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Abstract: 

The agenda, attendees, and transparencies of the GEM Muon 
Engineering Status Meeting held on June 10, 1992 at Draper Laboratory 
are presented. Agenda items: Remarks - Frank Taylor; Overview-Draper 
Activities; Prep for PAC Meeting; Update of Cost Matrix; Design Issues; 
and Review/New Action Items. 
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AGENDA 

GEM MUON ENGINEERING STATUS MEETING 

AT DRAPER 
(ROOM 2259) 

3PM--10 JUNE 1992 

.. 
1) REMARKS FRANK TAYLOR S MIN 

2) OVERVIEW-DRAPER ACTIVITIES HOW ARD BAKER S MIN 

- 3) PREP FOR PAC MEETING 

A) MUON SYSTEM DESIGN FRANK NIMBLETT/ET EL 

B) MUON SYSTEM ALIGNMENT (local) JOE PARADISO 

4) UPDATE OF COST MATRIX 

S) DESIGN ISSUES 

6) REVIEW/NEW ACTION ITEMS 

7) SET AGENDA FOR NEXT WEEK 

8) ADJOURN 
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DICK GUST A VSON 10 MIN 

COLEMAN JOHNSON 

ALL 

ALL 

TARGET IS NO I.ATER T/56i' 
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J.Pler-Amory, J. Pohl 

G. Mitselmakh 

R. Sawicki, G. Mltselmakh 

M. Har 

P. Reardon, G. Deis, R. Stroynowsl 
P Marston, J. Sulllv1 

R. Stroynowskl, G. Deis, P. Mars!< 
J. Sulllv 

C. Baltay, R. Barbar, J. Muss, 

K. Morgan, G. Chapman, K. McFarla1 

D. Marlow, M.Shaavltz, N. Lau, M. All 

Y. Karnyshkov, M. Renn! , 

Technologies 

LSDT L. Osborne-Phy/MIT 
J. Kelsey- Eng/MIT 

p OT C. Bromberg-Phy/Mich. St 
R. Miller-Phy/Mich. St. 
A. Kondoleon-Eng/Draper 
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Integration, lnstallatlon,Facllitles 

Texas Test Rig 

Alignment (Global) 

Facilities 

Magnet Field 

Magnet & FFS 

Tracker 

Beam Line 

Electronics 

Calorimeter 
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GEM Muon 
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SSC 
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GEM l 
G. $1 
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N. Breck 
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nders-PM 
rls·CE 

SSCUGEM 
Contract 
Office 

enrldge 

System Engineering 
Draper Activities 

Organf%atlon 

I 
I . 
I I Group L••d1r 

RPC C. Wuest-Phy/LLNL 
I. Pless-Phy/MIT 

: : F. Taylor·MIT 

--------------------1-----------------r Project Asal1tant Manager .J---< 
I I H. Baker-Dreper 

Draper 
Contract 

Office 

CSC V. Polychronakos-Phy/BNL 
S. Whitaker-Phy/BU 
M. Montag-Eng/BNL 

Draper SOW 

Major comunications/interfaces !fJ 

I I '------.,---~-~_. 
I I - J. Barry 
I 
I 
I 

Structures 

Muon System Design 
F. Nlmblall 

Chamber 
Interfaces 

Muon System Allgnment 
(Local) 

J. Paredlso 

PDT Chamber 
Design 

Cost Book and Schedule 
R. Gustavson 

Rev-4: 6/11/92 
H. Baker 
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GEM MUON SYSTEM ENGINEERING MASTER SCHEDULE 
DRAPER ACTIVITIES 

TASKS 

Period of Pert 
MAJOR MILESTONES 
A1, A4, AS 
1.0 Dev Prel Des Muon Supt Strut. 
1.1 Barrel Region 
1.2 End Cap Region 
1.3 Structural Analysis 

1.3.1 Barrel Re11ion 
1.3.2 End Cap Re11lon 

1.4 Chamber Coverage 
1.4.1 Barrel Re11ion 
1.4.2 End Cap Re11lon 

I 

1992 DRAFT -----r---4 
August Oct May June July September 

4 11 18 251 1 8 15 22 291 6 13 20 271 3 10 17 24 311 7 14 21 281 5 12 

<·Mondays-> 

l l i 
1 coSrREVleW or-1 c PH: 

Preparing for PAC Mlg. 7/10 j 
" I I I I I 

I I 
! I~ 
' ' 

19 Barrel 
• > 

-t--r-""2 • End Cap 
i I I ·-11 I 

i ! I i Barrel ! ! EndCap 
' i I ! i 

I. I ! i I I I I 
•' 11.5 Interfaces 

' · I I ! 

? ! t 
Barrel i ! I I i ! I ' ! j I : 

' . i iA I I ! 

00 

• 

1.5.1 Chambers to Muon Supt Strut. 
1.5.2 Muon Supt Strut. to Ma11net 

1.6 Modula lnstallatlon Procad. 
1.6.1 Barrel Re11lon 
1.6.2 End Cap Re1iion 

1.7 Documentation 
1.7.1 Supt Tech Prop (TDR)/Eval 

1.8 PDT Chamber Design 
1 .8.1 Support Mich State 
1.8.2 lncorp Proto hrwre Des Into Real Des 

1.8.2.1 Detail Assembly Des 
1.8.2.2 • Manifold Des 
1.8.2.3 • Chamber Case Desi11n 
1.8.2.4 • Chamber End frame Des w/all111 

1.8.3 Dev Concept Des-3 chamber types 
1.8.3.1 Inner 
1.8.3.2 Middle 
1.8.3.3 Outer 

1.9 Cost 
1.9.1 Dev CosVSched Est for Tech Sys. 
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GEM MUON SYSTEM ENGINEERING MASTER SCHEDULE 
DRAPER ACTIVITIES 

) ) ) 

1992 DRAFT 
~~~~~-r-~---j 

· TASKS May June July August September Oct 
4 11 18 25 1 8 15 22 29 6 13 20 27 3 10 17 24 31 7 14 21 28 5 12 

Period of Pert . - , , I ; 
<-Mondays-> COST REVIEW P/JC ! 

MAJOR MILESTONES ! 10 I ~ I I 
I ' 

A2 I J Req Memo ! 
2.0 Allqnmant l I ' ' 'I 
2.1 Analyze/Create allqn req's · ~fl Global Mtg . 

I I . ~ '~ ! I ' 2.2 Evolve Basellne Allqn Definition I ! i I 
2.2.1 Specify/analyze aliqnm LOS 

1 
, l I ! 

2.2.2 Define radial Super!ayer positlonlnq l • l I 
2.2.3 Sui:u:iest method of monitorlnq l .i I I ' i 

xxx packa11e al!Qn within Super!ayer I 
2.2.4 Specify/test ali11nment techniques ~ .. i • :,). ! 
2.2.5 Propose xxx for 11lobal all11n , ~ • i ! 
2.2.6 Consider tech for all11n verf/malnt. L.. i ' ..i 

Eval ali11n lmplic on hex ass'v proc. I I 
2.3 Allqnment Tools and Fixtures I i 

2.3.1 Desi11n all11nment tools and fixture i , , ..i 
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GEM MUON System Engineering Schedule for PAC Status Report 
Draper Activities 

DRAFT 
Prep for PAC Meeting June 

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 

Period of Perl 
(Nlmblett) ' ' I I 1) Muon Sys Desl11n ! I 

a) Details of the S.S. I I 
j i ' 

1 l 3-d dr of mods w/chm, Bar&EC ' ! i 
2) Details of joints I ,~-

-·-· -- --- -, . .,, I 

) I a) 3-dim dr of 1 joint I 3) Details of sir attach to ma11 I/ 

~I 
I 

I 4) Details of Inter! hdwre-chm/S.S j/ ;,.-

! '. a) Chm end w/ali11n hdwre 

I 
/11 v 

b) Chm in structure / lJ ! 
c) CoveraRe In theta/phi for ! ?- I 

II I 1) POTs I I I 2) LSDTs I 
3) CSC In End Cap '! J_. ' ' ! 

d) Mod lnstal process (Bar/ EC) 
I I 

' I I I i b) Disc of struct. & ther anal (Bar/EC) i r-,_ ' I 
c) lndiv mod concpt for Bar reRlon ! ! ! I 

I I ' ! l l 

i ' I 2) Muon Sys All11n/lcl (Paradiso) ! ! I 
a) Baseline deslRnW/r SWAT, RASNIK I 

i ~ l -~ i 
b) Identify scheme for Superlayer spac i j ~ i .. 
c) Deline parameters lorstruct. draW's ' ' j .. I i i 

I ' 1 ~ ' 
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Preparation for .July PAC Meetine 

Gem Muon System Engineering/Draper Product 

Details of Design 
1. Muon system design 
2. Muon System Alignment (Local) 

1) Muon System Design CNimblett) 

6/1/92 HWB 
Rev 1 

a) Details (real drawings) of the support structure to include the 
following 

1) 3-dimensional drawings of modules with chambers, barrel 
region ass'y, end cap region ass'y 
(3 dimensional drawings will depend upon Draper personnel 
availability) 

2) Details of joints 
a) 3-D drawing of I joint (same comment) 

3) Details of structure attachment to magnet 
4) Details of interface hardware between chambers and 

support structure 
a) Chamber end with alignment hardware 
b) Chambers in structure 
c) Coverage in 0 and~ for PDTs and LSDTs 
d) Module installation process (Barrel and Endcap) 

b) Discussion of structural and thermal analysis for both regions 
c) Individual module concept for barrel region 

2) Muon System Alignment/Local (Paradiso) 
a) Proposed local alignment scheme and analysis of performance 

1) Baseline alignment system will be composed of 3-point 
optical straightness monitors and stretched wire devices 

(SWATs) 
2) Identify spacers for monitoring chamber spacing 
3) Define alignment lines-of sight, needed clearances, fixture 

locations, and spacers to the drawings of the muon system 

11 



FRANK NIMBLETI 
8JUNE1992 

(DRAfl) 
IPlemse review mdl mate comment ! ! 

GEM Muon Effort For June 
(Preparation for July PAC Meeting) 

GENERAL BACKGROUND INFORMATION: 

• MUON SYSTEM DESIGN WILL BE BASED ON THE CONCEPT OF 
BARREL REGION MODULES INJ)EPENDENJ{.Y MOUNTED TO THE 
MAGNET ENDPLATES (16 MODULES PER END) 

• BOTH BARREL REGION DRIFT CHAMBER OPTIONS (PDTS AND 
LSDTS) MUST BE REPRESENTED! 

• BARREL REGION Z·MEASUREMENT & TRIGGER CHAMBERS 
(RPCS) MUST ALSO BE REPRESENTED FOR BOTH DRIFT CHAMBER 
OPTIONS. 

• ENDCAP CAP MUON SYSTEM WILL BE CA THODE STRIP 
CHAMBERS (CSCS), WITH OVERLAP BETWEEN MODULES IN PHI 
(ANGLE ABOUT THE BEAMLINE) AND THETA (ANGLE FROM THE 
BEAMLINE). 

• ENDCAP MUON SYSTEM SUPPORT Wll..L BE INDEPENDENT OF 
BARREL REGION MUON SYSTEM AND PREFERABLY A 3 POINT 
MOUNT FOR YERTICAL LOADS; AXIAL RESTRAINT MUST ALSO BE 
INCLUQED FOR STABILITY 

• GEM BASELINE SPECIFICATION IS THE SOURCE OF INJERFACE 
INFORMATION!! 

• AJJ, Ol!TPlJT TO BE Il..LUSTRATED IN METRIC SYSTEM!! 

• AJJ, FIGl!RES TO BE PLANNED FOR 8.5 x 11 FORMAT 

• ALL FIGURES. GRAPHS. TABLES WHICH ARE PRODUCED SHOULD 
BE FULLY LABELED AND DATED AND PRODUCED IN BOTH PAPER 
HARDCOPY AND TRANSPARENCY FORMAT (2 COPIES OF EACH 
PREFERABLE) 

• ALL STRUCTURAL ANALYSIS OUTPUT SHOULD INCLUDE A BRIEF 
STATEMENT OF THE PROBLEM WITH BOUNDARY CONDITIONS 
PLUS A SUMMARY SHEET OF PERTINENT DEFLECTIONS AND OR 
STRESSES WHICH CAN BE RELATED TO AN UNDERSTANDABLE 
WELL LABELED FIGURE OR FIGURES. 

June 8, 1992 1 F. Nimblett 

... 

... 

-
.. 

-



-

-

-

DETAIL INFORMATION: (OUTPUT EXPECTED FOR JULY PAC 
MEETING, DUE BY JUNE 30) -------------(RESPONSIBLE PERSON) 

• BARREL REGION AND ENDCAP REGION MUON SUPPORT 
STRUCTURES 

• CHAMBER LAYOUTS FOR BOTH DRIFT CHAMBER TYPES AS WELL 
AS THE RPC POSmONS FOR EACH DRIFT CHAMBER TECHNOLOGY---
______ ..;. _________ ~-----------------------------~. -----------F. NIMBLETT 

• CHAMBER COVERAGE FOR THE DETECTOR ----------F. NIMBLETT 

• ELEVATION AND ENDVIEWS OF EACH CHAMBER OPTION 
INCLuDING THE RPCS WITH APPROPRIATE STRUCTURE (PLATE IN 
MIDDLE CHAMBER AREA TO BE INCLUDED!!).-----------------------------
---------------------------------------------------------M. D EPIER OIB. BI GGI 0 

• 3D PICTURES OF CHAMBERS AND MODULES (IDEAS /PATRAN) FOR 
BOTII REGIONS (ALTERNATIVE OPTION IS TO PROVIDE 3 VIEWS)------­
-----M.FUREY IT. HINES (3D)------OR M. DEPIERO/B. BIGGIO (3 VIEWS) 

• DETAILS OF SUPPORT STRUCTURE DESIGN 
------------------------------------------(MIICE DEPIERO lk BETTY BIGGIO) 
• OVERALL STRUCTURE (DETAILS OF TRUSS ELEMENTS (2)) 
• JOINT DETAILS (AT LEAST TWO, INCLUDING PLATE JOINTS) 
• DETAILS OF INIERFACE WITH MAGNET ATTACHMENT PLATE 
• DETAIL OF STRUCTURE I CHAMBER ENP I ALIGNMENT LINES OF 

SIGHT CCONCEPTIJAL BUT TIED TO ACTUAL DRAWINGS) ----------­
-----------------------------------------------(T. KONDO LEON/DRAFTING) 

• ANALYSIS OF STRUCTURE FOR BOTH REGIONS:------------M. FUREY 
• BARREL REGION ANALYSIS (INDEPENDENT MODULES WITH 

PLATE STRUCTURE) (DEFORMATION AND STRESS) 
• MAGNET ATTACHMENT PLATE 
• BARREL REGION INSTALLATION CALUCULATIONS FOR 

MODULE,INTERFACEPLATEANDCRYOSTAT(DEFORMATION 
AND STRESS) 

• ENDCAP REGION INSTALLATION (DEFORMATION AND STRESS). 
• ENDCAP REGION (ASSEMBLY OF 16 MODULES WITH 3-POINT 

VERTICAL MOUNT AND EXTRA TRIANGULAR TRUSS) 
(DEFORMATION AND STRESS). 

• THERMAL ANALYSIS ONLY IF EVERYTHING ELSE COVERED! 

• ANGULAR PHI COVERAGE DWGS. (PDT AND LSDn----B. BIGGIO 

June 8, 1992 2 F. Nimblett 

13 



• DETAILS OF CHAMBER I STRUCTURE INTERFACE I WITH 
ALIGNMENT 
---------------------:...-----------------(TONY KONDO LEON I DRAFTING) 

• INNER AND OUTER CHAMBER LAYER REQUIREMENTS: 
(FLEXURAL FEET WITH ADJUSlMENT CAPABILITY FOR LEVELING 
OF CHAMBERS , MANUAL LATERAL ADJUSlMENTS, LOCKS, 
AXIAL ADJUST I RESTRAINT ALONG WITH SOME INDICATION OF. 
CHAMBER END CONSTRUCTION)(ALL CHAMBERS OPTIONS 
SHOULD BE INDICATED IN SOME SIMPLE FORM TO POINT OUT 
THE DIFFERENCES BElWEEN THE TECHNOLOGIES) 

• MIDDLE CHAMBER LA YER REQUIREMENTS: 
(FLEXURAL FEET WITH ADJUSlMENT CAPABILITY FOR LEVELING 
OF CHAMBERS , MANUAL LATERAL ADJUSlMENTS, NO LOCKS, 
AXIAL ADJUST I RESTRAINT ALONG WITH SOME INDICATION OF 
CHAMBER END CONSTRUCTION, LATERAL SERVO SYSTEM TO 
POSmON MIDDLE CHAMBER, CHAMBER WEIGHT UNLOADING 
SYSTEM 1) (PNEUMATIC) TO UNLOAD SERVO SYSTEM DURING 
ADJUSlMENT OPERATION) 2) (LONG THROW SPRING SYSTEM SO 
THAT THE SERVO WORKS AGAINST A SOFT SPRING) 

• BARREL REGION AND ENDCAP REGION MUON INSTALLATION 
------------------------------------------------------------------------------M. DEPIERO 

• INSTALLATION SEQUENCE WITH SEVERAL SIMPLE VIEWS 
ILLUSTRATING PERTINENT FIXTURING FOR BOTH REGIONS. 

• DETAIL ONLY CRITICAL FEATURES AND EVEN THEN KEEP IT 
SIMPLE!! 

• INDICATE HOW TRANSITION IS MADE BETWEEN INSTALLATION 
HARDWARE AND THE FINAL MOUNTING HARDWARE TO THE 
MAGNET!! 

• INDICATE ADJUSTMENT CONSIDERATIONS TO PROPERLY 
POSITION A BARREL MODULE IN ITS DESIRED ORIENTATION. 

• INDICATE MEANS OF TRANSFERRING LOAD FROM FFS TO 
MAGNET FOR THE "THREE-POINT MOUNT WITH AXIAL 
RESTRAINT" FOR THE ENDCAP STRUCI1JRE. 

June 8, 1992 3 F. Nimblett 
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FET June 10, 1992 

Muon Engineering Meeting at 
Draper 

Face: 

Cost Review June 23 - 24 
BASELINE - II June 25 (some items due June 12) 
PAC July 11 and 12 
TDR Drafts (already late) 

Needed: 

(I) Cost Review Updates 

(1) One hour presentation by Nimblett and Gustavson 

(2) New information from Craig Wuest on RPCs 
and from Carl Bromberg on PDTs 

(IT) For BASELINE - II and PAC 

(1) New text of major sections of Baseline document 

(2) Updated milestones 

(3) Flux Concentrator at [9.4] degrees and nonprojective 
new B-field calculations 
new resolution simulations 

(4) Barrel - keep 8-8-4 configuration (pattern recognition) 

17 



(5) Endcaps - cost an 8-8-4 CSC configuration 
Change to 8-8-4 ? Pattern recognition may be a 
problem. 

(6) Updated drawings of chamber construction 
Request has been made of the tech-proponents 

(7) Support Structure 
Details of truss work - barrel and endcaps 

(8) Deployment of chambers in support structure 
Overlap or non-overlap? 
Coverage ? 
Lever arm ? 
Material distribution 

(9) Updated tables: 
Chamber weights 
Channel count 
Gas volumes 

(10) Alignment System: 
Table of requirements (tolerance for all dimensions) 
Comparison of alignment technologies 
Alignment paths delineated on support structure 
Matrix of transfers 

Updated Simulations: 
Backgrounds (with new calorimeter) 
Trigger 
Resolutions (8-8-4 in endcaps, new FC) 

18 
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Status Meeting 

Frank Nimblett 
10 June 1992 

Baseline Muon System configuration (decision at Eng. Meeting 02 
June) 

• Independent Barrel Region Modules attached to end plate of 
magnet (assumes monitoring hardware to measure angular and 
possibly linear shifts associated with the magnet) 
• Levels to better than O.lmilliradians 
• Displacements of the order of 100 microns (TBD) 

• Endcap to be 16 modules assembled into a single structure on 
the FPS and then mounted to the magnet independently of the 
barrel region 

Initial Analysis from both Draper and LLNL are promising 
• Deformation due to point loading on cryostat wall with 4"x4" 

rail attached appears safe (.15" displacement. no vacuum) M. 
Furey 

• Angular and linear displacements of magnet Ends and FPS also 
appear acceptable (larger than toleranc but easily measured) 
• FPS --- Total Z Movement due to magnet .28"+ .13" 
• FPS should be considered as permanent mount ! ! 
• End Plates --Delta's due to magnet .04", 7 x 10-5 rad. 
• LOCAL MODEL --- .03", 2.3 xI0-3 rad. 

• More detail has been requested of Joel Bowers. Hopefully 
enough detail can be supplied to create a polar plot of the end 
ring illustrating changes in angle 

Chamber End with hardware Sketch completed (Minimum space on 
ends of chambers is 200 to 250 mm) 
PDT and LSDT "F' coverage examined for the baseline spacing 

• PDTs--lst tube -- 10.73°(95.4%); 8tubes -- 10.32°(91.7°) 
• LSDTs-- 1st tube -- 9.74°(86.6%); 8tubes -- 9.62°(85.5%) 

DOES NOT include lost edges in outer layer of LSDTs! ! 

Highest NIMBLETT PRIORITY this week will be comparing 
chamber layout options for Theta for PDTs Coverage. Cha,mber 
layout determines structure. LSDT layout is essentially set! 

21 
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Axial Restraint Link j Plate ~\tached to s1ructure 

Truss Structure "\.. Flexural Foot I 
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Active Chamber Manifol 
Section (ALIGNMENT?? ~ading Pist~s 1 '\ ; 

200.0 mm __ _, 
(Minimum End Length) 
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GENERIC CHAMBER 
ATTACHMENT 
HARDWARE 

(ALL OPTIONS INDICATED) 
RPCs Not Illustrated!! 
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F. NIMBLETT 
DRAPER LAB. 
10JUNE1992 
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Alignment Requirements Analysis 

Intrinsic Smears 

•Vertex distribution along z (a= 7 cm) 
• Multiple scattering in calorimeter (2.5 m of Cu = 0.4 mr @ 500 Ge V 

Needed Structural Accuracy 
•Dynamic range of local alignment system (assume +1 mm) 
•Alignment of trigger roads (assume 10% of non-overlap allowed, 

bending roads = 2 strips wide 

Precision Measurements 
• Stated momentum precision in bending plane 
• Align to precision of detector components (muon angle) 
• Extrapolate p11 from measured angle (assuming additional 1 % gives&, 

/J.y == 4 cm) 
• Mass Resolution (assuming angle contribution below 00 opening angle 
of 22.5° gives ae.; = 3.2 mr) 

Pattern Reco2nition 
• Muon tracking constraints (?) 
•Track linking with central detector (request sent to tracker group) 

Other Effects 
• Line-of-sight deviation from IP: s == 0.1 sin a Ay (mm in barrel) 

) 
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Alignment Status 
• List of requirements and formulae have been generated. 

- Tables, report now being prepared 
- Will go over with Sawicki, Gena, Vallery on Friday 12-June@ SSCL 
- Composite table (of worst-case numbers) will be entered into "global 

alignment" table. 

•Will discuss alignment baseline scheme with above crew on 12-June. 

- Sawicki will have SWAT info, data. 
- Gena et. al. will want to discuss laser beacon?? 
=>Keep it a "working meeting"!! 

• "TTR" fixtures for RASNIK's are now in the hands of a designer 

·Just heard from CERN wire contingent: 
~o RLIGNMEMT WITH WIRE 0= 

[ Norma1 ___ IBt~~LIJ~~[IJ!i!IJO!t 
: FROM :CLASSEUR!llCERNVt1 .8 ITNET@pucc.pr (6 /7 /92,) 

TO :P ARAl>ISOllCERIM1.B ITN£T@!Nco .,.1 
CC: 

BCC: ••••••··•··•••••·················••·•··••••·•·······••••···········••········•··••······· 

Mall*Llnke SMTP I At.IONHEMT VITH ..... , I 
µ.coos.ans forwards IJOW' 11ai I lo M ; unfortl.Wlalely I was away thas• last 

:'111 

dO\IS and I was not able to answer quicker . It is true that U.Coose .. cr1s 
has done a lot of tests •I th a conflgwootlol"I of a captor ; •• work togeth•P" 
to study the f.aslbllty of such a syste. In on LHC axperl111ent , EAGLE 
presently • Cl"ld ••have defined a proloty>• sul table for the 11uon sys le• 

••• 
f • • • • • 4 • • ., 
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Near Future 

• Perform/refine analysis of straightness monitor layout 

- Baseline designs for PAC!! 

- Endcaps, radial spacers must be better conceptualized 

- Bubble levels, etc.?? 

·Play with real RASNIK systems!! 

- Govingon has a setup downstairs (but no DAS!) 

) 

- Measure sensitivity, noise for long paths; decide on lens width 

- Try to expand dynamic range 

- Examine CCD/Photodiode array 

) 
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WBSno. 

(·3.1) 

(·3.2) 

03.1 • POT 

03.2 • LSDT 

03.1.1-POT 

03.2.1-LSDT 

03.1.1.1 

03.1.1.1.1 
03.1.1.1.1.1 
03.1.1.1.1.2 
03.1.1.1.1.3 
03.1.1.1.l.4 
03.1.1.1.2 
03.1.1.1.2.1 

03.1.1.2 

03.2.1.2 

03.1.1.2.1 
03.1.1.2.1.1 
03.1.1.2.1.2 
03.1.1.2.1.3 
03.1.1.2.1.4 
03.1.1.2.2 
03.1.1.2.2.1 

03.1.1.2.3 
03.1.1.2.3.1 
03.1.1.2.3.1.1 
03.1.1.2.3.1.2 

4 

Item 

PDT Muon Detector co•I 

LSDT Muon Detector co•I 

Muon SulMya. Conllruotlon POT 

Muon -oya. ConatruotlonLSDT 

Cenll'lll Region 

Cenll'lll Roglon 

Cenll'lll Roglon ln111ll1tlon 

On·Slle 
Test 
Mechanlcll Auembly 
Electrical/Electronic1 A11y 
Fae Prep 
Oii-Siie 
1 .. 1an. Tool Fnl Dsgn, Mach, Asar 

Centrel Roglon Sector Aaay-POT 

Cenll'lll Roglon Sector AHyLSDT 

On-Site 
S8CIOf Slor1ge 
THI 
A11embly 
Fee Prep 
Oll·Slte 
Asay Flxt Fin.i Dogn, Mach, Assr 

Pro11urlz1d Drift Tubla 
Oii-Site 
Shipping 
Tesl 

• 4 

MUON SUBSYSlEM COST MATRlll hw 10 111111192 

Ent 'neerlnQ/De1i11n MIS Ins ecllon/Admln Proclfab Asaembh 
labor Rate Total Labor Rare Total Material la bot Raie Subtotal Carid, c.. ... Toolin( 

m• kS/mv kS kS m• kS/mv kS kS m• kS/m' kS kS kS 

121.8 118 14129 8115 101.4 109 11086 37405 272.2 82 18825 2391 1178 

121.8 118 14129 8113 101.2 109 11052 32134 253.3 84 16086 2341 1226 

Sub-group 03.1 la uMd for 111 conatructlon br11kdown Cllegorlea 11c1p1 tho .. which lh h 

17.12 112 10148 5011 101.44 101 11018 37405 272.23 82 18825 2311 1178 

17.12 112 10148 5051 101.24 109 11052 32134 253.31 84 18088 2341 1228 

51.H 108 8085 2507 48.75 98 4501 22748 110.80 83 12028 1588 706 

58.H 106 8085 2505 48.55 98 4487 17477 171.88 88 11288 1536 7561 

1.00 H 891 75 3.51 83 221 580 

0.00 0 8 1.38 05 280 
0 0.00 0 10 
3 0.50 69 35 75 
2 0.38 69 26 75 
3 0.50 69 35 100 

9.oo 801 87 2.13 126 300 
9.00 99 691 67 2.13 59 126 300 

15.82 105 1888 401 30.08 94 2822 10805 172.80 62 10728 1586 546 

15.82 105 1688 406 28.88 13 2788 8597 153.88 85 9988 1536 596 

o.oo 0 I 1.44 .. 175 12.83 47 802 375 200 
0 0 0.00 0 0 0 
0 3 0.56 89 39 25 1.25 52 65 100 
0 4 0.63 69 0 100 10.63 46 498 275 200 
0 2 0.25 69 17 50 0.75 52 39 

3.00 287 23 0.88 55 . 85 2.13 25 0 0 
3.00 99 297 23 0.88 63 55 85 2.13 55 25 

3.25 102 332 18 9.49 95 904 8078 109.87 60 8596 300 55 
3.25 332 18 9.49 904 8078 109.87 6596 300 55 

2 0.23 69 16 50 0.46 107 49 
3 0.50 133 67 26 5.66 110 623 

Page 1 
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CJ'I 

"' 

) ) 

\WSro. 

03. t .1.2.3.1.3 
03.1.1.2.3. u 
03.1.1.2.3.1.5 
03.1.1.2.3.1.8 

0.3.2.1.2.3 
03.2.1.2.3.1 
03.2.1.2.3.1.1 
03.2.t.2.3.1.2 
03.2.1.2.3.1.3 
03.2.1.2.3.1.4 
03.2.1.2.3.1.5 
03.2.1.2.3.1.8 

03.1.1.2.4 
03.1.1.2.4.1 
03.1.1.2.4.1.1 
03.1.1.2.4.1.2 
03.1.1.2.4.1.3 
03.1.1.2.4.1.4 
03.1.1.2.4.1.5 
03.1.1.2.4.1.8 

011.1.2.s 
' 

03.1.1.2.5.1 
03.1.1.2.5.1.1 
03.1.1.2.5.1.2 
03.1.1.2.5.1.3 

03.2.1.2.S 
03.2.1.2.5.1 
03.2.1.2.5.1.1 
03.2.1.2.5.1.2 
03.2.1.2.5.1.3 

03.1.1.2.8 
03.1.1.2.8.1 
03.1.1.2.8.1.1 
03.1.1.2.8.1.1.1 
03.1.1.2.8.1.1.2 
03.1.1.2.6.1.1.3 
03.1.1.2.8.1.1.4 
03.1.1.2.8.1.1.5 
03.1.12.8.t.t.8 

) ) 

Item 

A11emblr 
F•dlily Prep 
Mllchinlng, lnapecdon 
Anal o..ign, DlwglSpec Mode 

Llmlled Streemer Drift Tube• 
011-811• 
Shipping 
Test 
A ... mblr 
F•dUly Prep 
Mllchlnlng, lnepeclion 
Finl! Deoign, Drwg/Spec Mad• 

-lellY• Plel• C-en 
Oll·Slle 
Shipping 
Teot 
A11emblr 
Fadffly Prep 
Mllchlnlng, lnopeclion 
Anal o..ign, DlwglSpec Macia -or luppart Struotlfte PDT 
011·811• 
Shipping 
Mllchlning, lnapeclion 
Finll o..ivn. DrwglSpec Mods -or support 81ruotureeLSDT 
011-811• 
Shipping 
Mllchining. Inspection 
Anal Deolgn. DrwglSpec Macia 

Allan- I Cllllbrtn 8ya PDT 
l.ocel CM- Algn_,,I 
011-811• 
Shipping 
Test 
Aosemblr 
Fadlily Prep 
Machining, lnopeclion 
A..i Deolgn. Drwg/Spec Macia 

) 

lotUON SUBSYSTEM COST MATRIX ROY 10 8110/92 

En1 lneerlnn/Oetlan M&S Ina ectlon/Admln 
labor Rate Tolal labor Ra1e Total 
m• kS/mv kS kS m• k$/mv k$ 

14 2.25 133 299 
6 0.75 133 100 

42 5.83 72 405 
3.25 102 332 20 0.13 133 17 

3.25 102 332 88 0.40 03 812 
3.25 332 88 8.40 182 

2 0.23 89 16 
3 0.50 133 67 

.. 14 2.25 133 299 
5 0.75 133 100 

42 5.83 88 383 
3.25 102 332 20 0.13 133 17 

3.25 102 332 .. 10.05 03 834 
3.25 332 .. 10.05 834 

2 0.23 133 31 
3 0.50 133 87 

14 2.25 133 299 
5 0.75 133 100 

45 8.19 68 421 
3.25 102 332 20 0.13 133 17 

s.oo 111 555 .. 4.87 IS 422 
5.00 555 .. 4.87 422 

2 0.25 69 17 
48 3.97 75 298 

5.00 111 555 39 0.75 142 107 

5.00 111 555 17 4.77 16 410 
5.00 555 87 4.77 410 

2 0.25 89 17 
48 3.77 78 287' 

5.00 111 555 39 0.75 142 107 

1.32 118 153 112 3.25 125 407 
0.88 77 52 1.83 204 
0.88 77 52 1.63 204 

25 1.00 125 125 
5 0.13 125 16 
5 0.13 125 16 
5 0.13 125 16 
2 0.25 129 32 

0.86 118 77 10 

Page2 
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Proc/Fab A11emblw 
Material labor RalO Subtotal Caotl. c.. .. , Toollnn 

kS mv k$/m' k$ k$ k$ 

60 20.00 08 1960 300 65 
0 3.75 07 364 

7950 80.00 45 3800 

3683 02.00 84 5018 250 105 
3683 82.00 5818 250 105 

50 0.46 107 49 
28 5.66 110 823 
50 20.00 98 1980 250 105 

0 3.75 07 384 
3535 82.13 47 2920 

1481 32.87 78 2554 200 148 
1481 32.87 2554 200 148 

50 0.48 107 49 0 
0 5.50 109 800 50 

50 4.16 113 470 150 100 
0 3.75 97 364 

1391 18.80 57 1072 0 46 

282 13.05 57 737 711 145 
282 13.05 737 711 145 

20 0.50 44 22 
272 12.55 57 715 711 145 

0 0 0 0 

258 12.00 56 878 711 145 
250 12.00 878 711 145 

20 0.50 44 22 
239 11.50 57 856 711 145 

0 0 0 0 

884 2.25 85 214 0 0 
534 1.00 85 0 0 
534 1.00 05 0 0 

0.00 0 0 
0.25 95 24 
0.25 95 24 

25 0.25 95 24 
509 0.25 95 24 0 0 



CJ1 
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WBSro. 

03.2.1.2.1 
03.2.1.2.8.1 

03.2.1.2.8.1.1 
03.2. 1.2.8.1.! .1 
03.2.1.2.8.1.1.2 
03.2.1.2.6.1.1.3 
03.2.1.2.6.1.! .4 
03.2.1.2.6.1.1.5 
03.2.1.2.8.1.! .8 

03.1,1.2.9.2 
03.1.1.2.1.2.1 
03.1.1.2.8.2.1.1 
03.1.1.2.8.2.1.2 
03.1.1.2.8.2.1.3 
03.1.1.2.6.2.1.4 
03.1.1.2.6.2.1.5 
03.1.1.2.8.2.1.8 

0:1.1.1.3 

03.2.1.3 

03.1.1.3.1 
03.1.1.3.1.1 
03.1.1.3.1.1.1 
03.1.1.3.1.1.2 
03.1.1.3.1.1.3 

03.2.1.3.1 
03.2.1.3.1.1 
03.2.1.3.1.1.1 
03.2.1.3.1.1.2 
03.2.1.3.1.1.3 

03.1.1.3.2 
03.1.1.3.2.1 
03.1.1.3.2.1.1 
03.1.1.3.2.1.2 
03.1.1.3.2.1.3 

03.1.1.3.3 
03.1.1.3.3.1 

• 

ll•m 

Allgn-nl & Collbrtn Sp LSDT 
locel C ... _ Affg-

011-811• 
Shipping 
Te1t 
AHembly 
Focillty Prop 
Machining, lnopecllon 
Final O..lgn, DrwWSPec Moda 

Olobel Sector/R•lon llonnor 
011·811• 
Shipping 
Teal 
Assembly 
FaciDty Prep 
Machining, lnopecdon 
Anal Oaeign, DrwWSPec Mode 

Elctrnc1/Elctr. llrdwro • PDT 

Elctrncl/Elctr. Hnlwre • LSDT 

Pre11urtzed Drift Tube• 
011·811• 
Senoe Electronlco I Triggero 
C.librotion Eleclronlca 0.., Fab. Ship 
High I Low Vollage Syaleml 

Llmhed Sir••-• Drift Tube• 
011·8111 
Senoe Eleclronk:a I Trlggera 
C.libtation Eleclronlco 0.., Fab, Ship 
High I Low Voltage Syatemo 

Re1l1tlv• 1'181• Counter• 
011·8111 
Beam CrOHlng I Triggero 
C.libtation Eleclronlco O... Fab, Ship 
High I Low Vollage Syatemo 

AHgn Ind Col Syotom EllO 
locel Ch•mber AllgnlMlll 

• • 

MUON SUBSYSTEM COST MATRllC hO¥ 10 

En, neerlnat0.1ian M&s Ins 
Lobor Rate Total Lobor 
m• k$/m• k$ k$ m• 

1 118 153 112 3 
0.86 77 52 1.83 
0.86 17 52 1.83 

25 1.00 
5 0.13 
5 0.13 
5 0.13 
2 0.25 

0.86 118 77 10 

0.88 118 11 80 1.83 
0.18 77 80 1.83 

25 1.00 
5 0.13 
5 0.13 
5 0.13 

10 0.25 
0.86 116 77 10 

12.24 146 1785 1820 4.75 

12.24 146 1785 1820 4.75 

8.46 150 970 1015 1.75 
8.46 970 1085 1.75 
5.80 154 893 850 0.75 
0.66 116 77 15 0.50 
0.00 154 0 420 0.50 

8.46 150 970 1015 1.75 
&.46 970 1085 1.75 
5.80 154 893 650 0.75 
0.66 116 77 15 0.50 
o.oo 154 0 420 0.50 

4.48 141 882 490 2.00 
4.46 882 480 2.00 
3.80 154 585 420 1.00 
0.66 116 77 25 0.50 
0.00 154 0 15 a.so 

1.32 116 153 75 1.00 
0.88 77 35 o.50 

Page 3 

c • • 

811111112 

acllon/Admln Proc/Fab A11ambl' 
Rate Total Material Labor Rate Subtotal "--d. e--1 Toollna 

k$/m• k$ k$ m• k$/m• k$ k$ k$ 

125 407 924 2 ts 214 0 0 
204 774 1.00 115 0 0 
204 774 1.00 05 0 0 

125 125 0.00 0 0 
125 16 0.25 95 24 
125 16 0.25 95 24 
125 16 25 0.25 95 24 
129 32 749 0.25 95 24 0 0 

125 203 150 1.25 05 110 0 0 
203 150 1.25 119 0 0 

125 125 0.00 0 0 
125 16 0.25 95 24 
125 16 0.25 95 24 
125 16 25 0.25 95 24 
125 31 125 0.50 95 48 

154 732 8903 2.00 115 100 0 0 

154 732 7840 2.00 95 100 0 0 

154 270 6811 o.oo 0 0 0 0 
270 6611 0 0 0 0 

154 116 - 6053 
154 77 250 
154 77 308 

154 270 5548 o.oo 0 0 0 0 
270 5548 0 0 0 0 

154 116 5053 
154 77 250 
154 77 245 

154 308 2092 
308 2092 

154 154 1741 
154 77 250 
154 77 101 

154 154 200 2.00 ts 100 0 0 
77 100 1.00 D5 0 0 

• ( ( ( 



en 
C» 

) ) 

\WSro. 

03.1.1.3.3.1.t 
03.t. t.3.3.1.2 

03. t .1.3.3.2 
03. t .1.3.3.2. t 
03. t. t .3.3.2.2 

03.1.1.4 

03.2.1.4 

03.1.1.4.1 
03.1.1.4.1.1 
03.1.1.4.t.t.t 

03.1.1.4.1.2 
03.t.t.4.t.2.t 
03. t. t .4. t.2.2 
03. t. t .4. t .2.3 
03.1.1.4. t .2.4 
03.1. t .4. t .2.5 
03. t .1.4.12.8 

. 03.1.1.4.t.2.7 

03.2.1.4.1 
03.2.1.4.1.1 
03.2.1.4.t.1.t 

03.2.1.4.1.2 
03.2. t .4.1.2.1 
03.2. t .4. t .2.2 
03.2. t .4. t .2.3 
03.2. t .4.1.2.4 
03.2. t .4.1.2.5 
03.2.1.4. t .2.8 
03.2. t .4. t .2.7 

03.1.1.4.2 
03.1.1.4.2.1 
03.1.1.4.2.t.t 

03.1.1.4.2.2 
03. t. t .4.2.2.1 
03.1. t .4.2.2.2 
03.1. t .4.2.2.3 
03.1.1.4.2.2.4 
03.1.t.4.2.2.5 

) ) 

Item 

Oii-Siie Aaaembly, Test 
F"mal Design, Drwg/Spec Mod• 

Olobtll Bector/R.,lon Monffor 
Oii-Site Aaaembly, Teal 
Final Design, Drwg/Spec Moda 

Ota Sya1ema • PDT 

Ota Syalema • LSOT 

PrHaurlnd Drift Tube• 
Oll·811a 

Oeelgn and °"''''"' .... On·811e 
Design and drawfngt 
Teel Procedure development 
Safety Procedure development 
Mainlenence P.-durtt development 
Aaaembly and Teet 
Procur_,,t • Surlace Syttem 
Procurement - Hatt Sytlem 

Umffed lllrN,..r Drift TUbea 
011-811• 
Design and 0..1la11ment 
On·Blte 
Design encl drewfngt 
Teet Procedure development 
Safety Procedure development 
Maintenence Procedure developmenl 
Aaaembly and Teat 
PtOCU<emenl • Surface Syalem 
Procuremenl • Haff System 

Ra•f•tlv• Plat• Countara 
011-811• 
Deolgn encl Devolopnent 
On·Blte 
Design and drawfngt 
Teal Procedure development 
Safety Procedure development 
Mainlenance Procedura development 
Aaaembly end Teal 

) ) ) 

MUON SUBSYSTEM COST MATRIX Aw 10 1110/02 

En, inee,i-10.1i"n M&S Ins ecliontAdmln 
labor Rate To tel labor Rate Total 

m• kS/mu k$ k$ mv k$1mv k$ 

25 0.50 154 77 
0.66 116 77 to 

0.66 t 18 77 40 D.50 154 77 
25 0.50 154 77 

0.66 118 77 t5 

15.90 71 1257 334 7.18 IO 57D 

15.90 71 1251 334 7.18 10 570 

7.15 71 121 117 3.51 10 285 
2.30 130 299 52 0.48 180 83 
2.30 130 299 52 0.48 t80 83 
5.65 51 330 115 3.12 85 202 
4.03 58 234 88 0.81 73 59 
0.48 57 28 8 o.t2 73 9 
0.58 80 35 10 0.12 73 9 
0.58 80 35 10 O.t2 73 9 
0.00 0 9 0.92 54 50 
0.00 0 4 0.40 66 26 
0.00 0 8 0.83 85 41 

7.15 71 820 187 3.58 IO 285 
2.30 130 299 52 D.46 180 83 
2.30 t30 299 52 0.46 t80 83 
5.65 235 330 115 3.12 85 202 
4.03 58 234 88 0.8t 73 59 
0.46 57 26 8 0.t2 73 9 
0.58 60 35 to o.t2 73 9 
0.58 60 35 10 0.12 73 9 
0.00 0 9 0.92 54 50 
0.00 0 4 0.40 86 26 
0.00 0 6 0.63 65 41 

7.15 71 820 187 3.58 10 285 
2.30 130 219 52 0.48 110 13 
2.30 t30 299 52 0.46 t80 83 
5.85 51 330 115 3.12 85 202 
4.03 58 234 88 0.8t 73 59 
0.46 57 26 8 0.t2 73 9 
0.58 60 35 to O.t2 73 9 
0.58 80 35 to O.t2 73 9 
0.00 0 9 0.92 54 50 

Page 4 

) ) 

Proc/Fab A11embl 

Material labor Rate Subtotal Cantl. E··t Toollnc 
k$ m• k$/m• k$ k$ k$ 

too 1.00 95 95 

1DO 1.DD OS D5 D D 
100 t.00 95 95 

2D80 10.00 54 540 0 180 

2080 10.00 54 540 0 180 

1040 5.00 54 270 0 80 
0 o.oo 0 0 0 0 
0 0.00 0 

1040 5.00 54 270 0 80 
0 o.oo 0 
0 0.00 0 
0 0.00 0 
0 0.00 0 
0 5.00 54 270 20 

4t5 o.oo 0 30 
625 0.00 0 30 

1040 5,DO 54 270 0 80 
0 0.00 D 0 0 0 
0 0.00 0 0 

1040 s.oo 54 270 0 80 
0 0.00 0 0 
0 0.00 0 0 
0 0.00 0 0 
0 0.00 0 0 
0 5.00 54 270 20 

4t5 0.00 0 30 
825 0.00 0 30 

1040 5.00 54 270 0 80 
0 o.oo 0 0 0 0 
0 o.oo 0 0 

1040 5,00 54 270 0 80 
0 o.oo 0 0 
0 0.00 0 0 
0 0.00 0 0 
0 o.oo 0 0 
0 5.00 54 270 20 



c.n 
co 

• 

WBSno. 

03.1.1.4.2.2.8 
03.1.1.4.2.2.7 

03.1.1.5 

03.2.1.5 

03.1.1.S.1 
03.1.1.5.1.1 
03.1.1.5.1.1.1 
03.1.1.5.1.1.2 
03.1.1.5.1.1.3 
03.1.1.5.1.1.4 
03.1.1.5.1.1.5 

03.2.1.5.1 
03.2. 1 .5.1.1 
03.2.1.5.1.1.1 
03.2.1.5.1.1.2 
03.2.1.5.1.1.3 
03.2.1.5.1.1.4 
03.2.1.5.1.1.5 

03.1.1.S.2 
03.1.1.5.2.1 
03.1.1.5.2.1.1 
03.1.1.5.2.1.2 
03.1.1.5.2.1.3 
03.1.1.5.2.1.4 
03.1.1.5.2.1.5 

03.1.2 

03.1.2.1 

03.1.2.1.1 
03.1.2.1.1.1. 
03.1.2.1.1.2 
03.1.2.1.1.3 
03.1.2.1.1.4 
03.1.2.1.2 
03.1.2.1.2.1 

• 

Item 

Procuremenl • Surface System 
Procurement • H•n Syslem 

Cooling By•l-a • PDT 

Coollng Byalama • LBOT 

PreHurlzed Drift Tubea 
Oll·Sll• 
Shipping 
Subaseembly, Tnl 
Machining, Inspection 
Procurement 
A ... Design, Drwg/Spec Mocla 

Limbed BlrHmar Drift TUbea 
011·811• 
Shipping 
Subaleembly, Taal 
Machining, Inspection 
Procurement 
Anal Design, Drwg/Spec Mod• 

Re•l•Uve P11t• Counl•r• 
Oll·Slle 
Shipping 
Subassembly, T .. 1 
Machining, Inspection 
Procurement 
Final Design, DrwglSpec Mod• 

Encl Cap Region 

End Cap Region lnalellallon 

On·Slle 
Teet 
Mechanical Aooembly 
Electrical/Electronic1 Assembly 
Fae Prep 
011·811• 
lnoleU. Tool Anal Dsgn, Mach, Any 

• • 

MUON SUBSYSTEM COST MATRIX Rw 10 

En• ineerinn/Oetl"'n M&S ln1 
labor Rate Total labor 

m• k$/m• k$ k$ m• 

0.00 0 4 0.40 
0.00 0 8 0.83 

4.00 116 484 70 1.25 

4.00 116 484 70 1.25 

2.00 118 232 35 0.63 
2.00 232 35 0.83 

5 0.13 
5 0.13 
5 0.13 
5 0.13 

2.00 116 232 15 0.13 

2.00 116 232 35 0.83 
2.00 232 35 0.83 

5 0.13 
5 0.13 
5 0.13 
5 0.13 

2.00 116 232 15 0.13 

2.00 116 232 35 0.83 
2.00 232 35 0.63 

5 0.13 
5 0.13 
5 0.13 
5 0.13 

2.00 116 232 15 0.13 

40.H 119 4881 2119 33.29 

3.00 H 217 36 2.87 

0.00 0 8 1.24 
2 0.33 
2 0.33 
2 0.33 
2 0.25 

3.00 297 28 1.83 
3.00 99 297 28 1.63 

Page 5 

• • 

8110/92 

ectlonlAdmln ProctFab A11embl· 
Rate Total Material labot Roi• Subtotal Cand. e--1 Toolln( 

kS/mv k$ k$ m• k$1m• k$ k$ k$ 

88 28 415 0.00 0 30 
85 41 825 0.00 0 30 

125 156 400 e.oo " 570 0 0 

125 158 400 8.00 " 570 0 0 

125 78 200 3.00 85 285 0 0 
78 200 3.00 285 0 0 

125 16 0.25 95 24 
125 18 1.00 95 95 
125 16 1.00 95 95 -125 16 200 0.75 95 71 
125 16 

125 78 200 3.00 " 285 0 0 
78 200 3,00 285 0 0 

125 16 0.25 95 24 
125 16 1.00 95 95 
125 16 1.00 95 95 
125 16 200 0.75 95 71 
125 16 

125 76 200 3,00 95 285 0 0 
154 78 200 3.00 95 285 0 0 
125 16 0.25 95 24 
125 16 1.00 95 95 
125 16 1.00 95 95 
125 16 200 0.75 95 71 
125 16 

99 3289 14657 81.43 59 4797 805 470 

83 182 311 

86 161 
69 23 37 
69 23 37 
69 23 37 
69 17 50 

96 150 
59 96 150 

• • • • • 



~ 
0 

) 

WBSro. 

03.1.2.2 

03.1.2.2.1 
03.1.2.2.1.1 
03. I .2.2.1.2 
03. I .2.2. I .3 
03.1.2.2. I .4 
03.1.2.2.2 
03. I .2.2.2. I 

03.1.2.2.3 
03.1.2.2.3.1 
03. I .2.2.3.1.1 
03.1.2.2.3.1.2 
03.1.2.2.3. I .3 
03.1.2.2.3. 1.4 
03.1.2.2.3.1.5 
03. I .2.2.3.1.8 

03.1.2.2.4 
03.1.2.2.4.1 

03. I .2.2.4. I. I 
03. I .2.2.4.1.2 
03.1.2.2.4.1.3 
03.1.2.2.4.1.4 
03.1.2.2.4.1.5 
03.1.2.2.4.1.8 

03.1.2.2.5 
03.1.2.2.5.1 
03.1.2.2.5.1.1 
03. I .2.2.5.1. I .1 
03.1.2.2.5.1.1.2 
03. I .2.2.5. I. I .3 
03.1.2.2.5. I .1.4 
03.1.2.2.5.1. I .5 
03.1.2.2.5. I .1.8 

03.1.2.2.5.2 
03.1.2.2.5.2.1 
03. I .2.2.5.2.1. I 
03. I .2.2.5.2. I .2 

) 

Item 

End Cap Region Sector Mey 

On·Slle 
S-. Storage 
THI 
Aoaemblr 
Fac:iHty Prep 
011·811• 
Aley F1xt Fnl Dogn, Mech. Aley 

Cot- •rip ClulmlMn 
011·811• 
Shlpplno 
Teet 
Asaemblr 
Fac:iHty Prep 
Machining. lnopection 
F"mm Deaign, DrwglSpec Mods 

Sector Support Slruotuna 
011·811• 
Shipping 
Teet 
Auembly 
Fac:iHty Prep 
Machining, Inspection 
F"mm Deoign. DrwglSpec Mada 

Allgnmant a Callbratlon 8ya 
L- Chamber Allgnmant 
011-811• 
Shipping 
Te1t 
A11emblr 
Facility Prep 
Machining, lnapection 
F"mal Deoign. DrwglSpec Mods 

Global Sactor/Reglon llonHor 
011·811• 
Shippin11 
Test . 

) ) ) 

MUON SUBSYSTEM COST MATRIX Rev 10 8110/92 

Ennineeri"'""/Oe1lnn M&S Ina ectlon/Admin 
lallor Rate Total Labor Rate Total 

mv k$/mv k$ k$ mv k$/mv k$ 

12.57 107 1341 332 22.H 100 2280 

0.00 0 II 1.44 " 0.00 0 
3 0.56 89 39 
4 0.83 89 43 
2 0.25 89 17 

3.00 217 23 0.88 55 
3.00 99 297 23 0.88 83 55 

3.25 102 332 .. 11.49 111 114 
3.25 332 .. 11.49 184 

2 0.23 89 16 
3 0.50 133 87 

14 2.25 133 299 
5 0.75 133 100 

42 5.83 88 383 
3.25 102 332 20 0.13 133 

5.00 111 555 140 7.02 1 Oii 788 
5.00 555 140 7.02 768 

25 1.00 125 125 
15 1.00 125 125 
15 1.00 125 125 
10 0.50 125 83 
36 2.77 81 224 

5.00 It I 555 39 0.75 142 108.5 

1.32 1111 157 74 3.75 128 473 
0.68 711 37 1.88 236 
0.66 711 37 1.88 236 

25 1.00 125 125 
2 0.13 125 16 
2 0.13 125 16 
2 0.13 125 16 
2 0.25 129 32 

0.88 119 79 4 0.25 129 32 

0.68 1111 711 37 1.11 128 231 
0.68 711 37 1.81 236 

25 1.00 125 125 
2 0.13 125 18 
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Proc/Fab A11embl1 
Mare rial Labor Rate Subtotal Carttl. c.. .. 1. Toollnn 

k$ mv k$/mv k$ k$ k$ 

4734 70.13 58 31180 780 385 

175 10.33 18 180 375 200 
0 0 

25 1.25 52 53 100 
100 8.33 48 54 275 200 
so 0.75 52 53 
10 2.13 89 147 0 75 
10 2.13 89 147 75 

3353 411.17 82 3118 42 0 
3353 411.87 3116 42 0 

50 0.46 107 49 
0 5.86 I 10 823 28 

24 20.00 47 940 14 
0 3.75 97 364 

3279 20.00 57 I 140 

84 8.80 57 378 383 110 
84 8.60, 378 383 DO 

0 0.00 0 0 
0 

0 0 
0 

84 8.60 57 376 383 90 
0 

1112 2.00 15 1110 0 0 
556 1.00 95 0 0 
556 1.00 115 0 0 

0.00 0 0 
0.25 95 24 
0.25 95 24 

25 0.25 95 24 
531 0.25 95 24 

558 1.00 0 15 0 0 
558 1.00 15 0 0 

~ 0.00 0 0 
0.25 95 24 



°' ,..... . 

• 

WBSno. 

03.1.2.2.5.2.1.3 
03.1.2.2.5.2.1.4 
03.1.2.2.5.2.1.5 
03.1.2.2.5.2.1.8 

03.1.2.3 

03.1.2.3.1 
03.1.2.3.1.1 

03.1.2.3.1.1.1 
03.1.2.3.1.1.2 
03.1.2.3.1.1.3 
03.1.2.3.1.1.4 
03.1.2.3.1.1.5 

03.1.2.3.2 
03.1.2.3.2.1 
03.1.2.3.2.1.1 
03.1.2.3.2.1.2 

03.1.2.3.2.2 
03.1.2.3.2.2.1 
03.1.2.3.2.2.2 

03.1.2.4 

03.1.2.4.1 
03.1.2.4.1.1 
03.1.2.4.1.1.1 

03.1.2.4.1.2 
03.1.2.4.1.2.1 
03.1.2.4.1.2.2 
03.1.2.4.1.2.3 
03.1.2.4.1.2.4 
03.1.2.4.1.2.5 
03.1.2.4.1.2.6 
03.1.2.4.1.2.7 

03.1.2.5 

03.1.2.5.1 
03.1.2.5.1.1 
03.1.2.5.1.1.1 
03.1.2.5.1.1.2 

• 

l1em 

Aaaembly 
Facility Prep 
Machining, lnapection 
Final Design, DrwW$pec Mada 

Elec1ronlce/Electronlc• Herdwere 

Cat- Strip Cll1-ra 
011-811• 
Sense Eloclronicl Design, Fib, Ship 
Triggering Electronicl Oet, Fob, Ship 
Beam Ctoaaing Electronics Dea, Fab, S 
Calibnltion Electronics Oet, Fab, Ship 
High-Voltage Sptenw Oet, Fob, Ship 

Align 1nd Cal Syatem Eleo 
l.oClll Chember Alignment 
Oll·Slte A11embly/Teot 
Finel Design, Orwg.ISpec Mada 

Oloblll Soctar/Reglon Monftor 
Oll·Site AHembly/Teol 
Finel Oetlgn, Orwg.ISpec Mada 

0.. Sy1tem 

Cath- Strip Ch•-.. 
011-811• 
Design and Development 
On·Slte 
Deaign and drawings 
Teat Procedure development 
Salety Procedure development 
Maintenance Procedure development 
ABlembly and Teot 
Procurement • Surlace System 
Procurement • Hall Sptem 

Cooling 8yl1em 

Cat- Slrlp Ch•-
011·811• 
Shipping 
Subaaaembly, Teat 

• • 

MUON SUBSYSTEM COST MATRIX Rev 10 811111112 

En~ in•erlnnt0.1inn M&S Ina ecllontAdmin 
labor Rate Toi al labor Rate To1al 

m• kS/mv kl k$ mv k$/mv k$ 

2 0.13 125 16 
2 0.13 125 16 
2 0.25 129 32 

0.66 119 79 4 0.25 129 32 

18.78 151 2531 1552 1.00 142 142 

15.46 154 2311 1535 0.00 0 0 
15.46 2381 1535 0.00 0 0 

7.00 154 1078 .. 700 
5.50 154 847 440 
2.30 154 354 390 
0.66 154 102 5 
0.00 154 0 0 

1.32 118 155 17 1.00 142 142 
0.66 77 8 0.25 32 

2 0.25 129 32 
0.66 116 77 4 

0.86 110 70 11 0.75 146 100 
1 0.50 154 77 

0.66 119 79 4 0.25 129 32 

7.05 70 620 187 3.58 80 285 

7.05 70 820 187 3.58 80 285 
2.30 130 299 52 0.46 180 83 
2.30 130 299 52 0.46 180 83 
5,65 58 330 115 3.12 65 202 
4.03 58 234 68 0.81 73 59 
0.46 57 26 8 0.12 73 9 
0.58 60 35 10 0.12 73 9 
0.58 60 35 10 0.12 73 9 
0.00 0 9 0.92 54 50 
0.00 0 4 0.40 66 26 
0.00 0 6 0.63 65 41, 

0.88 110 79 32 3.28 129 420 

0.118 110 79 32 3.28 129 420 
o.88 79 32 3.28 420 

7 0.13 125 16 
11 1.50 133 200 
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PrOC/Fab A11embh 

Material la bot Ra,. Sublotal Cand. c-.. 1 . Toolinc: 
k$ m• k$/m k$ k$ k$ 

0.25 95 24 
25 0.25 95 24 

531 0.25 95 24 
. 

8122 1.25 ts 110 0 0 

7401 0.00 0 0 0 
7401 0.00 0 0 0 
5082 
1637 

347 
100 
325 

831 1.25 05 110 0 0 
531 0.25 24 0 0 
531 0.25 95 24 0 0 

100 1.00 ts 05 0 0 
100 1.00 95 95 

1040 5.00 54 270 0 80 

1040 5.00 54 270 0 80 
0 o.oo 0 0 0 0 
0 0.00 0 0 

1040 5.00 54 270 0 80 
0 0.00 0 0 
0 o.oo 0 0 
0 o.oo 0 0 
0 0.00 0 0 
0 5.00 54 270 20 

415 0.00 0 30 
625 0.00 0 30 

450 4.25 .. 420 25 25 

450 4.25 .. 420 25 25 
450 4.25 420 25 25 

0 0.00 95 0 
100 1.75 104 182 25 25 

c c • • 



O':l 
!\:) 

) 

Wl!Sno. 

03.1.2.5.1.1.3 
03.1.2.5.1.1.4 
03.1.2.5.1.1.5 

03.t.3 
03.1.3.1 
03.1.3.2 
03.1.3.3 
03.1.3.4 
03.1.3.5 
03.1.3.6 

13 
13.1 
13.2 
13.3 
13.4 
13.5 
13.8 

23 

) ) 

lttm 

Macltlnlng, lnapection 
Procurement 
Anal Deolgn, °"'l>'SPeC Mada 

8ub1r111111 Profect Mgmt. 
Adminl1lr•llon/Ov1rolght 
R80QJrct~ 
ES&HA1our81!Ct 
Quail)' Auur•- Program 
Syatema Integration 
Subsystem Coal/Sclttdule Monitor 

lllai9ulleJ119MR&D 
CSCSWgroup 
LSOT SWgroup 
POT Subjlroup 
RPCSWgroup 
TTR Subgroup 
SCARF Subgroup 

ENO Sbgrp Concept DI .. 1P Pnp 

) ) ) ) ) ) 

MUON SUBSYSTEM COST MATRIX Rev 10 8110/92 

Enc inee1inatOe1ian M&S Ina 1ctlon1Admln Proc/Fab A11embh 
labor Rate Tolal Labor Rale Total Malarial l•bor Roto Subtotal Ceod. Ennf Toollnn 

m• kS/mv kS kS mv kS/mv kS kS m• kSlm• k$ kS kS 

5 1.50 126 189 150 1.75 95 166 
5 0.13 125 16 200 0.75 95 71 

0.88 119 79 4 0.00 0 0 

435 21.40 154 3206 
150 9.50 154 1463 

45 1.19 154 183 
90 2.36 154 367 
90 3.57 154 550 
30 2.38 154 367 
30 2.38 154 367 

11.83 154 1701 754 
2.64 154 407 220 
3.13 154 482 144 
1.94 154 299 203 
1.48 154 228 148 
2.00 154 308 8 
0.44 154 88 33 

12.00 118 1302 300 

. Page 8 
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• 

Material Total Labo< 
k$ k$ m• 

1470 21882 41.2 

1510 21183 41.2 

• apeclftcally LSDT (03.2). 

1470 21182 41.15 

1510 21183 41.15 

D08 15228 23.41 

941 14521 23.41 

23.41 

13.87 
3.00 
3.17 
1.00 
6.50 
0.74 
9.74 

720 13510 

780 12180 

88 1243 
50 50 

2 167 
13 966 

1 40 
3 21 
3 28 

288 7237 
218 7237 
101 150 

7 630 

• 

ln1tallallon 
Rale Subtotal CODd. E""t 

kStm• kS k$ 

53 2188 2185 

53 2188 2185 

53 2118 2115 

53 2118 2185 

54 1213 1115 

54 1213 1115 

54 1213 1115 

747 1115 
71 213 60 
50 159 1000 
57 57 125 
49 319 

518 0 
53 516 

• • 

MUON SUBSYSTEM COST MATRIX llw 10 

Toollna Materlal1 To1al labor Material 1r_. .. d. e .... , 
k$ k$ k$ k$ k$ k$ 

1825 248 8228 44207 45238 4578 

1825 248 8228 43434 40005 4528 

1825 248 8228 41024 44184 4578 

1825 248 8228 40251 31151 4528 

1125 176 3741 23157 21339 2771 

1125 178 3749 23084 21106 2721 

1125 178 3741 2375 111 1185 

1125 ID 3141 142 357 1115 
0 76 349 213 86 60 

1000 4 2163 193 82 1000 
125 1 306 83 78 125 

6 327 353 111 0 
0 87 803 1533 454 0 

87 603 1533 454 0 

15218 11033 1588 

14445 7783 1538 

702 250 375 
0 50 0 

104 30 100 
542 117 275 

56 53 0 
377 111 0 
377 111 0 

7831 1450 300 
7831 1450 300 

85 153 0 
889 38 0 
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8/10/D2 

Totals 
Toolina Subtotal Con11n----- Total Lui 

k$ k$ Ra ta Amoun1 k$ k$ modified 

2801 98822 34% 32848 129670 10-Jun-92 

2851 90818 34% 30810 121426 10-Jun-92 

2801 12585 35% 32001 124586 3-Jun-92 

2851 88571 34% 20763 111341 5-Jun-92 

1131 54798 36% 10482 74260 3-Jun-92 

1881 48792 35% 17223 66015 5-Jun-92 

1125 5406 20% 1820 7116 3-May-92 

1125 3509 22% 718 4205 
0 359 17% 61 420 2-May-92 

1000 2275 23% 523 2798 2-May-92 
125 411 23% 95 506 2·May-92 

0 464 23% 107 571 6-Jan-92 
0 1987 42% 834 2821 
0 1987 42% 834 2821 6-Jan-92 

546 20283 35% 10207 39490 3-Jun-92 

508 24340 34% 8384 ,,, .. I 5-Jun-92 

200 1527 23% 347 1874 
0 50 15% 8 SB 13-Jan-92 
0 234 23% 54 287 2-May-92 

200 1134 23% 261 13941 2-May-92 
0 109 23% 25 134, 10-Jan-92 
0 488 42% 205 694 ' 
0 488 42% 205 694 10-Jan-92 

55 18836 38% 5188 22602 
55 18836 38% 5986 22602 

0 218 38% 83 301 23·Jan-92 
0 727 38% 276 1003 23-Jan-92 

• • ~ • 



) 

~ 
~ 

) 

Material 
k$ 

24 
125 

29 

332 
332 
101 

7 
24 

125 
75 

148 
148 
101 

7 
10 
5 

23 

181 
189 
101 
68 
0 

183 
163 
101 
82 
0 

so 
25 
25 
25 

) ) 

ln1tallallon 
Total lobar Rate Subtotol d. ~-

k$ m• k$1m' kS kl 

2339 
489 

3629 
0 

1803 
1803 

150 
630 

2339 
489 

2995 

3048 
3048 

150 
857 
730 
389 

1141 

1712 
1712 

123 
1839 

0 

1117 
1817 

123 
1574 

0 

214 
120 
120 

25 
24 
24 
24 
24 
0 

) ) 

MUON SUBSYSTEM C08T MATRIX R.., 10 111tll02 

t Toollnn Materla To11I Lllhor Material ""--d. Toollna 
k$ k$ k$ k$ k• k$ kS 

2259 88 300 55 
484 130 0 0 

4005 8021 0 0 
349 20 0 0 

7129 4081 250 105 
7129 4081 250 105 

65 153 0 0 
689 38 0 0 

• 2259 88 250 105 
464 130 0 0 

3303 3652 0 0 
349 20 0 0 

3120 1721 200 148 
3120 1726 200 148 

80 153 0 0 
668 10 50 0 
769 74 150 100 
484 10 0 0 

1493 1459 0 46 
349 20 0 0 

1714 sso 711 145 
1714 sso 711 145 

39 123 0 0 
1013 388 711 145 
862 39 0 0 

1843 509 711 145 
1843 509 711 145 

39 123 0 0 
942 347 711 145 
662 39 0 0 

774 848 0 0 
378 811 0 0 
378 811 0 0 
125 50 0 0 
39 5 0 0 
39 5 0 0 
39 30 0 0 
56 511 0 0 
77 10 0 0 

Page 10 

) ) ) 

Tota/a 
Subtotal Conti- Total Lut 

k$ Rate Amount k$ k$ modified 

2702 38% 1027 3729 22·Apr-92 
594 23% 137 730 22·Jan·92 

12026 36% 4329 16351 2-Jun-92 
369 31% 114 483 22·J•n·92 

11585 36% 4141 15705 
11565 36% 4141 15705 

218 38% 83 301 23·J•n·92 
727 38% 276 1003 23·Jan-92 

2702 38% 1027 3729 22.Jen-92 
594 23% 137 730 22·Jan-92 

6955 36% 2504 9459 5-Jun-92 
369 31% 114 483 22-Jan-92 

5812 38% 2142 8034 
5192 36% 2142 8034 

233 38% 86 321 24.Jen-92 
726 38% 276 100: 24..Jan-92 

1093 38% 415 1509 2-Jun-92 
474 23% 109 58: 24-Jan-92 

2998 38% 1139 4137 2-Jun·92 
369 31% 114 483 23-Jan-92 

3120 37% 1181 4281 
3120 37% 1161 4281 

162 23% 37 200 12-Jan-92 
2257 38% 858 3115 3-Jun-92 

701 38% 268 967 2·May-92 

3008 37% 1119 4128 
3008 37% 1119 4126 

162 23% 37 200 12-Jen-92 
2145 38% 815 2960 3-Jun-92 
701 38% 286 967 2-May-92 

1820 24% 315 2005 
187 22% 213 1200 
987 22% 213 1200 
175 15% 26 201 31·J•n·92 
44 23% 10 55 31-Jan-92 
44 23% 10 55 31-Jen-92 
69 23% 16 8! 31-Jen-92 

567 23% 130 897 3-May-921 
87 23% 20 1 O! 31-Jan-92 



~ 
C.11 

• 

Materl1I 
kS 

50 
25 
25 
2S 

0 

25 
25 
2S 

0 

0 

0 
0 

0 
0 

0 
0 

ln•l•llatlon 
Total labor Rate Sub1otel .,.. ... d. w. .. 1 

kS m• kS/m kS kS 

284 
120 
120 

2S 
24 
24 
24 
24 

0 

144 
144 

2S 
24 
24 
24 
48 

0 

190 

190 

0 
0 

0 
0 

190 
95 

• • • 

MUON SUBSYSTEM COST MATRIX llw to 

Toollnc Materla Total labor Material Cand. e--
k$ kS kS kS kS kS 

774 1018 0 
378 15t 0 
378 851 0 
12S so 0 

39 5 0 
39 5 0 
39 30 0 
58 751 0 

- 77 10 0 

311 235 0 
318 235 0 
12S so 0 
39 5 0 
39 5 0 
39 30 0 
79 135 0 
77 10 0 

2708 10523 0 

2708 9480 0 

1239 7898 0 
1231 7696 0 
1009 6703 0 

154 26S 0 
77 728 0 

1239 8833 0 
1239 8833 0 
1009 5703 0 
154 265 0 
77 665 0 

970 2552 0 
970 2552 0 
739 2181 0 
154 275 0 

77 116 0 

417 275 0 
241 135 0 
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8/111192 

Totals 
Toolln,, Subtotal Co n1•---- Total Lui 

kS kS Rate Amoun• kS kS modified 

0 1880 0 440 230t 
0 1227 22"" 288 1495 
0 1227 22% 288 14115 
0 17S 1S% 26 201 31-Jan-92 
0 44 23% 10 SS 31-Jan-92 
0 44 23% 10 55 31-Jan-92 
0 69 23% 18 85 31-Jan-92 
0 807 23% tee 093 3-May-92 
0 87 23% 20 106 31-Jan-92 

0 833 27% 172 808 
0 833 27% 172 806 
0 17S 15% 26 201 31-Jan-02 
0 44 23% 10 55 31-Jan-92 
0 44 23% 10 5S 31-Jan-92 
0 69 23% 16 es 31-Jan-92 
0 214 42% 90 304 31-Jan-92 
0 67 23% 20 106 31-Jan-92 

0 13229 40% 5281 18491 21-Apr-92 

0 12188 40% 4836 17002 21-Apr-92 

0 8935 40% 3574 12509 
0 8935 40% 3574 12509 
0 7712 "°"" 3085 10796 21-Apr-92 
0 419 "°"" 167 586 21-Apr-92 
0 805 "°"" 322 1127 21-Apr-92 

0 7872 40% 3149 11021 
0 7872 40% 3149 11021 
0 6712 "°"" 2685 939E 21-Apr-92 
0 419 "°"" 167 586 21-Apr-92 
0 742 "°"" 297 1039 21-Apr-92 

0 3522 40% 1409 4930 
0 3522 40% 1409 4130 
0 2900 "°"" 1180 4080 21-Apr-92 
0 429 "°"" 171 600 21-Apr-92 
0 193 "°"" 77 270 21-Apr-92 

0 772 38% 279 1051 
0 384 38% 139 522 31-Jan-92 

• • c • 



°' °' 

) 

Material 

kS 

0 

0 
0 

.. .. 
48 

0 
0 

48 
0 
0 
0 
0 

49 
0 

48 
0 
0 

48 
0 
0 
0 
0 

49 
0 

48 
0 
0 

48 
0 
0 
0 
0 

49 

) 

Total 
kS 

05 

., 
05 

7H 

708 

3H 
0 
0 

3H 
0 
0 
0 
0 

339 
30 
30 

319 
0 
0 

319 
0 
0 
0 
0 

339 
30 
30 

3H 
0 
0 

3H 
0 
0 
0 
0 

339 

) l 

ln11allatlon 
Labo< Rale Sublot•I 1r.-11d. Enn 

m• kS/m1 kS kS 

0 0 0 
0 0 0 
0 0 
0 0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 
0 0 

o.oo 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

) ) ) 

MUOll SUBSYSTEM COST MA TRIX Rov 10 

t Toolln~ Materla Total labor Material 1r: ... d. c.. .. , 

kS k$ kS kS kS kS 

172 125 0 
77 10 0 

241 140 0 
172 125 0 
77 15 0 

2381 2512 0 

"2311 2512 0 

0 0 1114 1258 0 
0 0 312 52 0 
0 0 382 52 0 
0 0 802 1204 0 
0 0 283 88 0 
0 0 35 8 0 
0 0 44 10 0 
0 0 44 10 0 
0 0 320 58 0 
0 0 28 418 0 
0 0 41 831 0 

0 0 1114 1258 0 
0 0 312 52 0 
0 0 382 52 0 
0 0 802 1204 0 
0 0 293 68 0 
0 0 35 8 0 
0 0 44 10 0 
0 0 44 10 0 
0 0 320 58 0 
0 0 28 419 0 
0 0 41 831 0 

0 0 1114 1258 0 
0 0 382 52 0 
0 0 382 52 0 
0 0 102 1204 0 
0 0 283 88 0 
0 0 35 8 0 
0 0 44 10 0 
0 0 44 10 0 
0 0 320 58 0 
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1110/02 

Tolall 
Toolln• Subtotal Co Tolal Last 

k• kS Raio Amoun1 kS kS modified 

0 297 '40% 119 416 31·J••·92 
0 87 23% 20 106 31-Jan·82 

0 381 36% 140 528 
0 297 40% 119 416 31-Jan-82 
0 92 23% 21 113 31-Jan-92 

110 5040 33% 1173 1712 3·Jun·92 

110 5040 33% 1873 8712 3·Jun·92 

10 2520 33% 831 3358 3·Jun·92 
0 434 28% 121 555 
0 434 28% 121 555 21·May·82 

10 2088 34% 715 2801 
0 361 28% 101 462 28·M•y·92 
0 43 38% 17 80 28-May-92 
0 54 38% 21 74 28·May·92 
0 54 38% 21 74 28·May·92 

20 398 38% 155 553 28-May-92 
30 475 34% 182 837 28-May-92 
30 702 34% 239 941 28·May·92 

10 2520 33"' 138 3358 3-Jun-92 
0 434 28% 121 555 
0 434 28% 121 555 28-May-92 

80 2086 34% 715 2801 
0 381 28% 101 482 28-May-82 
0 43 38% 17 80 28·May·92 
0 54 38% 21 74 28-May-82 
0 54 39% 21 74 28·May·82 

20 398 38% 155 553 28·May·82 
30 475 34% 162 637 28-May-92 
30 702 34% 239 941 28·May·92 

80 2520 33"' 136 3356 3-Jun-92 
0 434 28% 121 555 
0 434 28% 121 555 28-May.82 

10 2088 34% 715 2801 
0 381 28% 101 46l 28-May-82 
0 43 38% 17 80 28·May-92 
0 54 38% 21 74 28·May·92 
0 54 38% 21 74 28·May-92 

20 398 38% 155 553 28·May-92 



(j,) 
"1 

4 

Malerlal 
k$ 

0 

to 

to 

45 
45 

5 
t5 
15 
10 

45 
45 

5 
ts 
15 
10 

45 
45 

5 
15 
15 
10 

582 

• 

Tot1I Labor 
k$ mv 

30 0 
30 0 

HO 

880 

330 
330 

20 
110 
110 
81 

330 
330 

29 
110 
t10 
81 

330 
330 

29 
110 
110 
81 

8834 18 

17.74 

t2.13 
8.00 
1.58 
3.00 
2.25 
4.91 
4.91 

ln11111a1lon 
Rate Sub1otal 1:.nd, -nt 

k$1m1 kS k$ 

0 
0 

51 105 tooo 

$1 805 1000 

St 04 1000 
51 308 
50 71 tooo 
53 159 
49 1I0 
51 250 0 
51 250 

• 4 

MUON SUBSVS'IEM COST MAmllC 11 .. to 

Toollna Malerla Total Labor Mat•rlal :."ti. Eaot 
kS k$ k$ k$ k$ k$ 

0 0 26 4t9 0 
0 0 41 831 0 

t190 HO 0 

1190 HO 0 

5115 210 0 
5115 280 0 

39 10 0 
111 20 0 
1t1 20 0 

67 215 0 
248 15 0 

5115 210 0 
505 280 0 

39 10 0 
t 11 20 0 
1t1 20 0 
87 215 0 

248 15 0 

5115 210 0 
5115 280 0 

39 10 0 
11t 20 0 
111 20 0 
87 215 0 

248 15 0 

500 72 2477 13872 t74t0 1805 

500 72 2477 1313 419 1000 

soo 18 2170 740 185 1000 
7 313 329 48 0 

500 2 1581 102 41 1000 
4 163 182 43 0 
3 113 128 55 0 

0 56 308 144 234 0 
56 306 644 234 0 
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8/t0/112 

Totals 

' Tool/no Subtotal Con"- Total lHI 
k$ k$ Rate Amounc k$ k$ modified 

30 475 34% 182 837 28-May-02 
30 702 M'JI. 239 941 28-May-92 

0 1750 40% 700 2450 

0 1750 40% 700 2450 

0 875 40% 350 1225 
0 875 40% 350 1225 
0 49 40% 20 69 31-Jan-92 
0 131 40% 52 163 31-Jan-92 
0 131 40% 52 183 31-Jan-92 
0 302 40% t 21 423 31-Jan-92 
0 283 40% 105 368 31-Jan-92 

0 875 40% 350 1225 
0 875 40% 350 1225 
0 49 40% 20 89 31-Jan-92 
0 131 40% 52 t83 31-Jan-92 
0 131 40% 52 183 31-Jan-92 
0 302 40% 121 423 31-Jan-92 
0 263 40% 105 368 31-Jan-92 

0 875 40% 350 1225 
0 875 40% 350 1225 
0 49 40% 20 69 31-Jan-92 
0 131 'iO'J(, 52 183 31-Jan-92 
0 131 40% 52 183 31-Jan-92 
0 302 40% 121 423 31-Jan-92 
0 263 40% 105 368 31-Jan-92 

170 34057 36% 12166 46223 26-May-92 

500 3302 28"' 926 4221 

500 2425 23% 558 2983 
0 375 23% 88 461· 27.Jan-92 

500 t643 23% 378 2021 2-May-92 
0 225 23% 52 276 27-Jan-92 
0 183 23% 42 224 27-Jan-92 
0 878 42% 361 1246 
0 878 42% 369 I 246 27-Jan-92 

• • • • 



) 

~ 
co 

M•l•rl•I 
kS 

... 
83 
50 

2 
10 

1 
3 
3 

211 
211 
101 

7 
24 

125 
24 

111 
111 

75 

36 

30 
15 
15 
15 

15 
15 
15 

) ) ) 

lnttallatlon 
Tol•I Lobot Role Sub1otal l""• .. 11, EAftl 

kS mv kSlm• kS kS 

1822 

798 
50 

155 
539 

54 
225 
225 

3431 
3431 

150 
858 
978 
489 

1184 

840 
840 

75 
0 
0 
0 

885 

220 
110 
110 

15 
24 
24 
24 
24 

0 

110 
110 

15 
24 

) ) ) 

MUON SUBSYSTEM COST MATRIX Rev 10 

Toolln• Materla Tolal Labor M11erlal 1::11nd, Ennt 

kS kS kS kS kS kS 

7110 1154 710 

280 247 375 
0 50 0 

92 30 100 
98 114 275 
70 53 0 

•. 419 36 0 
499 36 0 

4311 3720 42 
4311 3720 42 

85 153 0 
889 10 28 

1239 82 14 
464 130 0 

1523 3345 0 
332 20 0 

1700 335 383 
1700 335 363 

125 100 0 
125 15 0 
125 15 0 
63 10 0 

801 156 363 
662 39 0 

820 1218 0 
410 IOI 0 
410 I08 0 
125 40 0 
39 2 0 
39 2 0 
39 27 0 
56 533 0 

111 4 0 

410 ... 0 
410 IOI 0 
125 40 0 
39 2 0 

P-14 

) ) ) ) 

1110/91 

Tota11 
Toollnn Subtotal Conti-- Total LHl 

k• k• Rot• Amount. kS k• modlllod 

us 14211 35% 4173 11281 

200 1082 23% 245 1326 
0 50 15% 8 68 13-Jan-92 
0 222 23% 51 273 2·May·92 

200 687 23% 158 845 2·May·92 
0 123 23% 28 151 10.Jan-92 

75 610 42% 258 887 
75 810 42% 258 887 10.Jon-92 

0 1073 37% 2154 11027 
0 1073 37% 2154 11027 
0 218 38% 83 301 2·May·92 
0 727 38% 276 1003 23·J•n·92 
0 1315 38% 500 1815 2·May·92 
0 594 23% 137 730 22·Jan·92 
0 4868 38% 1850 8718 2·M•y·92 
0 352 31% 109 480 22·J•n·92 

80 2488 34% 152 3339 
90 2488 34% 852 3339 

0 225 15% 34 259 31·Jan·92 
0 140 23% 32 172 31·Jan-92 
0 140 23% 32 172 31 ·Jan·92 
0 73 38% 28 100 31 ·Jan-92 

90 1210 38% 480 1669 3-Jun-92 
0 701 38% 266 96: 2·May·92 

0 2038 33% 688 2701 
0 1018 33% 333 1351 
0 1018 33% 333 1351 
0 185 15% 25 190 31-Jan-92 
0 41 23% 10 51 31.Jan-92 

0 41 23% 10 51 31-Jan-92 

0 68 23% 15 82 31.Jan-92 

0 589 42% 247 836 3-May-92 

0 115 23% 28 141 31 ·Jan-92 

0 1018 33% 333 1351 
0 1011 33% 333 1351 
0 185 15% 25 190 31 ·J•n·92 
0 41 23% 10 51 31-Jan-92 



~ 
~ 

c 

Material 

kS 

0 

0 
0 

0 
0 
0 

0 

49 

49 
0 
0 

49 
0 
0 
0 
0 

49 
0 

25 

25 
25 

0 
0 

Total 
kS 

24 
24 
24 

0 

t19 

0 
0 

t19 
24 
24 

.. 
95 

399 

399 
0 
0 

3U 
0 
0 
0 
0 

339 
30 
30 

415 

495 
405 

0 
232 

• 

ln1tallallon 
Labor Rale Subtotal C.ad. -nr 

mv kflm kS kS 

0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 
0 0 

c c 

MUON SUBSYSTEM COST MATRIX Rr1 tO 

Toollna M•l•rla Tolal Labor Marerlal ,, ... d. ~ .. , 

kS kS kf kS kf kS 

39 2 0 
39 27 0 
58 533 0 

t1t 4 0 

2716 0874 0 

231t 9028 0 
231t 1028 0 
l078 5782 0 

847 2077 0 
354 737 0 
102 105 0 

0 325 0 

4t5 848 0 
133 537 0 

58 533 0 
77 4 0 

213 111 0 
172 107 0 
111 4 0 

1184 1258 0 

0 0 1184 t256 0 
0 0 382 52 0 
0 0 382 52 0 
0 0 802 1204 0 
0 0 293 88 0 
0 0 35 8 0 
0 0 44 to 0 
0 0 44 to 0 
0 0 320 58 0 
0 0 28 419 0 
0 0 41 631 0 

111 507 25 

118 507 25 
118 507 25 

t& 7 0 
382 1 t 1 25 

Page t5 
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81111192 

Torall 
Toollnti Subtotal Total laat 

kS k$ Rate Amount. k$ kS modified 

0 41 23% to 51 31-Jan-92 
0 86 23% 15 82 31-Jan-92 
0 589 - 247 836 31-Jan-92 
0 115 23% 26 141 2-0ec-91 

0 12470 311% 4855 17325 21-Apr-92 

O· tt407 40% 4583 t5970 
0 11407 40% 4583 15170 
0 6880 40% 2744 9804 21-Apr-92 
0 2924 40% 1170 4094 21·Apr-92 
0 1091 40% 436 1528 21 ·Apr-92 
0 207 40% 83 289 21-Apr-92 
0 325 40% 130 455 21 ·Apr-92 

0 to83 27% 212 1355 
0 670 23% 154 824 
0 589 23% 135 724 31-Jan-92 
0 81 23% 19 9! 31..Jan-92 

0 304 35% 138 532 
0 279 40% 112 391 31.Jan-92 
0 115 23% 28 141 31 ·Jan-02 

80 2520 33% 838 3356 3-Jun-92 

80 2520 33% 836 3356 3-Jun-92 
0 434 28% t 2t 555 
0 434 28% 121 555 28·May-92 

80 2086 34% 715 280t 
0 361 28% 101 482 28-May-92 
0 43 39% t7 80 28·May-92 
0 54 39% 21 74 28-May-92 
0 54 39% 2t 74 28-May-92 

20 398 39% 155 553 28-May-92 
30 475 34% t62 637 28-May-92 
30 702 34% 239 94t 28-May-92 

25 1475 311% 578 2052 

25 1475 311% 576 2052 
25 t475 311% 576 2052 

0 23 40% 9 33 2-Doc-91 
25 543 40% 217 780 2-Dec-91 

c c c c 



) 

'1 
0 

M1t1rial 
kS 

15 
10 

) 

Total 
k$ 

181 
81 

) ) 

ln11allallon 
labor Rate Subtolll r-d. E .... , 
mv kStm• kS kS 

) ) ) 

MUON SUBSYSTEM COST MAlRIX Rev 10 

Toolin1 Material Total labor Material ---d. ~ ... 
kS kS kS k$ k$ k$ 

355 170 0 
87 215 0 
79 4 0 

3216 435 0 
1483 150 0 
183 45 0 
387 90 0 

•· 
550 90 0 
387 30 0 
387 30 0 

1711 754 0 
407 220 0 
482 144 0 
299 203 0 
228 148 0 
308 8 0 
88 33 0 

1392 300 0 
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11111192 

Toralt I 

Toolln" Subtotal ' Total I Last 
ks kS Rate Amount k$ k$ ' modified 

0 525 «>% 210 735 2·Dec-91 
0 302 «>% 121 423 2·0••·91 
0 83 23% 19 10 2·0••·91 

0 3731 10% 373 4104 
0 1813 10% 181 1774 27-Nov-91 
0 228 10% 23 251 27·Nov·91 
0 457 10% 46 50: 27·NOV·91 
0 640 10% 84 704 27·NOV•91 
0 397 10% 40 436 27-Nov-91 
0 397 10% 40 436 27·NDY•91 

0 2545 20% 509 3054 
0 827 20% 125 752 31-Jan·92 
0 826 20% 125 751 31 ·.!an-92 
0 502 20% 100 60! 31·Jan·92 
0 378 20% 75 451 31-Jan-92 
0 314 20% 83 377 31·Jon·92 
0 101 20% 20 121 31.J•n·92 

0 1692 20% 338 2030 31-Jan-92 



M_, Soborotem Cott Summaiy • Rov. 1 O (wlo chombef eloc:tronlca) 8110/92 

Y.JhS No. I llem I Engrg/De1ignL_M&S __ :tifl!plAdmillIJiotoria1!__] _ Aaaembly i 1nstallatlon I Equipment I Sub-101aiTConllnaenCv -I Total 

-- ·-
___ (·3__.1) ITot•I• • POT r 10.1111 3,0351 10.5011 21.211 \ 18.218\ 2.411\ 7.377\ 72.111 23.302\ 18.282 

--=-:- ('3.2j__J:ro_tell • [SDT T 10.117 3.033 10.474 17.0031 _ 17.SH\ 2.4111 7.3771 u.0111 21.4811 at.sos 
l ___ 

4.433 0.962 3.923 14.04S 12.936 1.439 4.602 42.34 14.479 56.819 

_ 03. 1. ~ .. 'd lns1allaOon 0.801 0.075 0.221 0.56 0 1.439 2.31 5.496 1.62 1.116: 
O~J 1.1 2 - Sedor Assembtv 1.668 0.408 2.822 10.805 11.4!8 0 2.132 29.283 10.207 39.49 

i in 1 1 2-:3: .. POT CiiambOni 0.332 0.086 0.904 8.078 6.882 0 0.355 16.637 5.9_66 22.603 I 
in 1 1 2 •' RPC cmi~~ --

0.332 0.089 0.934 1.491 2.7 0 0.346 5.8_92 2.142 8.034 
! I --

1••1125~ ~ructure 0.555 0.072 0.422 0.292 0.906 0 0.856 3.103 1.161 4.264 

I 
1i:t t 1 2.6; Ahgnm~_I ____ 0.153 0.112 0.407 0.68• 0.264 0 0 1.62 0.385 2.005 

t1:1 1 1 J I ElectroniCS 0.153 0.075 0.154 0.2 O:!~ 0 0 O]I~ 1-- 0.279 1.051 
' 0.1 1. 1 4_ _ __(~_§~tams 1.257 0.334 0.57 2.08 0.638 0 0.16 5.039 1.673 ___ 6J_12 

t--·--·--
03.1.1.5 _ Cooling s-1ema 0.464 0.07 0.156 0.4 0.66 0 0 1.75 0,7 2.45 .. -

c_"!!ir.ii-ROjilon • LSDT 
--- ----··· -----. 

___ OJ 2. __ 1 _ 4.433 0.98 3.889 9.937 12.236 1.439 4.602 37.396 _ _!_2.666 50.062 
_03 2.1.1 lns1a11atton 0.991 0.075 0.221 0.56 0 1.439 2.31 5.496 1.62 7.11~ 
_0_3.2:_~_.2_ - Sector Assemruv 1.668 0.406 2.788 6.597 10.748 0 2.132 24.339 8.394 32.733 
__ 03,2.12.3 LSDTdlamban 0.332 0.086 0.882 3.663 6.248 0 0.355 - 11.56~ 4.141 15.707 

03.2.12.4 RPCdlambera 0.332 0.089 0.934 1.491 2.7 0 0.346 5.892 2.142 8.034_ '11 =~03:2.12.5 SINC1ure 0.555 0.089 0.422 0.292 0.906 0 0.856 3.12 1. 161 4.281_ 
~ ___ _!)32.1.2.6 A-ment 0.153 0.112 0.407 0.684 0.264 0 0 1.62 0.385 2.00~ 

-~3.2.1.3 Eloc:tronlca 0.153 0.075 0.154 0.2 0.19 0 0 0.772 0.279 1.051 
03.2.1.4 Gu Su.rems 1.257 0.334 0.57 2.08 0.638 0 0.16 5.039 1.673 6.712 
03.2.1.5 Coollna svs1em1 0.464 0.07 0.156 0.4 0.66 0 0 1.75 0.7 2.•5 

Q~.1.2 End r:.- MAIWVI 2.501 0.584 3.289 7,166 5.36 0.977 2.775' 22.652 7.603 30.255 
03.1.2.1 Installation 0.297 0.036 0.182 0.311 0 0.977 1.5 3.303 0.926 4.229 
03.1.2.2 Sedor Assam""' 1.341 0.332 2.26 4.734 4.477 0 1.145 14.289 4.973 19.262 

--=-03.1.22.3 csc dlaml>e19 0.332 0.086 0.864 3.353 3.397 0 0.042 8.074 2.954 11.028 
___ 03:1.2.2.4 Structure 0.555 0.14 0.768 0.084 0.487 0 0.453 2.487 0.852 3.339 

_ O.:l_1.2.2.51-- ~~_ign_ment 0.157 0.074 0.473 1.112 0~22 0 0 2.03~ 0.666 2.702 
03.1.2.3 Electronk:a 0.155 0.017 0.142 0.631 0.119 0 0 1.064 0.292 1.356 

=.__ 03. _1 :2 ... = -~-S-~i!.!~~ 0.629 0.167 0.285 1.04 0.319 0 0.08 2.52 0.836 3.356 
03.1.2.5 Coolina Svstems 0.o79 0.032 0.42 0.45 0.445 0 0.05 1.•76 0.576 2.052 -----· 

--·--
!Pro"""' Mamt. 0 0.435 3.296 0 0 0 I 3.7311 0.3731 4.10~ 03.1.3 

~ I I I 

l~R&O 1.791 0.754 0 0 0 0 l 2.5451 0.5091 3.054 
I 

2 3 c°""""' Delia• 1.392 0.3 0 0 0 OI I 1.6921 0.3381 2.03 

4 4 4 • • • • • • • • 
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Muon Subsystem Barrel Assembly • LSDT 
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Muon Subsystem Barrel Assembly - LSDT 
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• LSOT chambers 
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WBSNo. 

----
_(:3ill_ 

1·3.21 

_0_3.1.1 
03.1.1.1 
03.1.1.2 

,_()_3.1.1.3 
03.1.1.4 
03.1.1.5 

-~3~2;!__ 
_03.2.1.1 

03.2.1.2 
03.2.1.3 
03.2.1.4 
03.2.1.5 

03.1.2 
03.1.2.1 
03.1.2.2 
03.1.2.3 
03.1.2.4 
03.1 .. 2.5 

03.1.3 -. 
-··----

13 

-· 
--~-3 

) ) 

llam E -· -
Tolalt • PDT 14.1' 

Tololo • LSDT 14.1' 

Central R8jjion - PDT 1.015 
Installation 0.191 

Sector AsMmtw 1.818 
Elec-onic9 1.785 

Gas s-1ems 1.257 
Coolina SYBlenw 0.414 

~~~r8:1_ Reg~ _:_!~OT 8.085 
Installation 0.8111 

Sector Asse- 1.888 
Elaclronlcs 1.785 

Gu:-.v.lemS 1.257 
CooHna Svolenw 0.484 

End 4.882 
fnetelation 0.297 

Sector 1.341 
Elec-lca 2.538 

Gas Suewms 0.129 
Coon~ s-terr. 0.071 

Proiect M-t 0 

R&o 1.791 

Conceal Dasi- 1.312 

) ) ) ) ) ) ) ) 

M- Bllbeyalom Cott S<lnmlry • RH. 10 (with oloctronlca) 8110/82 

M&S lnoe/Admln Matortalo A•Hmblv ln1t1llatlon EaulDment Sub· total Conllnoency Tolal 

1,115 11.081 37.405 11.211 2.411 7,377 H,825 32.847 129_,8~2 

1.113 11.052 32.134 17,591 2.411 7,377 10.818 30,801 121.ol_2.? 

2.507 4.501 22.748 12.138 1.439 4.602 54.798 19.481 74_,~5_9 -· 0.075 0.221 0.58 0 1.439 2.31 5.498 1.62 7.116 
0.408 2.822 10.805 11.448 0 2.132 29.283 10.207 3.9. 4_9 

1.82 0.732 8.903 0.19 0 0 13.23 5.281 18.491 
0.334 0.57 2.08 0.138 0 0.16 5.031 1.873 6.712 
0.07 0.158 0.4 0.88 0 0 1.75 0.7 2.45 

2.505 4.417 17.477 12.231 1.431 4.802 48.791 17.223 88.014 

0.075 0.221 0.58 0 1.439 2.31 5.498 1.82 7 .116 
0.408 2.788 1.597 10.748 0 2.132 24.339 8.394 32.733 

1.12 0.732 7.84 0.19 0 0 12.187 4.838 17.003 
0.334 0.57 2.08 0.138 0 0.18 5.039 1.673 8.712 

0.07 0.158 0.4 0.81 0 0 1.75 0.7 2.45 

2.119 3.289 14.857 5.31 0.977 2.775 34.051 12.188 48.225 
0.036 0.182 0.311 0 0.977 1.5 3.303 0.926 4.229 
0.332 2.28 4.734 4.477 0 1.145 14.289 4.973 19.262 
1.552 0.142 8.122 0.119 0 0 12.,71 4.855 17.328 
0.117 0.285 1.04 0.319 0 0.08 2.52 0.836 3.356 
0.032 0.42 0.45 0.445 0 0.05 1.476 0.576 2.052 

0.435 3.216 0 0 0 3.731 0.373 4.104 

0.754 0 0 0 0 2.545 0.509 3.054 

0.3 0 0 0 0 1.892 0.338 2.03 

( 
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GEM DETECTOR LAYOUT 
WITH SCINTILLATOR CALORIMETER 
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Operation 96 97 98 I 99 Remarks 

Preparation of the outside ground - - . " I._, .. " IJ r ... " ... 1• J A s 0 ti ll IJ F M A M J 
'J IA s 0 .. u J F M Starting 6 months after the last vacuum .... 

vessel fabrication - Estimated handicap Barrel wheel structures - Inner wheel 

I 
7 months to weld/fix the sub components 

Middlewheel ---------1-
of the 2 barrel wheels - Outside 

Oulerwheel ------ 7 months to weld/fix the sub components 
Endcap structures - - - - - - - - i ot the 2 Endcap wheels - Inside 
Barrel wheel 1 slruclure inside - - - ,_ - I- --' Cl Latesl finish May 97 but could be 
Barrel wheel 2 structure inside - - - r- - r- -1- - --r- c October96 
Barrel structure 1 and 2 Cleaning - - • I-• r- - ·-,_ 

~ 

Machining ---------- ·- ·- I- - I-. ,_ ,... ,..... r- Machining of the µ chamber fixation 
Barrel wheel 1 and 2 
Chamber installation Inner - -;- - - - ·-,_ ,_ 

-- -=r 
I-. I- -r- ..... 

Middle -----------·- 1-
,_ ·- ·- !- • I- - I- 1 day I chamber but simultaneity 

Outer ------------,_ ,_ ,_ -·- !- - ,.. -,... r- . -Barrel wheel 1 and 2 
Last tension rods - - - - - - - - ,_ -- I- - . - - - r--- r- - ....... Middle chambers installation 
Install chambers protection· - - - ·- . -r- ,.. . ,.. ... ,_ ,_ r . ... 
Prepare to rotate ·-------· r- 1-1- ·- ·- ·- . -,.. . ~ 
Endcap cones 1 and 2 1 day I chamber but simultaneily 
Chamber installation - - - - ,_ ,_ 1-r-r 
Endcap cones 1 and 2 
Prepare to rotate-------- 1- '" •• I-. -· r- -~ -r-
Endcap cones 1 and 2 
Rollout-Rotation ------ . -... ,... r- r- - +-
Barrel wheel 1 and 2 - Roll out 

1,5 month for the handlings Rotation - Endcap cones installation • 
Roll In - Inspection -------- ,... - -· - - - - ·- -·-.... ... 
Big wheel 1 and 2 
Install Alignment stand - - - - - - -- - ---- - . --· -· - - - - -,... . 
Big wheels - Piping + Cabling - - - · -· - - - - - -- - -- >- - - -
Big wheels - Gas + Electronic tests --- - - - - - - -- - r- - -'- - - - --.... 
Big wheels • Sub-global alignment - -- - - - -- I- - I- --- - - - - - 5 months 
Underground preparation - - - - - . -... -· -· I-· ,... I- I- - - - - -r- I- • - - - I- --1-- Rails + position of the magnet 
Big wheels 1 and 2 - Installation 
Roll out ----------- ·- -- . _,_ - ,... -- - - ·-·- - - -·- - .. I-. - - ,.... - '- -
In Magnet ----------1- ,- ·- ·- r- r· r· r-. r- - - - ,_ ·- ·- ·- I- - 1-- - 1-- ---I 
Piping+ Cabling - - - - - - - - - ·- - - .. - - - ... - I- --1- - - - - --- I- - 1--

Gas + Electronic tests - - - - - - ,... I- - - - r- - ·- ,_ - - - . -I-. .... ,_ :- -- - 1-1- - -,__, 
Global alignment - - - - - - - - 1- - - -- -r- .. - . -· - -- - ,_ - -- --- I- - I- • --1-- I- --· 3/9/99 PRD/JPA 

6.9.92 

Some operations could appear short but we started with 6 months of estimated handicap 
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DETECTOR OPERATIONS 
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INSTALLATION SHAFT---~ 

GAS MIXING BUILDING ----~ 
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MAGNET ASSEMBLY BUILDING 

~--- COIL WINDING BUILDING 

HARDSTAND ASSEMBLY AREA 
... FOR FORWARD FIELD SHAPERS 
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INSTALLATION SHAFT 
WITH SHIELDING 

--- INSTALLATION 
SHAFT COVER 

EQUIPMENT 
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UTILITY BUILDING 
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ADVANTAGES 

• Alignment at design orientation 
• From the interaction point 
• Effect of the magnet deformation corrected 

• Installation in the experimental hall in 2 weeks 
• Not included gas+electr.connections 
- Not included final alignment 

BIG WHEEL 

- General schedule improved - Muon people downstairs 
only some weeks instead of some months 

- Muon assy bldg required only for chamber storage + 
gas and electronic tests • Size reduced 

- No module storage required 
- Big wheel fixed at the most stable points of the magnet 
- Local schedule improved :Possibility to install µ 

chambers at different place in the same time 
- Fabrication cost reduced - Comparison to;it'modules ,,. 

DISADVANTAGES 

• No prototype 
• No way to remove any chambers (barrel or endcap) 
• Price of the big outside crane to rent 
• All the chambers must be install in 4 months (4 places) 

• Storage and tests to be re-evaluated 
- Fabrication planning 

UNKNOWN' 

• Effect of the rotation 

- ouelL \!I l\ ~~\>.I.+-, ,..,k ~. o v ~ •} h ~I." N,_.,,-1-

CONCLUSION Faisability study to be done in 2months max. 

• • c c • • • • 

PRD/JPA 
6/8/92 

• • 
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Action Item# 
(5/20 mtg) 

5-20-1 

-7 

~ -- n 
- -- -

5-20 3 

These Items 
connected 

5-20 4 

~ 

5-20-5 

5-20-6 

) ) ) ) ) ) 

Action Items, Muon Eng Status Meeting-update 6/10/92 

Action Item Assignee Due Date 

We need lnlerface drawings specifying stay-clear regions F. Nlmblett TBD 
between magnet and support structure and calorimeter. 6/3 
Drawings are also needed to specify the chamber mounting 
concept. What support structure Is needed for the barrel 
(graphite frame as envisioned fol the RPC.) 

II was suggested that the bat'rel ehambeF een!iguFatien A. Ke11delee11 Sn-1 
be ehanged le 4:8:4 ler eosling. l'he reselulien 
perfermaAee wlll else have le be evaluated ler this 
eo11flg uralle11. 

The details of the chamber coverage needs to be worked out F. Nimblett 5/27 
in the region between sectors. For the PDT's, how many 
tube layers wlll there be In that reqion, and what is the 
dead space? For the LSDT's, what is the dead space In that 
region? 
We need blow-up drawings of this corner, indicating the 
attachment of the chambers and the dead space. 

We need le get the defleetlo11 speeifiealie11 ef the ef'jestat. F. Nimblett sna 
Hew mush eut el round, stability of the length el !he 6.f3 
mag11et ...... S11gge&1 !hat the requested i11lermalie11 be 
written 111 a meme 1111d sent le Mi11e Harris, Lio;ermere, 
Mi11e Malll 

Are there any struetural members in the present spaee M. Furey Sn-1 

frame design whleh bare 11e load? 

Reaction to Jacques Pier-Amory's proposal for A. Kondoleon 

installation of chambers. Practical?, Cost effective? 

Page 1 

) ) ) 

Notes 

Nlmblett to generate a list 
of required Info. Letter to be sent 
on 5128 to Harris/Sanders. 
Reqest info available 613. Som 
info sent. On-going to TOR. 

Cemplete 

In process-Kelsey to provide 
drawings 

9ralt le be presented 5/21. le 
be sent en 5/28. Info needed 
3-Jiffl 

~le11e. Cemplete 

On-going 
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Action Items, Muon Eng Status Meeting-update 6/10/92 

Action Item# 

5-20-7 

5 29 8 

5-20-9 

5-20-10 

5-20-11 

Action Item Assignee 

Whal savings wlll result from construction of the FFS I J. Sullivan 
using non-tapered Iron plates? Whal is the results of the 
resolution, L-angles, nonuniform magnetic field? 

We need le re\•iew the need fer ram9'1i11g el!ambers? 
Sheuld this be a design geal? 'A'hal is the asseeiated-oost 

1 te build In this leatuFe? 

Fer alignment, there Is a need le speeify the dynamie 
range needed !er the straightness menilers. Phelepels may 
net we~1 In the B field. ~leed anether leehnelegy. 

A deelslen has le be made seen about what alignmefll 
appaFalus we sheuld hiwe !er the TTR this summer. The 
May 22 meeting sheuld feeus en this Issue. 

Ao-KOAdeleoo 

J. Paradise 

J Paradise 

The leehnelegy prapBAenls are requested le supply--t1pdaled I R.-Guslavsell 
east infermatien by May 22. May 27 is the deadliAe-by 
whieh infe has le be sent le SSGI 

5-20-12 IA need has been lndieated fer a master erganizaliooal 
ehaFI fer the Muen sub s•1slem. ~akef 

Page 2 

c • c c • • 

Due Date 

TBO 

:i:B9 
8+6 

5-1-H 

5-1-H 

5-1-H 

5-1-H 

Notes 

On-going. II appears manufactorlr 
requires taper. 

Fer GSG mandatory. Depends 
upon leehnelegy. Diseussiens 
al muen mtg en 615; YES 

Diseussiens en gelng w/SDG 

I 2mm dynamie raange el the 
quad eell baseline. 

Per FET, this aelien will enly be 
a transfer el inlermalien. 

Completed 

1st Draft de laved le lellewiflg 
8+6 lweel1. Latest •1ersie11 shewn al 

mlg • 6.'19. h.vail llarris' 
1 raspense. 

• c • c 
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Action Items, Muon Eng Status Meeting-update 6110/92 

Action Item# 
(5-27 mtg) 

6 27 1 

5-27-2 

•••••••••••• 

Action Item Assignee 

PrBllide draft IA1n1I le TRE) J. Paradise 

Provide baseline drawing of alignment concept. Determine IJ. Paradiso 
quantization . 

(6-10 mtg) )FolloWlng A/11 are due post PAC mtg; allow approach for mtg to proceed. 

6-10-1 

6-10-2 

6-1 0-3 

6-10-4 

Evaluate feasibility of improving theta acceptance for the IJ. Kelsey 
LSDT chamber option. 

Chamber end gap=150mm. Send letter to Harris with copieslF. Nimblett 
toMarx, Deis, Johnson, Pohlen to voice concern over this and 
recommend that the gap stay where it is at a minimum 

Explain rationale for selecting a 16-fold symmelry. F. Nimblell 

Lener Marx to indicate concern over the approach of splilli~ F. Nlmblell 
up the muon system and promoting a scenario which takes the 
whole endcap moun system out with the FFS, perhaps 
even permanently allached to the FFS. 

Page 3 

Due Date Notes 

6-12-9 Cemplele 

PAC mtg On-going 

Post PAC IL. shape structural support piece 
meeting is in the way. Make ii smaller am 

if possible, a better Iii with the 
space. 

Post PAC 
meeting 

Post PAC 
meeting 

Post PAC 
meeting 

) 


