
GEM TN-92-241 

Muon Meeting - Brookhaven 
National Laboratory 

November 5, 1992 

Abstract: 

Agenda, attendees and presentations of the GEM Muon Meeting held 
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Frank Taylor 

General Remarks 
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Frank Taylor 11/4/92 

Muon System Technology 
Choice 

• R&D Program for FY92 

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

Baseline 1: 

of prototypes 
and assess 

Barrel Endcaps 
====================================================== 
L-1 Triggering: RPC csc 

Tracking: PDT orLSDT csc 
------------------------------------------------------------------------------------------------------------

• Oct. 6-7 Technology Review Meeting: 

Intended to define the TDR baseline (Baseline 2) 

-proponent reports 

-independent engineering assessment 

-outside reviewers (Branson, Fabjan, Foley, (Nygren)) 

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

• Barrel Issues: 

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

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

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

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

• Endcap Issues: 

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

-
.. 

... 

... 

-

row? • 

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

-
-
.. 
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Muon Chambers at the TTR 
As of 11/3/92 

Technology · Chamber size TTR delivery date 

PDT-JINR 1 m x 4 m x 8 layers 7 /28/92 (delivered) 

PDT-MSU 1.3 m x 3.8 m x 4 layers 9/29/92 (delivered) 

~DT 1 m x 4 m x 4 layers 9/22/92 (delivered) 

~DT 1 m x 4 m x 4 layers 10/23/92 (delivered) 
10/28/92 (sent back) 

RPC 1 m x 2 m x 2 layers 9/29/92 (delivered) 

CSC-BU 0.5 m x 0.6 m x 3 x 2 layers RDS-CERN (delivered) 

CSC-BU 0.5 m x 0.6 m x 3 x 2 layers 

CSC-BNL 0.6 m x 0.6 m x 2x4 layers 10/20/92 (delivered) 

CSC-BNL 1 m x 1.8 m x 4 layers 

CSC-UH 0.5 m x 1 m x 3 layers 9/92 (delivered) 

CSC-JINR 1.1 m x 1.5 m x 2 layers 10/10/92 (delivered) 
,. 

,... 
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Result of Oct. 6-7 Meeting: 

• Attempted to rate drift technologies in barrel: 

-LSDT with stand-alone trigger (without RPC) seemed 
attractive. 

=====however==== 

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

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

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

• A number of questions were identified: 

-showering from material inside the chambers 

-acceptance coverage 

-location of alignment paths and affect on acceptance 

-comparative costs of chamber construction and electronics 

• Present Situation: 

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

• Cost comparisons have been refined. 

• Performance data available from all technologies. 

10 
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• For today: 

- summary of TTR results (Mitselmakher) 

- description of each technology 

• CSC (Polychronakos) 

• LSDT (Osborne) 

• PDT (Bromberg) 

• Dubna Chambers 
PDT (A. Golutvin) 
CSC (Yu. Kiryushin) 

• RPC (Wuest) 

- discussion of pros/cons of each technology 
(Marx - convener) 

11 



TO: Muon Group 
FROM: F.E.Taylor 
SUBJECT: Plans for BNL Meeting 
DATE: 10/25/92 - Updated 11/3/92 

We have been asked to give a presentation of status of the 
technologies at the plenary session on Nov. 4 and we are to get 
together as a muon group on Thursday Nov. 5. 

(I) Nov. 4 afternoon Muon Group presentation in plenary session 
------------------------------------------------------------------------------------------

(1) General remarks -Taylor (10 min) 

(2) Summary of results from the TTR- Mitselmakher 

(3) Technology Options: 

o CSC - Polychronakos 
o LSDT - Osborne 
o PDT - Bromberg 
o PDT and CSC from Dubna- Golutvin 
o RPC-Wuest 

( 4) Open discussion - Marx moderator 

(15 min) 

(15 min) 
(15 min) 
( 15 min) 
(15 min) 
(15 min) 

(30 min) 

[Time for questions and discussion of pros/ cons of technologies 
before the entire GEM Collaboration] 
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(II) Nov. S Muon Group Meeting (8:00 until 16:30) 

At this meeting we should have in-depth answers to the questions 
raised at our Oct. 6-7 meeting, and review the engineering assessment 
report and the cost of the electronics. Our discussion should lead to 
what are the advantages, disadvantages, and risks of each technology 
solution. This should be summarized in a short document to be 
distributed to the Executive Committee on the afternoon of Nov. 6. 
Marx, Mitselmakher, Taylor, and Sawicki will be responsible for putting 
this document toge~er. It should include charts comparing channel 
and chamber counts, alignment paths, costs of chambers, costs of 
electronics, test results to date, etc. 

Draft Agenda: Muon Group Meeting 11/S/92 

(1) General Remarks: (Marx/Taylor) 

(2) Results of TTR and RDS tests: 
(Mitselmakher-convener) 

8:00 - 8:1S 

8:1S - lO:lS 

CSC-BNUBU TTR and RDS results (Polychronakos) 
CSC-UH (Lau) 
CSC-Dubna (Yu. Kiryushin) 

PDT-Dubna (A. Golutvin) 
PDT-MSU (Bromberg/Miller) 

LSDT (Korytov) 

RPC (Wuest/Pless) 

(3) Joint meeting with Electronics Group: 
(Marlow/Shaevitz - conveners) 

Critique of muon trigger concept 
Costing of electronics 

Lunch 

13 
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( 4) Answers to Oct. 6-7 Questions: 

Each Proponent is asked to list advantages of technology for 
submission to "master list" and answer Oct. 6-7 list of Qµestions. 

- CSC (Polychronakos) 
- PDT (Bromberg) 
- LSDT (Osborne) 
- RPC (Wuest) 

Note: 

13:00 - 13:30 
13:30 - 14:00 
14:00 - 14:30 
14:30 - 15:00 

Conveners are asked to organize presentations. Input expected from 
McNeil, Nimblett, Sawicki, et al., and other members of each 
technology team. See list of questions below. 

Break 

(S) Engineering Assessment Report (Sawicki) 15:15 -15:45 

(6) Discussion of technologies (Group) 15:45 - 17:00 

- lists of Advantages/Disadvantages 
- Results of straw poll 

(III) Muon Group Steering Committee Meeting 17:15 - 19:30 

We will try to make a recommendation of the TDR Baseline 2 
technology. 
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Appendix: 

List of the questions from Oct. 6-7 Meeting to be addressed during 
Joint Electronics/Muon session, or the Muon Afternoon session. 

(I) Issues to be addressed by all technologies: 

o Determine the costs of electronics and chamber construction 
in a uniform way - identifying those items constructed in the 
US versus those abroad. 
[Electronics will be discussed at joint Electronics/Muon 
session.] [Sawicki to summarize chamber construction costs.] 

o Assess by MC simulation the effect of material in the muon 
path. Bridge material for l.SDTs, and side walls for CSCs. 
[McNeil to summarize results.] 

(II) l.SDT: 

o Update costs of chamber construction and electronics. 
[Sawicki for chamber costs, Sumner for electronics during joint 
session.] 

o Develop a layout of chambers in barrel region. 
[Nimblett] 

o Develop the integrated trigger concept. 
[Shaevitz/Korytov during joint session.] 

o Fully document muon resolution studies, including the effect 
of the angle of incidence. 
[Korytov during TTR/Mitselmakher session.] 
o Calculate chamber solid angle acceptance accounting for 
gaps associated with alignment paths. 
[Osborne to document.] 

o Decide whether carbon coating of cathodes is needed. 
[Osborne.] 

Added: 
o Discuss alignment of wire in cathode. 
[Osborne.] 

15 



(III) RPC: 

o Build a 1 square meter chamber constructed of low resistivity 
plastic. 
[Wuest and Pless.] 

o Determine operation parameters (jitter, slewing, rate 
capability, neutron sensitivity). 
[Wuest/Pless.] 

(N) CSC: 

o Update costs of chamber construction and electronics. 
[Sawicki for chamber costs. Electronics discussed in joint 

session.] 

o Optimize channel count, especially for barrel application. 
[Whitaker /Polychronakos.] 

o Measure single layer resolution in RDS and/or cosmics. 
[Discussed during TTR/Mitselmakher session.] 

o Develop conceptual design for TO trigger. 
[Discussed during joint session.] 

o Perform stress analysis of chambers ( endcaps with central rib 
and barrel). Will full-size chambers be planar? 
[Polychronakos, et al.] 

(V) PDT: 

o Show layer resolution from TTR results. 
[Bromberg/Miller and Dubna Group.] 

o Discuss alignment of wire in cathodes. 
[Bromberg.] 

o Update operation parameters (IS-mode Vs Prop-mode). 
[Bromberg.] 

o Cost updates 
[Bromberg/Sawicki] 

1() 
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Frank Taylor 11/6/92 

Status of GEM Muon System 

• Triggering and Tracking Technology: 

o system performance 

o complexity 

o cost 

o manufacturability 

• Design of support structure: 

o alignment to 25 µm and stable 

o sector approach attractive for initial 
installation and alignment 

o monolithic structure more stable 

o coverage 

o endcaps 

17 
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Baseline 1 Resolutions -

Cathode Strips: .. 
Configuration (SL1:SL2:Sl3) 8:4:4 

8:8:4 fotward angles .. 
Single layer resolution 75 µm RMS 

Alignment (internal random) 50µm RMS .. 
Alignment (external SL-to-SL) 25 µm RMS 

... 
Drift: 

Configuration (SL1:SL2:Sl3) 8:8:4 
... 

Single layer resolution 100 µm RMS 

Alignment (internal random) 50µmRMS 

Alignment (external SL-to-SL) 25µmRMS 
... 

-
-

18 -
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• R&D Program for FY93: 

o Established 8 tasks with long-term focus 

Some of the goals are: 

- perfect chamber design 

establish prototype chamber factory 

- develop alignment of chambers 

- build prototype sector (s) 

- evaluate alignment scheme 
- study mechanical stability 

• Organization and long-term planning 

• TDR writing: 

But: 

o Muon Group concentrating on its problems 
and not writing 

o Reports written on support structure and 
technologies are rough drafts for TDR 
chapters 

19 



Yuri Kiryushin 
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STATUS OF DUBNA CSC PROTOTYPE 

PRESENTED BY y. KIRYUSHIN 
AT GEM MUON SUBSYSTEM MEETING 

JINR 

BNL 

PU 

SSCL 

lTEP 

23 
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CSC PROTOTYPE DESIDN, CONSTRUCTION 
AND TEST SCHEDULE 

- APRIL 92 DECISION TO DESIGN AND CONSTRUCT CSC 
PROTOTYPE AT DUBNA 

- MAY 92 DESIGN HAS STARTED 

- JULY 92 ELECTRONICS DESIGN COMPLETED 

- JULY 92 CSC PROTOTYPE DESIGN COMPLETED 

- SEPTEMBER 92 ELECTRONICS CONSTRUCTION COMPLETED 

- 16 OCTOBER 92 CSC PROTOTYPE CONSTRUCTION COMPLETED 

- 20 OCTOBER 92 CSC PROTOTYPE (1m x 1.~m) ARRIVED AT SSCL 

- OCTOBER/ 
NOVEMBER 92 CSC PROTOTYPE TEST AT TTR 

25 
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DUBNA CSC PROTOTYPE 

Nonsegment electrodes Gas volumes Mylar foil 

t•90 

1330 

Nonsegment electrodes Mylar foil 

Anode wires 0=30 
Wire spacing =2.5mm 

cil t 

an els 

Strips 

Cl 
CD 

Cross-section of MWPC perpendicular to the wires 
(All dimensions in mm) 

• • • f f • • • • • 
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DUBNA CSC PROTOTYPE 

1140 

70 

l\:) I P' ,_., I I 
"'1 

W),,, @Si 
df _, 

Cross-section of MWPC perpendicular to the strips 

(All dimension in mm) 

) ) ) 
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R R -- .... 
c ---- -- ... 

-

H.V. 

t 
Test 

WIRE PLANE 

R R R R -. .... ..... c c c -- -- ---- -- ---- -- ..... 

64 readout channels 
(4 Lecroy cards 2735DC) 
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STRIP CATHODE 

45" 

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

0.2" -0.1'' 
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c,., 
0 

• 

STRIP READOUT ELECTRONICS 

Le Croy 
· HTbrid 820-M 

--1~ ::> I I 
Input 

4 • 

Hold MUX 

~ to ADC 

0 

Amp.2 

G=l I o --
0 

... 'D I c:::J I J 

-• 

) I •--o 
Amp.3 

G=3 

Noise - ENC 2500+ 500 r.m.s. electrons for 100 pF 

Peaking time - 2 µ s 

Readout time ....., 1.5 µs/channel 

• c • • • ' • • 
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Seint. 2 
('.:()(! x 12501 

Iron Filter 
(300 x 1500) 

'·"lilt. l 
! ~'(t'.) \: l '2;'_1f\ l 

DUBNA CSC PROTOTYPE 

TEST SETUP 1 

c 
Q -M 

y 

(All dimensions in mm) 
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C~"- 60 •1. 
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Dubna CSC Efficiency. Plane 2 

33 

2.6 2.7 ~v 



-

Pt.f .. 
vs r.Y Pi.8L1H1N1112.>J . 
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.. 
..... ID 14125 .. Entries 3838 .. .. Mean -4.788 ... 

2000 
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1500 ... 
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OUBNA CSC ADC Channel 25 
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STATUS OF DUBNA PDT PROTOTYPE 

PRESENTED BY s. MOVCHAN 
AT GEM MUON GROUP MEETING (BNL) 

NOVEMBER 4 - 6 1992 

JINR /DUBNA/ 

ITEP /MOSCOW I 

SSCL /DALLAS/ 

45 
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PDT PROTOTYPE DESIGN, CONSTRUCTION 
AND TEST SCHEDULE 

- JA.i.'lUARY 92 DECISION TO DESIGN AND CONSTRUCT PDT 
PROTOTYPE AT DUBNA 

- FEBRUARY 92 DESIGN HAS STARTED 

- APRIL 92 "SMALL" PROTOTYPE CONSTRUCTED A'.'m TESTED 
AT ITEP BEAM 

- MAY 92 ELECTRONICS (PREAMP'S AND DISCRI'S) DESIGN 
COMPLETED 

- JUNE 92 4m PROTOTYPE CONSTRUCTION COMPLETED 

- JULY 92 4m PROTOPYPE FULLY INSTRUMENTED lfITii 
ELECTRONICS 

- 26 JULY 92 lm x 4m (2 x 0.5 x 4.0m) PROTOTYPE ARRIVED 
AT SSCL 

- AUGUST 92 lm PROTOTYPE CONSTRUCTED 

- SEPTE:\!BER 92 lm PROTOTYPE TESTED AT CERN MUON BEAM 

-SEPTEMBER/ 92 4m PROTOTYPE TEST AT TTR (SSCL) OCTOBER 
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Wire displacement 
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DUBNA PDT PROTOTYPE 

• 
"' N .. 

"' 480±0.025 
~ 
= ~ 

= +I 
15±0.025* 15:i:30=450 ± 0.025. 

+I .. .. .... -
1 

45±0.025 

PRECISE BAR 

\""" 

~ 

30±0.025* 
.., 

- I I I 
N ,,,_.,.,,.,.,, ,,•/·-, .,,_, , '/_. ,- ' ·'/" _.,.- , ,,. 
I I · J. · J ·!·!·l·1·T·T·T·1·'· r. I 

( I· l · l · l · l"·!·J·j·J . l . l ·I· I· I .1 
(· · I · J · 1 · J ·I·!· l · l · T· I· I· I· I· 1 

· l . l . I·!· l • . I ·l·l·l· 1--1 · j . ., 
. ' ,.,_' ' . • N 

/ 15±0.025• • "' e .. .. c:i - N C 

- •30 30±0.025. = c:i +1 
c:i +I .. - ., 

+I .... --
±0.025 = .. 525 --

PREAMPUFIERS ~t 
I I. I ,I I 1 I.I st ! 

= -:-..,_ .. -~ ... 
~ ·- - - .-,_ -I\ 

e e = .... 

- - ,_ - -
~ .... - -·- - = / - -.. -

I I I I I I I I I I I I s: 
H..V. cUstributor and ~1 TEST INPUTS 

\ u v "'"'"'" ~,.. .. eo '"'"'!:'"" 

• -tolerances on wires position 
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DUBNA PDT PROTOTYPE 
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DUBNA PDT PROTOTYPE 

300 308 
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NlODULE B 
(64 tubes) 

<F>=302,5 
A = 3.3% 
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DUBNA PDT PROTOTYPE 

300 308 

F(g) 
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PDT. SCHEMATIC VIEW 
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DUBNA PDT PROTOTYPE. ELEC'fRONICS 

TEST PREAMP. DISCR. TDC 

TUBE 1 
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DUBNA PDT PROTOTYPE 

TTR TEST SETUP 

I 
5. 26 ------i..::::r::: :::r::::::r:::: ::J 

:::r:::::r::::::r:::: .. J 5.os 1-------- I 

4.55 -----·----------· 

Scint. 1 (1.2 x 2.7) 

Scint. 2 ( 1.2 x 2. 7) 

Iarocci A (1.92 x 4.08) 

(1.00m x 4.00m) 

2.80 1-------~ 

2.59 !---------·-----· Iarocci D (1.92 x 4.08) 

1.01 1---------------
r· I .. .. .. .. 

0.48 1-------··- - .. ::r:: .. ::r:: .. ::r:: .. J Scint. 3 ( 1.2 x 2. 7) 
..,.._ ____ ;:::-:-'·tr:::r:::::r::::::r::::J Scint. -i- (1.2 x 2.i) 

o.33 I 
0.09 ~- Iarocci C (1.92 x 4.08) 
0'-">.~,,~~~~~I~,,~~~~~~~~~ ,, ,, 0 W~M 0. 0 

Iarocci B (1.92 x 4.08) 

All dimensions in m 
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Scint. 2 
(200 x 1250) 
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TEST SETUP 
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• 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 bWk·tesistance 
of about 104'* l l ohm-centimeters . 

. 
• An ionizing particle passing throup the sensitive volume (2 m x Im x 2 mm) 

breaks down the gap and.creates llt~l.~~cal discharge. · 

• This discharae is very fast (a few aanoaecond1). 

• The di1eharp i1 tapKitlwly coupled to piek·up ..,.,._ wMeh ·.,.:illellld eut1ide 
the semicondtX:tot walls of the pi cell. · · · 
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• Hundreds of these chambers have been produ~ ahd arc operating in 
experiments all over the world. . . . , . · _ -: 

. . . 

• A set of these chambers have _operated at Frascati for 7Y•.· · 

~ • Such chambers are currently being used in E-771 at ~nniiAb~:·" 
. . 

• 

• Recently L3 at CERN has ordered 400 of these chambers from. 
General Tecbnica, Colli, Italy, a company that is • cominCrcial 
supplier of RPCs. · · · · ·' 

,-
~ .. ( ,. 

• Not a new technolOI)'; but lather a mature technology 'which ii well 
understood and for which Che mamafacturing technology haa;lkady 
been transferred to indut&ty. -· ··---.. -.... . . ____ · 
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• In November 1991, the RPC Collaboration subrniued;U. MD. prt>gram for 
the GEM Muon Beam Tagging Trigger and Z-coordinate M~ring System 
using Resistive Plate Counters. · · ·· · · · · 

• Properties of RPCs that have been measured include: . 
. . 

• Pulse rise-time jitter · 
• Maximum counting rate 
• Efficiency 
• Lifetime· ' 

• Noise 
• Response to neutrons and gammas 

• A number of RPC prototype• have been fabricated using new materials: 

• Glaues 
•·Cermets 
• Plaaticl 

.. ~~ -....... ··•··· 
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• Results from the RPC R&O program: ·' .·• :'l.· 
\ I : 

• Pulse rise-time jitter measured on lm x 2 m Itali~'fu,C: li4·~ · 
• Pulse rise-time -2.5 ns · · ·. · 
• Pulse width - 50 ns 
• Pulse height - 200-500 mV into 50 ohms without amplification •. 
• Saturated counting rate • · 

• Glasses - 50-75 Hz/cm"2 
· • Bakelite - 560 Hz/cm"2 

• Static-dispersive plastics - 1 S KHz/cm"2 
• Efficiency - 95% using cosmic ray scintillator telescope. • 
• Lifetime - 1 % decrease in efficiency measu~ for 8;2 SSC years exposure. 
• 'Noise - 10 x cosmic rays. 
• Neutron sensitivity (1-1.0 MeV)-4.8 x 10"-3, same as other technologies. 
• Photon sensitivity (1-10 MeV)-6.6 x 10"-3. · · 

..... -..... ' ' 

• Conclusions: 

• The RAD proaram h• tuete11fully addreaaed the major COJttems of RPC 
covntin1 rate. qiftl/lifetime, neutron sentitivity, and noite. · ... · · 

• • • ~ • • • • • 
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Sp.Ice Calculations ofRecharg· e:_ <\ ·:·: .·. ·;.:.::: 111• .... - . . '. ., ' .. ,.. .. 
< p;,,.. . '~:.·~ ; .. ·:' .:',>:;:\ •. 

1.0 I K . . I I I i . ; : 1< ';> : ) ·'. '<: ,;' I I I 

• o.a. 'V . 
:I = -t 0.8 
cc 
1 
N 0.4 

ju 
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0.0 0.2 ·0.4 
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Mltech ABS . · · · 

GI•••· 1 U Thick . 
Gla.ss'750U 
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RPC Candidate Mati!nq~ · .· •.. · ..... :·: .. >·,·,-:~:':· :.':.<~·:· · ·... LI 

• 

Material 

MIT mirror 
750 micron mirror 

• 

Kodak·proJictcw. glass 

Italian RPC 

Bakelite 

ABSTAT-M310 

ABSTAT-M310 

Mltech-410 

Mltech 410 

Coming 0211 glan 

Boron 

' • 

...... - ·~ .. '_ ... - . . - . ·. 

Th::;i•.•1.Z~~1~.:.~..::(~ 
.300. ;: ); .,.. ··~~~ ·1'·'0\fl:~i-;~':)'~ :'.0•/'1;.s· . . ·1012 . . v.v x.. . ... !! :> ,·; . • . . . .' • • )C 

.. . ; .. '.\'.l~·.·:-.t.: .• ~:, ··.: . .... -.. '-:· .. ~ .• 

• 068 1 . 4.9)(1012 :" . > :,: -:. 3.23)(1011 

.123 ·. I · 8.42 x10'~ ~ .. ·._·> ... :)·.::~1a><1010 
' .• ,•.,. . . . l, .~· r ~-~·;'.~.·:'.'I'~, . " • 

1.0x1011 . ··. ~; .. 2>< 1010 .200 

.161 

.072 

.060 

~ 
.MN• 

• • 

4.5x10•" .. :·. ." ~ : .. 7.24)(1o' 

5.78x109. 4.16 x1<>8 
5.78 )( 10• . . . ' . '. ' 3.47.)(10• . .~ ' . . 

2.03 )( 10• . . · 1.a )( 1o' 
' .. - ·. --~~~ ,. ,.·_ . - ' . . 

2.03 x1o'. ~:> · ··:<i.11x107 
. '" . . . • i'. . . . " 

8.7x107 : . ·a.75 x1o' 
.. ····· ._ .. ___ 
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• Results since October 6. 1992: · 
-, •,(~·i,•i :: •.. ,, .~··· 
····'l.~." ': 

• We have built 3 RPCs from low resiStivity ABS plasti~::· ) -. : · . . - . . 

- Two 51 cm x S 1 cm (0.2S 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 m V ' 

• Plateau> 800 Vwide (meuurecl with two-fold eosmic ray'COiiicidence) · 
• Rate capability .. 10-20 KHztan•~2 (measured with 36 cm•~2 RPC) 
• Jitter - less than 5 na (meanued wida 36 cm••2 RPC) · 

• Sin1le layer 1 m••2 RPC weisbt0.4-Wmi*•2(4.U,) 

· • Ar/C02/isobutane/freon and C02JCP' 111 mixes tested in ~·! · 
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CSC Barrel Layout with Minimal Module Count 

width 0.85 rn 
length 3.39 rn 

width 1.24 rn 

2/tower 

I/tower length 3.31 m 
-t==::::::::=::==1c.======:;~====;:Y-------· 

width 0.76 m 
Jen th 3.03 rn __ 1_/to_w_e_r _ _, 

1. Combine layer l modules io•:. 8-plane modules 

2. IF alignment is manageable without projective towers, 
>go to 3 modules per sector for layer 2 

--1•~ number of chambers= 2 x 32 x (4 x 2 + 3 + 2) = 832 

112 
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Barrel CSC Layout JSW J J-Oct-92 

Nsct j:.! 
1------1 

frame width (m) 
t-------t 

thmin (deg) 29.6 
1------1 

zclear (m) 0.05 ----thmax (deg) 83.71 ,__ __ __. ch modularity 1 ----
. 

Layer 1 2 3 

towers/sctr 2 4 4 
modules/tower 1 1 2 

radius (m) 3.854 6.282 8.588 
full width · 0.859 1.337 0.946 

active width (m) 0.759 1.237 0.846 
phi ch pitch (m) 0.005 0.005 0.005 

ch/nlane . 152 247 169 
md tochmod 151 247 169 

full len2th 3.180 2.591 3.543 
active length 3.030 2.441 3.393 

z ch pitch (m) 0.095 0.103 0.105 
z ch /plane 32 24 32 

md tochmod 31 23 32 
planes/module 8 4 4 

vhi ch I module 1208 988 676 
zch/module 248 92 128 

totals 
Num. of modules 128 256 512 896 

total phi ch 154624 252928 346112 753664 
total zch 31744 - 23552 65536 120832 

total ch I 8744961 

- I dark borders I mark settable parameters 

113 -



Barrel CSC Layout JSW ll-Oct-92 

... 
Nsct :;:i frame width (m) U.u: 

thmin (deg) 29.6 zclear (m) 0.05 

thmax (deg) 83.71 ch modularity 16 -
Layer 1 2 3 

towers/sctr 2 3 4 -
modules/tower 1 1 2 

radius (m) 3.854 6.282 8.588 
full width 0.859 1.337 0.946 

active width (m) 0.759 1.237 0.846 -
phi ch pitch (m) 0.007 0.005 O.fl11 

ch/plane 108 247 121 
rnd to chmod 112 256 128 

full len2th 3.180 3.455 3.543 -
active length 3.030 3.305 3.393 

z ch pitch (m) 0.095 0.103 0.105 
z ch/plane 32 32 32 

rnd tochmod 32 32 32 -
planes/module 8 4 4 

phi ch I module 896 1024 512 
z ch/module 256 128 128 

totals -
Num. of modules 128 192 512 832 

total phi ch 114688 196608 262144 573440 
total zch 32768 24576 65536 122880 -

total ch I 6963201 

I dark borders I mark settable parameters 
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11/09/92 11:02 UNIV OF HOUSTON-IBPD-713-747452b 002 -

p .-e I\ M II\.#~') -
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11:03 UNIV OF HOUSTON-IBPD-713-7474526 004 

CSC in RUN 666 10/23/92 
---·· ·-· .-------------'---'-.-----------

0 20 40 60 

CSC AOC Channel 1 

119 

ID 
Entries 
Mean 
RMS 

x.2 
Constant 
Mean 
Si mo 

80 

7101 
47880 
40.33 
5.862 
16.78 
4258. 
39.78 
4.327 

100 



11/09/92 11 :03 UNIV OF HOUSTON-IBPD-713-7474526 005 

-
Hun#: GGG Events oil File: 45442 groups on file: 2 
Event#: 4200 f'rl, Oct 23, 19n 17: 45 

-
... 

------= c:::J ........ __ 
42 35 47 41 114 42 208 60 Sl 33 541 543 

-

-
______ c:==i..._f...Jc:::::::::J--

33 43 26 42 135 77 144 30 36 530 544 543 

-

-
c::::::J =----

17 26 3 159 339 111 47 31 25 544 543 

-0.01 0.02 -0.01 ... 

... 

-
120 -



11/09/92 11:04 UNIV OF HOUSTON-!BPD-713-7474526 006 

- Run#: 666 Events on File: 46017 groups on f.lle: 2 
Event#: 1571 f·ri, O<:t. 23, 1992 17:41 

--c::l-~c=::=-----46 43 211 295 83 26 22 28 l 27 541 543 

--~ c=::J ___ _ 
32 44 72 384 478 110 35 27 37 545 544 543 

30 2G 41 
'--~lf--~c:::=i-----

20 418 640 142 29 35 31 544 543 

-0.07 0.13 -0.07 

-

-
l21 



11/09/92 11:04 UNIV OF HOUSTON-IBPD-713-7474525 007 

-
Kun#: 666 Event.s Oll r"ile: 4b60"/ groups on t11e: 2 
f.vP.nU: 2722 r'ri, Oct 2.1, 1997 17:43 

-

-
44 28 42 

--------~rL--lc:=•I __ 
29 28 56 21 · 1'18 32 33 541 543 

-
-

---------~1.___..._ _ _,1_ 
31 40 27 30 19 66 28! 235 64 530 544 543 

-

-
23 22 21 

___ C],,,____,1 __ 
5 32 47 23' 229 53 31 544 543 --0.01 0.03 -0.01 

-

-
122 -
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11/09/92 11:04 

gain & residual correction, excude edges. 
COG: all strips, >50 
Fit [-0.5, 0.5 mm] Sigma: 94 m 

-0.5 0.0 

Ul-.!llJ OF HOUSTON-IBPD-713-7474526 008 

0.5 1.0 
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11/09/92 11:05 UNIV OF HOUSTON-!BPD-713-7474525 009 
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Subj: Assessment of the LSDT TO Determination 

Received: From NEVIS(SHAEV!TZ) by MITLNS with Jnet id 3422 
for FET@MITLNS; Tue, 3 Nov 1992 10:47 EST 

)ate: 
From: 
Subject: 
To: 

Tue, 3 Nov 92 10:44 EST 
<SHAEVITZ@NEVIS> 
Assessment of the LSDT TO Determination 
fet@mitlns 

Jriginal_To: JNET%"fet@mitlns", SHAEVITZ 

Frank, 

The following brief report comes basically from discussions at Nevis 
oetween myself, Bill Sippach, John Parsons, and Al Gara. Our bottom-line 
:onclusion is that it should be possible to implement a TO finding scheme in 
electronics but it will require that the alignment, time to distance function, 
and geometry be downloaded into the trigger electronics system with an accuracy 
Jf better than 150 microns. The cost is also non-negligible. I circulated the 
text to the following group: D.Marlow, M.Atiya, L.Osborne, D.Sumner, and 
B.Willis. I received comments back from Osborne and Atiya. Osborne reiterated 
that the four plane packages were in one chamber package and should allow 
alignments well within the 150 microns. Maged replied that he thought the 
number should be 100 rather than 150 microns and that the trigger TDC 
neasurement error and muon deleta-rays will make the efficiency worse than 
~uoted. He is doing some simulations and will prepare a writeup. I hope these 
thoughts will be of some use in the muon technology deliberations. 

Mike 

~ssessment of LSDT TO Determination 

several members of the trigger group have been considering the Korytov 
triggering scheme where the bunch crossing is determined directly from the LSDT 
:hamber drift times. The basic Ll trigger is formed using the cell hits alone 
in SL2 and SL3 to isolate tracks with Pt greater than 10 to 50 GeV. (The 
documents describe 4-fold coincidences in each of three stations SL2A, SL2B, 
and SL3 which is more than adequate to reduce the lOkHz/wire noise rate. In 
fact, 3- fold coincidences may be better in order to limit chamber efficiency 
effects while reducing the noise rate.) The cell hits are also used to make a 
:rude measurement of the angle in SL2 (to about 5mr) for correcting the TO 
neasurement. 

After the basic Ll trigger, the layers in SL2A and SL2B are taken in pairs 
to calculate TO from the measured times using the Korytov scheme to correct for 
the drift time and track angle. Since all the discriminator hits are brought 
Jut to external racks, the signals are readily available for implementing these 
schemes in hardware. It is, therefore, believed that an electronics system 
:ould be developed that would identify the bunch crossing for each basic Ll 
trigger. 

Many questions arise, though, concerning the exact implementation, cost, 
and efficiency. The implementation is not a trivial project and will probably 
double the electronics development effort needed. From the electronics scheme 
sketched by Sumner in the LSDT writeup and the one outlined by Marlow in his 
orief note, one would guess a cost of approximately $20/channel but this 
jepends critically on the exact system design. 

The major questions concerning the viability of these schemes are related 
to the estimates of TO finding efficiency. While the redundancy due to having 
twelve pairs of layers seems very safe, this could degrade if many layers 
~ere rendered ineffective due to noise, chamber problems, or mis-alignment. 
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(The estimated efficiency is 99% for 12 pairs and reduces to 95% for 6 pairs.) 
for the Korytov scheme to work, the positions of the wires need to be known 
~y the trigger system to about 150 microns and the relevant constants or 
?atterns need to be downloaded to.the trigger electronics. This would 
necessitate a reasonably good alignment available to the trigger electronics 
3t the beginning and throughout the running. The trigger efficiency will 
depend on how accurately this alignment is known and maintained. Temperature 
3nd pressure drifts may need to be monitored leading to updated constants that 
need to be downloaded periodically. Since the chambers are in super-layer 
?ackages, some of the drifts due to temperature expansion and gas density 
=hanges will cancel when comparin9 adjacent layers and the packages may make 
the alignment tolerances easier to achieve. 

While it appears that a scheme such as Korytov proposed can be 
implemented in hardware for deterffiining TO with the LSDT planes, the method is 
=omplicated and relies on a detailed parameterization of the muon system 
~eometry in the trigger system. More straight forward techniques using faster 
detectors would seem to be a better choice. 
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Dan Marlow 
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CSC Readout Electronics 

Design & Cost 

Presented at the 

GEM Muon Technology 

Selection Meeting 

Q-l: SNL 

Daniel R. Marlow 

Princeton University 
Nov. S 
{;; g te;rl ~= 6: 1992 
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Assume 

Analog Pipeline (SCA) Option 

-I I- Llt 

---t 

tp = pulse peaking time = 300 ns 

.6.t =sample clock period= 100 ns 

t--- -100 ns 

If accidental pulses falling within the indicated region in the 
space-time grid shown above are considered to spoil the signal 
pulse, the maximum unspoiled rate is given by 

Pmax 0.1 
Rm.ax = 21.6.t = 21 X 10-7 = 48 kHz 

(corresponding tor= 320 cm-2s-1 ) 
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Electronics Cost Estimate 

Item $/Board $/Chan 

IC's (see summary table) $ 281 $ 4.39 

PCB Fab. (0.15 $/cm2 ) $ 48 $ 0.75 

Connectors (Male & Female) $ 64 $ 1.00 

Misc. Parts (W.A.G.) $ 20 $ 0.32 

Assy (1300 leads at $ O.OG/lead) $ 90 $ 1.41 

Q/ A (20 min) $ 10 $ 0.16 

Tf'st (1 man-hour) $ 30 $ 0.4i 

Rt>work (20% at 2 hrs/ea) $ 12 $ 0.19 

LVPS (200 tn\V /chan at$ 5.00/\V) $ 64 $ 1.00 

Mounting Hardware (W.A.G) $ 20 $ 0.31 

Packing & Shipping $ 20 $ 0.31 

Subtotal $ 659 $ 10.30 

Contingency (30%) $ 198 $ 3.08 

Grand Total $ 857 $ 13.40 

• Assumptions 

- - 64 channf'l hoard of area 32 x 10 cm2 (8 layers) 
- Includes P/A shaper, SCA/ADC, DCC, & 1st Level Trigger 
- SDC chip costing rules 
- PC costs based on discussions with U.S. & Canadian vendors 
- Assutne SMT for automated assembly - - Fixed costs of R&D. EDIA, & NRE not included 
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IC Cost Summary 

SOC IC Costing Rules 

Size Area Yield Fab. Pkg 

Tiny 6.8 mm2 70% $2.05 $ 1.00 

S1nall 35 nun2 65% $ 11.17 $ 1.50 

IviediUlll 50 1n1n2 60% $ 17.65 $ 2.00 

Non-recurring expenses (NRE): 
- $ 2i:iK p«'r design for ma.sks 
- $ 5K per design for testing setup 

CSC IC's 

Description Type Chans/Pkg 

P/A Shaper Tiny 8 

SCA/ADC Medium 16 

ALP Medium 64 

DCC Medium 64 

Trig Medium 64 

Total 

140 
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Test Total 

-$ 7.50 $ 10.55 

$ 8.00 $ 20.67 

$ 8.50 $ 28.15 -

... 

$/Chan 

$ 1.32 -
$ 1.75 

$ 0.44 

$ 0.44 

$ 0.44 -
$ 4.39 

... 

-
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CSC System Cost Summary 

• Additional Front End WBS Elements (added cost per 
1000-channel-module) 

- HVPS & Cable 

- Fiber Data Links 

- Trigger Cable 

- Total add'l per chan. (incl. 30% cont.) 

• Grand total per channel: $13.40 + $0.90 = $14.30 

• Channel Count 

- 1050 K fine cathodes 

- 160 K anodes (or coarse cathodes) 

- 1210 K total 

$ 200 

$ 370 

$ 120 

$ 0.90 

• Fixed cost of R&D, prototypes, etc. $ 2760 K (from LRS 
report) 

• Total Front End Cost (Inc.\..,de.~ c.o("\-b"0eod) 

j $2760 K + 1210 K x $14.30 = $20.1 M I 

• There is an additional $ 6.6 M in the LRS report for the 
Level 1 trigger. 
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System 

Si Vtx 

IPC 

Calor. 

RPC 

DC Wire 

CSC Pad 

CSC Wire 

CSC Pad' 

Comments 

Overall Cost Comparison for GEM Electronics 

Production 

Proto. Cost/Chan Cont # Chan Subtotal 

$ 3,010 K $ 2.13 30.6% 3200 K $ 8,922 K 

$ 3,230 K $ 16.11 36.4% 400 K $ 8,791 K 

$ 4,016 K $ 141.80 30.5% 86 K $ 15,290 K 

$ 560 K $ 53.67 23.4% 33 K $ 2,186 K 

$ 1,686 K $ 37.40 35.6% 110 K $ 5,578 K 

$ 2,761 K $ 19.48 40.8% 242 K $ 6,642 K 

$ 334 K $ 34.35 25.0% 29 K $ 1,245 K 

Hybrid Muon Front End Subtotal 

$ 2,761 K $ 11.00 30.0% 1210 K $ 17,303 K 

Daniel Marlow 
Revised 10/7 /92 

Total 

$ 11,933 K 

$ 12,021 K 

$ 19,936 K 

$ 2,745 K 

$ 7,264 K 

$ 9,403 K 

$ 1,579 K 

$ 20,991 K 

$ 20,064 K 

1.) As noted yesterday, the CSC wire development (prototype) costs in the hybrid muon 
approach have been overestimated due to a bookkeeping error. The correct number 
is approximately $ 334 K. The table above has been revised to reflect this correction. 

2. A bottom-up (BU) cost estimate of the drift-wire readout has not been done. Thus 
it is not possible to make a dependable systematic comparison on the time 
scale of a few hours. In comparing costs one might be tempted to perform a 
simple "scaling", by the ratio of the bottom-up estimate to the LRS estimate for the 
CSC's-i.e. by scaling the production costs according to 

F = $11.00 x 1.300 = 523 
$19.48 x 1.408 

It is far from clear, however, that this is valid. In particular, the mix of integrated 
circuits versus cables and connectors is different for the two systems-the drift-wire 
schemes have on-chamber preamplifier/discriminators that drive cables to magnet
mounted rack electronics. The CSC electronics are almost entirely chamber-mounted. 
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Bearing in mind these caveats, the application of such a scaling exercise results in a 
reduction in the production costs for the hybrid scheme. This results in a revised total 
for the hybrid scheme of 

Cost' = $20.99 M-:- (1 - 0.52) x ($2, 186 K + $5578 K + $6642 K + $1245 K) 

= $13.5M 

3. In the GEM WBS the first stage of the Level 1 trigger is by convention included as 
part of the front end electronics costs since the circuits will physically reside on the 
front-end boards. This has been done in both the LRS analysis and the bottom-up 
CSC cost analysis. In the hybrid (with RPC) scheme the inclusion of this circuitry is 
reflected in the higher per-channel cost of the RPC front ends. 

In addition there is, for all technologies, a separate system that performs the additional 
processing needed to condense the large number of trigger signals to a single trigger 
signal that can be fanned out system-wide. This is by convention included in a separate 
branch (the "Level 1 Trigger") of the WBS. All of the proposed trigger schemes start 
with a number of trigger elements that is driven by the required trigger segmentation, 
which is technology independent. Thus to a first approximation, the cost of these 
systems will be independent of technology and should be ignored when estimating 
possible cost .C. 's. 
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Cost estimating contributors 

• Cost coordinator 
- R. Gustavson, Draper 

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

• Assembly costs- foreign 
- I. Golutvin, Dubna 

~ - V. Xie, IHEP 
~ 
C.:l 

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

• Gas system costs 
- M. MacKernan, LLNL 

• Electronic system 
- D. Marlow, Princeton 
- S. Calhoun, US Cost 

• Alignment system costs 
- R. Sawicki, LLN L 
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c.n 
0 

Muon Technology Cost Summary 
() ,.., p._ /l. E.L- {} AJ l / 

csc LSDT (w/trial PDT (+) RPC 

Desian 367 526 369 369 
Material/Fabrication 13579 10179 6990 1995 
Shiaaing 371 243 187 187 
Facilitv Preaaralion 594 834 594 474 
Assemblv/Test 15157 8950 10785 1867 
Suaaort Structure 3267 3267 3120 0 
Alignment 2309 2564 1063 15 
GasSvstem 1467 1652 1496 242 
Coolina Svstem 1475 25 25 25 
Electronics 9647 6771 5583 1687 
SUBTOTAL 48233 35011 30212 6861 

Conlinaency 16785 9377 8169 1778 

TOTAL 65018 44388 38381 8639 

! l 'i '-1'f - I r . ! - ,.> ,., ·7 

I °?h-.. 

?b1 Vl r~ +_,,:-~~(,, 

• • • • • • • 

LSDTw/RPC PDTw/RPC 

895 738 
12174 8985 

430 374 
1308 1068 

10817 12652 
3267 3120 
2579 1078 
1894 1738 

50 50 
7134 7270 

40548 37073 

11002 9946 

51550 47019 
•. __ J 
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Contingency assumptions 

• Mechanical hardware 
- 30°/o contingency for PDT, LSDT and RPC technologies 

,.... 
CJI ,..... 

- 36°/o contingency for CSC technology 

• Electrical hardware 
- 20°/o of PDT, LSDT and RPC technologies 

-- although design is primitive it is conservative 
- 30°/o for CSC technology 

-- design concept is agressive 

csc LSDT PDT 

Mechanical contingency 13891 8471 7389 

Electronic contingency 2894 905 780 

Total contingency 16785 9376 8169 

Total if contingency = 30°/o 14469 10503 9064 

Difference -2316 +1127 +895 

) ) 

RPC 

1552 

226 

1778 

2058 

+280 
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Material cost status 

I-" 
CJ'I 
!\:) 

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

e LSDT and PDT costs, in general, are based on actual costs of prototype 
parts or vendor estimates for production parts 

• CSC material costs now have supporting quotations for major structural 
components 

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

• • • • • • • • • • 
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Chamber 
width(mm) 

lenQlh (mm) 

nanel area lm 11 2\ 
ch/sector 
chambers/GEM 

wire (m/panel) 

wire Im/GEM\ 

COSTS: 
cath, olain 
cath, strios 
manuf ru.nel 
wires 
cir brds 

oath, olain 

oath slrios 
manuf nAnel 

wires 
cir brds 

JINR '""'cers 

MATERIALS 

) 

A 

740 

3152 

2.33 

2 

128 

903 

231268 

0.19366 

685.86 

$/m'2 5 

$/m'2 258 
$/n:>nel $1,386.01 

$/m 0.29 

$/m 11 2 of nanet 50 

$/GEM $8,957. 

$/GEM $308,111. 

$/GEM $887,044. 

$/GEM $67,068. 

$/GEM $59,711. 

$/GEM $59,711. 

$/GEM $1,390,603. 

) ) 

CSC Material Costs 

B c 
740 1320 

3028 2515 

2.24 3.32 

2 4 

128 256 

867 1275 

221872 652861 

0.19366 0.19366 

685.86 685.86 

5 5 

258 258 

$1,358.46 $1,682.37 

0.29 0.29 

50 50 

$8,604. $25,496. 
$295,990. $877,065. 

$869,416. $2, 153,437. 

$64,343. $189,330. 

$57,362. $169,974. 

$57,362. $169,974. 

$1,353,078. $3,585,275. 

) ) ) , 

D TOTALS 

960 32 sectors per barrel half 
3506 

3.37 

8 
512 1024 

1308 2.5 mmpitch, full chamber width 

1339294 2,445,296 

0.19366 MC Gill "b" 

685.86 MC Gill "a" 

5 End cao auote 
258 CCT marketina 

$1,696.17 MC Gill (Cosl-a+b"area(in""2ll 

0.29 Quote from Luma 
50 estimate 

$51,698. $94,755. 
$1,778,414. $3,259,580. 

$4,342, 191. $8,252,087. 

$388,395. $709, 136. 

$344,654. $631,702. 
$344,654. $631,702. estimated as same as cir brds 

$7,250,005. $13,578,961. 
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Cost to Man 

~ 
($/m'2l 

• 

600 
550 
500 
450 
400 
350 
300 
250 
200 

• 

670 
20008 
19218 
18428 
17639 
16849 
16059 
15270 
14480 
13691 

CSC MATERIAL COST PARAMETERIZATION CK$) 

STRIPS !$1m'2l 

600 550 500 450 400 350 . 300. 250 
19123 18492 17860 17228 16596 15965 15333 14701 
18334 17702 17070 16439 15807 15175 14543 13912 
17544 16912 16281 15649 15017 14.385 13754 13122 
16754 16123 15491 14859 14228 13596 12964 12332 
15965 15333 14701 14070 13438 12806 12175 11543 
15175 14543 13912 13280 12648 12017 11385 10753 
14385 13754 13122 12490 11859 11227 10595 9964 
13596 12964 12332 11701 11069 10437 9806 9174 

12806 12175 11543 10911 10279 9648 9016 8384 

' • 4 • t 

~00 · 150 
14070 13438 
13280 12648 
12490 11859 
11701 11069 
10911 10279 
10121 9490 
9332 8700 
8542 7911 
7753 7121 
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MUON SYSTEM 
COST ESTIMATION WORKSHEET 

(~ WBS Element Title: Central Region Seellar Assanbl:y; LSDTa; Off-Site; Macbinlng/lnspecdon 

(', 

WBS Element No: 03.2.1.2.3.1.S Date: 28 Oct 92 Re.-: 4 Estirnaror:HamlllDlllWeinsrclJJ/ 
OsbomdKclscy 

Scope: This element coven the labor and labor cio&ts for the ma<:hinlng and inspection Qi LSDTs 8J1d 
assembly flxturing. Aho, c:osis for oversight and ~bums of src:d< and marerial for macblnlnJ. 

Englneerlni/Des11n 
N/A 

PY: Comp. Rate($KIPY): 

Miis: Eniiilffr1nl/Dtilgn and lnspectlOD/ AdnilnistratlOn 
Misc. office supplies for Inspection/AdmWSttalion: 
~dmgci: 
Travel: 1 person, 4 trips to machine shop, inspecdon shop@$2K/lrip 

PoP: 

<SK>1 79 
$28JC 
$72X 
$SIC 

IDapectlonlAdmlnlstratlon PY: 11.75 CoD1p. Rate($k/PY): liO PoP: 11'94-3/9iS 

Assumes Engrg. (nad. ave> ovmisht of slOCklmaeI purchuc activity: 718-dme for 24 mos • 1.75 PY 
~Jr. Tech (Dad.ave) perfoimioa inspection activilr- S teeh, llJll..lfme for 2 )'15"' 10.00 Y'/ 

ProcuremenilFabrfcatiOn MaterFal 
from W~est'"'!!fC" 
alwninum for tnelOS\ftl (eittrusloas): 
bridges: 
wn: 
cathode planes: 
misc: 
Hcxcell (top & bottom) 
z.planes 

lnst.tllatlonl Aaffmbl;r 
from WeinsteWOsbome orinme· 

PY: 

$1174K 
$1808K 
S356K 

$3011.K 
$80K 

$1517K 
$971K 

Comp. Rate(Sk/PY): 

(ik> 8967 

PoP: 

Material: lnllallallOiilA&aemlllJ ($K) O 

Contln1enc7 Total: 30 

Tecbnical: 16 
Cost: 6 
Scbedule: 8 

Comments 

Basis; acw clesign, some ll&D ~uiRd 
Basis: in-house estlallle, minimal mr.pcrimce 
Basis: delays completion of crllical path item 
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MUON SYSTEM 
COST ESTIMATION WORKSHEET 

WBS Element Title: Ceniral Region Sector Assembly; PDTs; OIJ-Silie; Machilllnw'lnspecdon 

WBS Element No: 03.1.1.2.3.1.S Date: 23 Ol:t. 92 llev: 4 Estimator: HamillOll/Mlller 

Scope: Thlt element coYerS die labor aild labor costs for Ibo machinin1 and inspcc:clon of POTs and 
assembly l'lxturing. Alao, cosis for overslgm and pun:hasins of stock and material for machining. 

Enclneerin11be&l1n PY: Comp. Rale(SKIPY): PoP: 
NIA 

M&S: En1l11Hrlnrn>e;1ga and lnspedl011fAdminGtrat1on 
Misc. office supplies for InspCcdonlAdmillisiratlon: 
PQM~chargcS: 
T!'avel: 1 person, 4 trlpa liO machine shop, lnspecdon shop @S2IC/lrlp 

(SK): 42 
$14K 
$20K 
S8K 

InspeedoiJAdmlnistratloa PY: 5.63 Comp. Rate(SiCJPY): 68 PoP: 1)94-3196 

AISllDleS Enginecrina (1111. ave) oversight of stod:/mat'I \)urchase activity: 1/4-dme for 24 mos "' .50 PY 
AIBWDel Bn.lba(nal'l avg) ovcmghtof machng & mspect activity: 1/2-time for 2.lS yrs• 1.13 PY 
Assumes Sr."'recb • shop) performing inspcclioll ICdvlty: 1 tech. full-time for 2 yrs "' 2.00 PY 
Assumes Jr. Tech ob shop) pcrfonning inspcc:tlon activity: 11ech, full-lime for 2 yn • 2.00PY 

ProcuremenUFabl'IC:don Material 
Crom Miller admate: 
tubes 
pl11&1 
wise 
manifold plaret 
Hc:x:c:ell CllO 
wire &llldes 
R.O. lloards 

InstallatlOD/ Assembly 
based llJIOll Miller estimalc: 

$3411K 
$388K 
$114K 
$14401'. 
$86K 
$342lt 
$178K 

PY: 6.34 Comp. Rate($K/PY): 95 

assumes Sr.Tech. (natl avg) to fabric:alic tubes: 1.67 sr.tceh. for 2 yrs • 3.34 PY 
UIU- Jr. Tecb, (.natl av8) to fabricate tubes: 1.50 jr.tech. for 2 yrs - 3.00 PY 

Material: liiitanatloD/ Asllembly 
Mhc. office supplies ftJr InscallalioQ.IAllSembly s $4K 

Contlnaencr 

Technical: 16 
Coisc: 6 
Sdledulo: a 
~mments 

Tolal: 30 
Basia: new design, some R&D teelulrcd 
Baail: in-house Clllimate, mllllmal apeiiellce 
Buis: delays completion of crilic:al pa1h i1cm 
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. MUON SYSTEM 
COST ESTIMATION WORKSHEET 

WBS Element Title: CcnaaJ. Region Sector Assembly; RPCs; Off.Site; Madrinlng/lntpeclloll 

WBS Element No: 03.1.1.2..4.1.S Date:16June92 Rn: 3 Estl-tor: T. Hamll-.,C. Wuest 

SCope: Ti111 clement covas 1bc JabOi' a labor eosts for the madrinin& and inspection of the Bakelite RPC 
and assembly flxturlna. Also. ~ts for oversi&ht and pun:basing of stoek and maicrial for machining. 

PY: Comp. Rate($ P ): PoP: 

MIS: E111lneei'lni/De:tlan and 1nspe@ODIAc1mlnlstratlon ($K): 45 
Misc. office supplica far InspcctiontAdmlnisttaticlll: $15JC 

~1 i8lioo4 ~cs: hi ·"-. • shop@ ... ""-' $$22K8X .... ~ person, 111ps10mac: ne-_.mspccllDn •~u•P 

In1pectl0ii/Admlnl9tradon PY: 6.19 Comp. Rate(SKJPY): 68 PuP: 1194-3196 
Assumes Englneerin& (nat'l avg) ovcnlghl of stoetrmlaral&l pwchase activity: 1/4-time for 24 mos • .SO PY 
Assumes J!npaeerlng (nat'I avl) oversight of machng If Uispect ICtivlty: 1/l-tlme for 2.2.5 yrs • 1.13 PY 
AssulllOS Rn&lneerii(SSO.) Oversight ol maclmg &. lnspeCt activity: 1/4-time for 2.2.5 yn • 0.56 PY 
Assumes Sr. Tech lhop) pedonrilng mspwkiit llltivity: l lmeh, full-lime for 2 yis • 2.00 PY 
Assumes Jr. Tech b shoP) pea l'olnlldj tnspecdon acdvlty: I tech, full-time for 2 )'IS • 2.00 PY 

• no lllspectio!l cost csdmate piovlded from Wuest/Pless 
·estimate of. $100K (approx. 2 PY) far lnspecdon from Welnsteln.()sbor estimate app!OX doubled 

Proeun-tlfabrleatiOn Material ($K) 900 
from WuestlPless "Second OJder" estimate: 

llumlnmn U-channel: $12K 
Babllte sheet (2mm): $74K. 
Foam sheet (2mm): $3.2K 
Aquadag: $46K 
Ql)'lar (O.OOSj: $42K 
spacers, &lue. eic.: SI.OK 
aialerial for s11uc!W'81 suppon: $444K 

• for llrllCllll'a1 support material: Wuest/PleH "first order" estimala of $600lm1 was pronled againa 
materials, machininr. and assembly based on peiccntaaes established on f'IF 3 of Wuest/PleSS "First Orclet" 
e:sdmete: $300im2 x 2743 m2 Jt S4'lf> • $444K 
• pneral M&:S (DUii, ac:mwB, gas fiUinp. elect. WllllCCIOl'S): $232K 

$46K 

InstalladoDIAssembly PY: 10.8 Comp. Rate{$k/PY)1 s7 PoP: 1JP4-12t"n 
from WuClf/J'lca "Flnt Order" estimare: 
BPCa Mashlnlna 
1.) $2S/m2 Jt 2743 m2•$68.6K/$S1K/PY=1.0 PY 
2.) for structunll support meddniq: Wuest/Pku eslimale of $30Wm2 was pran.~qalnst llllteriall, 
machining. and assemlily based on pcn:ienta&CS established on Page 3 of Wuest/PICss "Second Order" estil!IMO 

$3()0/m2 x 2743 m2 x S4'lf> • $444K;/$S7K/PY = 1.8 PY 
Assumed U(Cmbly fixtures: 2 machinists. full-drno tor 1 year: 2 PY • 10.8 PY IOlll 

Material: InstanatlOD/Assemblr 
Misc. otllce supplies for lnsllllladon/Assembly: 

90"d SOO'ON ~£:£t Z6'Z nON 
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Electronic cost evaluation 

I-" 
C.11 
co 

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

• CSC evaluation has evolved over the last few months and is documented 
in cost reports by D. Marlow 

• LSDT and PDT electronic designs (which are assumed to be the same) 
were quickly assembled in the last two weeks and are consequently 
much less defensible 

• RPC costs have not been evaluated and are assumed to be the same 
as the LSDT and PDT on a $/channel basis .:.-7 q~ . ..,...._,,t. 1.N,., (»,,_, O~ ~ 

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

• Drift tube channel cost is higher than the CSC because five electronic 
boards are required for each module (only 1 for CSC) 

- further evaluation may evolve a more optimized design 

4 • • • • ' • • • ~ 
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GEM MUON ELECTRONICS COST ESTIMATE - ---------

csc LSDT w/Trlg 

Item $/Chan $/Chan 

IC's (see sumamry table) S4.J9 $1 2.J2 

Capacitors $0.00 $1.00 

PCB Feb. /$0.96/ln•21 $0.75 $5.42 

Connectors fMale & Female\ $1.00 $0.25 

Cables $0.00 $6.25 

Misc. Perts IS.W.A.G.I SO.J2 SO.J2 

Assemblv 11500 leads @ S0.06/ea' $1.41 $2.5J 

Q/A @ 20 mlniboerd $0.16 $0.J9 

Test diJ 1 man-hour/board S0.47 $1.17 

Rework 20% a 2hrslboard $0.19 $0.47 

LVPS 1200 mW/chen @ $5.00/Wl $1.00 $1.00 

Mountlna Hardware (S.W.A.G.> $0.J1 $0.J1 

Packing & shlnnlnn $0.J1 $0.J1 

Addltlonal Front End Elements $0.69 $9.40 

Subtotal Cost/Channel $11.00 $41.14 

Channel count 877,000 110,000 

Subtotal Channel Cost $9,647,000 4 525.400 

Continnencv IJO% CSC· 20% others) SJ.JO $8.2J 

Cost/Channel w/Contlnaencv $14.JO $49.J7 

Channel Cost w/ Contlnaency $12,541,100 $5,4JO, 700 

Ch•nn•lsl Board 64 128 

Total Cost/Board $915 $6,J19 
• . 

Fixed Cost (Prototvna Development) $0 $2 246 000 

Grand Total $12,541, 100 $7,676,700 

) ) ) ) 

LSDT w/RPC PDT PDT w/RPC 

$/Chan $/Chan $/Chan 

$5.72 $5.72 $5.72 

$1.00 $1.00 $1.00 

$5.06 $5.06 $5.06 

S0.25 S0.25 $0.25 

$6.25 $6.25 $6.25 

SO.J2 $0.J2 SO.J2 

$2.5J $2.5J $2.5J 

$0.J9 $0.J9 $0.J9 

$1.17 $1.17 $1.17 

$0.47 S0.47 S0.47 

$1.00 $1.00 $1.00 

$0.J1 $0.J1 $0.J1 

$0.J1 $0.J1 SO.J1 

$9.40 $9.40 $9.40 

SJ4.18 SJ4.18 $J4.18 

143,000 114,000 147,000 

4,887 740 J,896 520 5,024,460 

$6.84 $6.84 $6.84 

$41.02 $41.02 $41.02 

$5,865,860 $4,676,280 $6,029,940 

128 128 129 

$5,251 $5,251 $5,292 . ~ 

vS2 246 ooo $1 686 000 $2 246 000 

$8, 111,860 $6,362,280 $8,275,940 



Size Area 

Tmy 6.8 mm2 

Small 3Smm2 

Mediwn SO rrun2 

Description 

P/AShaper 

SCA/ADC 

ALP 

DCC 

Trig 

SOC IC Costing Rules 

Yield Fab. Pkg. 

70% $2.05 $1.00 

65% $11.17 $1.50 

60% $17.65 $2.00 

csc IC's 

Type Chans/Pkg. 

Tiny 8 

Mediwn 16 

Mediwn 64 

Mediwn 64 

Mediwn 64 

Total 

IC COST TABLE 
LSDrs/PDT'S 

Test Total 

$7.50 $10.55 

$8.00 $20.67 

$8.50 $28.15 

$/Chan. 

$1.32 

$1.75 

$0.44 

$0.44 

$0.44 

$4.39 

Description Type Chans/Pkg $/Chan 

Bioolar IC Tinv 8 $1.32 
Measurement TDC Medium 8 $3.52 

Clock60MHz Medium 128 $0.22 
Data Collection Chips Medium 64 $0.A4 
Triaaer Chin Medium 64 SS-.44 

Triaoer - TDC Medium 8 $3.52 

Control Chios Medium 21.3 $1.32 
DRAMChios Medium 21.3 $1.32 
FPCA Medium 64 $0.44 

TOTAL $12.54 
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1. 320 .JLU 111111 
I 

Input Connedor 

I PIA I EJ 6EJIP
1AIEJEJ PIA 

Preamp 8 Channels Each 

I SCA/ADCI I SCA/ADCI I SCA/Aocl I SCA/ADCI 

16 Channels Each 

B Data ~ Collection 

DCC 

D ala & Control Trigger 

CSC CHAMBER BOARD LAYOUT 

Notto Scale 

16,000 Boards In Estimate 
Multiplexing 
Each channel = 5 mm 
5x64 = 320 mm 

64 Channels 

Ea 1cie16 Channels 

320 mm = 1 Z.5'' 

100mm=4" 

) 

.... . 
--

100 mm 

~ 

) ) 

Discriminator for Trigger 
In This Device 

) ) 
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CT.) 
N SKIB 

• 

~ 

SKlB 

• • 

8-17 pr cables 
100 LF 

Connedors for cable I per conn 

Spcdra Strip I per LF 

~ 

L---:::::-;;:::;=:-~~ SK2A 

~ 
SK2A 

EACH 1 - ONO + 4 IND = 128 CHANNELS 

L.. S 0-1 BoAA.ID LAyour SKlC 

• • • • • • • 



) ) ) ) ) ) ) ) ) ) ) 

LSDT 8 BOARD LAYOUT 

JZ Channels 

41 IND I To 1 I ONO I SKlB 



( 

Quantity 
Chips 

IND = 4 
OND = 50 

f.-o. 
O':l 
~ 

54 

8 117 pr) 

~ 

Measurement Trigger 16 Chips Control 
TOC TDC Med. ,_Chips 

14" \ I 0-S 

~ 
D 
• • • 

G 

Cluck 
60 Mz 

EJ 
EJ 
I Trigger I 

0 

D 
0 
0 
8 
0 

I FPGA I 
Proto call 

0 

[!] 

m 
OJ 
m 
CTI 

Dr11m Chips 
0-S 

15" 

I FPGA I 

Aeld Programmable Gate Array 

LSDi EJ 

• • 

INTEGRATED TRIGGER I 
BOARD LAYOUT 

• • • • • 

128 Channels 

Notes: 

© Control Chips 

are $60.00 Each 

® Board Is D layer 

@ All Chips - Medium 

UNO 

SK2A 

• 

Integrated Trigger 

SKI BTSK 

Single Board 

• ' 
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Assembly cost assumptions 

f.-" 
cr.i 
c:n 

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

ewo rk force makeup Percent of workforce 

Discipline K$/yr csc LSDT PDT 

Engineer/physicist 133 13.4 10.6 12.8 
Senior technician 107 46.3 44.7 55.3 
Junior technician 82 40.3 44.7 31.9 

Average rate K$/yr 100.4 98.6 102.4 

• Does not include facility operation costs 

• Costs based on number of hours to build an average size chamber 

) ) 
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csc Au.mbly Proc• .. 

aaQlegale ... 
11111 clt3Gdpt1011 !HEP!l!lltl Dubna time LJSA time 

1 Incoming Inspection 15hr 18 hr 10hr 

2 Mserrble predelOn~ 12hr 24hr 10hr 
m:mlors on panel. ( ) 

3 DrlR hOIM In pane!S. 8hr 32hr 10hr -
4 Assentie gas oullete. 4hr 8ht 2111' 

6 GlJe Chamber lrama8 to panels; 
Gbt PC boaidS lo chamber frames; 

38hr S811t 10hr 

a8Mlllble spacers lo panels. -8 Assemble resls!011 lo the~ 
•*1tod•s. 

32hr 48 llr 32111' 

7 Clean calhOdes and chamber!,_, 8hr 8hr 10ht 

8 Wil1d wn onto transfer frame. 48hr 24hr 4hr 

9 Establllh wll8 tension. 911t 811' 81W -
10 Clean Wires. 2hr &hr 4hr 

11 lnslall wires Into ctran'beruslng 2hr &fhr 32ht 
........,frame. 

12 Eambl6h wire tension. 6111' aw 81V 

13 Clean elecltocl6a; pedonn alectnxta 
acceptanoa teal; llnal clean eledlodes; 
-mble and close the ClllnW. 

38hr '18 hr "°hr 

14 Assemble exterior mechadcai palls. 10hr 18hr 4hr 

15 AsHmbl9 grGUl1CI ccnclllCIOfS, Signal, 10hr 18hr 4hr -HV connectorS, elC. 

18 ,,.,lh challW with gas; petfotm 34hr 24hr 8hr 
HV test: pestonn aocep1a11a11esr. 
perfonn c:osmle ray teat. 

17 Packav• for s~; move to ttorage; &hr 16111' 4hr .. 
llOre; •"'2 to 

Total 282hr 4241w 200hr 

21 Ocl. ·- -
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LSDT Assembll' ProoMS 

- agg1911at• 
taa Wk cftsm!pllon IHEPtirM Dubnalkr!g MIIpme 

1 1 Incoming 1nspee1ion 45"' 16hr 40hr 

2 Mount CCfl1IBdOIS (HV, e/ICI. 4 gas) 1211r Bhr -2B 

3 2 Glue honeycom, bollom. 8hr 321v Bhr 

.. Attach and glue bridge ceiter 111pP011S. 24hr 2hr 

5 Move 10 OWIL hr 1 hr 

8 Ownc:ure. 24ht" hr 24hl" - -------- - ------ -- ---- 7 Move IO assembly area. hr 1 hr 

8 Attach and check cro&a-bara. hr 4hr 

9 PosiUOn cathode planes (4 liyer$!. 32hl' 18hr 

10 Mount eledlonics eards (4 layera). 16hr &hr 

11 Prepare bridges IOr wklng ~. lnlp. 'I) 181w hr 

12 FMten wire btldgas 1D aluminum box 3ahr 4hr 
(4 layers). 

13 Solder wire to calds (4 layelB). 18hr 18hr 

- 14 Wire tension 1e11 (4 !Qens). 161v 81V 

15 Glie wire to bnclge (4 layers). 8hr 2hr 

18 Move IO wire alignment teal 111U. hr 4hr 

17 Check Wiie poellions (4 layeis). 24hr 8hr - 18 Mow IO assentiy aru. hr 4hr 

19 AUach l90lalfon layer. 2ht 2hr 

20 Maree z Strip connacllons 8hr T 
8hr 

21 
3 

ln&laU %-strip pian.. ""' 1.Whr 
.l 

22 Posillon and glue 1Dp cover. &hr 12hr 

23 ll«lc8 HV cannecllOnl 8hr 

T 24 Attach •filet10nles catrls and z "'*- cabllnQ rztw 

25 ln$lal gas p1p/llf tlOl'llleclots 4hr - #8211 
28 Clean and Cl'8dt. 4111 I 

I 
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-
... 

27 Petfom1 oonnection Ch•dt tO/lr ... 
28 Attach gas 4nd electronlel. SU23·fl7 20 llr 

29 Transpon to allgMlenl area "' hr 

30 All!ICll allgnmenl fiduclala. lhr 8111 

31 Transpotl to llna1 1881 arH 4hr 1 hr ... 
32 Pellonn leak last. 8hr 2hr ------------ --------------
33 Pedorm gas Change. 8 hr(24hr') hr" 24hr" 

34 .. Perform HV lest; accep1ance telil. 2111' 16"' 2hr 

35 5 Petlonn lile test (1 to I mo. dUrallonJ. 8hr 24hr 4hr ... 
38 8 Padcaoe. ror ~;move 10 stotage; 12 llr 18111 12111' 

8\0fll; I hip to . 

Total SS? hr 25611r 197 llr -
number 704 512 

1920 1920 1794 

130.9 13.9 

.... 

168 ... 
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PDT .Assembly Process 

1 

2 

a 
t 

cteac:r!ptlgn 

Prepare and test readout boardll. 

AsMll'llle power bu-. 
AsMmble read«ll b08rdl. 

IHEp t!IJ)I Duboa t!mt MS I tlmf 

5ehr 

1lhr 

20111' 
1041v 

18.Bhr 

81W 

12.4 hr 

4 "-mble lligh-volage bo8lda. 20 hr 12.4 hr ----------------- --- --
I 

e 

7 

8 

8 

10 

2 

3 

.. 
s 

8 

1 

lnspec:l IUbes. 

Cul lubes IO lenQlll; debwr; clean; 
flare !Ube ends. 

lnspacl pllgs. 

Put 0-llngS onto pllgs: Clln1) plugs 
llVOlUbet. 

Pr1aeurt tffl lubes. 

lnapecl and auerrtlle manlold plales. -------------
11 Setup-mbly table. 

12 Aeumble IUbes lnlo manifold. 
8 

Seal plug ends. 

24111' 

1411 ht 

18hr 

72hr 

40hr 

38hr ---
2 .. hr 

44hr 

144111' 

12hr 

841w 

.. .. 
zuw 

'"' 18hr 

96hr 

15.8 hr 

39.Shr 

7.9hr 

39.lhr 

19.8 hr 

24hr 

16111' 

11.8hr 

1'11.2"' 

24hr 7.lhr 

13 

14 

15 

19 

17 

18 

111 

20 

21 

-------- ------------
9 

10 

11 

12 

13 

14 

lnslall gas 1lllng$. 

Pedonn HV 1Ml 

Tell wff8 18n&lon. 

Al8emble-. 
Flnlll-. 
Padulge far ~"II· 

9l"d ttO"ON O~:vt ~6'~ nON 

To ... I 
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81V 1hr 

201W 

32hr 

24hr 

38111' 

30hr 

24hr 

858"' 

18"' 

18hr 

181v 

16hr 

18hr 

18hr 

424hr 

18hr 

15.8111' 

115.8 IW 

20hr 

16hr 

18"' 

418hr 
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Assembly time comparison 

I-" 
'1 
0 

csc 

LSDT 

PDT 

c 

Time (hr) to fabricate average chamber 

USA Dubna IHEP Average Average/ Cost delta 
USA 

200 424 282 302 1.51 

197 256* 357 270 1.37 

418 424 858 567 1.36 

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

c • • • • • • 

(K$)** 

6029 

2375 

2691 

• • 
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Alignment system comparison 
csc 

' 
-, 

-

j 

-
Axial alignment path 

LSDT 
• I 

chamber support point and axial alignment point 

j 

• r 

' . 
PDT 

1 r 

I • 

) 

'll. 

) 

# chambers = 32 
#towers= 8 

) 

# tower alignment paths = 48 • 
wire plane configuration = 81414 

# chambers = 16 
#towers= 1 
#tower alignment paths= 6 
#axial alignment paths = 
wire plane configuration = 81814 

# chambers = 9 
#towers= 3 
#tower alignment paths = 18 
wire plane configuration = 81814 

=chamber 

= alignment path 

) 
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Proposed LSDT alignment configuration 

.... 
-...] 

N 

6 projective straight line monitors 

End View 

.''"'''''~ f' 'lW'''SS\S\)l;w 
I I I 
I I I 
I I 
I I 
I I 
I I 

' 

108 structural support 
points - also locations 
of axial, multipoint 
straight line monitors 

Side Vjew 

.• 

1z2m;mz;m;z:z:::apz:::::z2;;;:;;;zm;;·· 
I ## 
I # 
I , 
I # 
I ## 
I # 

.. 

•• •• 
# 

•• 
,,'' 

•• 

I ## 

~~~-· 
12 axial multipoint straight line monitors 

Position of wire on bridge is determined 
by phi measurement of flduclal #1, radial 
measurement of fiducial #2 and thermal 
growth as measured by temperature of 
bridge 

4 c 4 4 

No monitors at bridge support points -
assumes that bridge is not distorted by 
support structure 

L-brackets 

4 4 4 

Rigid coupling between chambers -
relative position between chambers 
is accurately measured 

f 4 f 



Alignment system costs (K$) 

LSL LSDT PDT 

Material costs -
(1) # projective alignment paths 48 6 18 
(2) #axial alignment paths 0 12 0 
{3) #axial alignment points 0 72 0 
{4) #axial alignment sensors 0 48 0 
(5) #temperature monitors 48 56 18 

{6) #SLM= {1) + {4) 48 54 18 

Total SLM cost= $750* (6) • 32 1152 1296 432 
Total temp monitor cost = {5)*$70*32 108 125 40 

Alignment test equipment 300 300 300 

Total material cost 1560 1721 772 

ID:ililllillillD il!l!I 1111gmblx lilbll[ Cll:ill ' 
7-1;. ,..1-

{7) Fiducialization = {6) *32 • 8 hr/SLM • $28:2ll/hr 314 353 118 
{8) Alignment= (6) *32 • 10 hr/SLM• $28:28"/hr 393 442 147 
Inspection and administration = .06({7)+(8)~"2)°.$'"1 42 48 16 

Total installation and assembly labor costs 749 843 281 

Tgtal CQ:il:i 2309 2564 1053 

Labor rates assume following work group 
composition at SSCL job shop rates 

10% engineer@ $49.97/hr 
45% Jr. Tech@$19.14/hr 
45% Sr. tech @$26.58/hr 

Average rate = $25.57/hr 

-

-
173 -
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Gas system summary 

f.-0 
-.J 
~ 

• Estimates extrapolated from LLNL gas system designed and built for the 
the RPC development laboratory 

- design reviewed and approved by LLNL safety engineering 
- consistent with safe transport of flammable gas 
- one evaluator performed all estimates - results are consistent 

e Design accounts for 
- required gas volume for each technology 
- 4 atm pressure for PDT system 
- resevoirs, compressors, SST tubing, manifolds, controls, gas 
monitors, gas analysis, scrubers 

- installation labor 

• Evaluation was not integrated with gas system design currently being 
developed at SSCL 

- not possible in short time available 
- it should be anticipated that costs will increase as details of all 

component requirements emerge 

• • • • • • • • • ~ 
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Page 1A 

TO: CRAIG WUEST I RICK SAWICKI 
FROM: MARK McKERNAN I FRED GRABNER 
DATE: 10/28/92 

SUBJECT: COST FOR FULL SIZE SSC GAS SYSTEM 

PURCHASES COSTS 

ITEM COST EACH QUANITY 
Lab View (System controler) $30,000.00 I 

Cabe ling $5,000.00 I 

I-" Sensors $5,000.00 I 

"'1 Electromechanical $5,000.00 I 
O':l Flow controlers $1,500.00 4 

Flow Drivers $800.00 4 
Pressure transducers $1,200.00 4 
Pressure Driver card $500.00 4 
Transducer power supply $500.00 2 
Solonoid driver cards $1,000.00 4 
Neupro Va Ives 6BK $208.00 64 
Electric Values $350.00 6 
SST Tubing $5.15 4000 

Swagelok fittings $7.00 800 

Gas Reservoir $10,000.00 2 
Vacuum pump oil free $20,000.00 I 
Pressure Regulators $300.00 30 

Press. sys. chassis $10,000.00 I 
Elect. Chassis $5,000.00 2 

Misc Hardware & material $50,000.00 I 
Supply Gases 

FREON 14 (CF4) 701b. $2,000.00 30 
ISOBUTANE C4HIO 1161b. $600.00 
CARBON DIOXIDE C02 50 gal. $100.00 30 

• • • • 

COAST TOTAL COST TOTAL 
CSC (C02/CF4) QUANITY LSDT (C02/CF4/C4HIO) 

$30,000.00 I $30,000.00 
$5,000.00 I $5,000.00 
$5,000.00 I $5,000.00 
$5,000.00 I $5,000.00 
$6,000.00 5 $7,500.00 
$3,200.00 5 $4,000.00 
$4,800.00 5 $6,000.00 
$2,000.00 5 $2,500.00 
$1,000.00 3 $1,500.00 
$4,000.00 4 $4,000.00 

$13,312.00 64 $13,312.00 
$2,100.00 6 $2,100.00 

$20,600.00 4000 $20,600.00 

$5,600.00 800 $5,600.00 

$20,000.00 2 $20,000.00 

$20,000.00 I $20,000.00 

$9,000.00 30 $9,000.00 

$10,000.00 I $10,000.00 

$10,000.00 2 $10,000.00 
$50,000.00 I $50,000.00 

$60,000.00 30 $60,000.00 
$0.00 10 $6,000.00 

$3,000.00 30 $3,000.00 

• • • • • • 
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Liquid gas supply Tanks $20,000.00 I $20,000.00 I $20,000.00 
Gas Manifoldes $1,000.00 7 $7,000.00 9 $9,000.00 
Gas Manifold racks $1,800.00 3 $5,400.00 4 $7,200.00 
Gas Manifold heaters $1,000.00 $0.00 I $1,000.00 

Recovery tanks $8,000.00 2 $16,000.00 4 $32,000.00 

Scruber $15,000.00 I $15,000.00 I $15,000.00 

Transfer gas lines $6.50 6000 $39,000.00 6000 $39,000.00 

Refrigeration recovery unit $20,000.00 I $20,000.00 I $20,000.00 

Recovery transfer pump $4,000.00 3 $12,000.00 3 $12,000.00 

Recovery gas vessel $1,200.00 16 $19,200.00 16 $19,200.00 

Recovery gas manifold $8,000.00 I $8,000.00 I $8,000.00 

Pressure relief & check values $8,000.00 I $8,000.00 I $8,000.00 

Gas Chromatography (Thermal) $30,000.00 I $30,000.00 I $30,000.00 

I-" Chamber pressure monitor $7,000.00 I $7,000.00 I $7,000.00 

""1 Chamber pressure transducer $9,600.00 I $9,600.00 I $9,600.00 

""1 Chamber relief mechanism $30,000.00 I $30,000.00 I $30,000.00 

Air compresor $3,000.00 I $3,000.00 I $3,000.00 

Oxygen moniter 6 ch. $8,000.00 I $8,000.00 I $8,000.00 

Iosbutane moniter 8 ch. $6,500.00 I $6,500.00 

Relief Manifold & lines $20,000.00 I $20,000.00 

TOTAL PURCHASE COST $546,812.00 $604,612.00 

MANPOWER CHARGES FTE For 6 Months 

Foreman 0.5 $33,930.00 0.5 $33,930.00 

Electrical 2 $66,273.12 2 $66,273.12 

Mechanical (Senior Tech.) 4 $102,687.84 6 $154,031.76 

Crane op. 0.1 $2,956.61 0.3 $8,869.82 

Riggers 0.5 $13,472.82 0.8 $21,556.51 

Laborers 2 $29,357.28 2 $29,357.28 

Welders 0.1 $2,694.56 0.3 $8,083.69 

Pipefitters 0.3 $7, 159. 75 0.3 $7, 159.75 

Carpenters 2 $49,610.88 2 $49,610.88 
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Engineer site 0.5 
Software Engineer 0.1 
Draftsman 0.2 

Painters 0.5 
Coordinator Site 0.5 

Clerks 0.3 
Machinist 0.5 

Coordinator LLNL 0.7 
Chem. Eng. LLNL 0.5 
Design and drafting LLNL I 
Design Eng. LLNL I 

~ Project leader LLNL I 
""1 Industrial safety LLNL 0.7 
00 Mechanical (Senior Tech)LLNL 1 

( 

Secretary LLNL 0.5 
Software Eng. LLNL 0.3 

TOTAL MANPOWER COST 

MISCELLANEOUS FABRICATION COSTS 
(Brackets,fittings,tie downs,building materails,scaffolding,water lines 
electrical distribution etc ... ) 

TOTAL COST~~~~~~~~~~~~~~ 

NOTE: 
This estiment does not include the cost of shipping to the site location 

of individual components. 

This estimate will require final review form a chemical and mechanical 
engineering. 

( ( ( • 

$20,034.36 0.5 $20,034.36 

$5,216.87 0.2 $10,433.74 

$5,794.20 0.3 $8,691.30 

$8,498.16 0.5 $8,498.16 

$11,953.80 0.5 $11,953.80 

$4,419.25 0.3 $4,419.25 

$16,604.82 0.5 $16,604.82 

$41,290.20 0.7 $41,290.20 

$40,246.20 0.5 $40,246.20 
$58,986.00 I $58,986.00 
$80,492.40 I $80,492.40 
$67,860.00 1 $67,860.00 
$41,290.20 0.7 $41,290.20 
$67,860.00 1.3 $88,218.00 
$17,246.88 0.5 $17,246.88 
$24,147.72 0.4 $32,196.96 

$820,083.92 $927,335.09 

$100,000.00 $120,000.00 

$1,466,895.92 $1,651,947.09 

• • • • • • 
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TO: CRAIG WUEST I RICK SA WICK! 
FROM: MARK McKERNAN I FRED GRABNER 
DATE: 10/28/92 

) 

SUBJECT: COST FOR FULL SIZE SSC GAS SYSTEM 

PURCHASES COSTS 

ITEM COST EACH QUANITY 
Lab View (System controler) $30,000.00 I 

Cabe ling $5,000.00 I 

..... Sensors $5,000.00 I 

.....i Electromechanical $5,000.00 I 
C,O Flow controlers $1,500.00 4 

Flow Drivers $800.00 4 

Pressure transducers $1,200.00 4 

Pressure Driver card $500.00 4 

Transducer power supply $500.00 2 

Solonoid driver cards $1,000.00 4 

Neupro Valves 6BK $208.00 64 

Electric Values $350.00 6 

SST Tubing $5.15 4000 

Swagelok fittings $7.00 800 

Gas Reservoir $10,000.00 2 

Vacuum pump oil free $20,000.00 I 

Pressure Regulators $300.00 30 

Press. sys. chassis $10,000.00 I 

Elect. Chassis $5,000.00 2 

Misc Hardware & material $50,000.00 I 

Supply Gases 
FREON 14 (CF4) 701b. $2,000.00 33 

FREON 138-1 CBrF3 1501b. $2,200.00 
CARBON DIOXIDE C02 50 gal. $100.00 30 

) ) 

COAST TOTAL COST TOTAL 

PDT PDT&RPC 

(C02/CF4) QUANITY (C02/CF4/CBrF3) 

$30,000.00 I $30,000.00 

$5,000.00 I $5,000.00 
$5,000.00 I $5,000.00 
$5,000.00 I $5,000.00 
$6,000.00 6 $9,000.00 
$3,200.00 6 $4,800.00 
$4,800.00 5 $6,000.00 
$2,000.00 5 $2,500.00 
$1,000.00 3 $1,500.00 
$4,000.00 4 $4,000.00 

$13,312.00 64 $13,312.00 
$2,100.00 6 $2,100.00 

$20,600.00 4000 $20,600.00 
$5,600.00 1000 $7,000.00 

$20,000.00 4 $40,000.00 
$20,000.00 I $20,000.00 

$9,000.00 30 $9,000.00 
$10,000.00 I $10,000.00 
$10,000.00 2 $10,000.00 
$50,000.00 I $50,000.00 

$66,000.00 33 $66,000.00 
$0.00 6 $13,200.00 

$3,000.00 30 $3,000.00 
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Liquid gas supply Tanks $20,000.00 I $20,000.00 I $20,000.00 
Gas Manifoldes $1,000.00 7 $7,000.00 II $11,000.00 
Gas Manifold racks $1,800.00 3 $5,400.00 5 $9,000.00 
Gas Manifold heaters $1,000.00 $0.00 1 $1,000.00 
Recovery tanks $8,000.00 2 $16,000.00 4 $32,000.00 
Recovery vessel $1,200.00 16 $19,200.00 24 $28,800.00 
Sember $15,000.00 1 $15,000.00 1 $15,000.00 
Transfer gas lines $6.50 6000 $39,000.00 6000 $39,000.00 
Refrigeration recovery unit $30,000.00 1 $30,000.00 1 $30,000.00 
Recovery transfer pump $4,000.00 3 $12,000.00 4 $16,000.00 
Recovery gas manifold $8,000.00 1 $8,000.00 2 $16,000.00 
Pressure relief & check values $11,000.00 1 $11,000.00 1 $11,000.00 
Gas Chromatography (Thermal) $30,000.00 1 $30,000.00 1 $30,000.00 
Chamber pressure monitor $7,000.00 1 $7,000.00 1 $7,000.00 
Chamber pressure transducer $9,600.00 1 $9,600.00 1 $9,600.00 

~ Chamber relief mechanism $30,000.00 I $30,000.00 I $30,000.00 
O Air compresor $3,000.00 I $3,000.00 I $3,000.00 

Chamber exhaust CTL $10,000.00 I $10,000.00 1 $10,000.00 
Oxygen moniter 6 ch. $8,000.00 1 $8,000.00 1 $8,000.00 
Relief Manifold & lines $20,000.00 1 $20,000.00 

TOT AL PURCHASE COST $575,812.00 $683,412.00 

MANPOWER CHARGES FTE For 6 Months 
Foreman 0.5 $33,930.00 0.5 $33,930.00 
Electrical 2 $66,273.12 2 $66,273.12 
Mechanical (Senior Tech.) 4 $102,687.84 6 $154,031.76 
Crane op. 0.1 $2,956.61 0.3 $8,869.82 
Riggers 0.5 $13,472.82 0.8 $21,556.51 
Laborers 2 $29,357.28 2 $29,357.28 
Welders 0.1 $2,694.56 0.3 $8,083.69 
Pipefitters 0.3 $7,159.75 0.3 $7,159.75 
Carpenters 2 $49,610.88 2 $49,610.88 

t ' • ' • • • • • • c 
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Engineer site 0.5 
Software Engineer 0.1 

Draftsman 0.2 

Painters 0.5 

Coordinator Site 0.5 
Clerks 0.3 

Machinist 0.5 

Coordinator LLNL 0.7 
Chem. Eng. LLNL 0.5 

Design and drafting LLNL 1 

Design Eng. LLNL 1 

Project leader LLNL I 
Industrial safety LLNL 0.7 

Mechanical (Senior Tech)LLNL 1 

Secretary LLNL 0.5 

Software Eng. LLNL 0.3 

TOT AL MANPOWER COST 

MISCELLANEOUS FABRICATION COSTS 
(Brackets,fittings,tie downs,building materails,scaffolding,water lines 

electrical distribution etc ... ) 

TOTAL COST~~~~~~~~~~~~~~ 

NOTE: 
This estiment does not include the cost of shipping to the site location 

of individual components. 

This estimate will require final review form a chemical and mechanical 

engineering. 

) ) ) ) ) ) 

$20,034.36 0.5 $20,034.36 

$5,216.87 0.2 $10,433.74 

$5,794.20 0.3 $8,691.30 

$8,498.16 0.5 $8,498.16 

$11,953.80 0.5 $11,953.80 
$4,419.25 0.3 $4,419.25 

$16,604.82 0.5 $16,604.82 

$41,290.20 0.7 $41,290.20 
$40,246.20 0.5 $40,246.20 
$58,986.00 I $58,986.00 
$80,492.40 1 $80,492.40 
$67,860.00 1 $67,860.00 
$41,290.20 0.7 $41,290.20 
$67,860.00 1.3 $88,218.00 
$17,246.88 0.5 $17,246.88 
$24,147.72 0.4 $32,196.96 

$820,083.92 $927,335.09 

$100,000.00 $130,000.00 

$1,495,895.92 $1,740,747.09 
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Muon cost status summary 

..... 
00 
Cl1 
' 

e CSC- 65018 K$ 
- material cost is high 

--honeycomb panel cost has potential for reduction 
-- need to work more with vendors 

- assembly time (200 hr/chamber) is too high compared to other 
technologies · 

-- smaller chamber and simpler operations 
- 36°10 contingency should be lowered to reflect re~ent de~ign progress. 
- electronic cost design is very agressive with only 20°10 contingency 

• LSDT w/internal trigger - 44388 K$ 
- material costs have good backup 
- assembly costs must be scrutinized by a production engineering staff 
- electronic costs require additional engineering evaluation 
- alignment costs may be underestimated due to uncertainty in 

challenge of coupled axial and projective monitors 

e PDT w/RPC - 47019 K$ 
- material costs have good backup 
- discrepancy between USA and IHEP assembly times must be resolved 
- electronic costs require additional engineering evaluation 

• Areas of common weakness 
- no design for chamber coupling or mounting hardware 
- no assembly facility operation costs 
- design costs need updating 
- gas and cooling system designs need engineering 

) 
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