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GEM Muon Group
Meeting - Tucson

March 8, 1992

Abstract;

Agenda, attenders, and transparencies of the GEM Muon group
meeting held at Tucson on March 8, 1992. Agenda: (1) Review of the new
baseline; (2) Status of the trigger; (3) Status of engineering design; (4)
R&D short term goals and schedule; (5) cost review preparation; and (6)
Long range plans - EDR and beyond.



I0: Muon Group
FROM: Frank Taylor
SUBJECT: Muon Meeting at Tucson Sunday 3/8/92

Agenda
{1} Review of the new baseline 9:00 to 11:00
- general layout (Taylor) $:00 to 9:15
~ momentum resolution (Sullivan/Taylor/Rocsenson) 9:15 to 10:00
- channel counts, weights, costs (Nimblett) 10:00 to 10:15
~ hadron punchthrough versus calorimeter thickness 10:15 to 10:40
(Ativa)

- neutron background estimates {(Atiya) 10:40 to 10:50
- proposed neutron tests (Osborne)} 10:50 to 11:00
{2) Status of the trigger 11:00 to 12:30
- barrel (Atiya/FPless) 11:00 to 11:30
- endcaps {Polychronakos) 11:30 to 12:00
- Discusslon 12:00 to 12:30
{3} Status of engineering design 1:30 to 3:00
- support structure for barrel and endcaps (Nimblett) 1:30 to 2:00
- alignment concept (Paradiso) 2:00 to 2:30
- barrel solid angle coverage (Nimblett) 2:30 to 2:45
- endcap solid angle coverage (Whitaker} 2:45 to 3:00
(4} Ri&D short term goals and schedule 3:00 to 5:00

- status reports from R&D proponents
o CSC (Polychronakos/Whitaker) 3:00 to 3:20
o RPC (Pless) 3:20 to 3:40
o LSDT (Osborne/Korytovi 3:40 to 4:00
© PDT ({Miller/Gelutvin) 4:00 to 4:20
~ TTR goals and schedule (Stocker/McFarlane/Yost) 4:20 to 4:40
- Discussion 4:40 teo 5:00
(5) Cost review preparation (Nimblett) 5:00 to 5:10

{6) Long range plans ~ EDR and beyond (Nimblett/Taylor/Group) 5:10 to 5:30
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GEM MUON SYSTEM BASELINE 3/8/92

Resolution design criterion:

pt = 500 GeV/c

Spt/pt ~ % for m
spt/pt =

Forced design changes: i‘,j of merik B> /¢
l"eSe'
(1) Larger bore magnet: Cla 31“3,,)

radius of cryostat increased from 8.3 m to 9.0 m

(2) Longer lever arm in forward direction:

Z2-postion of last EC ch. increased from 4.4 m to 16,5 m
Coil halls separated by t.5 m

(3) More compact calorimeter:

~ oputer radius decreased from 4 m to 3.5 m
length decreased from 6 m to 5.5 m

(4) Field shaping in forward direction:
solid {ron flux concentrator from 10 m to 18 m
(5) Very good position measurement needed:
o layer = 100 um to 75 um (chamber tayer resolution)

o internal * 50 um (alignment of chamber wires/strips)
o external = 25 um (alignment of superlayer-to-superlayer)
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Acceptance Ratio

ANGULAR ACCEPTANCE VS INNER MUON CHAMBER CLEARANCE
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Magnet and Flux Concentrator Geomefry:

Coil
mean radius
length
center gap
axial extent
Cryostat
D -
OD
axial extent
Flux concentrator
ID
OD
axial extent
notch
ID
axial extent
support structure

March 7-11, 1992

9.5m

14.25 m

1.5 m
0.75-15.0 m

18 m
19.8 m

' 0.6-15.4 m

0.4 m
8.7° cone
10-18 m

1.17-1.25 m
16.5-18 m
> 16.5m
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Muon Resolution Studies:

GOALS:
e AS/S =0.05 at = 0.0 and
e AS/S =0.10 at p = 2.5.

CONCLUSIONS:

Barrel 3.5 m OD for central detectors;
100 pm chambers in 8-8-4 superlayers

End Cap 5.5 m axial limit for central detectors;
75 pm chambers in 4-4-4/4-6-4 superlayers
split at 20° with outermost at 14.75/16.25 m

March 7-11, 1992 JDS-3
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Transverse axis, m
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Transverse axis, m
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Transverse axis, m
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Tracking Planes

Trajectory with uniformly distributed Impulse

Trajectory with total impulse concentrated at the central tracking plane
Impulse = ] 8dl

Although the 9.5 m fiux concentrator (FC) has a slightly greater
impulse, the 8 m long FC concentrates the radial field at the central
plane resulting in a stightly greater sagitta.

8 vs. 9.5 m Long Flux Concentrator
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Field Mapping Concept:

Use a finite number of measurements and an analytic fit to de-
termine field in active detector volume.

Only need measure one component of the field as B = VV¥,,,
Uy = Cifz‘
where ¥,, is the magnetic scalar potential, ¢! are the coefficients,
and f; are basis functions. So that,
| 18%,, daf;
" pdp  pdp

March 7-11, 1992 JDS-4



Field Mapping Next Step:

Initial study to determine what accuracy of measurement is
needed, to compare accuracy, cost, and time of measurement
with conventional techniques, and to define necessary field trans-
ducers (e.g., search coils, Hall probes, NMR probes, etc.) their
number and spatial distribution.

In central detector volume, it can certainly be done; numerical
simulation (experiment) will refine and scope technique.

In muon detector volume, it is more complex and will require
careful evaluation of choice of basis and number of measure-
ments.

Need to know what accuracy, components, threshold values, etc
before defiritive results can be given.

March 7-11, 1992 IDS-5



Simulation Group:

Have supplied for case 511 (also Lol baseline, 332, and 478) and
for a current muon detector configuration —

1. Field map and subprogram to read and to interpolate the
field GUFLD.FOR,

2. Muon resolution function subprogram RESMAG.FOR, and

3. Magnet and flux concentrator geometry for case 511.

March 7-11, 1992 JDS-6
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Properties of the Calorimeter:

(1) Hadron Punchthrough:
(R. McNeil)

Barrel Region: 0 < 1y < 1.3

Criteria for determining calorimeter depth:

(1) For L = 1034 /cm? sec rate of particles in first superlayer
should be < 20 Hz/cm2,

Find number of A > 10

(2) The overall rate of particles exiting the calorimeter from
hadron punchthrough should be much less than the sum of rates
from prompt muons and 11/K decay muons.

Find number of A\ > 12

(3) The rate of particles with transverse momenta above a trigger
threshold from hadron punchthrough should be less than that from
prompt muons and 1/K decay muons.

v

Find nhumber of A > 10

Conclusion:

Number of interaction lengths in barrel section of
calorimeter should be thicker than 12 .

Endcaps will probably require 14 A (belng evaluated).
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(2) Fluctuations of energy loss in calorimeter:
(R. McNeil and F. Taylor)

Problem:

{ ]
Landau AEp in calorimeter can not be measured

How Bad?

Use GEANT to simulate AEpM distribution

Compute RMS(AER)/Ep versus Ep. Add to resolution smearing
of magnhet system.

Conclusion:

Find significant contribution st low Ep:
Effect dominates for 10 < Ep < 100 GeV
Cu calorimeter better than Pb
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CHAMBER

OUTER RPC
CENTER RPC
INNER RPC

RPC GBOMETRY AND CHANNEL COUNT

1 MARCH 1992
THICKRESS WIDTH
5 CHM. 312.0 oM.
5 CH. 234.1 OM.
5 M. 143.5 CM.

LENGTH

1471.4 OM.
1075.7 OM.
642.6 CM.

RADIUS
(TO CENTER)

858.5 CHM.
644.0 CM. '
394.9 CM.

TO CALCULATE THE WIDTHS AND LENGTHS, I USED THE INFORMATION OF THE 25 FEB
1992 BASE LINE FROM F. TAYLOR.

SECTCR ANGLE

THETA ANGLE OUTER SUPER LAYER
THETA ANGLE CENTER SUPER LAYER
THETA ANGLE INNER SUPER LAYER

CHAMBER

OUTER RPC
CENTER RPC
INNER RPC

TOTALS

CHAMBER

OUTER RPC
CENTER RPC
INNER RPC

TOTALS

20.60 DEGREES
30.19 DEGREES
30.81 DEGREES
31.41 DEGREES

CHANNEL WIDTH AND COUNT (PER SECTOR)

BEND PLANE
OLD WIDTH OLD COUNT
1.3 cCM. 254
1.3 CM. - 1835
1.3 oM. 113

552

+

CHANNEL WIDTH AND COUNT (PER SECTOR)

NON BEND PLANE
OLD WIDTH OLD COUNT - -

9.0 CM. 161
1.3 oM, 805
4.1 o, 18

1127

OLD TOTAL COUNT 1679 (PER SECTOR)
NEW TOTAL COUNT 1036 (PER SECTOR)

1 MARCH 1992
I. A. PLESS

|

NEW WIDTH

8.9 oM.
6.5 oM.
3.9 oM.

HEW COUNT
240
187
111

53

NEW COUNT
1566
166
166

498



e iriiute s U BHIE GEM MUOH THIIGGER SUBGHOUP

MEETING OF 6 JAHUAIY 1992 AT BHL

'330\ / OVTIrER
boo

CENTER

IRWIH A, PLESS

BASE LINE GEOIMETIRY

-

=

INNER
cALoR JHV
15 '

60

{WTERACTION

PUNT .

RADIUS LENGIH WIDTH
Outer plane - 830 1450 330.2
Center plane B 600 1048 239.7
Inner plane . 370 664 147.2
CALORIMETEN
lnoer radius w 75
Quiter radius = 370
Interaction thickness = 12\ .
Total nuinber ol radiation lengilis w 12/.56 x 18.5 = 386

00 = 21/E Yx/xo = 21/E V396

ORMS - 1142 uo_ '
plane

a8 [ 43 L oPMS
plane . plane

{0



BEND PLANE CALCULANAITIONS

Al strip widths = 1.3 cin

Quilside plane
Cenler plane
inner plane

Total number slrips

= 254 stiips
= 185 slrips
- = 113 slrips

=. 5§52 (= nuimber ol discriminators)



lo Gg\yc

~ A20GeVictrackhasa sigma ol 2 strips around the ideal
intersection point al R = 39'due lo mulliple scallering. In order 1o have a

95% acceplance we have 1o be able o handie % 4 sluips atound the ideal {no
mulliple scatlering) mlersecuon point.

At R=644.0 we have to accomodate just two strips for a given
geometry at R=394.9. There is no addmonal effect from muitiple
scattering.

In a sense , we make two simultaneous measurements of the
momentum. The first consists of the sagitta at R=394.9 formed between
the interaction point and the strip at R=858.5. The second consists of the
sagitta at R=644.0 formed between the strip struck at R=394.8 and the

strip struck at R=858.5.

Multiple scattering plays a large role in the first measurement and a
very small role in the second measurement.

[ ™
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To handle the multiple scallering problem we must have imany
circuils.

10 GeV positive charge. For exampie:

8 x 254 = 2032

10 GeV = 2032
20 GeV = 2032
(30 + 40) GeV = 2032
50 GeV = 1524

Tatal nutnber of circuits for positive chaige = 7620

For both charges - 2 x 7620 = 15,240

- _The logic gives four momentum lrigger ranges. -

> 10 GeV/c
> 20 GeV/c
> 30 GeVic
> 50 GeV/c

+



Ciicuit "Desiygn” using signelics 100 K seties ECL chip 100101, This
is a 5 input and/or ¢hip.

Need a fast inlinite fan in circuil (inlinily = 2032)

jost
! 1sc¢ J-—-—-—-bﬂ‘
‘ '
' 0
[#]
' {
. OR
—— en
-bLsc "E’{]

10 GeV Circuit = 8 x 2 x 254 = 4,064 ciicuils (2,032 posilive; 2,032
negalive).

00;"5RJ ‘ '

\ccurci 1

CCNTER

ZINN Ff\' i

\ ]
O o
P g
CE~TER l { N -
) 0O
cEnTER ( I Y
e ———] ©F ANl
CEMTESL _ . '



v we v WUt ~ ieed 4,004 cirguils.

pm OV

CCW TER .
OR

[cezrér ] .___\‘[—/ANU
[wwer) - |

(30-40) GeV circuil - need 4,064 citcuils

[GOTER |

s |
Ic £n ER

CCATER

= OV T

2-C -QC—

CENTER(™ oR —

'!INIVER l — —

50 GeV/c circuil - need 6 x 2 x 254 = 3,048 ciicuits (1524 positive;
1524 negalive) ' '

OVTER . ‘ L
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POSITIVE MUON

Trigger > 10 GeV

NOoN  BEND TRIGEER
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¥50

Goo

370

74

vy BeHL TRIGGER

" For each ouler slrip there are Ul wee, lhree lold cuincidence citcuils.
Any tripie coincidence generales a non-bend tiigyer.

l



Tower geoimelry.

Each plane is divided into 161 strips.

NON BEND 1TRIGGEN

Quler =9.0 crﬁ

Center ="6.5"cC

m

Inner =4 1 cm

Center is really 5 strips OR'd together, each stip is 1.3 cin wida o

furnish the z coordinate of the track.

For cach outer strip there are three coincidence circuils 1o account

for mulliple scattering.

This itnplies there are 3 x 161 = 483 circuils per sector. Each circuit -

is as follows:

OVTER ¢

K

"CéwreR ("

INNER 4

i

e

4 = L'-IJ'_L L+l

*

J

- -QCQ —

AND

Mo BEW.
—
SIG-NAL

i



NON BENDL CIRCUIT

\ﬂ BC/l L SteNAL

‘ ' Ll'

2 .
' s 3
o o R

\Noﬂ BEvL sSienvnl

o

This has 100% acceplance {or P| > 30 GeVi/c.
This has about 70% acceplance lor Py = 10 GeV/c

Acceptance falls rapidly lor Py < 10 GeV/c

We have | 161 slrips

161 slrips
805 strips

—4=> Non bend trigye

4.1 cm (inner)
9.0 cin (outer)
1.2cm (c :ler)

" Hence a lolal of 1127 strips => 1127 disciiminators per seclor. Trigger
- "box must accommodalte 1127 conneclors or about 2254 civ linear lengih.

12



SUMMARY

Strip count

Non Bend 1,127
Bend 552

Ciicuits
Non 8end ‘ 483
Bend - 15,240

Chips
Non Bend 644
: Bend S 45,720

Each discriminator must connect to a maximum of 70 circuits. This
puls either a constraint on the oulpul impedance of the discriminalor or a
series input resistor to the 100101 ECL chip. As an allernalive, 1o save

power and money, ali this can be redone in C-MOS with large scale
integration techniques.

dueslion:

How do we wrile the simulalion prograim?
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O+r+(1,2,3452)
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ANGULAR ACCEPTANCE VS INNER MUON CHAMBER CLEARANCE

1.m X

97.2% Accéptance

0.96~

95% Acceptance

—&— Acceptance (50mm web)
—— Acceptance (25 mm web)
—®— Acceptance {no web)

Acceptance Ratio

! 10 mm thick passive sidews!! In chamber
, |
0.06 +—— e e
o 10 20 30 40 50 60
F. Nimblett
D Labor:
Side Clearance (mm) | cEmozoron



Middle Chamber Space
Centerline to Edge
(mm)

MIDDLE CHAMBER CLEARANCE
( NO WEBS)

100

97.2% Acceptance

- 10 mm Thick Sidewall In Chamber

95% Acceptance

97.2% Acceptance

{ Clearance Allowing 30mm structure
and 10mm clearance for chamber )

I--'-------- o TP U D A G ap a N TE S ED U G D a0 B I G aE e a A

5% Accepiance with only
10 mm clearancs to centerline

95% Acceptance —

10

v L ) v ) ¥ ’

20 30 40 50

Inner Chamber Clearance (mm)

Ly

F. Nimblett
Draper Laboratory
GEM920103



R=8712 mm

R=3710 mm

\ Ca R= 3500 mm
=5.00 m ‘ ' !} Calorimeter Tube
vl
L Chamber Widths™W™
H ‘ Refer to Active Midwidth
z“[' ‘ R=0 mm_
PDT 18/7 (8/8/4)
98% Acceptancs
(Barrel Region Endview)

F. Nimblett
GEM 920306




' 10.1 m
t ~——10.1m ~
400 mm »{ le— 8:7 m

-
. H=m mm OO AT RN B AT TN T E RN TR snnnasi e 27-39"’
R=8712 mm e -
4973
' 10416 (¥
AR
R=6211 mm ".r:::::::;-":‘;.-“. 18.77¢ 5-00 m
- -.:“'._-‘-.-'- = A
RV
Y LX)
S 15.72°
LY R TN
' 13.96°
' RS X
o AR
' SRR 10.9° ¥
H—371° mm .'.r;o:..':!_.' (£ .——-‘;— 9 40
.;‘ m"‘":':r'-;"r'____..—-—"’— ‘
P YA
| :."J-.- A" B 0
hah,
) PR2LLies ":i“:[:
o4 Y LA . fadadadnd
H -!“ Y ." .
| 3 ‘ REL 12 MN Axial Load
‘l‘! % at . g a4
ALATN a ks
5 - - ) § .
- - o = -
| WO A4 A

8
3 |
GEM PDT 18/7 ( 8/8/4) Barrel

CSC Endeap (Modules A& B)
(Calorimeter 7m OD x11m Long)

(Extended Forward Field Shaper 18000mm Long) F. Nimblett

Draper Lab.
(100 mm RPCs O/0/1 Magnet half displaced along 2) Draper Lab.
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0 coverdge in
7 60.8% High Resolution
20

73 39.1% Lower Resolution
f
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GEM BARREL REGION MUON SYSTEM
(SKEWED OPTION)

Nimblett/DePiero
Draper Lab
14 February 1992
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o McDULE A - STRucT. BEHIND

AT SAME "2 " 0im For BorT™

CHAMBER S

¢ MoDULE B ~ STRveT., IN FlRenT -
OF CHAMBERS

o CHAMBER SUPPRORT STRUCTVRE

MODULE TyPrsEs.
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[ 15.00 m
: 10.1 m
400 mm » 8.7m -
29.39°
R=mmm gIIlllllIllllllllllllllllllH“llll"l"|||lll"""l""lllllll"lIIIIHII"“I||||||||IIIIIIIII m 27_390
R=6712 mm -~ :
L=14973 mm
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L"—'1 0416 AN
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PAERYL s
LI
{.—:-.f:}:::x:::s: 15.72°
: FRELEY
| & : < | ;v._t.: :"..-_ o 1 3-96°
- L=6077 mm ‘ SARE ::.n':
R=3710 mm XA _10.9° ¥
. . . ..:“;::.::: Ly :-:-J ___.——-"""— 9-4 °
| -_":" '-‘:-'-" ':.:: _—_-..—-"" 8.70
>
%
T
>
"
Wy
I 12 MN Axial Load
4
4

-8y Id aq

~ Zal
Za11250

1]
3 |
QEM POT 18/7 ( 8/8/4) Barrel

CSC Endeap (Meoduls A)

(Calorimeter 7m OD x11m Long) F. Nimblett
(Extended Forward Field Shaper 18000mm Long) Draper Lab.
( 100 mm RPCs O/O/1 )(Magnet half displaced along Z) GEM920306
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400 8.7m
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4973 3

l 10416 N
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0.3m ﬁ Shield with access port
GQEM PDT 18/7 ( 3/3/4) Barre] with
Support Strusture
CSC Endecap (Medules A&BE)
(Calorimeter 7m OD x11m Long) F. Nimblett
(Extended Forward Fleld Shaper 18000mm Long) g?ﬁg&',‘;:g

( 100 mm RPCs 0/0/1 )(Magnet half displaced along Z)















/ Optical Alignment of Muon Detector Components
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GEM MUON SYSTEM

Straightness Monitors
Barrel Deployment & Issues
Endcap Possibilities
Approaches to Global Alighment

J. Paradiso

JAP 3/8/92 - 1 I] p[n



Measure 2-axis deviation (L Optical axis) from straight line.

Displacement of lens produces 2x (lens @ center) more image offset
than movement of LED or quad diode.

Rotation of lens, lens defects produce limited effect.

LED defocused at diode (illumination sharing between quadrants).
Sensitive (under few microns over 9m). |

Few components, inexpensive (i.e. $500).

Modulation of source reduces background




/” Straightness Monito

lectronics

. LED Source Lens Quad Cell Pre-amps
. O W
I gL o)
Collimation/Smoothing (IR Filter) ( 1 Khz Bandpass Filter )
|
1 Khz >
JUUL Gate on high & Low Sampler, ADC

X=

JAPJ38/92 - 3

+ -
A+B+C+D

Average

Subtract High from
Low Samples

Reject Background
Light




Straightness

¥ The Source

- The standard = LED (L3 application)
- LED's can exhibit spatial inhomogeneity in light output.

- Collimate or calibrate out?
=~ New Motorola LED applied w. smooth aperture function.

- Glass ball embedded atop chip produces near-Gaussian profile.
- S/N looks good (i.e. <1 mV noise with 400 mV signal over 9 meters)
- Stronger sources for better S/N over longer paths?
- Laser diodes have spatial jitter; need collimation, smoothing...
= Could launch into single mode fiber.

- Plenty of light; more expensive (i.e. $500./laser-fiber assembly)

- Not economical to split fibers; couplers expensive
- Not needed anyway; LED OK?

w8 IPRG



Straightness Issues S

The Lens

 Potentially large diameter lens needed to focus to smali spot
over long path lengths. |

- i.e. 1 cm diameter lens will focus to 1 mm spot diameter (IR)
over 9 meter path.

- Current tests use 3" lens over similar length.
- Large spot requires particular photodetectors.

o 3wz - 5 ML)



' ore Issues

The Receiver

Large Spol

« Quad Cell exhibits -
resolution vs. dynamic
range tradeoftf.

- Measured position can
depend on defocus

Smak Spol
{High Resolution:
Low Range)

« Consider CCD?

- Cell quantization removes this problem, electrical calibration.
- More expensive, complicated readout (new "retinal” devices?)

- "Photopot"” is most promising!

- Each quadrant of quadcell subdivided and weighted in sum.
- Yields wide range while maintaining few micron resolution
- Amenable to centroiding wide spot sizes (i.e. 1 mm)

JAP 3892 - 6 !!"AF[H
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‘ Caveats (cont.)

Mechanics, etc.

- Development/testing of precision mechanics needed to
mount source, lens, receiver (alignment of optical axes).

Elemants

(Fixed to chamber reference)

- Multil;pgrpose mount to simultaneously reference several optical
paths

- Multipoint alignment techniques (i.e. passing alignment between
consecutive points?).




ui-Pacage traightness N

« Nested monitors to determine straightness
in bending direction between different
packages and/or wire supports.

- Similar to L3 bridge monitors
« Could replace with multipoint monitor?

L]
a_~
L]
L)
-
L
r 3
-
-
]



Straightness Between Barrel Layers

Rx8211 mm —I o oo O
Lx10418 mm

® Bending Direction

 Determine straightness along muon path

- Particularly in bending direction!
« Role of L3 "planarity" measurements (i.e. laser beacon)?
« Minimal set; add other paths...?

JAP 2/8/92 - 9 [n




| of Barrel Hexant

1 Bending Direction

 Run alignment up each side of hexant.
« Align up centerline if chambers are split, as in L3?

JAP 3/8/92 - 10




| nment Paths

o g PRI ol Toonm b e L ot Ak

e e ntag P I repp iy, ]
R S R S e R R TS A R T R A R T

La10416 mm

® Bending Direction

« Additional vertical paths (better alignment in bending direction)?

+ Add angled alignment paths to monitor vertical displacements?
- Can't isolate particular chamber that is displaced.
- Other implementations, systems if needed?

+ Multiple direction alignment fixtures?

JAP Y882 - 11 !“Inp[n




od Region

« Can establish 2 lines of sight for straightness paths
- Measure ¢ (bending) misalighments

- Long path lengths
- How to interrelate inner edges of middle/outer pairs?
— No optical path without holes through chambers

-~



od _ lnerelation

- Sight directly from source on one chamber to array on opposite
- Original L3 idea (Becker & Paradiso, NIM, 1982)
- Couples rotation into displacements

« Pull out rotations with Bubble Levels
- Accuracies within 1 arcsec (used in L3 prototypes)
- Can estimate phi (bending direction) rotation

« Measure interchamber distances with proximity detectors?
- Accuracy within 10 um, phi coordinate difficult?

X
o
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« Must be able to sight out to sensors in hall.
- Holes to muon array through forward support, hemisphere gap

- "Reflectors” distributed in ¢
- Location of sensors precisely known wrt. beam (sight on quads?) /

JAP 3892 - 14 Il mL



- Can measure angle and/or range (range more accurate).
- Range measurement can be taken in several scales.

- Start with survey measurements and/or coarse TOF.

- Progress from monochromatic light to white light interferometry.
- White light gives no fringe ambiguity, but null difficult to find.
= Use information at other wavelengths to simplify fringe search.

« Temperature gradients?
« Quadrature AM phase detection on optical carrier (i.e. LADAR).
« Possible to attain resolutions of order hundreds of microns....

- Improve accuracy by adding more sensors, sighting same
reflectors at multiple angles?

These devices could be useful throughout the SSC...

JAP 3892 - 15 n m



. Stralghtness monitor technology (weII underway )
« Applications of straightness monitors in GEM
- How many needed, coordinates to measure, ambiguities
- Measure inside barrel hexants or at edges only?
- Need for coplanarity; inject L3 experience
« Special problems in the forward region
- Clear optical paths where needed?
- Big lenses along long paths?
- Interrelating the upper-lower chamber pairs.
« Global alignment
- Accuracies involved
- Where to sight on detector?
- How to propagate measurements into barrel (i.e. muon angie)
- Tying muon array into central tracker...
- Technologles
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CSC Layout Specification  Open Magnet Geometry

Short calorimeter: z<5.5m; Covmgo 1029.16*

Nseclors=

wires ganged by 20
Strip width at middle =

m deg
Inner modules
1a) 615 250 93
ib) 635 250 9%
2a) 578 235 109
2b) 595 235 109
3) 575 2,10 1396
3b) 595 210 1396
Middle modules
42) 1125 250 939
4) 1145 250 939
50) 1040 198 1572
5b) 1060 198 1572
Outer modules
6a) 1605 250 939
6b) 1625 250 939
Ta) 1455 180 18.77
) 1475 180 18.77

16
5.00 cm
5.00 mm

deg

235
235
2.10
2.10
138
13§

10.90
13.96

29.16
29.16

1.98
198
135
13§

1572
18.72
29.16
29.16

130
180
13§
13§

18.77
1} oy
29.16
29.16

total area of chambers (m*2)= 656
total volume of chambers (m*3)= 3.3

Total number of modules=

19

n2, 62

1090

1396 -

RZ
dR
t]l ]| Rl
E .
Nomenclature

Note: modules (a) occupy everd-numbered sectors
modules (b) occupy odd-numbered sectors

z ol 4 n2 6 R R R 8§81 =2

1.02
1.05
L11
L15
143
148

L18
1.22
143
148
kW] |
332

017
0.17
[ X.7]
013
1.78
184

1.86
189
293
298

i
22
580
591

1.31
133
258
293

546
552
8.i2
823

265
2.69
4.95
5.01

230
254
KA V)
322

046
0.48
0.56
0.58
125
130

124
126
226
231

213
216
7
321

area  #sirips strip occ # r-chana

m*2  /plisctr
0.07 86
0.08 89
0.16 9
0.17 102
1.58 181
1.69 187
126 196
130 200
450 M
499 347
435 316
4.46 320
7.93 510
8.15 517
¢

fsec  Ipliscir
101 3
104 3
.1 6
91 7
65 36
67 k ¥)
85 26
86 27
19 58
19 59
42 56
43 57
5 63
5 64
Total channoles>
Total for 4/4/4=>
L]

JSW 27 Feb 92
Total channel counts:
4/4/3 planes/moduls *
Nsectors/2 * 2 ends
£stripchan  #r<chan
54%4 214
5,673 2
6,334 413
6,554 428
11,582 2,277
11,985 2,356
12,552 1,674
12,778 1,703
21801 680
2221 3,751
15,185 2,690
15,374 2,724
24,467 346
24,303 88
1 28
223409 17



Plan View of a typical CSC module

2m

cathode strip readout

2m

Precision measurement in ¢ direction
by charge interpolation on radial strips

\ ! Trigger with hodoscopic information

ode wires measure radial
- \ / from fast pickoff

position and provide crossing

tag

Chamber size limited by
* strip capacitance ,
» capacity of circuit board houses

Need to overlap chambers to limit acceptance losses



typical module 2m (1) x 1m (theta)
ower
component watts  ch/mod power/mod
strip ch 0.1 800 80
theta ch 0.05 160 8
trigger 10 1 10
total power per module 98

Weight — middle module (extra spacer)

component
bexcel

circuit bds
copper

wires

Al sides

frames, closeouts
electronics

total weight per module

ave X0

Kg/m*2 m*2/imod Kg/mod

1.80 12 2160 0.0308
2.03 24 4872  0.0610
0.16 24 334 00123
003 0.0002
650 0.0112
1840 0.0230
500 0.0063
average X(/module 0.1448

104.06 Kg

SW 5Feb92

inc] fast out for trigger

Hexcel HRH-10-1/4-2.0
047 in, tho= 1.7

1/2 oz/ftr2
4*800*25muwW
S0cm*6m*1/32 in
G102.5cm *1.5cm*6m* 5
wild guess
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TDC Ditferencs {(nanoseconds)

10

4.0

-2.0

The Ditfersnce
Gaussian Mean B=x=0.8T - Gaussian Mean Ba=0T
HVY=5.66kY

| I | L& 1

-0.8

-0.4

Micrometerz

0.4

) Magnetic Field does increase Drift Time
2) The increase is small ( aVmay~ 10ns,

wlﬂi {Q Tmag ~ 260 NS)
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L. Ssborne

Merits of Streamer-Drift System

. Preservation of the fast rise time in pulse trans-

mission. ~ /O xsec, <« [P0 »mv

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

Precision wire positioning.

Minimum scattering material.

No restriction on chamber length.

. Parts and assembly amenable to mass produc-

tion.

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

. Single wire resolution of ~100um.
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Survey FPornts

Philosophy

Wires placed to £12.5um. with respect to sur-
vey points,

1) indenpendent of gravity

2) 7 temperature

3) ” warp and sag of the chamber.

Survey points known to £12.5um.,
1)by surveying

2)by placement (unlikely)

3)by monitoring.









IL R & D Program.

A, The Tasks
We list the tasks we expect to complete adding in parenthesis the institution(s) bearing

the responsibility:

Vv’ 1) Finish assembly and test of 2, 0.5 m. wide_chambers.(MIT)
v 2) Measure chamber tube performance in magnetic fields.(MIT)
v 3) Design and build (D & B} 2, 1 meter wide chambers.(MIT)
4) D & B pick-up strip plane.(MIT)
" 5) Investigate and make thinner cathodes.(MIT & UNY-SB)
6) D & B optical window system.(MIT)
7) D & B tiltable chamber stand as a cosmic ray muon telescope.(MIT)
8) Adjoin prototype optical alignment system to the chambers.(MIT, with the help of
Draper Lab.)
9) Design of apparatus for mass production of chambers; estimate production costs.(U.
of Houston)
" 10) Investigate various materials for use as cathodes.(MIT)
11) Analyse the data from both; 1) runs taken at Fermilab on a small prototype, and 2)
data with cosmic rays on the 0.5 m. and 1.0 m. chambers.(MIT, UNY-SB, & LSU}
l/ 12) Simulation studies of the muon system directed toward optimization of the subsystem
and integration with the rest of the detector.(MIT)
‘/ 13) Provide chamber electronics, investigate state of the art electronics for TDC’s, and

examine scenarios for the use of chambers in a level 1 trigger system.(LeCroy,MIT)



) ) ) ) ) ) ) ) )

LSDT R €D Work

Milestones(all in '92): ( £ rom prapesal to TNVARL c)
Delivery of LeCroy electronics for 0.5 m. chndbn. 1 ﬂ'{:atf}/

Design of thin cathodes Jan. We are hoping

YSolar lanetics" suceeeds
Design of 1.0 m. chamber Jan. S¢ far on schedule
Assembly of 0.5 m. chambers Feb. farls are (1, £ xcepl®!
Assembly of 1.0 m. chambers March
Delivery of 1.0 m. chamber to SSCL May
Set final specs. on chambers Aug.

Assemble cost figures for EDR Sept.
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Gases Considered

Argon(A), Isobutane(IB) Ssfeby!!
A(few %),IB(10 %), CO,
A(few %),IB(10%),C0O2,CF4

IB(<10%)-non-flammable

COs-ohmic,slow,cool
CF4-flat,fast
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R=6115 mm

LSDT's
.R=4220 mm

¥ Web 50 mm Thick

L=3.790 m

R= 4000 mm
"
0

Calorimeter Tube
it
1]

GEM PDT1A 8/8/4
(endview)

F. Nimblett
GEM 920102



Chamber Inventory: GEM LSTD System
for 8-8-4 system

Barrel
Layer r(m) #xchmbrs. total  wgt/sectvol/sect wires  £-dges
- [sect. chmbrs. (Ibs.) litres

1A 4.93 33 8 128 1632 3960 20,480 /0%
1B 4.93 15 8 128 1240 3000 20,480 /o024
2A 6.57 5.0 11 176 3410 8250 28,160 1112
2B 6.57 4.0 11 176 2728 6600 28,160  f (2
3A 8.76 <% T 112 2954 7100 17,920 /3494
3B 876 ¢4 7 112 2772 6720 17,920 /34Y
Total =~ 2°%57 832 0.57x108133,120 §9¢0

Front and Back
Layer z(m) ¢ chmbrs. total  wgt/sectvol/sect wires

/sect. (Ibs.) litres
1 6.5 3.3 4 64 812 1960 9,856 dh
2 10.2 50 8 128 3717 8984 30,720 /3%{23ex
3 13.4 6.6 4 64 (128) 3206 7968 20,480  7es(isx
714,98 , ) .
Total N 256 (320) 0.30x10661,056 28¢¢(ess
Grand Total 1088 0.87x10%194,176 1/, 77¢

{3, 3/2,)
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Wire guide
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O-Rings Spring
Crimp
Delrin Plug
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Alignment fixtures
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MATERIAL Afpim jig plate

MICHIGAN STATE UNIVERSITY
HIGH ENERGY PHYSICS

TimE Manifold Plate Assembly
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DESIGN  ssstommm

PURCHASE /7. A
GEM PDT PROTOTYPE . 2°0 2~~~

TEST s

1992

FEB | MAR | APR 1 MAY | JUN | JUL
|16|23‘ 1 |8 | 15| 22| |!9| 5J12|l9|2p, L3 110! 1’7, 24l|3ll 7 ll4]21,2§| § ]12J19|
L L II L L ¥ L] I L} L) L} L) | ¥ L) L L II L] L L L) I Ll L L] L
I | |
TUBES: '////(1-'/////'(///////

PLUGS: u-r/://m'/////{//m//

I
FERRULES: m:-///.w//(///////

WIRE: /)/////////)///
| !

MAN'FLD: s/ /A s/ 777V /7777777
| i 1 | F TTR

R.O.BOARDS: RSN/ /S S LSS S S S 7 S T— {
[ I | |
|
|

CASE: M///////// M s

|
. i i ‘
TABLE: V2220022222274 |

FIXTURES: M./ / /7 /R

b4 } {4

Milestones: 28 Feb. 20 Mar. 30 Apr. 29 May 19 Jun. 6 Jul

Critical design coml':lete:
Critical P.O's complete:

Critical components in hand:
Tube Assembly completed:
Chamber Assembly completed:
Chamber shipped to TTR:




TITEP (Moscow) — LSHE-TINR (DusnA)

PDT suageloup
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D. Post

T. PREDO

S Yu SELYyUnNIv
D. A. SMoLIV
AV. VIeHNEVSKY
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18 November 1991

PROPOSAL FOR CONSTRUCTION OF A MUON TEST FACILITY AT THE SSCL

M.Botlo, M. Hecht, K. McFarlane, M.Marx, C. Milner, G. Mitselmakher(®),
T.Prosapto, F. Stocker, A. Vanyashm(.sléc\f)llasenor. G. Yost, E. Zimmer-Nixdorf

K. Lau, B. Mayes, J. Pyrlik, R. Weinstein (UH, Houston)
A.Gonzalez (IFUG,Leon)

A.Golutvin, V.Tchistlin, LTichomirov (ITEP,Moscow)
L. Barabash, Yu. Bonushkin, Z. K.rumstem (JINR, Dubna)
Yu.Fisyak, V.Zhukov (MSU Moscow)
V.Sarantsev (SNPI1,Gatchina)

(*)-contact person

Participating Institutions:

Brookhaven National Laboratory
Boston LI‘.::'niversiry
Joint Institute for Nuclear Research
Houston University
Institute of Theoretical and E.mnenn! Physics
Los Alamos National
Louisiana State Umvemty
Lawrence National Laboratory
Massachusetts Institute of Technology
Michigan State University
Moscow State University
Oak Ridge National Laboratory
St.Petersburg Nuclear Physics Institute
State Umvemty of New-York at Stony Brook
Supemonducnng Amr Collider Laboratory
University
Umvu'suy of Guanajuato

REQUEST OF SSCL FOR FY 1992: $493,000
- 2.0 FTE engincers
3.5 FTE technicians
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TI1-TS Technologies to be Evaluated
T1 Pressurized Drift Tubes ‘
T2 Limitied Streamer Drift Tubes
T3 Cathode Strip Chambers, Multiwire Geometry
T4 Cathode Strip Chambers, Open Profile
TS Resistive Plate Chambers

3C  Scintillator Counters
'T  larocct-Tube Chambders for Trigger
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4.31 Flux of cosmic ray particles at sea level at 40° N geomag:

netic latitude. The low energy electron and proton spectra can difle

- significantly from the dotted lines depending on local conditions in the
atmosphere. (J. Ziegler, Nuc. Instr. Meth. 191: 419, 1981.)
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Session Name: sscvxl 3 ‘ P

From: SSCVX1::MITSELMAKHER 21-OCT=-1991 19:11:16.47
To: JNET$"FETGMITLNS", BUPHYC: :AHLEN

C: STOCKER, VILLASENCR, YOST, MITSEIMAKHER

Subj: LSP: assumptions and questions

Dear Frank and Steve,

We have updated our list of assumptions and questions.Please
make your comments and advise us to whom we should send it (we need the
mailing list of contactmen of technologies).

Gena, Frank, Luis, George

List of Assunptions for the Mion System Evaluation

- .Fa@tedmlogyproponentshmldprwideus,assoonéspossible,
with a description of the equipment they are ¢oing to ship to SSCL, including
a tentative schedule.

2. Each prototype should have enowuyfi iayers to allow to estimate
the resolution without the use of external (1. e., other n_ocml_es) information.

3. We assume that only one acquisition electronics standard (either
CAMAC, FASTEUS or WE) will be used im the DAQ system of the lLarge Scale
Prototype (ISP).Msstandardwillhavetobeselectedbythe@monGro@
as soon as possible. Weprq:oeetouse@mc

4. We assume the front-end electronics, the ADC's and/or ‘IDC's,
crate(s), power supplies and cables necessary for each
prototype will be provided by the corresponding institution.The SSCL will
p-ovide the crate controllers if necessary.

5. We assume that each institution will make its own gas system (in




Session Name: sscvxl 3 : Page 2

campliance with SSCL safety regulations) available to use at SSCL during tne
evaluation period. )

| 6. We assume that each institution will be responsible for proper
transportation of its prototype to SSCL and for making it cperational at SSCL.

7. We assume all the involved institutions will take part in the data

taking and analysis. The SSCL will participate by making camputing 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.

8. We will assume responsibility for the construction of the LSP.
9. We will assume full responsibility for the trigger system.

10. We will assure full responsibility for the DRQ system with equipme:
provided by SSCL.

11. All prototype modules should be at SSCL ready for installation into
the LSP fixture by May 1, 1992.

12. Data taking will start June 1, 1992, and it will last for about one

List of Questions Concerning the Muocn System Evaluation at SSCL

1. What are the dimensions, mmber of layers, number of wires/strips,
etc., of your prototype?

2. What gas mixture do you need? With what tolerance? What flow? Please
describe in detail the gas system you want to use. We will check compliance
with SSCL safety regulations.
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Figure 4.11 Flux of cosmic ray particles at sea level at 40° N geomag-
netic latitude. The low energy electron and proton spectra can differ
significantly from the dotted lines depending on local conditions in the
atmosphere. (J. Ziegler, Nuc. Instr. Meth. 191: 419, 1981.)
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Figure 4.11 Flux of cosmic ray particles at sea level at 40° N geomag-
netic latitude. The low energy electron and proton spectra can differ
significantly from the dotted lines depending on local conditions in the
atmosphere. (J. Ziegler, Nuc. Instr. Meth. 191: 419, 1981.)

COSMIC RAYS AT SEA LEVEL

Q
o

— NS XN

TR0 \
L N ..E\-sc‘ ' 43' \\
1.
1 R
I N,
= \)0“‘5 TN e ]
“
st ““Oﬂs \\\ o -

’ c.b PROTONS NS
2 ‘. :“"" ﬁi \;\‘

- \

Q‘.\

o W
Tl :
Q
~N
]
2 ’ (]

103 0.01 0.1 1 10 100 10% 10* 10°

Particle Energy ( MeV)
A DQ Fe = Pmu,“ﬁ/ 1. X eV
o ~ 60 #-"/m‘s
Lae A=Uw? => R~ 249083

Eeownebric Acceplance => Rales O lsow



@

-

()U‘Form oml Cof abildds

Pactick passaqe fo lewedd : 200ns £ 2O0ns
Accidewtols (("0’ Hg -

Tﬁnbng oceimncy (Leved 1) ‘ C{;?J;ﬂ& ]

offlwe ! L250ps

¢ romma.bilibu -
™ ""3‘ ot fovel 2) Combinahsin
4k ks ..

Tareces Fubas w’-mdud ok MQ

Somple Wl

“QSH‘I.J' an’wlu'mgc
OF l‘flﬂ.qm




Muer Trigger - version 2

OR/AD

4564 x |

Top layer spiit giscr
4413 x 4
BNC i1n, ECL out
— ADC
—= TDC
— ADC
— TDC
— - e
—d —
L J
X12-16
®
—] 1—-F; >
= -
Bottom Layer
_.{ e
— —-
® :
®
]
—i F—FE:; >
| m— |

‘H
AV

Ol&Y

ECL-NIM Gate
2616

Level !

Dead time




KL Deday (sample coleslalion)

Seadillader 1% (32D
PMT $3ns  (£5)
SL-JMWL s G hnwmd (mwn. SO'B)
Splk Ow
Glole 4ns
dise Bus  (22n0)
Cotdlt EY
OR [AND 120 ($2)
Cable Qs '
Bw-MmM bus  (21wo)
Cable an
AND 10ns

Jjaq +jous
e A
duse (Sfm.,ur) - I
Coblle Ano
Fam owt - Tns

21w

ol b5 Al DAY ?



modular [VME]DAQ: present layout

F
3
P
-
>
a
m

EJ

BACKBONE




(XINN) S3INAOW WS DVA




TTR DAQ System (Preliminary) @

w-—
EGO
€
340
E 20
E
0
0
g
|
&
[ ]
(-4
\4
O‘Fﬁ]fﬁ—?{
0 2 4 6 8

Number of Groups



Maia DAQ Window

Qc_a)

Histograms Window
(PAW)

Control & Monitoring of
HV for SC's and Iarocci Tubes

TriggerC& M




12




13




£ 540,0 (cm}

¥ Yiew

200,00 {cm)

¥ Miew

4



@,

@:ss‘.ble DA ~ OF s Sequera

disk (ks of S120M8

-

DAS
CONNIC .
2 S nw Y, .
| Rle copy Stey “"miF g Preaset
|0 © i
Smﬁaﬁ. , Y Pp SF(Q(‘
up to 56,3 W\:‘i‘r‘_v;ufh acwed, ollar wrlcsﬁ-ltﬁw)

~ts‘oB.leA wswpw__mf,,@

- Lo p"‘:"’J‘i’l (9-'— G Mot )

SSC prevides Sromownvdt 5 meeds normahon

Crm UG



(Lsec 1s fo eo_mdl. to SSCL:
e Tn Advane (Now -

o Teshd ditedor wilh omy HY supplis

o Pay frohtend eleckronies Lotk porer supphie
o o qas G\Acu‘l\ w . | |

o DAR (cAMAC) modules itk maisials
o+ Descrphin o DAQ meduleo ,ond dala

Gm : CAMALC oommds

. Cables Fo matdt L‘L&(ua@“m“g“r;‘

« o Descouglion o omy signals e v from H
L. Loyic [ ) ('TTL’GC-L-,.NI")M"IH;%.
E.a. dindhumt signabs, cmsblioto frmbend ?
Qo Sochat used (ant, fums, ECL.-D

o o Aui%c;) W and o“:l‘ Ln‘:o:

= C:;t“*m Rede CAlttm;h:&h
- s'mﬁ W N.u(uL W,Sw

- dugredd pdqulm

———

¢ P‘«jsm’J Sl«:y , seus clog artel | howd be:
e o ETA, .Msound,






