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Abstract: 

Transparencies from the GEM Council Meeting at the SSCL on 
September 5, 1991 are presented 



GEM 
COLLABORATION COUNCIL MEETING 

SEPTEMBER 5, 1991 

Preliminary AGENDA 

9 AM - General News and Status (Barish/Willis) 
Document tracking and other issues (Yost) 

9:45 - Working Group Reports 
1) Hall and Facilities (Stefanski) 
2) Magnet (Stroynowski) 
3) Muons (Taylor/Ahlen) 
4) Calorimeters (Brau/Adair) 
5) Inner Tracking (Musser/Gordon) 
6) Electronics/Triggering (Marlow/Shaevitz) 
7) Computing (MacFarlane/Newman/Zhu) 

Noon - Lunch 

1 PM - Discussion Item 
1) Forward Calorimetry - Virtues/Requirements (Rutherfc ·d) 
2) High Field option for GEM (Olson) 

2 - Defining GEM for LOI 
1) Detector Decisions (Barish/Willis) 
2) Parameters/Engineering/Costs (Sanders/Marx) 
3) LOI Physics Questions (Lane/Paige) 
4) R&D - Engineering FY92 Requests; Beam Tests (Baltay) 
5) The Collaboration (Ferbel) 
6) Management and Organization (Barish/Willis) 
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I 
Collaboration 

Council 
Sec. J. Reidy 

I 

General lnatltutel 
Aulmbly 

SSCL PAC 

Co-Chairs 
Barllh, Wiiis 

I 

Subsystems 

1-Calorlmeter-Brau, Adair 

~11uons-Ahlen, F. Taylor 

~Magnet-stroynowlkl, lluhkl 

I 
I 

LOI Talk Foret 

L-Phy1lcs-Palge, Lane, Zhou, 
Branson 

L.Dlllctor Paramtllrs, Colt, 
lcll1dule lln, Sendera 

1-Tracklng-llorgan, Musser, BllUy 1-LOt Document-Yost, Durden, 

.. Trigger/DAO-Marlow, Shuvftz 

.. Computing tor Slmulatlon and 
Analysls-llcfartane, Newman, 
Zhu 

llndtrs, Min 

1-ll&D, Engineering, Tests, 
Beams-Baby, Chin, 
Gordon, lloc:kltt, Webb 

L.Cotlaboratlon Growth l Lill
flrllll, Sulak, Chin, Winn 
(USSR) (China) (Koria) etc. 

I 
Executive ConvnlttH 

Baby 

LTalkl: 

llarx 
Pla1U 
Slmlos 
Sanders 
Sulik 

Accountabllltr 
lllanaglmlnl Plan 
Yaldate Technical 
Decisions 

h417-17-91 





The Project, The Progress, The Physics 
1991 Symposium on the Superconducting Super Collider 

Sunday, October 13 

7:00 -9:00 PM 

Monday, October 14 

8:30AM 
8:45 
9:30 
9:45 

10:00 

10:30 
11:30 

12:30PM 

2:00 

3:00 

3:30 

4ill 
4:30 
5:00 
5:30 

October 13 - 17, 1991 
Corpus Christi. Texas 

,?eg1strotion/Reception 

SSC Project 

Welcome - Mory Rhodes, Moyor ot Corpus Christi 
SSC Laboratory - R. Schwitters, SSC Laboratory 
DOE 
TNRLC 

Break 

Theory 
Physics Reseorch ot SSCL - F. Gilman. SSC Laborarory 

Lunch 

Texas Education - H. Mark. Chancellor. University of Texas Syster 
SSC Education - T. Gadsden, SSC Laboratory 
Magnets - T. Bush. SSC Laboratory 

Break 

Accelerator - D. Edwards, SSC Laboratory 
Computing - K. Rich. SSC Laboratory 
Conventional Construction - J. Ives, SSC Laboratory 
Adjourn 

Free Evening 



Tuesday, October 15 

8:00AM 
8:2J 
9:(l) 

10:00 

11:00 

ll::rl 

i2:30 PM 

2:00 
2:45 

3:30 

-100 
4:15 
5{X) 
6:00 

SSC Detectors 

Continental Breakfast 
Coalition Discussions 
Theory- F. Paige. Brookhaven National Laborarory 
GEM 

Break 

SDC - ' Kondo. KEK 

Luncn 

!3-Phys1cs 
Special Purpose Detectors - R. Stefanski. SSC Laboratory 

Break 

Users' Meeting 
Chairman's Report - o. Cassel. Cornell University 
Site Development Plan - J. Sanford. SSC Laboratory 
Sociology Round Table - tvloderator - R. Adair. Yale University 
Adjourn 

Users Night at the Sheraton 

Wednesday, October 16 Detector Subsystem R&D at CERN and SSCL 

8:30 AM Calorimetry I - J. Brau. University of Oregon 
Calorimetry II - w. R. Frisken. York University end LBL 
Calonmetry Ill <CERN) 

10:15 Break 

10:45 Tracking I - A Goshow. Duke University 
Tracking It - A. Seiden. University of California ct Santa Cruz 
Tracking Ill (CERN) 

12:30 PM Lunch 

2:00 Electronics I - J. Dorenbosch. SSC Laboratory 
Electronics II - H. H. Williams. University of Pennsylvania 
Electronics Ill (CERN) 

3:45 Break 

4: 15 Muons - J. Bensinger. Brandeis University and SSC Laboratory 
4:45 Computing - K. Mcfarlane. Temple University and SSC Laboratcc · 
5:30 Adjourn 

Sunset Cruise on Corpus Christi Bay 



Thursday, October 17 

8:30AM 
9:30 

10:30 

11:00 
11:4) 
12:15 PM 
1:00 

Physics 

Ferm1lab Collider Program- J. Huth. Fermi/ob 
CERN LHC Program 

Break 

Status of the Project - Poul Reardon. SSC Laboratory 
"What Lies Ahead?" - J. Bjorken. SLAC 
Closing Remarks 
Adjourn 



Please return no later than September 11, 1991 

USERS ORGANIZATION OF THE 
SUPERCONDUCTING SUPER COLLIDER 

BALLOT 
Executive Committee 

Candidates for Secretary-elect 
(please S8lect one) 

D Robert D. Kephart 
Fermi/ab 

D Paul M. Mockett 
University of Washington 

Candidates for Member of the Executive Committee 
(please select three) 

D Richard Hubbard 
CENSaclay 

D Dennis J. Judd 
Prairie View A&M University 

D Kate Morgan 
SSC Laboratory 

D Pekka K. Sinervo 
University of Toronto 

D Nicolai Tyurin 
IHEP-Serpukhov 

D Yoshinobu Unno 
KEK 
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1. L~st files for GEM accc.unt (DIRECTORY) (Je --~ l LtJL 
2
3

. Display the c~ntents of a file (TYPE/PAGE)~ ~j 
· Invoke VMS Mail 

4 • View a file with EDT (READONL'l) _____ _.,.-...-
5 · Access Document Tracking System ~ () 'r A SJ 
6 · A7cess GEM_NEWS Bulletin Board• 
7 • Display GEM Calendar4 ...,._..__ It" ~ ~ 

"' • Q v .... ,.,..Jlt 4o Atlt'.JJ 
Enter number or press <RETURN> to LOGOUT: --_ C Ct ltHtJIQ Jr-
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Enter number or press <RETURN> to LOGOUT: 6 
Current Folder: GENERAL GEM News 2.6 
******************************************************************************** 
Folder 
CALENDAR 
CALORIMETER 
COMPUTING 
ENGINEERING 
GENERAL 
MAGNET 
MUONS 

Status 

Notify 

Description 
Collaboration Calendar 
Calorimt~r Folder 
Computing Folder 
Engineering Folder 
General information for 
Magnet F::>lder 
Muons Folder 
Physics Folder 
Tracking Systems 
Trigger/DAO Folder 

PHYSICS 
TRACKING 
TRIGGER DAQ 
GEM NEWS> quit 
Use-EXIT or Ctrl-Z to tag every NEWS as seen. 

e whole collaboration 

~ole/tn 

f-J. Co//o..' ""'"""'.! 
~ (J/t ,, llrJ """'"" .... ,..s J 

[ ;,.fsv u J.._J ~ l}<J./ Jf)C./ · · · l 
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Ssc v~ /. 

d~f~~tYtS /""'d.1~r. eJt,.~1o1~J¥'<P!l!l/~ ~d ~!/ 
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SunOS Release 4.1 (GENERIC) fl: Wed Mar 7 10:59:35 PST 1990 

Attention: AFS client software has been installed on this machine. 
The installation created the directory /afs. Do not attempt 
to remove this directory or write to it; however, read access 
to this directory is permitted. If you have questions 
concerninq AFS or how it affects sdcl, then contact 
Computer Operations at x5133, x6055, or x6021, or send 
e-mail to somoqyi@sscvxl. 

Please enter the terminal type: 
<<<($>terminal types include --------------~>>> 
<<< vtlO vt220, vt240, vt330, wyae-50, wy99qt xll >>> 
vtl 

TOlf 111 NA Ir 1Y ,,ti I'. 

YO V}f 

XII l.J 
M O"t vi,.,,, ... Jl!'A/rNQ,'1 

"9ou s ~ ) , I~ YO t) 1Tlt, 

You witt K~><'r llAvr ro 
I H Yo Ulf j /I ,tt • 



*********************************************************************** 
• 
* DOCOHENT TRACKING AND STORAGE SYSTEM LOGIN 
* 
* 
* 
* 
* 
* 
* 
* 
* 

User name: qem_guest 
Password: 4illil"" ........ ~ 

• 
x * 

* 
* 
* 
* 
* 
* 
* 
* 
* 

*********************************************************************** 

IN SdCI • 

NO 



**********************************************************t******************** 
* * * DTASS MAIN MENU x * 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

Physics Research Division 
Document Trackinq and Storaqe System (DTASS) 

Edit/Find Document 

< + > 
v 

Enter Nev Document 4'- N01 if.Uf"""''1 
Standard Reports JfAI 1A1 6'~ '-'d 
Utilities 

Help 

* 
? * 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* * For Information: * 

* Quit No:cm Wells * 
* (214) 708-6105 * 
* wells@sscvxl.ssc.qov* 
**********~******************************************************************** 

7-f) r;,rnt II- Hl'W do c AH4 

t;r.,.. A /Jd e N., N'r~d l#N r41c1 

Acco(JIY.r (.!rl'Nd;f~ wnts ·'· 
Oo c N{Pf44 rlllf/H~: 

ZN -fl• 

- - -

~ llJJ.,Jlf!J NO 7U 

"' IW1T~NAo-£, ~ nJ 
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* Clear! 
* - -
* Title: 
* Doc.Type: 

DONE! -
* Related Docs: 

- - -
* Access Level(Av): Ovner(Av): 

-
* First Middle 
* Author: 
* Corp/Inst (Av) : % 
* Keywords (Av): 
* 
* 

- -Document Date 
On/Prior 

% 

v - ' (MH/DD/YY) 
After 

* 
* 
* 

WBS ref: 
Everything OK? (y/n):~ 

l.HAW 1'0 

? * 
* ..,,. 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

.rclPrF~ ANlr#H THIJ 

'ntl.$ 61{' 1110 IJ.! I* ( K'I 

&,-r A'fO(J)ll}. 

• 



*********************************G ****************************************** 

: SUMMARY SEARCH RESULTS ,.-->~-~ 0 I? "'' l"j . . . .. ~ ,,,~,, < + 
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RD Surfllce Faclllty Summary of Requlrementa_June 1991 

Area Totals /Function 
Locations Cm2l Occuoanc• Utllitv Hdhse Irnwks Ind/Au Ad/Lab ccomce 
IRI 

Utility 2,520 2,520 
Headhouse 2,244 2,244 
Ironworks n/a 
Industrial Assembly 6,300 40 6,300 
Admin/Llb (CR) 2,100 12 2, 100 

IR4 
Ulility 2,244 2,244 
Hcadhouse 3,672 3,672 
Ironworks n/a 
Industrial Assembly 6,000 80 6,000 
Admin/Llb .t CR 4,006 112 4,006 

IRS 
Utility 1,375 1,375 
Hcadhouse 360 360 
Ironworks n/a 
Industrial Assembly n/a 
Admin/Llb (CR) 670 670 

IRS 
Utility 1,375 1,375 
Headhouse 300 300 
Ironworks n/a 
Industrial Assembly n/a 
Admln/Llb (CR) 1.580 l,580 

West Clmpus 
Industrial Auembly 12,000 160 12,000 

East Campus 
Industrial Assembly 0 

Central Campus 
omccll.ab/Shoos 14 775 796 I• 775 

Total_Junc 1991 61,521 1,200 7,514 6,576 0 24,300 8,3S6 14, 77 5 

Base Linc TotalJune 1990 46.617 5 989 7.029 2 888 9.000 16 673 3 888 

Comparison 14,904 1,525 -453 -2,888 15,300 -8,317 10,887 
(Increase or decrease per function) 
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GEM Facilities: 

• Accelerator Interlace 
Stray fields vs accelerator components. 
Quad string is fixed; must work around. 
RF Beam stability issues. 

• Test Beams (now and future requirements) 
Do we want 200 Ge V beams at SSC in '97? 
Decision to proceed will be made in April '92. 

• GEM Experimental Facilities User Requirements 
(GEFUR) 
Version A will be available on Oct 28th. 
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GEM Magnet System 
Tasks & Fundina for 3 month period (KS) 

(July-September, 1991) 

~ 

Define Baseline &: Op4ioas 4 8 
ldt11tify Critical &sues 
Relevant Bxpeoi e 
Adequacy and AVlil1bility of Technology 

Complele Concepullll Design 2' 5 

Refine B1•nc Dcsp 18 2 
Colt &: C0'1ihl Alpitbms 

Define Cmduc ear &: Developnat Program 4 s 
Pole Desip • lf-IHq 2 s 
O:yopnic Systtm 4 1 

Power, ImttumeaadoD, Protcction 3 1 

MmufllCtllriq ~ eree & Flow/Fab. Analyai.s .4() 2 
Expeajn ?al Hall 
Smflce feci!Mes, Fabri~at 
Shield Op1•1 

Prinae field~ 8 15 
Slfetyl'OpendomJ/Beam optics 
&perimeJatal HalVAccea Shifts 
Surflcc, Countiag RoamlEnvhonmentll 

Magnet/Muon~ Detoctots 35 2 
lntearated Daip/Suwanf Alianment 

Cost/Risk, fMBA, RAM, etc. 3 2 

Schedule & Flmdia1 ProftJe 4 2 

ToClls (KS) ISO 50 



Superconducting solenoid ·with external iron 
Relative cost, approximately_J .. 9.(dominated by 
the additional cost of a 30-kt iron shell). 

Coaxial superconducting solenoids (shielding 
by annular flux return between coils) 

Relative cost, approximately 1.5 

Single superconducting solenoid (unshielded) 
Relative cost, 1.0 

< MUER CI07 9.3.11 



GEM MAGNET TECHNICAL PANEL MEETING 

Fin& Session September 4. S & 6 
Socw+tl SoaaiOll September 25. 26 & 'l7 

· nird Selsion October 10 & 11 

------- --· ---- ---- -

J,JST op PARTICIPANTS 

Peter Clce. Rutherford Appleton Laboratory (only second seaaion) 
Gary Dela, Lawrence Livermore National Laboratory 
Mike Harris, SSC Laboratory 
Alain Herv6, CERN (only third session) _ 
Cok:m•n Johnson. Lawrence Uvermore National Laboratory 
Robert Johmon, JBc Asso¢ate1 
B. Kllmcnko. Kwclwov lAB 
Dennis Lieurance. General Dynamics Space Systems 
Pct.er Manroa. Massadm•ett.t Insdtute of TcchnoJoa 
Nickolai Manoveuty, Kurcbatov JAB 
John Mlllcr, Lawrence Uvennore National Laboratory 
Bruce Montgomery, MaasachuacCll lnltitute of Technology (Only first session) 
Dr. Roberto Pcnco, Ensaldo Compontenti 
Roben Richardson. SSC Laboratory 
Dr. Gary Sanden. Loa Alamos National Laboratory 
Ray Stefanski, SSC Laboratory 
Dr. Richard Stroynowskl. Caltech High Energy Physics 
Francois Wittgenstein, CERN (only second session) 
Ronn Woolley, SSC Laboratory 
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GEM Magnet Subsystem 

Slngle-coll Design 

Mafor Parameters List 
Rev. 2 

8/28/91 

parameter Symbol llnl.l YJlull. 

~ntral ~siuct!oJ! = w 
ean ra US Of windings 

Outer Radius of outer cryostat vessel 
lpq•r 51diu1 pt UJn•r.PYOstat yessel 
Inner Radius, magnet subsystem 
Coll length, end-to-end 
pgre.tq.oolo "'AA lemfh 

Inductance w 
Number of turns 
Thickness, inner thermal shield 
Thickness, inner cryostat 

• 

Outer radius, Inner cryostat vessel 
Inner radius, Inner LN shield 
Outer radius, inner LN shield 
Inner radius, conductor 
Mean radius, conductor 
Outer radius, conductor 
Inner radius, bobbin 
Outer radius, bobbin 
Inner radius, outer LN shield 
Outer radius, outer LN shield 
Thickness, outer cryostat vessel 
Inner radius, outer cryostat vessel 
Overall O\!!er radius <outside ribs\ 
Depth of outer ribs 
Number of colVcryostat assemblies 
Number of ribs per coll assembly 
Thickness of cryostat vessel ends 

Rv,o 
~v.i 

LI 
I 
Lv 
le 
Mw 
Mes 
Mv 
Mp 
Pr 
I 
rs 
H 
Nt 

I 
m 
m 
m 
m 
m 
m 
m 
km 
t 
t 
t 
t 
kPa 
kA 
ru_ 
H 
# 
m 

tv,i m 
Rvl,o m 

m 
m 
m 
m 
m 
m 
m 
m 
m 

tv,o m 
Rvo,l m 
Fb m 

m 
# 
# 

Actual axial winding length per assembly 
Central membrane maximum z 

m 
m 
m 
m 
m 

Cryostat inner end minimum z 
Cryostat inner end maximum z 

0,80, 
8.9 
9.463 
a.1_ 
8.3 
28.5 
ga 0 
30.0 
24 
440 
330 
555 
2950 
255 
52.5 
l ,84. 
1.47 
408 
0.100 
0.019 
8.419 
8.649 
8.651 
8.850 
8.900 
8.950 
8.950 
9.000 
9.199 
9.201 
0.0635 
9.400 
9.1w. 
0.000 
2 
0 
0.010 
14.25 
0.025 
0.025 
0.125 

6 
6 
6 
1 
1 
1 
1 
1 
1 
6 
6 
1 
1 
9 
1 
1 
9 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

1 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
3 
2 
2 
3 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



GEM single-coll magnet parameter list 
page 2 . printed 10:29 AM, 8/28/91 

parameter Symbol llllll ~ am. .t:lala ~ 

42. LN shield minimum z 
43. Bobbin minimln z 
44. Winding minimum z 
45. Winding maicillun z 
46. Bobbin maximum z 
47. LN stMlcl lllPimum z 
48. Ct)'OIUlt O&Aer encl minimum z 
49. Cl)'OIUlt OUl8r encl maximum z 
50. Pole lllOI mil'll•Lillll z 
51. Number oC tums 
52. Axial torce on poles 
53. Axial toroe on conductor 
54. Mass oC one muon sector 
55. Number of central muon sectors per half 
56. Radius of CG of central muon sectors 
57. Z-location of CG of central muon sectors 
57. M5net axis height above hall floor 

B1f1ranct1 
9. P Martson calculation 8/27/91 
8. GCD • 000002 (7/25191 version) 
7. G. Deis notes, "Axial Force on Coil" 8/13/91 
6. P Marston notes, 8112/91 
5. F. Nimblett estimates, 819191 
4. Obsolete 
3. P. Marston calculation, per G. Deis 
2. Obsolete 
1. Second Detector EOI 

Notes 

m 0.162 6 1 
m 0.200 6 1 
m 0.250 6 1 
m 14.500 6 1 
m 14.600 6 1 
m 14.750 6 1 
m 14.900 6 1 
m 15.000 6 1 
m 14.500 1 1 
# ? 1 
N 63.5e6 3 1 
N 27.9e6 7 1 
t 11.4 5 1 
# 16 5 1 
m 6.22 5 1 
m 3.89 5 1 
m 13.0 8 2 

3. 8128/91 • Values revised from Ref1 values, based on more detailed design and caic's 
by P Martson. 

2. 818/91 • Value revised from Reft value, based on more detailed design and calc's. 
1. 8/8/91 • Ref 1 actually shows 0.823T, and historical number is 0.83T. 



ii -... """ 2 iii 
•Z I! c-wz 

~· - --.. l!!i 
J; 

..a ..... 
fl !ii ya -· 1~ Ii 

.. i Q) « 

~I 
.. 

I .. 
i·: i !I -i ! ! I/) ..... 

z .. i -.. 
0 I a. w ... I a.I ::I ..... w .. 
~ :::c t ... 

i·: u 

i a. VI 

i - a. 

I - :;) ..... 
Rj 

• 0 
I/) 

~ - -
ii ~i 

11. a. og ;:) 

"'I I/) 
ll' 

~·-• !, i I I ..J 
< • m Iii Ii ti i 0 
..J 

I (.) 

:!! w 
(.) 

!I 
It 



Magnet Subsystem EngiD~er!ng Status 

gdxxxxxx-2 
8/2B/91 

• Single-coil concept 
- "first pass" done on all major magnet elements 
- electromagnetic calculations done for baseline and 

options 
- first edition of magnet specifications sent out 
- calculations now in progress to refine and complete 

single-coil design: cold-mass supports, vessel 
support saddle, vessel stiffeners, etc 

- initial studies on shell fabrication have begun 
- assembly schedule is being examined separately 
- quench calculations complete for 2 conductor designs 
- performance vs eta calculations completed for 2 pole 

designs 

• Double-coil concept 
- calculations in progress on magnetic shielding options 
- "first pass" design of two-coil concept in progress 
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Table4. $emitivitvof · ment and Comnonent 
>50 >lOG >lOOG >10000 

Data Acquisition System 
Computer 
Monitors 

Black & white 
Color 

Instrumentation & Control 
·Relay 
Solid-state device 
Magnetic solenoids, valves 
Safety device 
Analog display 

Vacuum & Refrigerator 
Mechanical pump 
Turbo pump 
Electric motors 
Ferro·fiuidic seals 

x: shielding is needed 

x 

x 

x 

x 

x 

x 

x 
x 
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Charge to the Calorimeter Group 
from Barry and Bill · 

August 8, 1991 

This group has the eperous trk of sorting through the many 
options presented in 3.3-2 of the EOI and determining quickly 
which should be retained. We have promised to make a decision 
between pursuing the high precision {BaF or Liquid Xenon) 
electromagnetic or the precision sampling electromagnetic op
tions. The Calorimeter group must pull together all relevant 
information to help in making this crucial decision. As part of 
the decision, we also expect to determine which technologies to 
pursue toward the final choices. In particular, we expect that 
we should only continue development on either two homoge
neous e.m. choices and one hadronic or two sampling e-m + 
hadronic choices. Both decisions should be ready to def end at 
the Oct. 3 PAC review, though the details may not be ready. 
We would like to determine in detail what future work needs to 
be pUISUed in any option, what resources we have within the 
collaboration for that work, what additional support R&D or 
engineering will be ~uired from SSCL, time scales, beam tests 
required, etc. Finally, in order to understand future options 
and flexibility, we would like to encourage study of the options 
where the space and other considerations are made such that 
the e-m calorimeter could be replaced at a future date. The 
purpose of this is to understand the 'penalty' in building such 
future upgrade flexibility into the detector as suggested by the 
PAC. We understand that this possibility might be reviewed at 
the Oct. PAC 



Charge to the Calorimeter Group 
from Barry and Bill 

August 8, 1991 
• - through the many options and determine quickly which 

should be retained 
• pull together all relevant information to help in making the 

crucial desision between: 
pursuing the high precision (BaF or Liquid Xenon) elec
tromagnetic or -
the precision sampling electromagnetic 

(we expect to continue development on either two homogeneous 
e.m. choices and one hadronic or two sampling e-m + hadronic 
choices) 

• decisions should be ready to defend at the Oct. 3 PAC review, 
though the details may not be ready 

• determine in detail: 
what future work needs to be pursued in any option, 
what resourc2 we have withip .the collaboration for that 
work, 
what additional suppwt RkD or engineering will be re
quired from SSCL, 
time scales, 
beam tests required, 
etc. 

• study options where the space and other considerations are 
made such that the e-m calorimeter could be replaced at a 
future date - understand the 1penaltb' in building such future 
upgrade flexibility (as suggested byhe PAC - this possibility 
might be reviewed at the Oct. PAC) 



Thursday, August 8 ( SSCL - room TBA) 

9 am General discussion of objectives, goals, etc. 

10 am 

11 am 

noon 

1 pm 

Plan for proceeding to the Lo! and the Technical Proposal 

Discussion of physics requirements for the electromagnetic 
calorimetry (led by R. Zhu) 

Begin discussion of the EoI table of advantages 
of specific technologies 

Lunch 

cont. discussion of technologies 

q 

and disadvantages of 

NtJAJ~•,. ,., .... 
Friday, August ).8"; 1991 

8 am Electronics and signal processing issues 

10 am 

noon 

1 pm 

4 pm 

(eg. speed, noise, S/N, etc.) P. Denes et al 

Pre-radiator discussion (led by P. Cushman ??) 

lunch 

Plan program of studies, positions papers, response to 
criticism and issues, focussing on narrCNing options for the 
LoI and defining plan to achieve technical proposal by late 92. 

adjourn 
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Time Factor jn pjscoyerjng an 80 Gey Hjggs 

As function of energy resolution (a and b) 

a 1.0 2.0 3.0 5.0 7.5 10 15 

b=O 0.33 0.48 0.68 1.1 1.6 2.2 3.3 

b=.25 0.53 0.63 0.83 1.2 1.7 2.2 3.3 

b=0.5 0.94 1.0 1.07 1.4 1.8 2.3 3.4 

b=.75 1.3 1.4 1.5 1.7 2.1 2.6 3.6 

b=l.O 1.8 1.8 1.9 2.1 2.4 2.9 3.7 

• Note: Different detectors have different background 
rate. This table is for detectors with the same 
background rate. 



Tr.chmque 
Liquid Argon 

EM only: 

Scintillatmg 
Fiber 

EM only: 

liline 
Silicon Pad• 

EM I HADRONIC 

Mature basic Lcchnology 

Experience with large 1y1tcma 

Unirorm responoe 
101 dynamic range 

Gain= 1 
Simple calibration 

7%/VE$0.5% rftlOlution for platf' «M"'
etry 
2 depth aeg. 

Dewar walla, aupporta, etc. affccta her
meticity 
Speed/noiae tradcofT-afTccta iaolation 
cu ta 
Shaping time 2:20111; affect. pileup 

Preampe imide dewar-
reliahility /maint<'nante/hardn-? 

Cryog<'nic 1y1tem 
Large sampling rrartion f'/h-Ui 

Ac<0rdion mtthanire nontrivial for pro
jtttive grometry 

R" I 
II ror 
oped 

Fut ah 

1 mm I 

Needa, 

IJB and e/T in 16 na trigger, 32 na i11lt- Rael. hard at emltap to be atud~ 
gration time shown at 80 Ge V. 

u, inll1 

Test beam data 
Simple construction, modular 

lnexpen1ive 
U nirorm responoe 

r/A/VE demonetrat...i (JETSE'J') 

(40')(, fihre) 

Fut (< 7 na peaking time, 16 ns trig
ger intrgration linM' ):l.argf' signal (I04 

e'a/lOOµm/mip); ahoolute gain for Mm· 
piing medium; lo" dynamic rangr: lin
ear responoe; room trmperature, low 
voltage operation; Rad hard to ;. 3 x 
1014 n<'11lron1/cm2 ; in ... noilh"C lo ioni•ing 
radiation damagr; inocnsiti\·e to magnetic 
field; Pllhemf'ly wmpart hrnnrtic ron-
1truction; compensation de1110111trated 

No hadronic d"pth ..gm<'nlalion 

Calibration/monitoring 

Fiber r. 
Conalri 
Detaik-

-0.5% 
CompenMting O.I) mm "'90lution ror ~ Under ( 
fiber 
t.fuat tilt lihen al 3• 

Current rost or drtrclon must be redUCN 
by a rartor or !l to IO; t<'9t..d in one hadron 
prototype (7.5A al ISFN); large capaci
tance P"' unit area requireo pream1•lilien 
at ddttlor (alao-..ry ror high lpeed) 

Rad. d; 

Constn 
lion of 
rut ele< 
eni8' t. 
o( ailicc 
manuf& 



T"dmiqno 
DaF 2 Cr:yatal1 

a.tqmo Af!/11'1.r 

Attributoe 

liO -,, /MeV 

ExJlf'rifllre rrom L3 DGO •Y•~m: rrywlal 
manufacluro and pro<...;ng 
Fut compon<'lll with •11h-n""" dttay time; 
alow component can be 1upp.-d lo 
avoid pileup 

Dynamic range 101 

Unirorm tOVMAA_. with minimum dt-ad 
1pacea; baaed on the L3 BGO deeip 

Uttr•high ...... ution will1 
104 -,, /McV 
Calibration: 0.2')(. p<'r a, 
crom calibrated with heavy ioM. 

1,;ryootat similar lo LAr 

Purification 1imiliar lo exiot ing ionization 
de tee ton 

Fut, raaiation hard. 
Large dynamic rangr: 
non-oaturating 

e/r polenlially lo he - I. 
UV diodai, raat amp. and •h•P"r in pro
duction, linear lo 10-3 from 1 lo i0,000 
MeV. 
3 depth segments: o6 axia ., 
vertex and angular .....oaution , 
and help1 2 shower arparation: 
minimum inlerc:rll walll. 

BMic LXe cell RkD ._.p1rt.,,. ;,, ll"l. 

Technology unlt'lled al high •peecl. 

Technology lo be developed ror high radi
ation 
High purity nt'ed<'Cl for radiation hardn-

R &c D ER'o 
RFQ Calibra 

Rt-fining mal 
age mechania 
UV Seleclive 
RbTe) Under 

itedium do-Mity / Molj,,ro radiu1 = 3.4 Fut proampa 
cm (l.S Ii....,. D<;O) 

...,,.. rx,.....;... lhan aome IOWt'r ""°lu
Uoa calorinteler 1 

Oplical ayMem II 

170 nm VvY: 
rellec:tive wall q11alily critical? 

;iu-,. OI Air Liqmoe 1,;o. ·1 new capacity in 
II ;yn. 
'2.$/rma Jor LXe: eadcap! 

De1Ulity/:\lolicro radi111 =3 g cm-•/ 
~.1 cm: 
ca- overlap ahowen but does not de
grade isol. cut, due lo fine depth seg 
mea&a. 

Detailed engi 
run system Ill 

UV (220 nm) 
tubes 

Test beam w 

FADC or Lin 
CrOl8 calibra 

Light atlenu1 
(> 200 cm)-

Wall roOectiv 
inlernal reftec 

System radia 

Drirt diodes 



Tecbn1quc 
Liquid Scintil
lator - Wavelength 
Shifting Fiber read
out 

read-

Attributes 
Fut, 2 ns P"aking time, J::asy to "'l'lace 
liquid if radiation damage occun; Fine 
Segm~ntation; 105 dymunic r11ng~; In
expensive technology; Simple Jllodul ar 
Const rut lion 

1n1i Ar fo 1quit M"lnl illator Hit not r~ 
placeable 

Leaks, 11.adil\lion ttsiatance of liben ( > 10 
t.lrad); New, unuste d light tollection 
technology 

I ....... 11"\Y = 'I = 
3; Produrtion \rc'hnique not yet "9t&l>
liahed; Unt.,.tcd light roll<>Ction technol
ogy 

R" D 
Leak pr 
sistance 
types ar. 
bility or 

Improve 
and 1Ci1 

typ"9 an 

-



Technique 
L1qm Sc1otilla-
tor 

Fut 

Hermetic 

Good r"90lution 
Inexpensive' 

Uniform responoc 

Com~uting 

Small Moliere radius in lunpten •'flSion 

Safe 
iqm Argon entry 

Small Moliere radius in tunpten YftSion 
Rad hard 

H1g 
Gu 

Prca1ure i'uter than liquid Argon 

Rad Hard 
Small Moliere radius 

lnexp<'MiW' 

Robust 

Warm Lu1111< - Fut 
TMS 

RaJ Hard 

Large dynamic range 

Small llloliere 
11rani11m/tungoten 

Compenaated 

radius 

Circulate and filter lo avoid 
ries JO MRad dosage 

Not pro•·en in a large experiment 

Leaka 
Readout 1lynl\mic range 

Leab 
Not proven in a larg,. experiment 

Safety 

Long trrm goin otahility 

Purity mai111rn11.nrr,- k> parts per billion 
materials compatibility 

a 
R &.: DI 
RaJ h:ud1 

Liquid'"' 

Enginttrh 

Calibratic 

Pefform;u 

Enginttri1 

Testofa 

-
Calibration: Not proven in a large exper- Electronic 
iment 
Expenoive Complete 
Elec:tronico emhedclcd in the deteclor -
rad bard? 

Safety - lunahility? 

Radioly,.;. produdion o( gu and long RkD-on; 
liwd imotopN 



Technique 

ScintiU..tuia 
Fibcn 

Silicon 
Padw/Stripa 

Attrihntm 

High 1patial rmution -0.3 mm - can 
veto pi•'a 

Projective in 20 
Spatial ....aution <- 0.5 mm 

Two tr•ck l'ft0!11tioa 3.0 •• 
Fast (liap bu11ch """'°•H) 

Di.,.dvan~gca R " 0 I 
Pad strip atructu~ no gh°"ts or shadow- Specialize 
ing bits/ch) n 

tor devdo 

15k readout channell 
Two trark ........iution 3.0 mm (piO veto Demonstr 
only below 90 GeV at I m) 

Pad/urip uructure, piMI ..,iee - ao Very cxpe111ive 
she.ta or a1i adowina 

Electroni< 
testing 

Projective in 20 

Spatial reiolul ion < O.!i mm 

Fut (single bunch resronoe) 

Only 15k readout rhannda 

Very high channel count - integratable Dcmonstr 
into trigger? 

Large al't'a devicco - may he too slow, 
le&aer spatial reaol ution, may not veto 
••'1? 
'fwo trM"k ....aution 1.5 mm (r0 veto for 
< 50 GeV •t 1 m) 
Speriali...ct relldout (3-4 bits/ch) to be 
developed 
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To: 
Frail: 
Subject: 

DO Dated 08/23/91 12:34:50 FrOll disk JEB192 

GEM calorilnet.eurs 
Bob Adair ud Jilll Brau 
Issues of oonoem 

Dur Colle&91JU: 

Attac:hed you will find the cooouu our collea~ ha,,. identified 
for the nrious calon..tly optiona. llt ha,,. attached ti- without 
any nfoiml.atioa. till lllOte - of the ta in the file were 

Paqe 1 

a bit out of order, but - lea¥e the llllderatanding of this to each of you, 
oaly calling it to your attentioe. 

Ml - aak each of the 9roup9 proposing a tedmology option for the 
calon-t.er to write a ata~t addressing the i .... id9otified in U-. 
notes, briDf it to the September 4 ~ing, and~ an oral pr9mtatioa. 
Pl- er •ntoate to JIMJIWJ at SLRCVK who ia 1llQd1eg ca eaeb technology 
paper and who will prwt the oral veraioa at the 111· 741' 4 -tiDCJ. 

NI alao attach the latest '¥1U'aica of the table u it haa been 
updated by Min a- followi.119 tha Auguat Meting. 

Date: Pri, 16 Aug lttl 18:25 IDI' 
ori9:inal_PRa: INLCL6: :GOIUlONf( ....,..., GCCION oa VIA BITICT 

·~ci11 •) 
C •nta: ftl.ia ia 9&~ •il. tlllrDing: llail •Y not 

ne1na•1rily be ntumlbl• ~ thia path. 
P'Ra: o.neraJ. Dali11V)' (~) 
Subject: Questioaa for calorilret.ry for cmt 
To: jillbralitall-
ori9inal_'lb: DllHY: :IDIUJl, ... n,J' :JNET\•jillllniu@lll-" 

Dur Jim ud Beil, 

'ft'9 -t up to .. te bllle pC t ... ly OODtaiM plmt} of ... tiona for each 
technol091, but I will liat i.re Wlhat I th1ak tile m»t Mrioua questions 
are(frcm a liquid U'CJClll bip... I tllDUJ.d lille tile 9 st.i- you will uk 
11e ASAP •i- I leaw for SUrqie lor a week m au,. 24), 

Bal'l: 

1. Radiation dllllaCJll def 1 59 on knowing .:>re about the effects of 
illpuriti... It ia a very ocmplex phel•••»lOIJJ'. Haw lOftlJ should we 
wait for the apecificatic:.. to be Bet? 

2. Describe the calibr1ticn ayat- ocmplet.lJ and indicate "'- each of 
the ll9thoda will be a•ailabl• to be tested - eq. fut lfQ, fut 
llhapilPJ electrcnica, t.riqqer ayat.aa for uai119 mint.. ionising 
puticl•, etc. 

J. Describe the juatificatioa of DO depth a7••tatioa which ca11>rani
the ability to l)9t the photon direction, the plloton/piO 11eparaUon, 
and degrades the electzon/pioa aeparatioa. 

Liquid Xe: 



Dated 08/30/91 15:26:56 l'nm disk JDl'l 

Tentative agenda for the September 4/6 GDt Calorimetry Group meeting 

Wednesday, September 4 

(morning sessions in SSCL CafetoriWI) 

8 am - 9:45 Technology subgroups meet 

9:45 am 

10:00 am 

10:45 am 

11:30 am 

1:00 pm 

1:45 pm 

2:30 pm 

3:15 pm 

4:00 pm 

4:45 pm 

Begin General Meeting 
Introduction - J. Brau 

Cost estimates/engineerin, -ti. lleneich 

Liquid Scintillator: Answers to critics - Y. KamyshJtov 

Lunch 

(afternoon sessions in the upstairs coaference roaa) 

Silicon: Answers to critics - a. augg 

Scintillating Fibers: Answers to critics - ~ \\.~••' 
Liquid argon: Answers to critics - H. Gordon 

Barium Fluoride: Answers to critics - H. Newman 

Liquid xenon: Answers to critics - M. Chen 

Scintillating plates: Answers to critics - ? ? 

Friday, Septellber 6, 19'1 

(all sessions in SSCL Cafetorit.m) 

9 am Review and discussion of char<Je, process, direction 

10 am Pre-radiator discussion 

11:30 -

1:30 pll 

3:00 pm 

4:00 pm 

general, fibers -P. Cushman 
silicon -ti. Clemen 

Lunch 

Forward calori11etry 
The virutes of forward calorimetry - J. Rutherfoord 
Liq. Scintillator - B. Webb 
'DIS - ?? 
Liq. argon - ?? 

Discussion of R/D plans, etc. 

Adjourn 

PaCJe 1 
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The Final Report of the Calorimeter group will be made up of: 

L A brief~ 2 pages) summary· conclusion· recommendation by Brat( and 
Adair. 

II. One-page recommendations by other C-group participants. .Everyone is 
invited to submit his own total plan and comments. We ask that these be 
lmited to one single-spaced, typewritten page and include a total cost 
estimate in accord with our agreed unit costs. These should be signed • 
perhaps by several participants. 

Ill. Appendices containing technical material submitted by proponents. 

W. Questions and Answers • edited • assembled by Brail and NJaM. 

-
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Time 

8:30 
9:00 
9:30 

10:00 
10:20 
10:50 
11:20 

12:00 

1:00 

1:40 Bot lo 

~ tt.e""? 

Speaker 

Shaevitz 
Marlow 
Lowry 
Cofft a 
Seman 
Pleas 
Texas Instr. 

Lunct 

Croaetto 

Topic 

Overview of Triqqer Architecture etc. 
Front End Specifications, rack placement, etc. 
Update on Electro-optic modulators 

TRD Muon Trigger 
RPC Muon Trigger 
High-Speed GaAa AOC'a 

A Proqrammable System for Miasinq E_T Triggers, 
Cluster Finding, and DAO/Compaction 

DAQ Schemes 

Next three talks to be held in joint session with Computinq Group • • 

2:30 
3:00 
3:20 
4:00 

t.b.a 
Coffee 
Wanq 
HcFarlane 

Intel Touchstone Level 2/Level 3 Processor Farm 

Miasinq E_T Triqgere (to be confirmed) 
Status of GEM MC Packaqe 

Return to Triqqar G·:oup Only • • • 

4:20 Discussion Plana for Loi etc. 
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Electronics Working Group Activity 

• Members: Bauer, Denes (CERN), O'Connor, 
Paffrath, R.adeka, Sippach, Sumner, Wadsworth 
(Marlow & Shaevitz ex officio) 

• Ac.tivities 

- System Architecture 

- Strobe Timing Distribution 

- Analog Sampling 

- Calibration 

- R.ack Placement 



Calorimeter Readout Performance Specifications 

• 16 ns sample rate. ,...., 2-5 samples per hit 

• Dynamic Range > 216 

• Resolution > 8 bits 

• Total Con,·Prsion time< 10 µs (for~ 5 samples) 

• P ackac;iug 

,...., 25 channels per FASTBUS-sized board 

==::} < 3 W /channel 
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Placement Options 

OE: On Element <=> No cable 
ID: In Detector, e.g. in gap between EM and HCAL. 

OD: On Detector, e.g. bolted to return yoke. 
ND: Near Detector, e.g. lower counting room. 
OS: On Surface, e.g. headhouse. 

Lo<'Rtion Summary 

Cable Path Radiation 

Loe. Access Time meters Rad/Year 

OE Weeks ,..., 0 500-150K 

ID Weeks 2-5 < 10 

OD Hours 20-30 -

ND Minutes 60-80 -

SD Constant 100-130 -

Comments 

Access difficult 

Limited Space 

Beam Off 

Beam On 
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Push·pull applied E nelds ~ 
from signal vol1a1e V 5 • , , 

••• yields eltttro-eptit•lh 
induced optical path • 
dilrerencn. Optical 

inlerference produces 
lllodulalion. 

--> u~~k-t.u4 
i;,~.,. . 
C,~L 

~ ... .,... .. f-

) LLNL 
t:\ e.c.-h--c- o,.n.l~ 
~ e.oJ. 0 "";-

~ ~'t> 

Figutt 3. Simplified diagram of the operation of the Mach·Zehnder integrated optical modulator. 

or the modulator response function. nus setting 
is denoted as the half-power point. For the small 
signal levels typically read off the drift chamber 
sense wire, the modulator transfer curve was 
linear about the half·wwer ogeratins rei,nt If 

tions of the Nd:Y AG laser source. This ttSultant 
signal was sent to an oscilloscope for observation 
and recording. Figure 4 shows a picture of the 
output of the modulator/receiver system. The 
Pulses ary ,Sear Iv discemable over the noise . 

.1ur experimental demonstrations of LLNL F.JO technology in the HEP environment J 
have been "fery successful, and well received 

...... C-ODCentrating on goals that would bolster credibility and quickly demonstrate institutional effectiveness. 

• Sensitivity demonstration with 800 and 1300 run systems 
dynamic range of S decades reasonable target, ref. 1 

• First o.bservation of muon chamber charge signals. with E/0 modulator without electronic 1 
... achieved with LLNL muon chamber, ref. 2 

•'Collaboration with MlT (Ulrich Becker, ct. al. from Ting's group) 
- de.iJkmStrated.dircct charge readout of drift tube--· no preamp ! ! 
- measured Fe SS deCay spectrum 
- demonstrated direct readout in B-field environment expected within the SSC detector 

.•. at 0.8 Tesla no effect • 
•• measured muon track resolution with modulator readout system 
- flUililiarized key members of HEP community with technology 
-·ref. 3 

• Radiation hardness dcmonstratei in collaborative experiment at LAMPP 

--ref. 4 "" lo S !.C. .l~ ......... ,~ ....:!) o ... ~ s.l,~~-+ ~ ~~cj-!. 



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 enerc 
of a local maxima and of its neighbors. 

4. Isolate from the empty calorimd1r 
channels: 
- the clusters found along with ttw:ir regioili 
of interest and 
• calculate their cluster shape-factors 
(e.g. to separate pions/electrons). 

~ \:>....., ~v-o..W\-..loloe. $~ ,.-k.- ~•"- CJo.-,-c..~ 
1) A~ LL:. I J C.- -.l(t. ... C.~...Q Co - ta•"~ 

( ~')( -.-~\-e o"" Le.ve..\ Z. A~cL...,~¥'~ "'; 
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FDPP 
ARRAY 

30 to 50 µ• Phase 7 

15 to 30 µ• Phase 6 

x 4 FDPP I 
1 to 15 µ• Phase 5 

r-----!r~~~~:.::......~=-=-=-=-=-=-=-~-----------+-1' croHbar inrttct i 't1/0 from FDPP 

.._ .._ Nsrtnrt 

! 
1 

480 to 800 n1 Phase 4 

I 1 ___ t.:......., "local-ma%" 
1 I 304 ns I ADDRESS 

t 
le ENERGY 

Phase 3 

192 u Phase 2 

r-1 -6-4~1~s....,I . fr~n;;.:nd" 
croHbar inritcl 

------6-4---------~I/O <> Datawa· 

CALORIMETER 

CHANNELS 

0 

Phase 1 

DATA Read 
from A/D 

r---------T--UT from Cal 

Phase O 
Time _______ cro••bar inritch 

I/O from FDPP 



__.. improvements in performance of com-
1rttdally available 

- Digital Signal Processors and of 
- Data-driven Al'ray Processors 

r .... ~.j .... -K 
Co---c..,. C.\~ 
u..:..'h L"W 
s~,'"-

are an invitation to make a serious etTort 

- to efficiently integ; ate dlese commercial com
ponents 
-in a design that satisfies the requirements of 
the applications in HEP. 

The decision of developing a new VLSI special 
digit.at f* e cc ssor 

- should he we"'J&l*d very carefully 
- because fA the ~y of pl oviding all nec-
essary software cte~t tools. 



~PC 
Table 1 • Characteristics of RPCs 

plaic bulk resistivity ioll±l 0 cm 

clcclric field -40kV/cm 

pulse charge lQlpC 

pulse rise time -3ns 

pulse duration -20ns 

efficiency -97% 

discharge :irea 0.1 cm2 

recovery time 10·2 s 

time resolution -I ns 

2. Resistive Plate Ch?mbea 

The Resistive Plate Chambers. developpcd in Rome ten years ago, work at a 

uniform electric field of - 40 kV/cm between parallel electrode plates of a plastic 

phenolic material (b:ikelite) with a resistivity p; IQll Q cm. The plates. 2 mm thick. 

are kept separated at a distance of 2 mm by spacers of polyvinyl chloride. Gas tightness 

is insured by a frame of the same material. The sensitive volume is filled with a gas 

mixture of argon/butane plus a small percerit:ige of freon !3B 1 at normal pressure. The 

generating field elect:rcdes arc layers of a graphite varnish coating the outer surface of 

the pl:ites. fhey are isolated from the read-out electrodes by a 300 µm thick film. A 

section of the chamber is shown in Fig. I. 

Sketch of a Resistive Plate Chamber 

Resistive electrode plates Pick up snips +H.V. 

J 
p ,,.1011 nxcm \ 

·;:r:.::_ 
\ ~/ ~ 

I 

•••••••••••• "' ... ·························-········· . . 
'7, . " ., 
• T, 7, ., 

~ -~ 
"T. TJ 

Gas Argon/n-Bucanc 60/40 j 
~ ~ ~,- Freon3+5% 

,-T, ., ... ~ •, 
"TTTTT~ r . ; 
'T:>, , .. . , 

---' ...... ··········· ....... ·····71···1· ........... •••• 

\ 711 \ 
- v- f '"""""irum aphite painted electrodes · 

p:: lOOKO/C . .. 
P.V.C. spacers 

Fie:. I 
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Resistive Plate Chamber R&D Collaborative Work WI 

• Collaboration with Professor Irwin Pless's group at MIT . 
... ~"'- + '"6,..w"' ~ ~"'' 

• MIT will do the following: 

• Acquire an Italian bakelite RPC (1 m x 2 m). 

• Set up a test stand to measure: 

• spatial resolution as a function of length along the readout strips, 
• time resolution 
• gas choice - non-flamll'l}lble 
• noise 

• • aging 2 
• high particle flux performance ( < 100 Hz/cm ?) 
• performance in high neutron flux (important for plastic based RPCs) 
• choice of readout electronics 
• choice of faft trigger electronics 

• Test facility with muon telescope, three component gas system, etc. 

• LLNL will test glass-based counter on MIT test stand for comparison 
to the Italian RPC. 



Resistive Plate Counter R&D at LLNL -
Craig Wuest, Elden Ables, Richard Bionta, Dan Makoweicki lll 

• RPC R&D at LLNL is taking advantage of an extremely capable 
Chemistry and Materials Science Division. 

• We have expertise in coating a variety of dissimilar materials 
using a number of different technologies: 
e.g. sputtering of As on Pu. 

• We have identified a resistive soda-lime glass as a candidate for 
RPC plates (in place of the carbon-painted phenolic). 

• We will build a 25 x 25 cm 
2 

RPC in the first part of the program, 
based on the work of Cardarelli, et al., NIM A263 (1988). 

• Discussions with I. Pless of MIT have been initiated and a joint 
effort to develop RPC's Is envisioned. 

2 
• Larger 1 x 1 m RPC's in the future. 
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DPHI AND RAYS TRIGGERS 

*** 
D P H I IS A VALID TRIGGER IF THERE IS A COINCIDENCE BETWEEN PADS 

PHI3Ci) AND ONE OF PHI2Ci +/- thr) 

WHERE thr = 0,1,2,3, •• ,. 

*** 
R A Y S IS A VALID TRIGGER IF CALCULATED ANGLE BETWEEN 

RA V2 ANO RA Y3 IS SMALLER THAN A GIVEN THRESHOLD 
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AQl:trDA 
C011putin9 for Siaulation and Analyaia Neetin9 
---------------------------------------------SSCL, Main Building (Bldg. 4) P.oom 8110 (CCD conf.rooa) 

(9:00 a.m. Sept. 4th) 
The meeting will be-~Qrmal, with talk• and time for diacuaaion of the 
topics raised. '1'hi• agenda ia a quide only. The issue of SSCL resources 
allocated to GEM computing next fiacal year and in the future needs to be 
discussed. 

9:00 a.a. Statua report -- K. Mer 
9:15 a.a. SSCL projection• (and budget•) for GBH computing: 

Space at Detector and Central Facility -- G. Yoat 
~ciliti•• for offline aiaulation/analyaia computing -- L. Cormell 

~:45 a.m. Dlacuasion of above issues and: 
Pro~ection of uae of PDSF for FY92 ( the planned expansion of thj 
facility aay be postponed or scaled back to direct funds elsewherE 
Needa for apace, manpower etc. in the detector area, and in the CE 
facility. 

10:15.~.mt BREAK 
10:30&.m. Approaches to computing at collider detectors: 

L3 approach•- to computing --~ R. Mount 
DO approach --··-.1t. Raja (l'NAL) 
LUNCH '-. 
Joint with Triqger/DAQ on on-line farma. (bldg. 1, Rm 285??) 
Parallel farms (Bypercube,Touchatone) L. Gladney/Lockyer (Penn) 

2:30 p.m. SLD approach -- Tony Johnaon 
3:00 p.m. Diacuaaion of: 

11:30a.m. 
12:30p.m. 
1:30 p.m. 

Contribution to Lot. 
Computing R5D programs (what'• needed now?) 
Contribution to Proposal -- plan for preparation 
Computing model: Central va. diatributed 
Code manag8Jllent, Lanquagea, etc. 
Unix co~e maintenance tools 

From "PUPHEP::MARLOW"ISSCVXl.SSC.GOV Fri Aug 30 17:48:44 1991 
Date: Fri, 30 Aug 1991 17:52:54 CDT @) 
From: "PUPHBP::MARLOW"ISSCVXl.SSC.GOV (Daniel R. Marlow 609-258-4383) 
Meaaage-Id: <910830175254.20a0da041SSCVX1.SSC.OOV> 



Computing Needs -- Simulations 

Use SSCUPs -- SSC Units of Processing power. 1 
SSCUP = 0.9 YUP= lMVUP, 911 event 
generators. 

• 105 parameterized events at 400 SSCUP'!"sec 
per event. One-day turnaround means 400 / 
SSCUPs. ,·· / 

• 104 full simulJon events at 20,000 SSCUP-sec 
per event (L3: 6 mins on V AX8650 x 10). One-day 
turnaround means 2,000 SSCUPs. 
• 106 parameterized events at 400 SSCUP-sec 
per event. Three-day turnaround with 2,000 
SSCUPs. 

Workstations now are 20-30 SSCUPs. 
SSCL has 1,000 SSCUPs in PDSF, 
-r- 3,000 by Jan. 1992 

· This does not include pileup, full shower for all 
events, overlap of events ..... 
Not all power available for one job. 



. Q)~ ~F~·~ of ~~ rt-aaJ•,~: ~ 
Computing Projections 
• Much less def mite t!ian for apparatus 

• Need to make better estimate of costs and 
schedules and understand contingencies 
• Areas of uncertainty 

- Simulation demands 
- Detector d,t'~ rate 
- L3 farm requirements 
- Networking demands • 

I 
I : 
; 

- Computer performance and cost evolution 
• Research needed 

- Data storage and access 
- L3 farm 
- Networking 
- Software development 
- ParalleVdistributed computing 
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Cl \.~ /\~ s~~ / l 1.JYZt--'"1..:) 
l!' .[ #IA: BUPHYC::LANE 3-SEP-1991 20:14:16.16 
To: SSCVXl : : MCI' ARLAN 
CC: LANE 
SPbj: RE: GEM software 'library' 

near Ken Mel'. 

Thao~a ... I know enough unix that your instructions are perfectly clear. 

Regarding "we have a way to go": ~ter a conversation with Bing Zhou today, 
: ~hink that people may be somewhat shy about contributing 
: .. es a-than-perfect programs. Thia could be counteracted by sending out a 
. ·, -i!lage sayinq that we are i11terested in ANY proqrama that are relevant 
1:1d don't bomb .•. no matter how grundcpr! For now, and for the purpose of 
1~dreasing the PAC questions, my definition of a "relevant" program is that 
(a) it is directlf applicable to one of the lat four PAC questions or (b) the 
author MAY think it useful to question 5 --- complementarity to SDC. If the 
author think• the program i• uaeful by this definition, but not in the best 

t' shape, (a) he <:ould/should indicate that in introductory program comments. 
Bl.IT, WE NEBO THE PROGRAMS I ALL CONTRIBUTIONS KILL BE GRATEFULLY ACCEPTED I 
This is no time for foolish pride. You can consult with Bing and Frank (e.g.) 
who best to solicit for contributions. 

l'.hanka again, 

'(en L. 
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Forward Calorimetry 
Do we need it? 

John Rutherfoord 
University of Arizona 
GEM Collaboration Meetine 
5 September 1991 
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Physics Requiring a Forward Calorimeter 

Missing ET 

Higgs 
H - ZZ - .e+.e-vv 
H - ZZ - f.+f.-rf 

New heavy quarks 

SUSY 

Technicolor 
p± - w±zo - f.±v£+£-TC _ 
Leptoquarks gg - P3P3 - brbf 

New Gauge Bosons 
W 1± - .e±v 

Other sources of boson pairs 
w± zo - f.:l:vf.+ R.
w± w± - f.±ve±v 
w+w- - f.+vf.-v if separable from tt 

Forward Jets 

VV scattering with forward jet tagging 

Low x physics via forward di-jets 
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INITIAL ENGINEERING TEAM (JULY 29 - SEPT. 30, 1991) 

Magnet - LLNL (Johnson (coord. group), Deis, Miller, ... ), MIT (Marston, Hale, ... ) 

Muon - Draper (Nimblett, ... ), LANL (Hanlon, Smith (coord. group)), Boston (Hazen (electronics)), LLNL 
(Johnson (coord. group)), SSCL (Grinnell) 

Calorimeter - ORNL (Rennich, Richards,. . ., Eberly (coord. group)), Draper (Ayer, ... ) 

Tracker - LANL (Barber, Smith (coord. group), Boissevain (electronics)) 

Structures - (Smith (coord. group), Nimblett, Johnson (coord. group), ... ) 

Coordination - LLNL (Johnson), LANL (Smith), ORNL (Eberly) 

Layout - SSCL (Sabin, Okay) 



ORDERED PRIORITIES UNTIL OCTOBER 1, 1991 

1. SUPERCONDUCI1NG MAGNET DESIGN 

2:SELECI10N OF CALORIMETER omoN - CONCEPTUAL DESIGNS, COST AND SCHEDULE 
IMPACTS, INTEGRATION ISSUES (SUPPORT THE PHYSICS TEAM) 

3. DEVELOP COST BOOK AND SCHEDULE 

4. MUON SYSTEM - CONCEPTUAL DESIGN, COST AND SCHEDULE IMPACT, INTEGRATION 
ISSUES 

5. TRACKER CONCEPTUAL DESIGN, omoN SELECI10N 

6. DEVELOP INTEGRATION TEAM AND METHODOLOGY 



BASEPIE.XLC 

GEM COSTTARGETS(2tJULY 1H1) 
($ MILLIONS) 

R&D ($40) C<l!Tl!Mlng ($10) 

Trigger ($10) 

Tracller ($40) 

Calorlmelera ($150) 

Structures ($20) 

Page 1 

Magnet ($100) 

Muon ($130) 



GEM 
ENGINEERING MEETING 
MONDAY, JULY 29, 1991 

9:00am - 4:00pm 

I. Proposed Work Breakdown Structure and Cost Book 
Organization. Discussion of National Laboratory 
Laoor Rates, Vendor Rates Dave Etherton 

II. Review of Schedule - Collaboration/Dave Etherton/ 
Mike Harris 

III. Facility Requirements - Chris Laughton/ 
Ray Stefanski 

IV. Organization of GEM Engineering 

V. Requirements for Letter of Intent (LOI) 

VI. Safety Issues - Liquid Argon/fMS/Butane/Stray 
Fielcf/... Ronn Woolley 

VII. Schedule of Future Engineering Meetings 



,v:x1r~• T111~opitr 7~21 ; S-27-91 : 9:~1 5058853858:•27 

GEM ENGINEERING MEETING 2 
THURSDAY, AUGUST 29, 1991 

9:00 
BUILDING 3, LG. CONF. RM. 

Underground ·Facilities and 
Surf ace Facilities Update 
Magnet Safety Repon 

Ronn Woolley 
Magnet Design Review and Progress 
LUNCH 

9:00 - 10:30 

10:30 - 11:00 

11:00 - 12:00 
12:00 - 1:00 

WBS and Cost Book Format Report . t :00 - l :30 
Informal Report on Muon System Status 1 :30 - 2:00 

Frank Nimblett, Brian Smith, Coleman Johnson 
Informal Report on Calorimeter Engineering 
Studies 2:00 • 3:00 

Mark Rennich, Ayer 
Informal Report on Tracker Engineering Studies 3:00 - 3:30 

Ron Barber 
Informal Electronics Group Report 

Marlow 
Discussion of Future Integration Organization 

Coleman Johnson, Brian Smith, Cliff Eberle, 
Mike Harris 

3:30 - 4:00 

4:00- 4:30 

-
/'.r~-. ' 
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;,iMULATlON PAH.A!.!Lfi.i' •. ' '.\EE~ :·p 
Physics Simulation Group 

In preparing the GEM Lo! we need to answer the same four physics 
questions that were asked of L• and E/T. Briefly, these questions are 

(1) Higgs search, 80 < m < 800 GeV; 
(2) Top search, m = 250 GeV, and t -> H+ b search; 
(3) Missing ET for gluino, m = 300 GeV, and fort', m = 400 GeV; 
(4) Jet resolution for Z -> q qbar and Z' -> q qbar. 

To start working on these questions, we need to have physics performance 
parameters for the various systems AS SOON AS POSSIBLE. We can deal with a 
few options, e.g. 2~/sqrt(E) and 7%/sqrt(E) electromagnetic resolutions, but 
we cannot simulate all possible detectors. 

We list below the main parameters which we will need; we can do useful 
work without thoee in square brackets. Information on changes for L = 10~34 
would be very helpful. We hope to have at most two options for each system. 

MAGNET 
Field in central region 

WUON SYSTEM 
Delta(pt)/pt vs eta. 
eta coverage 

!
geometric and reconstruction efficiency] 
track time determination] 
readout time (for triggering)] 
two track reeolution] 

[punchthrough backgrounds) 

HADRON CALORDIBTRY 
Delta(B)/B = a/sqrt(E) + b 
Delta(B) from pileup and noise 
Delta(eta), Delta(phi) vs. eta 

(

time deteraination) 
longitudinal eegmentation) 
cracks, dead aaterial) 

BM CALORIMB'l'RY 
All of the above 
Shower centroid determination 
Shower pointing to vertex 

FORWARD CALORIMETRY 
Missing BT resolution 
Ma.xiaua eta and (usable) eta, phi segmentation 

TRACKING 
Delta(pt)/pt 
eta coverage 
Vertex determination 
Thickness in radiation lengths 

l
eff iciency] 
two track resolution] 
time determination) 
readout time] 

[multiplicity measurement] 



GEM SIMULATION 

Meeting at BU with K. Lane, B. Zhou. 

Simulation effort has at least three tasks: 

• Answer PAC generic questions. 

• Help to define GEM advantages. 

• Help to make detector choices. 

Many generic studies. Need to start 

specific work for GEM. 

Can only deal with limited number of 

options. Need definition of detector NOW. 



Must answer same EoI questions already 

considered by EMPACT, L*, SDC, and 

TEXAS: 

1. Search for Higgs, 80 < mH < 800 GeV. 

2. Search for standard t, mt = 250 GeV and 

fort-+ H+b, mH = 150 GeV. 

3. Exhibit I/Jr performance for gluino, mg = 
300 GeV, and t'-+ w+b, mt'= 400 GeV. 

4. Exhibit jet resolution for Z -+ jj and Z'-+ 

jj, mz1 == 1 TeV. 

Crucial parameters: 

Muon 

lipr /PT vs 'fl, 'fl coverage. 

Hadron Calorimeter 

!iE/ E = a/v'E EB b. 



b..E from pileup and noise. 

b.. 'r/' b.. ¢ vs 'r/. 

EM Calorimetry 

All of the above. 

Shower centroid determination. 

Shower pointing to vertex, if any. 

Forward Calorimetry 

Jtr resolution, or equivalent. 

Central Tracking 

b..pr/PT vs rJ, rJ coverage. 

b..z for vertex. 

Radiation length vs rJ. 

Central B field. 

Need 1-2 choices for each system. 



Have identified some workers: 

R-Y Zhu, Cal Tech 

H Ma, BNL 

M Chen, MIT 

S Manley, Yale 

H---+ ZZ*, ZZ B Zhou, BU 

Z ---+ ee K Furuno, Oregon 

H---+ ZZ*, ZZ M Mohammadi, SUSB 

Z ---+ µµ J Branson, UCSB 

B Zhou, BU 

H ---+ ££vv G Forden, Arizona 

Ii ---+ ££ j j H Ma, BNL 



t'---+ w+b 

Err resolution 
' ..:.. 

J Shank, BU 

S Protopopescu, BNL 

M Murtagh, BNL 

F Paige, BNL 

S Kahn, BNL 

A Vanyashin, SSC 

G Forden, Arizona 

J Rutherfoord, Arizona 

Z ---+ j j, Z 1 ---+ j j R Frey, Oregon 

I Stumer, BNL 



PAC asks us to define complementarity of 

GEM to SDC. Baseline design offers: 

• Better EM resolution. 

• More robust µ measurement outside 

calorimeter with comparable resolution. 

• Higher luminosity capability. 

Other potential advantages: 

D Better ')1 /jet separation, either from speed 

or from preshower detector. 

D Better jet and/or Jtr resolution - more 

compact calorimeter can be better. 

D Betterµ resolution at high PT with_ b.igh B 

option. 



Particular processes which benefit: 

E ... "!IJ Calorimetry: 

H -+ "Y"Y, both "Y"Y and jet backgrounds. 

H-+ ZZ*-+ e+e-e+e- resolution. 

Z 1 -+ e+e- width (typically 1%). 

Higgs in other models? 

Muons: 

More robust. 

Measure µin jet well. TJseful for many 

possible processes: 

gg-+ tt; 

gg -+ fJT -+ tt; 
- -

gg -+ P3P3 -+ bµbr; 

Also measure heavy flavor backgr.ounds. 

Z' -+ µµ and qq -+ µµ. 



High Luminosity: 

Usable and important for many processes: 

Z1 ~ ,e+,e-, W 1 ~ fv. 

Compositeness in qq ~ ,e+ .e-, qq ~ fv. 

qq ~ µ+ µ- asymmetry. 

PT ~ wz, WT ~ z~ and other strong 

WW interactions at Te V scale. 

H ~ ,e+g-g+,e-. 

gg ~ g±g± for very high masses. 

T+ T- pairs from Z 1
, compositeness? 
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