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Abstract: 

Agenda and presentations of the GEM Collaboration Council 
Meeting held at Brookhaven National Laboratory on November 3-6, 1992. 
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Tuesday Nov 3 

AGENDA 

GEM Collaboration Meeting - Nov. 3-6, 1992 

Registration - BNL Center 
Informal meetings all day 
Informal get-together with refreshments 3-8 PM 
Dinner on your own 
Magnet Meeting - G. Deis - Orange Room - Physics Building 

Wednesday Nov 4 

7:30 AM 

9:00 
9:30 
10:30 
11:00 
ll:lS 

· 5·. ~-H.t6 
12:1S PM 

l:lS 

J J : Lf s-+.tS"" 
2:ts 
-a:T5"' 2 :~ ~ 
3Go 

S:30 
S:SO 
6:30 
7:00 
8:00 

Breakfast and registration - BNL Center 
Chairman - Frank Plasil 
Welcome - H. Gordon/G. Yost - BNL Center - North Room 
News of the GEM collaboration, plans for Baseline 2 - B. Barish 
Project Manager's Report and.Discussion of TDR plans - G. Sanders 
Break 
Status of Simulation Effort - K. McFarlane 
Tracker status - J. Brau 
Lunch at BNL Center 
Chairman - Larry Rosenson 
Calorimetry status, progress toward TDR in December - W. Willis 
Magnet status - R. Stroynowski 
Status of ms Facilities - D. Moeller, ms Design Manager, The PB/MK Team 
Break 
Muon system: Y. lOi'<\c.i....."<"O>"a,k~ 
F. Taylor, G. Mitselrnakher, S. \'/ki!takeE, L:Osborne, C. Bromberg, C. Wuest 
Open discussion - M. Marx moderator (30 min) 

, The Importance of tt Associated Production at the SSC - W. Marciano 
The Search for the Supersymmetric Higgs - A. Stange 
Adjourn 
Cocktail Hour at Berkner Hall 
Dinner Buffet at Berkner Hall 

The simulation/physics group will meet at 2 PM (K. McFarlane/F. Paige, conveners) in 
Room 2-160 in the Physics Building. 
The evening after dinner is also available for groups to meet. 
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Thursday Nov 5 

7:30 AM 
8:30 AM 
8:30 

12:30 
12:30 
1:30 PM 

6:00 
6:30 
8:00 

9:30 

Friday, Nov 6 

7:30 AM 

8:30 

9:30 
10:00 
10:30 
10:45 
11:15 
11:45 
12:30 PM 
1:30 

1:30 
2:30 

Breakfast at Berkner 
Subsystem Meetings 
Muon subsystem (F. Taylor, convener) - Room B, Berkner Hall 
Calorimetry subsystem (W. Willis, convener) 

I. Engineering - Instrumentation/ Annex 
II. Simulation - Small Seminar Room (AM) - Physics Building 
II. Simulation - Large Seminar Room (PM) - Physics Building 
III. Baseline - Definition - Room 2-160 - Physics Building 
IV. Co=on Meeting - Large Seminar Room - Physics Building 

-

-

... 

Trigger group (D. Marlow, convener) - Room D, Berkner Hall . . ,1 -

-P..hysics/simulation (K. McFarlane, convener) - Roem A, Be~er Halt C. ~~ 
Tracker - A~(Snyder Auditorium) (C. Baltay, convener) i--JL l~ 
Magnet- 2~>! Physics (G. Deis, convener) P L 
R. Fischer R&D Lunch - Room A - Berkener Hall 
Lunch at Berkner Hall 
Continuation of morning groups, plus 
TDR planning session (G. Sanders, convener) - Orange Room, Physics Building 
To be attended by spokesman, lead authors of each chapter, to discuss TDR. 
Adjourn 
Dinner at Berkner 
Round Table discussion on role of university groups in GEM -
Berkner Hall/Theater(G. Yost, convener; panelists plus audience participation) 
Adjourn 

Breakfast, Berkner Hall 
Chairman - George Yost 
Summaries of Working Groups' Results - Theater 
F. Taylor 
W. Willis 
D. Marlow~ 
Break 
K. McFarlane 
C. Baltay 
Su=acy of the Meeting - B. Barish/W. Willis/G. Sanders 
Lunch at Berkner Hall 
Executive Co=ittee - Room C, Berkner Hall 
Chairman - Howard Gordon 
Progress in Technical and Model Building - S. Dawson - Theater 
Adjourn 
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inforn1ation, technology, or Special Nuclear Material; or 

• You believe that you m b ti t 
E T ay e >e arget of attempted exploitntion (blackmeil) by" foreign entity 

· revel to a Seneitive Country · · 

Travelers who hold, or have held within lhe last G ·. .. . 
to complete "Request for Approval of F . T Y•r~~· a DOR Access Authorization are required 
to a sensitive country. Thie form must be "::~';;,'itt::~~ iheD~E Form 1512.1, when proposing travel 
of the departure date. An AcceAe Authorizati . d . udget Office at leeet 45 daye in advance 

on 18 es1gnated ae "Q " uL" .. ~1· p S t " "S T I . ' ' o ecre ·, or "cret" 
rave ere planning unofficial travel to a sensitive · · 

A~t~?rization are also required f.o submit form OO~o;~~~ 2 ~ho hold, or have held, a DOE Access 
D1v1s1on 30 days prior to departure. IJOE will not di . j · to th~ BNI, Safeguards and Security 
unleee such travel ie judged 1.0 endanger the eecurit ss~a< e ~n.offic1al travel to eeneitive countries 
of the traveler. · ·Y 0 · seueil.lve program• or t.he personal Mfet:y · 

Sensitive Countries include: 

Afghaniatan 
Albania 
Algeria 

•Andorra 
Angola 
Argentina 
Benin, Peopl119 Republlc of 
Drnzil 
Bulgaria 
Durma (Myanmar) 

4·20·92 

Libya 
•Mauritani~ 
•Monaco 
Mongolia 
Mozambique 
Namibia 
Nicaragua 

Chile 
China, People'e Republfc or 

•comoro !elands 
Cuba 

"Djibouti 
El Salvador 

•wewllia 
Jiltltfopla 

•ouyana 
lndia 

•Niger 
•Oman 
Pakietan 
Romania 
South Africa 
Soviet Republics (see below) 
Surinam 

Iran 
lraq 
lsrael 
Kampuchia (Cnmborlla) 
Korea, N1>rth 
(l)emocratlc l'e1Jple'e Republic of) 
Korea, South (Rn1Htblic of) 
LaM 

•r,atvla 
Lebanon 

Syria 
Tan~ania 

•United Arab Emirates 
•Vanuatu 
Vietnam 
Yemen 
Yugoslavia 

P•a• 2 ot 7 

1. The responsibility lo notify BN!,.SSD of travel lo .a selleitive country continues for 5 years 'after ' 
a person's Access Authorization i& terminated. 

2. Travel relating to Taiwan ia handled under the policies anti procedures which apply to Sensitive 
Countries. 

3. "Soviet Republics" include the republics which constituted the Soviet Union in 1990 (except for 
Estonia, Latvia, and Lithuania), whether or not now Independent or joined in a union with other 
republlct, and any component territories of these repuhlics which may consider themselves · 
independent, 

• Countriea 10 marked appear on this liet for reasons rein Led to 10 CFR 810, "Aeeietance to Foreign 
Atomic Energy Activities." If the euhject maUer of the travel i1 not related to nuclear energy, 
the traveler ls not profeseionally Involved in nuclear energy matters In his/her work, and the 
element of the facility or the people to be visited are not involved in nuclear energy, the country 
so marked may be treated as non·aensltlve for purposes of this particular foreign travel. 

IV. RESPONSIBILITY OF EMPLOYll8 NOT POSSESS'NO ACCESS AUTHORIZATION 
TO CLASSIFIED INFORMATION 

Any employee who does not possess Accel8 Authorization lo claesified information and who receives 
or finds classified written material must immediately notify the Security Office. Claesified written 
material may be identified by the official classification marking "Top Secret," "Secret," or 
"Confidential," which is located on the top and bottom of each page of a document containing 
classified information. The Security Officer is responsible for reporting to DOE the details of the 
Becurity infraction. 6 
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Computing at GEM Collaboration Meeti11g 

There are 12 ter111i11als in Roo111 1-240 i11 the Pl1ysics 
Building (also 6 phones). Enter by pusl1ing 5-3-1. 
(May need to do this twice) 

The terminals or PC's are on a ter1nina.l server 

•user> XXX 

• local > C BNLCL6 

•User: > BNL 

This ·account will give you access to your 11ome sys
tem. There are additional ter111inals in R.0.0111 2-84 
h1 tl1e Physics Building. 
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GEM Magnet 

Central field 

Outer radius of outer cryostat vessel 

Mean radius of windings 

Inner radius of inner cryostat vessel 

Inner radius of magnet subsystem 

Magnet axis height above hall floor 

Half Cryostat vessel length 

0.8 T 

10.15 m 

9.5 m 

9.1 m 

9.0 m 

13.0 IT1 

15 m 

Half Coil length 14.44 m 

Total conductor length 27 .2 km 

Total mass of half magnet subsystem 1,300 t 

Total mass of half coil 153 t 

Total mass of half cryostat vessel 851 t 

Total mass of half FFS 1,265 t 
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GEM Besel ,:-e J. March 25. 1992 

MITMRP Vl.0 3/30/92 17:29 
Contour t 0.ooc::-00 Delta 5.88'iE•00 

2.0 
I 

1 . 8 

1 . 6 

1 • 4 

1 . 2 

1 . 0 

. 8 

. 6 

• Lt 

. 2 
10 J 

0. 
0. .5 1 . 0 1 . 5 

R I ml 

CONTOURS OF CONST ANT FLUX 

Figure 1: Lines of constant magnetic flux in a meridional half-plane; the figure is 
rotationally symmetric about the horizontal axis and has mirror symmetry about Z -= 0. 
Note: the beam axis, Z, is venical while the transverse axis, R is horizontal. Both axes 
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 shown. 

Figure 22 
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Memorandum 

' _, 

To: Gary Sanders 

_-/ 
-~r.._Lf-•J _ 

I • 
I/ 

I I " ~-1-1 '(_r_) 

Superconducting Super Collider Laboratory 
2550 Beckleymeade Ave11ue, Mail Stop 2005 

Dallas TX 75237-3946 
(-2 I 4) 708-6207 

Fax: (214) 708-6088 

GEM Project Deparhnent 

From: Paul Reardon, Gary Deis, R szard Stroynowski, Bill Wisniewski 

Subject: agnet S 

Date: DRAFT 

The GEM Magnet Project has now reached the stage at which it is necessary to freeze the major system 
parameters of the coil assemblies. This is required to support the overall schedule, which necessitates 
that the detailed design be advanced quickly in the next six months, and that major procurement actions 
be initiated immediately. At least one of these procurements, the conductor purchase, will be firm fixed 
price, so any design changes which would affect the conductor specifications in any way must be strictly 
avoided. 

Magnet subsystem inner radius 
Magnetic field at IP 
Vacuum vessel minimum z 
Vacuum vessel maximum z 
Winding mean radius 
Winding minimum z 
Winding maximum z 

9.0 
0.8 

(~i~:t 
9.5 
0.75 

15.0 

m 
T 
m . m·-
m 
m 
m 

Freezing these system parameters will result in a freeze of many other derived parameters, such as 
number of turns, current, conductor cross section, etc. Many other parameters relating to the detailed 
design of the coil assemblies will be frozen as the design progresses. 

The magnet project would also like to freeze the design of the FFS. However, in view of the ongoing 
discussions related to the designs of the tracker, calorimeters, and muon system, together with the 
slightly less critical schedule for the FFS design and construction, we do not request that the design be 
frozen at this time. However, please note that uncertainty in the design of the FFS will impede our 
ongoing discussions with potential foreign suppliers of these components, so an early freeze will be 
required. We anticipate requesting this freeze within 2 months. 

The details of the magnet interfaces with the Central Detector Support, the Muon Subsystem, and the 
facility, as well as the interface between the FFS and the coil assemblies are being evolved as a normal 
part of the detailed design process. These details will not affect the magnet design in a significant 
"system" manner (as would changes in the parameters listed above); therefore we do not regard these 
interfaces as frozen, and we will continue to work with the other systems to develop the details as a part 
of our design effort. 

Freezing of the major magnet system parameters, now, is essential in keeping the magnet project on 
schedule, in minimizing the overall cost, in maintaining project momentum, and in demonstrating the 
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GEM DETECTOR PARAMETERS 
OP'llON 1 
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BARREL CALORIMETER: FIBER 
VACUUM SYSTEM: OPTION 1or3 
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The Physics Goals of the Central Tracker 

First Category 

1. Required_to support primary objectives of 
GEM: ~etection of 1s, es and µs at high PT· 

• Identify the primary vertex of an event: 
separate from pileup events 

• Separate electrons and gammas: 
charged track pointing to an EM shower 

• Provide track information for e, µ or 1: 
isolation cuts 
rejection of conversions and Dalitz pairs 

• Electron-hadron separation: 
momentum compared with energy in calorimeter 

• Rejection of µ background: 
match trackerµ momentum withµ chambers 

• Determine the electron sign up to 400 Ge V / c 

Fulfill these goals well at 1033 cm - 2 s- 1 

- ._ Survive up to 1034cm-2s-1. 

(met by looking for hits in a specific road extrap
olated from calorimeter or µ system) 
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The Physics Goals of the Central Tracker 

Second Category 

• Full reconstruction of the charged tracks in the 
event. 

• Secondary vertex finding. 

• Tracking at low momenta with good resolution. 

Enhance GEM's ability on b and top physics. 

More demanding in pattern recognition require
ment and vertex resolution. 

Expect to meet up to 1033cm-2s-1, but probably 
not much higher. 
(satisfactory due to large o-s) 
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The Silicon Microstrip inner tracker 

6 layers of silicon strip ladders 
Each ladder =:? two back-to-back 

single sided silicon sensors 
5 mrad stereo angle between the two sensors 
Each sensor is 300 µm thick 
Strip pitch of 50 µm 
Each pair of sensors provides a space point 

resolution of 10 /lm in the r - ¢ plane 
and 3 mm in the r - z projection 

The 6 layers of ladders ~ 3 superlayers 
Each superlayer ::::} track stub 

Forward region: Silicon disks -
strips projecting radially inward 
toward the beam axis 

Length 
Radius 
Area of silicon ladders 
Number of strip 
Strips per fiber optic readout channel 
Readout channels 
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200 cm 
10 to 35 cm 
7 m 2 

3.5x106 
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-
The Interpolating Pad outer tracker 

8 layers of pad chambers in the barrel 
at radii 35 - 70 cm, 

AND in the forward region, 
radius 20 - 70 cm 

8 layers ~ 4 superlayers 

Each barrel layer: 20 chambers, 
each chamber covering 18° in azimuth, 
largest chamber 30 cm x 200 cm 

Forward layers: disks of 10 trapezoidal chambers, 
about 50 cm x 50 cm each · 
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.... 

GEM Central Tracker 

Magnetic field 0.8 T 

Length (from IP to outer faces) ±150 cm 

Outer radius 70 cm 

Location of neutron shield 70 < R < 75 cm 

Occupancy £. = 1033 cm-2 s-1 < 1%. 

£. = io34 cm-2 s-1 < 10% 

Charge separation at 95% c.I. < 400 GeV 

6.p/p High p 0.0015 Pr. Pr in GeV /c 

Low p ....... 4% 

Vertex Beam direction DZ rv 1 mm 

(> 10 GeV /c) Impact parameter Sb....., 30 µm 
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2 M VS. 1.5 M CENTRAL TRACKER 

UTILE CHANGE IN THE SI TRACKER (2CM FOR LONGER LADDER) 

CURRENT IPC MODULE PACKAGING QUITE TIGHT 

CURRENT OUTER SUPPORT STRUCTURE INTERFERES 

TWO TIMES IMPROVEMENT IN THE IPC RESOLUTION 

60 

• 

.• .. 

:.,. 

... 

• 

... 

-

... 

.. 

• 



A 

B 

c 

D 

E 

f" 

'G 

•H 

) ) 

2 3 '4 

N-t 

•, 

r~ 
DCRJN·POLY ,---,-I= 

. ,· ( 

\" a;._-:. 

~- ... 
i-;. 

5 6 7 "8 

cPTICJ-1 •I FOR MO.f\ITIJ<G ro A 8AAAEl.. CAL.CAI~ 

10-20·02 

II 
r IM"tif EN;L~ 

JOO ID 

-SEAM Tl.&: 
80 ID 

' ' 

) 

'. 

9 

-

zoo 
THIS 
EM> 

, 

10 

TH< BOOll Pa.. y 
~ SLR""llCE TO CXJNl"'ORlil TO 
C"1P CAL. CONTOUR 

~---

l I 
, -- ----· ~ ISZO ROUTINl - - 1390.00 

:IEN'TR/IL nt.'IOCEA CO c 
~ 

.... 

CALOFl!ltETEA 10 
8CAlN Pa.. y Cl) 

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

(l:> ..... ..,,.,.~ ... 

(J;> ~'F"-"'\e~J.="" .. - -
[!;:>- -·WILL - ............ .._..,....... ~ 
4, ;~ ..... -= 

, 

---

-

METRIC 
ntlND #8LE ~-104 

-@-Et 
2 3 4 5 

i ' -·-
.. --- - , 

I -
: --

' 
, . 

I 
3000.00 

CENtftAL 'TRAOCER l..ENBTH 

3500.00 
MINlllJU TOTH.. LEIGTH 

--·---
7 

---

-.. 

-
I 

MIN --
------

--~ 
.:::::..=--

.::.: ... --------
8 9 

"" IW' 

, .,-J-! ___ i !"-.~-_' "'"' ,,, . -... '--!~1!!_ .... 1 

---
-~ ·-~' 

,,. .. 
Al 

10 

, 

- A 

B 

c 

D 

E 

f" 

G 

,,:_ . , 



:A 

,8 

'C 

D 

E 

F 

G 

H 

'" N 

2 3 

N-+ 

50 BOFQol- POLY 

I Lzo.ooo 
CABLE 

ROU'TINi 

4 5 6 7 8 9 10 --- -
OPTICN •I FOR UCll.NTIN3 TO 1'. BARREL. CALORltiETER 

- TRAO<EA 

J0-21Hl//
2

(]J"kl~X~E:'.o,.; - llORDN ""fu..- TO 
zoo TH< ACE 'TO <k.R ICL09.AE _[THIS~CAL... CONT 

INEA E ENJ 

__[_
JOO 10 -· ~·- . . =1 

. 11 f 1! .. =z !' . ;= 11 11 • 
2CMO 

CN...CIRIJETER ID 
f!IOAOt'il POLY 00 .._ _______ ----14 _ -z I -

.______.._ 
~ 

lg()() .. 00 

CENTRAL ~KER 00 

--- ~ 

-

I 
!KKXl-00 11=~ MIN 50 GAP 

CENTRAL. 'T'RM:t(EA LErGTH J - 1:-.!_! ___ t!P-~t--' 
'MT 'IO • - ,,,.. 
l __ !~~~- ... 1 

tem• 3500.oo----
[l> l;I 1ll!,r\l"~ MINI.._.. TOTAL. LEJGTN 

(!;::. ~..--"\':7:>"::-.lt.="",. ... -

-

~-··M.1.- ..... -- .... --~~ _..._ - - -
... 'Cl9flU1..!!!!ilf _ .... 

~~ ..... = ~= .rm.=..:.:_==-. -

METRIC r ;;;;: - - :: --
™'"° NG..E ~IOH ----- ~ - :-- ; . 

~ ---- ---
~ -- - --·-- AJ -GEMIZ-04 I 

2 I 3 4 I 5 I 6 7 ---~----1----~--- 10 TI I 12 

t • • • • • • • • • 

A 

B 

c 

D 

E 

F 

G 

H 

• 



) 
• 

• • • 

-'.· 

, I 2 I 3 I 4 I" s I .. 6 I 7 I e I 9 I m _..._. ... ' r:f e·· 1 
I . 1-H - ~ .... I - - A 

A .-"-- " 

B 

'C 

D 

E 

F 

' 'G 

H 

°' ~ 

H:A I :z00 AL AN'.) 
VERT I OIL. llO.J , IOMIS ___ 1;=:-·~-

SI/ I PC TRACKER I NTEFF ACE 

__,._ 

'f CENTR/\L TRAQCEA 4 f 
E!l.LKl£AD GAS 
ENCl.06<.0£ 

2 3 

~ ,~ 

i , 

METRIC 
THUIO #IM!ll..E fli'llQJECTION 

-@-E3 
4 5 

~-~,'---

------
---- --· 

6 7 

~· 
/". 

INSTALLATION RAILS 
<REKJVAB..EJ 

CENTRAL. TRAO<ER TO CALORIMETER 
M:Un5 "ii UJCAT IONS 

..... _ 

----==

:'-fiRE"O:.iMit.iAiiv--·. 1----------------------.. 1 
:NOT TO BE USED FOR: 
' ' FABRICATION 
'---------------------~ 

--
' ' 

~ -- - --
::.: 1Clf· - -

E;;;;o1-~~~..-~~1,...-i1 - ... 
_ ~ 99YXXXX:YY I Y I 

• 
8 9 10 11 12 

B 

c 

D 

E 

F 

G 

, 



Central Tracker Cost Scaling to 2 m diameter 

Assumed Djmensjons: 
Silicon Tracker 

IPC Tracker 

Polyethylene 

Cost Scaling 

4 cm inside radius 
38 cm outside radius 
200 cm long 

39 cm inside radius 
95 cm outside radius 
300 cm long 

Barrel Section 
97 cm inside radius 
102 cm outside radius 
End Sections 
31 O cm inside 
350 cm outside 

June 1 o Cost Est. 

+ 1 cm rad. 
+ 3 cm rad. 
same 

+ 3.5 cm rad. 
+ 26 cm rad. 
same 

+ 26 cm rad 
+26 cm rad 

same 
same 

Si Tracker Current Qesjgn New Qesjqn Increment 
• Note: These cost Increases reflect a larger diameter that would allow for an 18 cm fwd 
region If the design were to evolve in that direction. 

Electronics 
Power Cable & FO readout 
Si Pet. & Assy 
Cooling Rings 

Mechanical Structure• 

These cost options are documented In 
the 12 vs 18 cm ladder cost sheet. 

Support Shells these probably don't change significantly either way 

Outer & End Gas encl 35 cm r 
431 k$ 

Inner Gas Enclosure 8 cm r 
60 k$ 

38 cm r 
474 k$ 
10 cm r 
75 k$ 

0 

10% 
43k$ 
25% 
15 k$ 

Space Frame Hex.< 35 cm Oct.< 38 cm 10 % 
New design is not yet costed, but the central spoke and 
complex joints may increase the cost 10% 33 k$ 

External Systems No cost difference in the external cooling and safety 
systems is expected. Ok$ 

Si Mech. Structure Total 91 k$ 
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!PC Tracker Current Design New Desjgn Increment 

Electronics 

Fwd Mod. Panels Assume these costs increase by the ave. radius which is 30 % 
3~ ~ 4~ ~ 19 ~ 

Cent Mod Panels Assume these costs increase by the ave. radius squared 68% 
204 k$ 342 k$ 138 k$ -· ., ~ 

Cathode pads -
Module Frames 

Windows & Wires 

Cooling Channels Since the number of channels and heat load is not expected to 
change there would be no cost differential. 0 k$ 

Ext Gas & Cooling Sys. There Is no expected cost Increase for either one 
of these systems. O k$ 

Support Structure 
Bulkheads 

Cylinders 

End Cap Gas Encl. 

Boron Poly. 

IPC Total 

25 sq ft 
15 k$ 
69 cm r 
44 k$ 

3.7 k lbs 
39 k$ 

Total Incremental costs 

46 sq ft 
28 k$ 
95 cm r 
61 k$ 

5.7 k lbs 
60 k$ 

84 % 
13 k$ 
38% 
17 k$ 

54 % 
21 k$ 

Note: there may be many small additional added costs such as 
increased power cable lengths, cooling distribution lines and gas 
manifolds lengths that should be accounted for. 
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Figure 1-3a. Typical Module Lay-up in Section 

71 



• 

'1 
N 

I 
I 
I 

• 

Figure 1-7 

• • 

.! 

HALF BARREL CALORIMETER ·,_ 
'· ., 

'·'\ 

PARTIAL ASSEMBLED BARREL CALORIMETER HALF °'\... 

Partial View oi Modules assembled in Halves 

• • • • ' 

,z 
!---Y 

1' 

• • 



-

~ -F--

-
...> .,, 
" 

.J-
J 
~ 

' " 

0 
-.}' 

~ 
(':._, J\ 

..) -
2"'4r __,, 5 

\l I. 

(.j 

"-------------~ 

I 

-

~-··. - J ·-......; ~ 

:-,
1 I : I ~--,.' 

- I I I;, I .. , I 
,1 1£.-J,, 

I I I I I I 
I I I I I I 



• 

t 

EM BARREL MODULE with Electronics and Cables 

s , .... _. ·-..... ,, ................. . 

-_...Jl-----··-· ____ ,.___ 

'1 
.i:. 

[ff• ..... ._..... ............ , 
211 ... , ......... . 
:IO ,... .... , ••••• ... .,.. .... -............ , .... . ... .,.,.. -.......... , .... . 

4 4 

:r"" 

' 

4 • • • 

40 Modules, ' delJ each 

4312 •1111_.te-rs 1°"9 

20 -1"" pl..._, ......... 0.4 

20 ~doat pl.ge•/_..le. 1.~ -

5 t-•• ln phi per llOdule 

Depth Seq9ent at 1 n1diation JhioAh:11 

L 

itvL T ..... R ~ ..... 1\Jf)W / LAi" 
......._LKr 

. .. 

'~ ... 
• • 4 t 



-

-

-

····-~ 
! '"'fti,. . 

! .. , 
.1. t~"-=;;: 

·1 

l 
I -

l ! l Ii; I i-l i l I\' i ! 'I' i ! ; ! 'I!'!. i ! i ! 'i ! ! ; ; 1·;!!Ii1; ! 

. 1 

\ I I 
\ ' l .. \: . I . ..1 .. 

' ' 1 I j 
t i T 
\.I t 
~i i · · · -, · · · · ·r · M 1001is ·(Iii J · ~i601i1\; 

ltilJ 50.0mVll } 
. . 1 

'1/1_2 /·12 

,,,,,. -- ----
lllVl!I M~ih• I 

--lGl/mt' llohloll 

L \Z " 2 .,,\.·f.L( S l·o.J~-k 
I -·--·--·-------· 

1.5 kv 

20G~V 

$v.1u. of '· 15·0 <!.IA0..11\vl'i'.e.c 

Mu.ll·Crl-e -h-o,_c.'l - u1>-,L-o.~le_ y-i~vq'.~le.vc (' 

n~ ()._\(A .St~ q : Q . !i x 5 \!_tu_'- 75 



• 

Ll\RC 
n-,T,--,-,-r-r~r-,-,--,,-,-1-rrr-,-,-,-,-,-,-1,-,- -ro,--,-1--1-,-,-1-·11oon .,--,-,-r-,-,--,-, ~ 

En11I"" P9E' 

70 - 1 Mnon rn10 _ 
llMS ?.n 99 
UDrLW o.ooooe100 

-:0,V!:_LW -·-~~o_o_p_!!~- ----~---_: 
x l.?.Oe -
Contt1ttnl 6~.9-'. + '-A 18-60 -
M~nn 1132f). ~: 0.8~1~-

_S_l_g!'lll__ _ ____ ~6:~3_:1:_ --------~:!~'!!; 

50 -

40 -

30 - j j 
20 -

10 -

I t . . 
I ! 1 

0 
1400 

T.#~ ~ . .................... • ~.t.i_,_J 1 I I I I I I I LLLJ.-LLI » I , ... I . -·· . I . * - ~~ "11 W\ SOUL!\ 
1440 1480 1520 1560 1600 16'10 1680 1720 1760 1000· 

Jo Gev. 
( \.~ \ ± o.\) f>/o 

~.2%/~ + o~ 

Energy 

76 

.. 

.. 

... 

.. 

... 

... 

... 

.. 

.... 



-

-

-

-

-

{.) rJJ 
© ~ --- ~ 

_o~ CJJ J ~ 
e-- c:-1\ 
~ • c 

~ 
f) , 

+t 'C) co 

~/[[g 
-H rJ 

~ 
0 c+: 

' '9 
0 G --.J 

fl ..__,, 

~lw 
/I /J /I 

u --D\ w d~~ 
co 

- l() 

- 0 

- -.:J• 
- 0 

- C0 
0 

,. C\l 

" 0 

'-, ·- ..--t 
...., 0 

...., -" .. 
-'-~-1-l_l_l_ . .L_J__j_Ll__j __ l._J_ __ J___j __ _l __ J .. _;' - ~ 

'<i' (') C\l ..-I Q 0 

77 

,,.--... 
µ::i 
'----"' 
+:> 
1-t 
CJ' 

((} 
..... ,_ 
,-1 



"1 
00 

Stack 

1 mm Ar 

2 mm Ar 

2 mm Kr 

Energy Resolution er/ V£ 

. Measurement* Monte Carlo 

6.1 - 5.8 6.25 
. 

7.5 - 7.8 7.3 
·, 

6.3 - .6~9 6.3 

A~ttc 
subtracting beam spread of 0.5-0. 7% 

• • • f • f • f ' • • • 



) 

-J 
~ 

) 

Stack 

1 mm Ar 

2mm Ar 

2 mm Kr 

Energy Resolution er/ ./E 

Measurement* Monte Carlo 

6.1 - 5.8 6.25 

7.5 - 7.8 7.3 

6.3 - 6.9 6.3 

A¥ttc 
· subtracting beam spread of 0.5-0.73 

, 



Fig. 2 Wrong vertex selection at different luminosity ... 
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Event vertex resolution 

Event sample used 
120 GeV Higgs ~ "( + "( (500 events) 

Detector 
150 cm (half length) x 75 cm (radius) cylinder EM Cal 
Pointing resolution = AR I .../ E . 
Vertex resolution by CT= 1 mm 
Event vertex - Gaussian distribution with a = 5 cm 

Vertex determination 
1. Pointing by one EM cell 
2, Combination of pointings of two EM cells 
3. Combined pointing and CT vertex detennination 

Result 

Fig. 1 vertex resolution by pointing 
1.5 .....-------------------. 

m Independent 
combined 

0.0 ................ --..-.--....-............. ...,.......,_.,.....""""""-.---.---I 
20 30 40 50 60 70 80 90 

Pointing resolution (mr) 
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THE GEM Ml IQN SYSTEM 

FUNCTIONS: -
• Muon Identification 

Track outside 1 2 to 1 4 A. calorimeter 
(146 Xo of Cu) 

• Pr.trigger ( Pr> 1 O GeV le typical) 
Segmentation: 1.3 cm. - barrel 

5 mm. - endcaps 

' ... 

Rates - Level 1 : 104 Hz@ 1033 
Level 2: 3 x102 Hz@ 1033 

• Beam crossing tag: ( t < 5 ns. ) 

• Tre1cking 
- PT resolution:. 

-

-

-
BPT/Pr ~ 5% • 

for 500 GeV /c & 11 ~ 0 (90°) 
5Pr/Pr ~ 10% 

for 500 GeV/c & 11 ~ 2.5 (9.47°) 

- Muon charge·assignment: . 
95. ro. confidence level. -

f9,~,f;r <.. 2.8;,Tu~ for 0 < 11 < 2.5 
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WE USE 3 POINT SAGITT A MEASUREMENT 

Be 

s 

Y2 

Optimize Magnet with large
3 
L and weak B 

2 

S= 1500 µm 
for: 

B = 0.8 tesla 
• 

L= 5 m. 
P = 500 GeV/c 

Ta keep> B P ~ O.OS :::> o S ~ 75 µm • 
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- GEM Muon System 

Central field 0.8 T 
- Length of magnet 30 m 

Inner radius of magnet 9.0 m 

Outer radius of calorimeter system 3.6 m 

Location of neutron shield 3.6 < R < 3.7 m .-.~ 

Pseudorapidity coverage in barrel 0.074 - 1.33 

Pseudorapidity coverage in endcaps 1.40 - 2.46 
. 

- Intrinsic single layer resolution 100 µm 

Alignment accuracy in a superlayer 50 µm 

Alignment accuracy between superlayers 25 µm 

- Global alignment accuracy 200 µm 

-

,, 
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\!'roposed Technologies for GEM Muons\ 

ENDCAP REGION 
9.5° < 0 < 30° (1.3 <Tl < 2.5) 

M~as:uc~m.:n t I~s:hnala&Y 
PT (r-+) Cathode Strip Chambers 

Second Coordinate (9) Cathode Strip Chambers 

Trigger Cathode Strip Chambers 

Beam Crossing Tag Cathode Strip Chambers 

... Also Under Consideration for Central Region f--

CENTRAL REGION 
0 > 30° (0.0 <Tl < 1.3) 

Measurement 
PT (r-+) 

Second Coordinate (9) 

Trigger 

Beam Crossing Tag 

Iechnoloay 
Proportional Tubes .QI. Limited 
Streamer Tubes in Drift Mode 

Resistive Plate Chambers 

Resistive Plate Chambers 

Resistive Plate Chambers 

103 
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for the counter light attenuation properties, and by discrinnnating on analog signals 

proportional to event energies. 

2) It digitizes and stores waveforms (100 liiHz 8 equiYalent bits) from one particul~r 

counter only when an -"ET" has occurred.* 

3) It measures with high accuracy (a ::,; 1 ns) the time of each event relative to the 

experiment atomic clock standard time; it measures, with the same accuracy, the 

time difference between the signals from the two counter ends. 

4)' Each time an ET is obtained froin one counter (from now on: "primary event"), 

the PHRASE energy threshold ("secondary threshold'') for that counter (and for the 

adjacent counters) is lowered (in::,; 80 ns) to a different programmable value for a. 

preset.table time interval ST ("special time"); PHRASE goes on recording any (lower 

energy) event which might occur during this time interval (from now on: "secondary" 

event). 

5) A maximum of 14 secondary events can be stored during the "special time". 

<: I() 5 ! < ! l1 

" 

6.2 The Energy Trigger 

The energy trigger works along the following principles. If L is the l\IACRO counter 

length and one chooses a longitudinal coordinate axis x with origin at the counter center, 

the two counter ends are identified by the x-va.lues x = -L /2 for the "Left" -end and 

x = +L/2 for the "Right"-end. Since light attenuation in the counter is exponential with 

very good approximation (apart from the la.st meter close to the PMT's), if one calls .X the 

attenuation length ( .X::,; 12 m ). the pulse amplitudes for of the "Left" and "Right" Pl\IT's 

• waveform digitizat.ion is based on techniques developed for the cirruit GATHER by Fra!l(;ois Bourgfois 
at CERN. 
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SOME TOP LEVEL FY93 GEM MILESTONES 

l. December PAC review of GEM calorimetry and TDR readiness. Magnet RFP release 
scheduled immediately afterwards. 

2. Technical Design Report Sub mission end of January ... 

3. March PAC review of TDR - a fixed point. 

4. Major Stage I review of GEM in July PAC meeting - a fixed point. 

i:c S. Lehman review by DOE for Stage II approval. 

Other key waypoints: 

l. GEM magnet and conductor procurement. 
2. Presidential and Congressional influence. 
3. Foreign participation in SSC Project, SDC, GEM to be examined in spring '93. Real 
construction start for GEM and SDC depends upon this status. 

) ) 
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FY93 GEM WORKPLAN ACTIVITIES 

1. Physics requirements of detector and subsystems. 
2. Top level physical, cost, schedule, functional requirements. 
3. Specifications which meet these requirements. 
4. Design in detail. 
S. Design reviews (Critical design review, Preliminary ... ) 
6. Integration. 
7. Interface definition and design. 
8. Assembly plan. 
9. Installation, test and com misioning plan. 
10. Cost estimate. 
11. Schedule. 
12. Resource loaded baseline. 
13. Responsibility assignments. 
14. Validation of requirements. 
1 S. Planning and replanning tools and infrastructure. 
16. Integration into SSC Integrated Project System (IPS )/Performance Measurement 
Baseline (PMB). 

Our work has two customers - the scientific comm m unity and the SSC Project. 

• • • • • • • • • • 
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Critical Path 
Page4 

TOPIC: IR Halls and Detectors 

• Level 1 Milestone Impacted Baseline 
Current 

Projected Ana]vzed Impact 

BOD Large Experimental Halls Jan96 29Mru96 29Mru96 -43 days 

• Revjew of Critical Path: 

The critical path runs through design, procurement, and construction of the underground halls and the 
related surface facilities. The relocation of the large halls to the west, to take advantage of better soil 
conditions for the foundations of the large detectors, results in a 2-month impact to the Level l 
milestone "BOD Large Experimental Halls" as currently defined. The critical path, however, ends at 
this point since the detectors themselves can still meet all major milestones in spite of the later final 
BOD. This path does not impact the "Beam to Experiment" milestone. 

• Analysis/Concerns: 

The current formal definition of "BOD Large Experimental Halls" requires that all systems, includina 
mechanical, electrical, HV AC, and other finishes be completed in January 1996. The detector " 
collaborations, however, have indicated that during the initial phases of detector assembly, joint 
occupancy of the hall is acceptable. Initial occupancy ofIR8 is currently projected on October 1, 
1995, IRS on Janl,laI)' 14, 1996. Both detector collaborations have indicated that final beneficial 
occupancy by March 29, 1996 will meet their schedule requirements. 

• Recommendations: 

A CCB action is being prepared which proposes that either the "BOD Large Halls" milestone date be 
adjusted to a later date, with no impact to subsequent major milestones, or that BOD is redefined to be 
the point in time at which Joint Beneficial Occup'ancy begins. Further review of the CCD schedule 
durations, contracting methods, and construction methodologies should be completed to provide 
reasonable "float" in this area of the Integrated Project Schedule. 
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KEY UPCOMING EVENTS 
FEATUilE: WARM MAGNET SYSTEMS 

. -. --
' SCHEDULED . · .. 

er. u EVENT DATE STATUS ISSUE 

LINAC • INTERIOR COMPLETION 13 APR 93 [ y J 
(A~200) 

• FACILITY COMPLETION 1 JUL93 [ G] 

• BID OPENING 
LEB • BID OPENING 29 OCT 92 [ G] RESCHEDULED FOR 

(A-300) 29 OCT 92 

• 90% DESIGN 19 O"'T 92 [ y J • SCHEDULE OF 
MEB SUBMITTAL MEB 

TUNNEL /'l /JI"' ,~ UNDER REVIEW 
TOWP-8 • IFB a. 

~;.: [ y 1 - . 

(A-400) • COOLING POND DAM ~ I y I 

TEST BEAMS • TITLE I REVIEW !/J • PB/MK AWAITING 
(A-420) COMMENTS 6- SSCL TITLE I 

REVIEW COMMENTS 

ROZEK\02259203\PAGE 1 

) 

CRITICAL 
MILESTONE 

BOD 
23 APR 93 

BOD 
21 JUL 93 

BOD 
TUNNEL & ACCESS 

15 JAN 94 
BOD 

S1 & A2 BLDGS 
01 MAR 94 

BOD 
REMAINDER OF FAC 

15 APR 94 

22 SEPT 94 

BOD NORTH: 
08 JUNE 94 

BOD SOUTHEAST: 
11 FEB 94 

BOD SOUTH WEST: 
11 MAR 94 

BOD: 
29 NOV 94 

.. 

' 
i 

' 

~
I 

•, , .. ... 
' ·.·.·~,~ . '. ·.t<: 
- '!_'·-
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15-0ct-92 

KEY UPCOMING EVENTS 

I-' 
{\.: 
~ 

FE.4;TURE: EXPERIMENTAL FACILITIES -- SDC 
-- - . 

l ... ccu. __ _ 
I 

' 

EVENT 

I
I IA .~:.IJ./G I• COMPLETE 90% DESIGN 

SHELL 
•--... i=-~n.; 

IA B U/G 
FINISH 
E-306 

IRS 
ASSEMBLY 
BUILDING 

E-308 

TIE BACK 
TEST 
PROGRAM 

• COMPLETE TITLE I DESIGN 

• COMPLETE 90% DESIGN 

• INITIAL TEST RESULTS 

CARMEAN\KEYUPCOMING EVENTS 
t t • • • 

SCHEDULED 
DATE !STATUS 

12 NOV 92 I [ G ] 

26 FEB 93 [G] 

02 DEC 92 [ G] 

12 OCT 92 I GI 

• • 

ISSUE 

• SCOPE AUTHORIZATION 
FOR TECHNICAL LOADS 

• • 

'CRH!CA~ I 
MJl.EST:ONE , 

BOD 
MAR 96 

BOD 
MAR 96 

BOD 
APR 94 

(HIGH BAY) 

• c 
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15-0ct-92 

KEY UPCOMING EVENTS 

~ 
N 
c::nl 

FEATURE: EXPERIMENTAL FACILITIES -- GEM 

CCU EVENT 

IR 5 U/G • COMPLETE 90% DESIGN 
SHELL 
E-405 

IR5 U/G • COMPLETE TITLE I DESIGN 
FINISH 
E-406 

NORTH • COMPLETE TITLE I DESIGN 
ASSEMBLY 
BUILDING 

E-408 

SOUTH • COMPLETE TITLE I DESIGN 
ASSEMBLY 
BUILDING 

E-409 

UTILITY • COMPLETE TITLE I DESIGN 
BUILDING 
(PHASE I) 

E-413 

CARMEAN\KEYUPCOMING EVENTS 

·- -·----- . - ----- -- . . --- ,. 

SCHEDULED 
DATE STATUS -- -- ISSUE --

12 NOV 92 [ G] 

26 FEB 93 [G] • SCOPE AUTHORIZA TIOfl 
FOR TECHNICAL LOADS 

. 

20 NOV92 [G] 

20NOV92 [G] 

11 DEC 92 [G) • EARLY UTILITY 
BLDG VS SPLIT 
UTILITY BUILDINGS 

) 

- . 

CRITICAL 
_MILES.TONE 

I 
BOD 

I 

! 
MAR 96 : 

: 

BOD 
MAR 96 

BOD 
19 AUG 94 

JOO 
(HIGH BAY) 
7 FEB 94 

SAB JOO 
(HIGH BAY) 
7 FEB 94 
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15-0ct-92 

~ 
1 

~ KEY UPCOMING 
· 1 FEATli'RE: PROJECT WIDE AND INFRASTRUCTURE FACILITIES 

EVENTS 

i~. 

•:, 

' 

1-1-I 
N 

"' 

' ...... ' 

' 
I ••" cc.u. 
r . 

WC & HC 
i 

MAIN 
SUBSTATION 

EAST COMPLEX 
CONNECTOR 

ROAD IA 5 & IA 8 
SITE GRADING 

(S-445) 

N15 
COMMUNICATION 

(S-225) 

lACKEY\02259205 

• • 

EVENT 

• RFP COMPLETION 

• ISSUE RFP 

• RECEIVE PROPOSALS 

• AWARD CONTRACT 

• PRE BID MEETING 

• BID OPENING 

• CONTRACT AWARD 

• IFB 

• BID OPENING 

( ( 

SCHEDULED 
0 ATE STATUS ISSUE 

12 JAN 93 I GI PERMANENT POWER 
ACQUISITION 

17 JAN 93 I GI BY DOE 

02 MAR 93 I GI 

23 JUN 93 I GI 

13 OCT 92 

27 OCT 92 [Y] INSUFFICIENT NTP FUNDING 
S-410 (IR8) & S-412 (IR5) 

30 NOV 92 I YI COMBINED WITH S-445 

12 OCT 92 I GI REDUCTION IN SCOPE 
BY SSCL 

17 NOV 92 I GI 

( • • • • 

CRITICAL 
Mii ESTONI' 

WC POWER 
REQ JAN 95 

EC POWER 
REQ JUN 96 

NTP 
07 DEC 92 

BOD 
2 OTA 93 

PAGE·2 
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Superconducting S»per Collid~r_ Lfl]Jprp.tQry. 
2550 Beckleymeiwle Ave., Suitec_ 125 MS-7()()() -

Dallas, TX 752~773997: - . --
PROJECT MANAGEMENT OFFICE 
MEMORANDUM 

To: 

From: 

Date: 

Subject: 

D~utlon ,.1.-

J.'-(lees!E. Siskin ~y 
October 21, 199~ 

92 5168 EB 

PRELIMINARY FY93 COST AND COMMITMENTS 
FUNDING TARGETS 

Attached are the preliminary FY93 Cost and Commitment Funding Targets. These targets 
are based on the IPS FY93 schedule impact study and on input from Machine Leaders and 
Division personnel. Results of the schedule impact study will be provided to the WBS 
Managers and Division personnel by the PMO Cost and Schedule Department. These 
targets are supported by the total funds available for FY93, but are in some areas 
significantly lower than information currently in the PMB. The project plans for the fiscal 
year need to be consistent with the funds available, therefore modifications will be required 
to the schedule, the PMB, or the funding targets to fit within the funds available. Costs 
and Commitments should be planned to be equal for FY93 which is the same direction as in 
FY92. 

The Machine Leaders/Detector Project Managers have the responsibility to manage all 
actions required to modify the project plans to be consistent with the fiscal year constraints. 
As specified in the PMCS, FY93 budget allocations will be detennined at the second-digit 
WBS level. As a first step in this process, the Machine Leaders/Detector Project Managers 
will define targets at the next lower level (three digit) WBS consistent with the attached list 
of funding targets by two-digit WBS. In the case of WBS elements not associated directly · 
with a machine or detector, other individuals have been assigned to carry out this function 
in the planning process. The attached table indicates the responsible WBS managers. After 
establishing the targets at the three-digit WBS level, these individuals will then work with 
the Divisional Cost Account Managers to allocate the target funds among the cost accounts 
for each three-digit WBS. As noted above, this may lead to cost account allocations 
different from (in general, less than) those currently in the PMB (COBRA). In some cases, 
this may result in significant impact on the work planned for FY93. For each three-digit 
WBS, the Divisions will provide to the Machine Leaders/Detector Project Managers a 
statement discussing the impact of the proposed target funding on the work planned for 
FY93 and on the total project schedule for the activities associated with this part of the 
WBS. The project will utilire the Estimate at Completion features of COBRA for the above 
process. This process should be completed by November 11. 

The resulting information will be analyzed and utilized by Project Management to alter 
funding targets or update the project schedule (IPS) as necessary to satisfy the FY93 
funding constraints with minimum impact on the project. Once a final set of funding 
targets have been established, the information in the PMB for each work package may be 
modified to form the baseline for performance measurement per the attached instructions. 
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.. 
RESPONSIBLE WBS MANAGERS 

.. 
WBS DESCRIPTION WBSMANAGER 

11 Mana.gement J. Rees/F. Gilman 

21 LINAC W. Funk 
... 

22 LEB R. York 

23 MEB R. Gerie: 

31 HEB D. Johnson .. 
32 Collider R. Meinke 

41 Global D. Gurd 

51 Experimental Systems R&D F. Gilman 

52 Detectors T. Kirk/G. Sanders .. 
53 Exoerimental Systems Computing P. Leibold 

54 Exoerimental Facilities/Sunnort Facilities T. Kirk/G. Sanders "'<:' 

55 Exoerimental System Sunnort R. Richardson 

56 Test Beams J. McGill .. 
57 PRD Proiect Coordinator F. Gilman 

71 West Complex I. Clifton 

72 El Complex R. Meinke 

73 East Complex J. Clifton .. 
74 Col1ider lnfrastructme J. Clifton 

75 Off-Site Infrastructme J. Clifton 

IndireclS E. Siskin .. 

... 

... 
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FY93 FUNDING TARGETS 

PRELIMINARY - FOR PLANNING PURPOSES ONLY 

FUNDING 
($K) 

DOE 
Texas 
Foreign 

SS CPO 
Contingency 

1992 Carryover 
FY93 Total Project 

517,000 
74,000 

2.!MlOO 
611,000 

-18,000 
-2Q,QQQ 

573,000 

ll!Q,OQQ 
753,000 

) ) ) 



JPS COST TARGETS (By WBS) -

-
PREL™1NARY - FOR PLANNING PURPOSES ONLY 

21 22,000 -
22 20,000 
23 38,500 

31 63,000 .. 
32 308,000 
41 19,000 

51 1,500 
52 68,000 
53 7,000 
54 23,000 
55 9,500 -56 9,000 
57 7,500 

71 11,000 

72 5,750 -
74 5.750 

618,500 

-11 32,500 
8 100.000 

Total 751,000 -
-

130 
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Accelerators 
Magnets 
Physics 

Construction 
Project Management 

Indirects 

TOTAL 

) ) 

DIVISION TOTALS 
($K) 

IPS Cost 

128,000 
218,000 

95,000 
179,000 

31,000 
100.000 

751,000 

•• Based on Input From COBRA or Divisions 

(Note -All Numbers in 93$) 

) 

Request,... 

136,000 
236,000 
100,000 
188,000 

31,000 
140.000 

831,000 
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I DESCJlll'flON 
; 

Generic De1ec1or R&D 
Dc1ec1or. Suhsys. R&D 

~~E1•· R&D.Totnl 

.. 

l)c1ec1or 1-SDC 
P~r.;~1~r U-gHM 
01her l.><:ICCIOf$ 

ll<otecforo Total 

Adminislrnlion 
Off-Linc Sys Devel. 
On-Linc Sys. Suonort 
ExoSn Computing Total 

( c 

WBS ASD MSD 

511 0 0 
5JZ 0 0 
51 0 0 

521 0 0 
522 0 0 
523 0 0 
52 0 0 

531 0 0 
532 0 0 
533 0 0 
53 0 0 

• • c 

FY93 Cost Plan 

PllD CCD PMOAccel OTlffiR TOTAL COMMENTS 

0 0 0 0 0 
I 424 0 0 0 1,424 
1,424 0 0 0 ' 1.42~ 

33,561 0 0 0 33,561 
33,980 0 0 0 33,980 

491 0 0 0 491 
68,032 0 0 0 68,032 

4,691 0 0 0 4,691 
2,392 0 0 0 2,392 

0 0 0 0 0 
7,083 0 0 0 7,083 

Page 3 
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l>ESCRllYflON wns ASD MSO 

8x11. I'acil.ilies IRI 541 0 0 
Exe. FaciH1ies IR4 542 0 0 
l.lx~ l'acili1ies IR8 543 0 0 
f~l'· l'n~Hi1~s_!R5 544 0 0 
Sunnor:i. fac;iJities 545 0 0 
li'.xii~·,j_e: at Sl'Pt l'a~ Total 54 0 0 

. 

~<.If!!~'· (li1&:.. Resou~ces 531 0 0 
B•~eering__Sup~t 532 0 0 
T«1st lleam lnsll'.um. Su~ 553 0 0 

'"'""' SOC Sunnort 554 0 0 
~ QBM S11ei>0rt 555 0 0 
~ Other Dete<:l~>r Su(>~rt 556 0 0 

Physics Sunnort 557 0 0 
E:imSvs Su11port Total SS 0 0 

. 

t.11lll Proton Beam 561 1,653 0 
T11!tels & Tnrge1 I !all 562 205 0 
~ec~M.!•!!r Beams 563 1,243 0 
Calibrn1ion Hall 564 0 0 
Tes.t Dearo Conv. Const 565 0 0 
'rest Beams Total 56 3,101 0 

PR.D rroiecl Coord 571 0 0 
l'R.i> l'roject Cuord Total 57 0 0 

---- -------- -

PRD CCD PMO Accel 

0 0 0 
0 0 0 
0 16,489 0 
0 6,569 0 
0 0 0 
0 23,058 0 

l,400 0 0 
7,680 0 0 

129 0 0 
140 0 0 
140 0 0 

0 0 0 
0 0 0 

9,489 0 0 

0 0 121 
0 0 52 

413 0 59 
0 0 0 
0 5,467 0 

413 S,467 232 

7,593 0 0 
7,593 0 0 

OTHER TOTAL 

0 0 
0 0 
0 16,489 
0 6,569 
0 0 
0 23.058 

0 1,400 
0 7,680 
0 129 
0 140 
0 140 
0 0 
0 0 
0 9,489 

0 1,774 
0 257 
0 1,715 
0 0 
0 5,467 
0 9,213 

0 7.593 
0 7,593 

COMMENTS 

CCD Reauires 23M 

---·-~· 
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Superconducting Super Collider Laboratory 
2550 Beckleymeade Avenue, Mail Stop 2001 

Dallas TX 75237-3946 
(214) 708-9000 

Fax: (214) 708-0006 

Physics Research Division 

Memorandum 

To: 

From: 

Subject: 

Date: 

T. Kirk, M. Gilchriese, George Trilling, G. Sanders, B. Barish, 

and W. Willi~ / ,,/j. l _ . _,,.,.. 
Fred Gilman~~ 
Texas Funding of Research and Education Activities 

Ot.:tober 23, 1992 

Lynn Bowers from the TNRLC staff called yesterday to inform me of the results of the 
meeting of the Commission on October 2 !st with respect to their research and education 
activities. This was the first meeting under the new chairman, Mr. Perry, and with Mr. 
Williams, the new member also present 

Recall that with the SSC Fellowships (at a level of about $2M per year), 1990 activities in 
research and education were $3.4M, rising to $I I. 7M in 1991. With the supplemental 
R&D proposals this past spring 1992 activities came to $13.6M. At the meeting this past 
Wednesday a target of $15M for 1993 was set There was also informal discussion of 
what should happen in succeeding years. Rather than the level funding in previous 
planning, a peak level of about $25M in 1995 was projected, with a drop to zero in 1998. 

cc: R. Schwiner~ 
V.Luth 
H. Lynch 
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GEM FY93 PLANNING IN NEAR FUTURE 

1. TNRLC proposals submitted. 
2. Tentative list of endorsements of TNRLC proposals recommended by Webb and 
Sanders will be discussed at GEM Executive Committee on Friday. 
3. R&D/Engineering work plan and budget information have been provided by 
subsystem leaders to Webb, Sanders and Harris. Discussion draft budget which 
matches SSC IPS plan to be reviewed by Executive Committee Friday. Final SSC 
budget not yet available, thus GEM discussion draft quite preliminary. 
4. Expect final SSC budget by late November. Revised GEM budget will then be 
reviewed by subsystem leaders, PM, Executive Committee, Spokesmen. 

~ S. However, 40% to SO% of conservative budget now being released as funds to GEM 
~ institutions. This release will keep work moving forward, but will not constrain final 

FY.93 budget if managed prudently. 
6. TNRLC technical review in December. GEM endorsements solicited at that time, 
following merit review. Full Commission meets in January, but they have not 
downsized awards in past. Decisions in December, funds released starting January. 
HOW DO WE COPE WITH THIS TIMESCALE? 

, 
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~ 
c..:> 
~ 

TDR 

1. We have 1 0 weeks left to produce TDR. 
2. Probably two weeks eaten by printing and production. 
3. Each subsystem leader and chapter lead should now have a week-by-week 
schedule of activities: 

• 

a. scope and outline 
b. writing 
c. calculations and design 
d. TBD list 
e. draft release dates 
f. review team identified 
g. review periods defined 
h. figures being selected and done now when possible! 
i. date for final version and production 
j. plan for coordinating with overall document and cost/schedule, physics, 

R&D/engineering/test beam, and overview books 

TDR PLANNING MEETING 
THURSDAY 1:00 - 2:00 

ATTENDEES: BARISH, WILLIS, REARDON, STROYNOWSKI, 
TAYLOR, MARX, BALTAY, MARLOW, SHAEVITZ, 

MCFARLANE, HARRIS, YOST, FISCHER, SANDERS, DURDEN 

• • • • • • • • • 
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GEM MAGNET RFP RELEASE 
ENABLED WEEK OF DECEMBER 7 

BY SSCL MANAGEMENT 

THIS IS A MAJOR MILESTONE! 
KUDOS TO MAGNET GROUP (SSCL, LLNL, MITPFC), 

GEM BUSINESS GROUP, 
AND PETER KLEE, BOB JOHNSON, BILL FLICK 

AND ABB! 

The FY92 magnet effort showed that with an investment of 20 
FTE engineers and $5 million, GEM can bring a major subsystem 
to readiness for industry involvement in the fabrication. This is 
a model for the calorimeter and muon groups in FY93. 

) 
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FFS I vacuum vessel interface 

JMB-20 
10/12192 

• 

(not to scale) 

vessel longeron 

inner 
vessel 

preload wedge 

shim stack 

cylindrical bearing plates 

FFS structure 

muon sector support 

• vessel/ FFS structure interface is preloaded with large 
wedges, assuring contact at eight load points 
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Assemble the Half Coil 

Coil Form 

flange\~ 

~ 

Conductor 
Splice 

YG-GEM-92.0tO- to 

) ) . ) 

In the North Assembly Building high 
bay; 

1. Transport to NAB with straddle 

2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 

lifter. 
Lift to top of ass'y with crane 
Make conductor joint 
Bolt bobbin flanges 
Install voltage taps, strain 
gauges, etc. 
(Repeat 12 times ... ) 
Install cryogenic manifolds 
Certify ready for assembly 
Protect from weather 
Lift with "heavy hauler" 
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TWO TURN CICC f-IAIRPIN in IRON 

- -

- -~ Power Leads 

)/ 
~ . 

-" 

~ LN2 Reservoir & Shield 

i"' 
~ 

- -
V- CICC lo Power Lead Joints 

; 

,,/ r Inter -Module Test Joint ,, 

- - ~ Dipole Cryostat 
rn ,.,,.. 

~ , 
~ , 

'---! 
I 

/ • • , 
, 

1, IU 

, 

/ (I 
/~ , 

I -~~ 

Magnet Iron & CICC Hairpin 

NOTE: 4K Circulating Lines 
Nol Shown 

J 
·-

MIT-PFC 
9/20/92 
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GEM MAGNET DATES .. 
iY[agnet Subcontract Award iY[arch 12, 93 

Conductor Subcontract Award Iv[arch 19, 93 -
Test full scale SC joint February 1, 93 

Built hairpin sample: ... 

Strand ( 66 km) Dec 14, 92 
Cable (120 m) Jan 27, 92 
Pull into 60 m conduit Ivfay 5, 93 ... 
Sheath !v[arch 30, 93 

Built test facility and 
Assemble hairpin sample ( 60 m) Oct. 4, 93 .. 
Test hairpin sample Dec. 14, 93 

Winding Building (South Assembly ... 
Building) Ready February 8, 94 

Shipping of the 1st piece 
of the conductor iY[arch 2 5, 94 .. 
Winding of the 1st coil start April12,94 

Shipping of the 24th piece January 1, 96 ... 
Assemble the 2 nd magnet half June 6, 96 

Test and map magnet Ivfarch 24, 97 .. 
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CONVENTIONAL EXPERIMENTAL FACILITIES STATUS 
GEM DETECTOR AT m 5 SITE, EAST COMPLEX, SSC 

Presentation at GEM Collaboration Meeting at BNL, Upton, New York 
November 4, 1992 

Presentation by Dale T. Moeller, m 5 Design Manager, The PB/MK Team 

• INTRODUCTION 

• ORGANIZATION & WORK FLOW 

• DESIGN PROCESS 

• CONSTRUCTION PACKAGING & DESIGN CONCEPTS 

SITE & INFRASTRUCTURE 

SURFACE BUILDINGS 

U/GHALL 

• SCHEDULE 
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GEM COLLABORATION -
' 

EXPERIMENTAL FACILITIES DEPARTMENT (EFD) ... 
PHYSICS RESEARCH DIVISION (PRD) 

... 
CONVENTIONAL CONSTRUCTION DIVISION (CCD) 

. 
THE PB/MK TEAM 

A-E/CM 
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• DESIGN PROCESS 

RECEIVE DESIGN REQUIREMENTS 

TITLE I DESIGN (PRELIMINARY) 

REPORT 
DESIGN REVIEW 
COST ESTIMATE 
VALUE ENGINEERING (VE) 

TITLE II DESIGN (FINAL IFB DOCUMENTS) 

90% SUBMITTAL 
DESIGN REVIEW 
100% DESIGN 
DESIGN BOARD 
IFB 
COST ESTIMATE 
ADDENDUM PREPARATION 

'.\ITLE III (DESIGN SERVICES DURING CONSTRUCTION) 

SHOP DRAWING REVIEW 
DESIGN CHANGE NOTICES 
RESPOND TO RFI' s 

188 
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Notes: 

4.lA 
The Proiect 

1. The variables can change within a 
project but, by definition, a change 
to one variable must result in a 
change to at lea'StOOe other. 

2. l.1herent in the scope, the schedule 
and the budget is the quality of 
the services the client has con
tracted for. A material change in 
quality requirements will also 
result in a material change to the 
primary variables. 

189 

4.18 
The Changed Project 

An enlarged scope held to the same 
schedule reQuires an enlarged budget, 
i.e., a changed project. 
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-CONSTRUCTION PACKAGES 

-

-

• ROADS AND SITE PREPARTION 

• HALL SHELLS 

• HALL FINISHES 

• UTILITY BUILDING 

• OTHER BUILDINGS AND 
INFRASTRUCTURE 
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THETA strips 

pi-zero acceptance at 90% ganuna acceptance (efficiency) 
for E~ • 25 GeV (only lateral energy distribution used) 

inner cryostat radius at 95 cm 

-
-

************************************************************** -

Strip 
width 

mm 

Noise 
sigma 

MeV 

Strip 
length 

cm 
25 GeV, 90 deg 35 GeV, 45 deg 

'************************************************************** 
' s.o 0 e.6 22% 24% 

s.o 3 e.6 23% 24% 

s.o 0 s.e 28% 24% 

2.s 0 8.6 20% 
2.5 3 e.6 24% 

'*************************************************************** 

* Uncorrelated Gaussian noise was added to each strip signal 
** 200 - 500 events per run . 
*** strip width = tower width divided by 6 (or 12) 

Tower width -'>0,02618 rapidity units at the radius of the 
middle of 3-d stack (114 cm) ..... '3c""" 
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Tracker Maintenance - 1 Piece Support Tube Calorimeter 
Tracker access is similar with each cabling and piping option: 

1. With Option 1, the roll transfer cradle will include provisions for supporting the cabling and piping whUe 
accessing the tracker. 

2. With Option 2, an cabling and utilities must be disconnected. 

'Option 2 

~·.·j _I :, ·: •• ~ • ·,. 

·'i_:_·1 '· - . . 
l.'_.S: ,' " ., _,, 

; 

' ' ,. . .. -
.. ii ~··_,1- ~ •. 

!1 ·-

"""Option 1 ~~QAJ 

) 

N 
~ 
c.n 

\Piping disconnected 
from Endcap °'piping integral with 

End ca J ,lit s.,• 

' qJ. hY~. l:_t,_ ... ..., .. _ 

---------------
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09tl0/92 09:53 'C'&Li 25J 1755 L'IS/CSC GROr:P !i.1002 

Chambers to be delivered to TTR: 

Technology Chamber size TIR delivery date . 

. " PDT-JINR 1 m x 4 m x 8 layers 7/28/92 (delivered) . "' PDT-MSU 1.3 m x 3.8 m x 4 layers 9/11/92 ,,_ 
• ti LSDT 1 m x 4 m x 4 layers 9/20/92 .. 1.1 

• RPC .. 1 m x 2 m x 2 layers 9/20/92 J~ 

CSC-BU 0 . .5 m x 0.6 m x 3 x 2 layers 9/16/92 
• "' CSC-BNL 0.6 m x 0.6 m x 2x4 layers .9/1S/g2 ,../1r 

CSC-BNL 1 m x 1.8 m x 4 layers ..... -......... . ~ CSC-UH 0 . .5 m x 1 m x 3 layers 911s19z • 1qr . " CSC-IINR l.l rn x 1..5 m x 2 layers 9/28/92. + l•/zi 

~ 

• Barrel Issues: ·-
1. Which is the more attractive drift technology • PDT or LSDT ? 

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

3. In case RPCs are not accepted, Is there an alternative trigger ? 

4. Will the CSCs perform in baxrel in t~ms of. alignment, costs '? 

.. 

• Endcap Issues: 

I. Will the CSCs perform in terms of resolutions, background, costs ? 

251 -
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• Evrit Ntaber 108 
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Resld.1111 = 0.210 '"'' 

• Residual = -0.105 111111 

Chi squared = 6.507 
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Proportional Chambers with Segmented· Cathodes 
csc 

Segmentation in strips (pads) of varying lengths: 
• Width 0.5 cm to achieve ~ 50 - 75µm resolution. 
• Length 20-300 cm. 
•Integration time 300-500 us to keep rms noise to ~1500 electrons. 

These chambers allow: 
• Flexibility of segmentation for rapidly varying rates at high fJ. 
• One device used for : 

•Precision measurement (momentum) 
• Z-coordinate (R in endcaps) 
• Level 1 Trigger 
• Bunch crossing assignment 

• Insensitivity to variations in gas gain, ambient pressure, temper-
ature, electric and magnetic field, etc. 

•Low current proportional mode, No aging effects 
• Easy, straightforward alignment. 
• Alignment verification in situ 

Emphasis on Readout. Has to be: 
•simple 
• affordable 
• highly integrated 
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Institutions involved in CSC R&D 

Beijing Institute for High Energy Physics 

Boston University 

Brookhaven National Laboratory 

Draper Laboratory 

Hofei University 

Institute for Theoretical and Experimental Physics, Moscow 

Joint Institute for Nuclear Research, Dubna 

Minsk Institute for Nuclear Problems 

Oak Ridge National Laboratory 

Princeton University 

St Petersburg Nuclear Physics Institute 

SSC Laboratory 

State University of New York at Stony Brook 

Tsinghua University 

University of Houston 

290 

-

-

-

-

-

-

-



R&D Activities: 

1. Prototype Development and Tests 

2. Chamber Performance Simulations 

3. Studies and choice of operating Gas 

4. Electronics Develpment 

5. Alignment 

6. Neutron Sensitivity Studies 

7. System Performance 

- 8. System Layout and Engineering 

-

-
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Prototype Development 

•BU Prototype (0.5x0.5m2) undergoing tests in RDS, 

CERN 

•Houston (lx0.5m2-Iarocci tubes) being tested at TTR 

• Dubna prototype(lxl.5m2) being tested at the TTR 

• BNL prototype (0.5x0.5m2) taking data at the TTR 

• BNL,BU ,ORNL,PNPI,SB large prototype being con

structed. Expected to be delivered at the TTR later 

this month. 
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Chamber Performance Simulations 

Detailed Monte Carlo developed to study/ optimize design. It 

takes into account: 

•Electronic Noise contribution 

•Channel-to-channel intercalibration 

• Diffusion of the Electrons 

• Range of 6-electrons 

• Lorentz effect 

• Differential nonlinearity 

• The effect of anode wires that are not at right angles 

wrt cathode strips. 
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Gas Requirements 

• High Drift Velocity 

• Low ( < 8°) Lorentz angle 

•Nonflammable, nontoxic 

20%CF4, 30%Ar, 50%C02 current choice. 

All chambers being tested with min. ionizing particles op

erate with gas that could be used in GEM. 
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Electronics Development 

• Prototypes fully instrumented. Small prototype at the • 

SSC /TTR has 1/4 of channels of largest module. Full 

size prototype will have as many channels as the actual 

experiment modules. 

•Compact, high performance readout using existing !Cs 

implemented. 

• Monolithic Developments at BNL, Minsk, PNPI, Prince

ton under way for the production version. For some 

!C's prototypes already fabricated. 
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Electronic gain callbratlon 
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Alignment 

• Internal Chamber Alignment is integral to the cath

odes. Externally visible alignment marks etched along 

with strips with photolithography. 

• CSCs have niinimum number of alignment transfers. 

•X-ray diagnostic techniques can be used to verify strip 

position in situ (work in progress at PNPI, BNL). 
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Neutron Studies 

Boston U. studies at MIT Cf source along with the other 

Technologies. Results reported at several Muon Meetings). 
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LI:\HTED STREAMER DRIFT TUBES FOR THE 

GE~I MUON SYSTEM 

LSDT R & D Group 

R. Sumner 

LeCroy Corp., CheJtnut Ridge, NY 

R. McNeil, W. Metcalf 

LouiJiana State Univ., Baton Rouge, LA 

W. Busza, H. W. Kendall, A. Korytov, J. Kelsey, L. S. Osborne, 

L. Rosenson, F. E. Taylor, R. Verdier, B. Wadsworth 

M aJJachuJettJ !nJtitute of Technology 

Cambridge, MA 

V•ie expect that whatever technologies are chosen most of the present GE:\I muon group 

will coalesce around the chosen one(s). Many groups here who have expressed a definite 

interest in pursuing LSDT's were they selected. Among them: 

Joint Institute for Nuclear Research, Dubna, Russia 

Institute of High Energy Physics, Beijing, P. R. China 

Superconducting Super Collider Lab, Dallas, Texas 

University of Houston, Houston, Texas 

1 
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Serendipity 
For LSDT 

Streamer Mode 
J, 

Measuring accuracy; 50 to· 100 µm 

+ 

Modern Machine Tools 

-

-
-

-

-
Typical acc11racies; 2/10,000" == 5 µm -

i 
Accurate Wire Placement -

-

-
316 
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Gases Considered 

Argon( A), Isobutane(IB) s. ~"t;y ! I 
A(few %),IB(lO %), C02 
A(few %),IB(lO%),C02,CF4 

IB( < 103 )-non-flammable 
C02-ohmic,slow ,cool 
CF 4-flat,fast 

317 
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Merits of Streamer-Drift System 

1. Preservati,o:q&>~Wc!ast ~se t~~lse trans-. . 
m1ss1on. 

2. Open structure for laying do\vn \Vires-allo\vs 
multiple wire placement and placement check
ing for ease of construction. 

3. Precision \Vire positioning. 
4. Minimum scattering material. 
5. No restriction on chamber length. 
6. Parts and assembly amenable to mass produc

tion. 
7. Stiffness in the final chamber to minimize sup

port points. 
8. Single wire resolution of rvlOOµm. 
9. Qne tube per one wire minimizes efficiency loss 

in wire breakage. "' 
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Streamer Pulse 

Fast: 10 nsec rise time 

Large: rv 100 mv 
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Table X.1: Resolution· and T., ... for Drift Readout in 2.5 cm . cells 
. 

Gu-
A-IB A-IB-C02 C02 - CFt - IB 
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T.U·' T .. &X T,.&X 
Sourcel " " " lo1ii1. (µm) (nsec) (µm) (nsec) (µm) (n sec) 

. - -· . . 
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· • Aver-.ged '"" all tlrift iima 
• • . ,· ···-:- j,I ', • :. : •• .: •• 

; ·._: . --~·-~ -.~- :--~ ; ~· 

.. . . 
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-~ .. :· .- . 
., '· .· .. ::" ·. 
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Table .X.2: · Res.olution· for Pick-up Strip Readout ( 1.0 cm. 

GasAmpl.Mode - Proport1onal Limited Streamer 
looiz.Source l 

L~r 45 µm 100 µm 

O 5 TeV Muons 85 µm 

· Avera.ged over all .~onizal1on pos1l1ons 

. ~ -.·;. -· .... 
·· .. -. -... . ... 

.,- ·. ·. 
- ... 
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Worries Over Cathode Strips 

1.) Measuring to 100 µm \vi th 1 cm strip rPq11irPs 
a 1 % measurement. 
a.) Superb arnplifiers though rr1ass produced. 
b.) \'ery accuratly made strips. 

2.) Thermal noise requires long ("' 1 µsec integrat
ing times. 

3.) Thermal noise places upper limits on the size of 
the strips and, therefore the chambers. 
a.) :\"eeds inany s1nall cha1nbers. · 
b.) Large number of electronics channels. 

4.) J\Ian made noise will be present to son1e extent; 
this \vill not be kno,vn quantitatively until turn 
on day. 
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What are we waiting for? 

LSDT have: 

1.) Baseline accuracy (CF 4 yet to be measured) 
2.) Triggering ability 
3.) r¢ - z measurement 
4.) Documented dra,vings 
5.) Documented costs 
6.) Exportability 
7.) Conservatisrn-e.g. less susceptible to noise 

What more do you want? 

Usable at small angles? One technology? 
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• Resistive Plate Chambers (RPCs) have been in operation in experiments 

throughout the world since 1981. · 

• The current standard (Italian) design is two meters long by one meter wide 
with a sensitive ~as gap of 2 millimeters. 

~ • There are no wires or conductors anywhere in the sensitive region. 

• The walls ofthe chamber - in contact with the gas of the sensitive volume -
consists of a semi-conductor (Bakelite, for example) with a bulk resistance 
of about 10** 11 ohm-centimeters. 

. 
• An ioniz ing particle passing through the sensitive volume (2 m x 1 m x 2 mm) 

breaks down the gap -~ g-eates an electrical dischar1e. 

• This discharges is very fa$~ (a few naoosecondll). 

• The di~harge is capacitiv¢1y: co~·t'O pick-up strips which are located outside 
the sem1condu.ctor walls ~f the aas cell. · · 
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., 
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~ 
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~ ~·~~~ ~ 

• Hundreds of these chambers have been produced and are operating in 
experiments all over the world . 

• 

• A set of these chambers have operated at Frascati for 7 years. 

• Such chambers are currently being used in E-771 at Fermilab. 

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

• Not a new technology; but rather a mature technology which is well 
undm&Ood ·:and fc)r which the manufacturing technology bas already 
been tralMferred to_.induatry. 
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• In November 1991, the RPC Collaboration submitted its R&D program for 

the GEM Muon Beam Tagging Trigger and Z-coordinate Measuring System 
using Resistive Plate Counters. 

• Properties of RPCs that have been measured include: 

c,,., • Pulse rise-time jitter 
~ • Maximum counting rate 

• Efficiency 
• Lifetime , 
• Noise 
• Response to neutrons and gammas 

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

( 

• Glasses 
•·Cermets 
• Plastics 

• 
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• Results from the RPC R&D.program: 

• Pulse rise-time jitter measured on 1 m x 2 m Italian RPC - 1.4 ns 
• Pulse rise-time -2.S ns 
• Pulse width - SO ns 
• Pulse height - 700-soo m V into SO ohms without amplification. 
• Saturated counting rate -

• Glasses • SO-1S Hz/cm"2 
• Bakelite - S60 Hz/cm"2 
• Static-dispersive plastics - 15 KHz/cm"2 

• Efficiency - 9S% using cosmic ray scintillator telescope. 
• Lifetime""". 1 % decrease in efficiency measured for 8.2 SSC years exposure. 
• Noise - 10 x cosmic rays. 
• Neutron sensitivity (1-10 MeV)-4.8 x 10"-3, same as other technologies. 
• Photon sensitivity (1-lO MeV)-6.6 x 10"-3. 

• Conclusions: · 
. . .. :-. 

• The R&D program has s~ccessftif!Y addressed the major concerns of RPC 
counting rate, aging/lilctime, neutron sensitivity, and noise. 
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RPC Candldllte Material . II 

MatelW Thie knees Bulk Arc 
---·ccm) R11lstlvlty (Ocm) Resistivity cncm2> 

MrTmlrror .300 5.0x1012 1.5x1012 

750 micron mirror .066 4.9x1012 3.23 x1011 

Kodak projecto{ glass .123 6.42x1011 7.89x1010 

hallan RPC . .200 1.0x1011 2x 1010 

Bakelite · .161 4.5 x109 7.24 x108 

ABSTAT-M310 .072 5.78x109 4.16 x108 

ABSTAT-M310 .060 5.78 x109 3.47 x108 
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• Results since October 6. 1992: 

• We have built 3 RPCs from low resistivity ABS pl•stics: 

- Two 51cmx51 cm (0.25 square meters each). 
- One 76 cm x 127 cm (0.96 square meters). 

• Measurements have been made on efficiency, noise rate, rate capability, jitter. 

• Noise - 20 Hz/cm••2 
• Pulse Height· 200-500 m V 
• Plateau> 800 Vwide (measured with two-fold cosmic ray coincidence) 
• Rate capability - 10-20 KHz/cm••2 (measured with 36 cm••2 RPC) 
• Jitter - less than 5 ns (measured with 36 cm••2 RPC) 

• Single layer l.m••2 RPC weighs 0.4 g/cm••2 (4.1 kg) 

• Ar/C02/isobutane/freon and C02/CF4 gu mixes tested in RPCs . 
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Muon 

Frank Taylor 11/4/92 

System Technology 
Choice 

• R&D Program for FY92 

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

Baseline 1: 

Barrel End caps 
====================================================== 

L-1 Triggering: RPC csc 

Tracking: PDT or LSDT csc 
====================================================== 

• Oct. 6-7 Technology Review Meeting: 

Intended to define the TDR baseline (Baseline 2) 

-proponent reports (Ctc > l.Sl>T J Pt>I,., JtPC:::) 

-independent engineering assessment CR. s .. "rctc.: .a.t J..) 

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

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

• Barrel Issues: 

1. Which is the more attractive drift technology - PDT or LSDT 7 

2. Will the RPCs perform in terms of jitter, background sensitivity, and 
longevity 7 

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

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

• Endcap Issues: 

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

2. Are there any alternatives to the CSCs in the Endcaps ? 
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Baseline 1 Resolutions 

Cathode Strips: 

Configuration (SLI :SL2 :SI 3) 

Single layer resolution 

Alignment (internal random) 

Alignment (external SL-to-SL) 

Drift: 

Configuration (SLl :SL2 :Sl3) 

Single layer resolution 

Alignment (internal random) 

Alignment (external SL-to-SL) 
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Muon Chambers at the TTR 
As of 11/3/92 

Technology Chamber size TTR delivery date 

~---~--~-----------------------------------------------

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

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

l.SDT 1 m x 4 m x 4 layers 9/22/92 (delivered) 

l.SDT 1 m x 4 m x 4 layers 10/23/92 (delivered) 
10/28/92 (sent back) 

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

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

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

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

CSC-BNL 1 m x 1.8 m x 4 layers 

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

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

-

363 



Result of Oct. 6-7 Meeting: 

• Attempted to rate drift technologies in barrel: 

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

=====however==== 

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

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

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

• A number of questions were identified: 

-showering from material inside the chambers 

-acceptance coverage 

-location of alignment paths and affect on acceptance 

-comparative costs of chamber construction and electronics 

• Present Situation: 

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

• Cost comparisons have been refined. 

• Performance data available from all technologies. 
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Outer Radius 70cm 

Length ±150 cm 

- Rapidity Coverage 1111 ~2.5 

Magnetic Field 0.8T 

Occupancy 

at£= 1033cm-2sec-1 <1% 

at£= 1034cm-2sec-1 <10% -
Charge separation at 953 C.L. p <400 GeV/c 

Momentum Resolution at 90° -
at high momenta 

(measurements limited) D.p/p2 
"'J ('1 el) x io-3(GeV/c)-1 

at low momenta 
~ 

(multiple scattering limited) D.p/p "'J. 43 

Vertex Resolution 

along beam direction 6z "'Jlmm 

- impact parameter ob "'J 30µm 

above 10 GeV /c 

Design Parameters for the Central Tracker 
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A Re-examination of the 
Tracker Design driven by 

Physics Requirements 

J.Brau,C.Baltay,L.Rosenson,R.Stroynowski 

GEM Collaboration Meeting 
March 7-11, 1992 - Tucson, AZ 
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c. Baltay October 29, 1992 

GEM Central Tracker 
Proposed Plan for Collaboration on R&D 

and Enaineertna Design 

Approximately two-year .,eriod-1993 & 1994 

1. Si8" A&lree•z•t to formalize Phase I coftlboration 

a N.JI) ~ acl '"<l'Aeerial desiea-

2. Coosotidate J>Coject-oriented wortm.1 sroups to 

start collaboration 

a) Identify U.S. and Chinese group leaders 

b) Group members 

3. Each working group (in coordtnatioll wiu overa!l 

Central Tracker Management) should start in 

November 1992 to 

a) Set up schedule of short and long visits back and forth 
b) Devek>p wOt"k plan of activities 

c) Propose a schedule for the work plan 
d) Defme milestones for •Deliverables" i.e. measureable 

signs of progress such as specific designs, prototypes, 
test results, etc. 

411 



... 

4. Deime Subsystem Prototype program -
a) Identify penon in charge 
b) Institutional responsibilitieS -
c) Del\ m. SICM :tu)es & mnestoaes 

-
5. Sirp f'tase B ol ti.e Agreement 

... 
6. Develop Fabrication Plan for the Central Tracker 

a) Define subsystems or tasks -
b) Identify persons in charge of each subsystem 
c) Propose institutional responsibility foe each 

subsystem -
d) Devetop fabrication schedule for each subsystem 

e) Define milestones to measure progress 

-
... 
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GEM Central Tracker 

Project-oriented wockin.1 iroups to collaborate on R&D and 

Engineering Desip 

Mecha»kal - Gmgp A 

1. Silicon Trader 

2. lPC Track.er 

Eecttonics - Group B 

1. Silicon Tracker 
2. IPC Tracker 

Test Beam Work - Group C 

1. Silicon Tracker 
2. IPC Tracker 

413 

Ron Barber/ C. L. \U ""-' 

Will Emmet/L.~. L•CZ. 

Dave Lee/ ::r. 1=' u - S ~ 
Jim Musser I 'P ~-t e,,,.. C"'-01.1... 

Geoff Mills, Jim Brau/ 
Kate Morgan/ 
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~ 

.i:.. 

GEM Central Tracker R&D and Design Working Groups 
Mechanical--Group A 

Overall Coordination: R. Barber/C. Hsu (CMS) 

TASK U.S.A. TAIWAN 

ITRI Enirlneers 

1) Silicon Tracker R. Barber C.LWu 

a) Support & cooling rings, T. Thomson, R. Barber Chung-Un Wu, Larry C.C. TanR 

ladders. etc. 

bl Sunnort frame T. Thomson Y.C. Chen 

c) Cooling & gas flow R. Barber Chung-Un Wu, Larry Tang, 

Pim1-Ho Sam Shih 

dl AlhmmPnt & monitorin11 R. Barber li-Shin11 Lee 

el Cablin11 R. Barber Jon11-Min11 Uu 

21 JPC TrackPr W. Emmet LS. Lee 

a) Chamber modules W. Emmet Chung-Un Wu, Jau-Uang Chen, 

I;irry Tan 11 

b) Suooort structure W. Emmet. T. Thomson Chun11-Un Wu 

c) Coolln2 and 11as flow D. Neeoer Pin2-llo Sam Shih 

dl Ali11nment & monltorin11 R. Barber U-Shin11 l.ee 

el Cablin11 W. Emmet lon11-Min11 Uu 

• • • • • • • • 

Phvslclsts 

A. Chen 

P.K. Teng 

P.K. Ten2 

P.K. Teng 

M.T. Chenl? 

M.T. Chem! 

A. Sumarokov 

A. Sumarokov 

A. Sumarokov 

A. Sumarokov 

M.T. Chen11 

M.T. Chena 

• • • 
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GEM Central Tracker R&D and Design Working Groups 
Electronlcs--Group B 

Overall Coordination: Jim Musser/Julia Fu-Su 

TASK U.S.A. TAIWAN 

ITRI 111.tneen 

l l Silicon Detector Dave Lee Julia Fu-Su 

al Detecton I. Brau W.C. Tsai 

h\ Front Pnrl amnliflers S.Hahn S.W. Chane Sebastian Uau 

cl nlaltal .. l .... Jlne ICMOSl l B.Cooke Steven Yancr Peter Chou 

dl Readout controller (CMOS2l I. Brau 

e) Mulllchlp module (MCM) B. Cooke Fang-Un Chao, H.C. Chang, 

Mel-Umr Chou 

0 Fiber ootics I. Mills W.S. Chan 

2l IPC Bectronics llm Musser S. K. Peter Chou 

al Front end amnliflers P. O'Connor S.W. Chana Sebastian Uau 

bl switched canaclror arrav C. Britton Peter Chou 

cl AOC Multiolexer I. Musser 

rl\ A to D nlneline G. Haller Steven Yanir: 

el Readout controller C. Bender 

n Fl ber ootlcs C. Bender W.S. Chan 

) 

lcl1t1 

A n 

M '·Wan• 

S.Y. 

M.T. ,-· 

M.T. Chena 

M.T. Cheng 

P.K. Temz 

I. Antos 

S.Y. Chao 

M.T. Chen1r 

M.I. Wanir 

M.T. Chenir 

M.T. Chen11 

P.K. Tena 



Proposed ERSO GEH Silicon Kicrostrip R&D Plan 

Fabricate 1st Kicrostrips based on 7.93 x 4.01 
cm2 desiin (ainiaize strip resitance) 

Develop back-to-back 2 chip bonding vith 
S aicron precision 

Develop rad-hard poly resitance of SOOkOha 

Study effects of edge defects on vafer yield 
and strip reliability 

8/92-12192 

12/92-3/93 

1/93-4/93 

1/93-4/93 

Fabricate 1st GEM specific microstrip prototype 3/93-5/93 

Study aicrostrip characteristics (leak current, 4/93-9-93 
depletion voltage, breakdown voltage, • 
poly resist, etc) vs. radiation exposure and 
develop hardening procedures 

Fabricate 2nd GEM specific microstrip prototype 9/93-11/93 

Study microstrip characteristics (leak curre!lt, 11/93-4-94 

.. 

-

depletion voltage, breakdown voltage, • 
poly resist, etc) vs. radiation exposure and 
develop hardening procedures 

Fabricate Final GEM specific microstrip prototype 4/94- 6/94 

MILESTONES 

Deliver 7.93 x 4.01 cm2 microstrip detector 
Oregon (goal: strip res: 10 ohm/cm) 

Define GEM.silicon detector design 

Deliver 1st GEM specific prototype 

Define revised GEM detector design 

Deliver 2nd GEM microstrip prototype 

Define Final GEM detector d~sign 

Deliver Final GEM Prototypes 

416 

to Jan 15, 1993 

Feb 31, 1993 

Hay 1, 1993 

Oct 15, 1993 

Jan 1, 1994 

June 15, 1994 

Aug 1, 1994 

-

-

... 



Prototype Program 

1. Silicon Tracker 

a) 18 cm Barrel Uidder 

b) Forward Disc 

2. IPC Tracker 

a) Barrel Chamber 

b) Endcap Chamber 

3. Test Beam Setups 

a) Silicon ladders 

b) IPC Chambers 

417 
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GEM Central Tracker Subsystems 
for Fabrication 

1. Silicon Detector Mechanical 

a) Barrel Derector 

i) ladder Assemblies 

ii) Support and Cooling Rings 

ill) Barrel Assembly 

b} Forward Detector 

i) Detector Discs 

ii) Support and Cooling Rings 

iii} Two Forward Assemblies 

c) Support Structure Space Frame 

d) Cooling and Gas Flow Systems 

e) Alignment and Monitoring System 

41S 

... 

-

-

-

-
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2. · IPC Tracker Mechanical 

a) Barrel Region 

i) CJna•beF Modules 

ii) S.w.ppoct: snnacnue 

b) Focward Detecuon 

i) Ch.amber Modules 

ii) Support Structure 

c) Overall Support Structure and Kinematic Mounts 

d) Cooling and Gas.flow Systems 

e) Alignment and Monitoring System 

419 



3. Silicon Tracker Electronics 

a) Silicon Detectors 

b) Front End Preamplifiers 

c) Digital Pipeline Buffer 

d) Readout Controller 

e) Multichip Module 

O Fiber Optics 

4. IPC Electronics 

a) Front End Amplifier 

b) Pipeline Buffer 

c) Analog to Digital Converter 

d) Readout Controller 

e) Fiber Optics 

420 
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Discovery Limits for 
Supersymmetric Higgs Bosons 

Alan L. Stange 
Nov. 4, 1992 
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I. Introduction 

Minimal SUSY Model 

• 2 Higgs boson doublet 

• 5 physical particles 

h, H, A, fI± 

h cos a sin a Re¢~ - v1 
= v'2 

H - s1na cos a Re¢g - v2 

427 



• 2 free parameters 
mA, tanP=v2 /v 1 

m~,H = ~ [M1 + m~ ± J(M1 + m~)2 
- 4m~M1cos2 2,B] 

2 M2 2 mH±= w+mA 

Could be ruled out or verified at LEP II 

428 
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• Radiative Corrections 

~ masses, couplings, mixing angles 

Effective potential fom1alism 
Schwinger; Goldstone, Salam, Weinberg; 
Nambu; Coleman, Weinberg; Li, Sher; 

* Expand in Loops, not couplings 
* Include top quark, bottom quarks 

and squarks 
Ellis, Ridolfi, Zwimer 
PLB 262, 477 (1991) 

mt= 150 GeV 

mQ = mu = mo = msusy 

At = Ab = 2µ = msusy I 2 

msusy = 1000 GeV 

429 
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What do these changes mean for the 
SUSY Higgs Search ? 

Consider search potential in mA -tan~ plane 

for several mt values 
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II. Experiments 

•LEP I and II 

>>LEP I 
Aleph limits cos2(~-a), sin2(~-a) 

>>LEP II 
a) rescale Zh --7 jets 

Zh --7 (ee,µµ)+jets 
S. L. Wu et. al. 

ECF A workshop on LEP 200 

b) rescale Zh, Ah, AH --7 't't+jets 
P. Janot LAL 91-61 

J.-F. Grivaz LAL 91 

S/'1B > 4 
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co.. 
c: .s 

30 

10 

mt= 200GeV 

1 ...._~_.__.__._...._. ...................... ~__..~.._ ........................... 
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ca. 
c: 
as -

30 ---......----....---................... 

10 

200 

1 
10 100 1000 
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ca. 
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IV. SSC (LHC) 

HsM < -800 Ge V is detectable at SSC 

Differences from Standard Model 
>> couplings 

• • >>mixing 
>>extra final state decays 

consider the most interesting channels 
• gg --7 h,H,A --7 Yf 

• qq,gg --7 tt(h,H,A) --7 (e,µ)Yf 

• gg --7 h,H --7 leptons 

• qq,gg --7 tt --7 bb WH+ 

L = 20 fb-l S/'1B > 4 S > 10 

443 



... 

•SSC 

>> gg --7 h,H,A --7 Yf 
... 

>> qq,gg --7 tt(h,H,A) --7 (e,µ)yy 
... 

>> gg --7 h,H -? leptons 

-
>> qq,gg --7 tt --7 bbWH+ 

-

... 
L = 20 fb-1 S/'1B > 4 S > 10 

... 

-

-
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• gg ~ h,H,A ~ Yf 

• Largest production cross section 
• Important for intermediate masses 

GEM to have ~m/m(yy):::::: 1 % 
to beat qq,gg -?"{'{ backgrounds 

GEM simulation of LAr calorimeter 

1111 < 2.5, Er > 20 Ge V, 111yyl < 3.0, 

* lcose 1 < 0.9, n-y rejection 

isolation: ~ = 0.6 Er< 10 GeV 

55% efficiency 

B = # events in mass bin mh + 1 % 

445 -
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• qq,gg ~ tt(h,H,A) ~ (e,µ)yy 

>> "tagged" lepton yy events 

Wh --7 (e,µ) yy 

largest source is tth with decay 

potentially large backgrounds: 
Wyy, ttyy, ttjj, bbyy 

Use SDC simulation 
1111 < 2.5, PT > 20 Ge V, ~R > 0.4 

isolation: ~ < 0.3, ET< 10 GeV 

>> 0.93 Wh 
» 0.73 tth 

(0.85)3 detection efficiency 

447 



-
Gaussian resolution: -

mh cryy (GeV) 

80 1.23 . -
100 1.44 
120 1.65 -
140 1.81 
160 2.00 -

B = # events in mass bin mh + 2aY'f -

Att doesn't meet detectability requirments -

-
-

-
448 -
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ca. 
c: as -

30 

10 

1 
10 100 

mA (GeV) 
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SSC 

accessible 
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1000 



• gg ~ h,H ~ leptons 

"gold-plated" mode 

background: qq,gg --7 ZZ --7 leptons 
K=l.65: O(a

8
) corrections 

tt, Ztt, Zbb are eliminated by cuts 

Follow SDC: 

PT> 20 GeV, 1111<2.5, Lill.> 0.4 

IMz - M(ll)I < 10 Ge V one pair 

isolation: 1lR < 0.3 ET < 5 Ge V 

» (0.9)4 

detection efficiency: (0.85)2(0.95)2 
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Mass resolution: 

• not dominated by Higgs width 

>> generate real Higgs-7ZZ-74l events 

>> smear lepton energies 

a(E)/E = [ (0.14/"E)2+0.012]o.5 

>> fit resulting invariant mass to obtain a 
41 

B = # ZZ events in bin mh + 2aeff 
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+ • qq,gg --7 tt --7 bbWH-

signal: excess of 't + (e,µ) final states 
in tt events 

• violation of lepton universality 
in W decays 

Follow SDC: 
1-prong 't decay: 't -7 7tV 

BF=ll.5% 
PT(1t) > 100, PT(l) > 40, PT(b) > 30 

IT\(1)1 < 2.5, IT\(b )I < 2.0 

isolation: ~ < 0.4 E < 0.25E (1,b) 
T T 

•Require S/-.J(S+B) > 5 

•No sure way to reconstruct H+ mass 
453 
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III. What Collider covers MSSM? 

What e+e- collider can rule out 
MSSM Higgs sector? 

>>repeat 't'tjj analysis in '1s-L plane 

require mA-tan~ plane be "covered" 

-
.. 

-

-

for given mt value -

... 

... 

-
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IV. Summary 

Major factors: 
a) a,p dependent couplings 

b) higgs boson masses 

c) acceptance, luminosity, 
background estimates 

a), b) included exactly in all cases 

c) included to the best degree 
possible given understanding 
and resources 
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-
>> parameter space NOT covered by 

existing/proposed colliders/detectors -

>> large regions where only one Higgs 
boson in detectable. How to 
distinguish from SM Higgs? -

Future Directions 

>> detailed detector simulations 

>> b-tagging to help reject backgrounds 

>> exotic Higgs ~ SUSY decays 
(Baer et. al.) 

>> build the experiments! 
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Presentation by: 

Frank Taylor 
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Frank Taylor 11/6/92 

Status of GEM Muon System 

• Triggering and Tracking Technology: 

o system performance 

o complexity 

o cost 

o manufacturability 

• Design of support structure: 

o alignment to 25 µm and stable 

o sector approach attractive for initial 
installation and alignment 

o monolithic structure more stable· 

o coverage 

o endcaps 
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Results of Nov. 5, 1992 Muon Meeting: 

• Discussed Chamber R&D program: 

- Highlights 

o Test results obtained from Im x 4m PDT and 
LSDT prototypes. 
(Dubna - Movchan, MIT - Korytov) 

In limited streamer mode: cr . 80 microns 
Flammable gas (3: 1 IB: A) 

o CSC prototypes delivered to TTR. 

With safe gas cr = 109 microns (preliminary) 
(BNL - Polychronakos) 

o X-ray alignment of chambers 
(PNPI-Vorobyov) 

o RPC with low resistivity plastic constructed 

Expected characteristics promising. Rate limit is 
calculated to be 15 kHz/cm2 
(LLNL-Wuest, MIT-Pless) 

• Discussed backgrounds 

- Muon associated background for CSC geometry in EC 
8:4:4 geometry with 0.7 XO in front of chambers get 
90% of time .. only 1 extra hit within 8 mm. 
(SB-Yanagasawa, SSCL-Dingus, and Ostapchuk) 

- Neutron background may force CF4 gas if LS mode 
(SSCL-Glebov) 
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Technology Decisions 

• Process 

- Listed all questions which need answers before TDR 

Mental Game was to assume that given technology 
was the chosen one. 

Technology: Number of Questions 

csc 22 

LSIJT 1 6 

PDr 1 6 

RPC 1 0 

- Questionare for comparative ranking of technologies 

All members of Muon Group were asked to 
respond. Results (24 respondents) 

(Low # is GOOD) 

Technology Rating 

csc 

LSIJf 

68 ± 15 

54 ± 12 

72 ± 13 

c~c: ~ l..$bl. 

PDT I ~ b.11 tt"...r 
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Muon Cost Estimating Status 
(Barrel region only) 

Richard Sawicki 
Lawrence Livermore National Laboratory 

November 4, 1992 
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Cost estimating contributors 

• Cost coordinator 
- R. Gustavson, Draper 

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

• Assembly costs- foreign 
i.c:a. - I. Golutvin, Dubna 
'1 - Y. Xie, IHEP e.c 

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

• Gas system costs 
- M. MacKernan, LLNL ., 

• Electronic system 
- D. Marlow, Princeton 
- S. Calhoun, US Cost 
- I'(. °'"'"jl ~~ '"" 

• Alignment system costs 
- R. Sawicki, LLNL 
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Material cost status 

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

• LSDT and PDT costs, in general, are based on actual costs of prototy1 
parts or vendor estimates for production parts 

' 

• CSC material costs now have supporting quotations for major structu ' 
components 

- cathode strips (CCT Marketing) > 

- honeycomb panel with cathode plain attached (MC Gill) 

• • • • • • • • • 
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Assembly cost assumptions 

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

eWo rk force makeup Percent of workforce 

Discipline K$/yr csc ~ LSDT PDT 

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

Average rate K$/yr 100.4 98.6 102.4 

• Does not include facility operation costs ., 

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

Time (hr) to fabricate average chamber 

USA Dubna IHEP Average Average/ Cost delta 

csc 
LSDT 

PDT 

• 

USA 

200 424 282 302 1.51 

197 256* 357 270 1.37 

418 424 858 567 1.36 

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

'.) 

• • • • • • • 

(K$)** 

6029 

2375 

2691 

• 
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Electronic cost evaluation 

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

) 

~ ~I\> • CSC evaluation has evolved over the last few months and is documente1 
in cost reports by D. Marlow 

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

00 
~ 

• RPC costs have not been evaluated and are assumed to be the same 
as the LSDT and PDT on a $/channel basis 

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

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

- further evaluation may evolve a more optimized design 
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Contingency assumptions 

• Mechanical hardware 
- 300/o contingency for PDT, LSDT and RPC technologies 
- 36% contingency for CSC technology 

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

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

-- design concept is agressive 

csc LSDT PDT 

Mechanical contingency 13891 8471 7389 

Electronic contingency 2894 905 780 

Total contingency 16785 9376 8169 

Total If contingency= 300/o 14469 10503 9064 

Difference -2316 +1127 +895 

4 • • • • • • • 

RPC 

1552 

226 

1na 

2058 

+280 

4 
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Alig_nmeJlt system comparison per sector 
csc 

. 

Axllll •llgnment pmth LSDT 

chamber support point •nd •xlsl allgnmant point 

~ 

PDT 

) 

• chambere • 32 
#towere. I 

) 

#tower allgnment peth9 • • 
#allgnment points • 1'4 
wire plane configuration • 8 

#chambers"' 16 
#towers= 1 
•tower allgnment paths • 6 
# axlal allgnment pet ha • 1: 
#allgnment points • 90 
wire plane conflgurellon .. 8 

#chambers • 9 
#towers: 3 
#tower allgnment paths = 1 
wire plane configuration .. e 
#alignment points" 54 

=chember 

I .. alignment pat 



Alignment system costs (K$) -
csc LSDT POT 

Material costs .. 
(1) # projective alignment paths 48 6 18 
(2) # axial alignment paths 0 12 0 
(3) #axial alignment points 0 72 e 
(4) #axial alignment sensors 0 48 I 
(5) # temperature monitors 48 56 11 .. 
(6) #SLM: (1) + (4) 48 54 11 

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

Alignment test equipment 300 300 300 .. 
Total material cost 1560 1721 n2 

lns!i!lli!lign and as:;~mbllt'. li!bQr i;11:;1:; ,.S',., 
(7) Fiducialization = (6) ·32 • 8 hr/SLM ~/hr 314 353 118 
(8) Alignment= (6) *32 • 10 hr/SLM•$ . lhr 393 442 147 
Inspection and administration = .06((7}+(8)) 42 48 1E 

Total installation and assembly labor costs 749 843 281 

-T !!li!l i;gst:; 2309 2564 1053 - - -
Labor rates assume fdllowing work group 
composition at SSCL job shop rates 

10% engineer@ $49.97/hr 
45% Jr. Tech @$19.14/hr -
45°4 Sr. tech @ $26.58/hr 

Average rate= $25.57/hr 

-
.. 

-
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GEM MUON ELECTRONICS COST ESTIMATE - - - - - - - - -- - -- -- - - -

csc LSOT wtTrlg 

Uem S!Ch•n SICh1n 

IC'1 t1•• 1um1mrv t11t;l1\ 14.31 112.32 

c ....... ,. so.oo 11.00 

"Cl Fob. •so.11nn•2• 10.75 SS.42 

Connector1 lM•I• & F1m1111 11.00 10.25 

C1bl11 so.oo Sl.25 

Mloc. Porto lS.W.A.G.I S0.32 S0.32 

A1a1mbly 11500 lt•d1 t1b SO.Ol/111 s 1 ,41 12.53 

OIA ,. 20 mlnlbo1rd S0.16 10.3t 

Teti • 1 m1n-hourlbo1rd S0.47 Sl.17 

Rework 20% e 2hr11bo1rd S0.19 S0.47 

l VPS 1200 mWlehon IOI 15.00IW) $1.00 S1.00 

Mounllna. H1rdw1r1 (S.W.A.0.} 10.31 S0.31 

P1ctllnn & 1hlnnlnt1 S0.31 S0.31 

Addltlon11 Front End E11m1n11 S0.69 59.40 

Sub10111 Co1t1Ch1nn11 s 11.00 S41. 14 

Ch•nn.I Count 811 000 , 10 000 

Subtot1I Ch1nn1I Casi S9 647,000 4.525 400 

Con11-nev 130% CSC· 20% olhorsl S3.30 Sl.23 

Co1t1Ch1nn1I w/Cont1no1nc" 114.30 $49.37 

Ch1nn11 Coit wt Conllngenc-. 112,5•1.100 55,430. 700 

Ch•MNl91 Bo•rd .. 1 121 

lol•I Coal/Board UIS I 16.319 

Fixed Coat tPrototu"• Develoomenl\ so 12 241.000 

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

) ) ) 

LSDT wlRPC POT POT wlll"C 

$/Chon $/Chon S/Ch1n 

SS.72 U.72 ts.72 

11.00 11.00 11.00 

15.06 u.oe IS.01 

10.25 10.25 10.25 

$6.25 Sl.25 Sl.25 

10.32 10.32 10.32 

12.53 12.53 12.53 

S0,39 S0.31 10.39 

11.17 11.17 SI.I 7 

S0.47 S0.47 S0.47 

11.00 11.00 $1.00 

S0.31 S0.31 $0.31 

S0.31 S0.31 S0.31 

59.40 St.40 St.40 

$34.18 134.U $34.11 
-

143,000 
''"· 000 

141.000 

4.187 .740 3.111.520 S.024 410 

16.14 11.14 $6.14 

141.02 141.02 141.02 

15.165,llO S•.&71.210 $6,029,140 

121 121 I Zll 

15.211 15 251 15,2'2 

S2 241.000 11 ... 000 $2 241 000 

$8,111,860 $6,362,280 $8,275,840 
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Desi an 
Materlal/Fabrlcatlon 
Shlnnlna 
Facllltv Preoaratlon 
Assemblvffest 
Suonort Structure 
Allanment 
GasSvstem 
Coollna Svatem 
Electronlcs 
SUBTOTAL 

Contlnaenc11 

TOTAL 

Muon Technology Cost Summary 
(Barrel only) 

csc LSDT lw/trlal PDT (+l RPC 

367 526 369 369 
13579 10179 6990 1995 

371 243 187 187 
594 834 594 474 

15157 8950 10785 1867 
3267 3267 3120 0 
2309 2564 1063 15 
1467 1652 1496 242 
1475 25 25 25 
9647 6771 5583 1687 

48233 35011 30212 6861 

16785 ·9~77 8169 1778 

65018 44388 38381 86:19 
L t A=# If Y,,, 

LSDTw/RPC POTw/RPC 

895 738 
12174 8985 

430 374 
1308 1068 

10817 12652 
3267 3120 
2579 1078 
1894 1738 

50 50 
7134 7270 

40548 37073 

11002 9946 

51550 47019 . . 

•Does not Include 1.3M$ to attach electronlc boards to bridges -LSDT 101. <f 
Does not Include Increased cost for decreasing tube dlamter to 2.5 cm - PDT = t ~~ Kit 

( s-.>.%-~ ,,:,. ,.__, 
( S' :ltd~ ~.-r-J.., 
( 'l~ .. -: •. ,. ~ 4AAc.. 

JVOMIV~L- ~561 ;;- .,'f. 358 51 S.!t' ~'a1q 

,1\00 '· 1 .. 1 r. .. -t- I )d6' + 1100 
&..SOT HOO 

11-•e> ~)J;liljt F'•R. 
PPT l'IOIO 

u.v1 "- C .. Tt1t'6Al'c.:< -~3//.. +lll7 
-1111 7 -+ "" s PD7 • l"1"d 't ~lid ,. ~!G 

Cs:: {,::?,?a~ ~I.., '/ff 5" ~ ~19""" S't, ::ls? rs$.~ :Z:(! 5"~~' 
• • • ( • • • ( • 
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Muon Steering Committee Meeting 

• Discussed several questions 

- Are we prepared to accept CSC chambers in Barrel? 

Solid yes (with no reservations) 2 
Qualified yes (more R&D needed) 6 

Solid no (too risky, too costly ... ) 8 

- ~hich is the better drift technology: LSDT or PDT ? 

I.SDT 
PDT 

5 
1 0 

(one not voting) 

-CSCvsPDT? A,. cc. ~.cffcr+~eA.110CP,, ~itr~ wi.~,..~ 

csc 7 
PDT 9 

- Baseline 2 for TOR 

(1) 

(2) 

Barrel 

csc 
[PDT&RPC 

PDT&RPC 
[CSC 

End caps 

csc 
PDT & RPC backup] 

csc (hybrid!) 
PDT & RPC backup] 

-------------------------------------------------
Votes: (1) 

(2) 
7 
9 

489 



Summary .... 

Recommendations from Muon Group: 

• Drift Technology: PDT favored No ~IC-• l..St>T 125Z> .... 

• CSC looks attractive 

- need to demonstrate resolution 
- trigger timing 

large scale prototype 
- costing 

• RPCs look promising with low resistivity plastic 

- need to demonstate jitter, rate, slewing, .... 

• Need to develop alternative to CSC in EC as backup 

With PDT and RPC: 

- how to trigger? 
- how to deploy tubes ? 
- baseline resolutions obtainable? 

• More work needed on costing 

- electronics 
- chamber fabrication 

• Baseline 2: 

- hybrid slightly favored ( 13-.sc f.- !,<. f ) 
- universal agreement that more R&D needed 
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I. Calorimeter Engineering -

David Lissauer /Bill Wisniewski Chair 

Instrumentation/ Annex 

i)Calorimeter Facilities at the SSC Cliff Eberle 

ii)Interface to central detector support. Brian Smith 

iii)Overview of the Scint. Design Mark Rennich 

iv )Overview of the Liquid Design. Lyle Mason 

v )Module structure. 

vi)Electrode structure design 

vii)Cryogenic Facilities 

viii) Beam line interface 

Brian Easom 

Don Makowiecki. 

Don Rishied 

Garry Chapman 

ix) FNAL Test: Prototype calorimeter. D.Lissauer 

4:30 P.M: Joint session of all groups. Bill Willis - Chair 
Physics Building - Large Seminar Room 
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IL Simulation/ Optimization Working Group 

Bob McCarthy Chair 

... 

Morning Session: Mulitphoton Rejection and Pointing - .. 

Physics Building/Small Seminar Room 

Sasha Vanyashin - "Gamma/Jet Rejection by Isolation" 

Misha Leltchouk - "Narrow Strips in the Projective Accor
dion" 

Hong Ma - "Pointing and Shower Shape Analysis in the 
Accordion" 

Yuri Efremenko - "How to Improve Pointing by the L-Kr 
EM Calorimeter" 

Kostya Shmakov - "Optimization of a Massless Gap for the 
Accordion" 

Afternoon session: 

Tomasz Skwarnicki/John Womersley Chair 

Physics Building/Large Seminar Room 

Description of present code and needs: Tomasz S. 

Integration of the calorimeter simulation in to the Overall 
GEM software. 

Simulation tools. 

4:30 P.M: Joint session of all groups. 
Physics Building - Large Seminar Room 

494 
2 

Bill Willis - Chair 

... 

-

-

... 

-

-

-



-

-

-

III) Baseline Calorimeter 

Morning session. Chair: Bill Willis 

Physics Building - 2-160 

a)Status of the Liquid section. 

b) Function of the Scintil~ section. 

c) Depth optimization. Frank Paige 

d) e/pi: Discussion. 

Afternoon Bill Willis - Chair 

Physics Building - 2-160 

Scintillator Design questions. Larry Sulak 

a) Fibers Solution; Bars Jim Reidy?? 

b) Photomultiplier: readout questions. 

c) Trigger Bill Cleland. 

4:30 P.M: Joint session of all groups. Bill Willis - Chair 
Physics Building - Large Seminar Room 
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Memorandum 

To: Gary Sanders 

j ••• -

~ ',/_r_;, 

Superconducting Su]#r CoUUUr Laborrtlo'7 
2550 Becldeymeade Avenue, Mail Stop 2005 

Dallas TX 75237-394() 
(:Z 14) 703-6207 

Faz: (214) 708-60&! 

GEM.,., Qld ~,. I • 

From: Paul Reardon, Gary Deis, R szard Stroynowslci, Bill W!Slliewslci 

Su~ect: ~~::mliiiiiiiiiioiliiiiiiiiiiiiiiii-.;.;m;,;;1..,J 
Date: 

The GEM Magnet Project has now reached the stage at which it is necessary to freeze lile major systera 
parameters ofthe coil assemblies. This is required to support the overall schedule, wtQct1 aecessm1CS 
that the detailed design be advanced quickly in the next six months, and that map pocaremcnt a<-:tiom 
be initiated immediately. At least one of these procurements, the conductor purchase, win be firm fixed 
price, so any design changes which would affect the conductor specifications in any way mmt be 5*iictty 
avoided. 

Magnet subsystem inner radius 
Magnetic field at IP 
Vacuum vessel minimum z 
Vacuum vessel maximum z 
Winding mean radius 
Winding minimum z 
Winding maximum z 

9.0 m 
0.8 T 
0.4 m 

Cis~r --m=-
~9:s~ m 
0.75 m 

15.0 m 

Freezing these system p111ameters will result in a freeze of many other deriVed par• 1 s, .:la as 
number of turns, current, conductor cross section, etc. Many other parameters rebti9110 Ille deefaik ~ 
design of the coil assemblies will be frozen as the design progresses. 

The magnet project would also like to freeze the design of the FFS. Howeva, ia view of die one imi& 
discussions related to the designs of the tracker, calorimeters, and muon 5ys1an, tee~• wial 6e 
slightly less critical schedule for the FFS design and construction, we do llClt ~ dilat lile 6rign be 
frozen at this time. However, please note that uncertainty in the design of tbe FFS will impede our 
ongoing discussions with potential foreign suppliers of these componentS, so • early freeze will be 
required. We anticipate requesting this freeze within 2 months. 

The details of the magnet interfaces with the Central Deleetor Support. the Maoll Sabsysan, Md die 
facility, as well as the interface betWeen the FFS and the coil assemblies are being evohoed as a 80mlll 
part of the detailed design process. These details will not affect the magnet design in a significant · 
"system" manner (as would changes in the parameters listed above); therefOIC we do not regard these 
interfaces .as frozen, and we will continue to work with the other systems to develop the <!etails as a part 
of our design effon. · . · 

Freezing of the major magnet system parameters, now, is essential in keeping the magnet project Oil 
schedule, in minimizing the overall cost, in maintaining project momentum, and in demonstrating the 
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Collaboration's ability to make timely decisions. Would you please present this issue to the executive 
conunittee for their concurrence? 

• 
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PRESSURE DISTRIBUTION 
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2 M VS. 1.5 M CENTRAL TRACKER 

LITTLE CHANGE IN THE SI TRACKER (2CM FOR LONGER LADDER) 

CURRENT IPC MODULE PACKAGING QUITE TIGHT 

CURRENT OUTER SUPPORT STRUCTURE INTERFERES 

TWO TIMES IMPROVEMENT IN THE IPC RESOLUTION 
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GEM DETECTOR OPTION 2 
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'Proposed Technologies for GEM Muons\ 

ENDCAP REGION 
9.5° < e < 30° (1.3 < 11 < 2.5) 

M.:a~uc.:m~nt I1:i:hnal211 
PT (r-•> Cathode Strip Chambers 

Second Coordinate (9) Cathode Strip Chambers 

Trigger Cathode Strip Chambers 
.. 

Beam Crossing Tag · Cathode Strip Chambers 

.... Also Under Consideration for Central Rezi•• .... ---------- _. 

CENTRAL REGION 
. e > 30° (O.O < 11 < 1.3) 

Measurement 
PT (r-+) 

Second Coordinate (0) 

Trigger 

Beam Crossing Tag 

Technology 
Proportional Tubes S2I Limited 
Streamer Tubes in Drift Mode 

Resistive Plate Chambers 

Resistive Plate Chambers 

Resistive Plate Chambers 
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