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Abstract: 

Agenda, attendees, and presentations of the GEM Muon Review 
Meeting held at the SSC Laboratory on March 16, 1993. 
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Agenda of the 3/16/93 GEM Muon Review 

Time: 10:00 AM 
Place: Dir #1 SSCL 

10:00 General Remarks and Charge for the Review - Gary Sanders 
(10 min) 

10:10 Overview of the Muon System - Marx (30 min) 

10:40 Mechanical layout of system and support structure - Nimblett 
(30 min) 

~'!A1~·~'""';;·,..~ , .. ~ -VJ-,~~ I _,,jf "*''t ..... ~C:t;,!I r 
11:10 Chamber Design and Performance -WUtak-er (45 min) 

NOON Physics Lunch Roy Schwitters on SSC Schedule -
Upstairs Conference Room 

1:00 Electronics and Trigger - Atiya (30 min) 

1:30 Alignment - Paradiso or Wuest (30 min) --=.,,.,...._'t,,. 
2:00 Magnet FFS and Field knowledge requirements - Sullivan (30 
min) 

2:30 System Performance - McNeil (45 min) 

3:15 System Implementation - Johnson (30 min) 

3:45 Executive Session - Reviewers and Spokesmen, PM, Chief 
Engineer, Taylor, Marx 
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Mike Marx 

Over View 
. of 

Muon System 
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Session Name: sscvxl 

MOON TDR OUTLINE 

1 GEM Muon System Mission 
High Precision Measurement of Muons Low--> High Pt, eta< 2.5 
Robust, High Luminosity, Independent of tracker 
Provide trigger and Bunch Tag 

--> Broad Range of Accessible Physics and Discovery Potential 

2 GEM Muon System Description/Realization 
Measure Sagitta in Air behind Calorimeter 

Press RETURN for more ... 

MAIL> 

t4 22-JAN-1993 15:07:51.41 
Magnetic Field Shape 
Tracker Contribution at low and High Pt 
Calorimeter Contribution 
Description of Muon Detectors 

Chambers in 3 Superlayers 
Precision,.Number 
Alignment, Positioning, Stability 
Sectors, Global Alignment 
Support Structure 

Non Bend Coordinate 
Trigger Elements 
Bunch Timing 

Upgrade Options 
External Chambers, FFS Augmentation, Vertex 

3 System Element Description 
A Chambers 

Principle, Resolution (x,t) 
Parameters, Operation, Perfo:r:mance 

Press RETURN for more •.• 

MAIL> 

t4 22-JAN-1993 15:07:51.41 
Technical Details 
Alignment Transfer 
Production, QC, Test 

B Electronics/Trigger/Timing/Readout .• 
C Support Structure 

Design Details 
Perfo:r:mance/ Stability 
Sector Alignment 
Global Alignment 

D Magnet/FFS/Field 

4 System Perfo:r:mance 
A Environment - Charged,neutrons,gammas, •• 
B Rates and Occupancy 

7 

Page 1 

TDRTXT 

TDRTXT 



Session Name: sscvxl 

C Trigger Rates/Efficiency/False Triggers 
D Resolution (including tracker,calorimeter and upgrade options) 
E Pattern recognition 
F Benchmark Process Performance (ZZ*,Z',High Pt top ....•. 

Press RETURN for more .•. 

MAIL> 

#4 22-JAN-1993 15:07:51.41 
5 System Implementation 

A Chamber Production/Delivery/Test 
B Support Structure Fabrication/Assembly 
C Chamber Installation/Alignment/Commissioning 
D Services (Gas,Power,Cooling .... ) 
E Big Wheel Installation/Alignment/Commissioning 
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Sta.tus of the Muon TOR cha.pter 03/16/93 20:30 

-------------------------------------------------------------------------------Saction Editor Text Fig. Capt. Figures Ref~rences 

-------------------------------------------------------------------------------4.1 M.Marx Second Dra.ft Complete Complete Compl.ata 

4.2 F.Taylor/M.Marx Second Draft First: Draft 4/4 ~i.rst Draft 

4.3.l. S.Whitaker First Dr a.ft First Draft 22/24 First Ora.ft 

- 4.3.2. M.Atiya Second Dra.ft Second Dra.ft 8/8 Noc ready 

4.3.J. 'ii' .Nimblett First Dra.ft First Draft 01??? Noc ready 

4.3.4. J.Paradiso Sacond Draft Second Draft 18/18 Second Drl!.ft 

4.3.5. L.Rosenson First Draft Not raady 0/??? · First: Drl!.ft 

4.4. R.McNeil Second Dra.ft First Draft 13/20 First Draft 
(unfinished) 

4.5. C.Johnson First Draft First Drl!.ft 7/i ?"'irst Drl!.f t 

4.6 H.Baker First Draft 

4.7 R.Gustavson First Dra.ft 

P.S. Numbers 5/19 for Figures mea.n tha.t 5 'ii'igures from 19 are ready. 
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GEM 6cse! one 1. March 25. 1992 
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CONTOURSOFCONSTANTFLUX 

Figure 1: Lines of constant magnetic flux in a meridional half-plane; the figure is 
rocationally symmeaic about che horizontal axis and has mirror symmecry about Z = 0. 
Note: the be:im axis, z. is vertical while the transverse axis, R is horizont:tl.. Both a.'l:eS 
extend from 0 to 20 m and the field is in gauss. A sketch of the superconducting winding 
and the forward field shaper is also show1.1. 
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MNauremont Placement 
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Error Source RMS Vaine 
(~nn) 

Intrinsic chamber measurement 75 
Multiple scattering (p = 500 GeV) I 

Strip to strip fiducial placement 17 
Layer to layer placement 50 
Fiducialization placement 10 

Superlayer to superlayer alignment 25 

• • • • f • • 



) .) l 6t 

~111111~111111IIll11Ill1111mmllll;;m11111JI;;-mlJlmm1mnllllnm;111IIIIlllll1IlJ]] 

I 
I 
I 
I 
I 
I 

, , ,"J""---···· ,, ,,- ,---·· 
U /I I ,, ,, 1' ,' ,, ,, , ,' 

I 

,, I ' 

I 11 I ' 

1-
....... 11. I/ 11 I ,' r' I ':' II ,' 
I 

11

1 ~I I ,'' 
I 17 I ' 
I // 11 I ; 
I // 11 1" ;' /I 
I II ,~' 1" ,' . 

I 
II 11 I , ' II ,1 I ,' 

I II 11 ,,_1 ,' .. II I~' "'"' , , , , Pro/«:flll• Allgnmenl P•lh• 

11 r-llllfl' , 

c,, 

c,, A) Side view (re) 

#Local Alignment Monitors Needed: 

Barrel Module (~9 = 7 .5°) = 48 
Assembly Sector (~9 = 30°) = 96 

Net GEM Barrel = 2304 

~~ • 30° _, 4 Allgnment Towers 

B) End view (r41>) 

,. ) 



• 

"-.....__,.... 

Tower alignment paths 
(5 pmjtlctlv• plu• 5 r•dlal coupling path•) 

• 

ti;= 15° 

Sector isometric 
{with projectlv• allgt11M11t) 

• 
$-polnl allgnmMll man/Ion 

\ 

frcMJt yin lldeYln 

Front/side superlayer views 
(with radlal allgn,,,.nt path•) 

No. of 3-point alignment monitors per GEM endcap = 480 

• 

c:.> 
M:>o 

• • • • ( • • • • ( 



....... ) ) 

.....,...- Muon Barrel Tower 
Positioning Accuracy 

""' ,:t 2 nirail 

~ 
en 
y 

---· 

fl. r - -·------ _t 

x 

) ) ) 

Note: Detlectlons relative to Inner layer 

Muon EndcapTower 
Positioning Accuracy 

:t5mm 

z 

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

) ) , 



• • 
Sagitta Errors Before Alignment Correction 

~ 

°' 

• 

85 
80 
~ 75 0 
~~IQ: 7 

65 

~ -2 

0 2 

pni tdeg) 

<le/> = I. 1 mm 

£ 
mm 
4.0 

2.0 

0.0 

.. 
~ W ~ \ l J-.,.d c) 

w: 'T lo- el-. ll 

• 4 • • • 

• 
Sagitta Residual After Alignment Correction 

r'·'.,· 
~"""-' 

80 
>. 75 
,~ 70 
~ ... q> (o,; 65 

~-01 -2 

0 2 
pni tdeg) 

<le/> = s. o µm 

.: (- rc't~r;,..,_\..> ( ._,~"•') 
~,(.~~·. 

~"'_A .... 6 .J.:r .P-• 

·-

• 

, C1 ~ 
/"' 

/1'J'' -t> 

~ '-·""'~· 

• 

~-;, . ..,..,,.,. 

• • 

£ 
mm 
0.02 

0.01 

0.00 

-0.01 

-0.02 

• 



) 
, 

) 

5, Muoll\ Mo1"le.n-h>fl'\ -teso\ution - \~c.\udi~9 c.~\orioM.t.+el'" e.ffe.c.-k (e"e."'" \oK) 

Bdse\ int 1. GEM Mc.Jo~ Sy~\-c"" 

~ 
"'1 

~ta.>\tlo.lor1.'- Y"l\UO>\ S~Gte"M. {le.~.fcrMt.tr\C.e. - no ve.,..+eit. c.o~s\y~;,..t 1 t1o i ... ticr trac\<.~f 

20 

15 

...... 
~ -a.- 10 
....... 
a.-
"° 

5 

0 

0 

FET 3/15/93 

P
1 

Resolution - Inner chamber towers 

1 

5"00 GeV/c. 

_ ........ --.. -/.-· .. -------···- I _ ....... _ .. -... -.. --...... -..................... -

- . -r / 
·-· .. ·-·-·---:r···--· .................. -- i Ge\J/c. --

-
Ac.t.ePhl.11tc.e 

cra.c.ks 

Tl 
1.5 

100 GeV/c 

2 2.5 



' ' . ~~ 

Trod -rt..c..ons-\("uc.t\o~ e.f.f. '\I~ 1l for d..\.f~eren+ PT 
Al\ 3 SL re.quired 

Muon track reconsruction efficiency, EM debri 
>. 
u 
~1.04 

u 
;;:: -Q) 

1 

0.96 
__ ,,,. __ 

0.92 

0.88 

0.84 

0.8 

---<>---ID 6ev/G t,-

0.76 

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5 

1/ 

38· 

-

... 

-

A• 
~ 

... 

... 

... 

• 
... 



-
::... -0 
c: 1.04 -Q) 

·u -
~ - -
Q) -

- 1 
c 

c 

c 

0.96 L... 

-
c 

- 0.92 L... 

c 

0.88 L... 

c 

0.64 L... 

c 

c 

c 

0.6 L... 

c 

0.76 L... 

0 

-

Muon track reconsruction efficiencyJP,•1000GeY 1 

__ ,,, 

--0-

~ 

' .. _I ..•• I ... I .... I ... I. ' 
0.25 0.5 0.75 1 1.25 1.5 1.75 

39 

--

' . 

2 

-'-----

' 
2.25 

' bo,\ Sll ~g;_'ticSl 

2.5 

7J 



Mu e ~ 1ra.c.\c. re.c.o~Str\lc.+\0W1. e. f.f. 
£ls CA. .fu "c .\- i OCI\ 

(a.II l SL.) ~r soo r:.ev/c PT 1'luo"' -

• 
>., .2 
0 
c: 

.!!! 
0 

;;: -Q) 1 

0.8 

0.6 

• 0.4 

0.2 

• 

ci.('.. n/ r flue'W\c.e.. 

At,,.. T = 3CC nse.c. "t flue~c.e. '2.0 ). ot n flue'll.c.e.. 
T~l n. ~~c..t\O"\ SO Jo 

Muon reconstruction efficiency 

~ai-1i-~i-:'. 1l!-j~ij<-1._-$, l!l_::_:::_:: _ 
1 

•
2 

1
j 4i ~i ~ 1iH1ij< 1: 8! s:: jjjjjj 1.

2 .--8i-5i-~i-i1ij'"""j1i!_2_i -4: 6!i_jj __ !li_j ~ 
. .,, . . • : : : :: . . .,, . . : ·, :, ·,· ,.,,, . : .·,·< : . : : :.' .·,· .·,"·.···,":.' : , ::::!.: :, ::nm ,. , ::::!:i :; ,:nrn :i 

: ! : :::::: ! : : :::::: : : : :::::: : : : :::::: : : : :::::: : : : :::::: 
: : ::::::: : : ::::::: : : ::::::: : : ::::::: : : ::::::: ! : ::::::: 

·:·:·::::::;· .. ·:.! -~.r.r.1 :.;i.'.:.1..1..r-·· 

1 

·rrn1111r·rrrrr111r·· 
1 

.. rrr n111r-·TTr n111r· .. 
: : : :::::: :. : : :::::: : : : :::::: : ! : :::::: : : : :::::: 
'· '·'·'·'·'··=.•.= .. :::::::: : :::::::. : :::::::: : :::::::: : :::::::: . .:. .. .:. .. ~.:..·:::: ........ 1_:1.:.:gL....... : : : :::::: : : : :::::: · ....... : · ·: ::: .. . - o.8 -;-·+·;+;;;;;···· .. ;-.;+;;::;···· 0.8 ..... _ .• .:.: ....... • .. .:..:.:.::m ... . 
,_: :.==.'.!:.=:.=~.·:.=:.= i.: :.=:.::.=~.:~.·=.:=.i=.~ ~ 1;~~gg il~1g~1 11~lHH~ l =~iH~H : : : :::::: : : :::::: : : : :::::: : . : :::::: : : : :::::: : : : :::::: . . . ...... . . . ...... : : : :::::: : : : :::::: . . . ...... . . . ...... : : : :::::: : . : :::::: : : : :::::: : : :::::: l l ~ l~Hg l . l lnHi : : : :::::: : : :::::: : : : :::::: : : :::::: 
: : : : : :::: : : : : :::: : : : : : :::: : : : : :::: : : : : : :::: : : . : ::::: 

··+, ·"',. ·':."':. :'.':.':.':.':.····;.,. "':. -,·. ':.':.':.':.':.···· o 6 .. .:. . .:..1.:.w;; .... i .. : i.:.1m1.... o 6 . . .. ..... . ........ • : : : : .· .·.·.·.· .· .· : .· .· .·.·.·.· . ·'i-·+·;+;;;:;····i··;.-;. ;;;;:···· : : : :::::: : : : ::::: 

l. l. ~. l.l,l,~.l.l. l. 1, l, ~,'.'.~,~,~.~. l l ~ lnH~ l ~ = ll~~~l 1 l 11gg~ 1 1; .n1g 
: : : : :: ::: : : : : :: :: :~. ,_l •• ~ :l· :~· .:, ••• ~ •• ~ •• l :,l :,l = •. ' ,_l .l, '·g'· •• ~ : : : :::::: : : : :::::: : : : :::::: : : . :::::: 

: : : : : :::: : : : : :::: : : : : : :::: : : : : : :::: . . . ...... . . ...... 0 . . . ...... . . . . ..... : : : : ::::: : : : : ·::: 

·rnnmr-··rr , nmr··· .4 ··rrnrnr·rrr m1r-·· 0 
· 
4 ··rrnmw··-rrtn itr··· 

'· '· :.· :.:.:.:.:.:. '.· :. '· '·'·'·'·'·'· : : : :::::: : : : .::::: : : : :::::: : : : ::: :: 

.i.~-~i~m~ .... J .. i~ !W!.... 0.2 .l.Ullllll ... .Lur lllL.. ··~,,,! -~':,'. ··,,,t~':,! ;':,~ :,:i:;;':,'.;,,,'.·,,_:.· .... ;:!:,··~_!':. i.,,i ~.i': .... 1, .. · ~':,i '•,i:,':,'I ..... 
i i 1111111 i i 1 ·1111 : : : mm : : : ::.ill 

0

·

2 

: : : :::::: : : : : ::: : : : :::::: : : : :::.=: ':~ :':' ':~ =:,':,~:.~:,t:,~:_f ':~ ':~ •••. l :.·.~ •• -.l,_ •• ~,,~,_-.~,i : l i ::,gi: : :. '· : ... =i: : : : :::::: : : : ::::: 0 . . ...... . . ...... 0 

10
4 

10
5 

10
6 

10
4 

Neutron flux, cm-2sec-• 

40 

... 

-
... 

... 

-

-

-



- I 
i 
' ' 

••• 

-
, 

.: 
~ .. 

• •• 

• 

' 
,,!" 

~ - .. 
••• 

ltv\ pro\Se ~ 
-\\o\c >1e.ry ~ 
'n.i~\\. l' T' • 

D 

, 
~ - ~ .. 

• •• 

• 
• 

-

G"' l'lfI "'' T!tNmftlJ 'D'emJM Dsm "!r# 

-•••••Vt• 
-CHO.Vie 
-tff•••'Vle 
-2111••Yll 

-'""•"'• -11tM•Yla 

• •• , 1.5 z 
PSE\IDOllAPIDIT'I 

""' "*''l'"'' D••vrne MQM£MTI* rnm smw 
w .. a Y9TJIX OMUPt1K! 

.....,.__••••VI• I 
_...,_fflS.Vle I 
___ , ••• a.v,. I 
-2111a.v11 

2.s 

_....,._IM•••Yl• l..j----·----,;...----1-
-···ChlWI• 
-IHIO•Vle 

••• • ••• 
PSEUDOllAPllllTY 

01"' 14pM !NC !IA'"YfRSF MQMINftN RM WJW 
lH ,,, YrU'R GQNIIMINT 

~ ........ ,. _,, ...... ,. _, ..... ,,,. 
-n• ... ••• 

2.1 

- ....... ,. hf----..j..----1-----+ -········· - ...... "'• 

• •• , ... I 
PSEUDOMPlllllY 

41 

2.00-cJM lferte IC 
C.011\ s ~a.i"',. 



··,,,' ; 
&"'·· t'J!!<; '., 

. 
. . 

. a: -a:-,, 

:~:-
-~ .. ~ ... ·: 

0 a.s 1 1.5 2.5 
PS EU CO RAPIDITY 

1.5 

-taUG•Vlo M'i~C i S\..i. 
-sooGeV/o 
-1000C1eV/o 
-2000C1eV/o 

1 --+-IOOllG•Y/cr 
-.aaaGeV/o I -saooaev10 • • 

! 
I 
I 

0.5 ·1 
I 

0 0.5 1 1.5 

PSEUDO RAPIDITY 

\.~ .sobsi-o..l\~i~l fesol11+i.,t\o. ~ l.o!'I PT / 

Z.000 

10oo 6,eV/c.. 
cac. 
.00 

2 2.5 

noi- At " ig 1' j\ . 

-

·-
-

-
-

-

-
... 

Pr -• 
42 -



I 

2.5 

........ 
N 2 
u 

....... 
> 
Q) 

C> ....... 
c 
0 

1.5 
...., 
::J -0 

~ I/) 
Q) 

. c..:i a: 1 
I/) 
I/) 
IQ 

I: 
II) 

I: 
a: 0.5 

0 

I 
) 

Mass Resolution vs Calorimeter Resolution 
Mh = 190 GeV/c 2 

I I • I 1 }-liggS I 
..... ,_ l ·--·-·---···-, ..... _ .. ,_ .. _ ........... - ...................................... - ..... ...1 ............... . '"'"--"'"' 

l ~ I 
................. __ ,,,,_,, ........ -

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

1

1 [I ............... ;=.-........... -......... ===., ... T ... _,_ .......... =·-·-

.................... - .................. 1 ................... ~ -- v _,, ........................ _......................... . l 1 ................................................................................... .. 

-e-RMS Mh = I 90 GeV w lo MZO 

................................. - .... 1 ....................................... . 

P~rfcc.t 
0 

I 1.-- -RMS MZ~ (Mh = I 90) I 

0.2 0.4 0.6 0.8 
Calorimeter Resolution Parameter A (%) 

~ 

1 

) , 



• 

• 
Ii~~~? 

,,_'-

~ 
"a 

• 

0.06 

0.05 

710llll_l'f_-._°""-.l'f_.T 

i:tiR PT REiSOLUTION (l;tO; old alp) 

-l-----+-----+----4----l-tOC11'll1 
'I 

-HGl1Y/c 

o.o .. -+--
,+'--------[~------.--~·--- _,.__ SIQ1Y/e 

---~ I 0.03 -r--==f:::;::==::::=:j::-- ·~---+--..-.:::.+ 

0.02 +=±·::::$! 2;$:::::~=t ! : 

0.0~ ~-11 

0.25 

0.2 

0.15 

0.1 

0.05 

0 

0 o.s 1 1.1 
PSEUDORAPIDITY 

TDR PT RESOLUTION (a;to; old alp) 

-1-----1 pTl----+----ol-----+-----+-

0 

-fOOQ1\l/o 

........-a1001Y/0·14-___ -f. ___ ~.tt:....----f... 

_....,_.IOOG•'llO 

-TtOGeY/o 

-1oooe11v1e 

0.5 1 1.5 
PSaUDORAPIDITY 

44 

z.s 

..... 
1·1 ' ..., 
'V 

-

-

.. 

-

-

-

-



0.08 

k ~ 
o.os 

vV \ 
0.04 

.... ... 0.03 .... 
"15 

o.o:z 

0.01 

0 
0 

0.25 

~:Jl:V 0.2 

~ 0.15 

2-
"Cl 0.1 

o.os 

0 
a 

~· - ---

TICh(..PT_....._11.d!L.l':'_.T 

TOR p T RE:SOLUTION (a;tO; old alp;200 µIll v. rt) 

PT 

-2SCloVfo 

-.aooYto 

----r--

o.s 1 1.5 2 2.S 
P91!UDORAPIOITY 

TDR PT RESOLUTION (•;to; old alp;:ZOO 11111 ••rt) 
Tl __ PT ___ OAa..PT~T 

PT 

-1tOOoVfe 
I 
' • 

\. \ 
-2H00V/e t 

-+--SOIQ•'YI• I 
I ____ ,, .•.•.. \ 

-1aooGeVI• 

!. 
I I 

a.s 1 1.5 2 
HEUl>ORAPIDITY 

45 

... -... -

• 

• 



£l-1 
0.2 

~ 
a.ts 

~ ,, 
a.1 

0.05 

a 

o.s 

~L2. 
0.4 

~ 
o.s 

... .:-,, a.z 

0.1 

D 

TDR PT Rl!SOLUTIOM (a;to; old alp;200 J.1111 vert;noSLt) 

-+-!OG1Ylo 
--z•••Yfo 

- .... - ~soaevro 
__.,........ 1 aoa.v1c 
--t-ZIOQeY/a 
~SIOQ•Vle 

r I I t----'r-----. 
-+--,- _._111aev10 

-+-1000GeY/c -·--·1- ~.....--==!-
' 

+-=~, C .. - .. 11---1---~·-----f-
' ' ' r i 

0 0.5 1 1 .5 2 2.S 
PSEUDORAPIDITY 

71 __ PT ___ o.d;_l'T_.T 

TDR PT RESOLUTION (a;ta; old alp;200 J.1111 vert;noSL2) 

L 

----~ l'T l----+-----+----1------1-

-+-10Ge'YI• i! 
--fl-2SG•Ylc 

-+----4-SOG1V1e 1-----· -------· 
-1oaa1'i1ia' 

1 
-21oowY/a 
--6-IOOQeY/a 
-+-TSIGeV/o 1----1----,,i..::-,.::...--+ 
-llHD1V/1 

o· 0.5 1 1.S 2 2.5 
PSllUDOAAPIDITY 

46 

• .. 
.. 

.. 

·-
.. 

.. 

... 

... 

• 
.. 



dl't/Pt 

0 .25{ 

0 .2[ 

• 

-

-

• -

dl't/Pt at 90 deq.: 
(a) !laselin• 
(b)Baseline +200 micron vertex 
(el (bl ' ' lllissi.nq fi~st superlaye:r 
(dl (bl U missinq second aupe:rlaye: 

r I 

. ·-

47 

.- ... 



Frank NiDlblett 

Mechanical Layout 

49 



) l 

Endqp CSC I ayout 0 Bagljne II YsrEM b 6 .. Tuwea 0 8/6/6 09 March 1993 
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~ New Extended Layout (30° Coverage) F. NlmbleU 171\-lar 93 -worst case 
gas # calc # nom'nl calc Total ch counts: single strip occ anode ch occ 

- .&all m!!dlll zfl: Illa Ill fil ll2 l!2. = fil JU dR fil s;: ~ .llW ll'.iJuil ~ 11.I:i;b JUlub lI..s;h i:lu1l. IWll. m..&!l llClll 
mm m 

Inner modules 
la) 8 5.0 0.220 
lb) 8 5.0 0.220 
2a) 8 5.0 0.220 
2b) 8 5.0 0.220 

MidcD.c modules 

m 

6.270 
6.910 
6.000 
6.640 

m dog dog DI m 

6.490 2.46 9.75 1.84 18.05 24 1.0959 2.0789 
7.130 2.46 9.75 1.84 18.05 24 1.2059 2.2875 
6.220 1.86 17.63 1.25 31.88 24 1.9413 3.8000 
6.860 1.86 17.67 1.34 29.38 24 2.1497 3.8000 

m DI m 

0.9830 0.2965 0.5624 
1.0816 0.3252 0.6168 
1.8587 0.5169 1.0119 
1.6503 0.5720 1.0112 

mn1 /pl/sctr 
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4.9 96 
4.8 160 
4.9 160 
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Outer modules 
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en 
'""" 

15.950 
16.550 
16.200 
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16.150 2.46 9.75 1.84 18.05 48 2.7568 5.2295 2.4727 0.3813 0.7233 8.6 
16.750 2.46 9.75 1.84 18.05 48 2.8599 5.4250 2.5652 0.3948 0.7489 8.9 
16.400 1.86 11.13 1.40 21.11 48 5.2102 8.5588 3.3486 0.1042 1.1568 9.7 
17.000 1.86 17.74 1.40 27.71 48 5.4056 8.8739 3.4682 0.7298 1.1980 10.0 

total .... or strip cathodes (m"2l 4592.8 

total volume or chambers rm•31 23.0 

Total number of moWJ.es 480 
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cm 
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5.0 
5.0 
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7.0 
7.0 
7.0 
7.0 

10.0 
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10.0 
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cm /pl/sctr 

4.9 20 
4.5 24 
4.6 40 
4.6 36 

6.9 
6.2 
7.1 
6.6 

8.8 
9.2 
9.3 
9.6 

24 
28 
32 
36 

28 
28 
36 
36 

18,432 
18.432 
30,720 
30,720 

18,432 
18.432 
27,648 
27,648 

18,432 
18,432 
27,648 
27,648 

3,840 
4,608 
7,680 
6,912 

6,912 
8,064 
9,216 

10,368 

8,064 
8,064 

10,368 
10,368 

Total => 282,624 94,464 

/sCc /sec /sec 

177 2,458 2.039 
214 2,704 2,05 I 
33 4,647 307 
36 4,126 333 

87 5,792 
96 6,096 
17 7$00 
18 8,291 

65 12.364 
69 12,826 
12 16,743 
13 17,341 

555 
526 
94 
92 

353 
380 
61 
66 

/soc 

10,735 
11,774 
19,110 
19,790 

12,970 
13,613 
21,949 
23,046 

27,617 
28,593 
46.527 
48,196 
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CSC ADVANTAGES. 

1. Intrinsic resolution of CSC technique is much better than 
GEM requirement, and measured to be less than 75 microns. 

2. Both measurement strips and survey marks for alignment are 
done on the same board by the process of lithographic etching, 
so there is no loose in precision due to reference mark transfer. 

3. Non-bend coordinate measurement with the precision of few 
centimeters comes from anode wire or coarse strip readout. 

4. Fast timing and position information for use in the Level l 
trigger can be extracted from the CSC in a natural way using 
simple electronics. The assignment of the proper bunch crossing 
is 99% efficient for the six-layer chamber, filled with the fast 
gas. 

5. CSC has good double track resolution. Spatial resolution in the 
presence of second track is simulated to be under 100 microns 
when tracks are separated by at least 7.5 mm; for smaller separation 
the resolution degrades but always remains below 450 microns. 

6. The chamber can hanle particle rates as high as 500 cm-2s-l with 
integration time of 300 ns and strip size of 300x0.5cm2, which is 
more than required for GEM conditions. 

7. Since the CSC operates at the gas gain of 5xl0**4, thus drawing a 
small anode current, the effects of the chamber aging are small. 

8. The requirements for the gas mixing and delivery system are not 
tough, because the precise coordinate measurement does not depend 
crucially on the gas mixture. 

9. The major component of the chamber - chathode strip boards - could 
be mass-produced in the industry, and the remaining steps of chamber 
assembly are well within capabilities of traditional facilities, 
which meets tight GEM construction time schedule. 
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Remaining essential R&D 

Resu!is from our prototype program and R&D effor..s thus far are very encour:iging. Tne 
goals of our R&D progr:im for the coming ye:ir will conce:u:rate on the following points: 

• ver'iication of the derailed performance of a CSC in a magnetic 5.eld. We will build 
sm~ l! de=-..ors and test the:n in various r:r.agneric field config-..!r.ltions to validate the Mon~ Clrio 
predic::ions of the Lorentz drift :ind geoa:e:ric concribucions ro chamberresoiution. 

-

-

-

-
• development of preproduc:ion modules. Tnis effort will cesi conscruc:ion techniques, • 

the inte:nal alignment of chambers within :i module, and the e!ec::ric:il per.:=ance in an integrated 
s'.x-chamber module. 

• constrUc::ion of :i three-module towe:: with :i truss support SU"UC:'.Ir::. as planned for the 
final muon sysre:n. T.'1is will test the smic:ur.il support concept and validate the engine:::"..ng 
c:llc-.tlations of str.ic= rigidity and deformation. It will :ilso provide a rc:ilistic tcSt bed for the 
alignment systems proposed for the final syste:n. 
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Electrical Specifications for the CS C Readout -
Sys. Section I Parameter I Value I Notes 

Readout I Equivalent In.put Noise I < 1500 e- rms I 1 -
I Pulse Peaking Time I 400 : 100 ns I 2 

j Overall Syste_m Gain I 0.4 fC/Count I 3 ... 

I Dynamic Range I 10 bits I 4 

I Cross Tallc I < -50 db I -
Readout Rate 100 kHz I 5 

I Readout Latency I < 100 µs I 6 

Trio-a-er I In.put Threshold I 16 fC I 7 00 

-
I Timing Jitter I < ·4 ns l"''= I 8 

I Time v'lalk I <4ns I 9 • 
General I Temperature Range I 20 : 5 °C I 10 

I Power Per Channel I < 100 mvV 11 

Rad. Hardness: Ionizing tbd I 12 

Rad. Hardness: Neutrons 1014cm.-2 I 13 

-
.. 

-
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... 
BARREL CHANNEL ACCOUNTING 

ISL1 iSL2 ISL3 I 
I 

ETA SEGMENTS 4; al 81 
PHI SEGMENTS I 48i 481 48 .. 
NUMBER /MODULES 192! 3841 384 960 
NUMBER GAPS Si 6 61 
CATHODE CHANNELS/GAP 112! 1121 112 
TOTAL CATHODE I 1290241 258048 2580481 645120 
CHANNELJ FE IC 241 241 241 .. 
TOTAL FE IC'S 53761 10752 10752 26880 
CHANNELS/ADC-MUX 961 96 96 
TOTAL ADC-MUX 1344! 26881 26881 6720 
CHANNELS/CATHODE RO BOARD 96i 96 961 
TOTAL READOUT BOARDS 13441 26881 26881 6720 .. 
ANODE CHANMELS/GAP I 32' 32! 32' 
TOTAL ANODE 36864! 737281 737281 184320 
CHANNELS/ANODE READOUT BOARD 32~ 32 32 
TOTAL ANODE READOUT BOARDS 1152! 2304 2304 5760 
CHANNELSILOCALTRACKSEGMENTS 24: 24 241 
CHANNELSfTRIGGER CABLE 672 6721 672 
TOTAL TRIGGER CABLES 192 3841 3841 960 

-

-

.. 

... 
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Cathode input 
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Track segment DAQ ContrPI 1 Logic Controller concentrator . 

2 (96 Channels) . (96 Channels) 

3 

Anode Time Stamp 

0 
1 
2 Local Chamber Encoder 3 
4 (96 x 7 - 672 Channels) 
5 
6 

To Trigger Boards 
word contains track, 
time stamp and 

e • anode address • • • • • • • • • • • 
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Anode address and time stamp generator 
(32 inputs for one module 

Each input is the first time of 6 gaps) 
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Anode nme Stamp 
and address 
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Readout and 
Trigger for same 
module) 
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Purpose & Means: 

• Identify "true" muons according to their Pt. 
• Pt range: 10-50 GeV/c 
• Tl range : -2.5 to 2.5 Units 

This is attained by purely geometi·ical means: 
Sagitta of a JO Ge Vic muon is 7.5 cm. 
Multiple scattering and non-uniform field are a potential 
complication. 

• Identify the beam crossing responsible for the generated trigger. 

This is attained by using the short drift time of the Cathode Strip 
Chamber anode wire. 

Objectjves; 

• Form the trigger in about 500 nsec. 
• Reduce the number of connections. 
• Allow programmability for Pt s~lection. 
• Assist the DAQ in readout in order to reduce rate. 
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Eta Segment O 

~ Eta Segmentation (8 chambers for entire Barrel, 6 for Endcap) 

t\\\\J\\\\J\\\\J\~\\J\\\\J\\\\J\\\\J\\\J 
3 Supertayers 
from one sector 

3 Supertayers 
from one sector 

3 Supertayers 
from one sector 

3 Supertayers 
from one sector 

t • • 

On-Detector Trigger Card 

One Card per Super 
Sector 

12 Super Sectors x 8 Eta 
Segments .. 96 Cards for 
barrel and 72 for endcap 

Barrel 
1152 Cables • 
96 Cards x 12 Cables .. 
48 sectors x 3 SuperLayers x 8 Eta Segments 

Endcap 
864 Cables-
72 Cards x 12 Cables .. 
48 sectors x 3 SuperLayers x 6 Eta Segments 

Structure of Muon Level 1 Trigger htardware 
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Consider a situation 
with 6 allowable 
patterns 

I I I I ---­. . . . 

"Three out of Three" 
logic 

Data Buses 

For Example: 
A track with some extra 
hits 

0 ~2 3 --.--
--~-

Hits 

0,1 
0,2 

1,2,3 
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Gaps 

Gap4 

Gap3 

Gap2 

Gap 1 

GapO 

...... 
CJ1 
CV 

1 ~.3 l _[ ~:~ .L 5,0 1 4,3 .~1, L ::i 

ll.L . . ~:~ 
-"'" 3,0 

ll.L ~:~ 2,1 
-'- 2,0 

llL ll -'- 1,0 

I I &i I 0:1 
,0 

(') C\I ..... 0 
CD CD CD CD 

"8 "CJ "CJ "CJ 
0 0 0 

.c .c .c .c 
li'i li'i li'i li'i 
0 0 0 0 

• 

t 

o,o - o,s-·- - -----~. 1 - s!1 

! 
U,i' ·D;i' 

l 

. --··---------
0,3 -5, 

4 out of 6 logic 4 out of 6 logic 4 out of 6 logic · 4 out of 6 logic 

" " Output=1,0,0,0 Output=1,0,0, 1 Output .. o, 1,0,0 Output .. o, 1,0, 1 

0,0 1,0 2, 1 3, 1 4,2 5,2 0,2 1,2 2,3 3,3 4,3 5,3 

l 0, 1 1, 1 2,J 3,2 4,2 5,2 ! 
a z a 

0,3 1,3 2,3 3,, 4,4 5,3 

4 out of 6 logic 4 out ol 6 logic 4 out of 6 logic 4 out of 6 logic 

t ~ . 
Output .. 1,0, 1,0 Output .. 1,0, 1, 1 Olllput•O, 1 , 1, 0 Output .. o, 1 , 1, 1 

Etc. 
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4-bit track segment identifier o 

Time Stamp 

1tput 

~ 
UT 
.:::. 

Anode Segment ldentifi 

--
er 

lpUI 
-

4-bit track segment identifier ou 

Time Stamp = 
Anode Segment ldentifi; er 

• • • 

: . 

--, 
~ 

GroupO 

Signal 
receivers. 
from 28 
track 

segment 
identifers 

or 
28x24= 

672 
channels 

in a single 
6gap 

module 

group27 

• 

Track 
Encoder 

Segment 
and, off-

FIFO ch.amber 
dri.vers 

a.oJe pµt 

\ 

·. 
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Trigger N11merology 

Barrel 

Superlayers 3 
Super Sectors 12 
Sectors 48 
Gaps/Suoerlaver 6 6 6 

Tl Segments/Superlayer 4 8 8 
Cathode Size (mm) 5.84 8.33 10.7 
No Cathodes in tri11:11:er se1m1ent 2 2 2 
No Channels/readout card 672 672 672 
No tri11:11:er elements/readout card 336 336 336 

End Cap 

Suoerlayers 3 
Suoer Sectors 12 
Sectors 24 48 48 
Gai>s/Suoerlaver 8 6 6 

Tl Se11:ments/Superlayer 2x3 2x3 2x3 
Cathode Size <mm) (radial) 5 5 5 
No Cathodes in trig2er se!?Illent l l I 
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• 

Associatjve Memory Scheme 

(Amendolia et. al., Dell'Orso et. al.) 

A content-addressable memory to recognize the appropriate trigger geometry 
patterns. 

Pro 
Few Interconnects (encoded 
addressing) 
Programmable 
Aexible 
Requires few seivices 

Number of patterns for baseline II 

Minimum momentum Cut (GeV/c) 
10 
20 
30 
40 
50 
60 

Con 
Not "classically" pipe-lined 

Initial development necessary 

Number Patterns 
1618 
1090 
793 
610 
503 
448 
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C.11 
-.J 

Superlayer3 

------------------------
Superlayer 2 

\ ----------

Superlayer1 

Track (Enlarged curvature 
for clarity) 

) ) 1 
Output to Tri!!lier Supervisor l • 

~ 
Load Clock 

Geomelly Engine 

••• 

I 
Time Stamp 

and 
non-bend 

plane 
comparison 1 fC811H IC8llH IC8llH fC811H ICOllH ICOllH ••• 

logic 
(disables 

I loading if 
conditions 

1 are not met) 

Number of allowable patterns ---------- ________ _., 
will reside in 4 separate IC's 
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Intrinsic 
Maaaurament 

error ----/"\.I• -.. -. •: Flducfalization 
-ti:i re--- error 
~Layer/Layer 

~ 
"'1 
J-
~ 

error 

Chamber 
fiducial 

r:9 E ;)i .' Supertayer/Superlayer 

Inner 
super/ayer 

Alignment 
error 

) ) • 

Error Source RMS Value 
(µm) 

Intrinsic chamber measurement 75 
Multiple scattering (p = 500 GeV) I 

Strip to strip fiducial placement 17 
Layer to layer placement 50 
Fiducialization placement IO 

Superlayer to superlayer alignment 25 
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LED 
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Lens 

dy 1 ............. dx 
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Sagitta Errors Before Alignment Correction 
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Muon Barrel Tower 
Positioning Accuracy 

1~3m~d 
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---

) ) ) 

Note: Deflections relative to Inner layer 

.:!: :i""" 
Muon EndcapTower 

Positioning Accuracy 
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LED 
Array 

Lens 

A ....... --.dx 
dy • 

a) Multiple-LED Alignment System 

Scan Across LED'S 2-5; L TP757HR 

-1-r-----...-----...-----..,.------1 
0 2000 4000 6000 8000 

Quad Cell Translation (µm) 

LED#2 

-..--,- LED#3 

•••• .,..... LED #4 

-- LED#S 

b) Test results for LED block w. 2.5 mm pitch 
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Llg ht Sou ice 

(ie. LEDlfiell Ions) 

• • • 
DetedMlitos 
(per ......, 

'Coded Mask 
Photod etector 
Imaging Array 
~ 

Lens Projected Mask lnage 

a) Wide-range video straightness monitor 

LED Hlumlnatlon 

••• 
Power(12 VJ 

Mu lttp lexer 
F,.me 

o .. b..., 

µ-computer R~170Vld.o 

Detector Site 

b) Implementation in GEM muon system 

Slraighl-LiM Ruidllal 
4.....-~......,.......,.~~__,~......,.~~~~__,......,.__,~__,~~ 

1 
3 

2 

I 

Residual 0 

(µm) -1 

-2 

-3 

±4µm 

40!--__,_._..___,..,.._~__.,...~~~~~~......,.~~~~~~ 
3000 4000 sooo 6000 7000 8000 9000 

Displacement (I'm) 

c) Preliminary test results 
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20 Barcode Mask 
@ 

• 
I 
-
I 
--I V3· 
_cco --• ----------• 
-

© ® ® @ ® 

Ill =~ii iiiii iiiiii Q) 

ii iii iii iiiii iiiiii 0 

•• • •• 

-· 
I I I : 

311 i 1111 i 11111 ° 
-··· -····-····· () -··· -·· .. -· ... . -··· -·· .. -· ... . -· -· -· -·· -·· -·· •• • •• •••• ••••••••••• -· -·· -··· -·· .. -· .... -· -· -· -·· -·· -·· -··· -·· .. -····· -··· -·· .. -····· -··· -·· .. -····· G -· -·· -··· -·· .. -··· .. -· -·· -··· -·· .. -····· -· -· -· -· -·· -·· -·· -·· 
-·.. -· ... -· ... . -·.. -· ... -· ... . -·.. -· ... -· ... . -·.. -· ... -· ... . 0 

•• • •• •••• ••••••••••• 
- - - .-- -

• • • • • 

•Take x,y projections & 
separately match to 
code features 

- Converts 20 problem 
into 2 1 D calculations! 

- Now nonotonic linear 
code; could 
binary-encode digits or 
use 2-dlglt numbers for 
muchwlder range! 

12x12 
mm 

• Current code 
hand-generated in 
Canvas (PICT oblect 
positions used to 
determine alignment), 
printed on Linotype. 

- Accurate pattern with 
direct postscript! 

• Now on murky negative 

- Inexpensive (=$20.) to 
put precisely on glass! 

~~~~~~~~~~~~~~~ 
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Pattern Analysis 

-·· -··· -····-····· -·· -··· -····-····· •11 •II I •1 I II •I I II I 

- -- ----. ·--·-
r { I' 

~ 
. 

v 'u 

IDD 200 300 400 500 600 

Piul# 

Analysis Sequence: 

• Take x,y projections of 
averaged frames. 

• Find peaks (floating 
threshold) 

• Parse barcode (identify 
cluster of peaks with digit) 

70
, cm Barc..de; x Plojocdons (SO JUll ~...,...,.., , • Centroid all peaks (fit 

quadratic) 
60 

DO IDD 200 

PwU 

50 µm Steps 

600 

• Fit peak positions in CCD 
projection with their 
expected place in the 
barcode (first linear least 
squares to get slope, then 
just average over offset 
(CCD - Bcode) 

This Is quick & easy; correlation 
may be more precise ••• 

• 
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Sample Frame #1: IR LED w. Lens 

• • 

II 
;:' :·:.:.w.:r~~ .•:··:,.;.,....., ..... • 

.·.·Panasonic 113" CCD camera: 480 x 512 Grabber: lllumlnatlon • IR LED w. field lens 
magedov&ra 9m&t&rpaththrou9h 1.s· 1ens ap&rttre 

• • • • • • • t 
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00 ,_. 

) ) 

X projection data (9-meter path) 

2000 CCD Projoaloa: 1: Fnmc 1 

1.500~ 0. 
f-ftr~ -·ru1~JF 
., ; ~ i \ i ~j 

0o 100 ~ ~ 400 soo 600 

OlrlCl:-654.6 Slope: BS.73 Plxcb No Codes: 2 Siami: 0.4111 

lSOO CCDPro~:l: PnmcS 

' r\ 
n l)l1 n I 1 n r 

f l II :l I / 11~ I I/ I I 
SCIO 11' 10 I -~1 f \1· / !~ 11· 

I ' 1\ I ' ' . ~ J \ \ ~ : "'-/ I [-; s ~ h/il 
\ ~ ~ ~ 400 SCIO 600 

Olf1C1: 0 '19.21 Sk>pc:BS.T.1 Pi..i. NoCodcs:2 Siami: O.SS47 

ISOO CCD Projo<lian: I: Fnmc 2 

11 nn~ ~11r\ ,~,.,. 
I~ l/·k\:1/ /-1.1-u.1 .. i. i _ 

· Y tj i 11 I I lit 

I ~ ~ I 
\. ~ ~ ~ 400 soo 600 

Ofrld: -462.5 Si"PC' BS.73 Piacb 
Sipm: 0.4238 No Cod..: 2 

1400 OO>Projoaloa: 1: Pr-4 

I ! i I ii"\ :: 'jJ, I l1f 1 
t BOO • / \i v I· I 
1

600 

'I' t .11 !11 
: \. ~.J"~I I 

" 010L---,.,I00,,-----;;;;;;200 

Offld: 285.S SJ.pc BS.T.1 
Siama:O 

~ 400 SCIO 600 

Pixels NoCodcs: I 

• 15 Frames averaged over 15 sec. (atmospheric dynamics at Hz-level) 
• Low-pass filter serves as dynamic threshold. 

• 
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Scan Test; 100 µm shifts in X 
Measurement vs. Position Average of Detected Bar Codes 

500 Potltion Mei a abtilll 
~ 5 

Man Ban:odc Readout 

·~ 
L-i ., 

~ :t 
\., 

I 

~ -, 
~ 

i 
0 

.500 

l 
00 •

1000
0 2000 4000 6000 8000 10000 12000 14000 2000 4000 6000 8000 10000 ·~ 14000 

Displacanem (micnm) Displocancd (microm) 

Fit Residuals to Code Template Calibration; CCD to Bar Code 
o.a Bucodc n• Sipnaa 

• y 
~ J·~ 
0.6, !~f ~ x , +ir~~t r 
G.5'.or o! ~ t~\i~i~-~1r~xi ! 

i 
·•·i.f !~i" di!!!! 'II I - - "i,oft'io 

uttiwl. "• && ~~""""'1 ~ \ \ 
o.3 ,~ i 
0.2 ! 

86.5 BltCOdc Calibradon 

''!le -~ .LP! '· \&¥£~ ~-11J;i.'4f.1 .. --86~ • ~ • i'VM.; 
\~~~ ~ ! f 
ii l j 

~ 

85.5 

85 

0.1 

0
• ...... ,,,.. 6000 8000 10000 12000 14000 84

·
5o 2000 4000 6000 8000 10000 12000 14000 

Ditpl-(mi.....) Ditplacancm (ml ..... ) 

• 15 Frames averaged for 15 sec. (atmospheric dynamics@ Hz-level) 
•Measurements taken over 14 mm. 

• • • • • • • • • • 
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Scan Test; X Residual 

10 
Sttaight-Line Residual 

; , _. 

,t~UT ltt\ f w 

lo 'uX I t1 ~rb~ k14/1 
5 

0 .. 
§ 
.~ 

e -5 b i{Ydi~ ~i \ -x g 
0 i-i " ~ v~ 0 A. d.. . 1 i l Escaped to tr con 1t1on1ng 

MIT for 3 hours; turned off; 
test suspended thermal drift! 

-10 

-15.__ _ __._ _ ___._ __ ~-~----'---'------' 
0 2000 4000 6000 8000 10000 12000 14000 

Displacement (microns) 

Some systematic structure within +10 µm 
(i.e. film bent, flaws in film transfer, thermal effect) 

True resolution at the 5 µm level? 

• 15 Frames averaged for 15 sec. (atmospheric dynamics @ Hz-level) 
•Measurements taken over 14 mm. 

• 
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Perpendicular reference plane 

End View 
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#Local Alignment Monitors Needed: 

A) Side view (re) 

• • • 

Barrel Module (d4' = 7 .5°) = 24 
Assembly Sector (d4' = 30°) = 96 

Net GEM Barrel = 2304 

• • • 

Llqi = 30° ~ 4 Alignment Towers 

B) End view (r <1>) 

• • • • 
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Projective path 

~ 

IL1if> = 7.50 I 

Alignment 
sensor 
point 

Tower alignment paths 
(5 projective plus 

5 radial coupling paths) 

Detector 
/Radial path 

ILfq, = 15°1 
Sector isometric 

(with projective alignment) 

3-polnt alignment mon/ton 

Detector T{i: .. / . ·if 

Lens 

!F1©JfJU ~ ~~ 

Front/side superlayer views 
(with radial alignment paths) 

No. of 3-point alignment monitors per GEM endcap = 480 

• • • • • • • • • • 
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1 
2 
3 
4 

A 
B 
c 

) 

Error Source 
(positioning reqiurements) 

Dynamic Range of Local Alignmen 
Correction Range of False Sagitta 
Projectivity of Local Alignment 
Projectivity of Trigger Roads 

Error Source 
(measurement accuracy) 

Muon Angle 
Track Linking 

High Mass Momentum Resolution 

• 

Consequence Interpretation 

±5mm Local position relative to bottom superlayer 
±3mm Local position relative to bottom superlayer 
±7mm Tolerance relative to IP line 
±5 mm Tolerance relative to IP line 

Consequence Interpretation 

3mr ±5 mm chamber offset from IP line 
SI mm Preliminary estimate (mainly r-phi) 
200µm ±175 µm (r-phi) chamber offset from IP line 
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Profectivity Error Global Sauitta loca/ lever Arm ............................. ' 
· Error ............. .. ..... .. (desire as 20(} Jim) ................................ . 

;~ 
Actual 11' 
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r!J..Ot 
Q0\0 

a) Local sagitta error correction function 
over alignment tower 

I 1nterpo1ated7rom straightness monitor meiiiurel11ents I 

b) Tower projectivity correction function {r~) 
over alignment tower 

Interpolated between straightness monitor axes 
Fit to muon data 
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Roger McNeil 

System Performance 
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Non un·,.forM {?, .~\e\d, - eo\\,c.-r'lo, rE=S,e.+c • 
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MBAQ: CSC Electronics 

MBAL: Aluminium 

MBAH: NomexforCSC~!==;;::;=~:=;:;~~~ 
! 
' 

MBAW: CFz4 COz2 

MBAB: NEMA G10 plote-----IJI x 
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Co.lor\TY\e.~er Je9\-'-' ~yoWld """-o..T need.et\ .f6,. <esolutio~ serves 

+o Suf>press ho.!rot\ ponc."'-t"'-rou3~. 

L ... -\l:- .;h ~- - ..J ,,. \. ''t .. -·' . -·· . - \ '-~ .. .... ;. '. ~ , . . .. 
. __ , .-· .,.,,,t .. -
'-..,;,..\,,,o ., ' \ \ • - 0 •o f 

..l.:~l-l, . 
--· I 0 • • 

I. C\Jer6.\\ ro..+e o{ c.ho..-r13e.cl. pa.r+i c..les e 3"'r\ .. 1n~ CA.1ori'IWle~er­

fro~ hcld..-ror\ ~l\c..nt'-'..,..ou!t"'- ~'ho\Jlcl. \,e. P\U~ less -H...Q"' 
( ~~':-: r" (.!".S 1. 1.·.~.c.c.\ ') t~Cl.W' sum. o-t- ro.+ e ~'o"" -p ro""p+ 

Cl.l\ci d.ec.e.'I l"IUOnS 

2. ~\-e. ~~ c..ln.o.r~e.cl pCLr-\-\c..le.s ~'bo "C <:.e""e. ?T -\hresholcl. 
--' .. : .. " .'-. ': ff.b"" ~unc.ht\\.c-~ugh. s\\ou\A be. ~uc..k less -\-"'°-.Y' 
ra.>re. {"o"" tro"" ~+ rw\uons + tle.CA.y Wl\JOlllS 

3. C\.ia.r~ed po1"t\c.\e. ro.te 1'!\JS+ \,e. McJC..~ less +ho.IA. 

CSC.. \'1M'tf'\ ... ~ ToJe. - depevtd s o"' des1~n . 
<< 3 ,0 oc:.e.upa .. c.v 205 



Cve. r~l\ C\\~r~e.cl ?Cl.r \-\c.\e. ra.\e.4:» lW\ 21 ra.t;icr1ry ·,Y\te.r'1ols 

Tro.c.\!.11\~ volo"'e. ·. '\Sc.."" ra.~:Lvs. / "{.~""" \011.~ 

-

6 

ll) 0.0 < Pil < 0.5 PT>O 
- All ChlU'lod Part. 

- 9- - a.al lluon• 
ll'TOft'.IPL + De""yJ) - · + · - Punchthrou1b 

I 

b) 1.0 < Pil < 1.5 PT>O 
- All dharaed Part. 

- • - Real Muon• 
(PrompL + Decayo) 

- · .. · - Punchlhrou;b 

....... ·'l. -r::r-~-P~-=-----. -~j·· - -5 - -
·-· -V---i 11\~ - . -+ - · - . • 

c) 2.0 < 1111 < 2.5 Pr>O = All dharaed Part. 

• - l\'!Jn\'il\."'+"DecayJ) 

- · + · Punchthrou1h 
G I -
t:". _,_- ~ - - a: 

I -· - - • l .n.. - . - . -+ - - . • 

a 10 12 14 1e 
Calorimeter depth (71.) 

C'r\\er\o.. \ so..\-\s~\e.~ a.+ ..?n). Q !. /'tl '- '2..5 

Ill\ -t\..e. 401-wo.ra <'e.CjiOr"\ I r-a.\e. d(."'-ti ,,uleA b'J dE.c..o..ys et n/J<. 
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- r 

C:ite:ia 

l 

2 

Depth at eta•O 

ll 

10 

Depth at eta•l.3 

ll 

10 

Table l. Depth Requi:ements imposed by C:ice:ia l and 2 

~- \C. >-. 
.,,.e 

1
.,1,,,1.,c,·r-

....,. '.J .. -- ."C"·. .. •• . 

C.r\ .\-e.i'"io.. 3 

z..s 
\\ 

\0 

L I l •] IQ3'f -L -1 FH· ni~" 1JYl'linoS1Ty / C."'- s , 

bo.f"re \ c..c:ic. oc..c.1.JQo.Y\c:.'} is 

for \\ ). • =::) e,o:se. li ne Z 

M11ic. t?>s'\,.·1p (?-str)-p l 
o:z. '1 '0 ( ., "' l.'2.) 

Colot'\t>\e..\:cr de.~+l\. ~ "0 11). 
"I. rl.i. It.). 

'IY'\. -\-"'c. {~("" torwo..rd.. ( 1.91 < I"'\\ cl. 'i '-) r e'l \ow'\ 

Calo:imete: thickness 10 12 14 

Rate pe: St:ip (Hz) 13100 10500 6640 
St:ip size 93c:m * O.Sc:m 

Single St:ip Occupancy 0.39\ 0.32\ 0.20\ 
300 nsec integ:ation delay 

3-st:ip Occupancy l.20% o.94' 0.63\ 

7-st:ip Occupancy 2.7\ 2.2\ l.4' 

Table 2. CSC st:ip Occupancy in the fa: forwa:d :egion 
as a function of calorimete: depth at high luminosity. 
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l...ho.r~eJ pdrtic.\f. ro.\e.s \n GEM Moon syst-~M 
o..f~e.r base.li"e Z. Ce..lof".tMe+tr 

100 

Rate 

Hz/cm2 

10 

1 

.1 

CHARGED PARIJ1ICLEI RATEi A'I1 SUPEIRLAYEIR 1 

lO 33c"t2.s.·\ 

I\) 

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5 

Rapidity 1771 
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10-3 
0.5 1 

a) 0.0 < 1111 < 0.5 
I\). 

b) 1.0 < 1771 < 1.5 
\1..}. 

c) 2.0 < 1771 < 2.5 
1<.).. 

5 10 50 
PT (GeV/c) 

200 

f u _. ' -'::. ~ ...... '- .. .:. 
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Uric.er re lQ.-\- ed. 

•._c.:..·~c.-.. ·. J :.·,,·. 

R n/"f' x. f.n/t 
t 1' 

~1ueMC.e. cl•\ ~ft-

A" oc.c:. u p Cl. Tl c 't 
t.f.f l c.i e~c.';I 

I( 

l.. I ' n .. ,, ·--~ . ')<:' "''liO. .. • I _ .. \ ~ .. 
,1 J.. ,.l.· 
-·€.' e.-·IC:"' 

A. ci ..... ,...e.t 

t 
Art. Q,. 

E.-f°.f. i c.. i e ~ c '1 -

~ 

I -,.· " . • 

0.-l:,INT 

t 
c.i...._r,e 

i""\ e~ .\ ~~e. 

Table 3 

Sensitivity of CSC to ~he:mal and fast ~eutrons a~d qa..T.mas (in u~i~s 
Of lOA (-3)) 

:. 

----------------------------------------------------------------------Superlayer gas gap thick. sensitivity to: 

Ir.ner 

Mic!c!le 

Outer 

Barrel/Endeap 
(mm) Jthe.r:nal neu~:onsl!as~ neu~:onsl gammas 

s I s 

8 I 7 

10 I 10 

0.8 

0.9 

1.0 

I 
. I 

I 
0.4 8. 

0.6 10. 

0.8 12. 

•---•-----•= -=--·----••--mmmmmmmm--mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 

The Average neutron/gamma path lenq1:h in gas gap is assw:mted eo be 
in twice the gas gap. 
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'I"' ~ 'l.\\lCll\ Soper lo..'Je1" 1 +kt. ptoba.la\\i\-y to &.,ave. 

a.\. \eQST 3 Ut'\C.OMero..i.ise muon m.e.a.sure.~e)\.\.s 

oo~ o~ (o \o..'le1"~ \s o.. ~unc.+\oV' o\ tke t."'-a......,,ber 
C:U..UQO."i'C.':J • 

Muon efficiency, NW=6 
>. 1.2 
0 

:.= :.= =.= . 

iii iii 3V,~.· i: 
II) 

0 

1 

: : : . . . . 
'· '· .::: : :: .. 

1----;--;--:--;--:--;--:--;-;-----;:_ ...... •;,. •• :::·-::j:: •••• .:. •• .:. ... t...l.lJ. ................ : .•••• _.: .••.• .:. •.• .:. ... .:. ... : •. : ... t. . :::::: : : : ::::: 

!:iiii ~ ~i~~~~~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
0.8 

0.6 

0.4 

0.2 

10 _, 1 
Occupancy/ channel 
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de.+e.d-to" e.~-f ic.1 enc.11 \IS c.o\t-e d ed C.\.\a.r~~ ior o\tl-er Sl... 

.. 
I 
0 
~ -0 
U) 
~ ·c: 
:l 

..: r 
a; o.s F 

l 
06 ! 
0 ' -.~ I 

i 

0.2 f 

"I 
0 

U) 
~ ·c: 
::30.7 --Cl) 

0.6 

0.5 

0.4 

0.3 

0.2 

0., 

:. IJ .. .... L!. 
1~\.-..:""•i 

0 f, ... I. I. , I , . I, , , 

0 5 , 0 , 5 20 25 
0 .......,_ . ..........,,,..~·~'~· ......... · ~· .......... '~'-'-''-'-............ -'-'-'--' 

0 10 20 30 40 

Thermal neutrons A.... Kev 

A M \ \) · l.s a. .fei..l ke.\/ • 
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- E ic.pe.c.ted 0 c.c.\l pa.n c: i es bQ.rre.I 

• 

• 

• 

lb 'in/ c..,.....,__s utliforM • "1/rj l'I\ 

3 /i 2. 2 x JO l' c."" -~ " 1• ,, 

At 1r.iT - 300n Se..c.. 

Ls c. c.."'-o.. Y'WI. be r 
3.Srvi lo.,,s 

in out-er b" f'!'"e. \ Super 1 o. ye r 
~+rip pi.fr.."'-/ ~a.p ~ IC"""" 

Table 4 

Rates in a single barrel CSC layer due to ther:nal/fast neutrons and gammas 
Ci~ ::.~~s of H:/c:A2) and occ~;a~cies pe: =~• s::!p =~ ba::el =~on cha:':'.be:s 
for integration time equal 0.3 nsec. Neu:ron ra:e of lOA~Hz/c:nA2 uniform 
was used and ga::ma :a~e of 2•lOA3H:/c::iA2. ~cvz,al !:ac~ion of ehe::nal 
and fast neutrons used. 

---------------------------------------------------------------------------Super layer I 
I 

CSC rates caused !:>y:· 

l~t~h-e-rma--~l--n_e_u~t_,.l~fa_s_c __ n_e_u_t __ .-q_a:_.,-__ .-~-s---,--t-o-c-a~l-

Occupancy I 
pe: one I 
s::ip I 

7-st:'i?I 
Occup I 

I 

----------..---------------------------------------------------------1 I 
Inner 4 2 16 22 O.ll\ 0. 77\ I 

I 

---------.-----------:---------.,...-------.,..------:---------.,...------1 I 
Mic!c:!le 4 3 20 28 0.18\ l.3\ I 

I 

---------.-------------,---------.,-------...,....----....,..--------.,..------1 I 
Outer 5 I 4 I 24 I 33 I 0. 35\ I 2. 5\ I 

------~--!·---------~-!,_ _________ ! _________ ! _______ ! __________ !--~--~! 
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... - LSbT tcs+s . .§.?. 

o.sTe\/ .AJ 

.. ... ... 

a.• - .. 

o.: - .. ,,. 
~ 
~ . . 

a. o . 2 4 • • 10 12 14 •• 
NUMaDll or 1«ts .. 

ID 101 

' ~tries 9509 
• Meon 5.128 

' ~MS 1.950 

• 
0.8 ... ~~· 

.. 
. 10cm Fe . u5ANT Si"""'\ o:\· io"' . 
. 

D.8 -. .. . 
. 

D.4 -. 
. .. 
. 

0.2 -. . 
1~ • . 

'f')o . 
IL • ~ • • ... 

0 0 2 ' 6 8 10 12 I' 16 

Numaer of Ce!ls Hit 
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Entries 9509 
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SYSTEM IMPLEMENTATION d' 
SECTION 4.5 

• 4.5.1 Chamber Production 
• 4.5.2 Quality Control and Assurance 
• 4.5.3 Support Structure Fabrication and Installation 

..,,.,..,...! 
3/161!8 

• 4.5.4 Chamber Installation 
• 4.5.5 Alignment 
• 4.5.6 Muon Chamber Services 

• 4.5.7 Muon Chamber Commisioning 
• 4.5.8 Access and Maintenance 
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CHAMBER PRODUCTION ~ 
Manufactured components assembled into chambers 

cvjxxxxx-2 
3/16/lll 

• 

• Critical components manufactured by industry 
etched cathode strip boards 
honeycomb panels manufactured with boards as face 
selected other spacer components 

• Standard fittings, adhesives and connectors purchased 
• Two or more factories assemble into chambers 

Two or more overseas 
Prototype factory in USA that could do mass prod. 

• • • • • • • • t 
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1) ETCHED CA THODE STRIP BOARDS: 

a) Provided by GEM: 
G-10 (o.5 mm thick) boards with Copper (17 microns thick) 
plated on one side, 6000 boards provided 

specific pattern of strips 

b) Required: 
6000 etched cathode strip boards as follows: 

1200 boards; 3.5 m by 0.77 m; 
2400 boards; 3.5 m by 1.33 m; 
2400 boards; 2.6 m by 0.95 m 

c) Specifications: 
Pitch of strips+/- 50 microns, not accumulative 
space between strips +/- 50 microns 
strips straight to+/- 50 microns 

2) HONEYCOMB PANELS: 

a) Provided by GEM: 
6000 etched cathode strip boards 
8000 G-1 O boards with solid copper on one side 

optional: additional material (NOMEX paper stock, epoxy, etc) 
estimated as provided by GEM or supplier 

b) Required: 
7000 honeycomb panels as follows: 

6000 panels with one etched cathode strip board as a 
face and one board with solid copper as the other face, as 
follows: 

1200 panels 3.5 m by 0.77 m; 
2400 panels 3.5 m by 1.33 m; 
2400 panels 2.5 m by 0.95 m 
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1 000 panels with both faces of solid copper only as 
follows: 

200 panels 3.5 m by 0.77 m; 
400 panels 3.5 m by 1.33 m; 
400 panels 2.5 m by 0.95 m 

c) Specifications: 
All panels 20 mm+/- 0.1 mm thick 
all panels flat to 1 00 microns 
all panels faces parallel to 50 microns 

d) Details: 
All panels will have 25 mm +5/-0 mm of the edge honeycomb 
cells filled with epoxy to form an edge seal and stiffener 

3) SCHEDULE: 
Provide delivery schedule for: 

First 1 0 % of total order; 
Second10 % of total order; 
Third 1 0 % of total order; 
Forth 1 0 % of total order; 
Fifth 1 0 % of total order; 
etc. 
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RECEIVING INSPECTION PARTS, MATERIALS, STORAGE 

I I 
EXTER AL WIREI PANELS, CHAMBER FRAMES, ALIGNMENT 
COMPONENTS 

I 
HARDWARE, GAS CONNECTORS, SPACERS 

MULTIPLE WINDING • 
MACHINES "3" !INSTALL ALIGNMENT HARDWARE ON PANELS "I" I 

I 
I 

!DRILL HOLES, REAM WHERE NEEDED "l" l 
WIND ONTO TRANSFER • 
FRAMES "4" ATTACH CHAMBER FRAMES, 

I SPACERS TO PANELS "2" I., Li~!",;,) l UKr.. UN~ I 
WEEK'S SUPPLY"4" I ATTACHMRETERMINATORS "2'! I 

I 
I ATTACH GAS FITTINGS "2" l -. 

CLEAN, STORE ONE 
- WEEK'S SUPPLY 

I ATTACHWIRESTOPAN i..S,6TABLES"4"1 
I 

VERIFY TENSION, CLEAN "4" I 
I 

ELECTRICAL CHECKS "4", STORE I 
I 

CHAMBER ASEMBL Y"4" "5" j 
• 

I INSTALL ALL EXTERNAL COMPONENTS 

I 
I PURGE, TEST HY : 

I 
( a. I II I I 'I 1 KAY fl~:S I 

I 
I STORE, PACKAGE, SHIP I 

• • • • • • • • 
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Quality Control and Assurance ~ 
GEM complete oversight 

cvjxxxxx-3 
3/1~ 

• Manufacturers qualified, inspected 
• Prototype factory develope sampling plan 
• GEM on site inspection at assembly factories 
• Functional testing before, after shipping 
• Functional testing after sector assembly 
• Functional testing after monolith assembly 

) ) , 
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SUPPORT STRUCTURE FABRICATION AND 

INSTALLATION O' 
Sections fabricated in industry, assembled at IR 5 

• Al pipe space frame manufactured by appropriate industry 
maximum amount of welding 

cvjxxxxx-4 
3/16/!8 

• 

pinned and bolted joints where needed 
sections assembled, verified in factory 
dissassembled, shipped to IR 5, re assembled, verified 

• Sectors assembled, loaded with chambers 
• Sectors assembled into monolith support rings 
• Monoliths transported into hall, installed 

• • • • • • • • • 
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CHAMBER INSTALLATION di 
Chambers will be function tested after each step 

• Chamber receival, inspection, mounting harware 

cvfxxxxx..S 
3/ll(l& 

• 

• Sector assembly 
• Mololith assembly 

• • f • f f • f c 
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MUON CHAMBER SERVICES ~ 
All services consolidated at sector level 

cvjxmx·7 
3/16/!B 

• 

• Gas system regulated at sector level 
mixing controls on surface 
local racks in utility shaft 
regulators at sector level 

• Power distributed to sectors 
low voltage to mother boards 
high voltage to chamber gaps 

• Water cooling to take out 100 mW per channel 
• Cabling will be completed to pig tails at sector level 

sector pig tails collected to monolith pig tails 
flexibility to allow 1 O meters of magnet motion 

• • • • • • • f • 
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CHAMBER COMMISIONING 

Chambers exercised at every assembly level 

CY)XXXXX-8 
3/16/!ll 

4 

• Normal sequence of turn on testing 
• Initial voltage testing with inert gas 

final verification with working gas 
• Leak testing at every step 

4 4 4 4 4 
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GEM MUON SUBSYSTEM POST REVIEW DISCUSSION 

Guy Sanders Presiding 

16 March 1993 

Rcyiewer Comments 

I. Antcbi: 
1. Aerospace organizations are genczally expensive hardwa?e manufacturers. 
It was indicated that a financial savings is expected because a foreign aerospace concern 
is planned for chamber fabrication. 
2. Three point kinematic mounting for the chambers is probably :eossible, but 
reproducibility of the position of the body on the mount is nontrivial. Careful 
engineering is required to accomplish this. 
3. Chamber performance could be compromised by gravitational, moisture, thermal, or 
pressure effects without caIC to study each during the design phase. 
It was indicated that an external bladder, which existed in a former chamber design, 
would ameliorate the effects of pressure excursions inside the chambers. Also, the 
chamber frame was responsible for maintaining wire tension high enough to avoid excess 
gravity-induced sag. 
4. Stress relief may not be required for the support structure after fabrication. 
It was indicated that opto-mechanical engineers had recommended stress relief as well as 
cautioned against the use of steel for the structure based on similar long term stability 
arguments. 

M. White: 
I. Access to chambers for removal of a wire is of paramount importance. 
2. Rigorous testing of prototype chambers is essential to elimination of bothersome 
operational problems. 
3. A graph of the B field superposed on the end cap chambers would clarify the 
description of the effectiveness of the FFS. 

Executiye Committee Comments 

M. Harris: 
I. Detector access and electronics placement have not been engineered sufficiently. 
Possible improvements include reducing middle superlayer tilt angle to 6°, pairing 
chambers wherever possible, and thinning the CDS. Recommendation for 
implementation of these is not for the TDR but in May. 
2. Acceptance of the system is low. For the TDR, an alternative alignment scheme 
should be defined as an option to reduce gaps between the chambers. 
3. Pairing chambers together wherever possible was highly recommended. 
4. A Safety Factor= 3 for the dp in the chamber may not be adequate for Texas weather 
fluctuations. 
M. Marx suggested the use of an external bladder to combat this problem. 
S. The issue of copper shielding was confusing and should be treated more clearly. 
6. The alignment of a tower to the beam line to 3mm :s 8 :S Smm seems very stringent at 
this scale. No possibility to accomplish this has ever been shown. 
7. C. Johnson's claim that -90mm of inactive space exists on the end of the chambers is 
likely to increase acceptance loss. A clear schematic of this should be developed. 
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8. No scenario to deal with the end cap chambers design or assembly was shown. It is 
not clear that an acceptable program exists for end cap chamber manufacture. 
It was indicated that a program for end cap chamber design exists. 
9. A clear detection technology choice must be included in the 1DR. 

G. Sanders: 
1. Questioned whether the rail design inside magnet vessel for introduction of the 
monolith was agreed to by the magnet group. A copy of a memo from J. Bowers, dated 
12 November 1992, indicating the minimal impact on the vessel wall from this 
introduction using grease pads was promised to Sanders by M. Gamble. The use of 
grease may be unacceptable, however. Magnet evolution and the use of small rollers 
requires that this be reverified. 
This feeling was shared by all and roller failures at CERN were mentioned. Sintered 
bronze hardware may be preferable. 
2. Access and maintainallility are obvious weak points of the current design. 

B. Barish: 
1. Inner supcrlayer chamber lengths of twice their current dimension should be 
considered. 
It was indicated that a fabrication technology requirement prohibited this. 
2. Chamber pairing should be strongly considered. 
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To: 

From: 

Comm: 

_ ..................... ... 

1.7 Mareh l.993 

Fil.a 

JA 

93069 SSCL !l'aon Detector SUpport. 

Additional comments since design review: 

o Need to check deformation o-t: magnet inner J.iner shell 
~"hen subject to line loads :from rail. In ~ieul.ar when 
structure is onl.y partially in. Consider using more than 
2 rails. · 

o To reduce chanco o! breakage of chalnber wires, Ilse 
anchorage which will maintain tension in wire constant, 
for example a belleville washer. · · 

o With respect to usinq more than 3 point support :for 
cb,ambe?-s, we ha.~·e used lllltltiple support !or antenna 
reflector panels where th.e supports were used to 
sliqb.tl.y ~ the panel. a preaetermined amount to 
improve its sm:ce. ~s is an extra d~e of freedom 
that can be.usea during aligm:ent. Al.so, in the Xec:k 
telescope warpinq harnesses are used to improve the 
shape of mirrors. 

~f,..S/­

-~v"j· 
4k,.1)'"'- -fiJ- )"'"-/ ~rp~·f-d:~ 

~{/,-1± 

275· 



Close - Out of Muon Review 3/16/93 
Comments without attribution: 

(1) Support Structure: 

• Attention should be given to how well the joints are made. 
• Aircraft manufacturing of the SS may be too expensive. 
• Assembly procedure of EC has to be worked out. No details of the support 
fixturing 

needed. 
• How well will the rollers inside the magnet work? Support plate strong 
enough, 

and would grease pads be better ? 
• How to access the muon system ? What to do about a broken wire ? How to 
get to the 

electronics ? Some plan has to be given in the TOR. 
• Some discussion of options for better coverage. Close the gap at 61 o and 45 o 
and use 

axial alignment? Needed is a quantitative analysis. [Alignment stays 
projective for 

TDR.] 

(2) Chambers: 

• The 3x safety factor for chamber over-pressure not enough. Consider going 
back to the 

gas bladder ? 
• It seemed as though the inactive area of the cathode board was too large. Could 
a more 

efficient design be made with less than 95 mm lost? 
• No details about the cable plant. How many and where ? 
• What is the radiation length budget of the CSCs - including the support frames 
and 

electronics, etc. ? Need a complete layout of chamber electronics - several 
versions were 

presented - and none was complete ! 
• More detail on how to calibrate the system - electronics gain, alignment, etc. 
needed. 
• Could we have the middle SL at 60 rather than go ? 
• Could one large chamber in SLl barrel spanning two towers be used ? 
• Could we tie two chambers in SL2 together to reduce the number of alignment 
paths 

and simplify the design ? 
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-
(3) Alignment: 

• What is the pointing specification of a tower to the IP (3 mm or 3 cm ?) 

(4)TDR: 

• Need section on access to the muon system. 
• Need in one table the operating point parameters (gas, HV, T, P, alignment, ... ) 
and the 

their tolerances. Compile total error budget. 
• Section on selection of technology - with cost comparisons and technical risks 

discussed. 
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