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Abstract:

Agenda, attendees and presentations of the GEM Muon Group
Meeting held at the Holiday Inn in Duncanville, Tx. on December 9, 1992.



Draft Agenda of 12/9/92 GEM Muon Group
Meeting:

Location: Duncanville Holiday Inn
Time: Wednesday 12/9/92 9:00 AM until 4:30 PM

v/(1) Remarks about PAC presentations T ET () diadys bde
- List of questions from PAC and discussion

[Marx/Taylor]
(D:00> Q(II) Discussion of Baseline-2:

W1z Am (1) Summary of muon concerns / calorimeter workshop

Dingus/McNeil]
3 . _ [Ding

th G \7 "'(?) Resolutions of BL-2 [Sullivan]

- FFS design impact on resolution

- Lever arm, chamber locations, etc.

As (3) Update of location and size of EC chambers/neutron bkg.

[Whitaker]
\/ (4) 16 vs 32 sectors for CSC ? [Johnson/Mitselmakher]
> BNL vt / %c
\«(S) Alignment consideratiohs of BL-2  [Wuest/Paradiso]

fﬁ) Support structure design update  [Nimblett/Sawicki]
(IH) TTR progress report [Golutvin/ Korytov] ‘L,Jwt,
\/ (IV) Status of RDT/RPC backup option [Bromberg/Wuest/Korytov]

v (V) Progress reports from TDR coordinators
For each section:
- Outline
- List of figures

- Game plan (who's doing what, help needed, what needs to be
defined)

\/WI) TDR schedule and tasks [Group] Dee, 'S

~/ (VII) Plans for next Technology Review and Cost Review
Toun 18 teur, Faly 1§ Cosls

1

(VIII) AoB



R&D Meeting: 4:45 PM to 6:30 PM

Location: Duncanville HI

Meeting of the R&D task coordinators and institutional reps.to sign-off
(we hope) on the Short-Term (pre-TDR) R&D FY93 plan.
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Mike Marx & Frank Taylor

Discussion of PAC Questions



" PAC Questions from December 1992
Meeting:

The following is a list of some of the more "sticky" questions asked of
the Muon System during the presentation on 12/6/92. The
parenthetical questions are added and all should be addressed for the
TDR.

(1) How well will the CSCs really tag the beam crossing ?

If the fast gas CO2-CF4 (50-50) is used then Vdrift = 100 ym/ns => 25
ns total drift time, so an OR of 4 will speak 99% of time < 12 ns. But
what if that gas mix can not be used and Vdrift is smaller, say = 50
um/ns, then the crossing tag becomes less reliable. ( What do the RD5
measurments say 7 Maybe the jitter can be measured in the BNL S0-50
cm2 chamber? Determine the sensitivity of the jitter to the gas mixture
by measurements.)

(2) There was a questions from Dydak in which he worried about the 1
% beam tag inefficiency.

He was concerned that 1 % of the time the wrong calorimeter and
tracker information would be read out and would lead to a dead time.
{(What is the dead time associated with this ? Do we have to worry about

it and as a consequence the beam tag efficiency should be higher than
99 % 7) .

(3) There were a lot a questions about the neutron background 7 How
many extra hits will there be ?

What does a hit-level MC simulation say about the number of fake
tracks we will get with the neutron background at the trigger level and
at the reconstruction level 7 (Do we need to implement some local

pattern recognition in the trigger and readout to reduce the number of
spurious tracks 7)

(4) Why does the L-angle compensated resolution in the EC differé?t/'
from the corresponding resolution for the Barrel ?

( TPC effect or different simulation ? )

7



(5) What will the cost of the CSC system Abe 7

We did not discuss costs in any depth, butﬂ{ the question was asked.
(6) How many channels are there in the backup technology option ?
(7) Will a stand-alone drift trigger work ?

(8) Will the spatial resolution of the RPC degrade when the lower
resistivity plastic is used 7

(Maybe 7 But will not be significant on the 0.5 cm scale ? Will have to
measure this with new prototype 7)



Peter Dingus/Roger McNeil

Summary of Muon Concerns/Calorimetry Workshop



This Section Empty
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Yu. Kamyshkov

Discussion of Sci. Barrel Calorimeter
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GEM DETEC10R PARAMETERS
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A. Bzdaev 21 cl [ np charge exchange {1) 193
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NEUTRON KINETIC ENERGY [Mev]

Fig. 3. The neutron counter detection efficiency as calculated with a revised version of the Ouk
Ridge Codo 055 (ref, [10]). The solld line curve was obtained with cross sectlon data taken from
ref. [11]; for the dashed line the Oak Ridge data were used. The evaluation of the cross sections
was based on the solid curve.

ranged in a circle with a radius of 62.5 cm from the target, the slabs being position.
ed horlzontally parallel to the beam. Both ends of each scintillator were viewed by
56 AVP photomultipliers, allowing the localization of the neutron interaction point
from the timing difference with an accuracy of £3 cm. In order to achieve a good
time resolution “constant fraction timing circuits’ were used. Also the pulse heights
from the photomultipliers were recorded in order to correct the timing for possible
pulse-height effects. The time of flight of the neutron was measured by signals from
the neutron interaction and 1rum P2 as well as P3. The azimuthal angle of the recoil
neutron was established by the number of the counter which had fired.

The threshold of the neutron counters were set at 0.1 MeV electron energy by
means of $%Co and !37Cs sources. Their position was rechecked nearly every day.

The efficiency of the counter was caleulated using a Monte Carlo type program
successfully applied previously [10] and adjusted for our geometry. The efficiency
curve used for the final analysis is shown as a solid line in fig. 3. It has a maximumn
of about 40% at 2 MeV neutron energy and decreases to about 6% at 100 MeV.

Two possible sources of errors in this curve were investigated:
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COMMENT

High precision in y/-measurement implies:
Muon radiation_losses are corrected for

Example : H = Z° Z°=> (L L L[4

Mzx5 GeV
40% of |
1 TeV H? events| 228%~ |
will be lost 56 60 70 se ¢ 100 11
| M“p resolution, GeV

(a) p radiation losses M |
are UNIFORM 9
along the track /

Jb isolation cone
(b) Hadron debris are
quickly dying while
spreading outwards

To distinguish (a) from (b)
longitudinal segmentation
is necessary

26



Jim Sullivan

Resolutions in BL-2
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GEM Cose 600: revised baseline, Nov 18, 1892
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GEM Case 600: revised baseline, Nov 18, 199
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GEM Case 600: revised baseline, Nov 18, 1992
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GEM Case 600: revised baseline, Nov 18, 1992
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GEM Case 600: revised baoseline, Nov 18, 1992
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GEM Case 600: revised baseline, Nov 18, 1992
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GEM Case 600: revised baseline, Nov 18
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GEM Case 600: revised baseline, Nov 18, 1892
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GEM Case B500: revised baseline, Nov 18, 1982
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GEM Case 600: revised basel ine, Nov 18, 1992
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GEM Case 600: revised baseline, Nov 18, 1892
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GEM Cose B00: revised baseline, Nov 18, 1982

. ; ' ——f—*'-_'—*
- o0 £ =6.14 m ' .
a7 =11.00 m —
i + 2 =15.84 m 7
B x Z =6.75 m A
o Z =10.38 m
O + Z =15,84 m s
x 7 = é%7Seﬁ*e*%ﬁlk—qp—a—~*—4%-49-
- z Z =10.39 m A
vy Z =15.84 m
-2000 _ o
—4000 1 | 1 l L ‘ 1 ! 1
0 1 2 3 4 S

Transverse distance p, m
Endcap muon chambers

o1



Coleman Johnson

Layout of CSC in Barrel
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DUBNA CSC PROTOTYPE
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Scott Whitaker

Layout of CSC in End Caps
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Endcap CSC Layout

Design considerations

» Full coverage in 6 ( 9.75° t0 27.71°) and in ¢ by overlapping and
staggering chambers (with some corner cutting...)

» Chamber placement in z for "adequate” momentum resolution
¢ November 30 design (J. Sullivan) (no gverlap)

* Minimize module and channel count
¢ cost
¢ alignment paths, complexity

» Cathode dimensions within industrial capacity
48" x 135" 12m x 34 m

* Wire length < ~1.2 m for electrostatic stability

* Angle between wire and (radial) strips limited to mitigate resolution
smearing and systematic shifts
0 Ad) <~m/l6 -— so Ngectors 2 32
¢ 12-fold symmetry desirable? (F. Nimblett)

» Strip width ~ 5 mm for required spatial resolution
( 7 mm ok for some chambers?)

« Strip capacitance? -- not a problem with floating strips

» Strip length limited by occupancy
¢ occ/strip < ~ 100 cm-2sec-1for good € and
¢ Charged particles ~ manageable (MC)

» Theta strip segmentation
¢ 5 cm (20 wires) adequate for O measurement
¢ Timing performance?
¢ Occupancy ~30 ns shaping vs ~ 300 ns for strips
— # of O-channels 2 1/10 # of strip channels
¢ Pattern recognition
¢ Mechanics of combined modules at smail 6
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An accounting of the mass and radiation lengths in the principal components is given in Table
2.1 for a typical CSC module. Each chamber in the module has an actve area surrounded by
frames that are taken to be inactive for detecting muons. When the modules are overlapped 10
avoid acceprance losses, muons will sometimes raverse the frames of one chamber as well as the
active area of another. For this (rough) design, muons traversing the active area only will pass
through 8% of a radiation length. Approximately 10% of the time a muon would also pass through
the frame of an overlapping module, for a total of 51% of a radiation length. The average
thickness in radiation lengths, including the overlap, is about 12%.

Table 2.1 Material in a typical CSC
Material Audit for Cathode Strip Chamber Module

Calculation of mass and radiation lengths for a four chamber module

Active area of chamber: frame material (and dead area):
length (m) = 3.0 width (m) = 0.050
width (m) = 1.5
total area (mA2) = 5.0 (including inactive frames)
fraction of active area overlapped by frames = 0.098
component material density | ¢m/X0| thcknss (cm){ mass (Kg)| normal X0
Hexcel core Nomex 0.14] 485.7 2.5 86.80 0.0257
circuit boards 031" G10 1.7 19.4 0.079 66.39 0.0406
copper 1/2 oz.ft"2 8.96 1.43 {.0017 7.56 0.0119
“frames ~ lucite 1.2 34.4 3.0 82.80 0.4360
~total mass (Kg) = 243.5
mass/area (Kg/m"2) = 49.1
average X0's = 0.119]
X0's through center = 0.078
X0's, center + rames = 0.514] <- includes material of overlapping chamber

area-weighted ave X0's = 0.121

Wires are strung on printed circuit frames of precision thickness that are glued to the precision
- cathode.Wires are tensioned to ~170 grams, ~ 2/3 of the elastic limit; they are held by glue and
solder and the wire pitch is set by the fixturing during construction. The panel takes the load of the
anode wires; the symmetric loading offsets any tendency to distort the panel. The frames are
circuit board material of precision thickness. They bus HV and route anode signals to an edge
connector. On the non-precision cathode lamination is a frame fabricated with precise moldings
produced with pultrusion technology; this frame controls the gas gap and provides access for
electrical contact to the non-precision cathode. Gas distribution is achieved through a manifoid
built into this frame. This approach provides a precise, low-weight, low-cost structure that avoids
extensive machining. It allows accurate control of the important parameters and provides access to
the precision cathode ail around the perimeter for alignment.

One alternative uader study is to use larocci-type "profile” chambers where the wires are

strung in individual channels in a conductive plastic extrusion. This approach has potential
advantages in robusmess of the chamber and disadvantages in efficiency and attainabie wire pitch.
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87474 clsewhere

z nl ot
m deg

Inner modules
la) 71.00 230 1145
ib) 6.75 230 1145
2a) 6.75 .90 17.01
b 7.00 1.90 17.01
3a) 6.10 246 975
3b) 6.30 246 975

Middle modules

4a) 10.67 246 975
4b) 11.07 246 975
Sa) 10.27 1.90 17.01
5t 10.51 1.90 17.01
8a) 10.82 246 975
&bh) 11.22 246 975

Outer modules
6a) 16.00 246 975
6b) 16.25 246 975
Ta) 1571 1.90 17.01
7b) 15.96 1.90 1701

Endcap CSC Layout -- PRELIMINARY Baseline {1

active coverage 9.75° to 27.71°
module thickness 15 cm (4 gaps); intermodule space 10 cm

wires ganged by 20 =

Strip width at middle =

500 cm

5.00 mm

everywhere
everywhere

Configuration; number of planes in st/ 2nd / 3rd module

8/8/4for eta>2.3

nl

1.90
1.90
1.40
140
230
2.30

1.90
1.90
1.40
1.40
230
2.30

1.90
1.90
1.40
1.40

total area of strip cathodes (m*2)
total volume of chambers (m*3)
Total number of modules

i3

de

-]

17.01
17.01
27N
2171
11.45
11.45

17.01
17.01
2.1
27.71
11.45
11.45

17.01
17.01
21N
2771

2851
14.3

36
36
48
48

1.83
1.90
3.14
32
1.86
1.93

2.75
2,19
481
4.88

326
139
539
5.52
2,19
227

4.90
491
8.25
8.38

8-Dec-92
sw
// W RON
/-
neutron tlux (Hz/fem"2) = \\‘.‘500
neutron efficiency = 0.005
Nomenclature
Note:  modules (a) occupy even-numbered sectors
modules (b) occupy odd-numbered sectors
Total channel counts:
dR 81 82 area #strips stripoce stupoce #r<chans #stnpchan  # rchan
m m m m*2  /plfsctr ch.pfsec ndet/sec /pliscir
072 037 056 033 93 119 91 14 17.842 2,780
070 036 054 031 90 115 87 t4 17.205 2,681
148 054 093 107 146 40 185 30 28,118 5,680
133 056 096 L.15 152 42 192 31 29.160 5.801
019 027 032 006 60 95 23 4 11,445 721
020 029 034 006 od 101 25 4 12,195 763
143 048 085 094 133 73 179 29 12,775 2,749
149 050 088 102 138 76 186 30 13.254 2,852
225 055 094 167 149 14 281 45 21.425 6,482
230 056 096 175 152 14 288 46 21.925 6.633
033 049 057 017 106 38 42 7 10,150 639
035 0350 0359 019 110 39 43 7 10,526 663
215 048 085 143 133 37 268 43 19.187 6,184
218 049 087 147 135 37 273 44 19.487 6.281
34 063 108 293 171 7 430 69 32,792 13.220
350 064 1.10 303 174 7 437 70 33314 13.431

Total => 310,802 77,656

480 (Number of modules and number of r-channels may be reduced by combining some of 1aflb, 2a/2b, and 3a/3b)



Craig Wuest

GEM Muon Alignment
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GEM Muon System Alignment

L3

« A GEM Muon System Alignment meeting was held at SSCL on November 18,
1992 (~ 25 attendees).

»  The meeting goal was to review accomplishments in FY 1992 relating to
alignment for GEM and to focus on the upcoming year’s program.

« Fifteen presentations were made:

— Local and Global Alignment issues

— Review of R&D of LED/Lens, SWAT, GaAs, Pad, CCD, Lat. Eff. P. D.,
X-ray

— Review of interpolation methods for alignment

—  Background muons for global alignment

«  Meeting has resulted in a detailed WBS for alignment R&D with short and long
term R&D goals.



GEM Muon System Alignment Meeting - Updated Agenda - November 12, 1992

$SC Laboratory
November 18, 1992 1:00 pm ~ 6:00pm

Thers will a mweting of the GEM Muon System Alignment Group on the aftarnoon
of Wednesday, NHovember 18. The goal ¢f the meeting is to review the past
year's alignment RLD and to focus on the upcoming year's program now that
the muyon system is beginning to converge on a final design. The proposed
agenca is as follows:

1:00 Introduction, Review of GEM Muon Systam Status -
C. Wuest 10 minutes

local Alignment

1:15 Introduction to GEM Muan System Local Alignment - .
R. Sawicki (LLNL) 15 minutas

1:30 Reviaw of Draper LED/Lens system, and other Draper R&b -~

J. Paradiso {Draper) 30 minutes
2:00 Review of Alignment work at Tainghua Universaity -~

> Colomain, Tohmien 15 minutes
2:15 Review of LINL High-range Sensor R&D -

E. Ables (LINL) 15 minutes
2:30 Review of LINL Lasar/Lens system -

R. Sawicki (LLNL} 15 minutaes
2:45 Breakx 15 minutes
3:00 U-AVLIS Alignment, Control Systems and Diagnostics

L, Collinas {(LINL) 15 minutes
3:15 Interpolation schemes for ali¢nment -

A. Ostapchuk (SSCL) ‘ 15 minutes
3:30 Interpolation schemes for alignment -

J. Paradisc (Draper) 15 minutes
3:45 X-ray alignzant systems for CSCs -

A. Vorobyovw (BNL), A. Ostapchuk (SSCL) 15 minutes

Subibteckathivas- S0y Tt

Global alignment
4:15 Introduction to Global Alignment -

R. Sawicki (LLNL) 15 minutes
4:30 Background Mucns for Alignment - Issues -

G, Mitssalmakher (SSCL), A. Ostapchuk (SSCL) 15 minutes
4:43 Other optiocns for vertex placament -

Group 15 minutes
5:00 Global mion tower pointing requirements -~

Group 15 minutes
5:15 Wrap-up and plans for FY93 program ~

Group 45 minutes

6:00 Adjoummn

o

i ‘M‘“K"‘L\“ BT e e a\ﬂ'&ﬁl\ul
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Figure 1. Muon alignment tower
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Corrected Sagitta{cm) vs False Sagitta(cm)

Shifis and Rotations of Muon Chambers: Dz, Dy, Dz <

Deformations of Muon Chambers: ¥
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Figure 2. Muon sagitta errors caused by chamber misalignment
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T4

# chambers = 32

#towers =18

# tower alignment paths = 48
#alignment points = 144

wire plane configuration = 8/4/4

# chambers =9

#lowers =3

# tower alignment paths = 18
#alignment points = 54

wire ptane configuration = 8/8/4

[T =chamber

= alignment path

Figure 3. Local alignment schemes for muon barrel
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LED Lens Quad Photodiode

“"’"‘dx

Y

ay

The Basic Straizhtness Monitor

LED Source Lers Quad Cell Pre-amps

{optional}
ET Khz Bandpass FulterJ
1 Khz >

JUUL Gate on high & Low Sampler, ADC
X Subtract High from

= 4...Bv-C+D < Average Low Samples

v taeB) ey f Reject Background

A+B-C+D Light

Straightness Monitor Electronics

Figure 5. LED/lens straightness monitor
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voll {dillarsnce ouipuy)

Linear range can be extended by defocusing:
Comparison 0, .4, 10, 20 cm defocus (LED 1102, ambient light on)

F-

— =9 mm gel

—— vl f3Cusen

_=w— wvoll,20cm cef

——— wolt, 10cm ael

LN SN S S S SRS S U SN S I S BEL AMSE SN Su midhh SIS e A S Sk M Sy s Sea S e MEE Saa e S S s

-2 03 =34 =22 00 oz 24 5 on
mm (transiation of Quad-cell 30MI)

Figure 6. Straightness monitor transfer function
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Requirement

\ /

\ f\
Vertex

\ Muon sector placement

B

uperlayers

Phi oftset

R offset External approach
(side view)
Magnet
Segtor
Forward field shaper Fiducials
mitransparent photosensors
|

Beam position monitor

Beamline Alignment scope

! Figure 7. Global measurement concept
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Descoped Budget for R&D of Alignment Technology

Item Lead Person FTE Budget {manpower/
procurement)

241 Joe Paradiso 0.15 $15K

342 Rick Sawicki 034 $54K (34/20)

243 Rick Sawicki 0.08 $12K (8/4)

244  Taig Wuest 0467 887 (67/20)

245 " Andret Ostapchuk 0.17 SIiK_

2.4.6 Joe Paradiso 0.17 $17K

24.7 Rick Sawicki 0.05 $5K

248 Craig Wuest 0.05 $SK

Subtotal 1.63 $207K (163/44)
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Integrated alignment system test objectives

® The primary objective of the integrated alignment system test is to confirm
the performance capability of a Projective Alignment System in a
prototypical environment

- measure superlayer-to-superlayer alignment with better than 25 micron
accuracy

e Demonstrate integrated system performance
- - hardware
- software
- data acquisition and analysis
I
o)
o Characterize system sensitivity to variable environmental conditions
- varying temperatures
- vibration
- chamber rigid body motion

- chamber flexible modes of deformation
- tower structure deformation

e Optimize system design
- software
- alignment procedures
- support and adjustment mechanisms



08

Integrated alignment system test concept |

CSC chamber structural eguivaleni

3 of 9 SWAT alignment LOS's

1016 lenses for LED/lens
monitor system

1 of 12 wire tiducials for
alignment verification
3 of 6 projective alignment paths

Hole In chamber for SWAT LOS and
location of SWAT sensor



Test chamber construction

Capacitive pickup for SWAT
pac plckup Crosshair fiduclal for alignment scope

Spacer

LED/lens component

Honeycomeb panel with bonded

G10 panels

Spacer

R0 | RERERERAXRNELANS M XX | EXNEN o SRARLRIANRYA | XAXARNAN T IRRRRERRYSS | ARRRIRRRXRN T ¥R
=% | o iednt AR | RISk I BERNE iNT | R

18

W T T e e e e A e e
24 m
{max)

Not drawn to scale

Panel construction requires no precision
- off the sheli G10 panel are glued to Imprecise honeycomb sections

Spacera require no precision tolerances

production unit

The concept is to mimic the structural behavior of a CSC chamber
but at low cost without the precision required of the actual

Bolt
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11
V. SUMMARY

The RPC trigger scheme has the following properties:

Barre!
1. Number of Channels
Non-bend plans 498 x 32 - 15,936
Bend plane 553 x 32 - 17.696
TOTAL 33,632
Strip Widths
Non-bend plane
SL1 i 3.9 cm
SL2 6.5 cm
SL3 88 cm
Bend plane
SLt 1.3 cm
SL2 1.3 cm
SL3 13 cm
Strip Length
Non-bend plane : ‘
Su1 1485 om
SL2 2380 om
SL3 3296 cm
Bend piane
st 6319 cm
SL2 1.042.6 cm
SL3 1,475.0 cm
Trigger acquisition time _ 100 nanoseconds
Beam crossing error
First level trigger 11,7  nanoseconds
Second level trigger . 50 nanoseconds

Accidental rate at a neutron flux of 10

neutrons per square centimeters per second

(ransverse momentfum > 50 GeV/c 22 Hertz
Dead time at a neutron flux of 10° neutrons

per square centimeters per second

(transverse momentum > S50 QeV/c

Signal dead time gate = 50 nanoseconds 4%
Signal dead time gate = 100 nanoseconds  18%
12788 12:43 7312025 #12
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12

End Cap

Detalled strip information is in Table 1.

Total number of end cap channeis 77,440
Trigger acquisition time _ 10 nanoseconds
Beam crossing error
First level trigger 11.7 nanoseconds
Second level trigger o S nanoseconds

All accidental rates and dead times are less than the barrel by more
than an order of magnitude.

V. APPENDIX 1

Consldéralions of strip timing, accidental rates and system dead
time,

A. Barrel Trlgger
. Timing o

The basic barrel trigger depends on the non-barrel plane timing. We
will iabel sach of the 166 non-bend strips with an index k (k = 0 - 155)
where strip A is the strip closest to the interaction point. The non-bend
ptane strips form a projective tower with the Interaction point. Every
three comresponding strips (l.e. the three strips with the same index) can
be brought into time coincidence at the Input to the shift register loglc.
This is done by having a fixed cable length difference for each strip of SL2
and SL1 with respect to SL3. The fixed cable lengths [measured in
nanoseconds] for SL2 and SL1 is fisted in Table A.1. Following the cable
delay which Is common for all strips on a superlayer there IS a timing gate
delay, the width of which is determined by the bend strip iIndex. Following
the gate delays there is generated a signal gate whose length Is
determined by the superlayer. These timings are also listed in Table A.1.

The bend plane strips also have the same cable differences as the
non-bend plane strips as indicated n Table A.1. -The bend plane strips do
not have any timing gate delays following the cable but rather generate
Just a signal gate whose width is superlayer dependent. This is also listed
in Table A.1. . C

if the numbers listed In Table A.1 are used in a straight forward, but

12,88 12:44 . 7312825 %13



Joe Paradiso

Baseline 2 Alignment Issues
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88

Barrel Layout

7

4 End view (r¢)

Side view (r0)

« Alignment elements on endplates (3 per endplate set?)
- Chambers overlap in phi
- Common muon tracks can tie chambers together in phi-projection (not r)
- Projective breaks in theta
- How to reference bottom chamber if unbroken (cover stable enough?)
* Use single LED source for neighboring chambers (enough range?)
- Need clear optical paths!!

\ * Slice/stack chambers projectively? A 4”
GEM) * Endcap blockage at 30°?




Alignment Transfer

- Beauty of CSC's was that alignment reference could be directly to strips
- Now, alignment is on endplate, adding another transfer!!
+ Alignment reference to the chamber...
- Ideal case: Make precisely
=> Expensive
- Possibly less costly case: Make stable
* Use muons and measured projective alignment errors to get offsets

oo
&L

Structure works on timescale of hours/minutes
- Measure w. monitors

Muon data achieves precision in barrel with
timescale of days

=> Take out offsets

- May need absolute reference for initial global alignment, if straightness
monitors used

- Other techniques help (i.e. X-rays), coarser resolution (i.e. mm) needy

GEM

3




Endcaps

D777/

- Possibility:

GEM

- LED/Lens align; 2 paths each at 10 & 30°
- Mechanically tie inner chamber edges together
(need only 200 um or worse accuracy; 1 meter spacing)
- Overlap chambers, and track muons through both to align offline.
- Levels discussed, but can be singular in theta

- Global alignment (y,z) needed within 2 mm or so for fitting through field (Zhukov et. al.)?
- Can also get with p (rate huge in endcap; central tracker not needed...)

» What is a believable layout??

- Square chambers, daughters, etc...?

* Need lines of sight
- 30° (problem w. barrel overlap?)
- 10° {chamber layout, overlap?)
« Punch holes in chambers??
- Would like circa 1" hole

- Laminated construction (not honeycomb foil

here...)
- Continuity of strips
- Different refraction in gas

- Would like to get such feasibility studies with muons ASAP
(simulations should be nearly trivial, dep. on field model...)

A




C The Harvard SLM Electronics }

&
ok

GEM

» Visited John Oliver and Kevan Hashimi @ HUHEP 12/4/92
« System composed of three cards
- Detector card
(Services Quad Cell; 3 analog A-outputs, 2 clock inputs)
- Controller card
(Serves 8 detector cards; fans out clocks, LEDs; multiplexes)
- Scanning ADC (60 A-inputs; VME module, Harvard standard)
- Estimated @ $130. per channel

FROM :HASHEMIPhhp harvard odu (12/7/92)

TO:newrsmancer@draper .com

ce:

BeC:
Mall*Linke® SMTP [51 signals |
Pear Joa,
Here |5 an eccount of the latest SLHM schems. L costs $130 per SLH channe| [P
for the datector alectronics (not counting the detecior itself), the Ll
collection systea for all tha signals (shich Includes tha axpansive
halogar—-frea cablas), and tha UME cards.

\ Halogen-free cable expensive! (Design may be somewhat cable-intensivy
5




The Extended Range Frontier

Quad
Photodiode

LED
Array

de
e
- Replace single LED with matrix of LED's.
- Available as monolithic or mouided assemblies for displays
- Wink LED's on/off sequentially, and interpolate between neighbors
- Could still use quad cell if LED's are close enough

. - Issues are placement, precision, uniformity, light output.
=> Could use precision lensed LED's in machined mount...

gEM /
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C RS170 Imaging Chips \

GEM

Clock —p»

« Commercial CCD matrices for miniature cameras.

- Single chip needs power, clock (= 2 phases?)

« Outputs composite RS-170 signal for frame grabber.
=> Simple and cheap!! (circa $40./chip; cost of quad cell!)
=> Cabling is minimal (heed power, 75Q video out)

» Issues...
- Light sensitivity, S/N
- Neutron background/damage
- Runs in magnetic field?
- Clocked (=3 Mhz) device near pickup strips?
[No need for distributed clock; synch to composite RS170]

Trivial to try...

A



Frank Nimblett

Support Structure Design Update
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Printed By: Coleman Johnson 12/8/92 11:09 AM Page: 1
From: JOHNCOLE@SSCVX1.S8C.GOV (12/8/92)
To: Coleman Johnson
cc:
BCC:
Priority: Normal " Date sent: 12/8/92 10:15 AM

Mail*Link® SMTP FFS

Received: by qgmail.ssc.gov with SMTP;8 Dec 1992 10:11:56 -0600
Dat=: Tue, 8 Dec 1992 10:09:38 -0600 (CST)

From: JOHNCOLE®GSSCVX1.S3C.GOV

Message~Id: «921208100938.20203d2¢RSSCVKL.SEC.GOV>
Subject: FFS

To: coleman_johnsen.physics@gmail.ssc.gov
A-Vmsmail-To: SMTP%“Coleman_Johnson@QMail.ssc.gov®

From: SMTP%"@surname.draper.com, @ccfvx?.draper.com:nimblett@draper.com" 4-DEC-1992
12:05:07.50

To: "Coleman Johnson (SSCL) " <johncole@sscvxl.ssc.govs, “Rick Sawicki (gminternet!”®
«<rick_sawicki@engmail.llnl.gov>
cC:

Subj: FFS /Mucn Structures confli

Date: 04 Dec 1992 12:51:00 -0500
From: Frank Nimblett <nimblett@draper.com>
Subjiect: FFS /Muon Structures confli
To: "Coleman Johnson (SSCL)" <jchncoleisscvxl.ssc.gove,
"Rick Sawicki (gmintermet)" <rick_sawicki@engmail.llnl.gov>
Cc: Howard_Baker@gmlink.draper.com,
"Mike Harris(QMail)" <Mike Harris@gmail.ssc.gov>,
"Michael Marx(SSC)" <MARX@sscvxl.ssc.gov>,
Frank Taylor <FET@mitlns.mit.edu>
Message-id: <0lGRX2W7ZI769VVQUeRccfvx3.draper. com>
Content-type: x-see-attachments
Content-transfer-encoding: 7BIT
Priority: Urgent
x-attachments: "GMUA020 (Deis/Nimblett replies)" {type: uuencode-apple-single),
"GMUAD20 Orig Sketch®" (type: uuencode-apple-single},
"GMUAO22 Full Muon Struct" (type: uuencede-apple-singlel,
"Muon/FFS Interface/revl® (type: uuencede-apple-single)

Subject: Time:11:40 AM
QFFICE MEMO FFS /Muon Structures conflict Date:12/4/92
Coleman and Rick,

I sent this note off to Joel and Gary late yesterday and didn't have time
to handle the copies to everyone else. For the time being, I'm going to limit
distribution of these notes to the five of us in the muon engineering group, or
wnatever we are called. We can then each decide upen appropriate distribution
beyond this group. In this particular case, there are MacDraw II 1.1 sketches
enclosed so you can both read them. Coleman if you would please print them out
(Claris Cad) and distrubute to Harris and Marx I would appreciate it. I'm not
sure who has what Mac CAD system, so this is this simplest format I can
produce., I think only F.Tayler will have a problem receiving this and I will
FaX him a copy.

Rick, hopefully this format is OK for you to read. Please let me know if
there is any problem. Are you planning to at SSCL next week? If so give me a
call, I have to make a ten minute pitch on the muon structures next week at the
collaboration meeting and would like to see what's available for sketches .
Perhaps some of the ones sent to FET might be appropriate, I'll check with him
today when he gets back.

Coleman, con the the CSC front, our preliminary layouts at Draper are

- more -
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Memo to:  Joel Bowers, Gary Deis
Subject: FFS / Muon System Interface Near Pressure Pads on Crysostat
Copies to: M. Harris, M. Marx, C. Johnson, R. Sawicki, F. Taylor

Recently, the muon system engineers recommended that GEM proceed
with a monolithic barrel and a monolithic endcap for the muon system, each of
which will be built up from modules. The assembly of the two region monoliths
will be done in the assembly buildings, and the two monoliths will be merged
there as well, if the endcap is not staged. The entire muon system will then be
brought down as an assembly and slid into the magnet on rails on a "beefed-up”
portion of the cryostat wall (yet to be resolved). This memo is just a convenient
way to send a lot of information quickly. I have included the succession of
sketches which have been exchanged and couple which are new.

There has been no official word yet on the disposition of this
reccommendation, but assuming it is approved, this option requires more space
than previously planned. The largest potential problem is in the area of the
contact points for the FFS and the magnet cryostat. We must provide additional
structure for muon system support to replace that previously offered by the
magnet cryostat. There is currently an obvious conflict between what is needed
for the FFS structure and what is needed for these new "endring structures” to
support the muon monoliths. I have enclosed 1) the sketch that I sent to Gary
Deis, 2) the sketch Gary returned to me indicating the problem, 3) a sketch of a
possible compromise, 4} side and end views of what this new muon structure
concept looks like.

In an EMAIL note this morning I also requested some sketches from you
better defining the FFS. Hopefully, this will be forthcoming today. Rather than
enundiating all of the potential options, I will just send you this note, let you
think about the plan and hopefully get back to me as soon as possible. I will do
the same when I get the FFS details. I'm sure that there is some middle ground
here unless the FFS structure design is so critical that it cannot tolerate moving
radially outward to provide some space for the endring structure. It may well
be appropriate to meet and discuss this issue in the very near future. I plan on
being at SSCL on Dec 8-10th for GEM week. If you could be there during this
time period I suspect we could find time over these three days to discuss these
issues , hopefully resolve them or if not at least come up with a plan to come to
resolution.

Something to keep in mind through all of this is that the FFS is a device
whose goal is to improve muon resolution in th endcap region. The details of the
structural design of the FFS should not force performance sacrifices for the muon
system which quite frankly already has an extremly difficult task ahead of it. I
believe I at least paraphrase Mike Harris in saying that it is precision muon
measurement that differentiates GEM from SDC. The enclosed endview [ think
illustrates that the option exists to work muon stucture around the compression
pads if the FFS structure in the immediate area is not too extensive.
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Andrey Goluvin

RDT Resolution Studies from TTR
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RDT Reselution —all correctivisg
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Kwong Lau

TTR Results - CSC/UH
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UH CSC Prototype

3 layers of 1.0 m (long) x 0.5 m precision strips (pitch = 5.0 mm = 4

mm Cu + 1 mm gap)

3 layers ( 12 chambers per layer ) of 66-cm Iarocci-type carbon-coated

(4 kQ per square) profiles with 45 um gold-plated tungsten wires

standard { 75/25 Isobutane-argon ) gas mixture in proportional mode

(3.0-3.3kV)

10 (top), 9 (middle), and 10 (bottom) strips at center from the three

layers are instrumented with preamps (gain ~ 1000) and ADCs.

preamp outputs are routed via 53-m RG174 coaxial cables to Lecroy

2249W ADCs with an integration time of 500 ns

trigger on 2 top scintillators and all bottom scintillators
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Key Milestones
9/15 Prototype delivered to SSCL
10/15 Prototype installed in TTR
11/10 First data run @ 3.1 kV (30 k triggers)
11/19 Preliminary resuits ( 96.3 pum @ 3.1 kV)

11/24 HV scan : chambers operated at 3.1, 3.2, and 3.3 kV (200 k

triggers each)

12/09 Resolution as a function of HV (Preliminary)
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Analysis Procedure

Fast Filter at TTR
- select events with at least 1 strip with > 100 ADC counts in each

layer

Pedestal and Gain Corrections
- apply pedestal (20-40 ADC counts) subtraction and gain correc-
tion { 1.00 £ 0.10 ) to all ADC counts.

- ADC counts set to 0 if corrected counts are < 0.

Fiducial Cut
- locate peak channel in each layer and require peak channel to be

at least 1 or 2 channels from uninstrumented strips

6-ray Cut
- remove any event with 1 or more ADC overflows (> 1900 raw ADC

counts)

Locate Cluster Centroid

- determine c.o.g. of the hits for each layer (2.04) by using a weighted

mean of 3-strip (z(3)) and 4-strip (z¥)) c.0.g.’s

»(3)
Zcog = 1+ 2(20) — -(9)

w = strip pitch = 5.0 mm
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¢ Systematic Correction

- apply a 3-term-Fourier-series systematic correction of the following

form

2M2e0g

) — 0.077 x sin(%) + 0.041 x sz’n(6ﬂ-zc°g)]

Az = A X [sin( ” ”

A is varied in the range : 60 < A < 100 ym
A = 117.1 pm according to monte carlo with a point inducing charge

A =~ 80-90 um gives best results

e Systematic Alignment Correction
- middle plane is found to be off by ~ 33 + 5 um relative to top

and bottom layers.

- corTect z.o48 in the middle plane by a systematic shift of 33 um.

e Track Fitting
- fit the corrected points (least square) to a straight line

e Resolution per Plane

- residuals in the top layer (R,;) within £ 150 pm are fitted to a
Gaussian + a constant.

- resolution per plane ¢ = v/6 OR,
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run 796 (3.1kV), Gauss fit (£150 ): mean =-1.1, sigma = 30.5
Resolution per layer: 74.8 £ 3.9 um

-0.20 0.10 0.00 0.10 0.20
50
run 768 (3.2kV), Gauss fit (£150 ): mean = 2.1, sigma = 29.4
Resolution per layer: 720+ 3.5 um
40 —

+ 6 deg

-0.20 0.10 0.00 0.10 0.20
3KV}, Gauss fit (£150 ): mean = 0.6, sigma = 23.0
80 — leut}onporlayor.se.dtzo um
60 —
40 —
20
0 1) 1 —I_q 1




run 796 (3.1KV), Gauss fit (£150 ): mean = -1.3, sigma = 32.2
Resolution per layer: 78.9+ 3.6 um

50 -

40 -

30 -}

20 —

10 -

0 I_litllrliTliill_l_l_I—l I_l_l_l_l
020 0.10 0.00 0.10 0.20

m P — M
run 798 (3.2kV), Gauss fit (£150 ): mean = 2.0, sigma = 29.9
Resolution per layer; 73.2 £ 3.0 um

50 .

<0.20 -0.10 0.00 0.10 0.20

TUN 800 (3.3kV), Gauss fit (£150 ): mean = 0.3, Sigma = 24.4
Resolution per layer: 50.7 £ 1.9 pm

0.20 0.10 0.00 0.10 0.20
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run 796 (3.1KV), Gauss fit (£80 ): mean = 0.3, sigma = 27.1
Resolution per layer: 68.4 £10.7 um
25
20-1
15 <
10 -
5 -
0 T ;ﬂl 1 L] Inlnlui|l T T l T T T T l L 1 1 1 1 T 1]
-0.20 0.10 0.00 0.10 0.20
20 =
run 788 (3.2kV), Gauss fit (£80 ). mean = 3.0, slgma = 25.6
Resolutlon per layet; 62.8 £ 8.6 um
10
5 —
0—' I;| T I:]nl T ] LR
-0.20 0.10 0.00 0.10 0.20
40 - —
run 800 (3.3kV), Gauss fit (80 ): mean = 0.8, sigma = 15.5
Resolution per layer: 37.91 3.0 um
30-
20 —
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O T I I IHHI L} L} ¥ ] L] 1 L ] ¥ ] L] L] l11 rl1 I ’-Il 1
<0.20 -0.10 0.00 0.10 0.20



Summary of Results ( Preliminary )

e Averaged over + ~ 6°
HV(kV)
3.1
3.2
3.3

o (um)
74.8 =+ 3.9
72.0 £ 3.5
56.4 + 2.0

e Averaged over all angles & ~ 8°

HV(kV)
3.1
3.2
3.3

e Normal incidence + 2.0°
HV(kV)
3.1
3.2
3.3

o(pm)
78.9 + 3.6 (96.3)
73.2 + 3.0
59.7 + 1.9

o(pm)
66.4 + 10.7
62.8 + 8.6

379 + 3.0
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Short-term Program ( by March 15, 93 )
study angle dependence of resolution
study effect of noise from environ and RPCs
study gas dependence ( fast vs standard )
study dependence on resistivity of carbon coating ( 0.4 to 4.0 k{2 per
square )
study timing of wire signals

resolution in streamer mode

127



residual [mm]

gct

0.4 —

0.2

0.0 -

02 -

0.4

[Before systemalic cofroction)

0.4 | [After 3-term systematic comection|

residual [mm]

0.2 - -
. . 04 -
! ! ] j i '
25 35 5 10 15 20 25
X [mm] X [mm]
100
80 3
m —
2 ;
5
g -
20 —
0 | T I
3000 3100 3200 3300 3400

Voltage



- Bob Miller and Carl Bromberg

Layout of RDT in Endcap
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INPUT PARAMETERS:
Tube Material, density:

Tube Wall: (mm)

M. Plate Thickness (mm), density
Case Thickness (mm), density:

# of Sectors:

YARIABLES:
Z Location (m):
Inner Theta
QOuter Theta

Chambers/Half:
# of Layers:
Tube Dia: (mm)

RESULTS:
Tube Length: (m)
Tubes/Chamber:
Chamb. width: (m)
Chamb. thick.: (m)
Weights (Ib)
Tubes:
Manifold plates:
Plugs:
Case:
Electronics,cable:
Total/Chamnber:
Weight/Half:

Tubes/Half:

17.0
28.0

16

19.1

1.3
512
1.23
0.25

72
70
49
16
256
462
7399

8192

Alum.
0.30
19.05
6.40
16

5.1
9.0

17.0

16
8
19.1

0.9
304
0.74
0.25

29
42
29

152
260
4163

4864

2.7

2.7
0.25

17.0
28.0

16

19.1

2.4
928
2.22
0.25

235
127
88

45
464
960
15360

14848
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9.0
17.0

16

19.1

1.7
576
1.40
0.25

104
80
55
22

288
549

8789

9216

GEM END CAP RDT CHAMBERS
16 SECTORS; 8-8-8; 3/4 in. TUBES

17.0
28.0

16

19.1

3.3
1296
3.13
0.25

463
179
123
85
648
1499
23984

20736

TOTAL

9.0
17.0

16

19.1

24
800
1.95
0.25

202
111
76

40
400
829
13264

12800

R &K

46743

70656

141312



GEM END CAP RDT CHAMBERS

16 SECTORS; 8-8-8; 1 in. TUBES

INPUT PARAMETERS:

Tube Material, density:

Tube Wall: (mm)

M. Plate Thickness (mm), density

Case Thickness (mm), density:
# of Sectors:

YARIABLES:

Z Location (m): 2.8

Inner Theta 17.0
Outer Theta ' 28.0
Chambers/Half: 16
# of Layers: 8
Tube Dia: (mm) 254
RESULTS:
Tube Length: (m) 1.3
Tubes/Chamber: 384
Chamb. width: (m) 1.23
Chamb. thick.: (m) 0.30
Weights (Jb)

Tubes: 72

Manifold plates: 84
Plugs: 43
Case: 17
Electronics,cable: 192
Total/Chamber: 407
Weight/Half: 6519
Tubes/Half: 6144

Alum.
0.30
19.05
6.40
16

6.1
9.0

17.0

16
8
254

0.9
224
0.74
0.30

29
Sl
25

112
225
3596

3584

2.7

2.7
0.25

17.0
28.0

16

254

24
688
2.22
0.30

232
152
77

47
344
852
13638

11008

132

9.0
17.0

16

254

1.7
432
1.40
0.30

104
96
48
23

216

488

7802

6912

17.0
28.0

16

25.4

33
976
3.13
0.30

464
215
109
88
488
1364
21818

15616

TOTAL

9.0
17.0

16

254

24
608
1.95
0.30

204
134
68

41
304
751
12013

9728

24

41975

52992

105984



GEM BARREL RDT CHAMBER SPECS
16 SECTORS; 8+8+4; 1 in. Dia.

INPUT PARAMETERS:
Theta angular coverage +: 60.0
Tube Material, density: Alum. 2.7
Tube Wall: (mm) 0.30
Plate Thickness (mm), density: 19.05 2.7
Case Thickness (mm), density: 6.40 0.25
# of Segments: 16
VARIABLES: _
Radius (m): 3.9 6.3 8.7 Jotal
Chambers/Theta 3 3 3
# of Layers: 8 8 4 20
Tube Dia: (mm) 254 254 25.4
Chambers/Half: 48 48 48 144
RESULTS:
Tube Length: (m) 23 3.6 50
Tubes/Chamber: 480 784 544
Chamb. width: (m) 1.55 2.51 - 346
Chamb. thick.: (m) 0.30 0.30 0.20
Weights (Ib)
Tubes: 154 405 389
Manifold plates: 106 172 158
Plugs: 54 88 61
Case: 33 77 134
Electronics,cable: 240 392 272
Total/Chamber: 587 1134 1014
Weight/Segment; 1760 3403 3041 8204
Wecight/Half: 28153 54452 48658 131264
Tubes/Half: 23040 37632 26112 86784
TOTAL 173568
12/15/92
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GEM BARREL RDT CHAMBER SPECS
16 SECTORS; 8+8+6; 1 in. Dia.

INPUT PARAMETERS:
Theta angular coverage t: 60.0
Tube Material, density: Alum. 2.7
Tube Wall: (mm) 0.30
Plate Thickness (mm), density: 19.05 2.7
Case Thickness {mm), density: 6.40 0.25
# of Segments: 16
YARIABLES:
Radius (m): 3.2 6.3 8.7 Iotal
Chambers/Theta 3 3 3
# of Layers: 8 8 6 22
Tube Dia: (mm) 25.4 254 254
Chambers/Half: . 48 48 48 144
RESULTS:
Tube Length: (m) 2.3 3.6 5.0
Tubes/Chamber: 480 784 816
Chamb. width: (m) 1.55 2.51 3.46
Chamb. thick.: (m) 0.30 0.30 0.25
Weights (b)
Tubes: 154 405 583
Manifold plates: 106 172 198
Plugs: 54 88 91
Case: 33 77 137
Electronics,cable: 240 392 408
Total/Chamber: 587 1134 1417
Weight/Segment: 1760 3403 4252 9415
Weight/Half: 28153 54452 68027 150632
Tubes/Half: 23040 37632 39168 99840
TOTAL 199680
12/15/92
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Larry Rosenson

RDT Wire Sag
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Plot [1046 sigTubax, 9000, .0125,50 10‘-6,1125r4:21.3 10~3,250 10~-¢,
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Craig Wuest

RPC R & D Review
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M% Resistive Plate Chamber RED Review

* Results since November 19, 1992:
» We have built numerous RPCs from low resistivity ABS plastics:

— Three 51 cm x 51 cm (0,25 square meters each).

— One 76 cm x 127 cm (0.96 square meters).

— One 15 cm x 46 cm with x-y strip readout. |

— Three 6 cm x 6 cm test RPCs with strips and pads.

—g o Noise — 3-6 Hz/cm**2 for new 0.25 m**2 counter (-10 mV threshold)
« Pulse Height - 200-500 mV
« Plateau > 800 Vwide (measured with four-fold cosmic ray coincidence)
+ Rate capability - 10-20 KHz/cm**2 (measured with 36 cm**2 RPC)
» Jitter - less than 5 ns (measured with 36 cm**2 RPC)

« Single layer 1 m**2 RPC weighs 0.4 g/fcm**2 (4.1 kg)
. A.I'/CO2/iS0butane/freon, CO2/CF4, and Ar/iso/CF4 gas mixes tested in RPCs,

« Successful operation of Italian and LLNL RPCs with MSU RDTs at TTR
- 11/19/92
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e

Resistive Plate Chamber R&D Review

e Current RPC R&D:
« LLNL

* 1.2 m x 2.4 m RPC under construction.
— frame, gas distribution, electrical designed.
— strip plane laminates under construction.
— New order for low resistivity ABS plastic placed 11/18/92.
— Goal: deliver to TTR by January 15, 1993.

» New lower resistivity plastics being tested - 10**9 - 10**10 ohm-cm.
« MIT

» Time jitter, slewing on 0.25 m**2 counters.

 Gas studies.

« Trigger layout for RPCs in barrel and endcap.
« TTR

» RPC operation with UH CSCs, Dubna RDTs (prop. mode) - 12/11/92,



M% Resistive Plate Counter Design Eg

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

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

» There are no wires or conductors anywhere in the sensitive region.
=« The walls of the chamber - in contact with the gas of the sensitive volume -
© consists of a semi-conductor (Bakelite, for example) with a bulk resistance

~of about 10**11 ohm-centimeters.

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

« This discharge is very fast (a few nanoseconds).

» The discharge is capacitively coupled to pick-up strips which are located outside
the semiconductor walls of the gas cell.
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M% Resistive Plate Ghamber Technology Revisw Ltg

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

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

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

« Noise - 20 Hz/cm**2
 Pulse Height - 200-500 mV

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

« Jitter - less than 5 ns (measured with 36 cm**2 RPC)
« Single layer 1 m**2 RPC weighs 0.4 g/cm**2 (4.1 kg)

» Ar/CO2/isobutane/freon and CO2/CF4 gas mixes tested in RPCs.
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M% Resistive Plate Counter Design

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

* A set of these chambers have operated at Frascati for 7 years.

 Such chambers are currently being used in E-771 at Fermilab.

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

» Not a new technology, but rather a mature technology which is well

understood and for which the manufacturing technology has alrcady
been transferred to industry.
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1 Bakelite plate

2 gas

3 graphite coating

4 insulating foil

5 aluminum strips -

6 line termination

7 discriminator

8 foam

9 aluminum ground plane

Figure 1
152




M% Resistive Plate Counter Technology Review

« Results from the RPC R&D program:

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

€C1

» Conclusions:

» The R&D program has successfully addressed the major concerns of RPC
counting rate, aging/lifetime, neutron sensitivity, and noise.
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RPC Source Test
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Irwin Pless

Pipe Line Muon Trigger
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APC ENG. NOTE 92-6

A PIPE LINE MUON TRIGGER FOR BOTH BARREL AND ENDCAPS

v

'OF

THE GEM DETECTOR BASED ON RESISTIVE PLATE COUNTERS (RPC)

November 1992
Irwin A. Pless
Massachusestts Institute of Technology
Cambridgs, MA 021389
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Features of an RPC plane

Simpilified logic for the barre! trigger

A. Introduction

B. Geometry of an RPC sector

C. Simplified trigger and beam crossing logic

D. Non-bend plane trigger logic and beam crossing tag

End cap muon trigger

IV. Summary
V.  Appendix 1
12788 12:37 7312825 $a3
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|. FEATURES OF AN RPC PLANE

The basis for the proposed muon trigger is the resistive plate
technology. The properties of this technology are:

1. Pulse rise time [itter < 1.4 nanoseconds
2. Puise full width, half height £ 20 nanoseconds
3. Pulse helght & 500 millivolts into 50 ohms

In principle, the RPC planes can bé made as long and wide as Is
required. For the purpose of this note, we will assume the dimensions of
GEM Base Line 1 dated April 23, 1892, Any ¢hange in dimensions from
Base Line 1 can easily be incorporated In the trigger design. We will
assume that the RPC trigger will he usad with the round drift tube
technology.

The geometry assumed for the barrel is Indicated on pages 11 - 11
and 11 - 13 of Gem Base Llne 1 Fgure 3, 2b and 3.4 respectively.

The geometry assumed for the endmp Is based on the work of
Frank E. Taylor.

Il. SIMPLIFIED LOGIC FOR THE BARREL TRIGGER
' A. Introduction

We discuss the barrel tngger first as it is more complicated then the
endcap trigger.

The barrel trigger is bassd on 250 megahertz shift register logic. As
we will show in the varlous appendixes, one can adjust cable lengths and
gate widths so that all relevant signals from the non-bend strips and the
bend strips can be loaded synchronously into shift registers. The outputs
of these shift reslstors can be put into simple logic to farm the trigger
and beam crossing tag. The trigger is formed in 100 nancseconds. Ata
neutron flux of 10~ Hertz per square centimeter per second the accidental
trigger rate in the barrel is about 22 Hertz, In the end cap the accidental
rate is more than an order of magnitude less. The dead time Is about 4%.

12/88 12:38 o 7312825  ho4



Geometry of an RPC Barrel Plane

In Figure 1 is the typical X and Y strip lay out. The crucial thing to
note is that a hit anywhere on the plane generates signals on an X strip and
Y strip that arrive at the collection point In coincidence. Another point to
note is that half the bend piane strips are in coincidence with the lower
half of the non-bend plane strips while the other half of the bend plane
strips are in coincidence with the upper half of the non-bend plane strips.
This division has two virtues, the first it reduces the time resolution in
tagging the beam crossing by about a factor two and it also reduces the
ambiguity of double hits by a factor two. Note that this is achieved
without increasing the electronic channel count. These points will be
discussed in detail in later sections of this paper.

It should be noted that each RPC chamber consists of two identical
RPC counters. This increases the efficiancy of the RPC trigger system
from about 90% to essentially 7% without increasing the electronic
channel count. It does, however, increase the total number of signal
cables and electronic inputs. This Is discussed in detail in Appendix 1.

B. Gebmetry of an RPC Sector

Figure 2 is a simplified sketch of the three RFC chambers that form
an RPC sector. : L

Figure 2A is an end view of a sector and Figure 2B is a side view of a
sector. .

As can be seen from Figure 2, there is.a outer RPC chamber which we
will label SL3, a central RPC chamber which we will label SL2, and an
inner RPC chamber which we will label SL1 in accordance with the GEM
Base Line 1 notation. ‘

The non-bend strips form projective towers with respect to the
interaction point. The non-bend plane strip widths are:

SL1(AandB) =3.9cm
Sl2{AandB) =6.5c¢cm
SL3(AandB) =89cm

The number of non-bend plane strips per sector are given below:

12,88 12139 | 7312825  #85
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Non-bend plane strip count:
SL1 = 166 strips
SL2 = 166 strips
SL3 = 166 strips

All bend plane strips are each 1.3 cm wide. The number of bend plane
strips per sector are given below:

Bend plane strip count:
SL1 = 115 strips '
SL2 = 184 strips
SL3 =254 strips

The total number of electronic channels we have for each sector is:

Non-bend plane =498 electronic channels
Bend plane = 553 electronic channels

As we stated above, nots, that we have more cables and connectors
than we have electronic channeis.

The total number of electronic channsls is 33,632.

C. Simplified Trigger and Beam Crossing Logic

The bend piane logic for the barrel is the most difficult to work out.
Hence we will discuss this case first. It can be shown that with proper
choice of cable lengths between SL1 and SL3; and SL2 and SL3,
corresponding strips in the three fayers can be placed in coingidence using
predetermined delays as inputs to the shift registers This Is discussed in
Appendix 1, .

The proposed trigger is a three layer trigger. Due to the multiple
scattering in the calorimeter, a number.of possibilities must be
considered. Figure 3 lllustrates this

For each palr of strips In SLs and SL'I there is & range of strips in SL2
that determine the momentum of the track.

For a given strip in SL3 and a given str’ih in SL1 there is a shift
register logic for forming a trigger.

12,08 12:39 o 73120825 486
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A trigger can be formed under computer control. The trigger
momentum for each strip In SL3 that forms a trigger Is chosen by which
strips in SL1 are selected, and then for each selected strip in SL1 which
strips in SL2 are selected. Figure 4 illustrates the situation for a 20
GeV/c track.

As a specific example we consider a trigger for momentum greater
than 30 GeV/c. In this case, for each sign of charge, three strips in SL1
must be selected for each strip in SL3. In addition, for each strip selected
in SL3, two strips must be selected for SL2. if we consider both possible
charges, then we activate six similar sets of shift register logic. We
define the following symbals:

SL3i __The strip In super layer three that has been struck

SL1j (j=1t06) The strip in super layer cne that has been struck.
The eight possible strips are determined by the 30
GaV/c sagita at super layer 1 with respect to an
infinite momentum track that passes through SL.3i
and the interaction point and the muitiple
scattering due to a 30 GeV/c muon passing through
the calorimeter. .

SLl2k (k=110 3) - The strip in super layer two that has been struck.
The three strips are determined by the 30 GeVic
sagita at super layer 2 with respect to an infinite
momentum track that passes through strips SL3i
and SL1j.

The shift register logic for this situation Is shown In Figure 4.

Every four nanoseconds the first eight shift registers are loaded with
the eight bit address of strip SL3i. The next shift register is the input of
SL3i, which we have assumed has been hit. The next 3 shift registers
contain the hit pattern in SL2. The following 8 shift registars contain the
eight bit address of SL1j, The following shift register is the input of
SL1}, which we have assumed has been hit. The last shift register is the
local trigger flag for this logic circuit. Note that we have allowed five
clock ticks to fan out all strips to thelr required logic. Clock ticks 6 and 7
form an or of the SL2 strips. Clock ticks 8 and 9 form a triple coincidence
between SL3i, SL1j, and the or of the SL2 strips. This is the actual
trigger. Clock ticks 10 and 11 form a fanout of the trigger. Clock tick 12
sets the local trigger flag and feeds the pipelined 256 or circuit, one for

12708 12140 7312825 4@/
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each strip of SL3. Clock ticks 13 through 16 form this or. The output at
clock tick 18 is the bend plane master trigger. Clock tick 18 and 19 form
the coincidence between the bend plane master trigger and the non-bend
plane master trigger. The formation of the non-bend plane master trigger
is discussed {ater in this paper. Clock ticks 20 and 21 open a 64 line data
bus. Clock ticks 22 and 23 activate the 84 line data bus. Clock ticks 24
and 25 load the data bus. Note that the local trigger addraesses the bus in
the usual memory fashion. Clock ticks 24 and 25 send the trigger and the
compiete information to the second level trigger. We use a 64 bit data bus
50 that we can transfer 22 bits of bend plane and 42 bits of non-bend plane
information. Hence at the end of 25 clock ticks we have the decoded
addresses of the SL3 and SL1 hit strips and the SL2 hi strips. The same
is true for the non-bend plane. The non-bend plane alsc furnishes the clock
time of the beam crossing. The complets trigger is accomplished In 100
nano seconds.

Triggers for 20 GeV/c and 10 GeV/c can be produced [n simllar
fashions. By including appropriate gates, which are under computer
control, one can select the desired trigger. - .

D. Non-Bend Plane Trigger Lﬁgic and Beam Crossing Tag

Figure 5 shows the geometry of the non-bend plane. The projective
strip design has besn optimized o account for multiple scattering.

As indicated in Figure 5 for each strip in SL3 there is only one strip
in 8L2 and three possible hits in SL.1. Hence only strips in SL1 are shared
by other logic. Each strip in SL1 Is fanned out to three logic circuits.

For the non-bend plane, the logic is the same for all momentum. Also
for the non-bend plana we only need the 8 bit address of SL3i, SL2j has
the same address. The SL1k strips have addresses one less than SL3i, the
same as SL3i and ona more than SL3I. As we have noted earlier each
non-bend strip is effectively divided in half. The uncertainty in time is
therefore given by: o o

SL1 = 1.485/2 x 5 = 3.7 nanoseconds
SL2 = 2.390/2 x § = 6.0 nanoseconds -

SL3 = 3.206/2 x 5§ = 8.3 nanoseconds

12,08 12141 } 7312825  #08
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Since we have a four nanosecond clock and a 1.5 nanosecond pulse rise
time jitter, all three super layers can uniquely determine the beam
crossing time. Howaever, since we wiil be using cable and electronic
delays to place the relevant strips In coincidence, only one superlayer can
be kept in absolute synch with the beam crossing time. We chose SL1 as
the beam crossing timing superiayer. The gate widths of superiayer 1
channels will be four nanoseconds, while the gate widths of the other two
superlayers will be larger. This is discussed in Appendix 1. Figure6isa
sketch of the non-bend piane logic.

The first shift register indicates whether or not the hit in SL3 is on
the lower half of SL3i. In this example we assume the lower half of SL3i
was hit. The second shift register indicates whether or not the upper half
of SL3I was hit. The next 8 shift registers contain the eight bit address of
SL3i. The next shift register indicates whether or not SL3i was hit. In
this example we assume SL3i was hit. The next three shift registers
contain the hit pattern in SL1, In this example we assume only SL(i + 1)
was hit, The following 10 shift registers contain the 10 least significant
bits of the master beam crossing clock which is loaded every clock tick.
The next 6 bits contain the fixed, known delay time from strip SL2i to the
master clock. This includes all cable delays and flight time delays from
the interaction point. Any delays to the master beam clock from the
interaction point can be included in these ten bits. The next 10 shift
registers contain the beam crossing time. The final shift register
contains the non-bend plane trigger.

On clock tick 1 all data is loaded into the 42 shift registers. There is
no fan out delay as there Is In the bend plane trigger. On clock ticks 2 and
3 we perform the subtraction between the clock 10 bits and SL2i At six
bits. Also on clock ticks 2 and 3 we perform the or between SL1 (i - 1),
SL1 (i), and SL1 (I + 1). On clock tick 4 we deposit the ten bit beam
crossing time. Hence In four clock ticks we have the unique beam crossing
time. On clock ticks 4 and 5 we fonm the and between SL3i, SL.2i and the
or of the three strips centered on SL1l. This forms the non-bend plane
trigger. Hence in 5 clock ticks we have the non-bend plane trigger. On
clock ticks 6 and 7 we fan out the non-bend trigger to the trigger bit and
to the 166 fan in system. On clock ticks 8 and 14 we generate the
non-bend plane trigger. Clock tick 16 - 18 places the master non-bend
trigger in coincidence with the master bend plane trigger. Clock ticks 19
to 25 places the non-bend piane information on the 64 bit bus to the level
2 trigger. As Indicated in the discussion of the bend plane trigger, the
complete muon trigger is formed In 25 ticks or 100 nanoseconds.

12,68 12:41 o 7312025  #99
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It should be noted that the beam crossing tag Is now at this level
with a maximum error of 3.7 + 4.0 + 4 = 11,7 nanoseconds. The 3.7 comes
from the effactive strip lsngth of SL1, the 4.0 is the clock pariod and the 4
is the three sigma error of the rise time jitter. This can be verified to
within @ maximum error of 5 nanoseconds at the second level.

lil. END CAP MUON TRIGGER

Figure 7 is a sketch of the end cap geomstry. This is roughly the
geometry of Frank E. Taylor. All dimensions are in millimeters. Figure 8 is
the calculated sagitta by Frank E. Taylor for a similar geometry. A
completely correct calculation will not change the trigger design in any
significant way. We see from Figure 8 that the sagitta at 18° is about
8 mm for 50 GeV/c transverse momentum. If we choose our strip width
for the region 18.3° to 30° to be 6 mm, then the trigger response will be
simifar to that shown in Figure 9, In fact, it will actually be a bit better
than shown in Figure 9.

If we look at Figure 8 we see that at 9.5° the sagltta is roughly 4.4
millimeters for 50 GeV/c transverse momentum. Again, if we take our
strip width to be 4.4 mm In the region between 9.5° and 18.3° our trigger
resolution will be similar to that shown in Figure 8.

This above consideration has determined our strip width for the bend
plane. For the non-bend plane, the strip width has t0 be consistent with
multiple scattering and the precision we wish 0 know the non-bend
coordinate. For the barrel, SL2 determines the non-bend coordinate and
that was chosen as 6.5 cm which about matched the multiple scattering
requirement, For the end cap it seems 6.5 cm will match the requirement
for the non-bend plane. It also seems that the 6.5 cm will also about
match the multiple scatter requiremeant. Hence we will choose a tower
geometry with the width at SL2 = 6.5 centimeters. Table 1 lists the strip
widths and the number of strips for the six chambers in the end cap.

12/88 12:42 - 7312825  #10
- 179



10

TABLE 1

Strip information for the End Caps

SL3 Non-Bend Plane SL3 Bend Plane
CHAMBER STRIP WIDTH NUMBER STRIPS STRIPWIDTH  NUMBER STRIPS
30° 93 mm 40 6 mm 583
18.3° 93 mm 26 44 mm 486

SL2 Non-Bend Plane | SL2 Bend Plane
CHAMBER STRIP WIDTH NUMBER STRIPS STRIPWIDTH  NUMBER STRIPS
30° 65 mm 40 6 mm 409
18.3° 65 mm ' 26— - 44 mm 320

SL1 Non-Bend Plane , SL2 Bend Plane
CHAMBER STRIP WIDTH NUMBER STRIPS STRIP WIDTH NUMBER STRIPS
30° 38  mm 4. - 6 mm 238
18.3° 38 mm 26 44 mm 186

Total number non-band strlps =198 per sactor.

Total number of bend strips = 2,222 per sector.

Total number of channels per sactor « 2,420.

Total number of channeis for GEM = 77,440.

This is about 2.4 imes the number of channels in the barrel.

The trigger logic for each bend plane set of 3 chambers (three 30°
chambers and three 18.3° chambers) is Identical to the barrei bend plane
trigger logic. The same Is true for the non-bend plane. Since there are
two separate sets of chambers in the end cap, thers will be two 64 bit
data buses to carry the information to the second level trigger. The
accidental rate and dead time calculation, however, are different. These
calculations are discussed in Appendix 1.

The layout and wiring of each end cap'RPC chamber will be simiiar to
the layout and wirlng of the RPC chamber in the barrel.

12788 12:43 . 7312825 #11
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IV, SUMMARY

The RPC trigger scheme has the following properties:

Barrel
1.  Number of Channeis
Non-bend plane 498 x 32 = 15,936
Bend plane | ) 553 x 32 - 17696
TOTAL ' 33,632
Strip Widths
Non-bend plane
8Lt o 3.9 cm
SL2 6.5 cm
SL3 8.8 cm
Bend plane
St 13 cm
SL2 ' 1.3 cm
SL3 _ 1.3 cm
Strip Length
Non-bend plane .
SL1 ' ' 1485 om
SL2 : 2390 om
SL3 3286 cm
Bend plane
st 6319 om
SL2 1,042.6 cm
SL3 1,475.0 cm
Trigger acquisition time 100 nanoseconds
Beam crossing srror '
First level trigger 11.7 nangseconds
Second level trigger 5.0 nanoseconds

Accidental rate at a neutron flux of 10°

neutrons per square centimeters per second

(transverse momentum > 50 GeV/c 22 Hertz
Dead time at a neutron flux of 10° neutrons

per square centimeters per second

(transverse momentum » 50 GeV/c

Signal dead time gate = 50 nanoseconds 4%
Signal dead time gate = 100 nanoseconds 18%
12788 12:43 7312825 #12
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End Cap

Detailed strip information Is in Table 1.

Total number of end cap channels 77,440
Trigger acquisition time 10 nanoseconds
Beam crossing error
First level trigger 11.7 nanoseconds
Second level trigger ) 5 nanoseconds

All accidental rates and dead times are less than the barrel by more
than an order of magnitude.

V. APPENDIX 1

Considerations of strip timing, accidental rates and system dead
time.

A. Barrel Trigger
L Timing

The basic barrel trigger dspends on the non-barrel plane timing. We
will fabel each of the 166 non-bend strips with an index k (k = 0 - 155)
where strip A is the strip closest to the interaction point. The non-bend
plane strips form a projective tower with the interaction point. Every
three corrasponding strips (i.e. the three strips with the same Indax} can
be brought into time ceincidence at the input to the shift register loglc.
This is done by having a fixed cable length difference for each strip of SL2
and SL1 with respect to SL3. The fixed cable lengths [measured in
nanoseconds] for SL2 and SL1 is listed in Table A.1. Following the cable
delay which Is common for all strips on a superlayer there Is a timing gate
delay, the width of which is determined by the bend strip index. Following
the gate delays there Is generated a signal gate whose length s
determined by the superlayer. These timings are also listed in Table A.1.

The bend plane strips also have the same cable differances as the
non-bend piane strips as indicated in Table A.1. The bend plane strips do
not have any timing gate delays following the cable but rather generate
just a signal gate whose width ig superiayer dependent. This Is also listed
in Table A.1. - -

If the numbers listed In Table A.1 are used in a straight forward, but

12,88 12:44 R -?31-2925 #13
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tedious, hand calculation one finds that all the signals from any track with
a transverse momentum greater than 10 GeV which passes through SL1,
SL2 and SL3 will arrive In coincidence at the shift register logic with an
overlap in time greater than 2 nanoseconds.

It should be noted that this system requires £ 5% logic throughout.
This has been included in the above calculations.

Accidental Rates
We assume then the neutron flux is 10° Hertz per square centimeter

per second sverywhers in GEM. Hence our RPC rate is 500 Hertz per square
centimeter per second,

We calculate the accldental trigger rate for ali tracks with
transverse momentum greater than 50 GeV/e. In order to handle this high
rate, we place the two RPC counters in SL1 in coincidence and the two In
SL2 in coincidence. However we or the two RPC counters in SL3. This
yields a 95% efficlent RPC system which can handle the 10° neutrons per
square centimeter. , C

The non-bend plane adcidental triggef raié = NBA [s given by the
following formuia:

NBA = [12] [R1 Ra Hs (11 + 1‘2) (111 + 1.‘3)] [166] [32]

R4 = Ratein superiayer 1
Ry = Ratein superiayer 2
Ra = Rate in suparlayer 3
T, = Signal gate width in superlayer 1
19 = Signal gate width In superiayer 2
tg = Signal gate width in superiayer 3

The factor [12] is because for each SL3 strip there are two possible
SL2 strips and six possible SL1 strips invoived. The factor [166] and [32]
are the number of strips and number of sectors.

Ry= (RxWjLq)2x2ey -
R =500
W, =39

12/88 12144 - 7312825  &#14
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R2=
Ra-

NBA =

Ly =148.5
1 =4x10°°
2.8x 103 Hertz

(R x Wy L)% x 215
R =500
W2 - 6-5

L, =239
T =10x10° Ty =11.5x 109
2.7 x 10%

2(RxWg Lg) = 2x 500 x 8.9 X 329.6 = 2.9 x 105

[12] [2.8] [1 %3] [2.7) [10% [2.8] [10%] [1.4] [10°8) [1.55] {10°®) [166] (32]

=3.0x10

The non-bend trigger must be placed in coincidence with the bend
trigger. Since for every non-bend hit there is a random hit in coincidence
In the bend plane, we have o multiply NBA by the combinatorial factor = C
fo calculate the GEM false trigger rate = F.

F=
Cm

NBAxC
N3 x N2 x N3

The factor:

N3 =

N2 =

Ni =

C=
F=

1 as one strip in SL1 Is hit In coincidence with NBA.

8/184 as there are only 3 sti'i'ps determined by the strip hit
in SL3 which can form a bend plane trigger of either charge
that has a transverse momentum of 50 GeV/c.

6/115 as there are only six strips in super layer one that
can form a trigger for the hit in SL3.

gs5x10% ,
3.0x 103 x85x 107 = 2.6 Heriz

127,08 12143 . 7312025  #15
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If it is required to match a neutron flux of 108 neutrons per square
centimeter per second we can and the two RPC counters in SL.3. This will
yield an RPC system with an efficiency of about 94%.

Accidentals caused by Muons with less than 50 GeV/c Transverse
Momentum

The trigger rate, in the barrel, for muons with momentum greater
than 10 QeV/c is about 1,000 Hertz. Although there is no real calculation,
| will assume the number of muons in the barrel less than 10 GeV/c is
6x 108 Hertz, which Is of course, essentially the same for muons less
than 50 GeV/c, These muons do nat make a trigger In the bend plane. The
hit they make in SL1 and SL2 is wrong for the hit they make in SL3. Hence
for this case we must calculate the accidental rate per sector for a 50
GeV/c bend plane trigger given a specific struck hit strip in SL3 = BPA due
to the trigger rate in the bend plane = LBA/32 = § x 10¥/32.

BPA = R1 R2 R (tq +1p) (tq +1g)
We note here that while the non-bend piane counter strips for SL1 and

SL2 ara In coincidence and the non-bend strips in SL3 are ored together, in
the bend plane the strips in SL1, SL2 and SLa3 are ored together.

Ri= 2(631.9)(1.3) (500)6= 49x 108
R2= 2(1,0426)(1.3)(500)3= = - 4.1x105
R3= LBA=6x10%32~ © 19x108
(ty + o) = : | , 14x 1079
(11 +7g) = - - | 15x 1078
BPA = | 8 x 102

The accidental rate for triggers = LTA per sector is;

LTA = /32 LBA x BPA x 2%
t=dx10°8

12,88 12:45 L 7312825  #16
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LTA=6/32x10%x8x102x4x 10 =6 x 1071

Hence the accidental trigger rate for all GEM = 32 x 6 x 101 = 19.2
Hertz. This dominates the accidental rate. The total accidental rate is
about 22 Hertz.

Dead Time

To calculate the dead time, we muyst consider the non-bend plane and
the bend plane separately. For the non-bend plane, we have to calculate
for each superiayer what the probabllity for that superlayer being "alive"
when a real muon passes through each superlayer. A real muon passes
through a particular strip in each of the superlayers, hence we must
calculate the probability that each of the strips is "alive." We note that an
RPC pulse is 50 nanoseconds full width at the base. Hence the dead fime
for each RPC pulse = DT = 5 X 10°8 live time per strip for SL1 = LT1.

LT1 = 1-DTR1
LT1 = 1 - (5) (10°8):(500) (3.9) (148.5) = 1 - 1.5x 102 = .985

The probability that both counters in SL1 are alive is (LT1)2 = .97. We
can use the same technique for calculating the live time for SL2 = LT2,

LT2 = 1-(5) (10°8) (500) (6.5) (239) = 1- 3.2x 102 = .968
(LT2)2 = .94

The calcutation for supérléjeer SL3 s different. as in this case the
two counters are ored together.

LT3 =1-{DTR3)2 . o
=1-[(5x 10‘3% (500) (8.9) (329.6)12
=1-[7.2x10°12 = 80 [1 - 5x 10"
= 99005 = 1 ‘ :

The total live time s [LT11 x [LT2]2 x LT3 = .96
Hence we have a 4% dead ﬂme in the non-bend plane. This dead time

must be modified by the dead time in the bend plane. All superlayers in
the bend plane are the same as SL3 In the nen-bend plane.

12,08 12:46 7312025 #17
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Bend Plane

LTI =1-(DT- R1)2-1 - [(500) (1.3) (631.9) (5) (10°8)]2
=1-[(2.1) (1092 = .9996

LT2 =1 -{(500) (1.3) (1,042.6) (5) (10°8)]2 = 1 - [(3.5) (1032
= 9087

LT3 = 1-[(500) (1.3) (1,475) (5) (10°8)]2 = 1 - [(4.8) (107%)]2
= .0076

The total live time = LT1 x LT2 x LT3 = .996. Hence the total live
time of the non-bend plane and bend plane is (.96) (.8976) = .958. Hence
the total dead time 4.2%.... -——— e et e _

If we assume that we double the dead time from 50 nanoseconds to
100 nanoseconds our dead time goes from 4.2% 10 18%. This is clearly
acceptable.

-End Cap

The problems of the end cap are much simpler than the barrel duse to
the much greater segmantation Without presenting the details, all

accidentals and dead times are reduced by about two orders of magnitude.

The timings are essentially as in the barrel but all delays are reduced by
about a factor two.

12,08 12147 | 7312625  #18
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TABLE A1

Cable length difference for all strips (both bend plane and non-bend
plane):

SL3 and SL2 = 30.65 (nanoseconds)
SL3 and SL1 = 5£5.82 (hanoseconds)

(Note about half this (clifference) is used just to get the signals to
the input to the shift registers). This cable delay should be accurate to
%+ 0.5 nanoseconds or about + 10 centimeters of cable.

The delay gate width AT, for non-bend strip k superlayer SL3:
AT}, = k/165 (31)-nanoseconds (k-0 to-185)

Superlayer SL2:
ATy = k/165 (13) nanoseconds (k = 0 to 165)

Superlayer SL1:
ATy =0

The error on any delay gate width can be as large as + 5%.

The signal gate width AT for non-bend strips:

Superlayer SL3:
ATg = 11,5 nanoseconds

Superlayer SL2;
ATs =10 nanoseconds

Superlayer SL1:
ATg = 4 nanoseconds

The signal gate width AT for bend strips superiayer SL3:
ATg = 42.5 nanoseconds

Superlayer SL2:
ATg = 23 nanoseconds

12,08 12:47 7312025  #19
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Superiayer SL1:
ATs = 4 nanoseconds

The error dn any signal gate width can be as large as + 5%.
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A 2'9 GeViclia
inlerseclion pointatl SLt  due lo mullipie scallering, In order 1o liave a

95% acceplance we have (0 be able lo handle = 4 sufps around Ihe ldeal (no
mullipie scallering) lnierscclion poinl, . .

ck hias u sigma i 2 sulps around he kieal

At §£L 2 we have to accomodate just two strips for a glven -
geomelry at $L.( .'Thersis no addiliona! silect from muitipie
scaltering. . .o

In a sense , we make two simultansous measurements of the
momentum. The lirst conslsts of the sagilta at .4 /. formed belween

the interaction point and the strip at. $4 3 » The sacond consists of the '

sagiiaat S 4L 2 formed between the strip struck at £¢  and the

: sulp struck at SL3,

. R . 14— — e =
- .

Mulllple scatlering plays a large role in the lirst measureinent and a
very small role In the second measuremeit, :
. i . N
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Muon Group

TDR Ouitline



Session Name: 134.3.1.101 1

TO: GEM Muon Group 11/11/82
FROM: Mike Marx and Frank Taylor
SUBJECT: Outline of Muon part of TDR/Task Assignments-Revised

In light of the new direction set at the BNL meeting the following is a

revised outline of the TDR. The names listed are suggesticns of pecple to serve
as editors for the various sections. They are responsible for soliciting and
generating copy and are requested to form groups of pecople (most already exist)
to help them perform the measurements and calculations needed for their
section, as well as producing their text.

To get things moving again, each editor is asked to present a detailed outline
of nis section by the Dec. 10 GEM CC meeting. As a guide we have been allocated
100 pages for the entire muon chapter of the TDR. Indicated by "[###])" is the
estimated number of pages for each section (without applying closure)}.For those
sections where multiple editors are listed, a "chief-section-editor" needs to
be designated from among the names listed. Please decide this and write your
cutline by Dec. 10.

(1) General description of physics mission of and desired characteristics of
muon system as driven by physics mission. [5]

{Note that the physics analysis will be presented separately, so that
this section should indicate how the requirements of the muon system
are driven by the various physics processes of interest. This should
cover the low and high Pt resclution, trigger requirements, multiple
scattering considerations, fluctuations of the energy loss in the
calorimeter, etc.)

- Higgs detection
- Z* detection
(Roger McNeil with help from the simulations group)

{2) Description of system and summary table according to BNL baseline. [6]

- overview
- sagitta method
- forward flux concentrator
- precision tracking
- muon system behind thick calorimeter to reduce backgrounds
- trigger rates
(Frank Taylor/Mike Marx)

(3) Mechanical layout of system. [5]

- support structure

- deflection analysis

- chamber coverage

- interface fixturing

- integration of alignment system with ss and chambers

- installation procedure of chambers and ss in GEM
(Frank Nimblett/Rick Sawicki/Coleman Johnscn)

(4) Detailed specification of magnetic field. [5]
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Bz and Br

integrals for bend power

Lorentz angle considerations

field mapping requirements and technique
(Jim Sullivan/Larry Rosenscn)

(5) Alignment system. [6]

- ¢riteria of system (error analysis)

- design (Mitselmakher-Ostapchuk concept)

- engineering data to support design
{Craig Wuest/Joe Paradiso/Rick Sawicki)

{6) Momentum resolution, [5]

- magnet system performance
- energy fluctuations in calorimeter
- potential contribution of CT and vertex constraint
- combined performance
{Jim Sullivan/Larry Rosenscn/Frank Taylor)

{7) Trigger concept. [5]

- basic requirements: T0 tag and Pt sensitivity
- barrel region concept
- endcaps " "
- electronics
- channel count
- resolution and trigger rates
(Maged Atiya/Larry Rosenson/Irwin Pless)

{8) Backgrounds. [5]

- low bias muon background

- hadron punchthrough (how many lamda and what material)
- neutron background

how detector responds to neutrons - estimate rates
{Roger McNeil/Mike Marx)

(9) Pattern recognitien performance and sample physics analysis with hit-level
Monte Carlo. [5]

- trigger simulation
- extraction of physics signal
- all calculations done with backgrounds simuiated
{Roger McNell/Andrei Golutvin)
{10} Possible system upgrades. [2]
- external mucn planes
- vertex constraint (also mentioned above)
{(Larry Rosenson)
(11) Description of technologies. [10]

CS8C - (Polychronakos, Whitaker, and Milselmakher)
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RDT - (Taylor and Bromberg)
RPC - (Pless and Wuest)

- mechanics chamber construction {tolerances, etc.)
- electronics

(12} Layout of utilities. [3]

- gas system
- requirments for environmental control
- cable routing

(Kwon Lau)

(13) R&D program. [5]

- TTR cosmic ray studies

- test beam program

- alignment studies

sector tests

(Gena Mitselmakher/Mike Marx)

(14) Fabrication and assembly {3]

- support structure

- chambers (foreign construction)

- electronics

- support buildings requirements
(Coleman Johnson and Frank Nimblett)

(15) Foreign Participation. [2]

- Russia
-~ China
(Gena Mitselmakher and Chinese vistor)

(l6) Costs, manpower estimates, schedules. [5]
{Rick Sawicki/Frank Nimblett/Coleman Johnson/Howard Baker)

Computer addresses:
igw::edseql: :wuest,

phepds: :mcneil,
sbhep::chiaki,

sbhep: :mohammadi,
sscvxl:::mitselmakher,
irene::osborne,

irene: :korytov,
mitpfc::mitl32::sullivan,
smtp%"nimblett@draper.com”,
smtp%"neuromancer@draper.com"”,
irene::piess,

buphyc: :scott,
jnet%"bromberg@msupa”,
irene::fet,

irene: :rosenson,
sscvxl:marx,
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sscvil:: johncole,
smtp%"hbaker@draper.com"”,
SMTP:"RICK SAWICKI@ENGMAIL.LLNL.GOV"

Organizatien:

for the moment Mike Marx will serve as chief editor (to be confirmed .
When multiple names are listed the first is considered the contacrt.

Format of drawings:

Kaleidagraph
Computers:

MAC and VAX
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List of Figures and Tables TDR Section 2
Qutline;
- overview

Brief description of system, its philosophy, requirements, physics
mission, and advantages.

- sagitta method

Three point determination of muon trajectory, large lever arm, modest
B-field gives good resolutions. Small momentum limited by MS and
energy fluctuations in calorimeter, large momentum by spatial
resolution.

- FFS

Increases bend power in the forward direction where good resolution is
hard to acheive in a solenoid.

- precision tracking

Brief discussion of how large the sagitta is and what the overall error
budget must be to obtain the baseline performance.

- muon system behind a thick calorimeter

Discuss the muon filtering through the thick calorimeter, energy
fluctuations, hadronic punch-through in very general terms. Contrast
the SDC philosophy with GEM's.

- environment

Describe the environment of the muon system, charged particle,
neutrons.
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Figures and Tables:
(1) Figure showing layout of muon system

features: - layout of chambers
- location of calorimeter and FFS

(2) Figure showing how sagitta is defined

features: - superlayer concept (N-chamber layers/SL)

(3) Table of parameters of system

features: - number of chambers, etc.
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