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Agenda, attenders and transparencies of the GEM Collaboration 
Meeting held in Tucson on March 8-11, 1992. 
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AGENDA 
GEM COLLABORATION 

Tucson, Arizona 
March 7-11, 1992 

SUNDAY MARCH 8 

Informal meetings all day 

MONDAY MARCH 9 PLENARY :MEETING 

8:30 B Barish The State of GEM 

9:00 G Sanders The GEM Project at SSCL 

9:45 M.Harris GEM Facilities at IR5 

Video of GEM Installation 
10:00 BREAK 

BASELINE DISCUSSIONS 

10:30 GEM Baseline Overview M.Marx 

10:50 Magnet R Stroynowski 

11 :20 Muons F Taylor 

11 :50 Tracker C Baltay 

12:20 UJNCH 

1 :30 Physics Talk: Sekhar Chivakula 
"The Dynamics of Electroweak Symmetry Breaking" 

BASELINE CONTINUED 

2:30 Calorimeter (Liq Argon/BaF2 + Hadronic) Y Kamyshkov 



3: 15 Forward Calorimeter J Rutherfoord 

3:45 BREAK 

4:15 GEM Triggering Shaevitz/Marlow 

4:45 Discussion of the Baseline 
and Working Group Formation 

5: 3 0 Physics Talk: Ian Hinchliffe 

6:30 Adjourn 

TUESDAY MARCH 10 WORKING GROUPS 

8:30 - 2:30 

1 Forward Regions - calorimetry,muons,magnet,beam pipe and 
vacuum 

( D. Lee). Rutherfoord, K. Morgan) 
Radiation levels vs Resolution vs Missing Et .... 

2 A Re-examination of the tracker design driven by physics 
requirements 
(].Brau, C.Baltay, L.Rosenson, R.Stroynowski) 

Volume (Radius&Length),Goals,Preradiator,High L,B Field 

3 Detector Alignment 
(J .Branson) .Paradiso,D Veal) 

Alignment of Muons Chambers 
Aligning Detector Components to the Vertex 

4 Calorimeter Depth, Muon Backgrounds 
(F. Taylor,H.Gordon,R.Mcneil) 

5 

6 

Pattern Recognition,Acceptance and Redundancy in Tracking 
and Muons 
(G. Mitselmakher,M. Atiya,F.Paige, J.Musser) 

Modelling the Detector 
(K.McFarlane,N .DiGiacomo,M.Shupe) 

How to go from Engineering specs to simulation 
Detector data base - what's in it and how to store/access 

.. 
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.. 

.. 

.. 

.. 

.. 

.. 



10:00-10:20 BREAK 

- 2:30- 3:00 BREAK 

3PM Cross Disciplinary Group 

Integration (Marx.Harris) -
Simulation (McFarlan.Lane) 

Triggering (Marlow,Shaevitz) 

7:30 BANQUET 

WEDNESDAY MARCH 11 PLENARY SESSIONS 

- 8:00 REPORTONLHCEVIANMEETING(Marx) 

8: 30 REPORTS OF WORKING GROUPS AND ISSUES FOR FUTIJRE 

10:00 BREAK 

10:30 INTI1ATIONOFDETECTORCOSTING GSANDERS 

11 :00 WHATS NEXT? W. WILLIS -
11 :30 FINAL DISCUSSION OF BASELINE 

12:00 ADJOURN 

-
12: 15 EXECUTIVE COMMITIEE 

-

-



GEM COLLABORATION MEETING 

Attenders 
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GEM COLLABORATION MEETING 
March 7-12, 1992 

Tucson, Arizona 

NAME 

Abolins, Maris 
Akchurin, Nural 
Alam, M.S. 
Allen, Charles C. 
Amory, Jacque Pier 
Atiya, Maged 
Ballard, Luann 
Baltay, Charles 
Barabash, Leonid 
Barber, Ronald 
Barish, Barry 
Berridge, Steve 
Bonushkin, Y 
Botlo, Michi 
Bower, Charles 
Bowers, Joel 
Brau, Jim 
Brooks, Melynda 
Brower, William 
Bugg, W. M. 
Burrows, Philip 
Castoldi, Clara 
Chae, Steven M. 
Chapman, Gerry 
Chargin, Anthony K. 
Chen, Zemin 
Chen, Zukun 
Chen, Gang 
Chu, Teh-Ling 
Cleland, W .E. 
Cohn, Hans Otto 
Cook, Victor 
Cooke, Brad 
Cormell, Larry 
Crosette, Dario 

AFFILIATION 

Michigan State Univ. 
Univ. of Iowa 
U. of Albany 
UT Austin 
SSCL 
BNL 
SSCL 
Yale 
SSCL 
LANL 
Caltech 
Univ. of Tennessee 
SSCL 
SSCL 
Indiana Univ. 
LLNL 
Univ. of Oregon 
LANL 
~ 
Univ. of Tennessee 
MIT 
INFN-Pavia (Italy) 
ORNL 
SSCL 
LLNL 
Duke U. 
SSCL 
Beijing Glass Research inst. 
Academia Sinica Taiwan 
University of Pittsburgh 
ORNL 
Univ. of Washington 
LANL 
SSCL 
SSCL 



David, Ram Ber 
Deis, Gary 
DiGiacomo, Nick 
Dingus, Peter 
Du, Peter 
Durden, Holly 
Easom, Brian 
Eberle, Cliff 
Edelstein, Richard M. 
Egorov, Serguei 
Eklund, Michael 
Engler, Arnold 
Fanourakis, George 
Ferbel, Tom 
Ferguson, M. I. 
Fischer, Richard 
Fissiak, Iouri 
Flickinger, Henry 
Forden, Geoff 
Frey, Raymond 
Furuno, Koichiro 
Gober, Norman 
Golutvin, Andrey 
Golutvin, Igor 
Gordon, Howard 
Gu, Yi fan 
Hale, Phylis 
Harris, Mike 
Hinchcliffe, Ian 
Johnson, Charles 
Johnson, Coleman 
Johnson, Tony 
Jones, Mark 
Jung, Chang Kee 
Kamyshkov, Yuri 
Kendall, Henry W. 
Killian, Ken 
Kim,C.O. 
Kobrak, Hans 
Konstantinov, Yury 
Korytov, Andrey 
Lane, Kenneth 
Lee, David M 

Yale 
LLNL 
Martin Marietta 
ssa.. 
Univ. of Tennessee 
ssa.. 
Martin Marietta 
ORNL 
Carnegie Mellon Univ. 
Sci. Res. Inst. Russia 
U. of Arizona 
Carnegie Mellon Univ. 
U. of Rochester 
U. of Rochester 
U. of Arizona 
ssa.. 
ssa.. 
Draper 
UA 
Univ. of Oregon 
SLAC 
ssa.. 
Inst. Theo.&Exp.Russia 
Inst of Nuc Phys Russia 
BNL 
Inst. of HEP Beijing 
ssa.. 
ssa.. 
LBL/ SDC member 
LANL 
LLNL 
SLAC 
ssa.. 
SUNY 
UT/ORNL 
M.I.T. 
Martin Marietta 
Korea Univ. 
U .C. San Diego 
Sci. Res. Inst. Russia 
M.1.T. 
Boston Univ. 
LANL 
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Leltchouk, Mikhail 
Li, Pejung 
Liu, Gang 
Lissauer, David 
Lowry, Mark E. 
Lubatti, Karen E. 
Lynch, Harvey 
Ma, Hong 
Marlow, Daniel R. 
Marston, Peter 
Marx, Michael 
Mason, Lyle 
Mayes, Bill W. 
McCammon, Kent 
McCliment, Edward 
McFarlane, Kenneth 
McKee, Shawn 
McNeil, Roger 
Miller, Robert 
Mills, Geoffrey B. 
Mitselmakher, Gena 
Mockett, Paul 
Mohammadi, Mohammad 
Moore, Brent R. 
Morgan, Kate 
Mount, Richard P. 
Musser 
Mzavia, David 
Newman, Harvey B. 
Nimblett, Frank 
Onel, Y. 
Osborne, Louis 
Paar, Hans 
Paige, Frank 
Paradiso, Joseph 
Pare, John 
Parsons, John 
Plasil, Franz 
Pless, Irwin A. 
Polychronakos, V.A. 
Prosapio, Tom 
Read, Kenneth 
Reardon, Paul J. 

Columbia Univ. Nevis 
Inst. of Ceramics Sanghai 
Caltech 
BNL 
LLNL 
U. of Arizona 
ssa.. 
BNL 
Princeton Univ. 
M.l.T. 
ssa.. 
Martin Marietta 
U. of Houston 
LLNL 

ssa.. 
Univ. of Michigan 
Louisiana State Univ. 
Michigan State Univ. 
LANL 
ssa.. 
Univ. of Washington 
SUNY 
U. of Mississippi 
ssa.. 
Caltech 
Indiana Univ. 
Sci. Res. Inst. Russia 
Caltech 
Draper 
U. of Iowa 
M.I.T. 
UCSD 
ssa.. 
Draper 
E-Systems 
Columbia Univ. Nevis 
ORNL 
MIT 
BNL 
ssa.. 
ORNL 
ssa.. 



Reidy, Jim 
Rennich, Mark 
Richardson, Robert A. 
Riley, Richard 
Ritchie, Jack 
Roberts, Lee 
Rosenson, Lawrence 
Rutherfoord, John 
Sabin, Emile 
Samsonov, Velodia 
Sanders, Gary 
Sarantsev, Viktor 
Scipioni, Brian 
Seman, Michal 
Sen, Sumit 
Shaevitz, Michael 
Shank, James 
Shaver, Leif 
Shi, Xiaorong 
Shmakov, Konstantin 
Shupe, Mike 
Sidorov, V. 
Simmons, Elizabeth H. 
Smith, Bradford 
Smith, Brian 
Stockes, Frank 
Stroynowski, Richard 
Sulak, Lawrence 
Sullivan, Dan 
Sullivan, J.D. 
Takashima, Makato 
Taylor, Frank 
Teng, Ping-Kun 
Thomas, Jennifer 
Titus, Peter 
Todd, Richard A. 
Tomasz, Skwarnicki 
Tomlinson, Donna 
VanBibber, Karl 
Vaniachine, Alexandre 
Vasiliev, Vladimir 
Venuti, John 
Villasenor, Luis 

Univ. of Miss. 
ORNL 
ssa.. 
Draper 
UT Austin 
ssa.. 
M.l.T. 
Univ. of Arizona 
SSCl.. 
FNAL 
LANL 
SSCl.. 
SSCl.. 
Columbia Univ. Nevis 
Yale 
Columbia Univ. Nevis 
Boston Univ. 
Univ. of Arizona 
Cal. Tech. 
Univ. of Tennessee 
UA 
Sci. Res. Inst. Russia 
Harvard Univ. 
M.l.T. 
LANL 
ssa.. 
S. Methodist Univ. 
Boston Univ. 
Draper 
M.l.T 
SSCl.. 
M.I.T. 
Inst. of Phys. Taiwan 
SSCl.. 
MIT 
ORNL 
Syracuse Univ. 
Caltech 
LLNL 
SSCl.. 
Sci. Res. Inst. Russia 
Vanderbilt 
SSCl.. 
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Walton, Ed 
Wang, Jing Jin 
Wang, Ming-Jer 
Warren, Richard 
Waters, Laurie 
Webb, Robertt C. 
Weidemann, Achim W. 
Wenaus, Torre J. 
Whitaker, Scott 
Widgoff, Mildred 
Wigmans, Richard 
Wilburn, Colin 
Willis, William 
Wineman, Sarah 
Winn, David 
Wisniewski, Bill 
Wolin, Elliott 
Womble, Ed 
Woody, Craig 
Woolley, Ronn 
Worstell, William A. 
Yamamoto, Robert 
Yan, Nai-Guo 
Yanagisawa, Chiaki 
Yao, Nai Guo 
Yost, George 
Young, Kathy G. 
Yu, Xiao, Qi 
Zhu, Ren-yuan 
Zielinski, Marek 

SSCL 
Inst. of Phys. Beijing 
Academia Sinica Taiwan 
LLNL 
LANL 
Texas A&M 
Univ. of Tennessee 
LLNL 
Boston University 
Brown University 
TTV 
Micron semiconductor 
Columbia Univ. Nevis 
LLNL 
Fairfield Univ. 
Caltech 
Yale 
Draper 
BNL 
SSCL 
Boston Univ. 
LLNL 
FNAL 
SUNY 
FNAL 
SSCL 
ORNL 
UofSci.&Tech Zhejiang 
CAL1ECII 
U. of Rochester 
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Monday March 9, 1992 Plenary Meeting - Morning 

8:30 
9:00 
9:j& 

lo: eg-

10 :30 
10:50 
11:20 
11:50 

12:20 

B.Barish 
G.Sanders 
M.Harris 
E. SoJ.•"'" lr.'Z:ti• 
Break J.Rz s .. 

M.Marx 
R.Stroynowski 
P.Taylor 
C.Baltay 

Lunch 

The State of GEM 
The GEM Project at the SSCL 
GEM Facilities at IRS 
V~r.'"°"' i-(o.L( /Seu~ ~L:-1<&. 
°<!'~"' 
GEM Baseline Overview 
Magnet 
Muons 
Tracker 

GEM Collaboration Meeting 
March 7-11, 1992 - Tucson, AZ 



Monday Karch 9, 1992 Plenary Meeting - Afternoon. 

1:30 

2:30 
3:15 

3:45 

S.Chivultula 

Y.Xamyshkov 
J.Rutherfoord 

Break 

•The Dynamics of Electroweak 
Symmetry Breaking• 

Calorimeter 
Forward Calorimeter 

GEM Collaboration Meeting 
March 7-11, 1992 - Tucson, AZ 
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Jlonday Karch 9, 1992 Plenary Meeting - Afternoon 

3:45 

4:15 
4:45 

5:30 

6:30 

Break 

Shaevitz,et al 
Marx 

I. Hinchcliffe 

Adjourn 

GEM Triggering 
Baseline Discussion/ 
Working Group Formation 
•Physics Considerations 
for SDC• 

GEM Collaboration Meeting 
March 7-11, 1992 - Tucson, AZ 



The State of GEM 

B. Barish 

GBK Collaboration Meeting 
March 7-11, 1992 - Tucson, AZ 
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The GEM Project 
at theSSCL 

G. Sanders 

GBM Collaboration Meeting 
March 7-11, 1992 - Tucson, AZ 
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GEM Baseline Overview 

M. Marx 

GBK Collaboration KeetiD.g 
Karch 7·11, 1992 - Tucson, AZ 
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DRAFT 
ENGINEERING AND INTEGRATION GROUP 

Overall Integration 

Underground Hall 
Surface Facilities 
Magnet 

Muon 
Calorimeter 

Tracker 
System Engineering & Configuration 
F.S&H 
Computer 
Forward Calorimeter 
Trigger/Electronics 
Survey 
Beam Line 
Cryogenics 
Physics 

B. Barish, M. Harris, M. Man:, 
G. Sanders, W. Willis 
M. Harris, E. Sabin 
M. Harris, T. Prosapio 
G. Deis, C. Johnson, P. Marston, 
R. Stroynowski 
J. Pier-Amory, F. Nimblett, F. Taylor 
C. Eberle, H. Gordon, L. Mason, 
M. Rennich 
R. Barber, K. Morgan 
N. Gober 
R. Woolley 
K. Macfarlane, G. Yost 
J. Rutherfoord, L. Shaver 
N. Lau, D. Marlow 
M.Joncs,D. "eal 
G. Chapman, K. Morgan 
R. Richardson 
B. Barish, M. Marx, F. Paige, G. Sanders 
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-

Outer Radius 70 cm 
-

Length ±150 cm 

- Rapidity Coverage 1111 < 2.5 

Magnetic Field 0.8T 

Occupancy 
at C = 1033cm.-2 3ec-1 <13 
at£ = 1034cm.-28ec-1 :::;103 ,... 

Charge separation at 953 c.l. p ~400 GeV/c 

- Momentum Resolution at 90° 
at high momenta. llp/p2 "'(l to 3) x 

(measurement limited) 10-3 (GeV /c)-1 

at low momenta. 
(multiple scattering llp/p'""' 2 to 43 

,... limi~ed) 

Vertex Resolution 

- along beam direction 8z .....,1 mm 
impact para.meter 8b "'30µm 

above 10 Ge V / c 

,... 

Table 2.1: Design Parameters for the Central Tracker 
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I 
... 

... 

Physics Processes ... 

Ho --> 1' +1' x x x 

H 0 - e+e-z+z-,e+e-vv,e+e- jetjet x x x x x .. 
H0 - µ.+ µ.-z+z-, µ.+ µ.-vv, µ.+ µ.- jet jet x x x 

Gluino Pair Prod ii --> e:!: e:I:, µ.:l:e:I: · x x x· x x x .. 
Techni eta 11'r --> b + b or t + i x x x 

WW Scattering w:1: w:1: --> e:!: e:!:, µ.:!: e:I: x x x x x ·x 

zt - e+e- Asymmetry x x x x x .. 
B Physics, e.g. B - 'IP', etc. x x x x 

Top Physics ' --> rV + b, etc. x x x x x .. 

.. 
CENTRAL TRACKER PHYSICS STUDIES 

... 

Table 2.3 

... --- ---··-
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Silico11 1nicrostrips resolutio11 
Silico11 alig11me11t stability 
Pad' cha1nber resolutio11 

) 

Pad cl1arnbcr n.lig111ne11t stability 

'110.ble 2.2 

) ) 

10 µrn 
10 µm 
50 µm 
25 µm 

) ) 
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PhJ'Sics Proc-•s ... 

so-'l'+'l' x x x 

H° - e+e-1+1-,e+e-11v1 e+e- jdjd x x x x x 
H° - ,.+,.-1+1- ,,..f.,.-.,;;,,.+,.- jdjel x x x 
Glaiao Pair Prod ii - e:l:e:I:, ,.:1:.:1: · x x x x x x 

Teduii eta 'Ir -•+i or &+i x x x 
ww Scattering w:1:w: - .=.=,,.:1:.:1: x x x x x x .... 
Z1 - e+e- A17mmelQ' x x x x x 

B PhJ'Sics, e.g. B - 9, de. x x x x 

Top Phy'1cs I - W + 6, elc. x x x x x -
.... 

CENTRAL TR.ACKER PHYSICS STUDIES 
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900 ton capacity, 2.25" lift 
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~ hydraulic winch 
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Radius-Increase Cost Guesstimate 

Pesign Change Cost Increase. $M 

• Larger coil form 1.3 
• More conductor o. 7 
• More ass'y and tooling cost o. 7 
• Larger vac vessel 1.2 
• Misc 0.9 

Total 4.8 

Note: bas~~_Ql'.l_~st-sc;all_og_ at ~omponent level 
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GBK Collaboration Meeting 
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GEM Engineering 

Schedule 

Three Critical Paths 

1. Underground Hall 

2. Magnet Design and Procurement 

3. Magnet Coil Winding Building 



t9 GEM Engineering 

Underground Hall Schedule 
.. 

.. 
Baseline January 1996 

Current Projection February 1997 

Possible Compromise June 1996 ... 

. 
... 
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GEM DETECTOR SCHEDULE REQUIREMENTS FOR SITE BUILDINGS 

UNDERGAOUND HALL 

..:ADHOUSE 

. COIL BLDG AT IRB 

MAGNET ASSY BLDG 

MUON BLDG 

CALORIMETER BLDG 

TRACKER BLDG 

UTILITIES BLDG 

ELECTRONICS ROOM 

OPERATIONS BLDG 

GAS BLDG 

c c 

199l 
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1 994 1995 

F ED 

-AUG 
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OCT 
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MAR 

I 
NOV 
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19 96 1997 1998 1999 

JUNI 

EC 

MAR 
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... AR 

MAY 

4 f 4 

2000 

MH 3/6/92 
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-
Name Earliest Start Earliest Finish Latest Slart Latest Fi n1 sh 

L.OJ. 1?11JG1 12/1/91 12/1/91 '"''1/91 

PAEPARA TION FOR TITl.E I 12/2/91 4/7/9~ 12/2/91 4/719: 

START SURFACE FACILITY DES1611 4/7/9::1 4/7/92 4/8/9~ 4/1/9: 

START CONCEPT. INFRASTRUCTURE DESIGN 12/1/91 12/1/91 2/6/92 216/92 

CONCEPTUAL MAGNET DESIGN 12/2/9 1 7/6/92 4115/92 11I16/92 

PAELl'11NARY DESIGN OF DETECTOR HALL cnnE I 4/8/9::1 11/16/92 4/8/9~ 11/16/92 

PRELl'11NARY DESIGN DETECTOR 12/2/91 10/14/9~ 12/2/91 10/14/92 - DESIGN EXTERNAL IRON FABRICATION AREAS 4/6/92 10/ 14/92 6/3/93 2/ 11 /94 

CONC. DESIGN MUON ASSY BLDG 4/6/92 1 /25/93 11/4/93 6/16/94 

DESl611 COIL WINDIN6 BLD6 4/8/9'.:l 1/25/93 4/8/9::1 1/25/93 

CONC. DESIGN PERSONNEL HEADHOUSE 4/6/92 1 /25/93 11 /23/94 917 /95 

CONC. DESIGN MECH SYSTEM 4/6/92 I /25/93 7/7/95 4119/96 

CONC. DESIGN GAS MIXING HOUSE 4/6/92 1 /25/93 4/22/96 215/97 

CONC. DESIGN CALOR. ASSY BLDG 4/6/92 1 /25/93 5117/94 3/2;l5 

CONC. DESIGN TRACKER ASSY BLDG 417/92 4/7/92 12/29/94 12/29/94 

CONC. DESIGN UTILITY BLDG 4/6/92 12/lB/92 2/20/96 10/25/96 - CONC. DESIGN OPERA Tl ON CENTER 4/6/92 12/16/92 10/5/93 6116/94 

CONC. DESIGN CONSTRUCTIONHEADHOUSE 4/6/92 1 /25/93 1 1 /23/94 g • /95 

ESTAllLISH DETECTOR BASB.INE 3/9/9::1 11/16/92 3/9/9~ 11/1b/92 

CONC. DESIGN GAS SYSTEM 4/6/92 1 /25/93 3/ 16/94 12126/94 

DESIGN MAGNET ASSY BLDG 416192 1 /25/93 4/15/94 1/31/95 

CONC. DESIGN SAFETY SYSTEMS 4/6/92 1 /25/93 1/13/94 10120/94 

CONC. DESIGN CRYO SYSTEM 4/6/92 1/25/93 4/15/94 1/31/95 

DESIGN INFRASTRUCT. 12/2/91 9/ 14/92 2/6/92 11I16192 

susntTTED TO PAC 11/16/9::1 11/16/9::1 11/17/9::1 11/17/92 

DESIGN MUON ASSY BLDG 1 /26/93 6/2/93 6119/94 3/2/95 

DESIGN MECH SYSTEM 1126/93 11/3/93 4/22/96 2/5/97 

DESIGN GAS MIXING HOUSE 1/26/93 6/2/93 2/6/97 6112/97 

DESIGN GAS SYSTEM 1 /26/93 11 /3/93 12/29/94 10/9/95 - DESIGN PERSONNEL HEADHOUSE 1/26/93 11 /3/93 9/6/95 6/21/96 

DESIGN CONSTRUCT! ONHEADHOUSE 1 /26/93 11 /3/93 9/6/95 6/21 /96 

DESIGN CRYO SYSTEM 1/26/93 11 /3/93 2/1/95 11/6/95 

DESIGN OPERATION CENTER 12/21/92 6/30/93 6/ 17/94 12/26/94 

FINAL DESIGN OF U/6 - DETECTOR HAU. mnE II) 11/17/9::1 9/1/9<1 11/17/9::1 9/1/93 

DESIGN SAFETY SYS TENS 1 /26/93 11 /3/93 10/21/94 617/95 

610 t.. AWARD GAS HOUSE 6/3/93 11/3/93 6113/97 11I14/97 

DESIGN CALOR. ASSY BLDG 711/93 1/12/94 3/3/95 917/95 

DESIGN UTILITY BLDG 7/1/93 II 12/94 10/28/96 5/6/97 - START BIO t.. PURCHASE CRYO SYS 11/3/93 11/3/93 11 /9/95 11 /9/95 

START BID t.. PURCHASE MECH SYS 11 /3/93 11 /3/93 216197 2/6/97 

START BID t.. AWARD FOR IRON FAB. AREAS 10/ 15/92 12/ 1 6/92 2/14/94 4114/94 

BID AND AWARD COIL WINDING BLD6 1/26/93 4/28/93 1/26/93 4/28/93 - PAC tlA6NET DESIGN REVIEW 11/17/9~ 12/18/9: 11/17/9::1 12/1819: 

START BID t.. PURCHASE GAS SYSTEMS 11/3/93 11/3/93 10/10/95 10/ 10/95 
~U"\ A.. t. WA on l'-11 If'\~ A qc;y R1 n~ l=l /":l: /Q'"z; 1 1 /".I; 10 ".I; -z: /"Z, /QC:: ,:., Ir::;, I QC:: 



CcSiGN T;<ACKE;< A3SY BLOG 71I193 1/ 12194 i 2/2_9_1 g.:.+ 7.-'C/:::; 

DESIGN OF ACCESS ROAD TO COIL BLOG 12/2/91 417192 6113./92 121 l 81S:I. ... 
SUBMIT PROPOSAL 12/18192 12/ 18/92 4/29/93 4/291931 

START 810 g. AWARD INFRASTRUCT. 9114/92 9/14/92 11I17192 11/17/92 

START 810 g. PURCHASE SAFETY SYS 11 /3/93 11/3/93 8/8/95 8/8195 

am I.AWARD U/6 HALL CONTRACT 9/2/9~ 12/B/9.3 9/2/9.3 12/8/93 
BIO ll. AWARD CRYO SYSTEM 11 /4/93 5/ 16/94 11 /9/95 5/21196 I"' 

BIO ll. AWARD GAS SYSTEMS 11 /4/93 5/ 16/94 10110/95 4/19/96 

PURCHASE SAFETY SYSTEM COMPONENTS 11/4/93 5/ 16/94 8/8/95 2/ 19/96 

BIO ll. AWARD MECH SYSTEM 11 /4/93 3/ 15/94 2/6197 6/10/97 

CONSTRUCT GAS HOUSE 11 /4/93 S/16/94 11/17/97 5128/98 

BIO ll. AWARD UTILITY BLOG 1/13/94 4/14/94 5/9/97 8/12/97 

BIO ll. AWARD OPERATION CENTER 7/1/93 10/4/93 2/20/96 5/21/96 

BID II.AWARD TRACKER ASSY BLDG 1/13/94 4/ 14/94 717/95 10/9/95 

ACCESS ROAD TO COIL WINDING BUILDING 4/8/92 8/12/92 12/21/92 4/28193 

BID ll. AWARD INFRASTRUCT. 9/ 15/92 12/18/92 11/1 7 /92 2125/93 • 
REVIEW/ APPROVE PROPOSAL 12/21/92 2/25/93 4/29/9~ 6/30/93 

BIDS ll. AWARDS 12/2 1 /92 6/30/93 411 S/9~ 10/20/94 

CONSTRUCT con. WINDING BlD6 4/29/93 2/11/94 4/29/9.3 2/11/94 

BID II.AWARD MAGNET ASSY BLDG 1 /26/93 4/28/93 2/1/95 S/3/95,. 

CONSTRUCT CRYO SYSTEM 5/ 17/94 6/21/96 5/22/96 6/29/98 

BID II.AWARD CALOR. ASSY BLDG 1/13/94 4114/94 9/8/95 12/13/95 

CONSTRUCT SAFETY SYSTEMS· S/ 17/94 6/5/95 2/20/96 317 /97 

BID ll. AWARD CONSTRUCTION HEADHOUSE &. LARGE SHAFT 11/4/93 5/ 16/94 6/24/96 1/6/97 

CONSTRUCT MECH SYSTEM 3/ 16/94 4/3/95 6/ 11 /97 6/29/98"' 

UP-DA TE MAGNET CONCEPTUAL DESIGN 12/21/92 2/25/93 3/30/93 S/31193 

Cot1PLETE t1A6NET CONTllACTS AND PROCU 12/21/9~ 9/1/93 12/21/9~ 9/1/93 

CONSTRUCT GAS SYSTEMS S/ 17/94 6/21/96. 4/22/96 5128/98 

CONSTRUCT ROADS &. CIVIL SITEWORK 12/21/92 10/4/93 2/26/93 121e1n. 

CONSTRUCT MUON ASSY BLDG 11 /4/93 9/20/94 6/6/95 4/ 19/96 

PROVIDE MIN 15 MVA UTILITY POWER 12/21/92 3/26/98 2114/94 S/17/99 

CONSTRUCT CALOR. ASSY BLOG 4/15/94 3/2195 12/14/95 10125/96 

PROVIDE MIN 1500 KVA UTILITY POWER 12/21/92 1/12/94 5/22/96 6/ 10/97 

CONSTRUCT WATER &. GAS SYSTEMS 12/21/92 12/B/93 6/24/96 6110/9; 

EXCAVATE U/6 HALL I. SHAFTS 12/9/9~ 10/20/9• 12/9/9.3 1012•19• 
CONSTRUCT COOLING POND 12/21/92 1/ 12/94 5/22/96 6110/97 

BOD COIL WINDIN6 BLD6 2/1119• 2/11/9• 2/14/9~ 2/14/94 

INSTALL SURFACE SUBSYSTEMS 6/6/9S 917/95 3/ 10/97 6/10/9~ 

BE61N CONSTRUCTION U/6 HALLS I. SHAFTS 10/2119• 3/20/96 10/21/9~ 3/20/96 

TEMPORARY SUPPLIES 12/1 B/92 12/18/92 4/ 15/94 4115/94 

CONSTRUCT TRACKER BLOG 4/ 15/94 3/2/95 10/10/95 8/23/96 

CONSTRUCT OPERATION CENTER 10/5/93 10/20/94 5/22/96 I: . ~/97 

CONSTRUCT MAGNET ASSEMBLY BLDG 10/5/93 811 B/94 5/4/95 3/20/96 

BAO::FILL AROOND HALL 3/21/9E 6/21/96 3/21/9E 6/21/96 
CONSTRUCT UTILITY BLDG 6/24/96 5/B/97 8/13/97 6/29/98 

INFRASTRUCTURE COMPLETE 1/ 12/94 1/12/94 6/11/97 6/11/97 

PARTIAL INFRASTRUCTURE CONSTRUCTION COMPLETE 10/4/93 10/4/93 4/15/94 4/ 15/9..; 
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GEM MUON SYSTEM BASELINE 3/8/92 

Resolution design criterion: 

pt = 500 GeV /c 

opt/pt ~ 5 % for T\ ~ 0 
opt/pt ~ 1 o % for T\ ~ 2.5 

Forced design changes: f;~. •f •c~.· c 

(1) Larger bore magnet: 

radius or cryostat Increased from 8.3 m to 9.0 m 

(2) Longer lever arm in forward direction: 

Z-postlon of last EC ch. Increased from 14.4 m to 16.5 m 
con halfs separated by 1.5 m 

(3) More compact calorimeter: 

outer radius decreased from 4 m to 3.5 m 
' length decreased from 6 m to 5.5 m 

(4) Field shaping in forward direction: 

solid Iron flux concentrator from 1 o m to 18 m 

(5) Very good position measurement needed: 

cJ layer ~ 1 oo µm to 75 µm (chamber layer resolution) 
cJ Internal ~ 50 µm (alignment of chamber wires/strips) 
cJ external ~ 25 µm (alignment of superlayer-to-superlayer) 
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Consequences of nonuniform B-field 

(In process of evaluation) 

(1) Lorentz angle correction more compli~ated: 

EC chambers see large radial as well as axial components 
Barrel chambers have a significant radial component at large Z 

(2) Field Integral me~surements mandatory: 

Crl ter1 on: 6 (BL 2) I BL 2 =:: 0.5 ~ 
especially critical at T\ =:: 2.5 
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Field Mapping Concept: 

Use a finite number of measurements and an analytic fit to de
termine field in active detector volume. 

Only need measure one component of the field as B = \7'11,n, 

Wm= cifi 

where '11 111 is the magnetic scalar potential, ci are the coefficients, 
and /i are basis functions. So that, 

March 7-11, 1992 

c c 4 

B _ 18Wm _ ci8fi 
p - p 8p - p 8p 

c c c c • 
JDS-4 

c c 
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Properties of the Calorimeter: 

(1) Hadron Punchthrough: 
(R. McNeil) 

Barrel Region: O < Tl < 1.3 

Criteria for determining calorimeter depth: 

(I) For L :::: I 014 /cm2 sec rate of particles In first superlayer 
should be < 20 Hz/cm2• 

Find number of A > 10 

(2) The overall rate of particles exiting the calorimeter from 
hadron punchthrough should be much less than the sum of rates 
from prompt muons and 1t/K decay muons. 

Find number of A > 12 

(3) The rate of particles with transverse momenta above a trigger 
threshold from hadron punchthrough should be less than that from 
prompt muons and 1t/K decay muons. 

Find number of A > 1 o 

Conclusion: 

Number of Interaction lengths tn barrel section of 
calorimeter should be thicker than 12 A. 

Endcaps will probably require 14 A (being evaluated). 
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(2) Fluctuations of energy loss In calorimeter: 
(R. McNeil and F. Taylor) 

Problem: 

Landau ~Eµ In calorimeter can not be measured 

How Bad? 

Use GEANT to simulate ~Eµ distribution 
Compute RMS(~Eµ)/Eµ versus Eµ. Add to resolution smearing 
of magnet system. 

Conclusion: 

Find significant contribution at low Eµ: 
Effect dominates for 1 O < Eµ < 100 GeV 
Cu calorimeter better then Pb 
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Improvement of high momentum resolution: 

(L. Rosenson) 

(1) External chambers In t e barrel region 

(2) Constrain the primary vertex 
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Summary of Design: 

Essential Features: 

(1) Large bore magnet 

(2) Flux concentrator 

(3) Good chamber alignment 

(4) Cu better than Pb for calorimeter 

(5) 12 A. needed for barrel calorimeter 

(6) (14 A. needed for endcap calorimeter) 

Worthy Enhancements: 

(1) External chambers in barrel region 

(2) Constrain primary vertex 
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-

- GEM CALORIMETRY 

-
a) baseline option ( LAr) and parameters 

-
b) other calorimetry options 

-

Calorimeter system : -
• e-m calorimeter (barrel & endcap) 

-
• hadron calorimeter (barrel & endcap) 

-
• forward calorimeter (e-m + hadronic) · 

- • preradiator 

-

-



Calorimetry Options · 

accordion f, JBaF 2J , 
... 

E-M • \LAr/Kr • 

LAr/Kr parallel plates -. 

hadronic • (U1LArl ' \Scintillator \ • 

(fibers or tiles) -

forward lw1LArl, · Liq. scint. fibers -• 
• ' 

High pressure gas 
-

lprerad., • LAr/Kr incorporated in e-m , • 

3XO + x-y Silicon strips, -
x-y Silicon strips inside BaF2 

-

-

-
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GEM DETECTOR 

Proposal for a 
iJesign Baseline 

March 9, 1992 

Abstract: 

GEM GDT-000015 

This document propoSes changes ID the GEM detector proposed in the LOI. 
These changes could become lhe basis for a new baseline. Also addressed are cost 
-impacts of changes ID lhe LOI and a list of major issues ID be resolved at or following 
~e Tucson meeting. 

Following lhe GEM Collaboration meeting in Tucson, this document will be 
expanded ID contain the; controlled baseline configuration. 
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GEM L1qu1d Argon Calor1meter - J/6/92 
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4. 0 CALORIME'IER 

Ljguid Argon Option 

Physjcs Performance (functions of ET• 11 and ~) 
Containment of electrons. photons 

or single hadrons 
EM resolution 

EM position resolution 
Photon pointing 

Hadron resolution 

• 

Physjcal Parameters (cm, Xo, A.) 
Sensitive volume: 

EM absorber 
Hadron absorber 
Longitudinal segmentation cl J) 
Inner radius(preracf. ,..,,f w f 
Outer radius 
Half length 
Number of radiation lengths 
Number lambda 

EM segmentation 
Hadron segmentation 
Channel Count 

Barrel 
End Cap (each) 

Total weight 
Bam:l 
End Caps (each) 

Total liquid volume 

801 I pl 

.Psfpd gigs 

!' 

p· •as! p· 5 

Bcad :::ca 

~l:5£1eal 8" :sts::s 
:@ma? 

'1<3.0 
AE/E = 

7 .5%/i(E)• 0.5411 
i • mm//(E) 
B .. mrad 

75 

II.~ 

@ 120GcV 
AE/E• 

50%//CE)• 2.0411 

liquid argon(Jcr ton 
2 mm gaps 

lead 
depleted uranium 
2 EM. 4 hadronic 
•cm 
350 cm 
550 cm 
25 at 90 degrees 
• at 90 degrees 10. 8 ') 
14at1\. 2.5 
A1l=A4>•0.04 
A1\=A4>=0.08 
62880 
29920 
16480 
~ tonnes 
MM tonnes 
68& tonnes 
200000 litres 

TDD 

F!ib 

1££ 

~l~!i~J~Sl~C~ill"-9""hi~iC~ii~Sftib~Ji~S------------------•1~£~b"' 

SOURCE: Rutherford/Eberle/Rennich 
UPDATED: 2/28/92 (original) 
JNG DRAFT Page I 



GEM PARAMETERS 

End Cap 
Physical Dimensions (cm. Xo. l.) 

Channel Count 

lofod g lg> 
pt! . al 8 it!JCUSiUBS 
A s! I ' 

~111! F 

ciz& 

TBD 
TBD 

TBB 
TBf>oo 

,,..,... ... J...0-0l.M;"..i..O. ... "'"'----------------,_,•T:Blil~ Pl J 
0

11 U'-25 I I ----

Forward 
Distance to near face (Z J ) 
Distance to far face (Z2) 
Inner Radius 

Near face 
Far face 

Outer Radius 
Near face· 
Far face 

Number of plates 
Weight (each) 
Channel count (each) 
Sensitive · Volu111e 

Absorber 

4.95 m 
6.24 m 

20 mm 
2"f •mm 

650 mm 
720 mm 
72 
27 tonnes 
1070 
Liquid argon, 

Imm gaps 
Tungsten 
3 Longitudinal segmentation: 

("EM", Hadronic, Tail catcher) 
Cryostat (share with endcap) 

Resolution 

Containment of single hadron shower 
Integration time 
Trigger timin1 

· Lengths 
A~.sorh'f,"•.-, 

SOURCE: Rutherford/Eberlc/Rennich 
UPDATED: 2/28/92 (original) 
ING DRAFT 

t.Er1Er s 1091. 
3.0<11 <5.0 
S SO nsec 
S 10 nscc 
10 

TSi> 

Page 2 
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.. 

.. 

.. 

.. 
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... 
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Structunl Rib 

PMTReadout 

J300mm 

Tracker 

• 

14-----lSOOmm 
14--------2300mm •I 

I :.OJ.SC.00079 

4600 mm---------
s.,.1hettl Hadron Calorimeter 
Copper Flll/O.l.2 Segmentation 

Barium FluorldP li'.M f'olnrl~·-•-·· 

) 

~ 

) 

For ware/ 
sys t~,,,, 
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GEivl PARAMETERS 

Barium E!ouride EM Option 

Physjcal Parameters (cm, Xo, A.) 
Tolal crystal volume 
Barrel crystal volume 
End cap crystal volume (each) 
Cryslal size ., •= o.o ., •= 2.S 

( 

Tolal number of crystals 
Number of crystals in barrel 
Number of crystals in end cap (each) 
Lenglh of cyrslals 
Channel counl 
Tolal wcighl of :issembly 
Weighl of barrel 
Weighl of end c:ip (each) 
Inner radius 
Ouler radius 
Total lenglh of assembly 
Calibration .~yst&"' 

Ci.e., ... c...nf.;-. At-;:rt.V 

SOURCE: Rutherford/Eberle/Rennich 
UPDATED: 2/28/92 (original) · · 

JNG DRAFT 

10,IBiii cc /0.b.,, 3 

8!i' 1110 au ~.'t "" "" 
11 9795 2 CG I • I 1" 1t 

3. I lx3. I lx5.07x5.07 cm 
2.03x2.20x2.94x2. 72 cm 
15584 
10880 
2352 
500 mm 
15584 
55.18 tonnes 
44.13 lonnes 
5.81 tonnes 
150 mm 
1400 mm 
4600 mm 
RFQ Accelerator 

o. oq. 

Page 4 
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-

-
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-
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GEM PARAMETERS 

Spa&hettj Hadron Option (Copper/Solder Filled) 

Physjcs Performance (functions of ET• 11 and ') 
Segmentation A"l ~ 4f' 0.12. 

F1oaz 1uaglzadinul Jsptl ; . 51 IL 
l'all lwgltadh:al depth 
I ask luagi:adh:al depth 

Total absorption length (at 11 = 0.0) 

Active absorption length (at 11 = 0.0) 

Passive absorption length (at 11 = · 0.0) 
Total absorption length (at 11 = 3.0) 

Active absorption length (at 11 = 3.0) 
Passive absorption length (at 11 • 3.0) 

Physjca! Parameters (cm, Xo, i..) 
Absorber volume 
Number channels 
Number photomultipliers 
Total weight 

Copper shot 
Solder (40Sn/60Pb) 

Copper tube 

I.= IO 
I.= 8.73 

I.= 1.27 
i..=12.12 

A.= 11.00 

A.= 1.12 

173 m3 
4692 
4692 

1310 - tonnes 

Structural components (stainless steel) 
Sheaths (copper) 

796 tonnes 
429 tonnes 
124 tonnes 
35 tonnes 
6 tonnes 

Inner Rings (stainless steel) 
Number mechanical towers 
Number assemblies 
- Barrel weight 
End cap weight (&AC I.) 
Length of~ fiber c;~; 
Number of 'S' fibers ~c. i 
Length of copper tubes 
Inner radius 
Outer radius 
Length 

5 tonnes 
1564 

"S .. 
2"" 438 tonnes 

14-oo 

264 tonnes 

--· m 3,zoo 1c:: .... , sac 1.i M ••ID m Z 12So k1t-t 
1illillmm 

'3."'Soo ..._, mm 

9200 mm 

SOURCE: Rutherford/Eberlc/Rennich 
UPDATED: 2/28/92 (original) 
ING DRAFT Page 3 
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Fiiied with Cu Shot 
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Eta::J.O 

-111 I 

ISOOmm ~ 
2000mm _j 

SJOOmm 

Spaghetti Hadron Calorimeter 
Copper Flll/0.12 Segmentation 
Liquid Arp· · \f Calorimeter 

' 
• 4 • • • 

Rennich 

• • • • 
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LAr EM - Hadron End C1p and 

LKr EM B,rrel Calorimeter llellllkh 
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CAL·NO·tl6 
22 November 1991 

AN ECONOMIC CONCEPT FOR A BARREL HADRON CALORIMETER 
WITH IRON SCINTILLATOR SAMPLING AND WLS·FIBER READOUT 

0. GILDEMELS'IER, F. NESSI· TEDALDI. M. NESSI 

CERN, Goreva CfJSi ,.,, 2 5 MS f: T .J ·' ... 
ABSTRACT 

AD llllCGIMlllioll conc:epc Car a hldl , c:alai h widl w;inriDew plauil 
and WLS lk l'lldol& is cfirrsrr! le lads a simple llld low-cm clllip. 

1. Introduction 
We propose a concept for a band hadron caJorimecer with scintillacor pJan:s 

posidoned - imide die ima abscrbe ..aucun • in R4 pl•nes, insiad of die usual cp.z 
orienwioa. Wavelengtbsbifdn1 LS) fibers coupled ro die two ndia1 edges of the 
sc:;nr;n,rcr pllleS CID Illas be apes ilisbt in radial direcdoa. Omside the absariler mucture 
diey are 11ouped acccxdii!1 ID die ~ "Smd sqmenalioa of die c:a1arimaa' 1114 coupled ro 
phmmuldplier mbes (Pt.m. 

This coaftpnliaa CID be llllde very hamelie 11111 Jw die acicfuiO'lal ldvantage dw 
die absocber CID be built up flam •self supparilat: pJms ill R4 pl•nes 

Far close ro mo rapididel die plale saw is abom panllel ro tbe primary 
pan:icles. Most of cboll will haw inlmcmd llrady in die EM-a'ori...,. ill frant. ID be 
about one inlll'IC:lica Jenpll in depdl. To pi69em fliP WWW&f pmic1es flam cravcllin1 owr 

· long dimnces in die sc:jnr1Jen tbe individual plues ae kl:pt sbaft llld are sragezed widl 
respect ID each ocbcr <Pis. 1). (1'be pioposeJ WWWit would DOC be ldequm for ID EM
caJorimemr). 

2. GEANT slmaladom • 

effecr==~~::===1 •• They used acllad modelmnsisrin1 of a cuawmrion•I • ~ 
liquid ll'&OD EM E l wpamr. 25 Xo in clepdl. widl 3 mm a W~ 
lead plara ud 4 mm pps. in front of die hadroa~ ~Wt 11~ 
c:ompanmem of PiS. 1, wida ! • 10 cm. & • 1.4 cm, d • R ~ ~ 
0.6 cm and a dcp!b of9.5 immclioa lengdls. Jeu ma 25 ~ ~~ 
::.:::::=:.~.:;:~fnmlcbeEM· . -

The results of die enet&Y resolulions lead 10 a fiaed z t 
panmeaimion of 

Pig. 1 ask: siructure 

~. ~ +211 (EinOeV) 
E .../E 

.. 

.. 

.. 

.. 

... 

.. 

.. 

.. 
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II 
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3mm 

GEM Detector 
Plastic Tiie Calorimeter 

Tiie Connguratlon 

Fiberfflle Bond 'l 
SDC Proposes to use no bond 
(Fiber wlll cllp Into groove) 

Imm Fiber 

R11H1ldl 

) 



R..._t and Elemanln 

3300 

1400 
/ 

----------------------------
230I .. , 

4600 

GEM Detector p • + • 
G.03.T.001 

Plutlc Tiie/Copper rG Jt ( t ~ ~ 
Rennich ll•dron C•lorlmder cf f" 

(Thel• Sep-a.lion) Yf f' 0 IA 

• • • ~ t • • t • • • 



) ) ) ) ) ) ) ) ) ) ) 

Com/,:JQ.c.t h"dronic calor1· m.e-l:e r 
• 

Absot"ber / de-1:4!.ctOt" Pb/sc,· LJ/LAr C.U./~c.· Wfsc,· 

Abso'rb. lensfh (pure ab1or'1tr) 11.' 10. 'I 15.I 10.2 
Ct>1 Cto1 Ch'a c .... . 

E9ulvalt11t plate sirucf"ye 
20+ s+ I 

absor,er ... Jette.tor-,.. gap [mnr] 
6+2+0 30+3+1 15~3+/ 

Expectecl liArlronic resolut,·o,,. ('/ff) 60% 55% 80% 75% 

Ef{ecfivt rtbsorbtion ltffJth [cm] 2 (. / 16.3 16.8 IZ., 



... 
Radial extention (various options) 

... 
abs 

L!ll. = 11.7 A 0 

IE-MI I hadron I lcml ... 

• Pb/LAr + U/LAr ( 11.3 /io) 75 - 350 .. 
• BaF2 + Cu/Sci. fibers 75 - 330 

+ Cu/Sci. tiles 75 - 330 ... 

+ W/Sci. fibers 75 - 310 ... 

+ W /Sci. tiles 75 - 290 
... 

• Pb/LKr. + Cu/Sci. fibers 75 - 345 

+ Cu/Sci. tiles 75 - 345 

+ W /Sci. fibers 75 - 325 ... 

+ W /Sci. tiles 75 - 305 
... 

... 



-

- Calorimeter Absorbtion Thickness 

Report from the Calorimeter Depth Task Force 

- February 18, 1992 at SSCL: 

Recommendation to make barrel Calorimeter 

in the region 1.5 < T) < 3.0 thickness assumed 

in the forward region T) > 3.0 sufficient thickness 

I > 10 Aam / 



.. 

LEAKAGE FLUCTUATIONS IN CALORIMETER 
.. 

for BoF2+scint.HADRON colorimeter 
6 ~~~~--~~~~--~~~~~ .. 

5 
1 TeV JETS 

.. 
4 t f Optimized ... 

3 
t f f resolution 7. 

t ! f f f f f f f f f . f .. 
2 t 

1 

t t 
t 

RMS( leakage) 7. t t 
t t 

t t 

.... 

... 

7 8 9 10 11 12 13 

Total calorimeter depth, A. (including BaF2) .. 

.. 



-
_ Calorimeter Transverse Seg111entation 

-

-

-

-

-

-

-

-

E-M section 0.04 x 0.04 - well defined 

hadronic section : 0.08 x 0.()8 for LAr option 

0.12 x 0.12 for spaghetti 

neither is well justified ! 

After fme-segmented e-m calorimeter · 
hadronic segmentation is less significant . 

... 

It seems that hadron calorimeter can have 
segmentation shoosen from trigger 
requirements. 



Oak Ridge National Laboratory/ 3·6·92 

Comgarjson of Current GEM Calorimeter Options 

i !1
1 l~;.;[J~l~\fj,ii;; : ;: 

...•. · ... · • .• t:{:\ .·. •·• ... · .. ill£ J; ·::-·-··:-:-:·:··- '' •:'- . -

Option A Option B I/ Option C Option D 
····· Baseline Altema. F/ 

ElectroMametic I• • 
. 

Barrel Pb/LAr BaF2 ' BaF2 Pb/LKr 

I End Cap Pb/LAr BaF2 BaF2 Pb/LAr 
... 

Hadronic It -
.··.··: Barrel U/LAr Cu/Fiber···· -Cutrile Cutrile 
--:::_: End Cap U/LAr Cu/Fiber Cutrile U/LAr 

[ 

Forward W/LAr TBD TBD W/LAr .. 

I: 

Ii PreRadiator TBD TBD TBD TBD 
··. 

. . . ·.·.··•·· 

.... W2ht (EM+Had) Mt 2531 1372 1457 2018 

''. Active Volume M"3 176 183 171 190 

·····:···· 

Inner Radius mm 750 750 750 750 
Outer Radius mm 3500 3300 3300 3450 

.,. 
:/ Inner Len2ht mm 4400 3000 3000 4000 

: Outer Len2ht mm 11000 9200 9200 10800 

t·: Channels 62,880 19,748 33,620 43,684 
\:. EM 31,360 15,056 15,056 31,360 
}t Hadron 31,520 4,692 18,564 12,324 

·· .. 
. Tram!Lon2 Set! 

_:_:._:· EM . . 0.04/2 0.04/1 0.04/1 0.04/2 
-·::. Hadron 0.08/4 0.1213 0.08/4 0.08/4 
\. 

< Eta Coverage 

; EM eta 3.00 2.50 2.50 3.00 
Hadron eta 3.00 3.00 3.00 3.00 

:: 

.... Inter Lgh @ 90• 11.30 11.70 11.70 11.70 
•.: Inter Lzh @ 5. 7° 14.00 14.00 14.00 14.00 

: • ( Cost Ea SM 

.·~ Mi:!: 

Page 1 

... 

._._,- :- ·._-: <" ::::=;:::::· :.·:_· ·.· ·._ -. 

Option E Optiom F Op '\: ( ... 

Pb/LKr Pb/LKr g 
Pb/LKr Pb/LKr 6 

... 
Cu/Tile Cu/Fiber p 
Cutrile Cu/Fiber i 

TBD TBD 
_::: 

. ... 

.··· 

TBD TBD \-·· 
... 

!!.... ..·•.·• .• 
. .•.. :,: . 

1773 1711 

217 227 <. 
:: ... 

750 750 / ?S 0 

00 3450 3450 35 

4000 4000 
10800 10600 : 

\ 
... 

51,328 36,052 ( 
31,360 31,360 c 

19,968 4,692 ' 
\, ... 

0.0412 0.0412 .::: . 

0.08/4 0.1213 ? 
• .. :.:.: 

... 
3.00 3.00 :.:.: 

3.00 3.00 ) 

: 
11.70 11.70 .. 10. 2. 
14.00 14.00 \ .... 

~ ... 

... 

... 



-

-

-

-

-

-

-

2. 

I 

Gxpecte<l •ner5y res.olwt,·o ~ 

for two mojor G-EM e-~ 

cea/o~:met~,,. op+1·ons 

LAr 
7.5/fEe .'I 

01--...---.---r---.-~-.-........-----~--~ 

I to 100 1000 

E1, Ere.V . 



Table 2.4-1 Effect or Energy Resolution: a and b 

•= 2.0 5.0 7.5 10 15 LAr 
I -

b = 2s 1 o.63 1.2 1.7 
'B·a. Ft. 

b=0.511§) 1.4 Ci-:8'~+ 2.3 3.4 

"" b = .75 I 1.4 1.7 2.1 2.6 3.6 

b = 1.0 I . 1.8 2.1 2.4 2.9 3.7 

• • • ' c • • • • • t 



-

-
~ 
:::& 

- ~ c 

iS 

-

-

-

300 a (E)/E•1. 18% 

150 

LAr act.111'1'irJl1f 
blttM -tiff CFRN ''II 
non-project .·v~ 

(·3CX +30') flt 

~~s----~ao----~e•sz---1.90 __ ...__g~s----1•00----1..Jos 

Experimental response In 3x3 calla (GeV) 

0.32. t o.oc,% @ 0.326± o.01s G-eV 
E 
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J. Ori Pf'$0. £. Ro.; i £nr'1J· ~iul"""" 1~{ rlC'C'Uflnta.,nrttc' .•omp/;nf( t'lllanwwtrn 

Tahlc la 
Measured and calcuhued encr1y resolu1ion1 (Of various Table k 

calorimeters employing scin1illa1ar as active material. The val· Measured and calallated CMfJY m • lor variow 
ues &iven ror o arc rrai.:1ional encrJY raohnions scaled 10 I calorimeten employing a gas as actiw ..._.. 

OcV showers. The con1ribution of photoelectron mtis1ac;:s has Ab5arber 1(mmJ s(mm) .... . .... ._1 lld . been subtracted to the measured values. 01~-isc they appear 
in parentheses. (SJ Ill . ..,. 

Ph I.I s.o 11.2 14.0 o.a IS41 
AbW>rber / (mmJ s fmm) er., .... ($j Ot:.e:;s (SJ •.,..,l•F.US Ref. Pb l.J 12.7 17.0 13.0 l.J ISSJ 
Ph 1.0 s.o s.o 4.0 1.2 1201 Ph 1.4 10.0 14.0 14.0 1.0 I~ 
Pb 1.0 s.o 6.0 4.0 u (24) Pb 2.0 6.0 IS.O 11.4 0.1 (S7J 
Pb 2.0 s.o 7.S 6.3 1.2 12s1 Pb 2.0 3.2 16.0 21>.S 0.1 ('31 
Pb 2.1 6.3 9.0 6.1 u (!SJ Pb 2.8 11.6 17.0 19..5 0.9 fS9j 
Pb 2.S 4.0 (10..5) 7.8 l.J (261 Pb 2.8 12.4 17.S 19.J O.t l60J 
Pb 3.2 s.o 12.0 8.6 1.4 (271 Pb 2.8 9.S 17.0 211.2 o.a I'll 
Pb 3.S 4.0 (14.0) 9.8 1.4 1211 Pb 3.0 7.0 24.0 22.0 I.I "21 
Pb 4.0 s.o 11.6 10.0 1.2 (29) Pb s.o 9.0 21.0 27.4 1.0 l')J 
Pb 4.2 12.6 10.R 7.9 1.4 (!SJ Pb 6.0 2.0 27.0 JI.I 0.7 ~I 
Pb 6.o s.o 13.6 13.1 1.1 (30( 
Pb 6.0 2.S 17.S 16.0 I.I 1311 
Pb 1.4 25.2 14.7 10.3 1.4 (!SJ 
Pb 9.4 6.4 (18.2) 16..5 I.I (32) 
Pb 10.0 2.S 22.6 22.6 1.0 (33) 

u 1.6 2.S (11.0) 9.7 I.I (34) 
u 2.0 2.S (13.9) 11.J 1.2 (35) 
u 3.0 2.S (16J) IS.O I.I 1361 
u 3.2 5.0 (14.8) 12.7 1.2 (37) 
u 3.2 3.0 (!S.0) 14.B 10 (37) 
u 10.0 5.0 (21.0J 27.9 10 1311 

Fe 4.1 6.3 10.1 6.1 I S llSJ 
Fe 25.0 s.o (23.0) 20.0 I I 171 

Table 3b 
Measured and calculated energy rcsoluaions for various 
- employina liquid.._ .. activ: -•eriol. The 
contributions of eleclronic noUc and calibralioa erron have 
been subtncled IO the measured..._ OtbonrilO Ibey oppcar in--
Absorber t (nun) ' (mml •.,. (I) •l!OI (I) ._/•EOS Rel. 

/LAr Pb 1.0 2.0 1.0 5.0 1.6 (39) Pb Pb 1.2 3.6 (I.SJ 5.0 1.7 (401 
Pb l.S s.o 7..5 5.4 1.4 (41) 
Pb 1..5 2.0 1.0 6.4 1.J (42) 
Pb 1.9 3.0 9.0 6.9 l.J (43) 
Pb 2.0 5.0 (10.0) 6.S l.S (44) 

6E~P Pb 2.0 3.0 (10.1) 7.1 1..5 (45) 

I. 'f-Pb 2.0 2.0 9.6 7.7 1.2 (46) ,., 
Pb 2.0 2.0 (10.J) 7.7 IJ 147) 

' Pb 2.2 2.0 9.S 7.7 1.2 1411 

l~' Pb 2.4 2.1 11.2 I.I 1.4 (43) 

u 2.0 1.6 14.0 11.S 1.2· (49) 

Fe 1.0 1.0 2.1 3.7 0.1 (SO) 
Fe l.S 1..5 9.S 4.4 J.2 (511 
Fe J,S 2.0 6.9 4.1 1.7 (52) 
Fe l.S 2.0 (7.4) 4.1 I.I (531 
Fe 2.0 2.0 6.1 4.9 1.2 (46) 

... 

-

-
-
... 

-
.... 

-
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A ccorJiol"t 

LA r - 6. s % x /. 4- ~ g .1 °lo 
L Kr - 5. '3 % ,c r. <1- => 7. s % 

LoI f ,,,,., Oft:1·0,,, : 

£xpecf.12d 

LAr - 5.s 01. ~I.If ~7.8% 
L l<r - 4.5% JC 1.4 ~ 6.4°/o 

0. 4 °/o 

Be~t acJ,ieved c.t. (non-proJecfivt.) 0."3±0.05% 
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-II II 

Response VS 0 in v'2 • 2mm Pb/LKr colorimeter 

Plate version of option (a) from Loi 
,........ 30 -
> Q) 100 GeVy <:> 29.5 --Q) -
"' 29 
c: 
0 

a.II a. 28.5 
(I) cells 
Q) -a::: 28 

~ 
5x5 
cells 

27.5 -
27 

26.5 ... 
26 

25.5 t f ' t -0 0 

30° 27° 90 42 
25 

1 1.2 1.4 1.6 1.8 2 2.2 2.4 

1 / cos(90:_0) .. 

-

.. 
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- ~ 
w 

' _w 
b 

-

-

-

-

-

-

Resolution VS 0 in ../2 * 112m,,.:' Pb /LKr calorimeter 

Plate version of option (o) from Loi 
1 

0.95 

0.9 

0.85 

0.8 

0.75 

0.7 

0.65 

0.6 

0.55 

100 GeVr 

f t 
90° 42° 

t t 
30° 27° 

5' )( .5 
cells. 

0 .5 L.L....1..-:-1 ....L...L..J.....l:~.1-L-.L.:-1--:L....L...JL....W--'-1-L....L...L.L~.J...L.1-L-.L...L-l...i....;L...;J...;L..Lu.J 
1.2 1.4- 1.6 1.8 2 2.2 2.4 

1 / cos(9Q°-0) 



( Pt:A.u/ ,Mockett) 

r~s.of L<+io>"I : 3.7 °/o X / ,lf :::;> 5. 2 °/o 
E &S C P. M.) '+. 4 °/o 

115 pt ... tit:. (o.;,,.,... Ph + 4m,., l<r) 25Xo (SSS,.,,,,,..,) 

r~ ~o I w ti o ~ : 3.0°/o X 1.4 9> 4.2°/o 
EG-S (P.M.) 3.G 0/o 

-

-

-

-

... 

... 

-

-
.. 
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up io asxo total d~sn't aff.ect f-),e 
e-m reso/utron '. hut co11verts ('1S a11a' 

spoil~ e "1.tQSl.(rement I it:J.e>-t-tif,-ca.t,-on. 

- ( LAr cryostat WA.JI is a./y.eady - 0.3Xo ) 

-

-

-
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ENERGY RESOLUTION: 

(a) L3 BGO Test Beams; 4000 Crystals 

(b) BaF2: GEANT Simulation 

a) L3 BGO Data b BaF2 

2.03/v'Ee0.53 GEANT Simulation 
2.03/v'Ee0.53 

QWIL-..L..L..LLWIL-&....u..&.IWll-...r....t..~..L.l.Wlll......&.~111-'-.&.r.llll~~~ 

10-l 100 . 101 100 101 102 103 

E (GeV) 

Contributions to the Energy Resolution . (%) 

E (GeV) 5 10 100 . 500 

Electrical Noise 0.4 0.2 0.02 0.004 

Photoelectrons 0.2 .0.14 0.045 0.02 

GEANT 0.67 0.56 0.42 0.36 
Intercalihration 0.40 0.40 . 0.40 0.40 

Total 0.90 0.73 0.58 0.54 

4 .. 

3 

2 

1 

... 

.. 

-
... 



- I °lo 
• 
Lii\ 

100 

-
80 

-

-

- 40 

-

20 -

-
0 

-

~ rof"".f, p"' c)A, { E B4Fi. 

J () lt-i-. ,X .)0 """ ...... ~~-... 

ntries 
Mean 
RMS 
x2 
Constant 
Mean 
Sign1a 

- Pi,."j 
( .f'Jorl.t fs, c.c. of ~,...J.<, 

0.6162 
0.7924 

64.41 
68.00 

0.6571 

C r yJ -I». I ) 

<: 
~o..<.tJr1'•" 

-t.t-
evi~ ...... 
(-:l . .l.J<r) 

"!/. f" ~~ u 

67.6 68.4 

Enerc; (cog in 44) 
68.8 69.2 



BaF2 EM CALORIMETER 
12/91 BEAM TEST . 

• CALORIMETER RESOLUTION: 
BaF2-SPECTROMETER DIFFERENCE. 

·. . . 

- Resolution 20 x 20 mm2: 1~03 
- Instrumental Contributions 

* Spectrometer Resol'n: · 0.5 ±·0.2% 
* Pedestal Diff. Linearity: 0.4 % 

- BaF2 .Matrix Resolution {at 68 GeV): · 
0. 77 ( +0.12 - 0."18)% 

- Further Cc;>ntribution .(N. ot Subtracte.d): 
Crystal Non-Uniformity: 0.5±0.1 % 

. . 

- Possible Calorimeter Resolution: 
0.6 ± 0.2% 

... 

... 

... 

... 

.. 

... 

.. 

... 
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SIMULATIONS AND LAB TESTS: 
Demonstrate High Resolution 

Maintainable In Situ 
Max. Constant Term 0.6% 

. . 

EFFECTS TO BE INCLUDED 

• Residual Non-Uniformity (As Installed) 

• Non-Uniformity Due to Radiation: 
Non-Saturation Or Annealing In Situ 

• Accuracy of Intercalibration 
(From Calibration Studies) 

• Short Term Instabilities of Readout System. 

• Linearity, Linearity Calibration and 
Dynamic Range of Readout System. 

) ) 



c ' 

BaF2 CALIBRATION 

• RFQ: Radiative Capture Photons 

-- RFQ Test {3.85 MeV) At AccSys 6/92 

- L3 System ·installed At LEP 3/92 

• MIP . Calibration · 

- Test at UCSD Cosmic Ray Stand 

•UV Laser Monitoring System (CMU, UCSD) 

• Check: Inclusive z0 , T -4 e+e-

c c c t • • • c c 



Forward Calorimeter 

John Rutherf oord 

GBM Collaboration Meeting 
March 7-11·, 1992 - Tucson, AZ 
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Physics Requiring a Forward Calorimeter 

Missing ET 

Higgs 
H - ZZ - t+.e-vii 
H - zz -t+.e-TT 

New heavy quarks 

SUSY 

Technicolor 
P~c - w±zo - .e±vt+l- _ 
Leptoquarks gg - P3P3-+ lrrbT 

New Gauge Bosons 
W 1± -+ .e±v 

Other sources of boson pairs 
w=z 0 

- 1.=vt+.e.
w=w= -+ 1.=11e=v 
w+w- -+ .e+111.-v if separable from ff 

Forward Jets 

VV scattering with forward jet tagging 

Low x physics via forward di-jets 

.... 

.... 

.. 

.... 

.. 

.... 

.... 
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Figure 1 
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Liquid Argon Calorimeter Concept 
Utilizing 6mm Uranium Plates In 
the Hadron Modules 

Lua-'m 

81nllAdffWt1gN.111i.'IMT 
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Expec.t.ed Jet enerJJ resolution -
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JET RESOLUTION FOR 12 A- GEANT3 .. 14 
Natural GEANT e/n 

for 8aF'2 e/1f•1.3-1.4, for LAr e/n•1.2-1.3 
~ 25 .----~~~~__;....~~~~~....:.-~~~~~-. 

15 

10 

5 

(fit shown for LAr+Cu/Sci only) 
u(E)/E (~)· (1.0±0.2) + (54±2)/~ 

20 100 

JET ENERGY (GeV) 

• Bof'2+Cu/Sci 

• LAr+Cu/Sci 

1000 
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GEM Triggering. 

Shaevitz/Marlow 

GBM Collaboration Meeting 
March 7-11, 1992 - Tucson, AZ 
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GEM Trigger/DAQ Design Goals (circa Loi) 
- - . 

Level Rate In Rate Out Latency Comments 

1 62 MHz 10 kHz 3 JLS Synchronous, Pipelined 

2 100 kHz 300 Hz 100 µ.s Asynchronous, Monotonic 

3· 3 kHz 10 Hz - CPU Ranch 

GEM Trigger/DAQ Design Goals (Under Study) 

Level Rate In Rate Out Latency Comments 

1 

2 

3 

60 MH:- 5kHz• 2 µs • Synchronous, Pipelined 

50 kHz• 100 Hz ., 0 . µ.s Asynchronous, Monotonic 

3 kHz 10 Hz - CPU Ranch 

e Somewhere along the line the macl>ine people changed this! 

e Reduce rate into Level 2 to ease burden on calorimeter 
and IPC digitization rates. 

e Reduce Level! latency to simplifiy SCA design. Note that 
cable transit sets an irreducible delay of ,..., 1 µ.s. 

O We (I) can't claim to understand the Level 2 latency. Long 
latencies could be very serious if we digitize after Level 2. 
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G[M FCaJ 

13a$'e..J at'le. : 

Lit, i.Li.J. A~ 0111. - In~ l'a.U. w~Jh ~ c.af 

Aritol'\a /'BNL./e>RtJL/ MMA 

Liic.Uc:l. Sc.i~~;Jlo.,.. Cap~llar'4s 

Te.Kas AlM /oRNL 

Ii~ h 'Pre..uu.r&.. f;.as 

BNL/oRtJLj . 



.. 
W-I.Ar Forward Cal: 200 Ge V / c Pions 

• 

Pad geometry with beampipe 
0.4 

• 

• 

0 

... 

0 ... 
0 

0 

0. 0 .__.....___._____.___,,_...__-'----'----L-.1--....L-.....L----L-J 

2 4 6 .. 
Eta 

.. 
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Possible Calorimeter ADC Scheme 
(Need 5 samples in 1 Oµs ) 

' I t I ff t I ft I I I • I I I If I I I I I I I I I I I : ...... V.1·~ ................... ~ 
: I ------· COMri 

I ~ r: 
SCA 

I ~·"'rel 
;_Jl_ 

RAMP/ 

.......................................................... ~ 

) 

TDC 

IC Boundary 

v . . . 

) 

12 

Digital 
Bus 

) l 

--l- ----- -- \fn Voltage--> Time-->Digital 
1 Converter (s~ /N..,:~) 

;. t 1/2 ns/count ==> 12 bits in 2 µs 

(A\~o neec( ~;""~ \q,c- a."°'Q.nNt.. \ 

~\'"" h ~"" ~C\r) 



INNER 
GEM DA0. Architecture TRACKER 

10/1/91 

I j 

CT 
MUX 

I :zeRo 
FIFO --~ 

I 

PIPE ! FIFO ! SUPP ADC v I t • • • • 
1 

CAL 

Low • 
MUX • 

FIFO 1'4-.. High • 
PIPE : FIFO 

ADC LEVEL3 
- A'.:,Sum • • • • 

T RANCH 

• 

Jl 
MUX S/H !ZERO 

FIFO " • 
AD~ 

- (PIPE) : SUPP 
• • 

t 
10ps 

DISC r-P 

- .....- -LEVEL 1 LEVEL2 1 KHz . 
10KHz 

µ TIW.E 31.1s 

• • • ( • • • • • • • 
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Calorimeter R.eado11t 

• Physics Goals (e.g. H -+ 77) require 

- crE/E5:, .1% 
- Full granularity at Level 2 

- High System Throughput 

• Electrical Specifications 

- 16 ns sample rate. 

- Dynamic Range ~ 216 

- Resolution~ 8 bits 

- Total Conversion time 5:. 10 µs 
(for "J 2 - 5 samples) 

't '\ LAr 
BoFz. 

• Technology 

- Switched Capacitor Array (SCA) Baseline 

- Fully digital system also being studied 



-
... 

... 

... 

-
-

-

.. 
LAr Ceof'(\Q: 

-

-

-



-

-

- N 
J: 
I 

' 10 
~ 

- 0 

-
II 

...J .... 
0 

3210 
0 

.i:::. 
UJ 
cu 
""' - .i:::. 

-

-

-

-

.... 
Q) 

~10 
.a 
0 
cu .... 
0 a:: 

10 

.L 
··l 
·-:.4 

·-. ., I 
~ 

1-.. ~ •• ..... 
~ .. -

QCD Events'-Jet P,> 10 GeV/c 

HAC Veto (solid) 

ShowerShape(dash) 

Isolation (dot) 

~-!-, 
"·:-· Charged Track (dot-dash) 

., .... ... , 
I 

-~-: .... 

20 

~-1. 
' I 
t.!-, . -

: ·........ . ·-:., -. :.. -._ 
:..: ·-""' .. 

~.. -·-,... ·--
: ·--.... . .. :., -.... -. -·-··· ·-~. -.. 

~ --, 
~ -· _,, -

·~ ·-
-.... , --._ .... _ ,_ 

.......... -·-. 
-""-·'·~-- . ~- ---. .... ,_ 

·---i .... 
40 60 80 

Cluster E, Threshold 

-
100 

GeV 



.100 

... 
w -(/) 
Q) 
..c 
. Q' 60 
I 
"O 
c: 

N 

20 

Level 1 

H ~')')' 

MH=BO GeV 

£=953 
• • 
• • 

• • 
•• 

•• • -. • 
~'·' 

• • 

• 

• 

• • 
• 

• • 

• 
• 

•• :1-:·,··· • ..-: ~: ...... : .. :
t~~··,···· -~:1·1TJ:;, ....... 

•• 
• 

• 
• • 

• 
• • 
• • 

• 

• 
• • 

• 
•• • • ... .-:: .... 11·,.,,., .• .. ... 

1----ir=i:;.&!·~ .. ,....,,.;..;.;.-i:~ .. ' .. • 
.P • • • I •1 • •• • • • • 

0 0 

. . ... . 
# • • .. . ... .... ... , . -• • • • • • 

25 50 75 

• • .. .. 
• • 
100 125 150 

Highest E, 

-

.. 
• 

.. 

• .. 

• 

• 

.. 
• 

175 200 .. 
(GeV) • 

-
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Isolation Isolation 

Isolation 

) 

Isolation 

Add to 
Central 

) ) ) 

Central 
Tower Tower r 1 - Surrounding Tower· 

Isolation lsoiation Isolation· 

fo II 
Each block is 5x5 array of .04x.04 Xtals 

Each Tower is a Central TowerOnce 
and a Surrounding Tower Eight Times 

with 2nd Highest Energy 

) ) ) 
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Log Amp Fiber 
8 bit 8 Link 12 to 

"" 
2x5x5 :1~/IFADC Xmtr Rcvr MLU . , l: logic 

2ns/bit threshold 
ero I I gate bits 

Cross . 
Basic Calorimeter Trigger Tower 
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Level 1 Rates and Efficiencies for H - "'("'( Trigger 

Level 1 e(H - 77); Mg = 80 GeV /c2 Rate from QCD 

Scheme no Noise Noise & Pileup J1,et > 20 GeV / c 

Simple Cells .91 ± .01 .91 ± .01 16± 1 kHz 

Level 1 Isolation .87 ± .02 .84 ± .02 4.1 ± .6 kHz 

Level 1 Isolation' .89 ± .01 .86 ± .02 4.9± .6 kHz 

Notes: 

1) EM towers are .04 x .04; EM Trigger Cells are .2 x .2 (5 x 5) 

2) HC towers are .10 x .10; HC Trigger Cells are .2 x .2 (2 x 2) 

3) "Standard" (RYZ) cuts:. 

> 1 cells with E~M > 50 GeV . 

OR ~ 2 cells with E~M > 16 Ge V 

where E¥c < .1E¥M 

4) Level 1 Isolation 

E}}o = LE¥c + LE¥M -.ETellter -Eflld < 7.5 GeV 
3x3 3x3 

5) Level 1 Isolation': same as (4), but applied only when 

highest E¥M < 80 Ge V 

AND 2D:d highest E¥M < 40 Ge V 
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- Parameters For GEM Ljqujd Ar~n Forward Calorimeter 

One Side Two Sides Units 

No. of Channels 1,070 2,140 Each 
No. of Plates - 72 144 Each 
No. of Lone. Se!!ments 3 6 Each 

Total W eil!llt 25,233 50,466 KG 
Heavvmet Weil!llt 22,919 45,838 KG 

- G-lOWeimt 37 74 KG 
Structure Weimt 1,740 3,480 KG 
Liq. Al'l!on 537 1,074 KG 

G-lOArea 1,005,307 2,010,614 Cm"2 

Liquid Al'l!on Volume 383 766 Liters 
LAr Vessel Volume 1,722 3,444 Liters 

Materials 
Vessel Material Stainless Steel - Absorber Material HeavvMet 

ne Roel Material Stainless Steel 
Installation Frame Stainless Steel 

- Oak Ridge National Laboratory/Steve Chae/11·7-91 



• • 

l 
461 

' 
2J1 

' 217 

1500 4U 

I 

SUPPORT TUBE\ ELECTRONICS BOXES 

HADRON 

HADRON 

904 

494 
1480 _..t __ 

f'I lllllml II II II r.r-ddl!:' 111tt--r 
750 TRACKER - - - -

l/P 

t 

I = ,0 -------
BARREL CALORIMETER ~ 

1500 .. 1 20 
-- 2350 1110 744 

14---------------5500-------'c-----+I 

LLMason 2118192 
Dimensions 1n millimeters 

• • • • • • c • 





I 
J 
l 

I 
! 
! 

I 

I~ -
!~ 

J 
i~ 

Ii 
Ji 
Ii 
h 

Ii 
J: 
' )'• 
Ji 

1J1 

' • ! 
J1: 

1~ -
I. 

• 

... 

• 

•• ... 
hh 
NN .... 
•• •• .... 
NN 
NN .... 
.... •• ... 
----.... 

--.... 
... ... .... .... •• 
•• 
== 

111!:~ 
;; 

... .... .... 
•• :: .... . .. •• 

.11 I· !~ 
ll .t I'"' I 111 

•. 
~=· 

., .. .. ~~~ ... -! .; 
• •• ---

::::: ••••• !:: :; : :! ::::: ·--- ---------
...... ····- ...... 
Wtlll-- ......... ....... ---- ----- ----
....... ==·== ..... ......... ........ ---- ··--- ----
...... ···-· ··--::-- ............ ...... ----- ----....... ......... .......... ....... ......... WW IN ft ---- ----- ----
:::: --··· :::: ........... ---- ----- ----
:::: --··· :::: .......... ---- ----- ----
• ••• ••••• •••• • ••• ...... •••• ---- ----- ----"'"'"': ==111!111!: .. :9!91! •••• ••••• • ••• 
•••• ••••• •••• =•·· ::::: ...... -··· 

-i~"!~ ••••• •••• =•== iiiili :::: 

•••• !!:!! •••• ........ -------- ·---
!!!! !!!!! !!!! ---- ----- ----. ....... -:-:I:"! ·---=··· •••• ••••• 

' !1 I 
' 1J1 ''~i clf3 1ilf 1i .!. I Ill 

:· 3333 -:9!'!"'1!411! -:9'191!"'1! 

=:~~~~~ "11!"'1!"'1!"'1! 
. '!9!'!'! ..:. .; ...... ----- ........ 

......... • hhh w--•• "•N -· ::::: • """ . .. .. .. .. .. ......... N ..... 
----- ---·------- .. 

........ ::: --- ... ....... . .... _ ... .......... --- =--·· ::;-;; ----- .. .. .... 
··-·· • ••• ......... : ......... .... -• ... • NNN . ........ ;::-:: ----- ; ..... -----
......... • .. ........ ·==·: .. • ;;; . ....... ; ---·· ----- ·-----...... ~ ••• ·--- - = NN .......... • NNN . .... " .. - • • ----- • ..... ----- • •• ......... • .. ....... __ .. ----- .. 

.......... .. .......... .. ....... .. 
••••• .. ... 
••••• • ----- .. 
:111!111!= .. • •••• • 
••••• ! .. ..... -...... ==·•· ----· • 

• . .. 
i: ;; I .. .. 
! ~h 

~: • .. . .. 
~ :: .. .. 00 

...... ; . ... ---·· - "'--: iililii .,:..;.,; .-..:..;..:..: .. ;; ...... ••••• .. 
!=!!! • . ... ·--·- ~ 

hh • .. .. ......... ... .. ...... -···· .. .. 
!!!!! • • •• :;::: ! •• : ..... !! ----- .. ;;; ;;;;; .. .. . 
-:l"!tll!-: : .. ... ......... • •• • •• ·--·· :. 9'!"! ••••• • •••• •• 

f • J I 11 
•11 f 111 

fl f 1 11 J If I , If , 
111 .1111 

1
111111 i~fl! .. 

.. 

.. 
~3 -: " .. ":411!9!"11!9! ,..; :: :!~ llll!-:'!91!"11!1'!: -:-:-:-:-ti! ., ., ., ., ., ., .. .. ..::::: I~ :i :i:i; ;; '! '! '! '! '! '! :: ...... .. . ----- ···- l..!l-'.: ..... •• .... .......... 



-

-

-

-

I 
1 
• 

: •••• 0 ...... -1·;-::;;:-
u 

11~: .. : ......... " 
·::~::::::-

• 
: 
;; 

t 11-: .. ! ........ .. 1·::...::::::-

-': ! 1. 

•:. 
~· 

• 
h • -
:; 
;; 

: • 

-: 
• • 

! • 
= • 

: 
• 
• • • 
: 
,; 

: • 

.. • 

• • 

! • 
5 

., .. 
---

:; 
;; 

• • • 

• • • 

• • 

:; 
;; 

: • 
-: 
-: 
! • 
• h • 

•• 

--

• • • 

: • 
• • -

• • 
h 

: • 

h • 

• • : 

! • 

: 
;; 

• • • 

: -
:; 
;; 

: :: • • 
• : 

: 
• -: 

! ! • • 
: =-· • 

..... 
;:;: 

• • 
• 

• • • 

• : 

• • • 
:; .. 

• • 
:; 
;; 

-: 
-• • 
I 
; 

= • 

•• ;. 

• • 
• 

• • • 

-: 
• • • 
: .. 

-; 
: • 

.. • 

-: 
! • 
5 

••• ---

: : • -

•••••••• 
=---·=·= 

., -
• • 

= = ; ; 

: • 
-: 
-: 
: 
; 

= .. 

-.. 
-.. • 

: 

! • 

hN :: 

::: ::::::: -------
•• !: .. .. • .. 0 • -::-:--· 
-· • • •• 

Oh 
:: --
•• •• 

• • • 

: • 

: • 
• • • 
: .. 

• • 

: • 
:: : •• • 

h• •• •• 

., 
: 

• • • 

!! ! •• • 
• •• :· . 

•• •• --

h --
• : 

• • • 

: -
• • 

--• 
:; 
; 

-.. 

• • • 

! • 
• .. 

• • =· 

-= "! -= "! 
-:-:-:"!"!"! 

-:"!-'!"!"!"!"!"!"! 

3333333333 

·-· •.-. 
;; 

=· -· .. 
;;• 

•• •• -: 
h. --. ;; 

•• •• •• 

=: ., . 
;;• 

-· -· •• 

-· •• 

-· •• • • 
:; 
• • 
•• o...: 

-· .. .; .; ·-· ...... 

•• :: •• 

·•• •• 

• • • • • • 
-: 
•o •• •• 

•• •• 
hh 

:: •• 

!! •• 
•• •: 

-· ~"""" ··-.; .... 

::: 
=-= 

• : 
• 

:: : : --· 

= ! •• 

--.-• • 
hhh 

!!! • •• ·--: Gi • 

-:i ., 
• • 

• • • 

: : 
;; . 
: : 

-·· •••• 1.· .... .. 
.; .... .. 

i 
:i 
• 



I 
I 
l 

1: • 

• !~ 
u 

j 1~ 

1~ 

~: 

1'· .. 
I'~ 
l~ 
J . 

. 

1J: 

• Ii 
~; 

I': 
11~ 
h 

J. 
I 
" 

J 

f • I 

...... •o• ...... ··-··== ··-

........ -·. .......... ==-•••• 

··-.... --........ -·---== ·--
;:;: -·---:: -:.: 
......... :: ... .... •••• -....... --::: • -
;::: : --- • 

•••• • :··· = ---
•• • : ....... • .. 
•••• •• :;!! ·-•• 
........ • ---- • 
............ • :::: : ---- -:·-· : . : .. • 
....... h ...... :i ----
............ • ...... • •••• • 

:··· ••• : 
=-----· ;; 
•••• • ......... .. •••• 

I 

II 111 
11ii 1ff I 

-· '"'!"'!"!"" '"'!-:-: 
""""~ 

1"'.9':9':9': ........ "."!"!"! .......... " ...... 

: ····-•• •• • ... 0 -• •• ···--• ---·-
===== • -· - ·-• •• -----

: 
..... ___ ·-•• ••••• 

• ·- =----
• -- :; ....... •• • •• -----
• ·- ............ 
• -- -- ......... ;; -- =·---
• • -
• • • 
• • • 
• • "' 

•• •• • • 

• •• ; ·-
h :: • ::: --• 1: • •• 
~ •• ;::::: : ---- -----

:: ......... h hh 

~ • • , ............ -- . .... 
: :: !!!!! ;; •• ...... 
• == .. .. ::: .. •• 

11 JI 11 
Jll( •1J1f l !!! 

•• ........ 
-~~~~~ .:~:: .......... .. ........ 

• • • • ;: 
• • • 
1: 

• • 1: 
1: 

. 

• • 

: 

1:, 
• 

I 
" "' • 

.. 

.. 

-
-

.. 

... 

-



- MECH TOWER Sl2E2 

GEM Parameters -
.Spai:bctti EQrwaa:J CaJadmclc[ 

Tungsten I Eutectic (50.0%) 

One Side Both Sides 
Mechanical Towers 120 240 units 

Channels 960 1,920 units 

Sheeth Volume 0.3 0.6 M"3 

Tube Volume 0.1 0.2 M"3 

011 Volume 0.5 1.1 M"3 

Absorber Volume 2.6 5.1 M"3 

Tungsten Volume 1.3 2.6 M"3 

Eutectic Volume 1.3 2..6 M"3 

Volume ot End (spacer) Plates 0.1 0.1 M"3 

011 Supply System Volume (oll Included 0.1 0.1 M"3 

TOTAL VOLUME 3.7 7.3 M"3 
. 

Total Weil!ht or 8 Modules 40.l 80.4 Metric Tons 

Tunsten 24.8 49.6 Metric Tom 

Eutectic 6.1 12.l Metric Tons 

Sheaths 2.5 5.1 Metric Tons 

Structural Components 4.5 8.9 Metric Tons 

OuterRin2 3.7 7.3 Metric Tons 
On SupplyS (weil!llt or on included) 0.3 0.6 Metric Tons 

TOTAL WEIGHT(perside) 48.6 97.l Metric Tons 

Active Absol"Dtion Len,.hth 12.0 Lambda 
PassiveAbsol"DtionLenl!hth Lambda 

Lenght or3mm Tubes 90,867 181,734 Meters 

- Number or 3 mm Tubes 60,839 121,679 units 

Inner Radius 25 mm 
Outer Radius 836 mm 

Length••• 1,872 mm 

-· The total length shown does not include the PMT and the associated cable length. 
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JNNERJIACE 
41 5SGI nun JIROM IP 

& 5500 mm l'ram JP I & 7361.3 mm l'nlm IP 

Module I Illa I Rallus I Illa I Rodiu1 
Number 

6 6.378 25.00 6.378 25.00 
5 4.550 116.25 4.550 155.62 
4 3.950 211.88 3.950 283.61 
3 3.600 300.79 3.600 402.72 
2 3.350 386.40. 3.lSO 517.16 
I 3.100 496.SS . 3.100 664.60 

00 2.830 649.45 2.870 834.74 
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j.a.J__l 
Db 14bl-,-
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9 5500 mm liom IP 9 7361.3 mm 1iom IP 

D I b I b B I h I b 

90.72 84.30 19.13 121.44 120.64 19.13 
82.67 93.75 45.36 110.66 125.46 60.72 

117.36 87.10 82.67 157.13 116.55 110.66 
ISi.SO 83.BS 117.36 202.76 112.16 157.13 
97.34 109.26 7S.7S 130.28 146.12 101.38 

127.31 ISl.72 97.34 163.64 169.30 130.28 
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OUTER FACE 
0 7361.3 mm FROM IP 

IUaTIN IU.llllllT.t. KNHQT ft~ 

PROJECT: SSC GEM DETECTOR 

FORWARD C.U.ORmtETH 
UQlllD SCINTILLA TING omoN 

SPAGlllETI'l 1'0Wl:lt &: MODULI DESIGN 

PRINT NO: D-FCl.'i-TAMDOOI I JI 
DR.\ WN aY1 S. M. OIAE I 11201 

_!::!!~£1> a APPROVED IYr 
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5500 mm Crom IP 
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- D-R:LS-TAMDOCM for dclail 

2131415161718 

RA 211.96 212.15 212.73 213.11 283.2; 283.61 283.65 284.04 
RB 300.67 300.95 301.76 302.31 401.17 402.32 402.37 402.92 

••L.engdi A 5506.15 5511.15 5526.15 5536.15 '351.5: 7367.52 7368.52 7378.52 
••L.englh B 5506.15 5511.15 5526.15 5536.15 '357.521367.52 7368.52 7378.52 

1..englh C 87.10 87.18 87.42 81.58 116.3! 116.55 116.56 116.72 

•• The lengths in the table indicllc the diatance Crom lhe inlcroclion poinl 
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PROJECT: SSC GEM DETECTOR 
FORWARD CAl.ORIMITER 
UQuro &aNTIU.A TING omoN 

SPAGllETil rowu. MODULI DISIGN 
SUPH rowER or MODUl.I 

PRINT No: o-Fc~-TAMoool 1 e .. , • , 
DllAWNIY1 S.M.CRAI mm 
alECKED A APr•OVED IY1 
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HPG Parameter 

GEM Pacameten 

Bi&b Ec=s11c1: Ga5 Earwacd Calacims:is:c 
Tungsten I Eutectic (20%) 

One Side Both Sides 

BARRELS 3 6 units 

Channels 1,070 2,140 units 

Barrel (METAL) Volume 0.2 0.4 M•3 

SS Tube Volume 0.8 1.6 M•3 -
Tungsten Rod Volume 0.8 1.5 M•3 

Absorber Volume (80% Tunocten) Ll 2.2 M•3 

Tungsten powder Volume 0.9 L8 M•3 

- Eutectic Volume 0.2 0.4 M•3 

Volume of Pressure Vessel 1.1 2.3 M•3 

Volume of Support Structure 0.6 1.3 M•3 

TOTAL VOLUME 4.7 9.3 MA3 

- Wei2ht of 3 Barrels (Mate!) L6 3.2 Metric Tons 

Wei2ht of SS Tubes 6.4 12.8 Metric Tons 

Weight of Tungsten Rods 14.8 29.6 Metric Tons 

Absorber Weight (80% Tungsten) 19.2 38.4 Metric Tons 

Tungsten Powder 17.1 34.2 Metric Tons 

- Eutectic 2.1 4.2 Metric Tons 

Weight of Pressure Vessel 9.2 18.4 Metric Tons 

Wei2ht of Structural Comnonents 5.2 10.4 Metric Tons 

TOTAL WEIGHT 56.4 112.9 Metric Tons 

Active Absorotion Len2hth 12.00 Lambda 
Pamve Absorntion Len2hth Lambda 

. 

Number of 12. 7 & 6.35 mm Tubes 7,165 14,330 Units 
Number of 22.23 & 15.1 mm Tubes 7,092 14,184 Units - Lenirth of 12. 7 & 6.35 mm Tubes 2,535 5,069 Meters 

Len1rth of 22.2 & 15.1 mm Tubes 5,641 11,281 Meters 

Inner Radius 50 mm 

- Outer Radius 1,725 . mm 
Length••• 2,140 mm 

-· The total length shown only Includes the three barrels and the space In between them 

Pae 1 g 



eta=3.0 

5500 ~2250 

GEM Detector 
Forward Calorimeter 

FCAL LOCATION General Arrangement Rennkb/CbH 

• • • • • • • • • • • 
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1721.tmm+ I II I :r 
1352.lmm 

j_ ••••• 
"A" 

, ....... W.lmm 

14-------18".lmm --------

NOTl!S: 

I ) 

r .. J6t.lmm 

) 

064.00 mm x 36 
(63.5 mm !tolls) 

) 

Ra 1773.7mm 

l=54.7mm 

14---- JllO.Omm ----1~ 

------ 1980.1 mm -----to'i 

lil&ll'l1KllUISTTA ---
PROJECT: SSC GEM DETECTOR 

I. Tube posilion1 shown me not per oorm:t plltcm. 
2. Dimenaiona lhown are opproximatc nwnben. 

PURWARD CALORIMtnH 
men PHSSIJH GAS omON 

PRESSURE Yl!SSEL DalGN 
GENIUIALARRANGIMEl<I" 

PRINT NO: D-FCHPG-PVIOl 
DRAWNIY1 S.M.CllAE 

VIEW'"A·A" Cll!CUD A APPRO\'r.D IYs 
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BARREL 11 SIGNAL ELECTRODES 

NOTBS: I. The tube localio111 ""' per llMo comet plllcrn. 
2. All numcn shown ""' oppmximate values. 
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Sl1••I Electrode 
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PROJECT: SSC GEM DETECTOR 
FORWARD CAWRIMltTH 
mc11 PHSSUH GAS omoN 

11111ARRANGIMINTll 
IN INNER .. mm• IAHIU.I 

PRINT NO: D·FCHPG-CTDOOl I REV l 
ORA WN IYt S. M. CllAI! l/Jltl 

CllECkED • APPl:O!ED IY1 J 
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PROJECT: SSC GEM DETECTOR 
fORWHOCAl.ORIMIETH 
IDGO l'lll!aUHG.U omoN 
cYLINDER nin SIU DESIGN 

PRINT NO: D·FCHPG·CTDOOI I.RE, , I 
PRAWN8Yr S.M.L'llAE I J/Jltl I 
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A Re-examination of the 
Tracker Design driven by 

Physics Requirements 
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GBM Collaboration Meeting 
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Ph;rsica Proceae1 

11° -T+T x x x 
II° - .+,-i+1-,e+.-.,i;,e+e- ;ee;ee x x x x x 
II" - ,.+,.-1+1- ,,.+,.-.,u,,.+p.- ;ee;et x x x 

GbW.o P.U Pzocl ii - e*e*, ,.•e* · x x x x x x 
Tech.Di eta 'Ir -•+ii or t+ i x x x 

WW ScaUeziag W*W* - e*e*,p.*e* x x x x x x 
Z 1 

- e+e- Al:rmmetrJ x x x x x 

- B Ph71ics, e.g. B - 1f, etc. x x x x 
Top Ph)'lica t - W + •, de. x x x x x 

CENTRAL TRACKER PHYSICS STUDIES 

-
Table 2.3 
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In the standard model, a fundamental scalar makes 
the model mathematically consistent. 

" 2 2 v = /\, ( Cl> - 1/2 v ) 

2 
"- = 112 ( M0 Iv ) _. 

v 

) 

<I> 

vacuum expectalion 

•lSOOeV 

At high energies, do weak interactions stay weak ( ~<< v) or 

or become strong Ct4. >>v) ? 

l..e ((. , (/c-c .,; ? 1 7 ''<! e.k r.r .,7 

C/.,4 no~·,, "t c. 4 I I le,,..,,, e 5 
• I 

Chtt "lowt~ , ~C' lei.'.<, fl 6~ 

) 

13c. r~-t,. , Clit 14 ~1 , ll-1c .., , i''1~ I /,; .1 qo 
b1c_.,.~ <,,,.,.,,;,. J ·e1,, '11 

1'1eo1'1 1(111'11 fh t?i:r Vt.,~~ f I 
6e,..,tr ~ <""14 he w,'f~ ?f 
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Physics Problem: 

No Lose Corollary: 

Weak Interactions stay weak 

M< 1 TeV 

or Weak Interactions become strong 

~Lw L observable rate 

Or' 
• 

Je~ Cf'(. d'"' "'~ y W ,+.l,., '>fa. H.,/4rr;,/ Meefe. I f 
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Physics Processes of Interest 

scattering 

c c ( 

physics 

consistency in ALL these modes 
is what constitutes a Higgs 

search 

• • • c c 
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What is needed? Dicus, Gonion, Orr, Vega '91 

- -
-k ~ evw,," e+e+ 

4 L-, < events per SSC yr 
:.c ' 

lep cuts ptj<125 GeV 
. or forward ISO 

11 ,1,c; ~~<"l·S jet tag 

SMM=l TeVWLWL. 2.75 1.87 tr:1<~ (central 

(J. '· ir jet veto) 

r SM WTWT 10.23 0.79 b~'d&.,, 5 
Mt~ 

""J.(. ~ 'l.(/ \) ((, I, 

~ gluonexch 3.19 0.15 
• l"'t'1\"" \.c.,y~ 

i ~-\- t4."f 
£'.JC i' 

•.. ~I• I .. 

- 2310 748 l need 10"-4 for 
-~1-=- tt 

complete rejection 

:t;,. ttg 1980 437 . t J."1 • ,..~ s ""'-~ ~-' • 

' '9«..- \.::f- !" ~ 



4. 

b. 

t t 

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

-++ 
Backgrounds 

' . _,, ,, 
u-.~L 

' ~:. l+ 
L.1+ 

. r· 
tt-+ WWbb . IL ... t, _ 

L. l+ • l mis-id 

t ( • • 

how to kill 

central jet veto 
~isolatwn' 

charge-id 

central ~veto 
·( charge id · 

t • 

,/ ...... 
<. \0 -f1-•-

i>.w.S ~t ~ \ 

' 

• • t 



) ) ) ) ) ) ) 

a. Isolation of High Pt electrons from bjets 

I Et 0.01 <R<0.:zs 

• o.os 

, . I • 

I Et 4cell wide 
boundary 

(0.0Sx0.05 cells) 

) ) ) ) 
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Isolation results 

• isolation in traditional sense ineffective 
as bjet fits in one celi 

. 
• need to look at FIB ratio , ( tr'l'\eV 

) 

. 
~f\t_ ,(I CJ 

• need data + good shower simulation to 
establish longitudinal, transverse segmentation 
requirements in calorimeter 

• n.w ""'°°"'t trc..c.k S ~ 

) ) ) 

., ....... ~ -' ) r-<J ~ IV 
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b. Charge Discrimination Req'd 

tt-+ WWbb 

• passes isolation 

• central jet veto less effective 
• requires more than 10"-4 rejection I charge discrim 

simulation: 

•propagateµ ore (50,100,200,400 
Geant w GEM (P. Dingus) and SOC geometry/fields 

• smear space points at superlayers 

• reconstruct w circle fitter (TASSO adapted by J. Thomas) 

l f f ' I l f • l l l 
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Conclusions 

1. need WW to make higgs search meaningful 
(theoretical efforts to subvert this is in progress) -1 

2. need to get rid of top (wherever it is) to make 
WW search meaningful 

a. need good iso rejection 
or/and 

• 
lo v .,.. " t' ·i .... ',.. t..: • 

"~«-""'"'~"'"~~cs 

good forward jet tagging ,\. k,1 ... "~ r ~ I...,\ i ~ ) 

b. need good charge discrimination 

3. Not obvious that the GEM can do this physics 

St-.. rt fe·.-n+'~~ -~ 

• ' • ' • • • • ( 
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b-jet Vertex Tagging 

• In general there are 5 vertices: 
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P( d) = 2y ct 

Secondary Vortex 3 
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' ----

Absorl:,er / clef~dor- Pb/Sci· U/LAr W./~c.· W/Scr' . 
Absorb. le.n9th (pure ab1or'1tr) 11. ( I0.9 15.I 10.2 

c""' CM cm c .... . 
E9u•'valt1tf plate s-{ruc f14 r-4! 

20+ 5+ I 
Absor,er + Je ttc.toY.f gap [mm] 

6+2+0 30+3+1 151-3+/ 

Expected hctJron ic rtsolu t.· Oh ( Vre) 60% 55% 80% 15'}'. 

Effecfr'Vt ctbsorbtion lt11Jf:), [c1t1] · 2/./ ./6.3 16.8 IZ.~ 
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Radial extention (various options) 

-
.m 

L 90o = 11.7 A 0 

IE-MI I hadron I lcml -

" Pb/LAr + U/LAr ( 11.'3 ~o) 75 - 350 .. 

" BaF2 + Cu/Sci. fibers 75 - 330 

-+ Cu/Sci. tiles 75 - 330 

+ W /Sci. fibers 75 - 310 
c 

+ W /Sci. tiles 75 - 290 
-

" Pb/LKr + Cu/Sci. fibers 75 - 345 
... 

+ Cu/Sci. tiles 75 - 345 

+ W /Sci. fibers 75 - 325 ... 

+ W/Sci. tiles 75 - 305 

-
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CAD/CAE Data Analysis Flow 

DETECTOR 
RESPONSE DESIGN CONCEPT 

RADIATION . 3-DMODELER 
TRANSPORT 

PHYSICS DATABASE 
SIMULATION 

' 

CAE 
DETECTOR ANALYSIS 

SYSTEM INTERFACE 
RESPONSE 

. 

• 
I I 

STRUCTURAL } THERMAL FLUID 
FLOW 

) ) ) ) ) 

DESIGN MODIFICATIONS 

'. 
- - CAD ~I CAM~ 

' . 
ASSEMBLY 
DRAWINGS 

I I 

~AGNETIC I OTHER 

MARTIN MARIETTA 



• 

Present Uses 

• Characterize the Detector Geometry 

Total Depth and Active Depth 

Entrance Window Depth 

Location and Thickness of Structure 

Muon System Acceptance 

Geometry for Muon Multiple Scattering 
and Magnetic Bending Estimates 

Single Particle Energy Loss Estimates 

- Provide Estimates of the Calorimeter Performance Parameters 

Shower Energy Resolution and Energy Leakage 

Energy lost In Calorimeter Structure 

Electromagnetic dE/dX Estimates 

-Includes Code Written by at Least 7 Authors From 6 Institutions or Companies 

e e c c • • c • • c 



) ) ) ) ) ) ) ) ) 

Geometry Modules 

- Based around SDRC's I-DEAS Solid Modeler 
Geometry Read from the SDRC ASCII geometry file called a "Universal" File 

Ray Tracing NOT dependent on the modeler licence 

• Geometry module are a set of FORTRAN subroutines 

) 

Geometry Routines Callable from Different Drivers, Including Monte-Carlo Programs 

Geometry Search Routines Optimized to take Advantage of System Hierarchy 

Able to Simultaneously Track Through Two Independent Geometries 

- Existing Geometry Analysis 

Program Traces Non-Interacting Rays In a "Particle Gun" Type Format 

"Single Point of Origin" Ray Tracing Through the 3D Models 

Scans Rays In Theta, Phi, or Pseudorapidlty Coordinates 

Code Ported to Multiple Environments (VAX, SGI UNIX, Macintosh) 

Reports Ray Intersections and Materials 

Sorts Intersections on Keywords, Material Types, Relative Positions 

Fits provide Radiation Lengths and Interaction Lengths 

) 



t 

Physics Approximations 

• 

• Material Properties 
Directly Input 
Complex Materials are Generated by Combining Elemental Cross Sections 

- Provides Interaction Length, Radiation Length, 
dE/dX as a function of energy, and Atomic Densities 

- Interaction Length, and Radiation Lengths Calculated from 
Fits to Nuclear Interaction Cross Sections and Radiation Length Data 

' 

- dE/dX calculated uslhg Beth-Bloch equation and elemental Ionization fits 

elemental Ionizations data estimated by fitting J. Jannl stopping power tables 

- Calorimeter Simulation 
I 

Approximate Shower Energy Deposition along a Ray 
(No Transverse Shower Development) 

Estimate Energy Lost In Dead Material 

Estimate Energy Leakage from the Calorimeter 

Estimate Calorimeter Resolution Including dead material and leakage 

• • • • • • • • • 
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GEM Geometry Analysis (continued) -

Liquid Argon Barrel and Endcap Calorimeters Combined Depth 
20...-~~~~~~~~~~~~~~~~~~~~~~--, 

1151
1 

Tot~epth 
..I 
c 
:8 10 

I! 
!!! c -

5 

0 f/44«««««f«1!?'(, .. ( .. ~.f. .. ~1 
0.0 0.5 1.0 1.5 2.0 

Pseudorapldlty 

• • • • ' 

2.5 

• 

3.0 

• • • 
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GEM Geometry Analysis 

Liquid Argon Calorimeter Depth 
16~~~~~.:__---=-~-=--~~~~-:--~~, 

~121i1~~~~~__..i. g> ==> < :>! A J 

!I 
c 
0 
';:I 8 

~ 
~ -

4 

o WV<'<Y'~'<'<'<t<f"<f <f 'f' t · r 
0.0 0.5 1.0 1.5 2.0 

Pseudorapldlty 
2.5 3.0 
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GEM Geometry Analysis (continued) 

., 
i c 

CD 

Entrance Window Depth 
10 • 

~ 111---
0 

ii 
·- ..... 
- I • • ' :::::::,. '",,,,, ... IC .1 I c u a u I o • 

0.0 0.5 1.0 "1.5 2.0 2.5 3.0 
Pseudorapldlty 

\ 

Entrance Window Depth 
10~~~~~~~~~~~~'---~~~--. 

• 

Searched for passive 
material before active 

c • 
, 

c 

., 8 
:5 
C> c 6 
.3 
6 4 
ii 
i 21 IC 1----------
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0.0 0.5 
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Geometry Calculations Done for Muon Bending on EMPACT 

6 

0 
0 

5 ,.. 
llC 

GI 
Di 

4 c 

'"' ,, 
c 

3 GI 
m 
Ct 
c 
'C 2 GI 

i 
u 
UJ 
GI 

1 
a. 
§ 0 
:::E 

0.0 

Ratio of RMS Multiple Scattering to 
Magnetic Bend Angle for EMPACT Toroids 

0.5 1.0 1.5 
Pseudorapldlty 

2.0 2.5 

• Fine Sampling &ri = .0125 
Highlights Corner Details 

• Engineering Model Transferred to MMAG and used for Ray Tracing 

• Ray Intersections Provided Locations of Toroid Superconducting Wires 

• Geometry Information Imported to Spread Sheet Program for 
Evaluation of the Magnetic Field Integrals 

) 
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Resolution Calculations 

- Basic EM and Hadronlc module Resolutions are Input as Equations 

• Bock Hadronlc Shower Parameterization 

E{w {;~s•-•e-bsds+(l-w)f L111- 1e-P1dt} = E{w y(a,bx) +(1-w)y(a,J}x)} 
r(a) or(a) r(a) r(a) 

- Womersley Resolution Ansatz 

"Energy In a small shower sllce fluctuates with an RMS error "' Its mean 
thus If Xo/o of a shower Is lost there Is an extra X0/o fluctuation" 

• 

2 s2 
8

2 L(AE1ayer )
2 

CJ =-+ + 
E E2 

Where AE1ayer is the energy deposited in the dead material 

• • • • • • • • 
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Resolution Calculations (continued) 

• Longo model used for the Electromagnetic Shower development with 
the Furuno-Brau Model Used for the Resolution Calculation 

The Longo EM parameterization J; ~ y•-•e-by _ 1(a, bx) 
r(a) r(a) 

The Longo parameters were determined by fitting EGS simulations 
of a tungsten/silicon calorimeter. 

The extra term In the resolution Is the uncertainty In calculatlng the 
lost energy from the derived parameters. 

2 2 
2 L l:D1{ac,ac.)Dm 

0 2 = s + 8 2 + 1-1 m-1 . _ 

( B- tABl) ( B-tAlll) 
Where 

(oc, ac.) 

- 't"[(}(L\E1)] o, - "" . 
j ac1 

o2 = L[(}( L\E1 >] 
j ac2 • 

Is the expected value of the uncertainties for the Longo parameters 
including standard deviations and the covariance factors 

) ) 
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Calorimeter Optimization 

IJ IJ 
"'! I': 

~. ~ 
410 \}dik;::::::i'r" .Xit;;,qAv;I an I 

281 cm f lrfr&.ii,(I 

160~~ 
AROON EM 

AND AROON VESSEL 
VACUUM HEADS 
s_~-----

Headwall 

IJ 
~ 

Total Rad Length= 2.15 
(Argon and Vessel) 

Shells 

IJ ., 
~ 

Total Rad Length= 1.13 

• • 4 • 

IJ 
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Baseline Configuration 
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an 
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Calorimeter Optimization (continued) 

i·~:·-·-l:'.:., \IJ'T~.1 

Results: 
Headwall Thickness: -43% 
Mid Shell Thickness: -36% 

• Best Configuration Studied 

c 
8 0.10 
.a g 
c1! 0.08 

> 
ei 
~ 0.06. t---.111 

l! 0.04 
0 

ti 
l! u.. 0.02 

0.00 . 
0.0 0.5 

) ) ) ) ) 

• Elliptical Concave Head Shape 

:.;.: 

I

, ... 

ii 

1\i 

100 OeV Et EM Resolution 
100 OeV Et No-Leakage Hadronic Resolution 

1.0 1.5 2.0 2.5 3.0 3.5 
Pseudorapldlty 
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Catorl1Mter Analv••• 

Ray Traciftt' and Fl••oluHon 
NO E>lt•rnal Proc•••ing 

~ LAC RESOLUTION 
~ O.OI l 100 O.V Et {\ HADRONS I 
.I! - ELECTRONS 0 
; 0.06 
a: t -

' r;; .! 0.04 
Sampling Similar to 
EM Segmentation ~11 = .02 ~ o.02 l I .... I 

.2 
i 

Plotting Done on Macintosh it 0
·
00 

o.o 0.5 1.0 1.5 2.0 2.s 3.o 

PSEUDORAPIDITY 

-----• • • • • • • • • • 
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• 

Conclusion 
, 

• 

- Integrated a Flexible Detector Response Analysis Tool Into the Design Process 

Provides Physics Analysis During Design Cycle 

Greatly Reduces the Turnaround Time between Model Cycles 

- Commercial 3D Modeler Minimizes Modeling Time and Errors 

- Succesfully used to Optimize 3 LAC Designs and a SPACAL Design 

- Upgradable Architecture Allows Rapid Expansion of Capabllltles 

· - Planned Extensions 

Event simulation 

Transverse shower simulation 

Extend geometry to Monte Carlo neutron I photon transport 

• t t t t • 

(In progress) 

(In progress) 

• ( ( 
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I EM I BMiroaic f FC.il 1 Lil ·1 

'("('\ o:t ~ • ·, • 0 

e Vn"'I ,.o rJ.i,..,,... 

.._1 (gm/ems) 

. ell--'• (#/b/<111) 
•• 
·~ HN 
1•0 
-Si 
"-st---A .. 
52Cr 
.. Fe 
59Ni 
-.Ca 
1-.w 
-Pb 
-u 

HAOf..OIVIC 

" f¥.., ,.., '5 s 

4.369 

.00155 

.00139 

.00082 

.00020 

.00135 

.00112 

.00366 

.00062 

.00844 

11.861 n.m 1.m 

.00595 .0000904 .e1s1• 

.00355 .000199 .01309 

.00029 .0000181 .00074 

.00328 .0000362 .00837 

.00139 .00356 

.00453 .00135 .01266 

.00140 
... 00·161 

.00079 .00607 
.00257 .003395 
.0526 

.02703 

waters/3-6-92 

' c. ,_,.,.. )-~ 
~~·Ck 

Q a ""-" IV. c. l 0 
• "..., 4S """" ••• 
-0~5"' ~ 

<!..· .... 

I Particle 

~- Po-'·k 
'~C.. "'·~1o 

H 11 .G. 7 o 

O .Q~.d.1o 
aoG l ,o 
"Q 4,. 

I Thrnhold I 
prot, d~t, trit, 3He,a, pbar 0.1 MeV 
neutrons in Lahet 20.0 MeV 
neutrons in MCNP 0.0 11.leV 
charged pions 0.149 MeV 
muous 0.113 MeV 
K+,K- 0.527 MeV 



II EM I Hadronic I FCAL LAR 

density (gm/cm3
) 4.369 11.861 17.022 1.532 

elements (#/b/cm) -tH .00155 .00595 .0000904 .01519 
uc .00139 .00355 .000199 .01309 
14N .00029 .0000181 .000i4 
l•o .00082 .00328 .0000362 .00837 
Olll§i-1\_.,. .00020 .00139 .00356 .. 
-s.· .00135 .004-53 .00135 .01266 
52Cr .00112 .00140 
seFe .00366 .00·161 
seNi .00062 .000i9 .00607 
64Cu .00257 .003395 -
1a4w .0526 
208pb .00844 
233u .02703 

... 
waters/3-6-92 

-

.. 

I Particle I Threshold • 
prot, deut, trit, 3 He,a, pbar 0.1 MeV 
neutrons in Lahet 20.0 MeV 
neutrons in MCNP 0.0 MeV 
charged pions 0.149 MeV 
muons 0.113 MeV -
K+,K- 0.527 MeV 

1 
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(TA PROTONS.NEUTRONS ETA CHARGED PIONS 

2QOOO .20000 

17500 ~ 17500 - . . 
15000 .. 15000 

1:?500 12500 , 

10000 ' . 10000 . - ' . 
7500 .. .. 7500 • .· . . .. 

5000 
: 

5000 , .. . ... . .. . ... 
2500 

.. . 2500 ·:-. .. .,; ... .. . .. · • • ·f'o ~ ... ... . . -. .....:· .. . . ?•' 

0 
5 10 

0 
5 -10 -5 0 -10 -5 0 10 

lea Eta 

PROT,NEUT CHARGED PIONS -
Figure 1: Pseudorapidit7 di11lribulion1, and roerg;y versus '1 (or all protons, nt-utroas and 

· t'harged pion• &om the SO ISAJET evenh used iu these limulatioua. 
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+Gt••• . '-'•""' D ....,_,_,. 

• totw-1 
• "°'Y-L9 . ,,.,. 

ncuu ~ '· ne nlllhe elfedlu 111 et dllfenat dalelcftac .-tetD •• 2.6 Mev 
- ....... .,. Ille doermll - flux,.............. (F.- CuJndd wl 
D'AmlllJ.) 
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Figure ; Neutron displacement cross section in Silicon 
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L I I I ) I I I )I . I - I )' 4 b tL I - I ) I -1 .. I l I I . I y I -l ) ) 

<)' ~ •olid no poly 
E • ,...,_ da•had ' cm •. dashed no/5 
~ 100 dott•d '/20 cm :. •• dotted no/5-20 

> . :-.... 30 : : 
(]) • ·~ (f) • • l: . 0 • . ..... ,..... .. ........ . ' 
11 io·3 .., :·. • • 

..__, • fO • • 
w a:: 20 : • •••• 
-0 x •' .. 
........ 6 :::> •• /,. z 10" __. • 
'1:> LL I rJ •. 

10 '\. ~ \ • 

...... lo·9 • ~ ~ ~ I ,-. . 
LL • . . "-. ,I,, II 0 

lo·J 10~ 1~ 10·0 10·" 1ou 10 

Neutron K1net1c Enerqy CMeVl Neutron K1net1c Enerqy !MeVl 
,..... 
C\I 

( 

E 

~\~ 
solid no poly 0 106 ........ dashed poly only > 

1 '"" ?, ~ ~ t'!t~ ~~'\' ~ ~ 
lc....ot ~ • (J. C!.o o""Y.-' it 

(]) 

:l: 
........ 
II ......., 

w 
'U 
........ 
z 
'U 

)( 

::> -

103 ~ 

100 

u. io·3 

dotted boron only 

' ....... 

" ....... 

I SETUP II Dux < 100 keV I Dux > 100 ke\iJ TotiJ-Fiux-B 

no sbieltl 
5 cm 
5 + 20 cm 
no 11iield, new 1etup 

45.30 x ti'JH 15.97 x 1012 

5.27 x 1012 4.03 x 1012 

3.30 x fon 1.90 x 1012 

23.31 x ion 13.96 x 1012 

L~ur1e W~ters 

LANL 2-25-92 

61.27 x 1011 

9.3o x 1orr 
5.2 x 1012 

37.27 x 10" 



flux across cylindrical vertex surface 35 ca in radius, 
energy figures represent upper bin Uaits 
binned values are per event, per HeV, Pt.~C.k a 
total values are per event 
aultiply tiae 1.0E15 to put on yearly basis 

Me v ~ lu.tc. ....... 14?" *-
energy 0 to lmusec J. lmusec to lmsec 

1. 00000-05 0. 000000+00 • 0000 8 .148260+02 • 0341 
2.00000-05 0.000000+00 .oooo 8.893210+01 .0745 
1.00000-04 0.000000+00 .0000 2.422460+01 .0500 
2.00000-04 0.000000+00 .oooo 8.701980+00 .0696 
1.00000-03 0.000000+00 .0000 2.438920+00 .0488 
2.00000-03 0.000000+00 .oooo 9.063150-01 .0587 
1.00000-02 1.603370-02 .1041 2.451130-01 .0526 
2.00000-02 2.017440-02 .0978 7.859720-02 .0772 
1.00000-01 1.771680-02 .0606 2.039770-02 .0574 
2.00000-01 1.462350-02 .0577 4.379580-03 .1051 
1.00000+00 7.762130-03 .0376 7.826170-05 .1869 
2.00000+00 2.309960-03 .0490 0.000000+00 .0000 
1.00000+01 2.456680-04 .0476 0.000000+00 .0000 
2.00000+01 4.561210-05 .0907 0.000000+00 .oooo 
1.00000+02 1.020160-05 .0650 0.000000+00 .oooo 
2.00000+02 1.351710-06 .1413 0.000000+00 .0000 
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- ~SAJE~ 1<it.h Tl.'OJET opt.ion 

- r_. bi11!i> in t.ransverse moment.um (from 4-1024 GeV/c) 

- c:•oss sect.ior1 from ISAJET is 139 mb 

- Lu111.i11osit.y assumed 

GEOMSTRY : 

- simple GEAJllT model 

33 -2 -1 
10 cm s 

- J;om.:.g:enous CPbLAr mixt.u1,e) concentric cylinders in BARREL 

- homo~:enou~ (f'bLAr nii:.:t.ur·t!) cones in ENDCAP 

t·ullv t.rack muons created by primary interact.ion 

"PROMPT MUONS" 

- as well as muons from charged pion and kaon decays 

before t.he calorimeter "DECAY HlJONS" 

"PUNCHTHROUGH MUONS" from hadronic showers in calorimeter 

simulated via R. McNeil's paramet.rizat.ion 

- puncht.hrough of neut.rans and phot.ons is not. considered 

- product.s of prompt. or decay muons which are creat.ed in 

t.he outer third of t.he calorimeter are tracked 
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BEAM PIPE DIAMETER IS 50 mm EVERYWHERE EXCEPT THRU FWD CALORIMETER, 
WHERE IT IS 33 mm DIA. WALL THICKNESS IS ASSUMED TO BE I mm. 
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BEAM PIPE DIAMETER IS SO mm EVERYWHERE EXCEPT THRU FWD CALORIMETER, 

WHERE IT IS 33 mm DIA. WALL THICKNESS IS ASSUMED TO BE 1 mm. 
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BEAM PIPE INSTALLATION· STEP 0 

1. Tracker Installed with integral beam pipe. 
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BEAM PIPE INSTALLATION· STEP 0 

I. Tracker Installed with integral beam pipe. 
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BEAM PIPE INSTALLATION ·STEP I 

I. Insert 33 mm dia beam pipe section thru endcap calorimeter. 
2. Move endcap calorimeter to minimum access position. 
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BEAM PIPE INSTALLATION - STEP 2 

I. Install getter chamber, which Is supported from the barrel calorimeter. 
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BEAM PIPE INSTALLATION· STEP 3 

1. Make joint between getter chamber and mating spool piece. 

FLG "A" IS COMMON TO 33 mm DIA BEAM PIPE SECTION 
& TO A WELDED BELLOWS WHICH FITS OVER THE 33 
mm DIA BEAM PIPE. FLG "B" IS MATED TO A SURFACE 
ON THE FORWARD CALORIMETER & THE BELLOWS IS 
COMPRESSED SLIGHTLY TO EFFECT A CRUDE SEAL. A 
NITROGEN PURGE IS mEN APPLIED TO ANNULAR 
SPACE AROUND 33 mm DIA BEAM PIPE SECTION TO 
PREVENT CONDENSATION IN THE ANNULUS. A ROUGH 
VACUUM MAY BE APPLIED TO THE ANNULUS TO 
IMPROVETHESEALQUALITYATFLG"B". 

FLG"B" 
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BEAM PIPE INSTALLATION - STEP 4 

1. Translate endcap calorimeter over beam pipe and into final position. 
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BEAM PIPE INSTALLATION ·STEP 4 

1. Translate endcap calorimeter over beam pipe and into final position. 
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BEAM PIPE INSTALLATION· STEPS 

I. Slide bellows assembly over exposed end of beam pipe. 
2. Clamp flange "B" to beam pipe. 
3. Cut off excess pipe. 
4. Weld flange "C" to beam pipe. 

• LP. + 
33mm-----

+ 

) ) ) ) ) 

When the bellows Is compressed, flange" A" makes a crude 
seal against the calorimeter surface. Removeable flange 
"B" is clamped to the beam pipe, also forming a crude seal. 
A dry nitrogen purge thru the annular space between the 
calorimeter and beam pipe is exhausted from an exhaust 
port in flange "B". Flange "C" mates to vacuum pumping 
equipment. 
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FLG "C" 
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BEAM PIPE INSTALLATION - STEP 6 

1. Install internal ion pumping station. 

VALVE 
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BEAM PIPE INSf ALLATION ·STEP 7 

I. Mate reinforced section or beam pipe which bridges the field shaper 
to internal ion pump station. 

REINFORCED BEAM PIPE SECTION 
FOR BRIDGING FIELD SHAPER 
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BEAM PIPE INSTALLATION ·STEP 8 

1. CIOlle the detector. 
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BEAM PIPE INSTALLATION • STEP 9 

1. Install external vacuum pumping station. 
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BEAM PIPE INSTALLATION ·STEP 9 

1. Install external vacuum pumping station. 
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BEAM PIPE INSTALLATION - STEP 10 

1. Install and connect quadrupoles. 

"'\·~ 
!i -.-
(:~.?~ ~ .... ~i.~ 

·~i1~;1 ... ,.,. ·1 

'·~*~' 
I . . ·r. - ~.,.,.,.,. 

COLLIMATOR 

QUAD 

l~.s~ Ii~ 
I ":,'.~'.-":-.'.-

l1!!!1!!!!!!!1!!!1!!!!l!!!l!!1!!!!!!!!!!!1!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ;~%~~~~··:•I 
.-~~:~r·::· 

' c ( c t 

SCALE 160:1 
Eberle 02/13/92 
Revised 02/27192 

t 

P10F2 

c c 



) ) ) ) ) ) ) ) ) 

BEAM PIPE INSTALLATION ·STEP 10 

1. Install and connect quadrupoles. 
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SSCVXl : : ROE 
MOR~ 

27-FEB-1992 17:39:40.13 

Note from Stiening on a serious halo problem 

SSCVXl::STIENING 
ROE 

21-FEB-1992 14:26:48.90 

Diffractive Scattering 

The issue that bothers me is described on page 220 of the 1986 SSC 
conceptual design report. The width of the forward elastic peak is 
9 microradians. If this occurs in the arcs of the Collider (and it will 
at the rate of lOEB/second) the particles will circulate just fine 
and when they get to the final focus triplets they will be at an 
amplitude 9E-6 * sqrt(305*9000) = 1.5 centimeters. These particles 
will hit the beam pipe in the triplet. How many of these strikes 
can be tolerated? 
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SSCVXl::ROE 4-MAR-1992 15:58:59.81 
MORGAN,MARX,SANDERS,BARISH 

FYI--Talk with Stiening for SOC but of interest to you also 

Two Itema From a Discussion with Rae Stiening 3/4/92 
B. Roe 

1. one turn halo background. We have a potentially serious problem from 
~aving protons beam gas scatter in the ares of the accelerator and then 
~it the beampipe walls in the vicinity of the low beta quads. 

rhe calculations are the following: 
:onsider a collision between a beam proton and a gas proton. To start with 
let the scattering angle be 0.1 rad in the center of mass system. (We will 
see this is too large shortly) . The beam proton loses about SO GeV and is 
scattered through a lab angle of 250 microradians. At the quads, Stiening 
:alculates that x (meters) is approximately theta * sqrt(300 * 9000) for 
~eta* = O.S m. (and the 9000 goes to 18000 for beta* • 0.25 meters) 
:or 250 microradians, x • 41 cm, ie it would have left the beam long ago. 
iowever, for 9 microradians in the lab the delta E is even smaller, the 
~perp is 180 MeV, a typical diffractive scattering size, and x • 1.5 ca. 
rhis is of the order of the vacuum pipe size (which is not yet fixed). 
~ae estimates that there are about 10**8 beam gas interactions per second 
and 1/4 are diffractive, 0.8 have the right phase, and 0.1--0.01 have 
~heta < 9.microradians. This gives a background of 10**5-10**6 protons 
~er second hitting the vacuUlll pipe walls in the 100 m long or so low beta 
~ad region. 

2UERY FROM RAE: Could we estimate what background rate of these protons is 
:olerable? 

r need help on this. It doesn't seem to me trivial. There are questions 
,f radiation levels, of background in the tracking system and muon background 
in the forward muon chambers. Can you see if some of this can be calculated? 

o.nother comment which may be pertinent comes from L. Jones who notes that 
~out a fourth of the inelastic cross section interactions end up with a fast 
forward neutron. The neutrons have an -300 MeV pperp distribution and very 
:rudely are distributed with a (1-x)**2 distribution. Although we don't have 
::.he length of the arcs for this, we do have about a kilometer 
,f straight section at the detector within which we might have these 
interactions generated. Is this a problem? 

2. Quadrupole position. Acting on a suggestion of Dave Ritson' s, Rae has 
:alculated optics assuming that the quads are moved back from 20 m to 35 m 
:rom the interaction point. The most important change is that the aperture 
1eeded to maintain the luminosity is increased by 17,. If the quads remain 
:he same size as now, the luminosity would decrease by the square of this, 
=oughly a 30-35' decrease. Building larger bore quadrupoles would allow us 
:o have no loss of luminosity. Rae estimates the incremental cost for the 
Larger quads as between $1-$10 million. It is likely that it may be at the 
Lower end of this estimate. Further there would be savings in that the quads 
<ould not have to be cantilevered out as far as in the present design. 

\re we interested in this change? It means that we would not have to 
iisinstall and reinstall the quads to move our detector far apart. It is 
'ossible that we will never need to move the detector halves far apart. 
1y own (gut-not factual) feeling is that I would be delighted, but quite 
•urprised, if we did not need to move it apart more than once in the first 
:ouple of years of operation. In any case we need to tell the accelerator 
'eople what our position is on this point. 
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Figure 1.3; The particle density ~ "1 for ~c and hadronic 
particles. 
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Figure 1.4: The ann.ge number of particles whose showers overlap a 
paint llt the gi'Vell 'I· Electromagnetic particles have smaller showers than 
INdrocDc particles, givmg fewer <>Yeriaps. A ploi of a cosh2 

'If is overlaid with 
the appiopriate value of a. . 
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• 

We ean also look in the ISAJET output direetly and count the number of particles that 

fall wit.bin a shower width's radius of specific points in '7· The result is plotted in Fig. 1.4 

along with the functions defined in Eq. (1.4). 

We a.bop~ in Fig .. 1.5 the variance (or its square root) of the number of overlaps, 

which is needed to ca.leulate the variance of the deposited energy. Note that the number 

of overlaps does not follow Poisson statistics most notably at large .,,. At large .,,, the 

distribution of particles is highly correlated. Particles are produced in localized jets con- _ 

Wning many particles. Thus, i£ a Pa.:ticle is produced in a region, then it is highly likely 
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Figure 1.5: The square root of ~be ~ cl. the the uumbec cl. showers 
overlapping a poillt at any p~pklity. 

i 

that there will be another particle nearby, whereas Poisson counting assumes that each 

(particle, event, comit) is independent. 

At low fl, the meaa mimber al overlaps follow the prediction quite well, especially for 

the elect;r~ case, but at mp 'I tlie Monte Carlo shows & deviation from the simple 

lllOGW. 'Ille JllOCilel preclicts eYer inc:r : r sing numbers cl. particles as '1 increases, but this is 

c:leariy unphysical past a certain point. A real calorimeter will only have coverage out to 

a ma.Yimum '1 of 5.5-6. At some point maximal overlap occurs such that all the available 

particles overlap an extended region in '1· We can calculate the point at which this occurs. 

A calorimeter with coverage out to '1 = 6 goes down to angles of 4.96mrad. An 

electromagnetic shower with a width of 2.2cm in a calorimeter that has a 75cm 14dius 

has a width in 8 of 29.33mrad. So, an electromagnetic particle that showers at '1 = 4 

corresponc:Wlg to 8 = 36.63 mrad will nof overlap the edge of the calorimeter at '1 = 6, 

while a particle showering at '1 = 4.5 will. This results in the behavior seen in Fig. 1.4 

where the EM overlaps become constant after '1 = 4.5. A similar calculation for the wider 

hadronic showers show that after a pseudorapidity of about 2.5, showers are overlapping 

the edge of the calorimeter. 
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Fig. 1 

FDPP 
ARRAY 

CALORIMETER 

CHANNELS 

x 4 FDPP 

Phase 1 

Fast cluster finding system block diagram. Proceeding from bottom to top, one sees the 
mapping of calorimeter channels to Data Wave processing elements (PE) followed by the 
mapping of 256 PE's to on FDPP. On the right the data acquisition and reduction phases 
(described in the text) are aligned in order from bottom to top along with the time dura-
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DAVIS Cell Architecture 

Architecture 
- 125MHz(8ns) 

- Multiply-Accumulate in every cycle 

- 3 ring buses, 3 core buses 

- 3 kbits program store (static RAM) 
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Typical problems of 
Digital triggers & Data acquisition/compaction 

in Calorimetry of High Energy Physics. 

For any number of channels: 

1. Calculate the total energy and 
the transverse energy 

2. Calculate the geographical address 
of clusters (local maxima). 

3. Apply a threshold to the combined energy 
of a local maxima and of its neighbors. 

4. Isolate from the empty calorimeter. 
channels: 
- the clusters found along with their regions 
of interest and 
- calculate their cluster shape-factors 
(e.g. to separate pions/electrons). 
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256 x FDPP Modules 

for HEP reo.l tlMe o.lgorlthMs 

FDPP o.rchltecture for o.n 

o.rro.y of 100x100 cho.nnels 

Eo.ch FDPP Module o.no.lyse 36 
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Algorithm 3 
each FDPP 
- scans 100 channels 

- finds type of hit 

finds local maximum ~~~~~~ 

- calculate E, I/C, O/C 

different type of hit 

in 62 .µsec 
(electron events) 

OR 

/\ 

®-

-

-

-

-
-

-
... 
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OR 

e 12 

E=C+~I+~O 
1 1=1 1=1 

~/*(1/6 t.l)/C 

fo;rL(1/12 I;o)/c 
{ ~ 1=1 

/\ 

C = C1+ C2.+ C3 , 16 

E=C+C+C+ ~I+~ 0 
2 1 2 3 1=1 1=1 

(1/*(1/9 t.I)/C 

(o/*(1/15 t.o)/c 

The same event N.)J from RUN 22531 on SPACAL (199.~ 

E 1 = 27 .25 Gev 

~;r}l = 0.1667 -

(o I cJ = o .1544 

. 

E
2 
= 28.25 Gev 

(1;c)2 = -- 0~2874 
(o ;q = o.0977 
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1. :MIMD PARAILEL HYBRID SYSTEM 

used for: 

- distributing p~es over several proces&>rs 

- concentrating the processing power in the region 
ofthe detectorwhere there are some interesting 
data. 

2. DATA FLOW BASED 

used in: 
• 

(a) CAIDRIMEIER 
- fast data correlation 

(b)'IRACKING DEIECIORS . 
- should bepos&ble to reconstruct tracks 115ing 
the data flow principle: 

Proces.wg Elements execute programs 
when ~e inpu~ data is available. 



r 
FDPP + pATAWAVE ~em 
gives the possibility to realize a 

FI .EX I BLEARCHITECTURE 

- . . 

1. MIMD PARALLEL HYBRID SYSTEM 
(loosely coupled but with both ~erial and parallel exchange) 

on the higher level anay p~or 
(DSP +·'Thmsputei"s) 

- with the possibility to change dynamically the t9pology 
of the system (e.g. from a tree structure to a me8h 

structure)· 

• - with 1.2 "Mbyte/s serial links 
- with parallel channels of up to 150 Mbyte/s 

2. DATA· FLOW BASED 
on the lower level array processor (Data Wave) 

- with 750 Mbyte/s maXimum transfer rate between 

. chips. 
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Data Wave chips 

The one described in the magazine El
ektronik 12/june 8, 1990 has: 

- 16 identical PE5(in program also with one and 
64 PEs) 

- individually programmable 

- working on the data flow principle and or
ganized in a matrix form 

- each PE is a RISC processor with 12-bit 
architecture which operates on the pipeline 
principle 

- each PE communicate with their four nearest 
neighbors via asynchro;.1ous parallel buses 

- each PE can have a maximum progra1n 
length of 64 words of 48-b!tseach. 

... 

... 

.. 

.. 

-

-
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A "local maximum" is a channel value 
greater than or equal to its neighb9rs 

I I I 
I c I 

8 

E = ~ Ii + C 
I I I i=1 

) 



Each DataWave receives DATA from: 
the Calorimeter (A/D converters) 
and from neighboring DataWave chips 

I North I 

West 

lsouthl 

Each DataWave sends DATA to: 
neighboring DataWave processors 

West 

I North I 
... 
I 

'[i] 
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~ .1 Eastl, 
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E,_..,..~·£ r~f; EJ.: ~ c'7e,, .. a._. 

- DataWave pro ram to tr sfer 
input data int PE 

- /* START LOADING FRO OUT ELECTRONIC • / 

ITQJ alu=alu+n*r 11, e=s=r9=n 

- [ill alu=alu+n*r 12, e=s=rB=n 

@] alu=alu+n*r 13, e=s=r5=n 

@] alu=alu+n*r 14, e=s=r6=n -
/* END LOADING FROM READOUT ELECTRONIC • / 

Data Wave program to exchange - data with neighboring PE 
/* START TO EXCHANGE DATA WITH NEIGHBORING PE 

I t4 I r2=n, - w=r5 · 

I t5 I acc=r8+r9 

- [ill r3=e, acc=acc+r5 

I t7 I s=r4=w, n=r5 

- [}[] acc=acc+r3 

I t9 I w=r5, acc=acc+r6 

lt10! n=w, r7=s 
- !t11 I rl=n, acc=acc+r2 

lt12 I . acc=acc+r4, . s=alu 

- l /* END OF DATA EXCHANGE. WITH NEIGHBORING PE • 



Algorithm 1 
each FDPP f~r t~e 1E le-Jet tr,·~i·t 

- -·calculates E, I/C, O/C (•" floOlting po1'ht) 

. 15 ' 1 Ill. µ s SHAfE FAC.,-Ofl.S. .. 

8 18 

E=C+ I;~+ I; Oi .. 
1=1 1=-1 !t 

s,.s 
. 8 .. 

I/C=(1/8 I;\)/C"-
1=1 s 

. ,.~ 

. 16 

O/C=(1/16 I;oj)/C 
1=1 ' .. 

-0~ 

. 5}15 

.. .; ,. 

.. 
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- Algorithm 2 
- each FD PP .. for t~e 'E 1~..,,1 tr.11tt 

- calculates Rp (in f\D..i. tins po\nt) 
-

in 15 µs 
-

-

-

25 . ~ r.Eo.• 
1=1 i 1 

Rp =---
25 

.~ E~··. 
1=1 

1 

-
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Example of a DAQ for 60,000 channel Calorimeter 
with II level tri11er of 10 ICBz, no zero euppreeelon and with no dead-time 
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Example of a DAQ for 60,000 channel Calorimeter 
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Preliminary Data Sheet 
December 1991 

The 24&-Type U- lloclUle la available wltll a ,._,.n, 
hermellc, bcllhNfly pacbge. 

246-Type ASTROTE~ Digital 
Isolated DFB Laser Module 

Features 

• Isolated package providing a minimum ot 30 ell 
isolation 

• SONET compatible 

• High-performance, distributed-feedback (OFB) 
laser 

• 14-pin, butterfly package 

• 25 n. impedance-matched, RF input 

• 2.5 Gbits/s data rate (NRZ) 

• Epoxy-free, hermetic package 

• Wide operating case temperature range: 
-4o •c to +65 •c 

• Operation at 1.3 µm or 1.55 µm wavelength 

• lnGaAs, PIN, photodetector backface monitor 

• Low threshold current 

• High reliability 

Applications 

• Telecommunications 
- SONET 
- Long-haul 
- lnterexchange 
- Undersea 

• Military 
- Space stations 
- Phased-array radar 
- Microwave 

... 

-

... 

... 

... 

... 

... 



Data Sheet 
December 1991 

127 A/B/C ASTROTEC
lnGaAs Avalanche Photodetectors 

Th• 127 AIBIC APO• are compalfbl• wllh lndvalr)'-•wnclard 
,..ckagn. 

• 

Features 

•· High pelformance at both 1.3 µm and 1.5 µm 

• Suitable for use in harsh envilOnments 

• Higher sensitivity and IOnger wavelength response 
lhan germanium APOs 

• Pennanently locked fiber alignment and high 
coupung stability 

• Reliable planar structure with lnGaAsP layer and 
guard ring for high-speed perlormance 

• High responsivity from 1.0 µm to t .6 µm 

• Wide bandwidlh: 
>1.0 GHz (127A) 

· >1.8 GHz (1278) 
>2.5 GHz (127C) 

• Compatible with Industry-standard packaging 

• Applications for high data rates: 
-Up to t.5 Gbi!S/s (127A) or 2.5 Gbi!S/s (t27BtC) 

• Low capacitance 

• Standard pigtaU Is a multlmode fiber with a biconic 
COMector; other pigtails available on request 

Applications 

• Telecomrrunlcallons 
- High-speed, long-haul comrrunie:alion systems 
- High-speed metropclitan area netwotl<s 
- Submarine cabkl communie:alion systems 
- High.frequency analog transmiSslon 

• Military 
- Very IOw-noise receivers 
- satellite transmission 
- Optical radar 
- Free-space optical communication systems 



Data Sheet ... 

ODL GP 200 Lightwave Data Link 
With ftll9 ..., 

A high-pe~ optk.i data Nnk PffNftle• •i.ctrical ilolation 
end •.Cul9 INltmlHion llo-n DTE~·· 

Benefits 

• Data link Immunity to EMl/RFl, ems,,., Ind 
ground loops 

• Secure data transmission without enc:ryptlon 

Features 

• Data rates from 40 Mblts/s to 220 Mbls/s (NRZ) 
at 1.3 µm wavelength 

• New transmitter design with reduced lXMW 
dlsslpatlon 

• New receiver design with Improved recet..,. 
sensitivity and dynamic range 

a tOOK ECL compatible 

• Single power supply 

• Ambient temperature: o ·c to 70 ·c 
(See Thermal Characteristics section.) 

• Rugged, connectorlzed 16-pln DIP 

• High reiiabDlty (MTBF > 1 x 1 o• hours) 

Applications 

•Telecommunications 
- Network control and timing 
- PBX module Interface 
- Local loops 

• Data Communications 
- Local area networks (LANs) 
- Point-to-point communications 
- Channel extenders 

• Security communications 
- Banking 
- Mffltary 

.. 

.. 

------- --------~-----------
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Forward Regions 

Calorimetry,Muons,Magnet,Beam Pipe,Vacuum 

L.Waters, J.Rutherfoord, X.Morgan 

GBM Collaboration Meeting 
March 7·11, 1992 - Tucson, AZ 
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From: 
To: 
CC: 
Subj: 

SSCVXl::ROE 4-MAR-1992 15:58:59.81 
MORGAN,MARX,SANDERS,BARISH 

FYI--Talk with Stiening for SDC but of interest to you also 

Two Items From a Discussion with Rae Stiening 3/4/92 
B. Roe 

1. One turn halo background. We have a potentially serious problem from 
having protons beam gas scatter in the arcs of the accelerator and then 
hit the beampipe walls in the vicinity of the low beta quads. 

The calculations are the following: 
Consider a collision between a beam proton and a gas proton. To start with 
let the scattering angle be O.l rad in the center of mass system. (We will 
see this is too large shortly) . The beam proton loses about 50 GeV and is 
scattered through a lab angle of 250 microradians. At the quads, Stiening 
calculates that x (meters) is approximately theta* sqrt(300 * 9000) for 
beta* = 0.5 m. (and the 9000 goes to 18000 for beta* • 0.25 meters) 
For 250 microradians, x • 41 cm, ie it would have left the be&.111 long ago. 
However, for 9 microradians in the lab the delta E is even smaller, the 
pperp is 180 MeV, a typical diffractive scattering size, and x • 1.5 ca. 
This is of the order of the vacuum pipe size (which is not yet fixed) . 
Rae estimates that there are about 10**8 beam gas interactions per second 
and 1/4 are diffractive, 0.8 have the right phase, and 0.1--0.01 have 
theta< 9 microradians. This gives a background of 10**5-10~*6 protons 
per second hitting the vacuum pipe walls in the 100 m long or so low beta 
qu<>d region. 

QUERY FROM RAE: Could we estimate what background rate of these protons is 
tolerable? 

I need help on this. It doesn't seem to me trivial. There are questions 
of radiation levels, of background in the tracking system and muon background 
in the forward muon chambers. Can you see if some of this can be calculated? 

Another comment which may be pertinent comes from L. Jones who notes that 
about a fourth of the inelastic cross section interactions end up with a fast 
forward neutron. The neutrons have an -300 MeV pperp distribution and very 
crudely are distributed with a (1-x)**2 distribution. Although we don't have 
the length of the arcs for this, we do have about a kilometer 
of straight section at the detector within which we might have these 
interactions generated. Is this a problem? 

2. Quadrupole position. Acting on a suggestion of Dave Ritson's, Rae has 
calculated optics assuming that the quads are moved back from 20 m to 35 m 
from the interaction point. The most important change is that the aperture 
needed to maintain the luminosity is increased by 17%. If the quads remain 
the same size as now, the luminosity would decrease by the square of this, 
roughly a 30-35% decrease. Building larger bore quadrupoles would allow us 
to have no loss of luminosity. Rae estimates the incremental cost for the 
larger quads as between $1-$10 million. It is likely that it may be at the 
lower end of this estimate. Further there would be savings in that the quads 
would not have to be cantilevered out as far as in the present design. 

Are we interested in this change? It means ~hat we would not have to 
disinstall and reinstall the quads to move our detector far apart. It is 
possible that we will never need to move the detector halves far apart. 
My own (gut-not factual) feeling is that I would be delighted, but quite 
surprised, if we did not need to move it apart more than once in the first 
couple of years of operation. In any case we need to tell the accelerator 
people what our position is on this point. 
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BEAM PIPE DIAMETER IS 50 mm EVERYWHERE EXCEPT THRU FWD CALORIMETER, 
WHERE IT JS 33 mm DIA. WALL THICKNESS IS ASSUMED TO BE 1 mm. 
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BELLOWS, TYP 
33 mm DIA SPOOL PIECE 
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*** CT PAMMETER1ZATION SUBROUTINE *** 
CTRACKER(PID,XIN,PIN,XOUT,POUT,ERRP,ERRB,CLZ,RADL,INTL,GRAMS,IERROR) 

FUNCTIONAL pESCRIPTION 

This subroutine parameterizes the central tracker (CT) response for GEM. 

INPUT PARAMETERS 

PID: 
The particle ID from 5TiHf p 

XIN: 
A vector describing the input point (the vertex), X, Y, Z. Values are in centimeters. 

PIN: 
A 4 vector containing the momentum and energy, Px, Py, Pz, E (total) Values are in 

GeV/c and GeV/c2 

OUTPUT PARAMETERS 

XOUT: 
A vector containing the exit point of the particle from the CT region. Currently the CT 

region is a cylinder of length 300 cm and radius 75 cm. Output values are in centimeter 

POUT: 
A vector containing the output momentum and energy at the boundary of the central 

tracker. Values are in GeV /c and GeV /c2 

ERRP: 

The error in the measured momentum expressed as a percentage dP /P. 
ERRB: 

The error in the measured impact parameter. Value is in centimeters. 
RADL: 

The number of radiation lengths the particle passed through. Value is the number of 
radiation lengths, i.e., 0.15 is 153 of a radiation length. 

INTL: 

The number of interaction lengths the particle passed through. Value is the number of 
interaction lengths, i.e., 0.20 is 20% of an interaction length. 

GRAMS: 

The a.mount of material in g/cm2 the particle passed through. 
ll;RROR: 

An error code with the following values: 
0: Succeufnl retum-no error 

1: Parlicle below eutoft' momentum-not tracked 4: Unable to :llnd particle charge-bad PID 
2: Intersection with outer CT boundary not found &: Undefined error in CTMAT 
3: Origin iii OUTSIDE CT region-not tracked 6: Undefined error in CTMEAS 



This file is in -ma/sgi/gemsim/reacime_l. 
All files mentioned in this note are in -ma/sgi/geasia 

1) General Outline: 
The calorimeter is segmented a.s 0.04X0.04 for ea cells, &nd 

O.OSX0.08 for hadron cells. 

Energy resolution for the shower a.re pa.ruaetrized a.s 
sigma_E=sqrt(A••2/E +B••2) 

where A and B could be a function of eta (not yet, but will be soon), 
and particle type (hadron or em) . 

Muons only deposit minimum ionizing energy. No multiple 
scattering and fluctuation are. ta.ken into account yet. 

Longitudinal shower profile is parametrized using Bock's 
pa.rameters after the first interaction point with proper energy dependence. 
The first interaction point is exponentially distributed, according t.o 
the interaction (radiation length). 

Transverse shower profile is parametrized by exponentials, 
no energy dependence has be ta.ken into account. Neither is the 
fluctuation. The fluctuation may be implemented later. 

The energy of the particle is then deposited into the cells 
of the calorimeter, stored as Et in GeV. 

Thermal noise and pile-up noise can be added to the cells. 
EM calorimeter, thermal noise /cell =35MeV 

pile-up noise /cell =35MeV 
Hadron calorimeter thermal noise /cell= 250MeV 

pile-up noise /cell= 200MeV 
The hadron calorimeter thermal noise includes all four that 

from all longitudinal depths. 

Jets can be reconstructed from the calorimeter information, 
with given cone size, minimum jet Et, and minimum cell Et. 

Position resolution and angular resolution for em shower has not 
yet been implemented. Roughly one may achieve a position resolution of 
4.4mm/sqrt(E), and an angular resolution of lOOmR/sqrt(E). This 
assumes a longitudinally segmented EM shower calorimeter, with neither 
preradiator nor shower max detector. 

Z) Subroutines in calo.f 
SUBROUTINE CALINI 

initialize the cells, calculated sin and cos theta, etc. 
SUBROUTINE CALOCL • 

clears calorimeter cells, should be called at beginnin of each 
event. 

SUBROUTINE CALONS (XLUMI) 
adds themal and pile-up noise, luminosity =xlumi•l0••33 

SUBROUTINE CEMHAD 
add em and had cell energy together. prepare for CJETS 

SUBROUTINE CALOED(ID,VERTEX,P,EM,EHAD) 
deposit energy of a par~icle into cells, return also the 
measured energy in em and hadron calorimeter. 

SUBROUTINE MINION(IEM,E,RADLEN,DE) 
calculate energy deposited by minimium ionizing particles, 

-

-

-

-
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given the pa.th length in ra.dia.t.ion length. 

SUBROUTINE CJETS(RJET,EJCUT,ECCUT,BTSTOP) 
find jets, with cone size RJBT, minimum jet pt BJCUT, minimUlll 
cell et. ECCUT. ETSTOP is the ainiaua Bt of t.he •tarting cell. 

SUBROUTINE 'fPHI(PINT,Y,PHI) 
given a four vector PINT, calculates eta. and phi. 

SUBROUTINE ECONE(PINT,POUT,RJET,ECCUT) 
given an a.xis PINT, ca.lcula.te a. jet. with cone size RJBT, a.nd 
minimu cell et ECCUT 

SUBROUTINE CDEPTH(ETA,PHI,CRADL,CABSL) 
given ETA and PHI, find number ofra.dia.tion length and abs 
length of the em a.nd hadron cal. 

SUBROUTINE CITRAN 
initialize the tra.nsverse shower pa.ra.meteriza.tion. 

SUBROUTINE CLONG(EE,KK,DF,DD1,DD2,ED) 
longitudinal shower profile parameterization. 

SUBROUTINE CALORE(ITYPE,ETA,A,B) 
calorimeter energy resolution at. a given et.a.. 

SUBROUTINE CALDIS(ETA, DIST_EM,DIST_HAD) 
distance from em a.nd hadron cal t.o the interaction point. for 
given et.a.. 

3) example 

,... isa._example.f is a.n example of using the package. It 
reconstructs H-->ZZ-->mu+mu- jet jet events with Mh=800 GeV. 

SUBROUTINE USER 
analyzing isa.jet event. 

SUBROUTINE CALSIM 
,... clear ca.l cell, fill cells wit.h particles, a.dd noise, combine 

Em a.nd hadron cells. 

-
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92/03/05 ~9.57 

x rd 2 

0
_
757 

HIST LLQQzNOCUT.HST 
ID 161 
Entries 1061 

0.681 
Mean 90.97 
RMS 8.341 

t 1.276 

- 0.605 
Constant 0.4996E-12 
Mean 91.84 
Si mo 4.979 

0.53 

0.454 

0.378 -
0.303 

- 0.227 

0.151 f 
ttf - 0.076 

0 
++ +'.+. +t ++t+ t 

60 80 100 120 140 

JJ MASS, W/MMJJ CUT 

-



... 

92/03/05 19.59 
... 

x rd 2 

0.812 
HIST LLOOzNONOISEzNOCUT.HST 

ID 161 
Entries 1063 ... 

0.731 Mean 91.18 
RMS 7.992 
>( 0.9851 

0.65 Constant 0.5789E-12 
Mean 92.03 -Si mo 4.344 

0.569 

0.487 

0.406 

-0.325 

0.244 -
0.162 

0.081 -
0 

60 80 100 120 140 

JJ MASS, W /MMJJ CUT 
... 

-
... 
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-12 92/03/05 19.56 
x , 0 

0.836 
HIST LLOOz1 GEVzNONOISE.HST 
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PHYSICS SIMULATIONS FOR THE GEM TECHNICAL PROPOSAL 

Yesterday, I met with Bing Zhou, Rob Carey, Jim Shank and Liz Simmons to discuss 

who might be mvolved /recruited to do physics simulations based on the "level-o" detector 

simulation that is supposed to be ready by Tucson. The physics processes we considered 

are the 10 given in my "First Priority" list of January 20 p/u4 tf.9° - isolated t:!: + ii 
and tt detection and associated mass measurements by tagging isolated t.± (from w±) and 

inclusiveµ.± (from b). These last two processes satisfy two of the complaints that the PAC 

made about our LOI simulations. I have incorporated the PAC's other complaints into the 

list of processes. I have also very slightly revised the original list to be more responsive to 

the PAC (e.g., extending the mass range for 9° --+ t.+1.-t+t- to 800 GeV and asking if 

this is' doable at C. = 1034 cm-2 s-1 .) 

Below is the draft list of names (or groups) we came up. Obviously, we need to recruit 

others (especially, John Wormersley, Fred Olness and Hallsie Reno). We should try to get 

as much of this done as possible for presentation at the July PAC meeting, using the best 

detector simulations we have at that time. For those processes which the PAC specifically 

commented upon, completion of the simulations by July is mandatory. These are items 1, 

2, 3, 4, 6(?), 7, 12. It goes without saying that all physics and detector backgrounds to 

the processes below must be studied with care. 

FIRST PRIORITY PHYSICS SIMULATIONS 

1. 9° - ii (lvfH:::: lOOGeV) 

- involves CT, ECAL, (HCAL), TR. 

• Renyuan Zhu and coworkers. 

These must be done with worsened resolutions (103/VE e 1 - 23 for LAr and 

23/VE e 1 - 23 for BaF2 ) as well as resolutions from the level-n (n ;;:: 0) detec

tor simulations. The PAC is also concerned with backrounds to ii from misidentified 
e±. 

2. Associated production of the light Higgs, tf.9°, with 9° -+ii (MH:::: 100 GeV) 
- involves CT, ECAL, HCAL, TR. 

• Renyuan Zhu and coworkers. 

These must be done with worsened resolutions (103/VE e 1 - 23 for LAr and 

23/VE e 1 - 23 for BaF2) as well as resolutions from the level-n (n ;;:: 0) detec

tor simulations. The PAC is also concerned with backrounds to ii from misidentified 
e±. Is b-tagging by inclusive muons useful? Or is the rate too low? 

1 
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3. H 0 ..... e+e-e+e- (MH::: 150 - SOOGeV) 

- involves CT, ECAL, (HCAL), TR. 

• Renyuan Zhu and coworkers. 

These must be done with worsened resolutions (103/v'E el 1 - 23 for LAr and 

23/../E e 1 - 2% for BaF2 ) as well as resolutions from the level-n (n 2: 0) detec

tor simulations. The PAC is also concerned with electron identification in the end 

caps. Is H 0 (MH = 800 GeV)-> e+e-e+e- doable at .C. = 1034 cm-2 s-1 ? 

4. H 0 __, µ+µ-µ+µ- (lvlH::: 150 - 800GeV) 

- involves CT, MUON, (HCAL), TR. 

• Jim Shank (BU) will organize this. 
Is H 0(MH = 800 GeV) __, µ+µ-µ+µ- doable at .C. = 1034 cm-2 s-17 

5. H 0 ..... 1.+1.- jet jet,/.%= e:: andµ% (MH = 800 GeV) 

- involves CT, ECAL/MUON, HCAL, TR. 

• Hong Ma should organize this. 

Rob Carey can serve as a resource for spaghetti calorimetry and Jim' Shank for muons. 

6. H 0 __, 1.+1.-vv, f.% = e:: orµ% (MH = 800 GeV) 

- involves CT, ECAL/MUON, F /B, TR. 

• Mike Shupe and/or Geoff Forden should organize this. 

Jim Shank can serve as a resource for muons. Hong Ma and Renyuan Zhu might serve 

as electron advisors. 

7. tt production and mass measurement for me = 250 Ge V in standard ( t -+ w+ b) and 

non-standard (t __. H+b) decay modes. The signal is an isolated f.% from w:: decay 

and an inclusive muon from b decay. 

- involves CT, ECAL, HCAL, MUON, TR.. 

• Frank Paige will organize this and recruit appropriate muon and electron people as 
resources / advisors. 

8. Leptoquark pair-production and decay, gg __. '"l:q'lr'QL -+ br+b-r

- involves CT, MUON, HCAL, F/B, TR. 

• K. Lane will discuss this with Frank Paige to determine what needs to be done and 
who should do it. 
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9. Quark substructure in high-PT and invariant mass jet production (deviation from 

QCD cross sections a.t PT ;(: 4 Te V) 

- involves ECAL, HCAL, TR. 

• Rob Carey will organize this, with K. Lane as theory advisor. Hong Ma. should be 

involved a.s a LAr resource. Compensation (e/h) is an important issue here. 

10. Quark/lepton substructure in qq-+ µ.+µ.-a.thigh invariant mass (a deviation from the 

Drell-Yan cross section a.t M ;('.; 2TeV) and ultra.high luminosity,£= lOHcm-2 s-1• 

Determination of the chiral structure of the contact interactions and the reach in the 

substructure scale, A 

- involves CT, MUON, (ECAL, HCAL), TR. 

• K. Lane and Liz Simmons (and, possibly, Mitch Golden) will organize this, with Bing 

Zhou and Jim Shank as resources / advisors. 

11. z10 -+ t.+ e-, with t± = e:I:, µ.:I:. Precision measurements of mass, width (via. e+ e-) 

and asymmetries (viaµ.+µ.-); determination of the reach in Mz .. Detector perlor-
mance a.t .C = 1033 cm-2 s-1, lOH cm-2 s-1 

- involves CT, ECAL, HCAL, MUON. 

• K. Lane will organize this, possibly with local theorists, a.nd with Shank, Zhou , Zhu 
and Ma. as resources / advisors. 

12. Gluino pa.ir production via. the 1T and and likesign-dilepton signatures 

- involves F /B, E/HCAL, CT, MUON. 

• Frank Paige will organize this, with Forden and Shupe a.and lepton people recruited 
as resources. 

3 
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CENTRAL SUPPORT STUDY 

Determine if the central support proposed by the calorimeter team 
"will work." 

"Will Work" is define defined merely as having acceptable stress 
levels and having a linear buckling load factor greater than 1 !!!!! 

Another point of interest is to determine the minimum number of 
gussets necessary to work and minimum plate material thickness. 
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Structural Prameters 

(I.) All materials assumed to steel. 

<2.) Central support will still be supported from the bottom le 
cradle. 

(3.l Total calorimeter load is 2500Mt. 

(4.) Adequate space for stiffening rings between barrel and end cap 
ca 1 orirneters. 
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LI n STRESS Le• I 

( ' ' ' ' ' • ( ' 

Von Hleee 
.5.17E+l!l3 

.4.61l1E+lll3 

.4.l!l:SE+lll:S 

D:s.45E+lll3 

.2.88E+~3 

.2.31l1E+lll3 

l,11i#l 1 • 73E +lll:S 

• t.15E+l!l3 

.578.l!llillll(i) 

.:l.77llllllllllll 

COSMOS/M 

ver-sion 1 .65 
pr-ob:centr-als 
date:©6-MAR-92 
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RES UL TS SUMMAR I ZED 

( 1.l Structure ·w111 work" with no gussets and column material 
plate thickness of 4 inches. 

(2.l Structure has higher buckling load factors without gussets than 
with. However, gussets reduce concetrated stress levels. 

RECOMMENDATIONS 

< J.) For base I ine purposes use the proposed central support 
structure, i.::$ ll&:S 'or mg " Olis: I; 'T !Litbi !ll!!IE 
5'_'5957 § 

(2.J Cont1nue analysis to optimize and evalute using more accurate 
methods. 

(3.J Consider d1fferent global support techniques. 

• 
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WrlA1 NEXT ? 
-Wl-IAT NOW ? 
GEM BASE: L\Nt 
-i:f GOOP fOR\r/A~D MUONS 
_ AND CALO~IME.\E:.F\ 

'' 1-4Al\DEST P~O&LEMS" . 

-1::! BEST E.M. C.ALO~IME.1E.f\ 
-~ ~A~~eL MUONS - MEET ~Pe(5 

* HAQ~ON CAL.O~IME.\E.~ -
t'1f.ETS SPEC::S - OUTJ:~ RADIUJ 

cosr 
-* (ENT~AL T~ACKE.~ -

~OOP ~E.VIE.W_ -
-

SIGN Al HIGH ENE.~Gl ? ) 
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- N E.XT : ~A5E LINE COST 

\~IM~ I si Pee"' ...... 20 AP~IL 

' . i ' ( .. ~ . 

- I )· I \I'·\ .. so ME COST P~OBS. 
. . · .~~. i ll l\ELY - . ,~ r i 7 ~. 

-

-

-

-

- MA6NET - L\1TLE 
fLEXle>ILITf' 

- C.ENT~AL "Tf\AC.fc\E" 
REVIEW C.OMMlTTIE. 

"QON'T MA~E IT WO~SE '' 
- C.ALORIMETcP) S'<STcM-

11 HOLD LINe, INC.LU~E. 

fOf\WA~D 'AL .it- Pf\E- 1'AP. 

- HAD~ON 'ALOJ\IME.TE~. 
"CMEAPE~, PENSE"~-··,, 

- MUON'S: ? 7 TR!{.6-C({ 
'' MA~e 'T wof\~ .. ~ 
T~IGGEP,, ALIGNMENT!'' 



THEN: MEMO TO PAC 
5U~MlT ,...., .3 JULY 

74 DA) 
. 

- ~E.SPOND TO DEC.EMf>C.~ 
(OMMEN TS 
BASE LINE MODIFIED TO FIX 
COS1'5 PLUS DE.CISIONS ~ POSSle>LE' 

- MAGNE.T 

. ..,,.. ·- .. . . . ' . , . I . . . . 
• . 
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NEXT: LAST DEClSlON5 

~ ~ 13 AUGUST 41 DAYS 
- AND THE. BlG TDC 
~ SUBMIT .... 9 Nov. 88 DAY5 
- MANAGEMENT!. MA~~~.E~E~T ! M~NA~E.~~-HT f 

. . . . ~ 

:.. Te.c:HNlC.ALLY SOUND 

- PAC. eLES~E.D -
- Cosr ~ELIA~LE., < ~ soo M 

-( BACK Doo~s ?!) 

-
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We NEED A LOT OF WO"'~ DONf. 

DU~lN~ THIS ~HO~T, VlTAL 
PC.~l OD 

CAN WE. ueT 
HE.LP FROM PJ:OPL.E 
NOT '(ET MU'H 
\NVOLVED ? 

PARTl,ULA~ NeEDS A~e.: Hf.PAP 
- ~lMUL..ATtoN Of Wt-tOLE. D!JE.CJOJ\ 
- ti,6\TA .A,QUISITI ON 

- - W~\TlNG ANt) ePlTINCa 

~~ ~ s c V' ! ~ I T 0 F\ .~ 
-

_ IF VOU "'EALLY \.tKE c:ifM, JOIN 
THE &IC. EFFO~T· fOI\ FINAL APPROVAL 
AND To G&l ~ONS~UCTION UHPl!fl, W1'YI - . . 


