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Abstract: 

Agenda, list of participants and transparencies contributed to the GEM Muon 
Subgroup Meeting held on December 12, 1991.. 



Agenda: Muon Subgroup Meeting 12/6/91 

(1) Status of the LoI, R&D proposal, and Management Issues -
9:00-9:30 - Frank Taylor 

(2) System Integration and Engineering -
9:30-10:00 - Frank Nirnblett 

(3) Updates from the individual R&D tasks: (about 20 minutes 
each) 

csc - Vinnie Polychronakos and Scott Whitaker 
Irwin Pless RPC 

PDT 
LSDT 
SCARF -

- Carl Bromberg and Brian Smith 
Frank Taylor 
Kwong Lau 

LUNCH - 12:00-13:00 

(4) Simulation of muon system performance - Roger McNeil et al. 
13:00-14:00 

(5) Items requiring attention: 
(a) How well do we need to know the B-f ield (L-angle and 

Integral(Bdl) - Jim Sullivan 14:00-14:20 
(b) Trigggering - Irwin Pless 14:20-14:40 

BREAK - 14:40-15:00 

(6) TTR Working meeting: 15:00-17:00 - Gena Mitselmakher and 
muon group. 

Discussion of needs of technologies for the TTR including 
channel count, DAQ system, etc. 
DAQ - Ken McFarlane 
Engineering - Tom Prosapio 
How to measure chamber resolution - Frank Taylor 

NOTE to Tecnology Proponents: Please compile information about 
your specific needs for the TTR for this segment of meeting. 
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SUBGROUP DESCRIPTION 

csc Cathode Strip Chamber 
Subgroup; coordinated by V. 
Polychronnkos. Brookhaven 
National Lab. 

LSD'f Limited Streamer Drift Tube 
Subgroup; coordinated bu L. 
Osborne. MIT 

ro·r Pressurized Drift Tube Subgroup; 
coordinated by S. Ahlen, Boston 
Univ. 

RPC Resistive Plate Chamber 
Subgroup; coordinated by I. ' 

Pless, MIT, and C. Wuest, 11•• lc. 
Lawrence Livermore National 
Lab. 

ENG Engineering Subgroup; 
coordinated by F. Nimblett, 
DraoerLab. 

TTR Texas Test Rig Subgroup; 
coordinated by G. Mitselmakher, 
SSC Lab. 

SCARF Streamer Chamber Assembly and 
Research Facility Subgroup; 
coordinated by R. Weinstein, 
Univ. of Houston 
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GEM COST REVIEW 

1. Scheduled December 10-11 at SSCL. or 11 -t"L 

2. Subsystem physicists required. 

3. Lead design engineers required. 

4. Integration team members invited. 

~. CoAt e8tlmate englneer8 required. 

6. Electronics and mechanical technologies required. 
Mechanical engineers and physicists should not present 
electronics cost estimates. 



COST REVIEW FORMAT 

1. Each subsystem to be reviewed. 

2. Liquid argon will be emphasized, but brief reviews of 
BaF/fiber system and preradiator and forward calorimeters will 
be covered. 

3. LeCroy will make first presentation of electronics estimates. 
Other lead electronics engineers should be present. 

4. For each subsystem we will need efficient presentations of: 

a. Physics performance parameters and requirements 
b. Basic design parameters, dimensions, channel 

counts, ... 
c. Status of design. 
d. Design team members and effort put into design to 

date. 
e. Cost estimate with emphasis on basis, fraction of 

estimate with various bases. 
f. Plan for next 2 months and descope options. 
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GEM MUON SYSTEM 
R&D/ENGINEERING PLAN 

(1) Introduction 

The GEM muon system has the following 
specifications: 

Pseudoraniditv coveraoe: 
Barrel: 0<1\< 1.3 
Endcap: 1.3 <1\< 2.5 

Momentum resolution at 
small momentum: 
Barrel <avo. over ~niditvl: 1.0% 
E.nd....., <avv. over ~nlditv': 1.2% 
Momentum resolution at 

lartre momentum: 
Barrel <avo. over raoiditv•: 7%nTreV 
E.ndc..., <a-. over "'"iditvl: 7% nneV 

Radiation lengths In 
middle module: 

Barrel: < 10% 
E.ndcan: <8% 

Svstematlc &Hilla error: SO nm 
Time resolution: < 5 ns 
Level 1 trigger latency <3 µs 
time: 
Level 2 trigger latency < 100 jl.S 
time: 
Total muon svstem cost: < $130M 

To achieve lhese goals the GEM Collaboration has 
selected the following design for the muon 
system: 

BARREL 

Metallic drift IUbes to be used for momenlllm 
detenninalion and level 2 trigger. 

Resistive Plate Chambers (RPC's) to be used for level 
I trigger, bunch crossing tag, and z determination. 

ENDCAP 

Cathode Strip Chambers (CSC's) to be used for 
momentum detennination, bunch crossing rag, level I 
and 2 triuers. and r detennination. 

It will be necessary for the barrel drift tubes to 
achieve a single wire resolution of 100 µm and the 
CSCs to achieve a single plane resolution of 75 
µm to satisfy the above specifications. Two types 
of drift tubes are under consideration for the 

barrel: Pressurized Drift Tubes (PDTs), and open 
profile Limited Streamer Drift Tubes (LSDTs). 

The GEM Muon Group consists of 132 physicists 
and engineers from 21 institutions and 4 countries 
(USA, China, USSR, Romania). This Group has 
organized itself into 7 Subgroups to carry out the 
engineering and R&D activities necessary to bring 
the current muon system concept to a fully 
developed design for the GEM Technical Proposal 
(TP) to be submitted in November 1992. The 
Subgroups are: 

SUBGROUP DESCRIPTION 

csc Cathode Strip Chamber 
Subgroup: coordinated by V. 
Polychronakos, Brookhaven 
National Lab. 

LSDT Limited Streamer Drift Tube 
Subgroup; coordinated bu L. 
Osborn" MIT 

PDT Pressurized Drift Tube Subgroup; 
coordinated by S. Ahlen, BoslOn 
Univ. 

RPC Resistive Pla!e Chamber 
Subgroup: coordinated by I. 
Pless, MIT, and C. Wuest, 
Lawrence Livennore National 
Lab. 

ENG Engineering Subgroup; 
coordinated by F. Nimblett, 
"-Lab. 

TTR Texas Test Rig Subgroup; 
coordinated by G. Mitselmakher, 
SSC Lab. 

SCARF Sireamer Ownber Assembly and 
Research Facility Subgroup; 
coordinated by R. Weinstein, 
Univ. of Houston 

The membership, tasks, and budgets for the 
Subgroups will be described in subsequent 
sections. In the next section we give a brief and 
general overview. 

(2) Major Goals for FY92 and the Budget 
Breakdown Between Subgroups 

For the time from December 1991 to September 
1992 it will be necessary to complete the 
following jobs: 



i) Decide between PDTs and LSDTs for the 
barrel. This will be based on tests of modules 
to be installed in the Texas Test Rig (TTR) 
which will be built at the SSC Lab. Tests will 
be done with a hardened cosmic ray spectrum 
and the decision will be based on cost and 
performance. Critical issues arc alignability, 
resolution per wire, material thickness, 
operation stability and safety, and cost and 
difficulty of assembly. 

ii) Build and test a prototype CSC to 
substantiate preliminary conclusions that this 
device will perform up to specifications for the 
cndcaps. Critical issues arc performance in 
magnetic fields, channel to channel uniformity 
and calibratibility, material thickness, and 
electronics cost. 

iii) Develop a base of experience with the use 
ofRPCs to substantiate preliminary 
conclusions that this device will perform up to 
specifications for the barrel. Critical issues 
arc time resolution, noise rate, stability of 
noise rate, RF noise induced in neigboring 
drift tube detectors, charged particle rate 
capabilities, and material thickness. A two 
prong approach will be followed: evaluation 
ofltalian made RPCs, and the construction 
and evaluation of small prototypes produced 
with new plate materials. 

iv) Carry out engineering design and cost 
evaluation for the TP. Critical issues arc: (a) 
alignment at the module level (a module being 
a set of adjacent tracking layers), the sector 
level (a sector is a set of 3 modules used to 
make a sagitta measurement), and globally 
(knowledge of the interaction point and other 
detectors relative to the muon system sectors); 
(b) design of system to monitor alignment; (c) 
thickness of support materials; ( d) geometrical 
efficiency for muon acceptance; (e) 
formulation of plans for installing, servicing , 
and operating muon system over life of 
experiment; and (0 bottoms up cost 
determination of muon system. 

The requested budget for the muon system 
engineering and R&D for FY92 is $2. 7M. It will 
be divided as follows among the 7 Subgroups: 

SUBGROUP FY92 BUDGET 

csc ssoot 
LSDT $4801: 
PDT S400t 
R.PC SlOOt 
ENG S700t 
TTR. S240t 

SCAR.F saot 

TOTAL $7 7001: 

Details of the Subgroup R&D/Engineering plans 
are in the following sections. They are each 
broken down into a participant list, an overall 
plan, a descussion of electronics R&D (beyond 
the amplifier and shaper level), and a discussion 
of the plan for integration into the TTR in Spring 
1992. The Subgroup budgets arc collected in the 
final section. 

(3) CSC Subgroup 

Participants: 28 people from 4 institutions. 

INSTITUTION PARTICIPANTS 

Brookhaven Polycbronakos, Radeka, 
Nlllional Ub. Steplwil, Yu, Smith, Rogen, 
(BNL) O'Connor, Harder, Rescia, 

Paffrath 
Boston Univ. (BU) Whitaker, Shank, Johnson, 

Osborne, Warner, Wilson, Hazen, 
Orlov. Earle 

Oak Ridge Todd, Bauer, Britton, Wintenberg 
Nlllional Ub. 
(OR.NL) 
Leninp'lldNuclar Vorobyov, Prokovief, Terentief, 
Physics Institute Smimoff, Grat.sbef 
(l.NPI) 

R&D/ENGINEER.ING PLAN 

For FY92 the CSC R&D plan will emphasize the 
construction and testing of a full scale prototype 
similar to a complete, 4-layer module of the final 
endcap detector. Several other activities will be 
pursued in parallel. These will address specific 
questions relating to the CSC technology through 
Monte Carlo studies and the construction and 
evaluation of small chambers. 

The primary goals of the study of the full scale 
prototype arc: 



i) Evaluation of construction techniques; 

ii) Detennination of resolution perfonnance 
parameters; 

iii) Demonstration off easibillty of monolithic 
multiplexed readout; 

iv) Demonstration of trigger capabilities; 

v) Detennination of precision of bunch 
crossing assignment using anode wires; 

vi) Evaluation of degradation of resolution as 
a function of angle ofincidence. 

The module will consist of four independent 
chambers of size 2 m x 1.28 m, which 
corresponds roughly to the largest module for the 
final design. Each chamber will have 256 readout 
strips, with a pitch of 5 mm, for a total of 1024 
channels. Each channel will be equipped with a 
hybrid preamplifier matched to the strip 
capacitance. The signals will be shaped and 
multiplexed in the AMPLEX monolithic chips. 
All 1024 channels will be read out by a single 
custom built CAMAC module. To study the 
various level 1 trigger algorithms under 
consideration, 32 channels from each of the 4 
planes will be equipped with a second, faster 
shaper (40 ns FWHM), followed by a 
discriminator. This corresponds to an area of 2 m 
x 0.16 m which will be instrumented for trigger 
studies. The 800 anode wires per plane (with a 
wire spacing of 2.5 mm) will be grouped into 40 
channels per plane providing 5 cm wide elements 
for the detennination of the orthogonal coordinate 
and assignment of the bunch crossing. These 
channels will be equipped with hybrid amplifiers 
and shapers followed by discriminators and 4-
wide OR circuits. The 40 OR outputs will be read 
out with commercial roe units. Note that these 
earliest-time-of-arrival measurements using the 
TDCs are done only to study the bunch crossing 
assignment ability of the device. TDCs would 
not be used in the final detector. 

The full scale prototype will be built at BNL with 
participation of all groups. The mechanical design 
will be done jointly by engineering teams from 
BU and BNL. Construction of parts for the 
prototype will be done at BU. The design will be 
completed by January 1992. The strip readout 

electronics(includingacalibrationsystem) will be 
built at BNL. Anode readout will be the 
responsibility of ORNL. The electronics for the 
128 channels for the trigger implementation will 
be done by BU and BNL. 

Parallel activities will include: 

i) Measurements on various gases to find the 
optimal mixture with regard to drift velocity 
and Lorentz angle (BU, LNPI). 

ii) Detailed simulations of detector 
perfonnance (BU, LNPI, BNL). 

iii) Construction of several small chambers to 
study cathode optimization and perfonnance in 
a magnetic field (BU, LNPI). 

ELECTRONICS R&D 

Some effort will be devoted to fine tune the 
parameters of the AMPLEX chip as well as the 
detennination of additional functionality necessary 
for the chip to provide the level I trigger signals. 
Work will also be required to define an additional 
digital monolithic circuit for control of the 
AMPLEX chip (supply oflocal HOLD, RESET, 
etc.). Nearly half of BNL's electronic 
engineering budget, as well as some of the ORNL 
electronic engineering budget, will be devoted to 
tblsactivity. 

TTRPLAN 

The CSC prototype is nearly self sufficient with 
only one CAMAC slot needed to read out all 1024 
cathode strip channels. The additional equipment 
required ( 40 TDC channels, 128 latching 
discriminators, 40 OR circuits) will be borrowed 
from the BNL High Energy Electronics Pool. Jim 
Shank (BU) will be the CSC liason person with 
the TTR for data acquisition. He will bC assisted 
in hardware questions by Vinnie Polycbronakos. 
Thorough testing of the prototype will be done at 
the place of construction. When moved to the 
TTR in Spring 1992, Shank, Polychronakos, and 
other members of the CSC Subgroup will spend 
whatever time is required at the SSC for 
completion of the tests. 



(4) LSDT Subgroup 

Participants: 23 people from 7 institutions. 

INSTITUTION PARTICIPANTS 

MIT Osborne, Kendall, Rosenson, 
Ross, Tavlor, Verdier, Wadsworth 

Lawrence Fackler, Capell, Weanus 
Livermore National • Lab.(LLNL) 
LeCroy Sumner, Hoftiezer 
Comoratioo {l.RS) 
Lousiana State McNeil, Metcalf 
Univenity (LSU) 
State Univenity of Mobammadi 
New York at Stooy 
Brook(SUNYSB) 
Vanderbilt Venuti, Panvini 
Univenitv(VU) 
Joint Institute for Koiytov, Bonyushkin, 
Nuclear Research, Khovansky, Malysbev, Sedykh, 
Dubna(nNR) Tokmenin 

R&D/ENGINEEIUNG PLAN 

The LSDT chambers are rectangular boxes 
containing 4 layers of wires, with each wire 
located in a covered U-profile cathode The 
positioning of the wires is achieved by supporting 
them on accurately machined insulating bridges 
running across the '111'.idth of the chamber and 
through slots in the cathode at the support point. 
The bridge, in tum, is held against a reference 
point on the wall of the chamber which can be 
monitored or aligned from outside. The cathodes 
are to be made of thin aluminum, possibly coated 
to minimize secondary electron emission. The 
cathodes are held in place by a mechanical system 
separate from the bridges; precision is not 
required and the weight of the cathodes must not 
bear on or distort the wire support. At present, 
we have chosen Mycalex for the brjdge material, 
as it is stable and machinable. 

The alignability of the LSDTs is based on the 
bridge design, which capitalizes on the fact that 
12.5 µm machining precision over spans of I m 
are readily achievable with the use of computer 
controlled machine tools. The cost effectiveness 
of the LSDT design follows from thedevelopment 
of inexpensive manufacturing methods of similar 

chambers by the SLD, Aleph, and SCARF 
groups. The LSDT design has the flexibility of 
being made to any length desired, with wire 
supports at any points of choice to control wire 
sag. The wires can be laid down multiply (as 
with Iarocci tubes), inspected, and tested for 
positioning and tension before being covered. 
Chamber parts can be manufactured in most 
modem machine shops. 

The wires will be operated in limited streamer 
mode. We have found that the large, fast pulses 
achieved in this manner provide excellent drift 
time measurements.1 Our tests utilized laser 
beams, cosmic rays, and the 500 GeV test beam at 
Fermilab. The use of aluminum cathodes makes 
the tubes themselves good transmission lines that 
preserve pulse rise time and enable coarse spatial 
measurements along the wire length by using 
instrumentation at both ends of the wires. 
Because the wires lie in cathodes open at the top it 
is also possible to determine position orthogonal 
to the drift time direction with instrumented strips 
placed over the open side. Strip signals correlated 
with wire signals enable x-y determinations for 
each track in a single chamber. 

The electronics system for the drift time and z 
measurements is being developed by LRS.2 They 
base their design on the LRS MVL407 
discriminator chip and the LRS MTDl32 TDC 
chip, the latter achieving sub-ns time resolution. 
These will be used for prototype measurements. 
However, it is expected that even faster 
electronics will be available for the final system. 

Below we list the tasks we expect to complete in 
FY92, adding in parenthesis the institution(s) 
bearing the corresponding responsibility. 

I) Finish assembly and test of 2, O.S m wide 
chambers (MIT); 

Ii) Measure tube performance in magnetic 
fields (MIT); 

iii) Design and build (D & B) 2, I meter wide 
chambers (MIT & LLNL); . 

iv) D & B pick-up strip plane (MIT); 

v) Investigate and make thinner cathodes (MIT 
&SUNYSB); 



vi) D & B optical window system (MIT); 

vii) D & B tiltable chamber stand as a cosmic 
ray muon telescope (MIT); 

vii) Adjoin prototype optical alignment system 
to the chambers (MIT, Draper Lab.); 

viii) Bottoms up cost analysis of the total 
system (LLNL); 

ix) Investigate various materials for use as 
cathodcs(VU); 

x) Analyse the data from runs taken at 
Fcnnilab on a small prototype, and runs with 
cosmic rays on the 0.5 m and 1.0 m chambers 
(MIT, SUNYSB, & LSU); 

xi) Simulation studies of the muon system 
directed toward optimization of the subsystem 
and integration with the rest of the detector 
(MIT); 

xii) Provide chamber electronics, investigate 
state of the an electronics for TDC's, and 
examine scenarios for the use of chambers in a 
level I trigger system (LRS, MIT). 

The schedule for completion of the above tasks 
has the aim of proving the feasibility, quality, and 
costs of the LSDT system so that it may be 
compared with other technologies in time for the 
TP at the end of the year. M ii es tones arc listed 
below: 

MILESTONE DATE 

Delivery of LeCroy electronics Januuyl992 
for O.S m. chmber: 
Desion of thin calhodes: January 1992 
Assemblv of O.S m chambers: F 1992 
Assemblv of J.O m chambers: March 1992 
Delivery of J.O m. chamber to May 1992 
SSC Lab.: 
Set final """""· on chambers: Au.,,., 1992 
Assemble cost r;....,_ for EDR: ,_,tember 1992 

ELECTRONICS R&D 

The R&D in electronics breaks up into several 
categories: 

i) Discriminator and shaping on each wire; this 
is dcvloped and built by MIT; 

ii) TDC units for chamber prototypes-to be 
available in January 1992 (LRS); 

iii) Trigger electronics which will take signals 
from the TDC units; this might be considered 
as a first prototype of a more sophisticated 
version in the final system; this will also be 
available in January 1992 (LRS); 

iv) Begining R&D into faster versions of the 
TDC's (LRS); 

v) Cost estimates for the electronics of the 
muon system, including cabling and HV 
system (LRS). 

The units for item ii) arc essentially the LcCroy 
2277 CAMAC modules which use the MID132 
chip, a pipelined TDC with a capacity of 16 hits 
per channel and a least count of 0. 7 5 nsec. The 
trigger unit, item iii), will be a custom built 
CAMAC unit with 32 inputs from 2, 2277 units. 
The 32 inputs arc combined in a prc-defmed logic 
matrix to produce 16 trigger signals. These 16 
signals arc then used to address a 65,536 bit 
memory, which contains the trigger decision. The 
above will be provided for both the 0.5 m 
chambers and the 1.0 m chambers. 

Eventually, a new chip will be designed for any 
drift time muon system and optimized for that 
system. Expected improvements in IC processing 
in the SSC time frame will ccnainly allow cost, 
pcrfonnancc, and power dissipation to be 
enhanced compared to the current circuit. In any 
event, design concepts can be used to do cost 
estimates forthe final system (item iv). A costing 
for the total system, similar to the one for 
EMPACT/fEXAS2 will be done (item v). 

TTRPLAN 

We expect to be able to deliver a I m x 4 m 
chamber to the TTR atthc SSC Lab in May 1992; 
the chamber would have been previously tested as 
a panicle detector. The chamber would have 4 
layers of wires (the layers being staggered); each 
layer has 40 wires. However, we would fully 
instrument only a subset of wires - 8 wires on 
each layer at a given time. We would include the 



necessary CAMAC modules and crate for read
out. Someone, probably Dr. A. Korytov, would 
accompany the apparatus to put it into operating 
condition. His stay would be limited to setup time 
due to restrictions in travel funding and the local 
demands on his time. We would also bring down 
the necessary programs for reading data out. 

We will retain the second I m chamber at MIT to 
continue tests with variants on mechanical 
structure, chamber gasses, wire materials, cathode 
materials, etc. 

(5) PDT Subgroup 

Participants: 53 people from 7 institutions. 

INSTITUTION PARTICIPANTS 

Boston Univ. (BU) Ahlen, Marin, Zhou, Hazen, 
Earle Varner 

Michigan Slate Bromberg, Miller, Joy, Richards, 
Univ. (MSU) Yosuf 
Los Alamos Sanden, Hanlon 
National Lab. 
(LANL) 
SSC Lab. (SSCL) Smith, Mitselmakber, Stocker, 

Villasenor, Yost, V anyashln, 
Zimmer-Nixdorf. Prosaoio 

Joint Institute for Alexeev, Bonyushkin, 
Nuclear Research, Fialovszky, Gomushkin, 
Dubna(nNR) Malysbev, Tokmenin, 

Vertollndov 
Institute of High Xu + 10 others 
Energy Physics, 
Beiiinm(IHEP) 
Institute of Atomic Pucovici, Aculai, Blaj, Bozdoc, 
Physics, Bucharest Butacu, Qobanu, Dorobantu, 
(!AP) !Jhicianu, Popa, Radulescu, 

Spano, Stan-Sion, Valeanu, 
Zimmer 

R&D/ENGINEERING PLAN 

Round, metal tubes of the sort being considered 
for the PDT option have been used successfully at 
colliders in large solenoidal magnetic fields as 
precision tracking devices: (a) 3 m long stainless 
steel tubes (2.54 cm diameter, 200 µm wall 
thickness) are being used in the 1.5 T field at 
CDF;l and (b) 3. 7 m long stainless tubes (2.54 
cm diameter, 150 µm thickness) were used in the 
1.6 T field at HRS.4 The HRS tubes achieved a 

diffusion limited spatial resolution of 160 microns 
using a safe gas ((90% Ar, 9% C02, and I% 
C.f4). The CDF tubes were operated in limited 
streamer mode to optimize charge division 
performance, achieving 200 µm resolution 
transverse to the wire, and 2.5 mm resolution 
along the wire. 

The symmetry of round, cylindrical tubes 
operated with axes parallel to magnetic fields 
enables reliable and precise tracking due to the 
simple electric field configuration and the 
independence of the time to space function on 
angle of incidence. In addition to the CDF and 
HRS tubes, there have been numerous other 
examples of the use of round tubes at colliders 
(mostly as vertex detectors), in magnetic fields as 
high as 3 T (AMY),S with resolutions as good as 

45 µm (the MAC drift tubes, with aluminum 
cathodes, which were operated with a 49.5:49.5:1 
Ar-COi-Cl4 gas at 60 psia6). Furthermore, the 
cylindrical geometry of tubes enables 
improvement of resolution through pressurization. 

The AMY straw drift tubes (25 µm wall 
thickness), were in fact pressurized iindividually 
at 21 psia. S And tests done on a spare octant of 
HRS drift tubes at 30 psia7 have shown that 
resolution does improve as expected with 
increasing pressure, Implying that a resolution of 

I 00 µm can be achieved with the safe HRS gas at 
30 psia. 

The current preferances for the tube type for the 
GEM PDT option are aluminum tubes with 300 
micron wall thickness, and about 3 cm diameter. 
The lllller and middle modules would each consist 
of 8 layers of staggered tubes, and the outer 
modules would have 4 staggered layers. The 
number of radiation lengths in the central modules 
would be X • 8.5%. To keep X small, we favor 
aluminum over stainless steel material. The main 
advantage of the latter is reduced reactivity and 
fewer problems with spurious electrical 
discharges. However, the PDTs would be 
operated in saturated proportional, and not limited 
streamer mode, so that this is probably not a 
major concern. 

The PDT alignment philosophy is based on 
accurate placement of wire ends relative to end 
plate fiducials. This can be achieved with 



prects1on machined reference end plates, and 
precision fabricated end plugs, pins and ferrules. 
The PDT design docs not utilize wire bridges 
inside the tubes. It is believed that greater 
alignment precision is possible by calculating wire 
position from resonant frequency measurements 
(which provide the ratio of wire tension to wire 
radius squared, exactly the quantity needed to 
calculate sag). Such measurements can be made 
non-invasively with current-magnetic field 
excitation, and phase shift analysis. Wire holding 
through crimp and solder techniques will enable 
long term stability. Measurements have been 
made by GEM muon group members which have 
demonstrated that wire position can be predicted 
correctly within a few µm (for 4 m long wire 
tensioneii at 80% of the yield strength, sag will be 
about 230 µm, with an electrostatic component in 

a 3 cm diameter tube of about 5 µm). 

The primary goal of the FY92 R&D program for 
the PDT Subgroup is the demonstration of the 
suitability of the PDT design for GEM. In 
particular it must be shown that a cost effective 
design and assembly procedure can be developed; 
these must be appropriate for the reliable 
construction, assembly, testing, and operation of 
approximately I 00, 000 drift tubes having gas 
tight seals for operation at 15 psig, and having 
wires held stably so that positions can be 
predicted correctly to within several µm. A two 
prong program is planned to acvhieve this goal: 

(i)TTRPROTOTYPE 

A large scale prototype drift tube module will be 
designed and constructed to be installed into the 
TTR for the Spring 1992 tests. This will be 
approximately4 m long, I m wide, with 4 layers 
of close packed tubes, each layer having 40 tubes. 
The mechanical design will emphasize quality 
with regard to (a) reliable, gas tight seals (utilizing 
o-rings and gaskets, with minimal or no reliance 
on glue seals); (b) precise placement of wires (to 
within 20 µm) relative to a precision fiducial end 
plate; (c) straightness of tubes (to 1/2 mm); (d) 
derivation of module rigidity through bonding of 
the tubes (as a kind of honeycomb structure); and 
(e) reliable assembly procedure which docs not 
require a great deal of technical skill. 

To conserve costs only 24 tubes per layer will be 
outfitted with commercially available electronics. 
Each tube end will be connected (through a 
custom built connector) to a coaxial cable which 
will deliver high voltage to the tube, and will carry 
the signal from the tube to a high voltage 
divider/signal router box, from which the signal 
will be directed to a fast commercial current 
amplifier (gain of about 200), then to a 
commercial discriminator (IO mV minimum 
threshold), and then to a commercial CAMAC 

based TDC (I µs full scale, 0.25 ns least count). 
This electronic configuration has been tested 
under adverse conditions of a balloon borne 
experiment,8 and has been found to have excellent 
noise suppression characteristics, primarily 
because the signal Is propagated along coaxial 
cables continuously from the source to the 
amplifier input. 

MSU, LANL, and the SSCL will be responsible 
for the mechanical design and construction of the 
prototype, which will be located at the TTR 
facility at the SSC Lab. BU will be responsible 
for the electronics for the prototype. This 
includes selection and procurement of the 
commercial equipment, design and construction of 
the HIV dividing boxes, construction of the cables 
required, and software for the data acquisition. 
BU will also be responsible for the pressurized 
gas system, which will be computer controlled 
and will employ precise pressure monitors, 
temperature monitors, and input and output 
electronic flow meter&'controllers. 

LANL will provide silicon strip detectors to be 
used to determine alignment capabilities of the 
prototype. LANL and SSCL will provide 
alignment equipment to enable comparison of 
absolute track coordinates determined by both the 
silicon and PDT arrays. The number of tracking 
layers (4) In the PDT prototype is sufficient to 
determine Internally the single wire resolution 
independent of alignment errors. 

(ii) SPARE HRS OCTANT 

A spare octant of the HRS outer drift ube system 
has been loaned to the BU group by the Indiana 
University group (led by Harold Ogren) which 
built these detectors. This octant will be moved to 
Boston where a number of tests will be carried 
out: 



(a) Wire tension will be measured 14 years after 
construction;a comparison with the known initial 
tension will provide valuable information on long 
term tension stability with this type of tube design 
(for HRS the wires were crimped and soldered). 

(b) Resolution measurements will be made with 
various gases and pressures to help select a gas 
suitable for the ITR test. Detailed measurements 
of gas drift properties in magnetic fields will be 
made on selected gases at various pressures and 
fields at the MIT cyclotron magnet with the BU 
gas test chamber setup. Such measurements will 
determine the time-space function required for 
track reconstruction. 

(c) The electronics and acquisition system for the 
ITR tests will be developed and debugged in 
Boston on the HRS octant prior to being shipped 
totheSSCL 

ELECTRONICS R&D 

There will be no electronics R&D for the PDT's in _ 
FY92. The electronics requirements are satisfied 
by existing commercially available systems. 
While it is likely that some cost savings could be 
anticipated with refined systems, it is felt that such 
work has low priority for 1992. No hardware 
work is planned on the development of a PDT 
level 2 trigger. -

TTRPLAN 

The PDT prototype will be constructed at the 
SSCL in early Spring 1992, based on the 
MSU/LANLJSSCL design. The electronics 
procured and built at BU will be moved to the 
SSCL in May 1992, and testing of the module 
will occur during June 1992. Alex Marin and 
Gary Varner will spend the time required in Dallas 
to get the acquisition system and electronics for 
the PDT prototype up and running. All PDT 
institutions will participate in the data analysis. 

(6) RPC Subgroup 

Participants: 15 people from 5 institutions. 

INSTITIJTION PARTICIPANTS 

MIT Pless. Chan• Hafen, Haridas 
uwrence Limore Wuest, Ables, van Bibber, 
National Uh. Bionta, Fackler, Makowiecki 
(LI.NL) 
Brown Univ. (BrU) Widenff 
lndlanaUniv.(IU) Al--
Univ. of Tennessee Bugg, Berridge, Du 
(UT) 

R&D/ENGINEERING PLAN 

RPC's, developed in Rome ten years ago, are 
essentially narrow gap spark counters. They 
operate at a uniform electric field of about 40 
kV /cm between parallel electrodes of resistive 
material. Typically, 2mm thick plates are 
separated by 2 mm gaps with the use of spacers. 
The sensitive volume is filled with a gas mixture 
of 60% argon, 38% isobutane, and 2 % freon. 
Spatial readout is made via pick up strips insulated 
from the field electrodes by a polyethylene film. 
The voltage induced on these pickup strips is 
about 0.5 V into 50 n, with a measured time 
resolution of about I ns. RPCs have been used in 
many experiments with the largest having 
dimensions 0.5 m x 6.0 m. It is planned that the 
GEM RPCs will have dimensions of up to 3.3 m 
x 4.0 m. 

RPC's have been tested and found to work at 
rates up to 40 Jlv'cm2, well above those expected 
in the barrel region of GEM, even at a luminosity 
of 1034 cnr2s-l. They have also been found to 
work well In close proximity to drift chambers, 
for which a 25 µm aluminum cover around the 
RPCs is used as an RF shield. 

The RPC R&D program for FY92 will consist of 
two major areas: 

i) Measure the properties of a l m x 2 m RPC 
furnished to MIT by R. Santonico of the Rome 
2 University. These properties include: 

a) Pulse rise time jitter; 
b) Maximum counting rate per unit area; 



c) Efficiency; 
d) Lifetime. 

ii) Measure the properties of a large size RPC 
produced by the RPC Subgroup. 

An RPC test bed will be designed, fabricated, and 
installed at MIT, under the direction of the MIT 
group. MIT will also be responsible for the 
design and implementation of the RPC 
electronics. Equipment for the test bed will be 
provided and commissioned by other groups: 

i) BrU will provide two scintillation 
hodoscopes; each hodoscope has two planes, 
one for x and one for y; each plane consists of 
12 scintillators, each being 11 cm wide x 1.27 
cm thick x 120 cm long; these will be used to 
provide timing information which will be used 
to determine RPC time resolution; 

ii) IU will provide a multi-component gas 
system for the test bed; special emphasis will 
be placed on non-flammable mixtures for the 
tests (e.g. 86% C02, 10% isobutane, 2% Ar, 
and 2% freon); 

iii) UT will provide 9 drift chambers, each 
having an area I m x I m; these will provide 
tracking information as an aid in 
understanding RPC performance. 

MIT will be responsible for the installation of all 
RPCs, whether from Italy, or built by LI.NL, 
into the test bed, and for the operation, data 
acquisition, and maintenance of this facility. 

The GEM muon system will require thousands of 
square meters of reliable RPCs. Activities at 
LLNL will be focussed on optimizing chamber 
design and chamber materials with this fact in 
mind. Thus the emphasis at LI.NL will be on the 
fabricationof large scale prototype RPCs using 
new materials and manufacturing methods. The 
FY92 R&D program at LLNL will include the 
following tasks: 

i) Determination of the best plate material 
(plastic or glass), and coating technique for 
the large scale prototype RPC and 
characterization of the resistivity and surface 
uniformity of the materials. This will be 
performed by a physicist and the Chemistry 
and Materials Science (CMS) coatings group, 

requiring 0.125 FTE of a CMS engineer, and 
0.25 FTE of a CMS technician. 

ii) Construction of a large scale prototype 
RPC with dimensions to be determined by 
funding constraints, but probably I m wide 
and I to 4 m long. Construction techniques 
consistent with large scale production will be 
tested in the fabrication of this prototype. 
This effort will require 0.125 FTE of a CMS 
engineer, 0.25 FTE of a mechanical engineer, 
o.25 FTE of an electronics engineer and I full 
time physicist. 

iii) Characterization of the large scale 
prototype RPC for noise, operating efficiency 
(plateau), time resolution and spatial 
resolution. This Includes characterizing the 
size and temporal duration of the localized 
dead region afteran electron avalanche is 
generated. Spatial resolution along the long 
pickup strips can also be studied, with 
particularattention beingpaid to uniformity 
and linearity of the position measurement near 
the edges of the chamber. Also, chamber 
lifetime and aging effects will be studied. 
Tracks will be generated using tagged cosmic 
rays, radioactive sources, and electrons from 
the LI.NL 140 MeV Linac. This work will be 
carried out by a 0.25 FTE electronics engineer 
and V4 of a physicist. 

ELECTRONICS R.&D 

None will be done in FY92. 

TTR.PLAN 

An RPC prototype will be moved to the TTR in 
Spring 1992. It will be necessary to demonstrate 
that operation of the drift tube prototypes are not 
degraded by RF interference from the RPC. 



(7) ENG Subgroup 

Participants: I 0 people from 3 institutions. 

INSTITUTION PARTICIPANTS 

1mmerLab. Nimblett. Hamilton + 3 others 
Los Alamos Sanders, Hanlon + I other 
National Lab. 
(LANL) 
SSC Lab. (SSCL) Smith + I other 

R&D/ENGINEERING PLAN 

The plan described here characterizes the staffing 
required to implement those engineering tasks 
necessary to proceed from the current, rather 
primitive, state of the design of the GEM muon 
system to the TP in November 1992. This effort 
requires covering all aspects of the muon system 
to some level through both a conceptual design 
phase and the preliminary design phase which will 
provide the basis for the design, costing and 
scheduling of the muon system for the TP. The 
scope of this effort is fixed by the nature of the TP 
and by the SSC schedule, but the level of detail 
and the accuracy to which these tasks will be 
accomplished will be limited by the funds 
available in FY92. · 

FY92 activities will consist two basic tasks: 

(i) TASK I - complete conceptual design of entire 
muon system for 2 barrel technologies, exclusive 
of the chamber designs themselves. 

This effort wilt include: 

a) Conceptual layouts of proposed chambers 
(not detailed drawing); 

b) Electronic racks and mounting concepts; 

c) Cable routing and support concepts; 

d) Conceptual design of interfaces to 
structures, interfaces to magnet support points 
or other attaclunent options; 

e) Structural support concepts for chambers 
along with structural analysis and assembly 
procedures and schedules; 

O Muon system alignment concepts (local and 
global); 

g) Consideration of allotment of space and 
attaclunents for muon system (and other 
systems) service requirements; 

h) Consideration of safety air venting, 
temperature control and air routing through the 
muon system; 

i) Conceptual design for chamber gas 
systems, including plumbing and surface 
facility requirements; 

j) Initial cost book entries for all of the above. 

The costing and overall design concepts will serve 
as elements in the decision to select one of the two 
barrel region options by early July 1992. Routine 
engineering program management and associated 
travel expenses are also included in this task 
description and will require a portion of the 
allotted funding. 

To maintain a critical mass on this task wilt 
require that the majority of the conceptual design 
work be done at Draper. However, the global 
alignment of both the muon system and the overall 
detectorwill necessitate interactionsamongDraper 
(F. Nimblett), the SSCL (D. Veal), IANL (J. 
Hanlon) and LLNL (G. Deis). The alignment 
concept is an area of critical concern which can 
affect the entire detector architecture and must be 
addressed very soon in the conceptual design 
activity. 

Expenditures for this task, other than salaries and 
travel, include computer usage costs, and 
materials and supplies costs to purchase PC 
software to improve compatibility within the 
engineering team and the SSCL and also to 
provide additional PC based analytical tools to 
improve group productivity. 

(ii) TASK 2 - Preparation for the GEM muon 
system portion of the Technical Proposal. 

Following the selection of the barrel chamber 
options for the GEM muon system in early July, 
this task will combine TASK I with the chosen 
chamber options for the barrel and endcaps from 
the detector subgroup R&D activities to formulate 
a preliminary design for the GEM muon system. 



This effort will provide the design, costing and 
scheduling basis for the TP. 

As with the conceptual design task, the overall 
scope of this task must include all aspects of the 
muon system design to some level. It is 
anticipated that the conceptual design activities 
will provide the basis for prioritizing the various 
design elements of the preliminary design in a 
manner that will permit us to place the limited 
engineering resources onto the most critical items, 
whetherthiscriticalitybe due to technical, cost or 
schedule risk factors. An additional component of 
this effort is the need to spend engineering funds 
on the selected chamber technologies to develop 
the chamber design detail sufficiently to provide 
accurate cost estimates based on vendor quotes 
and to properly integrate the chambers and their 
alignment strucwres into the respective support 
structures. As with the conceptual design, routine 
engineering program management and associated 
travel expenses are also included in this task 
description. 

As with TASK 1, most of the efforts of this task 
will be concentrated at Draper to maintain critical 
mass. Exceptions to this will involve the 
alignment task (as described for TASK 1) and 
those tasks associated with detailed chamber 
design, which will draw support from LANL, 
LLNL, BNL, and Draper. 

(8) TIR Subgroup 

Participants: 8 people from I institution. 

INSTITUTION PARTICIPANTS 

SSC lab. (SSCL) Mitselmakher, Stocker, 
Villasenor, Yost, Vanyuhin, 
Zimmer-Nixdorf, Proupio, 
Smith 

R&D/ENGINEERING PLAN 

The GEM Collaboration has decided to construct a 
test facility at the SSCL to evaluate different 
muon-chamber prototypes during June and July 
1992. This evaluation will serve to select the 
detector technologies that are best suited for the 
GEM muon system. For this purpose, we will 
construct the Texas Test Rig (TTR) that will 
accomodate large scale muon chamber prototypes 

that will be tested under identical conditions using 
cosmic muons. The muon technologies to be 
tested include the PDT's, LSDT's, CSC's and 
RPC's. 

The TTR will consists of an iron toroid magnet, 
two planes of scintillation counters (one above 
and the other below the TTR), two layers of 
Iarocci tubes above and two layers below the 
magnet, and live compartments to place the muon 
chambers under test. The dimensions of the 
largest of the muon-chamber prototypes will be 4 
m x 1 m x 0.2 m. Each of the TTR compartments 
will be about 5 m long, 2.1 m wide and 0.25 m 
high, so that it can accomodate larger prototypes 
in the future. 

The 1 m thick iron of the magnet will harden the 
cosmic ray spectrum to muon momenta greater 
than 1.4 GeV. The muon spectrum can be further 
hardened (muon momenta greater than 5 to 10 
GeV) by imposing offilne cuts on the deflection of 
the muon track before and after it traverses the 1.4 
T magnet; this will be done in order to to keep the 
systematic error introduced by multiple scattering 
small compared to the expected resolution of the 
chamber prototypes. We will determine the muon 
direction above and below the magnetized iron by 
means of four planes of Iarocci chambem. Weare 
studying two aproaches towards the construction 
of the magnet: the fimt is to use the iron from the 
recently decommissioned DO Cosmic Ray 
Telescope from Fermilab; the second is to make 
our own magnet in a way that is more optimized 
for our application. We will select one of these 
options based on several criteria such as cost, 
performance, viability and schedule. The decision 
as to which type of magnet we will build will be 
taken by the end of November 1991. The SSCL 
group will be responsible for the construction of 
the magnet. The magnet will be ready by April 
1992. 

The scintillation countem will provide both the 
trigger and the the start signal for the IDC's. We 
expect to have the scintillation counters 

· manufactured for us at Fermilab or LANL. The 
scintillationcountem will be 2. 7 m long, 20 cm 
wide and 2.5 cm thick. We will have two layers 
of area 5 m x 1.2 m each, which will require 24 
counters and 48 phototubes. The scintillation 
counters will be ready by April 1992. 



The coincidence of the signals from the 
scintillation counters and the four Iarocci 
chambers will be the trigger for the data 
acquisition system (DAQ). The SSCL group will 
provide the trigger electronics, DAQ computer, 
mass storage, interface cards computer to 
CAMAC, and crate controllers. The proponents 
of the technologies will provide the CAMAC 
crates, the . TDC and/or ADC modules, power 
supplies and the interconnecting cables that are 
required. The proponents will be responsible for 
making their prototypes operational at SSCL. The 
SSCL group will develop the basic data 
acquisition software in coordination with the DAQ 
liason person of each of the proponent 
institutions. 

The SSCL will participate by making computing 
resources available and helping with the design 
and construction of the software. However, each 
proponent will be responsible for providing any 
technology specific software, including any 
necessary calibration software. 

The Iarocci chambers will provide both the trigger 
and a measurement of the incoming and outgoing 
directions of the muons. Each of the four planes 
of Iarocci chambers will provide x-y position 
measurement with a cell size of 1 cm for each 
coordinate. The Institute for Beam Particle 
Dynamics at the University of Houston will 
provide the Iarocci chambers with strip boards, 
front end elect~nics, CAMAC read out system, 
gas system, high voltage supply, gas, and 
monitorialarm system. The Iarocci tubes will be 
ready by April 1992. 

The prototypes use different ~gases (mixtures 
consisting of up to 4 gases). The proponents of 
each technology will provide their own gas 
mixers. We will ensure they are being built 
according to the applicable SSCL safety 
regulations. The SSCL will provide a complete 
gas system as a backup system for any of the 
technologies. The SSCL will also provide 
exhaust and alarm systems as well as the racks for 
the gas bottles. 

The GEM Muon Group plans to take data for 
approximatelyone month in June 1992 to allow 
enough time for analysis and comparision of the 
performance of the different prototypes before the 
due date for the TP. All components being 
provided by SSCL will be ready by April 1992 to 

allow installation of the individual technologies by 
their proponents in May 1992. We will start 
taking data on June 1, 1992. 

(9) SCARF Subgroup 

Participants: 7 people from 1 institution. 

INSTITUTION PARTICIPANTS 

Univ. of Houston R. Weinstein, K. Lau, B. Mayes, 
(UH) J. J>v.ofik and 3 others 

R&D/ENGINEEIUNG PLAN 

The Streamer Chamber Assembly and Research 
Facility (SCARF) of the Univ. of Houston has 
developed state of the art facilities for assembling, 
with outstanding reliability, large quantities of 
large area limited streamer tubes. The expertise 
and experience of the SCARF Subgroup is an 
exceedingly valuable asset to the GEM muon 
system. An example of the value of this group 
was indicated in the preceeding section in the 
description of the tracking chambers to be 
provided for the TTR. Additional tasks to be 
taken on by the SCARF Subgroup in support of 
the GEM muon system during FY92 are indicated 
in this section. 

i) Optimization of cathode surface material is a 
critical aspect of the development of the CSC 
concept. The SCARF Subgroup will work on 
this problem by measuring plateau lengths of U
profile chambers made of extruded Al, extruded 
Al coated with C, and extruded Al coated with Ni 
in both streamer and proportional modes. 
Extruded Al U-channels with 8 or more channels 
will be obtained from local suppliers. C coating 
will be done at SCARF. Ni coating will be done 
by local industry. Plateaus with 100 micron (for 
streamer mode) and 50 micron (for proportional 
mode) silver-plated Be-Cu wires and Ar
lsobutane (1 :3) gas mixture will be measured. 
The knees and breakaways will be determined. 
Afterpusling will be studied. It is expected that 
most of this task will be completed by June 1992. 

ii) As a corollary of the activity listed above, the 
SCARF Subgroup will provide cost etimates for 
NI coated Al, In both U-profiles (LSDT) and 
tubes (PDT). This information can be made 
available by April 1992. 



iii) An important issue for the CSC task is 
whether there is any benefit of housing the anode 
wires in open profile tubes, as opposed to the 
baseline design of having the wires housed in 
open chambers. Various opinions on this subject 
have been espoused throughout the evolution of 
the GEM muon system design phase. The 
SCARF Subgroup will work on this problem by 
constructing a small prototype chamber (I m x 0.5 
m) with strip readouts. The wires for the chamber 
will be placed in U-profiles with I cm cell size. 
The strips will have 5 mm pitch. The SCARF 
Subgroup will investigate strip . signal size, 
multiplicity, and cross talk m . both the 
proportional and streamer modes. It 1s expected 
that construction will be completed in June 1992 
and that the tests will be completed by September 
1992. 

iv) The properties of a large gas volume of the 
barrel drift system will be studied. Air leaks and 
their effects on the system will be studied. This 
will be done by August 1992. 

If time permits, the SCARF Subgroup will 
explore the possible use of nitrogen-based gas 
mixtures (e.g. nitrogen-CF 4) as candidates for 
inexpensive and nonflammable gases. 
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(11) Budget 

The budgets for the different muon system 
Subgroups for FY92 are given on the following 
pages. Indirect costs have been added . as 
appropriate in each line. The following notation 
has been used: 

ME• Mechanical Engineer; 
D • DcsigneliDraftsman; 
MT• Mechanical Technician; 
EE• Electronics Engineer; 
ET• Electronics Technician; 
CMSE • Chemical, Materials Science 

Engineer; 
CMST • Chemical, Materials Science 

Technician. 



A B c D E 
1 CSC SUBGROUP LSDT SUBGROUP 
2 
3 BNL Prototvoe Equioment: $87,000 LSDT Prototvoe Equipment (MIT): $75,000 
4 BU Prototvoe Equloment: $44,000 Prototype Equipment (VU): $5,000 
5 ORNL Prototvoe Equioment: $14,000 Alignment Expenses (MIT): $55,000 
8 BNLME: $20,000 6 mo. of LLNL ME: $70,000 
7 BNLMT: $50,000 8 mo. of MIT ME: $55,000 
8 BUME: $30,000 12 mo. of MIT MT: $45,000 
9 BUMT: $30,420 2 mo. of MIT D: $10,000 
10 BNLEE: $50,000 LAS EE/Equioment: $20,000 
11 BNLET: $50,000 4 mo. of MIT EE: $30,000 
12 BUEE: $20,000 12 mo. of MIT ET: $80,000 
13 BUET: $20,000 15 mo. of MIT Students: $25,000 
14 ORNLEE: $30,000 LSU Student: $5,000 
15 ORNLET: $23,000 SUNYSB Student: $5,000 
18 BNL Suoolies/Services: $15,000 
17 BU Suoolies/Services: $10,500 TOTAL: $480,000 
18 ORNL Suoolies/Services: $6,080 
19 PDT SUBGROUP 
20 TOTAL: $500,000 
21 PDT Prototype Equipment (BU): $162,000 
22 6 mo. of LANL ME: $60,000 
23 4 mo. of LANL D: $32,000 
24 4 mo. of LANL D: $32,000 
25 8 mo. of Joy (MSU MT): $30,000 
26 6 mo. of Richards (MSU ME): $36,000 
27 1 mo. of Hazen (BU EE): $6,000 
28 7 mo. of Varner (BU ET/EE): $42,000 
29 
30 TOTAL: $400,000 
31 



A B c D E 
32 RPC SUBGROUP ENG SUBGROlF 
33 
34 MIT Prototvoe Eauioment: $37,000 Conceotual Design 
35 LLNL Prototvoe Eauloment: $18,000 6 mo of DranAr ME: $90,000 
38 BrU Prototvoe Eauloment: $31,000 5 mo. of DranAr ME: $75,000 
37 IU Prototvoe Eauloment: $12,000 5 mo. of LANL ME: $50,000 
38 UT Prototvne Eauloment: $20,000 7 mo. of Draner D: $61,600 
39 12 mo. MIT MT: $100,000 
40 2.5 mo.LLNL MT: $18,900 TP Preoaratlon 
41 2.5 mo. LLNL EE: $29,500 5 mo. of Draoer ME: $75,000 
42 1.3 mo. LLNL CMSE: $14,700 4 mo. of Draner ME: $60,000 
43 2.5 mo. LLNL CMST: $18,900 4 mo. of Draoer ME: $60,000 
44 4 mo. of LANL ME: $40,000 
45 TOTAL: $300,000 4 mo. of LANL ME: $40,000 
48 4 mo. of Draoer D: $35,200 
47 TTR SUBGROUP: 5 mo. of Draoer D: $44,000 
48 
49 TIA Magnet: $80,000 Materials/Suooiies/Other: $40,000 
50 TIRDAQ: $65,000 Travel: $29,200 
51 TIA Iarocci Tubes: $50,000 
52 MT: $30,000 TOTAL: $700,000 
53 Suoolles: $15,000 
54 SCARF SUBGROUP 
55 TOTAL: $240,000 
58 Prototvoe Eauioment: $17,000 
57 MT: $26,900 
58 ET: $26,900 
59 Sunolles/Services: $9,200 
60 
81 TOTAL: $80,000 
82 GRAND TOTAL: $2.700.000 
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Engineering Overview 

• R&D and Engineering SOW and Budget 
completed. 

C $700K Engineering budget still considered 
inadequate to properly complete Conceptual 
Design and get far enough into the Preliminary 
Design of Muon Subsystem to produce a 
competent Technical Proposal for the Muon 
Subsystem) 

• Engineering Budget allows NO money for 
development and evaluation of actual support 
and alignment hardware such as structure 
elements, interface hardware or the straight
line monitors which will likely be the backbone 
of muon system alignment. 

• Loi Muon Subsystem Costing complete 
(Lower Contingency of 40o/o (60°/o previously) 
reflects an increase in estimated engineering 
design dollars) 

The Muon System Still Needs a lot of work !! 



Muon System Engineering Near Term Effort 
(Costing Refinement) 

• T. Kondoleon has initiated the muon support 
structure design and costing activity. M. 
DePiero has just start working the 
Muon/Magnet Interface hardware problem. 

• Chamber costing could also benefit from 
backup on the supplied costs (better definition 
of assembly processes and some sketches of 
chamber concepts would be a helpful) ! 

• Electronics cost estimates will hopefully 
benefit from LeCroy's effort at unified costing. 
( Must Identify which electronics costs in the 
muon system costing will or will not be covered 
by this effort) 
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Engineering Issues 

• Interface of Muon System to Magnet remains a 
serious issue to be settled. 

( Currently examining support/isolation 
concept of large right-angle flexural plates, 
one per sector. One leg of the right angle 
would bolt to end plates of magnet halves and 
the other leg would support an integrated 
muon structure made up of 16 serially
integrated modules per end) 

Need to negotiate mounting space options on 
the magnet end plates (initial reaction on 20 
Nov. from G. Deis and C. Johnson was quite 
positive: design effort at Draper has just 
started). 

• Global ali~nment and monitoring of the Muon 
system with respect to the IP and Quadrapole 
Fiduciary marks remains an issue to be 
settled. This is a major collaboration issue 
between SSCL, Muons and Magnet at a 
minimum. 

(G. Sanders has recommended an aggressive 
attack of problem, with a compact but diverse 
group of interested engineers and physicists). 

I concur, but who manages the task and where 
does ,~he funding come from?? 
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Magnet Structure 

Dlametral Flexlblllty Centering Stability 
( accomodates temperature 

changes and minor structural 
anomolles) 

Muon Support Structure 
(Integrated structure) 

GEM Muon System 
Support Concept 

F. Nlmblett 
Draper Lab 
06December1991 



• There is a new option of an East Campus hall. 
It features multiple shafts and an assembly 
scenario which separates the magnet halves 
from the central detector assembly. This 
Central detector assembly would be a self
supporting assembly which would permit 
relatively quick access to the central tracker. 
Barrel region muon system assembly into the 
magnet halves would be done from the central 
membrane end. Endcap muon chamber 
installation would still be done from the pole 
ends. 

In principle, this looks like a very good 
approach. 

It is important to have an understanding of 
magnet deflections and the resulting 
interaction with the muon system as a function 
of movement along an imperfect rail system!! 

Can the muon system maintain alignment? 

Can and should the magnet and muon system 
accomodate the web-suspended 600t LAr 
Endcap Calorimeter concept suggested by 
Lyle Mason ?? New potential interface with 
calorimeter system must be resolved soon! 

Recommend a meeting of lead engineers with 
some muon physics representation to try a 
work out a viable tracker access scheme that 
pleases the magnet, muon, calorimeter (both 
options) and tracker subgroups. This scheme 
should address services and assembly and 
cabling options for all systems!! 
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• Creating a GOOD Muon System conceptual 
design, with correspondingly lower 
contingency cost estimates, in the next 2 to 3 
months will be a major undertaking and 
something of a "budget bruiser". Utilization of 
these resources up front will in turn put a strain 
on the already very limited$$ resources to be 
used later in GFY92 for preparation of the 
Technical Proposal. 

• On the Up-Side, Draper has committed two 
additional designers and a draftsman to this 
effort. The staff available for GEM Muon work 
as of 25 November will consist of 
F. Nimbett, T. Kondoleon, M. DiPierro, 
T. Hamilton, B. Antkowiack and G. Robb. 



Engineering coordination: 

Current funding permits only a minimal effort in 
this area. 

R&P Engineering: 
Monthly reports from the specific subgroup 

lead engineers sent to F. Nimblett by EMail, 
FAX, or Fast Carrier Pigeon, preferably on the 
last day working day of each month, will be the 
vehicle to track design progress and problems. 
There is no need to wait if a serious problem 
arises !! 

This information should provide the chamber 
engineering design information necessary to 
proceed with chamber layout studies, support 
structure design and alignment system design. 
Initial input should be as complete as possible to 
serve as the design baseline. Subsequent 
reports should address ONLY changes to this 
baseline. If no change, then a simple "no 
change" will do. 

As structural support and detail alignment 
schemes mature, similar information will go out 
to the chamber subgroups for comment on the 
same schedule. 

Subgroup engineering is essentially on its 
own! Comments from me on individual chamber 
design details will be limited to items affecting 
overall system design or something I interpret as 
a serious problem (correctly or incorrectly). 

Today, I would like to get a list of reporting 
engineers or physicists from each subgroup 
along with telephone no., FAX no., EMail 
address and regular mail address. 



Muon Svstem Engineering Design: 

This effort involves both the design of the 
support structures, interface hardware, 
alignment hardware and all service 
considerations through the conceptual design of 
the system and into the preparation for the 
Technical Proposal. It also reserves money to 
fund a portion of the effort necessary to help 
design the selected chambers to a sufficient 
level of detail for vendor estimates on at least 
the big-ticket items. 

Total of 1.5 FTE /M . after chamber selections 
are made, for all chamber subsystems will go to 
designated subgroup engineering staff, 
assuming they want to do the preliminary design 

Similar effort will be applied at Draper to 
integrate these selected technology preliminary 
designs into the overall muon system which will 
be defined in the Technical Proposal. 
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DESCOPE.P SSC-Ra o·PROPOSAt: FOR"THE GEM MUON BEAM TAGG1NG. 
TRIGGER AND Z·COORDINATE MEASURING SYSTEM 

USING RESISTIVE PLATE COUNTERS 
(COMPLETE VERSION) 

14 November 1991 

I. COLLABORATION 

The collaboration proposing this R & D program consists of the 
following groups: 

Brown University 
M. Widgoff 

Indiana University 
E. D. Alyea 

MIT 
Y. H. Chang 
E. S. Hafen 
P. Haridas 
I. A. Pless• 

*co-spokespersons 

LLNL 
E. Ables 
K. van Bibber 
R. Bionta 
0. Fackler 
D. Makowiecki 
C .. Wuest• 

University of Tennessee 
S. Berridge 
W. Bugg 
P.Y.C.Du 



II. R & D PROPOSAL 

The desooped Resistive Plate Counter (RPC) R & D Proposal consists 
of two major areas: 

A. Measure the properties of the 1 meter by 2 meter R & D furnished 
by R. Santonico of the Rome 2 University. 

B. Measure the properties of a large size, collaboration constructed, 
RPC. 

A. Properties of the Italian RPC to be measured. 

1. Pulse rise time jitter. 
In order to measure the pulse time jitter of the Italian RPC we 
will need a test facility. It is proposed that the test facility 
use a cosmic ray telescope to select muons for testing the 
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RPCs. The telescope should furnish a zero time pulse that has a 
jitter of less than two nanoseconds. Scintillation hodoscopes 
provided by Brown University will provide this timing. The 
telescope should also furnish the point of intersection of a 
cosmic ray muon with the RPC under test with an accuracy of 
less than 3 cm. In order to achieve this, one needs at least 
three tracking planes with this resolution. Since the two 
scintillation hodoscopes available from Brown cannot furnish 
this resolution, our solution is to use four drift chamber planes 
that are available from the University of Tennessee. These 
drift chambers will furnish the intersection of the muon track 
with the RPC with a spatial resolution of about 200 microns. 

2. Maximum Counting Rate 
We propose to make a rough test of the maximum counting rate 
of the RPCs by using a radioactive source. An accelerator test 
would be much preferable but, given the time available, using a 
source is the only practical technique. 

3. Efficiency 
The scintillator hodoscope will be used to measure the 
efficiency of the Italian RPC. 

4. life Time... - We will make a crude measurement of the lifetime of the RPCs 
by using a radioactive source. 



----

B. Measure the Properties of a Large Size. Collaboration Constructed, 
RPC_ -
1 . Size of Prototype - Given the financial constraints, it may be very difficult to 

construct a 1 meter by 4 meter RPC prototype. We can 
certainly construct a 1 meter by 1 meter prototype and we will 
aim to construct as large a prototype as possible. 

2. Prototype Materials 
We would like to construct prototypes of as many types of 
material as possible. Phenolic, lucite, glass, lexan, and 
polyethylene are candidate materials that immediately come to 
mind. However, again given the financial constraints, we will 
make an @ca"9d auess as to the best material to chose and 
construct our piolatype out of the chosen material. 

3. Measuring the Properties of the Prototype RPC 
After preliminary testing of the prototype RPC at LLNL, the 
prototype will be sent to MIT. At MIT the prototype will use 
the test facility to measure pulse rise time jitter, maximum 
counting rate, efficiency and lifetime. 

Ill. R&D PROGRAMS OF THE COLLABORATING INSTITUTIONS 

A. Brown Experimental Program 

Brown has two scintillation hodoscopes which have been used in 
previous experiments at FNAL. Each hodoscope has two planes, one 
for the x-coordinate and one for the y-coordinate. Each plane 
contains 12 scintillator paddles and photomultipliers. Each paddle 
is 11 cm wide, 1.27 cm thick and 120 cm long. Brown will set up a 
trigger system with an overall time zero resolution of about one 
nanosecond. This system will be shipped to MIT and assembled as 
part of the RPC test bed. The time zero furnished by these 
hodoscopes will be used to evaluate the RPC time resolution. 

The complete testing of the scintillation system at MIT will be the 
responsibility of Brown University. Prof. M. Widgoff will be 
responsible for this work. 
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B. Indiana Research Program 

Indiana has designed and built several multi-component gas 
systems. The four-component system envisaged for the RPC effort 
would utilize four mass flow meters scaled for the currently . 
expected gas ratios. For example, we are considering a nonflam
mable mixture consisting of 86% co2, 10°/o isobutane, 2°/o argon, 

and 2o/o freon. However, it will be simple to accommodate 
essentially any gas ratios. In addition, the gas system will have 
the required filters, flow meters, high pressure and low pressure 
gauges, and flow control valves. 

Indiana will ship the gas system to MIT and commission it at MIT. 
Prof. E. D. Alyea will be responsible for this work. 

C. LLNL Expetimental Program 

To develop a suitable RPC trigger counter for the GEM detector, 
keeping in mind that thousands of square meters of reliable RPCs 
will be needed, we propose to concentrate our R&D effort at LLNL 
on the fabrication of large scale prototype RPCs using alternative 
materials and manufacturing methods. 

We have identified candidate materials such as resistive plates of 
glass or plastic, and various coatings that could be easily adapted 
to mass production of RPCs. In addition to the application of 
standard resistive coatings based on paints, we are also equipped 
to sputter a number of different materials on large area plates and 
could, for example, provide cermet thin film cgatjnqs 
(chrome/silicon monoxide) with resistivities controllable from a 
few tens of kohms/square to a few Mohms/square. We are 
interested in cermet coatings because we have experience in 
producing these coatings for other position sensitive avalanche 
counters under development at LLNL, and because we feel that the 
surface resistivity and uniformity of these coatings can be more 
readily controlled than for resistive paints. Many resistive coating 
technologies and plate materials should be suitable for RPCs, 
however, because of R&D funding limitations, we would 
concentrate on the application of one or two material choices such 
as glass or plas\iC plates with cermet thin film coatjogs or 
silk-screened resistive paints. 



Particular attention will be paid to the effect of the choice of RPC 
materials on pulse rise times and pick-up electrode transmission 
line characteristics. 

We have available general purpose electronic~and gas handling 
systems ava1Tabie from previous research projects carried out in 
FY 1991 L* and GEM R&D programs in muon chamber design and 
liquid scintillator hadron calorimetry. This includes high voltage 
power supplies, amplifiers, discriminators, TDC and ADC modules, 
and scalers and data acquisition systems. 

The LLNL program for R&D is the following: 
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1 . Determine the best plate material (plastic or glass), and coating 
technique for the large scale prototype RPC and characterize them for 
resistivity and surface uniformity. This will be performed by a 
physicist (not included in the R&D cost) and the Chemistry and 
Materials Science (CMS) coatings group, consisting of a 0.125 FTE 
engineer, and 0.25 FTE technician. 

2. Build a large scale prototype RPC. with dimensions to be determined 
by funding constraints - 1 meter wide and 1 to 4 meters long-keeping 
in mrrid the goal of large scale production of RPCs. This effort will 
utilize the 0.125 FTE CMS engineer, the 0.25 FTE mechanical 
technician, the 0.25 FTE electronics engineer and 1 FTE of physicists 
(not included in the R&D budget). 

3. Characterize the large scale erototype RPC for noise, operating 
efficiency (plateau), time resolution and spatial resolution. This 
includes characterizing the size and temporal duration of the 
localized dead region after an electron avalanche is generated. Spatial 
resolution along the long pickup strips can also be studied, with 
particular attention being paid to uniformity and linearity of the 
position measurement near the edges of the chamber. Also, chamber 
lifetime and aging effects can be studied with accelerated tests 
using high rate localized pulsing. Tracks can be generated using 
tagged cosmic rays, and radioactive sources. In addition, the LLNL 140 
MeV Electron Linear Accelerator could be utilized as a source. This 
work will be performed by a 0.25 FTE electronics engineer and a 0.25 
FTE physicist (physicist not included in the R&D cost) 



D. MIT Research Program 
a 

It will be the responsibility of MIT to design, fabricate, and install 
the mechanical parts of the RPC test bed at MIT. It is intended that 
this test bed be at least 7 meters long so that an RPC can have all 
its sensitive area scanned by the 1 meter by 1 meter cosmic ray 
telescope. This will be accomplished by having the ability to slide 
any part of the RPC under the telescope. All cables and gas 
connections must be designed to allow for this movement. 

MIT will be responsible for the design and implement ti 
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RPC electronics. It will be the respons1 11ty o MIT to assemble the 
scmiUlatiOn tlodosoope system from Brown, the gas system from 
Indiana, and the drift chamber system from Tennessee into a single 
operating system. It wilt also be the responsibility of MIT to connect 
all RPCs either from Italy or LLNL into the RPC test bed and collect 
all relevant data. 

MIT wm be responsible for the DAO system for the RPC tftst b9d. 
The choice of the DAO computer will be made in consultation with 
the other members of the RPC subsystem. It would be desirable, 
but not a requirement, that all members use the same DAO 
computer so as to facilitate program sharing. 

The cgnstr1mtjgn majnt@nance. operatjgn and data aoguisition 
function of the RPC test bed will be the responsibility of MIT. In order 
to carry out this responsibility, we have budgeted the services of a 
full-time electromechanical technician. 

Y. H. Chang. E. S. Hafen. P. Haddas 1 A Ple55 ~nd a fulltime 
Mechanical Technician will be responsible for this work. 

E. Tennessee Research Program 

Tennessee has nine drift chambers. each of an area 1 meter x 1 
metvr. These chambers have been used in previous experiments at 
Fermilab National Laboratory. They each have a measured spatial 
resolution of 200 microns. 

Tennessee proposes to rehabilitate these chambers and install 
them into the test bed at MIT. While the chambers come complete 
with amplifiers, all other electronics will have to be purchased or 
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boo owed. 

The certification of the complete drift chamber installation at MIT 
will be the responsibility of the University of Tennessee. 

S. Berridge, W. Bugg and P. Y. C. Du will be responsible for this wori<. 

IV. BUDGET 

The budget summary is as follows: 

Brown 
Indiana 
LL.NL 
MIT 
Tennessee 

TOTAL 

The detailed budgets follow. 

BROWN 

31.0 K 
12.0 K 

100.0 K 
137.0 K 
20.0K 

300.0 K 

Brown wilt furnish four planes of scintillator hodoscopes with tubes. 
Each plane consists of twetve 11 cm wide by 1.27 cm thick by 120 cm tong 
scintillator slats. These planes form two units, each with X and Y geometry. 

A & D needs of Brown: 

4 each 4413 Discriminators 
1 each 4564 Logic Module 
7 each 2229 TDC 
1 each 8025 Camac Crate 
Cables and Connectors 
Shipping, Brown - MIT 

TOTAL 

@$1650 
@$1871 
@$2160 

$ 6,600 
$ 1,871 
$15,120 
$ 4,995 
$ 2,000 
$ 500 

$ 31,086 



In addition to the above, Brown will need: 

1 each 1440 High Voltage System 
1449M Main Frame 
1445A Controller 

4 each 1443 Modules 

TOTAL 

@$ 7,176 
@$ 2,490 
@$1,901 

These components will be borrowed from another institution. 

IN DIANA 

Indiana will manufacture the gas system for the resistive plate 
counters. 

R & 0 needs for Indiana: 

1 each Gas System - 4 Component 
Shipping, Indiana - MIT 

TOTAL 
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$ 7,176 
$ 2,490 
$ 7604 

$17,270 

$ 11,000 
$ l,000 

$ 12,000 

In addition to the above, Indiana will need approximately $14,000 in 
mass flow meters and flow control valves. These will be borrowed from 
another institution. 

LLNL 

In the spirit of the GEM Detector goal, we have devised an R&O 
program designed to the level of funding allocated for LLNL, agreed upon by 
the members of the RPC collaboration. LLNL's allocation is $100K and the 
R&D program tasks are broken down as follows: 

R & 0 needs for LLNL: 

EQUIPMENT: 

RPC materials (glass, coating targets, spacers, 
masks, etc.) based on estimates of $2300/m2 
for 4 m2 of prototype RPC. See memo to 
F. Nimblett (10-15-91) by Wuest/Pless. 

$13.BK 
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LeCroy 4413 Oisaiminators: 2 each @ $1 • 650 
Shipping LLNL to MIT 

$3.3K 
$1.0K 

RPC gas system and other RPC electronics (computer, data 
acquisition, muon telescope, etc.) supplied by [[NL ' 

SALARIES: 

0.125 FTE Chemistry and Materials Science Engineer: $10.5K 
D. Makoweicki 

0.25 FTE Chemistry and Materials Science Technician: $13.SK 
P. Ramsey 

0.25 FTE Mechanical Technician: $13.5K 
M. Haro 

0.25 FTE Electronics Engineer: $21.0K 
E. Ables 

Overhead on engineer and tech salaries $23,4K 

TOTAL $100K 

M.1.T. 

MIT will furnish laboratory space for the resistive plate counter test 
bed. It will manufacture the resistive plate counter test bed and organize 
and supervise all tests of prototype resistive plate counters. 

R & o needs of MIT: 

6 each 4413 Discriminators 
a each 2229 TDC 
1 each 8025 Camac Crate 

RPC Gas (3-4 components) 
Full time Technician (including overhead) 

TOTAL 

@$1,650 
@$ 2,160 
@$4,995 

Note: This budget does not allow for any tests of an RPC jn a 
magnetic field. 

$ 9,900 
$ 17,280 
$ 4,995 
$ 5,000 
$JOO 000 

$137,175 

In addition, MIT will need a DAQ computer, a CAMAC crate controller, 
scalers, pulsars, a digital scope and mechanical construction. MIT will 
borrow these items from another institution. 



TENNESSEE 

Tennessee will furnish 4 planes of drift chambers each 1 meter x 1 
meter in size. Each chamber has 25 sense wires, complete with ampli
fiers. 

R & D needs of Tennessee: 
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4each 
4each 
1 each 

Bertran 5 kv Positive H. Voltage @$1,000 $ 4,000 

25 each 
Cables 

Bertran 5 kv Negative H. Voltage 

8025 CAMAC Crate 
Bottles of HRS Gas 

Shipping, Tenn. - MIT 

TOTAL 

@$1,000 

@$ 210 

In addtion to the above, Tennessee will need the following items: 

5each 
1 each 
1 each 

TOTAL 

4291 B TDC 
4298 TDC Controller 
4299 Camac Interface & Buffer 

@$ 1,814 
@$ 6,962 
@$ 4,752 

These will be borrowed from another institution. 

V. INTERACTION WITH THE TEXAS TEST RIG 

$ 4,000 
$ 4,995 
$ 5,250 
$ 1,000 
$ 1,000 

$ 20,245 

$ 9,070 
$ 6,962 
$ 4.752 

$ 20,784 

The RPC system is envisioned as a fast trigger system coupled to the 
slower drift chamber technology to be chosen. In order to study RPC 
operation alone, a fast trigger is needed and can be provided by 
scintillator paddles arranged in a hodoscope array. Because of the 
somewhat specialized nature of the RPC system in the overall muon 
chamber system, it seems to us that there is no immediate advantage or 
need to install the RPC prototypes in the Texas Test Rig (TTR). Of course, 
at some point in the future, when the muon tracking technology is 
implemented in the TTR, a layer of RPCs above and below the tracking 
chambers could be utilized to provide the cosmic ray trigger, if it is 
requested. 

Even aftilr the final results of the current R & D work is completed, 



~--..--·""""'"c.t··. ·--·· 
we envisionapiog;&n-ot R&DlJllllZfng'scrritlllator tagging of cosmic rays 
and high energy betas (Ru-106) as a means of verifying the proper 
operation of the RPC for pulse rise time, noise and aging. Position 
resolution measurements can be made using scintillator tagging coupled 
with University of Tennessee's high resolution drift chambers. Once these 
issues are resolved, the large scale RPC prototypes could be moved to the 
TTR. 

The interfacing to the TTR is yet to be determined but is somewhat 
simpler than the interfacing tor tracking chambers since one RPC layer 
will be the top-most part of the muon tracking system in order to tag the 
downward directed cosmic ray muons. The second RPC can be place 
between tracking chambers midway down through the TTR or on the 
bottom-most layer. 

The electronics/DAO liason person for the LLNL RPC group is E. Ables. 
The electronics/DAO liason person for the MIT RPC group is P. Haridas. 
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Z Measurement with Pickup Str_ips 
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Pickup strips make a vernier z-measurement within 
the timing measurement along the wire. 
Several strips which bridge the accuracy of the tim
ing measurement can ·be ganged in series. 
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SCARF /UH R&D PROGRAMS 

I. COMPARATIVE STUDIES OF CATHODE MA
TERIAL FOR LSDT 

• Candidates : 
1. Untreated Aluminum Extrusions (Al Ex) 
2. Nickel-coated Al Ex 
3. Carbon (Graphite)-coated Al Ex 
4. Others 

• Variables : 
1. Plateau Length 
2. Afterpulsing 
3. Dark Current 

II. SMALL (0.5 m x 1.0 m) STRIP READOUT PRO-
TOTYPE 

• 1 cm x 1 cm cell size (U-channel) Chambers 
• Proportional and Streamer Modes 
• Precision ( 1 % ) Charge Readout Electronics 
• Precision (1 % ?) 5mm Pitch Strips 
• Measure Pulse Heights, Cross Talk, Resolution etc. 

III. GAS STUDIES 

• Nitrogen Contamination Effects 
• Nitrogen-based Nonflammable Gas Mixtures 
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Standard Gas (75°/o lsobutane + 25°/o Ar) 
Chamber H632, T =20°C, 
Hum=53%, P=778 Torr, 
Gain=10, Tdead=1µs, 

Thresh=32mV 
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THE RESISTIVE PLATE COUNTER RPC BARREL 
SUBSYSTEM OF GEM 

20 October 1991 

I. INTRODUCTION 

APGs will be used in the barrel component of the GEM muon subsystem 
to perform the following functions: 

A. Furnish the beam crossing tag. 
B. Furnish the first level muon trigger. 
C. Furnish the Z-coordinate lor the muon tracks. 
0. Furnish the muon tracking •roads• for the precis«>o tracldng 

elements. 
E. Furnish an anti-coincidence trigger to veto cosmic rays. 
F. Furnish a cosmic ray coincidence trigger to test GEM subsystems. 

These items will be discussed in Section IV. In Section II we will 
present lhe characteristics of an RPG. In Section Ill we will describe the 
RPC geometry inside the muon subsystem. As stated above, in Seclion lV 
we will discuss the functions that the APC subsystem wm perlorm as part 
of GEM. In Section V we will enumerate the channel count and in Section 
VI we will estimate the budget lor the RPG subsystem. 

II. RPC c::t-W\4CTERISTICS 

The o.igil\111 Resistive Plate Chambers, developed in Rome ten years 
ago, work at an umorm electric field of - 40 kV/cm between paralef 
electrode p4a'8s of a p4astic phenolic material (bakei4e) wittl a 
resistivity p = 1011 a cm. The plates, 2 mm thick, are~ separated at a 
distance of 2 mm by spacers ol polyvinyl chloride. Gas tgitic.iess is 
insured by a frame of fle same material. The sensitive 'tObne is Heel 
with a gas mixture ot argon/butane plus a small percentage of freon 1381 
at normal pressure. The generaling field electrodes are layers d a 
graphite varnish coating the outer sUfface of the plates. They •• i!Solalied 
from the read-out electrodes by a 300 pm thick film. A section of h 
chamber is shown in Fig. 1. 
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Resistive electtode pl111t1 
p ,.1011n.cm 
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It is quite possible that the RP Cs used in GEM will use quite a. 
different insulating material than the bakelite used in the original 
resistive plate detectors. 

The characteristics of an RPC are displayed in Table I. 

. : . 
Table 1 - Characteristics of RPCs 

plate bulk resistivity 
electric field 
pulse charge 
pulse rise time 
pulse duration 
discharge area 
recovery time 
time resolution 

1011 ±ncm 
-40kV/cm 
1o2pC 
-3 ns 
-10 ns 
0.1 cm2 
10·2 s 
- 1 ns 

. 2 

The efficiency of an APC has been measured and is consistent with 
1 OOo/o. For most RPCs the active area is only 97o/o of the geometric area 
due to the dead regions caused by the spacers. The APCs used In GEM will 
have the dead region caused by spacers reduced to less than 1 %. 

Ill. THE RPC GEOMETRY INSIDE THE MUON SUBSYSTEM 

The RPC subsystem will be deployed in three concentric cylinders in 
the barrel. The inner cylinder wHI have a radius or 3. 70 meters and a 
length of 6.64 meters. The central cylinder will have a radius of 6.00 



meters and a length or 10.48 meters. The outer cylinder will have a radius 
or 8.30 meters and a length of 14.50 meters. Each cylinder will be formed 
by sections subtending 22.5 degrees. The RPC system will completely 
shadow the precision muon measuring components. 

Each layer or RPCs in a section will have X-strips (perpendicular to 
the magnetic field) and Y-strips (parallel to the magnetic field). The 
X-strips measure the muon trajectories in the non-bend plane and the 
Y-strips measure the muon trajectories in the bend plane. 

The X-strips on the inner cylinder will be 3 centimeters wide; on the 
central cylinder they will be 1.2 centimeter wide; on the outer cylinder 
they will be 6 centimeter wide. All Y-strips will be 1.3 centimeters wide. 
The choice of these widths will be explained in Section IV. 

IV. FUNCTIONS OF THE RPC SUBSYSTEM 

.· 

A. Furnish the beam crossing tag. 

Since the time between beam crossings is 16 nanoseconds, the 
maximum error allowed in measuring this crossing time cannot 
exceed 10 nanoseconds. The X-strip on the Inner RPC cylinder h 
a length ol 1 .5 meters. Therefore the maximum transit time down 
this strip is about 8 nanoseconds. II the RPC jitter time is less 
than two nanoseconds, we can use the pulse from the short RPC 
strips as our beam crossing tag. This is a simple and inexpensive 
beam crossing tag. 

B. Furnish the lirsl level trigger. 

The first level trigger wiU have four components: 

II• ' H~tf ~ 1. Three fold coincidence timing in the non-bend plane 
Straight line space fit to three points in the non-bend plane. 
Three fold coincidence timing in bend plane. 

N~ C lfA~ Go~ 2. 
11• ctllffll.,. 3. 

c.HAP'& ~ 4· 
A three point space arc fit in the bend plane. The sagitta of 
the arc will measure the muon momentum. 

The coincidence timing and space point fitting in the non-bend 
plane eliminates an low energy tracks and random noise from the 
lrigger. The coincidence timing In the bend plane placed In 
coiucideoce timing with the non-bend plane further reduces the 
ra liCbl1lt noise probfern. The arc filling in the bend plane 

...•.. -·-~·-·----··------ --- . ----- ~------·--·------····-·---· 
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determines which momentum activates the trigger. 

The non-bend plane trigger logic is illustrated in Figure 2. 

OVTE"P.. C)'&.-• 

, 

f /(,. 2-

The strip widths or the inner and outer cylinders "projec\9 back to 
the intersection region. This not only makes the straight line fit 
logic simpler, but also reduces the total electronic channel count. 
Four of the 1.2 cenlimeter strips on the central cylinder wm be 
logically joined to creale a strip ol 4.8 centimeters to conform to 
the strip projection geometry. 

The 3 centimeter strip width for the inner cylinder was chosen to 
account for the multiple scattering of a 1 O GeV/c muon passing 
through the 12 radiation lengths of calorimeter. 

The trigger requirement in the non-bend plane is that three strips 
in a •tower" be in lime coincidence. Al the end of this section we 
will discuss a possible technique for eleclronicaly creating this 
non-bend plane trigger. 

The trigger logic in the bend plane will obviously be more 
complicated than In the non-bend plane. This logic Is Illustrated 
in Figure 3. 
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In the bend plane all the strips are of equal width ol 1. 3 
centimeters, and hence there is no projection back to the 
interaction point. A basic assumption in the trigger logic is that 
any muon trajectory is contained in a single sector. We ignore, In 
the trigger, any muon that crosses from one sector to a 
neighboring sector. A sector is 22.5 degrees wide, which means 
that the central segment is 240 centimeters wide. For a 50 GeV/c 
Pl. track, the sagilta between the inner segment and outer segment 

is 1.3 centimeters. Since we want to trigger with good efficiency 
on 50 GeV/c P .L track, we have chosen our Y-strip width to be 1.3 

cm. 

The trigger logic consists of measuring the sagilta of the struck 
strip in the central segment with respect to the struck strips on 
the inner and outer segments. Figure 4 illustrates this logic. 

' 
/IVNt:R 

f 16-. 'f 

0 represents the struck outer strip and I represents the struck 
inner strip. A coincidence of 0, I and the or of 1 and 2 selects all 
tracks with a P .L greater than 50 GeV/c. 

II we want to trigger on all tracks with P .L greater than 50 GeV/c, 

we set up a triple coincidence between 0, I, and the or of 1, 2. 
II we want to trigger on all tracks with P .l greater than 30 GeV/c, 

we set up a triple coincidence between 0, I and the or of 1, 2, 3. 

Figure 5 plots the efficiency or various trigger combinations as a 
function or p .L· 



0 
IS' 

,... 
~ 

'-' 
• 0 

H ~ 

+ 
() 

0 
I"'-

C) 

"° 
~ ~ 

Cl " - \/) -!l 

"" - cd -- .......; 
,.... + rJ"' 

() 

H 
.,.. 

... 
0 -...e 

ln"' 0 .., 
~., ., 
M 
rr!" _ ... 

0 

"' "' + 
\.-4 .... 
0 

0 -
% ). 7N~l.,l:J :J] 

0 
Q 0 () 0 ~ ... Cb -.!) .:t- N .. 



------ -- '~ 0 

----- -- )?o 

~11 "= '2. /. 2 (~ 

l. - f30 CM -
"' '23 0 {. _£. -... - -·--. - . - - -~ 

. . . -------- ------------ - ------

e ft Jl.D JI- I J/ J1 
_JS Aft~vT _ 

__ -~--- m tf 1. 5 

p v c- r4 _11 .,"" r•r" r 5 tA TTe~;,,v1r 

I. I ( t'-f . _ - A J3ov T T tte e?A-tAt' 

C.t!_ __ ~J~ I}' I.# I/) Tit--·--------, 



~ ,4 t. I~ I) ~f#6 

I- I C- I /,A-~~ s I s 

THG e,'1..,-1.~p__ ,/,/ r1t1r:, ~/f&1TTA J>vs-

p; rav'-'f•f"f 5cl'f-rTe1'-1Pfi- /t; ~~-'fLt... 

/,, _, ,, ..tl ) &/) "770 --, ·LL C',.. I. 3 CAA 'S 7JI.. I/' C.. "' r • FT I"- c.. J - fT r ' 

t,v 1pTH. 

H f I" l E f .P ~ e A- t 1+ 
P..A#~~ ,,,... Ii HA-v6 7wo 

/ 

;11FA-~,;1J.5 711 f' f"-. 

f tf6 c (}fl.- P-ftt/T t.. '7 tr1 t- 15'- re v~ -v 
/JP /}I T~ c ff/Vttfil t-S j/V C~/,A/ C.t J ~/" ~~. 



fo fl- c ftlH ~ TK/ f 
e,fi JZ-)l. t L. A-fv p t=P tL 

J-A/I (re &/./6 ffA-S 

l,ll J/LC'O l~(;-IC, 

011" T tt-t ()./7 t"tL 

e ,11-c II f"1 IJ ;11 ~~ 'Tv ,A"( 

;4 ~~T £) r /IA-fl.I> 

1. ;f LL ~ 7}- A I~ It T /... I /t/ c 'f'J:-1 f l e 
CP!/flltPf-ft/&~~ /"' Ttt-6 ,#t?/V 

~ ~ p J' t. .lf-/V t7 ;+A- ' r A..v .IV r JJ 1,v 

JP 'Iv 6 A ,#()If/ B If~ f) 7 Jl..1" ?~IL 

( 1 HftJ. ~ A/LG 3 A tl I : (p ' ~ S v e. >I 

iP..1'lr~,Z.C.l/l..l£1 1 T" ..,- ~C£~o/-7" ,F~/L 

/'1ll~1i ft t ~£-If- r~ll-1~ tr /!/ T It F 

t AL~ If-. /tAf ~ re-J-) 

2 . .A T ~ t f £ ~ t' G /fl/ t I J fll/ t & I S ~ /J.~JJ 

. -~t1tf rtt~ . Dfl.. _ f)_t___s.~vM.4-t. ·~'°'! S 

-. _____ . ___ _JN __ :[It!_ . C Ef"' TL1. It L. c "(J..LMJ. t')l ~ D . 

. . -- . A ~r>-it ~/¥ Tli{._J}/~e1L cy,,;vJ)l'/J... 

··-----.. -- _ _J .. _'[_H_t~f ___ _J; _.& A"fl!-A'-6 "r r-°-----·-
- !,~.et/ C 1/L~"1Tt:;, 

1 
_Pfje-~.Pj.))tr D/V 

. f"ttf no A ew1t1161. t. ltJI &.€) 
--··----------- -- --- . ·------. --- - ·---



7 /f.5 Pi At... ;f/flM ~t'jL 
f.91- A .; r c ~12.. 

If (;/II e- H /f <;, '-I M ",.., (')/ T\11'1 /J. ,1',c/?~$ 7Ji91/ 

f Jt5 )/ V 141 ~ F"/l... () F C I /!.. C"' t i '7 I $ 

I, /I ~,v 13 nvi> f '-A-~e-

2, fJfpp pt.. A-/lltf 'I~ ~-o 'I 

/P 7/11-

C!P.c..111T., p/v~ 11' T/tl.-/<1.v~ A-.b~v-r 
J 

fftf f"'o t t.~c.v //V &r C /f/V 8 (" /J 1/1 t.. T ~I/ I 

PfF /~o (<. t;. lf'tJ../t:-~ 5/~,A/~it'S cct... 

--cC/'f_IJ~ ~-f~"': C)'.#'1/_~t-_ . T_fl~ -· -~l&_~~Tl_C __ ~--- ---

__ / o_ D I o I ___ . .£. /tq II T ~_/~•I- C/f 1.,._r~-

... -- - --·~ 

-------· 



~ 
\) 

" "' ~ 
~ ._, .... 

~ 
'(,~ ...... 

~ - ~ 

~ ~ ~ In 

lr 

"" 
... 

~ 
"..> Q 

Cl. 

' ' "' ..... 
..... : <- ... 

Q - ..a ""- 6 
~ ~ ~ .., -=- -.) \.I "t. ...--...: 

"' . . . ... t'\ lu ~ ~ ... . .... .. 
' .... 

' . ' q 

I 
"; I . 'ft: 



flQd/ 
~WJ 
7 ,_, t. lt!fl. 

(6'13 
f1tl!./ II/ ) 

!-~TE 
Sr~ 11 

n. 

l 

- ·-----· 

. I 

• 

j 

- ~c L. 

/j-}I/) 

/,.D,/t 
- .. 

' 

-· ---

-. 
--
-
-

:"""4 

-

e-,L 
~" -

'~"' 
~ 

//Jf1TC 

' 

• 
,.,,.,.,, 

\ 

II/ 
I 

. 
l~ 

• 
f 0J 

I IPf--3 

I 

• 
I 

• 

. 

- ------ -------·------- ---------------- --·----------· - -

' 

. 



(]) 

1 l' r,.. , JI" • r ,, 6) 1' }l , s- /..- , 61 , cAµ 13 ~ 
{) ~ e I> I;/ r It e F IP /L ..v ,lfj.. D p I J. e-c. Tr o~. /19141 l!""'t:iL 

T~ '(TJ1L..VA1&. b /) IJL~c. TtDtV #/I'~ 19- l'l 11 e,.1-1-

11ft).&,1t-f-iJ.. r:-"" v f JL ~"'"' ~ T· 
fJt& H e,117 l. ~~~'*/.I-' ti- ~~ t,, I c- C kl" 

~ I '1 I L "'jl.. . 
• .. 

1" ;.1 &- '"e-,J.- E *I ~ C.1 A-1. l .,, 
./ 711~ 

• 71;tt 1,# (, 

JVf-tt-11..- 10 p~trJ.~E-"~ will ""v'~"'s'-r h~ 

A t'ff/tl,l..A-1/&-P. TH~ t~ Tfl.tti-'-t'"- ~~IL 

I (J p f " )- e- fr'-' "" ; /I 't3 f ~.; e=-1""' ,4 ? >-t=,f-~ 
•• c J+A- /,/,./tfll' ~. 

~/,Nte Ttte 
• • 

~ l r,. 14- T }t frtl 6 r Jl. ft'C..t ~I~!'/ /4"1 e-'4 ~II ~ e-,,,,, e,.; 7 ~ ,F;..o;A-, 
Tift DvTt'tl f,vf~/l 1-AYft&. ~ AllAl'-lfll t~ IT 

I~ tf 11,rc /• ,.,,,11 '-r Ttt..+T /# p&11,vr - t..~ 

p fT(-fl..J"t 1)/ ,f.'f' l Q~ P ~ /ft'(' /l1 ()~ r'IV Tl.IJ"( l't I ~ t'f 7 

f.,r f~~,,~tE. 

~J.tf ~r /1+6 C!-vc111-L q>vt<-~T1Qt&-'~ 

T rt lt-T ;ti II~ 7 .a ~ I /II v Fr,,-,, 6r ,A TF- D I~ I.el ll-4- 7 

'" rttt Pt1r~1e ~ /, "~ 7 /r i.,vF PP ~(? r 
/)-I' 1.-f-11 CJ/v 1'1.v,,v ~ VI Tri 

f' ~ e .x ,y, 1 "~ ,1 1 t= ~ , 
cvA T~l~t,~(L rv /1111,/.I~ 1.N1rfl 

t,..AJl- t;. t" 7. 
C 11/ L i) /J. ("-,, J ,4.1 ,.,. 

/Z ;f //J), 7 y 
tt-~~ TlfA/~ 1. ~ L1rt! w~c.11...0 

.J 
~ # ,,,,..,,L~ . 

}-.!9;'1J>. 71 ~ .s. 'Jf w E HAve ro /fo/t;(,Jr/Z. (()/&" 



t,116 fl1t\J6 /tt6 )'Vt-'-~~s !JF A 

ft 1/0!/ f J"~I v vt P., & /Lo./ f' - LP /? ~ r 
f~PJ}1.-t11s- t;1M~ 1oe-'1~. 

PLEA )t :J () 11./ 

TH I~ 
.... 
·\.:..: .. :~·-

t f';f Of-~, 

----------- - - ------ - -----



• RecJo~ ~o.s to be ~i~rJe-, a.f.forJ1.,Je...1li'f'r iti,r1-rJ 
• ):~i<rc.ol.\tl~J°io11s ~i -fu ~ "'"'.,.," W\ 

• Lo~~ tex~ re. h'tbl.c. tif~tiOl\ 

T(l,k ~41e.. { very /o~ ()~"1 r-t~ 

• Lo .. f 't.tt~,.t>•" f;~~ ~~;«,Ji~ ~h/cJ 

• Se(./.- friJftxU ( t/da.. rlrivf-n) ~oJ frSsiY-<. 

'f'e( fNtA'~ lo(.(.\ luv/.. f1'rtte. ~ u l+.teJ. 1 

~ --· -





, 
' • 
• 

Li 

I 
I 
I 

r I 
Jc. • I • 

• I 
I 
I 

r I ... I'" I 
I ~ _I -
st.~ff r '°""' (UET , ........ 

C:.'1~•1tl\T11~ rt.,. ! 
COtll t1L )~IFf fU, """' ,,. FJ~ C11t 11-1 

"'\i ' ' ' • "s 

'blS,~I ••\lfJAT0'-/1» "1r 'JL 1'J'FP£ I
& 

TLJl'K 411/11 "°'-'> co.trill ..-s,c, 

" 
T~ #•<O<.eft. Li. 
~holey 
1-•0IC. llr' 

' . 

I 

; 6vft-
·~ 

~"''""' t>ID )f\('~ 
'•F~t. 

I 
I 



~ 

~ 
llJ. 

't 
-!. 
..... 
~ 
~ 

& 

~ .. 
~ 

' 

k .;_..,, 

.,. .. 
-;::;:. 

J.l 

""' 

.l" .. ... -=-
(!_---

L 

;-""'""' t 
I 

~ . ~" 
..... 
~ 
~ 

c." 

"' • 
~ 

c 
" .... 

~ 
... 
:> :I ~ 

~ l 
.. • ~ ... 

~ 
..J J.. 

"'' 
.. ~ .ii -· ~ '* ~c I 

~ t: ~ .s 
~~ IA! 

" 1 ,... 
V't 

J 
(l 

~ 



I 
Ii 
" ,. 
ii 

II 
j 

ii 

oi...-~~+-~~~~~--, 
II. -... "4-1+----t 

l:: ·- :r -- ---- ------ ---------. . 
:;-

1: 
;:I-------'..._-, 

(/JrJ.OJ,vJ J.J.J';JOICjJ 
<7.::tH'.>.Ll::li I !1 

L---------' 
., 
'I 

: t I '.:! 
'• 

~ r-+--.J ____, 

. I 

.I 

~ 

"" l.!S ...J -.,) 

<C \,o) 

9 > }- Ul 0 
-.l 

;>(.. x 
bO ,.n 



:1 

:~ 

.$ ··:* . <t' 
: 'lS. 

: : },,( 
v 
3 
"° ":1-

;1-"'::> 

11~ 
"\.II 
.~ 

I.I.I 
p. 
0 
.2. 

:<: 

II! l 
~ 

J 
.....J w 
> 
w 
.....J 

~ 

w 
~ 
0 

~ 
.!Q x <.) 

l:!l ~ 

~ 
~ 

~ 
.0 

t=. 

-- .. -. 

" / ' 
I \ 

I I 

I-- - -J 



The AMchip: a full-custom CMOS VLSI associative memory for pattern recognition. 

S.R.Amendolia+•, S.Galcotti", F.Morsani", D.Passucllo", L.Ristori#, G.Sciacca#, N.TuriniX 
• 1NFN-Pisa. #U11iv. and JNFN of Catania, +Univ. of Sassari, .:cunfr. and INFN o[ilologna 

ITALY. 

Absrracr. 

An Associative Memory full-cus1om CMOS VLSI 
chip (AMchipl. 10 be used in fast Trigger Systems for panem 
rc~ognition. has been designed :ind is being successfully tested 
at INFN in Pisa. The AMchip is the first full-custom 
associative memory IC developed for high energy physics 
unul 1oday. It conlains about 140000 mos tnnsistors. has 
been realized in 1.5 micron. double metal, silicon gate CMOS 
technology, :ind is housed in a 120 pins package. The AMchip 
lus been designed to be used with 3Dy kind of detector which 
provides in output the hits coonli113tes. sucb as. for eumplc, a 
silicon microstrips detector. We plan to realize a new AMchip 
version using sub-micron tecbnoloa (available in the 1992) 
aod ocw circuital solutions. improving the_ pattems capacity or 
a factor 4. and improving sianiricaody tbc speed. These 
versions will be developed to maac:b new higb energy physics 
experiments' specific requimncnu <-. for example, the CDF 
Silicon Venex Tracker). 

AMCHIP OVERVIEW. 
A !isl follows of tbe most rc1eva111 characteristics of 

the AMcbip: . 
full-custom core of about 121000 MOS transistors. I cm2 
die; 
20 dift'crem tiles designed CODlainiD& 1136 lr.IDSistors; 
storage capacity of 7680 bits, orpaized in 60-bit rows: 
80 pins of signals. 40 of power and ground: the prototype 
is in a 120-pin POA C3SC: 

60-bit bidirectional Data Bus, 7-bit bidirectional Address 
Bus; 

• . 4 bits of Opcr.lliooal Code (eac:b AMcbip aper.Won has its 
OWll Operalional Code~ 

• non -rlappio& two pbm dock inputs (eacb clemellllrJ 
operation is executed syncbronously witb the clock ill -
cycle): 
P3r.111elizable architectwe to iaat:ase AMsystem memory 
size: 
one AMchip c:111 accept cbla rn.' pbncs of detector. each 
pbnc b:lving the hits coontinales cioded on 12 bits. 

nm AMCHJP FUNCl10NALITY. 
A description of tbe waiting principle or tbc 

Associative Memory :111d of bow it can be used to solve 
pattem recognition problems in bigb energy physics 
experiments can be found in references [I), (2) and (3). Tbe 
AMchip contains an arny of static Content Addressable 
Memory (CAM) WORDs. Each WORD is 12 bi1 wide. Tbe 

anay consists of 128 rows and S columns for a total of 640 
WORDs. Each row is called a PATI'ER.N and eacb column is 
called a PLANE (sec fig.I). The data bus is 60 bit v.·ide so th•I 
one PA lTERN is read or written in a single clock cycle. Each 
CAM WORD is equipped witb a compar:itor and a flip-flop 
called HIT-BIT. lllere arc five HIT-BITs per PATTERN: they 
Conn the HIT REGISTIR. 

While functioning in INPUT mode, the content of 
eacb WORD is compared to tbe content of the data bus and. in 
case of match. the corresponding HIT-BIT is set. 

60-BIT DATA BUS 
. • • • • 

12 i,,12 i,, 12 i,,12i,, 12i,, 

' • ' • ' 
•• . ' • 

• • • • • 
§ § i § i Cl .. § .. ..._ 7 -ADDI\!: SS 

BUS - ' • • • • • .. N ... .. .. 
Fiq.l: AMchip core block diaqram 

VOD 

COMPARATOR 

i-J y 
Fiq.2: CAM cell schematic diaqram 
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Flautt 4.11 f1ux or cosmic ray panicles at sea level at ..o· N aeolDll" 
netic latitude. The low enelJY electron and proton spectra can diler 
si1niflcantly rrom the dotted lines dependina on local conditions in die 
atmosphere. (J. ZieaJer, Nuc. Instr. Meth. 191: 419, 1981.) 
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a. time clote1t to the event time, since the eYeDt time seemed like a more objectivt 
comparator. Unfortunately, this didn't work because the average event time is nol 
zero, and the resulting time distributiom were UJIDDletric. So, we had to settle witl 
using the vertical time that wu closest to the horizontal time. 

To summarize, the new time match quantitie1 that we defined were 

Ti = taoa - iv•11. 
a.nd • 

taoa + tv•11 _ TIMTSC Ti= 
2 

where 

t• { tsar if ltaor - '•oal < ltroP - taoRI 
V.BB = • -troP otherwi1e. 
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