ch of each techne\:’y

CS<C Polychvonakss
L SDT Osborre

FDT Brombgrg

RpC.  Weest

o discassion of presfcons of €ath technelogy
Marf -~ convener
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GEM

Tracker
Statvs
Report

Jim Brou

Nevember 4,1992
BNL Mecting
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Review Tracker Parameters -

PropOSa‘ ""0 Increase. R«diu: -
(7S cm=2~100cm)

Chotce Of Stlicon Mitros‘friPLen"'i
( |1} centimekrs ?)

Taiwanese Eﬂg‘merina

-w
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Outer Radius 70 cm

Length +150 cm
Rapidity Coverage |17| <25
Magnetic Field 0.8T
Occupancy
at £ = 1038¢em—2sec™! <1%
at £ = 10%cm—2sec1 <10%
Charge separation at 95% C.L. P <400 GeV/c

Momentum Resolution at 90°
at high momenta
(measurements limited) Ap/ p2 ~ m ® 3) X 10‘3(GeV/ C)—1

at low momenta

(multiple scattering limited) Ap/p ~® 4%
Vertex Resolution
along beam direction 6z ~1mm
impact parameter 6b ~ 30um

above 10 GeV/c

Design Parameters for the Central Tracker
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. Silices Waler n Parameters

kness pm 2 13 pm
Mumber of strips 0
Strip piich 30 pm
Number of readouts 640
Readoul pilch 50 pm
Substrate a type high resistivity silicon, 4 - $ kN2
C (interstrip 5 x C(backplane) « C < 1.5 pficm
C (coupliag) > 10 2 C(interstrip)
Depletion veltage ~ }60 volis max. prior 0 imadiation
140 volis max. afier 3 MRads of irradiatios
Breakdowa voltage 150 volts min. prior to irradistion
180 volis min. afler 5 MRads of irradiatios
Leskage/strip 10 sA mazx. prior to irmdistiona
90% strips £ 2 aA prior to irradiation
Leakage/Wafer 33 A max. pror o inradiation
{(assume 90% @ 20A + 7% @ 10 0A + 3% @ 100 8A
Metalizstion Aluminum
Radiation Hasrdness 5 x 1013 ncutronskm?; S Mrad
Steip fauhis/waler Maximum of 3% of the strips (19 strips) due to a
combinstion of capacitive couwpling fawlts or
P-N junction favlts. No more thaa 3 faulty
sirips in 10 adjaceat strips. '

Source: K. Morgaa/R. Barber
Updated: 6/25/92
Page 9-10 6/21/912
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em

A Re-examination of the
Tracker Design driven by
Physics Requirements

J.Brau,C.Baltay, L.Rosenson, R.Stroynowski

GEM Collaboration Meeting
March 7-11, 1992 - Tucson, AZ

379




ATTEACTIVE  TATACVEAUMT

IN_CEI.  _TrACK.ER

l. Tncrease ovier tracker radivg
TS5¢m =5 /OO ¢
ImProves RSO’U'HM Ef. ,.3;,{’-9.7;{0.,

. .b.
QasY. charge sqparcfh.'. 400 GeV = §00 GeV
decreesed nevtrens o treckesr

2. Tucrease colorcineler mner redivy

7S¢ =P 700 ¢
X te costly &, Bef
U‘. Af’On!
crecks hove Smeller connxumu
Showers fless overlep (jety ete)

accordien slightly simphe (Dends)
cost  +oM § (1% some +hick vess)
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Tucson, Mor ‘92

Prepe 50.'.’-'
SINCE THIS LOOKS ATTRACTIVE
Fof L.A. offion, BUT AT

R8 BaF orTION

IN AvCUST (COORDINATED WiTH
CALORMETER  CMOICE)

ol4 BoF - NO claNGE W TRACKCH
0 IT& LA =0 IMPLEMENT NPRLYEMG

TN MEANTIME — DETAILED STUDIES
OF frYSies M PACY _

TO0 FMM V@ cpS€
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PHYSICS JUSTIFICATION
FoR PRoPOSED Re { m

GENERALLY BETTER PERFORMANCE
(BUT MO sSILVER BULLET)

EXYAMPLES

R ——-

otow Pr Muons (H>2%2)

o HIEH Py ECECTROyv SiéN
a GLuivos — f2J°
8 W'W' scarreawe
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fraction of accepted events

#335 Aocelpk-«co— Fov Venr'ons
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a '_ Flg 6-19 Gluino Cross Section as'a Function of Gluino

Mass. Lower curve for Two and Only Two
Muons with p. (1) >20 GeV/c and TR 2.5
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GEM TRACKER IPC
MODULE LAYOUT (BARREL)




abt

GEM TRACKER IPC
MODULE LAYOUT (BARREL)

1 METER OUTSIDE RADIUS

20 SECTORS OF 4 SUPERLAYERS

2 \PC LAYERS PER SUPERLAYER

EACH LEVEL ROTATED 4.5 DEG.
RELATIVE TO ADJACENT LEVELS

W. EMMET
YALE UNIVERSITY PPG

11/3/92



WHAT ARE THE cosTs ®

TRACKER
estimale ~0O.SM$

CALORIME TER
vader (nyesti ,a""ion

MUON S
Joss of 2Scm of SoOcm

S 10% resolubi on

WE ARE NOW ProOPOSING
THIS CHANGE

“» EXECVUTIVE CoMMITTEE
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SILICON  MICROSTRIP

LENGTH
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GEM Boseline | Assuvmes 12cm
Silicon Microstrips,

Four such strips ave assembled inky
+he barrel, leaving +he
cled’ronics/coolinj de&p in
+he borrel .

If we coold opera 18em  microstrips,
We covld build a 36¢m I"”!j

bwrd) Mow;ﬂj e(edronics/.kmices
+o end of barrel.

SIGNIFICANT SIMPLIFIcATION
OF MECUANICAL CONSTRAINTS
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IO Ccm STrips
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S.Hancock etal

- Phy Rev A23, 6i5(1983)
't.oor
o ¢ (b)
3001S pam
| 300 "5 G.VIG
‘§ £ . NORMAL WCIDENCE
: j; 200}
" ool
|
0 T 100 | 150 200 250 300 350

(keV)

FIG. 2. (a) and (b) show the energy-loss spectra at 0.736 and .115 GeV/c of incoming proton momenta, respectively. Continuo
curves are the complete fits to the experimental data. Values of £ are 14.91+0.8 and 5.510.), respectively (the corresponding values
the best fit are 15.040.8 and 5.6+0.3). Values of o =175, are 11.3£1.4 and 5.5+ 1.1, respectively (the corresponding values of t
best fit are 10.241.3 and 5.741.1). In (b) the tail is also shown with the vertical scale multiplied by ten.
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SIGNIFICANT  DIFFERENCES
BETWEEN GEM + SDC

GEM
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STATUS oF /8 .cm DCcisioN

WE ARE NOW PURSVIWE THE DESIGN
OF AN /8 cm SYSTEM, BUT WitL

NOT MAKE F/NAL DEcisiov UNTIL !

|« NEWLY SUCCESTED DETRIMENTAL
EFCECTS ARE CoNTROLED
o STRPULNE DISPERSION

*INFLUENCE OF ADJACENT STRIPS
AND PREAMPS

SCHARCE SHARING (GEANY)

ok
2. TEST N LAB Demon STRATES PERFoRMANE
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TWO RECENT VISITS TO TA'WAN

TITNDUSTRIAL TECHNOLOGCY

RESEARLH (NSTITVUTE
ACADEMY OF scieNcE

T 4-%

ReN BARRER, JiM BRAY,
BEAD CCCKE, WILL EMMET,
SANCRCE HANN, R.T, KOLLIIARA
TAVE .56, Pare, CiCeMaeg,

- .' . - .~
N A A0 ) €, R R B Y S

Oy 1130
TD.LEE, C.BALTAY, Borerney it
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C. Baltay | October 29, 1992

EM k
Pr n non

and Engineering Design

Approximately two-year period - 1993 & 1994

1. Siga Agreemeat to formalize Phase 1 cotlaboration
o R&D effort and emgineering design.

2. Comsolidate project-oriented working groups to
start collaboration

a) Identify U.S. and Chinese group leaders
b) Group members

3. Each working group (in coordinadon with overall
Central Tracker Management) should start in
November 1992 to

a) Set up schedule of short and long visits back and forth

b) Develop work plan of activities

¢) Propose a schedule for the work plan

d) Define milestones for “Deliverables” i.e. measureable
signs of progress such as specific designs, prototypes,
test results, etc.

411




4. Define Subsystem Prototype program

a) Identify person in charge
b) Institutiomal responsibilities
¢) Develop schedules & milestones

5. Sigm Phaase Il of the Agreement

6. Develop Fabrication Plan for the Central Tracker

a) Define subsystems or tasks
b) Identify persons in charge of each subsystem

¢) Propose institutional responsibility for each

subsystem |
d) Develop fabrication schedule for each subsystem

e) Define milestones to measure progress

412




GEM Central Tracker

Project-oriented working groups to collaborate on R&D and

Engineering Design

Mechanical - Group A

1. Silicon Tracker
2. IPC Tracker

Electronics - Group B

1. Silicon Tracker
2. IPC Tracker

Work -

1. Silicon Tracker
2. IPC Tracker

413

Ron Barber/C. L. Ww
Will Emmet/L.S.Lea

Dave Lee/T. Fu-Sw
Jim Musser/ PeterClhow

Geoff Mills, Jim Brau/
Kate Morgan/
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GEM Central Tracker R&D and Design Working Groups
Mechanical--Group A
Overall Coordination: R. Barber/C. Hsu (CMS)

TASK U.S.A. TAIWAN
e e e MTRIEngineers L Physicis
1) Silicon Tracker R. Barber C.L. Wu A. Chen
a) Support & cooling rings, T. Thomson, R. Barber Chung-Lin Wy, Larry C.C. Tang | P.K. Teng
ladders, etc.
b) Support frame T. Thomson Y.C. Chen P.K. Teng
c) Cooling & gas flow R. Barber Chung-Lin Wu, Larry Tang, . P.K. Teng
Ping-Ho Sam Shih
d) Alignment & monitoring R. Barber Li-Shing Lee M.T. Cheng
e) Cabling R. Barber Jong-Ming Liu M.T. Cheng ‘
T’Z) 1PC Tracker W. Emmet LS. Lee A. Sumarokov
a) Chamber modules W. Emmet Chung-Lin Wu, Jau-Liang Chen, A. Sumarokov
Larry Tang
b) Support structure W, Fmmet, T. Thomson Chung-Lin Wu A. Sumarokov
c) Cooling and gas flow D). Neeper Ping-Ho Sam Shih A. Sumarokov
d) Alignment & monitoring R. Barber Li-Shing lee M.T. Cheng
e) Cabling W. Emmet Jong-Ming Liu M.T. Cheng
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GEM Central Tracker R&D and Design Working Groups
Electronics--Group B
Overall Coordination: Jim Musser/Julia Fu-Su

TASK U.S.A. TAIWAN
ITRI neers icists
{ 1) Silicon Detector Dave Lee Julia Fu-Su A Chen
a) Detectors ]. Brau W.C. Tsal | M.]. Wang
W S. Hahn S.W. Chang, Sebastian Liau SY. Chao
¢) Digital pipeline (CMOS1) B. Cooke Steven Yang, Peter Chou MT. Cheng
d) Readout controller (CMOS2) J. Brau : M.T. Chepg
e) Multichip module (MCM) B. Cooke Fang-Lin Chao, H.C. Chang, M.T. Cheng
Mei-Ling Chou
f) Fiber optics . Mills W.S. Chan P.K. Teng
2) IPC Electronics Jim Musser S.K. Peter Chou J. Antos
a) Front end amplifiers P. O’'Connor S.W. Chang, Sebastian Liau 3.Y. Chao
b) Switched capacitor array C. Britton Peter Chou M.T. Cheng
c) ADG, Myltiplexer J. Musser M.]. Wang
d) A to D pipeline G. Haller Steven Yang M.T. Cheng
e) Readout controller C. Bender M.T. Cheng
f) Fiber optics C. Bender W.S. Chan_ P.K. Teng




Silicon Micvogtp Dolecdowvs 3. Braw

Uity p— .

e - o
RED Schadula ona Hilestowas Del tei 8
N - et e e e —e . —

Proposed ERSO GEM Silicon Microstrip R&D Plan

Fabricate 1st Microstrips based on 7.93 x 4.01 8/92-12/92 -

cm2 design (minimize strip resitance)

Develop back-to-back 2 chip bonding with 12/92-3/93

5 micron precision
Develop rad-hard poly resitance of SQ00kOhm 1/93-4/93 =
Study effects of edge defects on vafer yield - 1/93-4/93

and strip reliability
Fabricate 1lst GEM specific microstrip prototype 3/93-5/93

Study microstrip characteristics (leak current, 4/93-9-93
depletion voltage, breakdown voltage, *

poly resist, etc) vs. radiation exposure and

develop bardening procedures

Fabricate 2nd GEM specific microstrip prototype 9/93-11/93

Study microstrip characteristics (leak current, 11/93-4-94
depletion voltage, breakdown voltage, -
poly resist, etc) vs. radiation exposure and

develop hardening procedures

Fabricate Final GEM specific microstrip prototype 4/9%4~ 6/94

MILESTONES
Deliver 7.93 x 4.01 cm2 microstrip detector to Jan 15, 1993
Oregon (goal: strip res: 10 ohm/cm)
Define GEM silicon detector design Feb 31, 1993
Deliver lst GEM specific prototype May 1, 1993 -
Define revised GE& detector design Oct 15, 1993
Deliver an-GEH microstrip'prototype Jan 1, 1994
Define Final GEM detector design June 15, 1994 «
Deliver Final GEM Prototypes Aug 1, 1994
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Prototype Program

1. Silicon Tracker

a) 18 cm Barrel ladder
b) Forward Disc |

2. IPC Tracker

a) Barrel Chamber
b) Endcap Chamber

3. Test Beam Setups

a) Silicon ladders
b) IPC Chambers

417




GEM Central Tracker Subsystems

for Fabrication

1. Silicon Detector Mechanical
a) Barrel Detector
i) Ladder Assemblies
ii} Support and Cooling Rings
iii) Barrel Assembly
b) Forward Detector

i) Detector Discs
ii) Support and Cooling Rings
iii) Two Forward Assemblies

¢) Support Structure Space Frame

d) Cooling and Gas Flow Systems

e) Aiignment and Monitoring System

418



2, 'TPC Tracker Mechanical

a) Barrel Region
i) Chamber Modules
i) Support Stzmctm

b} Forward Detectors
i) Chamber Modules
ii) Support Structure

¢) Overall Support Structure and Kinematic Mounts

d) Cooling and Gasflow Systems

e) Alignment and Monitoring System
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3. Silicon Tracker Electronics
a) Silicon Detectors
b) Front End Preamplifiers
c) Digital Pipeline Buffer
d) Readout Controller
e) Multichip Module
f) Fiber Optics

4. IPC Electronics
a) Front End Amplifier
b) Pipeline Buffer
¢) Analog to Digital Converter
d) Readout Controller

e) Fiber Optics
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Tncrease m T;ac.lu'n, Volume
70 ¢ —» S cm

Increosing  Silicon Microstrip lenylh

J2cm = |8 cm

Movu'nJ oheead Wwith R+D -
ond En,fnetrin) Collaboretion

pith To'wan

Tomoerow — g£:30am

Tracker Mecting
AGS Sar der Auditorium
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Discovery Limits for
Supersymmetric Higgs Bosons

Alan L. Stange
Nov. 4, 1992

V. Barger

M. Berger

K. Cheung
R.J.N. Phillips
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I. Introduction
e Radiative Corrections

II. Experiments
« LEPI and 1I
o SSC

I[II. What Collider covers MSSM?

IV. Summary and Conclusions

426



I. Introduction

Minimal SUSY Model

e 2 Higgs boson doublet

0 +
H, = “ , Hp= %2
~ 1 3

¢ 5 physical particles
h, H, A, HE

h cos @ Sin o Red% — v
_ \/5 ¢1 1
H —sina cosa | \ Reg) — vy
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¢ 2 free parameters
m,, tanP=v,/v,

m%ﬂ = L [MZ + m% £+ (M5 + m%)? — 4m? M3 cos? 20|

2
mis = M3, +m?

Could be ruled out or verified at LEP

4128



 Radiative Corrections
— masses, couplings, mixing angles

Effective potential formalism

Schwinger; Goldstone, Salam, Weinberg;
Nambu; Coleman, Weinberg; Li, Sher;

* Expand in Loops, not couplings
* Include top quark, bottom quarks

and squarks
Ellis, Ridolfi, Zwirner
PLB 262, 477 (1991)

Mg =My =Mp = Mgy
Ap=Ap=21= Mgy, /2
m = 1000 GeV

susy
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Higgs Mass (GeV)

300 LB | | i ¥

200

100
o/
o]

300

200

100

300
200
100 weeceene free level
-—=tanf=2
B — tanB=30
o 1 L 1 | 1
0 100 200 30
m, (Gev)

430



Higgs Boson Mass (GeV)
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Branching Fraction
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What do these changes mean for the
SUSY Higgs Search ?

Consider search potential in m 4 -tanf3 plane
for several m¢ values
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II. Experiments

el EP I and 1I

»LEP 1
Aleph limits cos%(B—ot), sin®(B—cx)

»LEP Il

a) rescale Zh — jets

Zh — (ee,UlL)+jets
S.L. Wu et. al.
ECFA workshop on LEP 200

b) rescale Zh, Ah, AH — 1T+jets

P. Janot LAL 91-61
J.-F. Grivaz LAL 91

SAB > 4
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m, (GeV)
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100
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tan B
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IV. SSC (LHC)

HSM < ~800 GeV 1is detectable at SSC

Differences from Standard Model
» couplings
» mMixXing
» extra final state decays

consider the most interesting channels
. gge >hHA —vyy

* qq,gg — tt(h,H,A) — (e,l)yy
. gg — h,H — leptons

* qqg,gg —tt — bbWHT

L=20fb1 SAB>4 S§>10
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e SSC
» gg—>hHA -y
» qq,gg — tt(h,H,A) — (e,l)yy

»  gg—hH — leptons

» qq,gg — tt — bbWH™

L=20fb! SAB>4 S>10

444



gg — h HA — vy

 Largest production cross section
e Important for intermediate masses

GEM to have Am/m(yy) = 1%
to beat qq,gg —YY backgrounds

| GEM simulation of LAr calorimeter

1171 <25, E; >20GeV, | < 3.0,

IﬂW
cose*yl <0.9, m—yrejection
isolation: AR=0.6 Ep <10 GeV

55% efficiency

B = # events 1n mass bin my, + 1%
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tan B

Higgs — vy
SSC 1

accessible 7

h— vy 1
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—

e qq,gg — tt(h,H,A) — (e,l)yy

» tagged" lepton Yy events

Wh — (e,l) vy
largest source 1s tth with decay

potentially large backgrounds:
Wy, ttyy, ttj), bbyy

Use SDC simulation
ml<2.5, ppr>20GeV, AR>04

1solation: AR < 0.3, ET <10 GeV

» 0.93 Wh
» 0.73  tth

(0.85)3 detection efficiency
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Gaussian resolution:
my G’YY (GeV)

80 1.23
100 1.44
120 1.65
140 1.81
160 2.00

B = # events 1in mass bin my + 20,

T

Att doesn’t meet detectability requirments
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e oo — h,H — leptons

"g0ld-plated” mode

background: qq,gg — ZZ — leptons
K=1.65: O(a,) corrections
tt, Ztt, Zbb are eliminated by cuts

Follow SDC:
pt> 20 GeV, In|< 2.5, AR>04

IM, — M(1)| < 10 GeV one pair

isolation: AR <0.3 E1+<5 GeV
» (0.9

detection efficiency: (0.85)2(0.95)2
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Mass resolution:

 not dominated by Higgs width

» generate real Higgs—277—41 events

» smear lepton energies

o(E)/E = [(0.14VE)2+0.012]%

» {1t resulting invariant mass to obtain (541

» Geff"—" [(041)2_'_ (FH/?_)Z]O.S

B = #ZZ events in bin my, 2Geff
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® (g, > tt— bbWH™

signal: excess of T+ (e,\l) final states
1n tt events

e violation of lepton universality
in W decays

Follow SDC:
1-prong T decay: T — mv
BF=11.5%
p(m) > 100, p(1)>40, p(b)>30
MMI<2.5, M) <2.0

1solation: AR < 0.4 ET < O.25ET(1,b)

e Require S/N(S+B)> 5

e No sure way to reconstruct HY mass
453
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m, =150 GeV

i 1t Higgs
Higgs — vy +W Higgs "
S§sC
8S8C
h=yy h—yr 4
accessible ibl
accessibie
i
N
F
: TN

9 m, =120 GaV

accassitle

tan 3
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@

[ m = 150 GeV

A hd

LEP O

30

10 |

d uey

(b)

m

150 GaV
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100 1000

m, (GeV)
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I 4a1

(a)

m, = 200 GeV

1431

30

10

g uey

1000

(b)

p m =200 GeV

30

g uey

100

10

m, (GeV)
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III. What Collider covers MSSM?

What eTe™ collider can rule out
MSSM Higgs sector?

» repeat TTjj analysis in Vs-L plane

require m » -tanf3 plane be "covered"
for given my value
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ete' = hZ,hA HZ HA
50 — 1T -
40 .
full
coveragee
30 & m, =200 GeV 7




IV. Summary

Major factors:

a)
b)

0,3 dependent couplings
higgs boson masses

acceptance, luminosity,
background estimates

included exactly in all cases

included to the best degree
possible given understanding
and resources
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» parameter space NOT covered by
existing/proposed colliders/detectors

» large regions where only one Higgs

boson 1n detectable. How to
distinguish from SM Higgs?

Future Directions

» detailled detector simulations

» b-tagging to help reject backgrounds

» exotic Higgs — SUSY decays
(Baer et. al.)

» build the experiments!
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Presentation by:

Frank Taylor
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Frank Taylor 11/6/92

Status of GEM Muon System

 Triggering and Tracking Technology:

o system performance
o complexity
o cost

o manufacturability

 Design of support structure:
o alignment to 25 pm and stable

o0 sector approach attractive for initial
installation and alignment

o monolithic structure more stable’
0 coverage

o endcaps

Dé:_;::.‘b\f'\ L,-t“‘*. &}‘4 2&'/774\. !
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Results of Nov. 5, 1992 Muon Meeting:
« Discussed Chamber R&D program:
- Highlights
o Test results obtained from Im x 4m PDT and
LSDT prototypes.
(Dubna - Movchan, MIT - Korytov)

In limited streamer mode: o = 80 microns
Flammable gas (3:1 IB: A)

o CSC prototypes delivered to TTR.

With safe gas ¢ = 109 microns (preliminary)
(BNL - Polychronakos)

o X-ray alignment of chambers
(PNPI-Vorobyov)

o RPC with low resistivity plastic constructed

Expected characteristics promising. Rate limit is
calculated to be 15 kHz/cm?2
(LLNL-Wuest, MIT-Pless)

« Discussed backgrounds

- Muon associated background for CSC geometry in EC
8:4:4 geometry with 0.7 X0 in front of chambers get
90% of time {ggt only 1 extra hit within 8 mm.
(SB-Yanagasawa, SSCL-Dingus, and Ostapchuk)

- Neutron background may force CF4 gas if LS mode
(SSCL-Glebov)

- 468



THE TRACK
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Technology Decisions
* Process
- Listed all questions which need answers before TDR

Mental Game was to assume that given technology
was the chosen one.

- e M A T ER o e oEr W M AR W R e T e E e M P W ER D W M AR M M B M e e b e A e

" Technology: Number of Questions
CSC 22
LSDT 16
PDT 16
RPC 10

L T T R T e e N e

- Questionare for comparative ranking of technologies

All members of Muon Group were asked to
respond. Results (24 respondents)

(Low # is GOOD)
Technology Rating
PDT 54 £12
LSDT 72 £13

CSCx LspT
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TN-92-207
‘Draft

| Mechamcal Engmeerlng
‘Evaluation of the Muon Chamber
Technology Options

R. Sawicki (Chairman) - Lawrence Livermore National Laboratory
M. Gamble, C. Johnson - SSC Laboratory
F. Nimblett - C. S. Draper Laboratory .
R Humphreys - Martin Marietta Science Systemns

.;,,‘.,.

October l 1992

Abstract
g Thls report summarizes ‘an engmeenng evaluation of the
technologles that are being proposed for the barrel muon subsystem of the
* GEM detector. A ‘summary of the status of each option is presented along ,
'v"“wnh companson of the relatlve strengtbs and weak:nesses of mh de.qgn A B
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Muon Cost Estimating Status
(Barrel region only)

Richard Sawicki
Lawrence Livermore National Laboratory
November 4, 1992
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" Cost estimating contributors

® Cost coordinator
- R. Gustavson, Draper

® Chamber material and assembly costs
- CSC, C. Johnson, LLNL/SSCL
- LSDT, J. Kelsey, MIT
- PDT, C. Bromberg, MSU

® Assembly costs- foreign
- |. Golutvin, Dubna
- Y. Xie, IHEP

® Structural and cooling system costs
- F. Nimblett, Draper

® Gas system costs
- M. MacKernan, LLNL

® Electronic system
- D. Marlow, Princeton
- S. Calhoun, US Cost
- MBorp ATIVA

® Alignment system costs
- R. Sawicki, LLNL
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Material cost status

@ Bottom-up mechanical system costs have been developed for all
technologies

® LSDT and PDT costs, in general, are based on actual costs of prototy;
parts or vendor estimates for production parts

® CSC material costs now have supporting quotations for major structu
components

- cathode strips (CCT Marketing)
- honeycomb panel with cathode plain attached (MC Gill)
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Assembly cost assumptions

® Assembly labor rates and task times are US estimates
- labor rates based on GEM Cost Estimating Plan
- task times estimated by US estimators

" @ Work force makeup

Percent of workforce

Discipline K$/yr CSC LSDT PDT
Engineer/physicist 133 13.4 10.6 12.8
Senior technician 107 46.3 44.7 55.3
Junior technician 82 40.3 44.7 31.9
Average rate K$/yr 100.4 98.6 102.4

® Does not include facility operation costs

® Costs based on nhumber of hours to build an average size chamber
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Assembly time comparison

Time (hr) to fabricate average chamber

USA | Dubna | IHEP | Average AVSrSeE;e/ CO(f(ta;c)lglta
CSC 200 424 282 302 1.51 6029
LSDT 197 256* 357 270 1.37 2375
PDT 418 424 858 567 1.36 2691

* time estimate that was provided contained some operations assumed to be
performed in US." These times were subtracted out to provide for a fair comparison
**Cost delta equals increase in cost if USA cost times are increased to average times
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Electronic cost evaluation

® A bottom-up estimate for CSC, LSDT and PDT electronic cost (barrel
only) has been assembled |

one mebune ® CSC evaluation has evolved over the last few months and is documente
. in cost reports by D. Marlow

| ess ofive @ LSDT and PDT electronic designs (which are assumed to be the same)
were quickly assembled in the last two weeks and are consequently
n much less defensible
23 .
| ® RPC costs have not been evaluated and are assumed to be the same
as the LSDT and PDT on a $/channel basis

® CSC total cost is the greatest of any of the technologies because of the
high channel count (877,000 in the barrel) |

® Drift tube channel cost is higher than the CSC hecause five electronic
boards are required for each module (only 1 for CSC)
- further evaluation may evolve a more optimized design



Contingency assumptions

21

® Mechanical hardware

- 30% contingency for PDT, LSDT and RPC technologies
- 36% contingency for csC technology

@® Electrical hardware
- 20% of PDT, LSDT and RPC technologies

-- although design is primitive it is conservative
- 30% for CSC technology

-- design concept is agressive

CSC LSDT PDT RPC
Mechanical contingency 13891 8471 7389 1552
[Electronic contingency 2894 905 780 226
Total contingency 16785 9376 8169 1778
Total if contingency = 30% 14469 10503 9064 2058
IDifference -2316 +1127 +895 +280
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Alighment system comparison per sector

}

) ) ) ) ) ) ) )

CSC
# chambers = 32
#towers =8
# tower alignment paths = 4
#alignment points = 144
wire plane configuration = 8
- y o
Axial alighment path
LSDT
:chlmbor support point and axial alignment point
i # chambers = 16
# towers = 1
# tower alignment paths = 6
# axial alignment paths = 1;
- #alignment points = 90
: wire plane configuration = 8
PDT -

#chambers =9
#towers =3
# tower alignment paths = 1

wire plane configuration = €
#alignment points = 54

"1 =chamber

= alignment pat



Alignment system costs (K$)

CSC LSDT PDT
Material costs
(1) # projective alignment paths 48 6 18
(2) # axial alignment paths 0 12 o
(3) # axial alignment points 0 72
(4) # axial alignment sensors 0 48
(S) # temperature monitors 48 56 1
(6) # SLM = (1) + (4) a8 54 1
Total SLM cost = $750° (6) * 32 <1152 1296 432
Total temp monitor cost = (5)*$70*32 108 125 40
Alignment test equipment 300 300 300
Total material cost 1560 1721 772
Installation and assembly labor costs
L af. 7

(7) Fiducialization = (6) *32 * 8 hr/SLM fhr 314 353 118
(8) Alignment = (6) *32 * 10 hr/SLM * $28-=28/hr 303 442 147
Inspection and adminisiration = .06({7)+(8)) 42 a8 164
Total installation and assembly labor costs 749 843 281
Total costs 2309 2564 1053
Labor rates assume fd’llowing work group
composilion at SSCL job shop rates

10% engineer @ $49.97/hr

45% Jr. Tech @ $19.14/hr

45% Sr. tech @ $26.58/hr

Average rate = $25.57/hr

PDTwL‘ﬁh v el conty L oJC C;cé LSDT
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GEM MUON ELECTRONICS COST ESTIMATE
csc LSDT wiTrig | LSOT w/RPC PDT POT w/RPC
Item $/Chan $/Chan $/Chan $/Chen $/Chan

IC's (see sumamry teble] $4.19 $12.32 $5.72 $3.72 $5.72
Capeociters $0.00 $1.00 $1.00 $1.00 $1.00
PCB Fab. {$0.96/In*2) $0.75 $5.42 $5.08 $5.08 $35.08
Connectors (Mele & Famals) $1.00 $0.2% 5$0.25 $0.28 $0.28%
Cables $0.00 $6.25 $6.25 $6.25 $6.25
Misc, Paris (8.W.A.G.) $0.32 $0.32 $0.32 $0.32 $0.32
Assembly {1500 leads @ $0.06/es) $1.41% $2.5) $2.5) $2.5) $2.51
Q/A @ 20 min/board $0.16 $0.39 $0.39 $0.39 $0.2%
Test @ 1 men-hour/bosrd $0.47 5117 $1.17 $1.17 $1.17
|Rework 20% @ 2hrs/board $0.19 $0.47 $0.47 $0.47 $0.47
LVPS (200 mWichan @ $5.00/W) $1.00 $1.00 $1.60 $1.00 $1.00
Mounting Hardwsre (SW.AG) $0.21 $0.31 $0.01 $0.31 $0.31
Packing & shipping $0.31 $0.21 $0.0 $0.21 $0.01
Additional Front End Elements $0.69 $9.40 $9.40 $3.40 $9.40
Sublotsl Cost/Channe! $11.00 $41.14 $34.18 $34.18 $34.18

Channel Count 877,000 110,000 143,000 114,000 147,000
Sublotel Cheannel Cosl $9.,647,000 4,525,400 4 887 740 3,896,520 5,024,460

[Contingency {(30% CSC, 20% others) $3.30 $8.23 $6.04 $8.04 $6.804
CostChsnnsl_wiCentingency $14.30 $49.37 $41.02 $41.02 $41.02

Channel Cost w/ Conlingency $12,541,100 $5,430,700 $5,065,850 $4,678.200 $6,029,940

Channels/ Board 64 128 128 128 129
Toels) Cosi/Board $915% $6,119 $£5. 251 $5,251 $35,292
Fixed Cost (Prototype Developmeni) 30 $2.248.000 $2.246,000 $1,686,000 $2,248,000
Grand Totall $12,541,100 87_.276.700 $6,111,860 1 $6,362,280 | $8,275,840

—
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Muon Technology Cost Summam

(Barrel only)

CSC LSDT (witrlg) PDT {+) RPC LSDT w/RPC | POT w/RPC
Design . 367 526 369 369 895 738
Material/Fabrication 13579 10179 6990 1995 12174 8985
Shipping 371 243 187 187 430 374
Facility Preparation 594 B34 594 474 1308 1068
Assembly/Test 15157 8950 10785 1867 10817 12652
Support Structure 3267 3267 3120 0 3267 3120]
Allgnment 2309 2564 1063 15 2579 1078
Gas System 1467 1652 1496 242 1894 1738
Cooling System 1475 25 25 25 50 50
Electronics 9647 6771 5583 1687 7134 7270
SUBTOTAL 48233 35011 30212 6861 40548 37073
Contingency 16785 ‘9377 8169 1778 11002 9946
TOTAL 65018 44388 38381 8639 51550 47019
bt b= ﬂ 18 h —
(s )'% m a— bone s
* Does not Iinclude 1.3M$ to attach electronic boards to bridges -LSDT 766 9 ?, “ - 4
Does not Include increased cost for decreasing tube diamter to 2.5 cm - PDT = 1 B E&X K& ( 275 amcramsn
(3 XYL sncrnan o RAe
NomivatL. (5015 Y4368 51550 4raiQ
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Muon Steering Committee Meeting

» Discussed several questions
- Are we prepared to accept CSC chambers in Barrel?

Solid yes (with no reservations) 2
Qualified yes (more R&D needed) 6

Solid no (too risky, too costly...) 8
- Which is the better drift technology: LSDT or PDT ?

ISDT 5 | .
PDT 10 Hema PPT for more RED,

(one not voting)
-CSCvsPDT? HAe « bafler teck uo(.” every where

CSC 7
PDT 9

- Baseline 2 for TDR

Barrel Endcaps
(1) CSC CSC

[PDT & RPC PDT & RPC backup]
(2) PDT & RPC CSC (hybrid!)

[CSC PDT & RPC backup]
Votes: (1) 7

(2) 9
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Summary
Recommendations from Muon Group:

« Drift Technology: PDT favored No wsey LopT R{D
« CSC looks attractive

need to demonstrate resolution
trigger timing

large scale prototype

costing

» RPCs look promising with low resistivity plastic

- need to demonstate jitter, rate, slewing,....
» Need to develop alternative to CSC in EC as backup
With PDT and RPC:

- how to trigger?

- how to deploy tubes ?

- baseline resolutions obtainable?

» More work needed on costing

- electronics
- chamber fabrication

» Baseline 2:

- hybrid slightly favored € Bege IFhe [ )
- universal agreement that more R&D needed

Pf‘oc.csr, now b¢fore Exec. om. ? Spokes mev. .
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Nov, 9, Ca(or:'md'u- mu"'!;tjs

I. Calorimeter Engineering -

David Lissauer/Bill Wisniewski Chair

Instrumentation/Annex

1)Calorimeter Facilities at the SSC CLiff Eberle
ii)Interface to central detector support. = Brian Smith
iii)Overview of the Scint. Design Mark Rennich
iv)Overview of the Liquid Design. Lyle Mason
v)Module structure. Brian Easom
vi)Electrode structure design Don Makowiecki.
vii)Cryogenic Facilities Don Rishied
viii) Beam line interface Garry Chapman
ix) FNAL Test: Prototype calorimeter. D.Lissauer

4:30 P.M: Joint session of all groups. Bill Willis - Chair
Physics Building - Large Seminar Room
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II. Simulation / Optimization Working Group
Bob McCarthy Chair

Morning Session: Mulitphoton Rejection and Pointing -
Physics Building/Small Seminar Room
Sasha Vanyashin - ”Gamma/Jet Rejection by Isolation”

Misha Leltchouk - ”Narrow Strips in the Projective Accor-
dion”

Hong Ma - ”Pointing and Shower Shape Analysis in the
Accordion”

Yuri Efremenko - "How to Improve Pointing by the L-Kr
EM Calorimeter”

Kostya Shmakov - ”Optimization of a Massless Gap for the
Accordion”

Afternoon session:
Tomasz Skwarnicki/John Womersley Chair

Physics Building/Large Seminar Room

Description of present code and needs: Tomasz S.

Integration of the calorimeter simulation in to the Overall
GEM software.

Simulation tools.

4:30 P.M: Joint session of all groups. Bill Willis - Chair

Physics Building - Large Seminar Room
494
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ITT) Baseline Calorimeter
Morning session. Chair: Bill Willis
Physics Building - 2-160

a)Status of the Liquid section.
b) Function of the Scintillor section.
¢) Depth optimization. Frank Paige
d) e/pi: Discussion.
Afternoon Bill Willis - Chair
Physics Building - 2-160

Scintillator Design questions. Larry Sulak
a) Fibers Solution; Bars Jim Reidy??

b) Photomultiplier: readout questions.

c¢) Trigger Bill Cleland.

4:30 P.M: Joint session of all groups. Bill Willis - Chair
Physics Building - Large Seminar Room
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 File Fit

Event Number 108

Residusl = -0.006 ma

Residuai = -0,099 ma

Residual =

Residual

Chi squared = 5,507
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Covnrne, 7 a e O Superconducang Super Collider Laboratory
A g f ) 2550 Beckleymeade Avenue, Mail Stop 2005
J_j-’(::\‘ue Frdo) Sorveals Dallas TX 75237-3946
. _ VAN (214) 708-6207
/’ Fax: (214) 708-6088
Memorandum | // o -

/7

’
-

To: Gary Sanders

From: Paul Reardon, Gary Deis, Ryszard Stroynowski, Bill Wisniewski
Subject: § Magnet System Paramter Freeze

Date: DRAFT

‘The GEM MagnetPro;ccthas nowreached the stageatwlnchltxs necessary to freeze the major sysiem
parameters of the coil assemblies. Ttus:sreqmred to support the overall schedule, whick aecessitates
that the detailed design be advanced quickly in the next six months, and that major procurernent actions
be initiated immediately. At least one of these procurements, the conductor purchase, will be furrm fixed
price, so any dcsxgn changes wluch would affect the conductor specifications in any way mast be stricdly
avoided. :

The Magnet Project fecormnends an immediate freeze of the folowing magnet parameters:

Magnet subsystem inner radius
Magnetic field at IP
Vacuum vessel minimum z

- Vacuum vessel maximum z
Winding mean radius
Winding minimum z

- 'Winding maximom z

Freezing these system parameters will result in a freeze of many other derived parameters, such a5
number of furns, current, conductor cross section, etc. Many other parameters relating 10 the detaidod
design of the coil assemblies will be frozen as the design progresses.

The magnet project would also hketofreczcdmedcsm of the FFS. However, in view of the
discussions related to the designs of the tracker, calorimeters, and muon system, together with the
slightly less critical schedule for the FF'S design and construction, we do not reques: that the design be
frozen at this ime. However, please note that uncertainty in the design of the FFS will impede owr
ongoing discussions with potential forcign suppliers of these componceats, so an miy freeze will be
required. We anticipate requesting this frecze within 2 moaths.

The details of the magnet interfaces with the Central Detector Support, the Muon Sabsystem, and the
facility, as well as the interface between the FFS and the coil assemblies are being evolved as 2 normal
part of the detailed design process. These details will not affect the magnet design in a significant -

"system” manner {as would changes in the parameters listed above); therefore we do not regard these
interfaces as frozen, and we wﬂl contmue to work with the other systems to develop the details as a part
of our design effort

Freezing of the major magnet system parameters, now, is essential in keeping the magnet project on
schedule, in minimizing the overall cost, in maintaining project momentum, and in demonstrating the

023



Collaboration's ability to make timely decisions. Would you please present this issue to the executive
committee for their concurrence?
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GEM DETECTOR PARAMETERS

OPTION 1

E.M. CALORIMETER: Liq Kr BARREL CALORIMETER: FIBER
FORWARD CALORIMETER: SCINTILLATING FIBER VACUUM SYSTEM: OPTION 1 or3
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2MVS.1.5M CENTRAL TRACKER

LITTLE CHANGE IN THE St TRACKER (2CM FOR LONGER LADDER)
'CURRENT IPC MODULE PACKAGING QUITE TIGHT

CURRENT OUTER SUPPORT STRUCTURE INTERFERES

TWO TIMES IMPROVEMENT IN THE IPC RESOLUTION
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GEM DETECTOR OPTION 2

EM. CALORIMETER : INTEGRATED / BARREL CALORIMETER : SCINTILLATING FIBER

END CAP CALORIMETER : INTEGRATED / FORWARD CALORIMETER :INTEGRATED
TRACKER :1.5M  VACUUM SYSTEM ; 3 POSSIBILITIES
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GEM GETECTOR PARAMETERS

OPTION 2
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Proposed Technologies for GEM Muons

ENDCAP REGION

9.5° <©®<30° (1.3 <n<?2.5)

M&aﬂr_ﬁm.e.nt Technology

PT (r-,¢)_ _ Cathode Strip Chambers
Second Ct‘)ordinai_c (9) ' Cathode Strip Chambers
. Triéger - N " Cathode Strip Chambers
‘Be.am Crossing -'Tég- - | Cathode Strip Chambers

wdp Also Under Consideration for Central Region @==

TS E e

. CENTRAL REGION
. ©®>30° (0.0 < <1.3)

Mecasurement Technology

PT (r-9) Proportional Tubes or Limited

\ Strcamer Tubes in Drift Mode
Second Coordinate (8) Resistive Plate Chambers |
Trigger | . Resistive Plate Chambers
Beam Crossing 'I"ag Resistive Plate Chambers
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VaWa Ve Vo e W
N MULTH - TRACK RESOLUTICN

~
OF INTERPOLATING PAD
| CHAMBERS é
\l’/\/\/\/\/\/‘\/\/\f

-w

® MOTIVATION FOR mMuLTI- TRACK REGDNSTRUCT)ON

-

® DeEsSCRIPTION OF SIMULATION PROGRAM

@ PROCEDURE USED FOR 1 TRACK , 1

CO-ORDINATE TRECONSTRUCTION i

® TNO TRACK RESOLUTION

Y THREE TRACK IDENTIFICATION

® IMPLICATIONS ON PHYSI1CS ABILITY
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TWO TRACK RESOLUTION OF 1IPCs

A @ WHY IS 2 TRACK RESOLUTION T MPORTANT ®

@ DEGREDATION OF RESOCLLTION OF TISOLATED

TRACKS wHEN MIN-BIAS TRACK NEARBY

¢ CAN WE IpenTIFY For eX v HEAVY JETS

® CHARGE b~ PrYsics, t - Puysics

& MOMENTUM b~ JETS SODMETIMES VERY
COLLIMATED — HARD TO
DISENTANGLE N THE EMCAL

2.e In SILICON | [Opm RESOLUTION SOpm  PrreH

4 TRACKS CLOSER THAN SOpm  NOT RESOLVED

X OTHERWISE , VERY goop 2 TRACK RESOLUTION
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AT BNL

V. CHERNIATIN ¢ A. (CRICKANIAN

Je

-

(GEM CsC k- CHﬂMBERS> HAVE WRITTEN A

o, CF, (50:50)

IN

PROGRAM TO SIMULATE (CScC

PRODUCED ALONG

TRAcK (15 /mm ) ACCORDING To A

PRIMARY ELECTRONS

¢

MEASURED DisTRiBUTION ((Russih )

INCLWDES THE EFFECT

RAYS

OF HIGH ENERGY o-

LT e SIS RN N
™ XSGR IR

048 400

200
ENERGY OF PRIMARY ELECTRONS




ELECTRON
s STeP K
CLORDING TO
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(55
pm) INCLUDING DIFFUSION (" Stpm /
pm MMM\FT)
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¢ ANODE GARIN 1S FOLDED wWiTH A POLYA ISTRIBUTION
P

Ia M = 2CVq. B gl«(“/ru) -1 + G-/r-o%

o = 2ClVa / PSe B, So — &hS consTANT  P- PRESSURE 'y

fe 1S RADIVS

- e 1668

26880 - 2 | Entries 136168
7 = Mean ' 89981 -
Pi _BMS 0.8458

EAIN FAETOR ' -

IS GAIN OF 2x10% 5 PoLYA coﬁtec’i,?
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0 CHARGE SIGNAL INDUCED ON THE PADS

ACCORDING TO _BetiS RECIPIE
MATHIESON'S

NO'SE OF 500 ¢ RMS IS

ADDED To EACH PAD

NOISE CONTRIBUTION OF 1% OF 3SleNAL

THEN ADDED FOR CALIBRATION.

HOPEFULLY THE NOISE (S CONSERVATINE

Q GEM TRACKER GEOMETRY

2:-5mm PAD wiDTH

2.0 mm  ANODE ~-CATHODE SPACING

2.0mm ANODE PITCH

T Onsec
0 20% OF SIGNAL ACCEPTED Due To 2

(OLLECTION TIME
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4o ONe TRACK PROCEDURE EGHU@SXANS
AN T T - ﬂPPRCAC\-\P
SN —

¢ MEASURE "PAD RESPONSE FUNCTION FOR 4 TRACK

—_—

USE ONLY 3 PADSP.012 ©
NOISE HURTS MOST

0.008 |
IN THE TAILS F
0.004 - _ !
0 ————- L paseasges ‘~ e
-4 -2 0 2
pad respense function (3)
rP—u; FITTED VALUE| 60 [ | 1D 520 |
: r " Entries 100 i
F i | Trer = l
OF Tpe FOR 40 C | Mean UPRF = 0.6362
MANY TRACKS ; RMS 0.1377E-01
_ 20 [ |
F .
r |
o . B |
0 0.4 0.8 1.2 1.6 2
sigma for goussian fit of prd(3+noise)
- - |
USE KNOWN Uppr : i
.— Ogmsg = 0025 £ 6-:002 pads
AND ¥ 20 F - |
IT FOR ; 62 * Spm |
PosiTioN 10 F
_d ; 1
r l
0 - A | : .
0 0.25 0.5 0.75 1

gaussian fit to position using knawn prf

4 ASSUME PRF IS THE SAME FoR ALl TRACKS

IRRESPECTIVE OF ANGLE
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-~

® £iTER  LOOK AT ALL PADS  ABove THRESHOLD

OR, 2 LARGEST PADS

200
[
/‘\150 B
&
3
S !
2100 Y i i v
2 e + 4 t o : » * .
¢ | P ELY
50
I RMS volues from gaussian fits
® 2pods « all pads above threshold
O TSN AT S S SR S B SH YO S N

I R S I N L
-0.5 -0.25 0 0.2 0.5

position across pad (pads)
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100 -
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-100 + +
_ RMS values from gaussian fits

L @ 2 pads w oll pads above threshold g 1st moment ..o
1 1] . | Li L] L

R RS R S S G P I WU SUN U T W
-0.5 -0.25 0 0.25 0.5

delta x (um)
o
|
-

-200

position across pad (pads)

@ SHIFTS ARE SMALLER TFoR GAWSSIAN FITS
OO

EXCEPT AT (CeNTRE 4 EDGES
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@ FOR SINGLE TRACKS , SYSTEMATIC OFFSETS CAN

EASILY BE UNDERSTOOD/ g REDUCED (NOT ELIHINAT*ED)

0.018 -

5 COMSPIRACY OF 0.012 -
END PADS CAUSES

z ‘\ U\
0 008 :_ ARRRNY TR
SHIFT T LEFT IN : m"’%\ \\%mnﬁv
THIS CASE - 0.004 - v ‘:\ \ P
LESS SEVERE IF - ‘Q\<\\\\\:\\\’\\ Lvtm ,
WIMPY PAD 1S USED C -4 -2 -2 4
pcd response functicn (3)
0.016 =
N SOME (ASES z
= N ’ 0.012 -
2 PADS ARE -
o BETTER, BuT 0.008 =
MOSTLY WHEN 0.004 =
TRACK IS BETWEEN 0 ) | :
PADS. -10 -5 5 10
’ pads hit weighted by chergef{3}
® R Geed INDICATOR (s RATIC OF

< PEAK CHARGE

DUM  CHARGE

FOR ALL PADS ABOVE THRESHOLD

(T wse>  o.c01pC | 4 x NOISE )
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5. TWO TRALK RESOLUTION

® FIRST DPROBLEM IS TO IDENNEY THAT

THERE ARE 2 TRACKS

® WHEN TRACKS ARE SEPARATED BY

> V2. PAD ., SHAPE DIFFERE NCE IS

AtPARENT + dE . 4% TEST ALsC
A X

®© < V2 pAD SEPARATION, oONLY %lE-
X

1S AVAILARBLE

@ FIT To Two GAUSSIANS OF WiDTH

Obee

4

o)
~N

- ~2Orge
Ae

B e sz‘:rar)
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RESULT OF FRITTING TWO GAUSSIANS NITH

KNOWN O_fRF NMIELDS

TWO PosSITIONS

120 |
A Ax = 10pd
TTie 133 £ (Fp
80 B 03 = lg2t G
[ X2 = ~. 427 T -00F 2 () -42F % .006
40 + 2
0 L : G '.-g E <
-2 0 2
gaussian fit to position using known prf
30 -
[0y=55¢ Sf
20 :"_017 »—.085% 002 Ax = 0-25pads
i 0, = 552 Sk
10 - <{%7 = 6.035 £ 0.00S pudn
0 I LA« -; ¥ L P -

-0.8 -0.4

0

04 08

gaussian fit to position using known prf

é A SYSTEMATIC OFFSET

IS5 APPARENT

CAN  PROBABLY BE C(ORRECTED FOR
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8 SUMMARY OF TRACK SEPARATION VS RESOLUTION

4 SVYSTEMATIC OFFSET

200 - +

—r

10)]

o
IITI'III

+

($)]

QO

l]llll
o

resolution (um)
ool
o
o)
[
-
—.-

C . . L . ' s | \ [ , , \ | \ ! ! .
0 0.5 1 1.5 2
separation of tracks (pads)

(p
o
O .
(9 0]
T
-

2006 | {

E.‘,P1J_-|;‘_:s!!li!"|“l
% 05 1 2

, 15
separation of tracks (pods)

b OFFSET NeEEDsS T© RE LULNDERSTOOD
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3 TRACK RESOLWTION
. V\/\/\/\/\/\—//\—‘"

@® WNHEN TRACKS ARE SEPARATED RY

MORE THAW OBNE PAD EASY TO

/

RECOGNISE

i

@® [KHEN TRACKS ARE (CLOSE TOGETHER

NOT SO OBVIOUS — LOOK AT TOTAL

(HARGE ON ALL PADS ABOVE THRESHOLD
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1 frack

60
40

20

//Z////gm <

L

7

Theediotd = 002
2 tacks
40
y
3 tvazho
s 1.4 0
\
O\ 1\
 NANAN
ANAVAN
NAVAAN
|
NN\

0.02

0.04 0.06 0.08

sum charge
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160
] NY T track 2 tracks 3 tracks
120
| \
80
I e
| n
40 b
0 . N ‘; | o
0 0.04 0.06 0.08 0.1

total charge/8 in 8 layers

TOTAL_CHBRRGES, PS
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THis

goussion fit to x1,x2,x3 using known prf

LOOKS LIKE THE LiMtT

RESOLUTION

De
d X
T

MAKE

15 ure

IS A VERY POWERFUL

DECAYS

SURE ELECTRONICS

To THE TAsSK

OF MULT! ~ TRACK

T00L. FOR I -PRONG
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Qs. PHYSICS TITHMPLICATIONS
Y N N D W

® SIGNAL TRACKS ARE AFFECTED 8Y A
NEﬂRGV* MN-BIAS OR SIGNAL EVENT TRACKS

1000P H°—-7 2,29__?1111
800
: P :
N‘o/o OF TRACKSs00 & _ T2 1GeV
PRE DEGRADED 4°°/‘
200 £
‘ L et i
0 3 4 5 6 7 8 9 10
\/\ | neighbors
12 | |
’/ 10 |
/\"’ o0 ARE rosT 8 o
6 - W
a
3%
o[
o L8 s TOTERNTN

3 4 5 6 7 8 9 10

—
n

neighbors

- 2 S
NERRBY MEANDS INSIDE 3 PADS

263



® FOR b OR £ JETS ...

LOoK AT ALL TRACKS ABoOVE 1 GeV

500
[000 £ JETS
400 F
300
200 I
100 F l‘_r——;_]
Otlri Ll L | b b by e by l'll—}—l#
0 1 2 3 4 5 6 7 8 g 10
neighbours
ESTINATE!
® ~ 2/3 poF T JeTS SHouLd BE

COMPLETELY RECONSTRUCTABLCE

dE
@ (S IMPORTANT TO RECOSNISE

ol X

§ MEASURE # TRAKS IN A JTET .
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I Genercic  Vechnicoloe

Copw &D:  (ud+dd> = my#0
' SU) x SU(, = SU(a),

S '\m?\e. model:
!
"rc’c,hn'ch.c MONS: (-D )

. Slrrong\\j 'm*e.rcm.‘c'mg TC |
Sauge. 3(‘0&&&' SU(\\H-\-C
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QCD TC '

| SU®), S SUNS,)
:\Qum‘ks ' Techai- quarks ..
() 4)

(uGedd>~ N | <UU-DDY~ Are
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Oearching  For new physics...
_———————____-_-__..

Rest cases: @ Resonance

b) Large. cate

Ex Migge » ZZ, M-HOO0 GeV i

of | -

events 07T - )
(S3C 40 6eV)

biﬁ‘)hq.d |
- | bkad |
[ 1 \ l|-¢=H§n \__ — lJ _
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