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Abstract: 

Agenda, attendees, and transparencies of the GEM Muon 
Engineering Status Meeting held at the Massachusetts Institute of 
Technology on July 13, 1992. Agenda items are: Comments; Draper 
Overview/PAC Deliverables; Selection Criteria/Barrel Structure; CSC in 
the Barrel; Alignment (Local) Update; Barrel CSC Alignment; Engineering 
Update at Draper; Efforts at Dubna; and Discussion/Action Items. 



AGENDA 

GEM MUON ENGINEERING STATUS MEETING 

9 JULY 1992 

MIT 

SUBJECT 

1 :30 COMMENTS 

1 :40 DRAPER OVERVIEW /PAC DELIVERABLES 

1 :45 SELECTION CRITERIA/BARREL STRUCTURE 

2:00 BARREL STRUCTURE/BIG WHEEL 

3:00 BREAK 

3: 10 CSC IN THE BARREL 

3:45 ALIGNMENT (LOCAL> UPDATE 

4:15 BARREL CSC ALIGNMENT 

4:45 ENGINEERING UPDATE AT DRAPER 

5: 15 EFFORTS AT DUBNA 

5:35 DISCUSSION/ACTION ITEMS 

6:00 ADJOURN 

(' 3 

PRESENTER 

F. TAYLOR 

H. BAKER 

F. NIMBLETT 

J. POHLEN & 
J. PIER-AMORY 

J. PIER-AMORY 

J. PARADISO 

6. MITSELMAKHER 

F. NIMBLETT 

I. GOLUTVIN 

ALL 
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Frank Taylor/MJ.T. 
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F. Taylor July 9, 1992 

Mechanical Engineering Issues: 

(1) Chamber coverage 

what to do about 30 degree region? 

suggest that we adapt projective geometry in barrel 

membrane interference? 

gusset interference? 

(2) . Support structure philosophy 

big wheel ? 

individual sectors ? 

Need a set of criteria to decide 

(a) Has to be stable versus sagitta measurement. 

(b) Costs, installation, staging, etc. 

Decision by September so that we can focus our efforts. 

Would like this meeting to discuss item (2). 

Update of item (1). 
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Memo from Mike Harris to Frank Taylor 
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Memorandum 

To: Frank Taylor 

From: Mike Hanis 

Subject: Muon Facilities 

Date: July 8, 1992 

Superconducting Super Collider Laboratory 
2550 Beckleymeade Avenue, Mail Stop 2005 

Dallas TX 75237-3946 
(214) 708-6325 

Fax: (214) 708-6088 

~ 

Physics Research Division 
GEM Project Office 

I wish to confurn the agreement reached in last Friday's muon meeting where the muon 
facilities requirements must be fully defined before September, 1992. This may be a 
difficult task because the chamber technology may not be chosen at that time but, Title 1 of 
the remaining surface facilities must start the beginning of September. 

There are, at the moment, two structure options for supporting the chambers; modular or 
monolithic. The latter option may be assembled in the magnet assembly building starting 
April, 1996. The modular option may require additional facilities because of an earlier 
assembly starting late in 1995. This option also requires a large amount of storage space. 

I request that you give these points some consideration and strive to obtain consensus 
during the next seven weeks which option is preferred by the muon group. 

MH/lhb 

cc: Howard Baker 
Barry Barish 
Michael Marx 
Frank N°lffiblett 
JoePohlen 
Tom Prosapio 
Gary Sanders 
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ITEM 

MUON SYS DESIGN 

MUON SYS AUGN/LCL 

COST BOOK UPDATE 

Status of Draper PAC Deliverables 7/9/92 

SUB ITEM STATUS COMMENT 

Al DETAILS OF S. STRUCTURE 
1) 3-DIMEN. DAWS/MOD W/CHAM. COMPLETE INCLUDES BOTH BARREL & END CAP 

Bl DETAIL OF JOINTISI 
1l 3-DIMEN DRWISI OF 1 JOINT COMPLETE REP JOINT IBARRELl AT OUTER RADIUS 

Cl DETAILS OF STRUCTURE ATIACH TO MAG 
11 LOCAL COMPLETE 

2lGLOBAL . COMPLETE END VIEW-BARREL 

DI DETAILS OF INTERFACE HDWRE-CHAM/SS 
11 CHAM END W/AUGN HDWRE COMPLETE 

21 CHAMBERS IN STRUCTURE COMPLETE 
31 COVERAGE IN THETA AND PHI COMPLETE 

41 MODULE INSTALL PROCESS COMPLETE BARRELAND END CAP 

El STRUCTURAL ANAL VSIS COMPLETE BARREL/ENDCAP 

Fl INDIVIDUAL MODULE CONCEPT/BARREL COMPLETE 

Al PROPOSE ALIGN SCHEME/ANAL VSIS COMPLETE ON-GOING EFFORT 
Bl !DENT. SPACERS FOR MONIT CHAM SPAC. COMPLETE ON-GOING EFFORT 
Cl DEFINE ALIGN LOS, CLEAR.FIX LOCS, ETC COMPLETE ON-GOING EFFORT 

REV 11 PRESENTED ON 6/23 



Frank Nlmblett/Draper 
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Frank Nimblett 
Draper Laboratory 

09July1992 

Muon MODULE vs The BIG WHEEL Concept 

• Module Good Points 
• Concept of build, align, store and install proven at CERN (L3) 
• General concepts of compensation and easily applicable to Module 
• Physical Size is ONLY the size of a mobile home! 
• Access of personnel to portions of the module via simple staging, or 

suitable lifting devices appears best with a module concept . 
• Opportunity for consistent assembly process with compenstion for 

structural defonnations exists. 
• Verification of alignment is accomlished by rotating module to the 

final orientation relative to gravity. 
• Potential for learning curve improvements for production seems high. 
• Actual mounting hardware can be used to maximize confidence in the 

validity of the alignment process. Fixturing appears relatively simple. 
• Use of cosmic rays for verification of operation and alignment also 

exists if straight-line monitors have adequate range or if adjustments 
can be easily made to bring them temporarily into range.(horizontal or 
near horizontal placement of the chambers is a benfit for this 
operation). 

• Cabling and Plumbing operations seem relatively easy for the module. 
• Option of removing an individual module exists for either barrel or 

endcap. 

• Module Bad Points 
• This concept needs a special building "Muon Assy Building" plus 

storage space equivalent to the Magnet Assy Bldg. and the Magnet 
Coil Assy. Bldg. 

• Assembly schedule is currently setup to be finish as the last module is 
needed for installation to limit the storage capacity needs. Additional 
off-site storage could solve that problem. 

• Installation time appears very tight for both the barrel and endcap 
assemblies! 

• Endcap Installation still requires the joining of 16 modules per end 
into a "space-frame" structure. Unkown procedure to assure endcap 
alignment, but accessibility to endcap is quite good in comparison to 
the barrel region. 

• Chamber storage prior to installation is a problem for this system and 
the BIG WHEEL. 

19 
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• BIG WHEEL Good Points 

• The ability to build one monolythic support structure for either the 
barrel or the endcap should maximize coverage of the selected region 
by minimizing material (no double dipping!) 

• The BIG WHEEL does only need the "Modified Magnet Assy. 
Building for assembly. 

• Installation time should be shorter than for the module. 
• Coordnation of installation with other subsystems should be easier due 

to the shorter time required. 
• Simple support system, duplicated prior to installation is a good 

feature, but doesn't appear better than than that offered by the 
individual module concept. 

• BIG WHEEL Bad Points 

• The size of this rather delicate asssembly is that of the magnet half for 
the barrel region. 

• Assembly sequence of vertical installation of chambers following by 
the rotation of the entire assembly to axis horizontal places additional 
demands on chamber interface axial restraints. 

• This· rotation from vertical to horizontal appears risky and will 
certainly require some substantial fixturing and places additional 
demands ont the support structure. 

• The physical act of aligning these chambers in this structure appears 
very difficult at best. We are talking about something the size of a 
five story office building. 

• Accessibility to the chambers will be difficult! Remote actuation may 
be required (actually not a bad idea for 

• Compensation for structural deformations will have no benefit of an 
assembly learning curve. 

• Verification of alignment using cosmic rays does not appear to be 
good option for the side mounted chambers. 

• Point Loading characteristics for the BIG WHEEL could be nearly an 
order of magnitude higher than for an individual module. 

• The risk to alignment or damage while moving and then lowering this 
large and delicate structure into the underground hall and placing onto 
the temporary support tube appears higher than for the module.It is 
done only once however! 

• Option of removing an individual module does not exist. 
• What are the real cost savings for not having Muon Assy Bldg. but 

having to make substantial alterations of the Magnet Assy Bldg? 
·, 
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Joe Pohlen/SSCL 
Jacque Pier-Amory/SSCL 
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BIG WHEELS SCHEDULE PRD/JPA 

1998 1999 !2000 
Operations J F M A M J J A S 0 N D! J F MA M J J A S 0 N O!J F 

' 
I 

Install the barrel charrllers 2/1 /98 Must be done simultaneously In the 3 levels l ! i i i i \ n··-- --- --· ~·~- ... --r--,;---.. .. __ ,... '"""""'~· --·-···t.-.,., ..... .._.,,......., 

~::~~::e::::::ers :;;.;:!···-··L~~~;·l·~;·1~iJtt;~h~~l··1}·1h~m~!;; i;;~1;- --·-~-.. -/ .. ---1 .......... ._ ..................... t ......... , ...... .. 
earrers plplng+cabllng 31·1,90--r-T---r-.. ·1-·-r--T-1--·r-r···r--1-r- ! I i i i 
Barrers roll out+rotation+roll In 3/1 /98 4/2/98 I r T ... r J ! i i 
Barrers Gas+Electr. tests 4/2/98 8/119_.!'... .... ! ... _, -· _ .... J .... _,.,,_J... ..... __ __LJ ... _ 



BIG WHEELS SCHEDULE PRD/JPA 

1996 1997 ! 1998 

J F M A M J J A S 0 N DI J FMAMJJAS 0 N DjJ F 

! ! . !±f- ' ... ! +-t-i .... _ ·-· .. l· .. -·l-··' 
-----------i:t--i' :-t-.. --.. --- .... -·t-... --+ .. -12115,95 ~~ ............ ~;121·15191 ................. l--.. r .. _ .. r ................ , ................ r ..... \ .. ····· 
Prepare outside area for barrel's 

Barrel's structures outside 

Barrel's In bldg 

~ ,Barrel's cleaning +machining 

Install the barrel chambers 

Last barrel's tension rods 

~ !Prepare bldg for endcap's 

Endcap's structures 

Install the endcap chambers 

Barrel's plplng+cabllna 

Endcap's plplng+cabllng 

· · 1 1 1 T ....... !2115191 • o~--.. s·· .. !' : : · '.6 9/15/97 1 1 

---J .. --!....-<: ....... .,...-... ,-... , _ _} ~----

! I ! 13/~?,7__ • · • 
i I Ll -t"""'t-·""" I .. 2/1/98 .. ~ .. , . . . ~ i I L i ........ L ....... L. ..................... '"""'('''"f" I ..I -' ' I I I i • ................. ,_...,;,_ ..... , .... -. ........ 6/1/97 .. l __ 1 _.J...._.....,,.. I • -·-· ,_... 97 J -•·-····~ { ... _,.j.. ....... ~--.. j. "f"-" 4/2/ . ' ~ ~ ..... }_".'""Y'··-- ~ ~ 1 /3/98 
I ·-~·T ..i I J i I i 611191 • ~ 

1 /3/98 ~· , ..... ~ 
~ i ~ 

1 /3/98 "> .;...._!. 
I __ 1 ....... ~ . _J .. _1__ ·~~~ - . ..... 212i~r· .. -r .. ' f, Jl_ ' 

I .. 1 ---i-., () Apnl . . ................... .. 
; ' ' ' ---··· ·-·--···--,---- 9/ 1 19 7 ~ " ' , -'--- " - ' I 1 1 ......... _ .... - ' · · f r Muons ·

1 

· ; - -- • ' F e o ' . - -, ~ ' ' ~ .. ' ' .::::...:-::::==::-; 1-+-r· r _.. .. I : j j i .J ' ' 
! l I l J 

All parts of the calorim. Installed 

Handicap from calorimeter 

i!!!li!lllli I I i -- . -! -~ ·····1·· I l ................. f-1 . . . . _..._L_ I . +--t--· ... - f y .. - ... , 
• ' • i I ! i ! i i i 

l I : j : : 1 
i ' ' ' . . - : -- ... ,_ .. _,, "'j""""' 

i ! I I .. _ .. l ...... 
1

1 ._...! .................................................... !... ....................................... 1 •, ...... _ , ........ .,. .... ~7 .. ..-.. ·~·m r...... - .. ···t· .. ·~·.·-r· .. ~ .... -··· -·-" I ! ! : : 

l i ~ l i ! i i i : : . . - -

Monday, June 29, 1992 
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Big wheel structures • Manpower costs 

Preparation of the outside ground - - - - - For Barrel structures only - On the vacuum vessel fabrication areas - 1 month - 2 teams of 1 o men 
Barrel wheel structures - Inner wheel ...... 
Middle wheel - - - - - - - == =:;;:""' On the vacuum vessel fabrication areas - 7 months - 2 teams of 1 O men 
Outerwheef -------
Preparation of the coif assy bldg - - - - - 2 months - 1 team of B men 
Endcap structures - - - - - - - - - Inside the colfl assy bldg - 7 months - 2 teams of 1 o men 
Preparation of the Magnet assy bldg - - - 1 month - 1 team of B men 
Barrel wheel 1 structure Inside _ _ . . . . 
Barrel wheel 2 structure Inside __ :::: ::= - Inside the magnet assy bldg - 0.5 month 1 team 1 O men - No idea about the rental cost for a trailer of 21 o t capacity 

Barrel structure 1 and 2 Cleaning - - - - - 1 month - 2 teams of 5 men - Preparation to machine 
Machining - Adjustment - - - - - - - 1.5 month - 2 teams - 1 O men - Here we are speaking about the barrel chamber fixations 
Barrel wheel 1 and 2 
Last tension rods · - - - - - - - - - · 1.5 month - 2 teams of 5 men - To re-fnforce the barrel wheels after the middle chambers installation 

Total Manpower effort for 2 barrel + 2 endcap wheels : 384 + 10% for security = 422 Men/months 

u,, Weight of a barrel structure empty 
"'1 In fight alloy 19 t 

In stainless steel 

Weight of a Endcap structure empty 
In fight alloy 9 t 
In stainless steel 

775jolnts per barrel structure 
388 joints per endcap structure 

Security 20% of the estimated costs 

TOTAL 

NOTE 
1 - This cost estimation does not included: 

Big wheel structures • Material cost estimation 

Big wheel structures • Fabrication costs 

- Cost to Install the chambers and feet to fix them on the structures 
- Alf the components for handling (LHting beams+Rotation devlces+Special lifting jacks+ etc) 
- The rental of scaffofdlngs+heavy trailers+eventually a tower crane 

$3376000 

$ 380 DOD 

$180000 

$465000 

$232800 

$ 926 200 

$ 5 560 ODO 

PRD/JPA 
6.24.92 
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c:n ,_ 

[Alignment Cameos & Endeavors I 
- J. Paradiso 719192 

•Baseline/status committed to paper: "Some Alignment Concepts for 
the GEM Muon Array", GEM·TN·92·124 

• Requirements documents drafted: "Alignment Requirements for the 
GEM Muon Detector", GEM-TN-92-125, and "Alignment 
Requirements to Muon System" (Mitselmakher & Zhukov) 
GEM· TN-92-120 

-+ Discussion has clarified discrepancies ..• 

• Analysis of baseline alignment scheme in progress •.. 

• New photodetectors under investigation •.. 

1 



c:ri 
~ 

Muon Alignment Factors 
Intrinsic Smears ..------ c:J = 7 cm 

•Vertex distribution along z 50 GeV (Trigger) 
• Multiple scattering in calorimeter ,,._-- 500 Ge V (Measurement) 

Needed Structural Accuracy ..------ +1 mm assumed ... 
• Dynamic range of local alignment system 
• Alignment of trigger roads 1° road (barrel) 

0.5° road (endcap) 
Precision Measurements Also projective in z 
• Stated momentum precision in bending plane ~ 25 µm driver 
•Align to precision of detector components (muon angle) 
• Extrapolate p11 from measured angle -. 
• Mass Resolution Muon angle driver 

Pattern Recoa=nition ??? 1 mm??? 
• Muon tracking constraints 
• Track linking with central detector 

Other Effects - Torque Error 
• Line-of-sight deviation from IP 4 

Alignment to B Field?? = 2 mm in Endcap (Zhukov) 
•••• 2 
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c:J1 
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All±mm 
and :l:mr 

BarrPt 

Ax"" 
Axlcl 

Azlbl ... "' 
4•1bl 
4vlcl 

•Yin\ 

~ 
49 
u 

Endcan 

Axlbl 
Axlcl 

... ~, 
4vlcl 

Azlbl 
A7'C\ 

4X 
4Y ,., 

AD 

4• 

Muon Structure Alignment Analysis 
I 

I Intrinsic Smears (+4) 1 

Interaction Diamond Scattering in 
(7cm) Calorimeter 

1<'11'"-m 

"'4 "'4 

I 

~ 

6.8 2 
12 4 

0.3S o.s 
n< 

3.3 
2.1 3.3 
12 6.3 

R , •• n< I 

o.s i 
I 

I 

1 Structural Accuracy 1 

Dynamic Range of Trigger Roads 
Local Alignment (10% Loss) 

1 2 
I 3.25 

1 3.25 , A< . 

1 1.9 
I 2.6 

~· 
2.5 
4.S 

I 2 
2 3.2S 

1 ',, 
2 3.S 

1.7 3 
3.4 6 

S.6 
4.1 
4.4 

Summary 

1 
I 

1 
2 

I 
1 

~· 
6.8 
12 

I 
2 

1 

2 

1.7 
3.4 

S.6 
4.1 
12 

• + 1 mm monitor range 
driving most local 
tolerances 

"'* Range will extend 
to circa +5 mm?? 

• Trigger constraints 
impose requirements 
ranging +2 -7 +5 mm 

,... Simple 
assumptions?? 

• Diamond width driving 
global z requirement 

• Radial beam location 
unknown to +3 mm 
before startup? 

4 
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c:n 

Factors affecting muon angle 

Project from transverse momentum: 

~ = V (~)2 +(a9 cotef 

p =_E.L 
sin 0 

Invariant Mass: m2 = 4 p1 p2 sin2 (Y29µµ) 

O'm = V 2(~)2 +[oµµcot(v20µJ) 2 

•Assume momentum resolution as quoted for p.t = 500 GeV 
' 

• Angle contribution down to 25% of quadrature sum (before squaring). 
• Analyze mass error with e µµ = 11.25° 

5 
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en 

All±mm 
and±mr 

Barrel 

bx••• 

•..•. 
""cl 

. _,_, 

4X -· 
/J.Y •• 
"" -· 
/J.ll -

Endcap 

·-·-· 
IJ.~· 

/J.•fcl 

••••• 
""Cl 

•VO-' 
A7<-> 

/J.8 

Precision Muon Alignment Requirements 

Ref. 
only 

Scattering In UllinWeDetedoi 
calorimeter Ruoludoo 
ISOOGeVI 

0.2 0.33 
0.2 1.6 
•• " 

O.OS 2.7 
0.05 0.13 

I 

I 
I 

I 
n n 

••• • 
0.63 IS 

o.os 2.7 
n•K •• 

• I 

1 Precision ReQuirements I 

Precision Momentum Mass Resolution 
Momentum Vector 

0.025 
nnc 

n 

n ••• 

0.2 IGoalll 4.7 
60 II 

A? 

6.7 J.2 
1.2 

nm< 

nnc 

0.125 
0.25 

""' 
,. 

,., OA 

100 19 

2.9 1.2 .. 

Summary 

O.O:Z5 

I 
2 

n ••• 

4.7 
II .. 
1.2 
1.2 

""'' 
nn< 

1 
2 

0.125 
0.25 

-. 
OA 

19 

1.2 
I? 

•fly local requirement comes 
from average induced 
sagitta error (::::: V2 the 
maximum error) held 
within V4 of the 25 µm 
budget. 

• Global requirements driven 
by mass resolution 
requirement (loose; range 
5 mm ...+2 cm). 

_. Already restrictive? 

• Pattern recognition 
requirements not here 
(range::::: +1 mm in x, [z] 
per Zhukov et. al., from 
multiple scattering). 

--. Specs. from tracker? 
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... View 

"Torque" Error (point LOS to IP) 

a=ao - a. 

' ~c • I I 

• Zc ·~ .... 
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r.r~-8 LOS Points here 

r9 View 

/ 
/ •' 

l 

••" A 
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•' / •' l 
•' 
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= k tanBµsin ad {_L _ _L) 

tanBo y Ya Ye 

s(mm) :::: 0.1 liy sin a 

s(mr) :::: 0.1 sin a R lif3/sin Bo 

If liB, a remain less than 3 mr, s < 18 µm 7 
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Torque Error (ganged projective) 
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L 
. ( tan 8µ y8 - tan 81 (ly8 + Ayi) tan 8µ Ye - tan Bi (ye + Liyi) I) 

s= as1na -I tan Bi (Ya+ Ay~) - tan 81 (YR+ Ay11) tan Bi (ye+ Ay2)- tan 81 (Ye+ Ay1) 
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Stability 

• Never exhaust dynamic range of sensors/actuators ..• 

• Rely on taking calibration no more than once per hour 

·Would like once per run! 

•Drift is in the structure, not the sensor! 

9 



Baseline Analysis 
··---·---------------------------] 

. I 
\ v 
\ I 

1 t 

i' mm . m m nmmrl"""""'"'''"'"' ... '"""tt·-........................... Jtr-.. -..... -.... -.... -........... :d 

I ........ ·········· 
.,, .............................. +1 ........................... ;:t1 •.• ·• ............................ zj 

I " I •.• ··"' 

L ,./ 
', .............................. Jl .............................. f ....• 

• MATLAB program nearly complete to verify alignment scheme. 

•Assume four projective 3-point lines (cp = +11.25°, 9 = 90°, 30°), 
multipoint line along z (pick up each chamber edge relative to 
endpoints, where projective lines run). 

~ • Three hierarchies of transformations implemented: 

- Rotate each chamber about its center in 3 axes, and translate. 

- Rotate each layer in 3 axes, and translate. 

- Rotate entire hexant relative to IP and translate. 

• Straight lines from IP (infinite momentum muons) detected in displaced 
chambers. 

• Alignment measurements taken (multipoint SWAT and nested SM 
assumed for z-axis). 

• Sagitta corrected through linear interpolation of alignment data. 

-+ Check concept validity, "torque" mysteries, etc. 
Extend to higher-ordei bending modes? 10 
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Nested SM's 

2 Sets of nested straightness monitors for opposite corners 

(y,z)2 (y,z)4 .. ·············----- -. ' .llf"······ - I •• , •• . ••••• 
(y,z}1 {'1'2···-...... \w3 ••• ••••• \'1'4 ············ 

..... !. __ , ;, 

.......... \ .,,--- (y,z}s 
........ i -·"' ._ ... ·" 

Measurements for one SM string 

(Positioning errors add in quadrature; worst case = -./3 ??) 11 



Centroiding Receivers w. Wider Range 

llP #lllJIUr(M, tW dUl~WIJ• C!HU.'Uftl. "'11~ 111.. Ml). 4&. Ul>l'\iMlll!lll l.,,. 

An Object Position and Orientation IC with 
Embedded lmager 

DoMd L. S1onclley, -, IEEE 

-.,.,_..CMOS- .... - - ... """'" .. -ti·--·--" ..................... =<' ........... ..... ..... _ .................... ,...,_. 
............. SI•"· .... ._....... JllMll:::iallaW lftll: ......................... llt..,.... ..... " .... . .................................. -... ..... 

'·-·-1 ,( ....... 
' ··-­~ J}f_ ·.~·-· . -

,,........ ............ ta ....... tZ' - w., l»t ....... 
__ _. ___ "" __ _ 

fll, I ......... crl ..... a.INlilaHl..tl.1' ............. °' .. ,,. .. "_. ..... 
N 

ATBCFINOEXAN 

K,Kt,Ka---
1 - """"""" .... 2~-1cres1S1or 

Ka 

2 

.... 
•MIT Vision project; fabricated 

imaging array that extracts 
moments & feature data 
(29x29 pixels, 190 µm; active 
area= 7.9 x 9.2 mm). 

• Others; Cal Tech, Set-Spot, etc. 

• Line array that autocentriods 
(Soviet venture located by 
BNL group) 

12 
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Imaging Array on a Wire Shadow 

o('V' ~ \~~ ... J, .. lf, 

I 

'Re.ikl~ 

G(1./ «.., ;'IC.~ ~ 1 .. ~ Q, c..-ou 
cc.o .$...,.-~ 

l 

' 
~ 

cvo .... ~c:........ ;.s ~ 

ETH, TEC Lab, 1982 

• Extend dynamic 
range of SWAT 
measurements ... 

- Photoresistive 
detector, or 
imaging array ... 

Comparitor Out 

CCD Output 

13 
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G. M t.\~'C.\...~A\c.\o\~Q.. 
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a) re View 
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I 
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I 
I 
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I ~ 

' 1 Bending Direction 
\ I 
\ I 

'·-----' • • 
'b) r~ View 

Figure 4.3: Strai&hlness Monitor Paths In Muon Chamber Barrel 

B --~~~~~--

·':.t~:~$it~~-~':-~M 

c~;'~~ 

® Bending Direction 

.. ------------9;···--.-.. -.. -.-. -:::e-2------""Ae;;!_-.. ::.; •• ;: ... ·--·-·9;------.. -
e 1--........ •.•••· 83 ......... ..· 

• 
Figure 4.4: Alignment Along a Chamber Layer 
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Muon Alignment System 
(person responsible: Joe Paradiso - Draper Labs) 

In summary, the precision required by the muon alignment systems are given below: 

Muon Barrel: 
Bending Coordinate (t): 

Radial Coordinate (r): 
Beam\lne Coordinate (z): 

Muon Endcaps: 
Bending Coordinate (t): 

Radial Coordinate (r): 
Beam\lne Coordinate (z): 

Global Alignment: 
Bending Coordinates (r): 
Other Coordinates (t,z): 

25 µm 

120 µm 

1 mm 

25 µm 
I mm 
120 µm 

200 µm 

1 mm 

Lens 

t- D dx 

dy 

Figure 4.1: The Basic Straightness Monitor 

LED Source 

Colimation/Smoothing 

1·10 Khz 

JUU1.. 

. 
x-"•DI· 11+9 

A+B+C+D 
Y • t':+BI. f:+D! 

A+B+C+D 
} 

Lens OuadCeD 

0 (opt;onal} 

Gale on high & Low Sampler.AOC 

Average 

•·igure 4.1: Straightness Monitor Electronics 
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GEM MUON SYSTEM CHAMBER LAYOUT 
BASELINE I 

(2,3,4 PDT Chambers per Layer) 
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GEM Muon System 
POT lleMllne Ctwnber Leyout 

Dr-n Bv: F. Nlmblett Rev(-) 
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Theta Coverage for 2,3,4 PDT Chambers per Layer 
(Non-Projective) 

10 

Mecflenlcs on Cflember Ends Is 150 mm and sp- betwMn Chambers ls 50 mm 

20 30 40 

n I Not 3-Layer eowrage 

Angle lost to membrane alone• 3.51° j 
Angle lost membnlne to end of bllrrel coverage • 6.29" 

Angle lost within barrel measurement region • 3.49° 

Barrel Coverage= 53.54° 111 
Barrel Coverage (for 53.54°bllrrel) • 93.5% 

Angle lost between b8lftl and endcap • 2.45° 

Phi Coverage approxfmstely 95 % 

I 
lost Theta Coverage In Barrel 

50 60 70 80 90 

Angle from Beam Une (degrees) 
Frank Nlmblett 
Draper laboratory 
7..Jul-92 
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GEM MUON SYSTEM CHAMBER LAYOUT 
BASELINE II 

(2,3,3 Chambers per Layer-PROJECTIVE GAPS) 
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ALL BARREL CHAMBER 
MECHANICS IS 150 mm 

Dn>-Lc 

GEM Muon System 
CllM!ber Layout 

Dr9wn Bv: F. Nimbi.it 
Dwa.No: GMU0015 
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Rev(-) 

Sl3Clt'l2 



IP 

RPCs Mounted on Outer 
Radius of all Chambers 

GEM Barrel Muon System Module 
PDT Chambers with Projective Gaps Option 

(2,3,3) Chambers Per Layer 

150mm M*Chanics, 50 mm Space Betl.Wen Chamber End& 

Draper LabCiratory 
F Ntmblell 
30 June 1992 
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RPCs Mounted on Outer 
Radius or all Chambers 

GEM Barrel Muon System Module 
PDT Chambers with Projective Gaps Option 

(2,3,3) Chambers Per Layer 

nomm Moehanloo, 50 mm Spaoo Bo-n Chamber E-

Draper Laboratory 
F Ninblell 
30 June 1992 
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Theta Coverage for 2,3,3 PDT Chambers per Layer 
(Projective) 

Mechllnlc:s on Chamber Ends ls 150 mm and sp- between Chambers Is 50 mm 

• . 
20 

1r 1 Angle lost to membnme alone =3.51° 
• • 

Angle lost membrane to end of barrel coverage = 6.29° . . . 
Angle lost within barrel measurement region • 1.40° 

. . 
Barrel Coverage is 54.02° 

Barrel Coverage (for 54.02° barrel) '" 97 A% 

Angle lost between barrel and endcap • 1.97° 
. . 

Phi Coverage approximately 95 % 

~· 7 
Coverage Lost in Barrel Region 
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Angle from e..m Une (degrees) 
Frank Nlmblett 
Draper Laboratory 
1.Jul-92 
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"BOTTOM-UP" INSTALLATION APPROACH y 

INSTALLATION ITIPS= 

l. IASC J«>HINALLY TO LEVEL 1, JACK TO POSITION 
NODULES 1. 2, 3, 1 ANO 5 

2. SEGMENT 1 NOHINALLY TO LEVEL 2. JACK TD 
POllTIDN MODULES g AND 7 

3. l!QMINT 2 NOMINALLY TD LEVEL 3. JACK 
TO POSITION MODULES 8 AND 9 

4. S[BH!NT 3 NoMINALLY TO L[Y[L 1, 
JACK TO POSITION MODULES 11 ANO 11 

5. SEGMENT 4 NOMINALLY TO LEVEL 5. 
JACK TD POSITION MODULES 
12. 13. 11, 15 AND 16 

~ 
N 
0:) 

C 1 ) POINT VIRE---._ 
ROPE SLING 

x 

SPAEAOEA BAA SUPPORT 
FRAME CINTEANALLY CROSS 
BRACED J 

ATTACHMENT. VIRE 
AOPE TVP C61 

' 
\ I I 

16 

"' 1•' ' 13- - - I : f 1 S , 

)!(;_ -------~-- l I ~ 
....._____ ,11 , "' \\--A---- --:- --,1-------- .:y.:_ ------\---_ >·. 

MAX JACK DISPLACEMENT 
1921!1 ''"" 

..... __ , I , --·--~ :· ---------'-----.. ' / -._ , I -----..E 1• _/-""--..... " _____ , , . / ------------.:Jt''.......-, _.,/- ---------

fi.EvEC sJ 

HT OF SEGMENT 1 
2136 Ml'lt 

---------•------- lEYEt "'I 

_.,/ 

- .... __ _ - ----- ---.,,--

HT OF SEGMENT 3 
2519 111111 

t--f-···--{------- lEVEL 31 

HT OF SEGMENT 2 
2519 •• 

. K~-srf.:;L:_'_j/ ±- \: -,\~,--~:--~~--------
..-/ \ . ""--..... 

• • 
---------~------- LEVEL~ 

BASE_.,/ 

' 'i: 
' 

"' 
HT OF' SEGMENT 
4ID6<4 •111 

- - - ---- - - --- --- - _,. - - -- - - - ITYfi.--iJ 

J' . • • -~ FOAG£0 ITECl AOLLEA 
~_/ - llT RATED CAPACITY EA 

STNCHRtltlZED (41 POINT JACKING 
SYSTEM, llT RATED CAPACITY EA 

__..,...- INOEPENOCNTL Y DftlYE.N ( 3 J POINT 
LEVELING AND STAllLIZATlON SYSTEH 
211 RATED CAPACITY EA 
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I G.E.M.) BARREL REGION 
01 

July 1992 

.,,. __ 
~~ NODE 11 X,Y,Z CONSTRAINED 

--~~K:::;::;==~~ NODE 13 NO::>E #2 Y ,Z CONSTRAINED 
NODF. 12 ~, ·-~ /~ //i,_.x- //IJ,;I< //I ~/ NODE #3 X,Y CONSTRAINED 

~ 
~ 
~ 

F. Taylor 

NODE 14 Y CONSTRAINED 

~ 
• Results Summary 

• maximum deflection 5.0 mm 

•minimum stress safety factor of 13.5 relative to yield 

• maximum force == 2.48E4 N 

•buckling safety factor design criterion minimum of 5 

• global fn > 7 Hz 

• lowest member fn == 12 Hz 

-----------------OllllJB 



BARREL REGION 
~ PROJECTIVE GAP OPTION 
~ --!!!!!!!!!!!!!!!!1111!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!---!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 01 July 19 9 2 

..... 
~ 
ti::.. 

F. Taylor 

~ 
• Results Summary 

• 2,3,3 chambers/layer 

NODE #1 X,Y,Z CONSTRAINED 
NODE #2 Y,7. CONSTRAINED 

NODE 13 NODE #3 X,Y CONSTRAINED 
NODE #4 Y CONSTRAINED 

• structure has 22 joints vs. 40 for present baseline 

design and is 55o/o lighter · 

• maximum deflection 4.2 mm 

•minimum stress safety factor of 15.5 relative to yield 

• maximum force == 1.99E4 N 

• buckling safety factor design criterion minimum of 5 

•global fn > 7.6 Hz 

• lowest member fn == 7 Hz DRAPER~ 
LASOAATORY~~ 



END CAP FFS MOUNT 

[ G.E.M. ] 01 July 1992 

• Results Summary 

• maximum deflection 1.5 mm 

• minimum stress safety factor of 

12.5 relative to yield 

•maximum force= 1.17E4 N 

~· buckling safety factor design 
Cl! criterion minimum of 5 

• members not meeting criterion 

to be reinforced 

•global fn > 13 Hz 

• lowest member fn = 8 Hz 
ATTACllF.D TO 
RING ON ID 
(X,Y CONSTRAINED) 

~ ~~ ATTACHED TO (§ ........_ RING ON lD 
(X,Y,Z CONSTRAINED) 

h 
F. Taylor ------------------Q!ll!B~ 



~ ANALYSIS ASSUMPTIONS 
~ ---1!1!!!1!!!!!!!---------~ 01 JULY 1992 

•Linear material properties 

•Small displacement theory (consistent with linear assumption) 

•Material: 6061-T6 Al 

•Properties taken from MIL-HDBK-5C 

•Element cross-section properties taken from Structural Aluminum Design, 
Reynolds Co., 1966 

• Support structures modeled as space frames 
t-· 

~ • Joints capable of resisting bending moments 

• Truss tubes checked for buckling: 

• Design safety factor chosen as 5 

• Member end conditions assumed to be pinned-pinned (conservative) 

•Assembly first mode natural frequencies estimated as greater than: 

• fn = (1/27t)(G/8max)"0.5 

• Member natural frequencies calculated assuming pinned-pinned end 
conditions . 

F. Taylor OBIUJt) 
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~ 
~ 
00 

MUON MODULE 

C·LINE # 62000 

(ONE OF 16) 
INDEPENDENTLY 
MOUNTED TO MAGNET 
END PLATES 

MODULE ATTACHMENT 
PLATE 

MAGNET INTERFACE 
PLATE 

__.--MAGNET 
END PLATE ' 

Lx 
z 

THE CHARLES STARK DRAPER LABORATORY INC. 
CAMBRIDGE. MASSACHUSETTS. 021~9 

DRAWN BY APPD BY IDATE 
B.D BIGGIO 1'30JUN92 

GEM BARREL REGION 
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c:au:z: 
Thermal Expansion of outer chamber EndPlate for 

-t=:::=:::=$:::=S!:!l~ PDTs; Reduced effect on Sagltta Measurement! 

+Y 

Jr_.x 

Case t: 
Thermal Expansion of middle chamber EndPlate for 
PDTs; Direct effect on Sagltta Measurement! 

~==t==1~CExpan•lon due to temperature Inc,_ 

Err0t• would be rMUured with •tralght-llne monitors (SLM); 1118 
de81rable to have the average te~rature of the plate-hall to COl'rect 
any lndk:ated errora!! 

Straight line 
through end point• 

Straight llne 
through end point• 

Caset 
Sagltta Measurement Error due to AT 

In the middle Chamber lmyer 

Case2 
Sagltta U-urement Error due to .1 T 

In the Olller chamber lmyer 

Case 1; For a 1 o~ contribution to the sagltla err0t. knowledge ot tile average tempeMure 
to 0.3' C ia -ary. 

CaM 2: For a 10;, contrlbu11on to lhe sagltla error • know!edge of the average tef11)erature 
to o.5' C II neeeaaary. 

Cace N: Combinlltions ol theM options can worMfl the lndlc:at"' aagltta error but do not 
change the measuerement accuracy .....SS. 

Cathode Strip Chambers (CSCsl: Similar effects occur tor the CSCs in th<! •ndcap region ·. 
however the temper8ture reqult- ere lea stringent due to the lower 
Coefficient GI Themwl E-"aion ICTE) GI the Epoxy board cturctu,.. 
a .. 10 to 13 .J m.-c versus 23 ~ 'C tor Aluminum. Thua tor the - error 
budgaL the lermperwturetol-nce lat• end 1.5' C for Caae 1 and Case 2 
respectively. 

Barrel and Endcap Region Chamber Thermal 
Deformation 

(Due to temperature changes of chambers) 

145 

Fnink Nlmblelt 
Onlper Ubonllory 
I July 1992 



1 

lnltltlal State 

L1 ::4.8m 

L1 L1 

l 

' Deformed State 

I 
j 

I 
i 

' ' I 
! 

l +Z 
C.x .·~ 

' 

a=23µ/m-•c 
( 6061-T& Alum) 

..'.<l> = .0001~ radians 
(for a 2' C Gradient which 
is Highly Improbable!!) 

Target <J• stability is .0001 radians 
1.4 C gradient Is acceptable 

.! 

BARREL REGION THERMAL DEFORMATIONS 
Due to Thermal Gradients 
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I 
16.8 m 

6.5m 

Initial State 
Deformed State 

_\<!> 

'-
'·,_ 

. 

+Y f (UP) 

., __ __.._ +z--0 .. x 

._.. __ 10.0 m ---1 Acl>. A0 = .0002 radians 

Endcap Muon 5_._ Envelope (For a 2' C Gradient which 7•-·· Is Highly lmprobablell) 

(1 C Gradient required to meet .0001 radian .l<l> budgetJ 
(Probably within spec .. easily monitored If necessary!) 

ENDCAP THERMAL DEFORMATIONS 
Due to Thermal Gradients 
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Pivot Poln 

Magnet Endplate 
(steel) 

Attachment Plate 
(aluminum) 

Tangentially Compliant Links 

Temperature Differences between the Magnet Endplate 
and the Interface plate cause no first-order 
deformations of the attachment plate due to 
Isolation by the tangentially compliant llnksl 

A tw~olnt mounting system (one pivot and one 
tangentially compliant) with attachment points 
near the side trun members would also be an 
appropriate solution to this problem! 

Radially, the muon module goes where the magnet endplate goes !I 

THERMAL EFFECTS OF THE MAGNET 
ATTACHMENT HARDWARE 

148 
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I 
lnllitlal State Deformed State 

1 , 

L1 :4.8m 

L1 L1 AT -AT 

\ j 

ACZ> = .00014 radians 
a= 23 µ/ m -•c 
( 6061-T6 Alum) 

(for a 2° C Gradient which 
Is Highly lmprobablell) 

Target CZ> stability Is .0001 radians 
therfore 1.4° C gradient Is acceptable 

BARREL REGION THERMAL DEFORMATIONS 
Due to Thermal Gradients 
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1 
16.Sm 

6.Sm 

lnltlal State 
Deformed State 

+Y t (UP) 

--~ +z---0+x 
---10.0 m ------t ACZ>, A9 = .0002 radians 

Endcap Muon System Envelope (For a 2" C Gradient which 
Is Highly Improbable!!) 

(1 • C Gradient required to meet .0001 radian ACZ> budget) 
(Probably within spec., easily monitored If necessary!) 

ENDCAP THERMAL DEFORMATIONS 
Due to Thermal Gradients 
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Case2: 
Thermal Expansion of outer chamber EndPlale for 

-e=:=:~;;;;;;;;;!~ PDTs; Reduced effect on Sagltta MeasuremenU 

Case 1: 
Thermal Expansion of mlddle chamber EndPlallt for 
PDTs; Direct effect on Sagltta MeasuremenU 

-\t··E]·· ·!E!···E]···q·· ·ai· ~l:'Expanalon due to tampaniture lncrusa 

Errors would be measured with atralght·ftna monitors (SUI); I la 
dulrabla to have the average tamperstu .. of the platHlalf to corr9CI: 
any Indicated errorsll L

+Y 

+X 
+Z 

Straight Una 
through and polnta 

Case1 
Sagltta Maasu-nt Error due to AT 

In the middle chamber layer 

Case2 
Saglttll Uaasuremant Emwdua104T 

In the Outer chamber..,_ 
Cau 1: For a 1 Oµ contribution to the eaglttll error, knowledge of the weraga ten.-i ·-. 

to 0.3• C i. nac·nery. 
ea.. 2: For a 10µ contribution to the ugltte error, knowledge of the av-. .............. 

to o.s• c la nacesaary. 
ea.. N: Combinations of thaM options can worun the Indicated aagltte __. llut do aot 

change the maasua-nt accuracy needs. 

Cat hod• Strip Chambers (CSCs): Slmllllr eflacta occur for the CSCa In the 811 de "F Ngloll ; 
however th• tampwatu .. niqulramants ....... stringent due to the lower 
Coefficient of Thermal Expansion (CTE) of the Epoxy board aturctun. 
• • 10 to 13111 m-•c versus 23 p1111-•c for Aluminum. Thus for the - -
budgat, th• tarmperetu .. tolerance Is 1• end 1.s• C for Cau 1 end Caaa l 
rnpactlvely. 

Barrel and Endcap Region Chamber Thermal 
Deformation 

(Due to temperature changes of chambers) 
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Magnet Endplate 
(steel) 

Attachment Plate 
(aluminum) 

Tangentially Compliant Unks 

t +Y 

G--+x 
+Z 

Temperature Differences between the Magnet Endplate 
and the Interface plate cause no first-order 
deformations of the attachment plate due to 
isolation by the tangentiaUy compliant llnksl 

A two-point mounting system (one pivot and one 
tangentially compliant) with attachment points 
near the side truss members would also be an 
appropriate solution to this problem! 

Radially, the muon module goes where the magnet endplate goes II 

THERMAL EFFECTS OF THE MAGNET 
ATTACHMENT HARDWARE 
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