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Abstract: 

The Physics group's menu of physics reactions were presented, along with a 
list of desired single particle types for which parameterizations were desired for fast 
physics simulations. The subsystem simulation groups worked out sets of 
parameters which could be provided to the physics group. The simulation groups also 
gave status repons, and other issues (coding standards and methods, "GEMLIB", 
and PDSF upgrade) were discussed. 



AGENDA for GEM SIMULATION MEETING -- Jan. 20-21, 1992 at SSCL 

The purpose of the meeting is to develop a coordinated simulation 
effort across the collaboration, in preparation for the July 1992 PAC 
meeting, the Technical Proposal, and to the extent possible, for the 
Tucson meeting. There will also be a February meeting at SSCL which 
will address other issues as well as simulation. 

The simulation coordination is to be across the Physics group, detector 
subsystem deaiqners and trigger groups. one goal is to produce 
detector subsytem simulations which can be combined for a full 
sitllulation, including triggers. These subsystem simulations will also 
be used to provide parameterizations of performance which can be uaed 
to provide quick evaluations of overall performance on physics 
processes. Further, this system should be centralized and archived so 
that versions used to produce key results can be recovered and re-run 
if needed. 

The meeting, as an organizational meeting, is expected to be somewhat 
informal, so times are approximate. Besides discussing physics, 
subsystem representatives are asked to discuss their approach to 
computing. 

Jan. 20th -- Monday 

9:00 a.m. 
9:15 a.m. 

10:30 a.m. 
10:45 a.m. 
12:30 p.m. 
1:30 p.m. 
2:00 p.m. 

Agenda revision -- K. McFarlane 
Physics requirements -- Lane, Paige 

COFFEE 
Central tracker -- S. McKee, S. Sen, M. Brooks 
LUNCH 
Forward C&lorimetry -- M. Shupe 
LAr calorimetry -- TBA 
BaF2 -- RY Zhu 
Scintillation calorimetry Rob Carey 
Muon system --

3: 00 p.m. Muon trigger -- C. Yanagiaava, P. Dingus 
Magnet -- J. Sullivan 
Trigger/DAQ -- Liasauer/Seman 

Jan. 21st -- Tuesday 

9:00 a.m. SSCL support 
CERNLIB in 1992 -- L. Roberts 
PDSF upgrade plans -- B. Scipioni 
GEMLIB proposal -- K. McFarlane 
Development of full simulation -- discussion 
Coding standards for subsystems 
File fo:cmats for exchange 
Overall coding standards 
PDSF/Unix user environment and utilities 
CAD/GEANT -- J. Womersley 
Agenda for February meeting and schedule of future 
meetings 

Related GEM meetings 

Jan 22nd: Forward Calorimeter, Muons simulation, CT simulation 
Jan 23rd: Council, CT 
Jan 24th: Trigger/DAQ, Central Calor, CT, Muons HW 



List of GEM simulation 'qroups' 

Physics -- K. Lane, F. Paiqe, B. Zhou 
Beam pipe --
Radiation Environment -- D. Lee (LAJIL) 
Central Tracker -- Shawn McKee, Geoff Mills, s. Sen, M. Brooks, J. Musser 
Calorimetry -- Jim Brau 
LAr calorimetry -- H. Gordon, H. Ma 
BaF2 -- H. Newman,,RY Zhu 
Scintillation calorimetry w. Worstell, Rob Carey 
Muon System -- R. McNeil, B. Zhou, M. Atiya, T. Wenaus, J. Shank, 
Muon triqqer -- M. Atiya, Chiaki Yanaqisawa (SONY), P. Dinqus (SSCL) 
Maqnet -- J. Sullivan 
Forward calorimetry -- M. Shupe, G. Forden 
Triqqer/DAQ -- Marlow, Lissauer/Selllan 
Level 3 

Here is a list of GEM directories on PDSF: 

adrnin gem lee 
akchurin qemlib lei 
barish qmills lelchuk 
bls qurtu leltchou 
branson hipple lissauer 
brooks huazhonq lost+found 
busenitz itep ma 
cca jcwu manly 
ch en jjb marin 
dingus jke marl ow 
dms jthomas mcfarlan 
ecarlson kahn mckee 
ejke kan mou:it 
esimmons kinnison muss er 
ficenec kirkby mutrig 
fredl kobrak nevski 
furuno lane new.:ian 

paradise tracker 
ramana tully 
ras turk 
rbd userfiles 
read vanyashi 
reidy wenaus 
ritchie wenwen 
sen wolin 
share worstell 
shi xjyan 
shmakov yamamoto 
shot kin yhchanq 
soldate yost 
Sullivan yuwuyu 
sumorok zhou 
tarle zhu 
themann 



Summary of meeting 

1. Ken Lane presented, on behalf of the Physics group, a menu of interactions designed to 
test the GEM detector, divided into first and second priorities. The Physics group requests 
that simulation effort be focussed on developing parameterizations of each subsytem based 
on detailed (full) simulations of the subsystem. He also presented a list of particles with 
energy ranges to be simulated. With an approach where each subsystem provides up-Io
date parameterizations, it will then be easy for the Physics group to run fast evaluations of 
the performance on the Physics menu. 

Ken distributed several documents (attached): "Physics Simulations for the GEM Technical 
Proposal", detailing the above program, and "Physics simulations requested by the PAC" 
and "Comments on the PAC report on GEM Physics." 

The simulations groups worked during the meeting to produce a set of parameters which 
would characterize their detectors; these reponses follow Ken's transparencies. 

2. This was followed by status reports from several simulation groups: 
Central tracker -- S. McKee, S. Sen, M. Brooks and G. Mills (see transparencies) 
LAr calor -- H. Ma 

Simulations are being setup and run for the following subsubsytems: 
Prototype 

EM accordion -- projective and non-projective 
Hadron calorimeter -- plates 
Pre-radiator 

The next step is a full LAr simulation 
BaF2 calor -- R. Y. Zhu (see transparencies) 
Scint. Cal. -- Rob Carey -- this group is getting underway 

-- K. Shmakov 
-- Yu. Kamyshkov commented on measuring energy resolution 

Trigger group -- C. Yanagisawa (see transparencies), D. Llssauer (see 
transparencies) 

Forward Calorimetry -- J. Rutherfoord (see also Shupe below) 

3. PDSF -- Brian Scipioni described the PDSF upgrade plans. See attached 
transparencies.) There are three phases -- Phase I which is the existing PDSF, Phase II in 
which Increment 1 is added (32 HP9000n20 headless boxes and additional disk space), 
and Phase III in which another 64 headless boxes would be added. Only Phase II 
(Increment 1) is definite. The transition to Phase II will take place in several stages (see 
transparencies): 

L PDSF will be shutdown for two days to reconfigure to half capacity. 
2. PDSF will come back up with two SGI machines (fsO and brO), half the Sun 

boxes and half the disks (but see below). This configuration will last for two weeks, while 
the two other SGI's are re-configured as file(data) servers (ds2 and ds3) with 15 Sun 
boxes from one and 16 HP's from the other. 

3. PDSF will again be shutdown for two days to re-configure to using the new 
system(s). This will involve style changes: Directory structures will be new (e.g 
/home/ds2/gem/gemlib) and login will be to a specific segment (e.g. rlogin pdsf2 OR 
rlogin pdsf3). Users are expected to select a preferred segment to keep their files and do 
their work. The other segments will be available over NFSJFDDI but efficiency dictates 
being 'close' to one's data. User files will be moved to this new system. 

4. For two weeks this new system will be available while the other equipment is built 
into two matching segments (pdsfU and pdsfl). 

5. Another two-day shutdown to merge all into one connected system. 



There was much discussion of the PDSF changeover, with the following 
recommendations to the support groups and to GEM users: 

1. The upgrade should be delayed till the end of the GEM Tucson 
meeting (March 11th). 

2. The disk space available to users should NOT be reduced during 
step 2 above. New equipment will be available to achieve this. 

3. Some of the new HP boxes should be put on the network to allow 
users to begin the transition to using HP. 

4. Users should back up files to tape (using dms). This needs to be 
looked into to give convenience. 

4. CERNLIB in 1992 -- Lee A. Robens presented his views on the likely evolution of 
CERNLIB (including GEANT) in 1992. These comments are attached. One important 
point is that the SSCL order of priority of suppon of various systems is: 
Highest: 

Next: 

Silicon Graphics (IRIX 4.0.1) 
Sun Sparcstation (SunOS 4.1.1+FORTRAN1.4) 
HP 9ooonxx (HP-UX 8.07) 

DEC Ultrix 4.2 + DEC FORTRAN 3.1 
DEC Ultrix 4.2 +FORTRAN for RISC 2.0 

GEM support will be targeted at DEC FORTRAN 3.1 
LOwest: 

IBMRS6000 
For more details, see the notes. 

5. CAD/GEANT -- John Womersley described effons at Florida (SCRI) to ease the CAD 
to GEANT transition and also described useful software available from SCRI. See 

transparencies. 

6. TIIB GEMLIB proposal, to create a library of useful software on PDSF, was briefly 
described. 

7. News: will be made available on SSCVXl (>SETUP GEM_NEWS, followed by 
> GEMNews ), pdsf -- newsgroups ssc.pdsf.announce and ssc.pdsf.gem (use rn or xrn). 

8. There was discussion of coding standards and code management. The consensus was 
that something must be used, and that Unix could be the base system. (E. Wolin, K. 
Mcfarlane). M. Shupe also sent a set of suggestions (attached). 

9. M. Shupe sent information on useful programs he is working on. These will, we hope, 
be available in GEMLIB. Descriptions are attached. 

10. It was decided to use a right-handed coordinate system. If GEM is on 
the East Campus, z would be north, y up and x towards the center of the 
machine. 
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GEM PHYSICS SIMULATIONS 

• List of processes to test GEM's capabilities for the 

BROADEST POSSIBLE RANGE of new physics 

in the Te V energy region. 

=? List is TOO LONG for detailed, full detector simulations! 

=? Must rely on PARAMETERIZATIONS of full simulations 

of detector/ subsystem response to individual "particle" stimuli. 

•FIRST PRIORITY: 

FULL DETECTOR SIMULATIONS 

---+ List of "particles", T/ and ET range, etc. 

---+ List of subsystem parameters, trigger requirements, etc. 

---+ Generate stimuli with underlying event -

e.g., qq---+ //, e+e-, µ+µ-, f.±v, etc. 

---+ Experimentalists needed for simulations! 

=? COMPLETE BY JULY PAC MEETING 

• PHYSICS PROCESSES 

---+ Priority 1 List: Broadly test GEM capabilities for 

physics "favorites" ( a.k.a "benchmarks"). 

---+ Priority 2 List: Test GEM's REACH for new physics 

possibilities. 



particle/jet 

e 

µ 

jet 

b-+ µ 

T-+V11" 1
S 

JtT (jets, lv) 

FULL DETECTOR SIMULATIONS 

TENTATIVE LIST OF "PARTICLE" STIMULI 

2.5 

2.5 

2.5 

3.0 

2.5 

2.5 

5.0 

Er range 

10 GeV - 1 TeV 

10 GeV- 5 TeV 

10 GeV- 5 TeV 

50 GeV- 6 TeV 

50 - 500 GeV 

50 - 500 GeV 

50 GeV-1 TeV 

Subsystem 

CT,ECAL,HCAL,TR 

CT, ECAL, HCAL, TR 

CT, MUON, HCAL, TR 

ECAL, HCAL, TR 

CT, E/HCAL, MUON 

CT, E/HCAL 

E/HCAL, F/B 



WE NEED TO: 

• Formulate physics goals for each subsystem and the detector as a 

whole. 

• Coordinate with computation group: tools, disk space, archiving, 

etc. 

• Simulate "particles" with appropriate underlying event and back

grounds at £ = 1033 cm-2 s-1 • 

• Simulate /, e, µat £ = 1034 cm-2 s-1 • 

• Develop and refine trigger strategies. 

• Study responses as a function of adjustable subsystem parameters. 

• Parameterize subsystem responses to "particle" stimuli. 

• Integrate subsystem responses into FULL detector parameteriza

tions. 

• Set up library of detector parameterizations (protected, with full 

comments) on PDSF. 

• ASSIGN MANPOWER NOW! 

• COMPLETE FOR PRESENTATION AT JULY PAC MEET

ING! 



PHYSICS PROCESSES 

• PRIORITY ONE - TO BE COMPLETED FOR THE TDR 

...... Broadly test GEM capabilities for physics "favorites". 

-> Determine and simulate physics and nonphysics backgrounds . 

...... Refine trigger strategies. 

1. H 0 ...... 'Y'Y (MH ~ lOOGeV) 

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

2. H 0 -+ e+e-e+e- (MH ~ 150 - 400GeV) 

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

3. H 0 -+ µ+µ-µ+µ- (MH ~ 150 - 400GeV) 

- tests CT, MUON, TR. 

4. H 0 -+ .f.+.t.- jet jet, t* = e:I: or µ:I: (MH = 800GeV) 

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

5. H 0 -+ .f.+.t.-vv, .f.:I: = e:I: or µ:I: (MH = 800GeV) 

- tests CT, 

ECAL/MUON, F/B, TR. 

6. Leptoquark pair-production and decay, gg-+ 7rLQ7rQL-+ br+'br

- tests CT, MUON, HCAL, F/B, TR. 



7. Quark substructure in high-PT and invariant mass jet production (de

viation from QCD cross sections at PT ~ 4 Te V) 

- tests ECAL, HCAL, TR. 

8. Quark/lepton substructure in qq--+ µ+ µ- at high invariant mass (a de

viation from the Drell-Yan cross section at M ~ 2 Te V) and ultrahigh 

luminosity, .C = 1034 cm-2 s-1 • Determination of the chiral structure 

of the contact interactions and the reach in the substructure scale, A 

- tests CT, MUON, (ECAL, HCAL), TR. 

9. z10 --+ f+ f_-, with f± = e±, µ±. Precision measurements of mass, 

width (via e+e-) and asymmetries (viaµ+µ-); determination of the 

reach in Mv. Detector performance at .C = 1033 cm-2 s-1 , 1034 cm-2 s-1 

- tests CT, ECAL, HCAL, MUON. 

10. Gluino pair production via the JJT and and likesign-dilepton signatures 

- tests F/B, E/HCAL, CT, MUON. 



PHYSICS PROCESSES 

• PRIORITY TWO 

-+ Determine GEM's reach for potential new physics. 

-+ Determine and simulate physics and nonphysics backgrounds. 

Not all need to be done for TDR, but a plan should be developed for 

completion in a year or two. 

1. W'± -+ .e.±vt. Precision measurements of mass, width and asymmetry; 

determination of the reach in !vfw,. Detector performance at .C = 
1033 cm-2 s-1 and 1034 cm-2 s-1 • 

2. Quark/lepton substructure in the processes qq-+ .e.±vl. Determination 

of the chiral structure of the contact interactions and the reach in the 

substructure scale, A, at .C = 1034 cm-2 s-1 • 

3. Technicolor signatures in the processes: 

(a) Color-singlet p~-+ z0w±-+ .e.+.e.-.e.± + $T and .e.+.e.- jet jet. 

(b) Color-octet PT -+ jet jet: 

(c) Color-octet PT-+ 'Kqq'Kqq· The 'Kqq will be assumed to decay to bb, 
t1 and tb. Signals will be studied both with heavy flavor identification 

and without it (i.e., in multijet modes). 

4. Supersymmetry signals in the processes: 

(a) gg-+ multileptons (Nt = 3,4). These signatures do not rely on F/B 

calorimetry. 

(b) gg detection via a complicated multijet signature. 

(c) Squark and/or slepton detection. 

(d) Representative supersymmetry signals in the case that R-parity is not 

conserved, so that there is no characteristic $T signature. 



5. Neutral and charged Higgs-like color-singlet scalars (H'0 ) and (H±) 

found in extensions of the standard model, supersymmetry and tech

nicolor. 

(a) H'0 = h0
, 11"~ -+ 11 (MH'" < 2Mw ). 

(b) t-+ H+b, for mt> MH+, with H+-+ cs and r+vT. 

(c) Electroweak pair-production of H+ H-, with H+ -+ tb (MH+ >mt)· 

7. Alternatives to H 0 -+ II need to be developed and studied for the 

intermediate mass Higgs and similar particles ( h0 and 71"~). Some pos

sibilities are gg -+ H 0 -+ r+r- and tl -+ ttH0 with H 0 -+ r+r

and/or bb. 

8. Strong WW interactions, especially in the w±w± mode. 

9. For either technical or financial reasons, certain subsystems or parts 

of subsystems may have to be postponed. Two examples are F /B 

calorimetry (3 < T/ < 5) and a preradiator (in the case of LAr EM 

calorimetry). If there are others, they should be identified as soon as 

possible. We need to determine alternative search modes for physics 

signals that generally rely on these systems and determine whether 

GEM can discover the physics in the alternative modes. Some examples 

were listed above (like-sign dilepton signature for gluinos; alternatives 

to H 0 -+TY)· Others will be developed when and if the need arises. 



IMMEDIATE TASKS 

1. Complete or revise the table of "particle" signals for full 

detector simulations. Add backgrounds. Develop / refine 

trigger strategies. 

2. Formulate physics goals for each subsystem. 

3. Get people to do simulations work and organize them, with 

a timetable for completing various segments of the work. 

4. Start development of simulation packages for each subsys

tem. 

5. WHAT ELSE? 



CENTRAL TRACKING PARAMETERIZATION 

INPUT: ID - Particle type 

Em - Energy/Momentum (4 vector) 

Input vertex must be within beam pipe. 

OUTPUT: ID - Unchanged 

Xout. Y out> Zou1 - Output point (intersection of panicle trajector with outer CT 
cylinder) 

Eout - Energy/momentum (4 vector) 

LR - Number of radiation lengths passed through 

I - Number of interaction lengths. 

XMin, YMin, ZMin. - Measured venex 

Emm - Measured input 4 vector 

DXMin, DYMin, DZMin - Error on measured venex 

DEMin - Errors on measured input 4 vector 

XMoui. YMout. ZMout - Measured output point 

EMout - Measured output 4 vector 

DXMout> DYMout• DZMout - Errors on measured output point 

DEMout - Errors on measured output 4 vector 

b - Impact parameter (primary venex) 

Db - Error on impact parameter 

Z- Charge(+ or-) 

KMC/ct l/24192 



CALORIMETRY PARAMETERIZATION · H. MA 

Inputs: P,ID,venex 

Options: Detector choice (LAr, BaF2/spag) 

Luminosity (for pile-up noise) 

Outputs: 

Utility: 

" " a) Simple: Etorah Eem. nem• ntot 

b) cell list: (transverse, longitudinal shower profile), 

number of towers, list of energy in hit towers 

c) Cell Array 

d) 

energy deposition to a complete array of towers 

(em shower pointing) 

clustering 

jet finding 

Simulation required to obtain the parametrization. 

1) prototype response 

2) noise 

3) T] (or<p) dependence of resolution due to structural material, etc. 

full detector simulation, with simplied detector details 

4) e, it, µ 

(A utility to return the probability of being EM or hadronic and the corrected energy in either case 

was suggested.) 

KMCJct 1!24192 



0th ORDER PROPOSAL FOR 

MUON BLACK BOX 

M. Mohammadi, C. Yanagisawa, P. Dingus 

Will provide a subroutine that returns for every charged track in an event: 

a) smeared 4-vector 

b) trigger probability (Ll) inµ system. 

c) momentum reconstruction probability in theµ system. 

d) space point in µ system 

- isolated 

- injet 

i.e. (* =returns these objects), 

Call RMU (V4, IP, Q, VM4*, XM4*, p• trig. P*recon) 

This will be discussed in muon meeting 1/22 

KMC/ct 1 (14/92 
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PHYSICS SIMULATIONS FOR THE GEM TECHNICAL PROPOSAL 

Kenneth Lane, January 20, 1992 

The detector and physics simulations should done in two stages: (1) full detector simula

tions and (2) physics simulations with parameterized detector responses. 

I. Full Detector Simulations 
Full simulations of each subsystem, or groups of subsystems, should be carried out to 

determine responses to the relevant individual "particle" stimuli (with the underlying 

event included). These simulations should cover the full rapidity range of the subsystem 

and the expected dynamic range for new physics and their backgrounds. As a tentative 

example, I offer the following table (subsystems are denoted by: TR (trigger/DAQ), CT 

(central tracker), ECAL (EM calorimeter), HCAL (hadron calorimeter), MUON, and F/B 

(forward / backward calorimetry)). 

partideliet Ex range Subsystem 

'Y 2.5 10 GeV -1 TeV CT, ECAL, HCAL, TR 

e 2.5 10 GeV- 5 TeV CT, ECAL, HCAL, TR 

µ 2.5 10 GeV - 5 TeV CT, MUON, HCAL, TR 

jet 3.0 50 GeV - 6 TeV ECAL,HCAL,TR 

b-+ µ 2.5 50- 500 GeV CT, E/HCAL, MUON 

T -t 11 'lt''S 2.5 50- 500 GeV CT, E/HCAL 

.fT (jets, Lv) 5.0 50 GeV-1 TeV E/HCAL, F/B 

One of our tasks right now is to prepare a COMPLETE table along these (or better) lines. 

Then, we have to do the following: 

• Formulate physics goals for each subsystem and the detector as a whole. What are 

the physics missions of each subsystem? What precision, dynamic range, speed, occu

pancy, lifetime, etc. are required to carry out these missions? Lane and Paige should 

submit a list of physics questions to each subsystem to help them define their goals. 

• Coordinate with computation group: tools, disk space, archiving, etc. Ken McFarlane 

et al. will define the questions and propose the answers. 

• Simulate "particles" with appropriate underlying event anti backgrounds at £ = 
1013 cm-2 s-1 • e.g.,"(, e, µmight be generated as qq-+ 77, e+e-, µ+µ-. Back

grounds include jet ->"7", "e", punchthrough and decaying pions -t "µ", etc. 
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• Simulate signals and backgrounds for7, e, µat ultrahigh luminosity,£= 1034 cm-2 s-1 • 

In my opinion, ultrahigh luminosity is to be used only for very high-mass physics in

volving E-,,t ;;:: 1 Te V. Important considerations here are 1111rVivabilty and speed of 

subsystems, and triggering. 

• Develop and refine trigger strategies. Dan Marlow et al. are in charge. 

• Study responses as a function of adjustable subsystem parameters - energy, position 

and angle resolutions; segmentation; depth and length; etc. Interacting subsystems 

must coordinate simulations - e.g, CT and ECAL; CT, BCAL and MUON. 

• Parameterize subsystem responses to "particle" stimuli as functions of energy and 

rapidity. 

• Integrate subsystem responses into FULL detector parameterizations. This requires 

uniformity and compatibility of simulation packages. 

• Set up library of detector parameterizations (protected, with full comments) on PDSF. 

• ASSIGN MANPOWER NOW! These simulations are to be carried out by exper

imentalists in the respective subsystem groups. 

• COMPLETE FOR PRESENTATION AT JULY PAC MEETING! We must 

demonstrate to the PAC that our simulations effort is well-organized and running 

smoothly. We must respond as much as possible to the concerns expressed in the 

PAC report. 

II. Physics Processes for Simulation 

Here I list a set of first and second priority processes to be simulated using the detector 

parameterizations developed in part I. The priority one list is intended to provide a broad 

test of GEM's capabilities for "standard" TeV-region physics and to address issues and 

concerns specific to GEM - high precision ECAL, precise and robust MUON, ultrahigh 

luminosity running, e/h response, and J:T capability. As many of these simulations as 

possible should be completed for the TDR. The priority two list contains suggestions 

of a broad range of processes designed to test GEM's discovery reach for potential new 

physics in the TeV-energy region. These need not be completed for the TDR, but an 

orderly plan {or carrying them out over the next ~ two years should be developed soon. 

For both lists, phyaica and nonphyaica backgrounds must be determined and simulated, 

and trigger strategies proposed and refined. These simulations should be carried out by 

e:rperimentaliata and theoriata working together. 

2 



A. First Priority Processes to Determine GEM Capabilities 

1. H 0 ___, -y-y (AfH ~ 100 GeV) 

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

2. H 0 ___, e+e-e+e- (MH ~ 150 - 400GeV) 

- tests CT, ECAL, (BCAL), TR. 

3. H 0 ___, µ.+µ.-µ.+µ.- (MH ~ 150 - 400GeV) 

- tests CT, MUON, TR. 

4. H 0 ___, 1.+ 1.- jet jet, 1.± = e± orµ.± (MH = 800 GeV) 

- tests CT, ECAL/MUON, BCAL, TR. 

5. go_, 1.+1.-vv, 1.± = e± orµ.± (J.IH = SOOGeV) 

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

6. Leptoquark pair-production and decay,(}(}--> '7;q'lrQL --> 1n-+'6T
- tests CT, MUON, BCAL, F/B, TR. 

7. Quark substructure in high-PT and invariant mass jet production (deviation from 

QCD cross sections at PT~ 4 TeV) 

- tests ECAL, HCAL, TR. 

8. Quark/lepton substructure in qq--> µ.+ µ.- at h.igh invariant mass (a deviation from the 

Drell-Yan cross section at M ~ 2 TeV) and ultrahigh luminosity, C = 1034 cm-2 s-1 • 

Determination of the chiral structure of the contact interactions and the reach in the 

substructure scale, A 

- tests CT, MUON, (ECAL, BCAL), TR. 

9. z•0 _, f.+1.-, with 1.± = e±, µ.±. Precision measurements of mass, width (via e+e-) 

and asymmetries (viaµ.+µ.-); determination of the reach in MZ'. Detector perfor
mance at £ = 1033 cm-2 s-1 , 10'4 cm-2 s-1 

- tests CT, ECAL, HCAL, MUON. 

10. Gluino pair production via the f.T and and likesign-dilepton signatures 

- tests F/B, E/HCAL, CT, MUON. 
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B. Second Priority Processes for GEM Discovery Reach 

1. w•± -+ t±vt. Precision measurements of mass, width and asymmetry; determination 

of the reach in Mw•. Detector performance at £ = 1033 cm-2 s-1 and 1014 cm-2 s- 1
• 

2. Quark/lepton substructure in the processes qq -+ t±vt. Determination of the chiral 

structure of the contact interactions and the reach in the substructure 1cale, A, at 

£ = 1014 cm- 2 s-1 • 

3. Technicolor signatures in the processes: 

(a) Color-singlet p~ -+ z0w± -+ 1.+t-1.± + JJT and 1.+1.- jet jet. 

(b) Color-octet PT -+ jet jet. 

( c) Color-octet PT -+ '"Qq '"Qq. The 11Qq will be assumed to decay to bb, tt and tii. 
Signals will be studied both with heavy flavor identification and without it (i.e., 

in multijet modes). 

4. Supersymmetry signals in the processes: 

(a) gg-+ multileptons (Nt = 3,4). These signatures do not rely on F/B calorimetry. 

(b) gg detection via a complicated multijet signature. 

(c) Squark and/or slepton detection. 

(d) Representative supersymmetry signals in the case that R-parity is not conserved, 

so that there is no characteristic IJT signature. 

5. Neutral and charged Higgs-like color-singlet scalars (H'0 ) and (H±) found in exten

sions of the standard model, supersymmetry and technicolor. 

(a) H'0 = h0
, w~-+ 'Y'Y (My•• < 2Mw ). 

(b) t-+ H+b, for mt> My+, with n+-+ ci and T+v~. 

(c) Electroweak pair-production of H+n-, with H+-+ tb (My+> m,). 

6. go-+ 1.+1.-T+T- at lr/y :::'. 800GeV. 

7. Alternatives to H 0 -+ 'Y'Y need to be developed and studied for the intermediate mass 

Higgs and similar particles (h0 and w~). Some possibilities are gg -+ H 0 -+ T+T

and ff-+ ttH0 with 9o -+ T+T- and/or bb. 

8. Strong lVR' interactions, especially in the w±w± mode. 

9. For either technical or financial reasons, certain subsystems or parts of subsystems 

may have to be postponed. Two examples are F /B calorimetry (3 < T/ < 5) and a 

preradiator (in the case of LAr EM calorimetry). H there are others, they should 

be identified as soon as possible. We need to determine alternative search modes 
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for physics signals that generally rely on these systems and determine whether GEM 

can discover the physics in the alternative modes. Some examples were listed above 

(like-sign dilepton signature for gluinos; alternatives to H 0 -+ 1'1')· Others will be 

developed when and if the need arises. 

Ill. Organization of the Simulations EIFort 

A. IMMEDIATE TASKS - To be Completed at the January 20 - 22 Meeting 

1. Complete or revise the table of particle/jet signals for full detector simulations. 

2. Formulate physics goals for each subsystem. 

3. Get people to do simulations work and organize them, with a timetable for com

pleting various segments of the work. 

4. Start development of simulation packages for each subsystem. 

B. People 

1. For the full detector simulations, we need 1 - 2 people from e<&ck of the subsystem 

groups to work actively, devoting a large fraction of their time to the simulations. 

They must know the issues to be addressed for their particular subsystem and the 

mutual interactions between their subsystem and the others. They must be expe

rienced in the use of the event generators (ISAJET and/or PYTHIA/JETSET) 

and the particle-interaction simulators (GEANT, CALOR, etc.). These people 

will be the conduits of information between the physics simulation and subsystem 

groups. Tkeae people akould <&ttend tke computing group meeting on J1&nu1&ry !O 

- !!. At that meeting we will formulate plans for the work and set up a timetable 

that allows the detector-response parameterizations to be completed in time to 

be of use by the physics simulations group. 

2. We also need a group of people (theorists and experimentalists) to carry out the 

priority one and two physics simulations designed to determine GEM's capabili

ties. 

C. Plans and Operations 
1. We need now to develop an orderly plan of precisely what questions need to 

be answered by the detector <&nd physics simulations groups for the technical 

proposal (and which can be delayed), and to set a timetable for the work. 

2. We need to compile a common set of event generating and analysis programs and 

put them in a library, presumably on PDSF. The programs should be as well 

documented as possible to £acilitate their use. A minor, but persistently nagging, 

issue is that we need to agree upon certain basic common features (such as ma. 
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choice of parton distribution functions, jet-finding algorithm, isolation algorithm, 

etc.). 

3. We need, as soon as possible, a realiatic range of parameters for each subsystem. 

D. Resources 

1. It is anticipated that most computations will be done on PDSF. (It would be 

helpful if PDSF were made more user-friendly, with more versatile and useful 

.login, editors, etc.) For convenience, however, it should be possible to transport 

programs to other machines 

2. We probably should have full physics group meetings once a month to monitor 

progress and make course corrections as necessary. Funds must be made avail

able to support travel to SSCL for simulations meetings (Physics and Computer 

Groups). Somebody will have to talk to Barry, Bill, etc. about this ASAP! 
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Kenneth Lane, Ja.nua'7119, 10:00 

PHYSICS SIMULATIONS REQUESTED BY THE PAC 

The PAC report on the GEM LOI explicitly or implicitly asks that several physics 

simulations be done or repeated under different assumptions. This is a list of the simula

tions in question. They should be done and results presented at the PAC meeting in July. 

The PAC also asks that certain detector/ subsystem simulations be carried out. A list of 

these should be prepared and and tasks assigned. 

A. H 0 -+ -y-y 

1. Repeat H 0 --+ -y-y signal and backgrounds for the following resolutions: 

t..E = 103 E!l l _23 
E VE 

t..E = 1.53 E!l l - 2% 
E VE 

The PAC asks that background from misidentified electrons be considered. It is also 

important to consider the ability of the tracker to identify the event vertex. 

2. tt + H0 --+ lv-y-y + X signal and backgrounds for "standard" LAr and BaF 2 resolutions 

as well as the poorer resolutions above. Renyuan Zhu has done most of this already. 

Determine whether the other associated production process, W + H0 --+ lv-y-y + X is 

competitive with ttH0 • The role of the tracker should be carefully considered. 

3. The PAC noted that -y-y detection at .C = 1034 cm-2 s- 1 was not studied. We should 

discuss the difficulties of this for moderate energy photons (implementation of vertex 

and position couts, isolation cuts). 

1. Repeat these calculations for the poorer ECAL resolutions above. Determine the 

efficiency for electron identification in the endcaps. 

C. Flavor tagging with inclusive muons. 

1. Repeat calculations of heavy top-quark discovery in standard and nonstandard modes 

by tagging events with one isolated lepton and one inclusive muon from t -+ w+ b -+ 

t+vt +µ.-jet. 

D. Electron identification and measurement at .C = 1034 cm-2 s-1 , 
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Kenneth Lane, January 19, 10:00 

1. Discuss the possibilities and problems for detecting and measuring moderate energy 

(- few 100 GeV) electrons at 1034 cm-2 s- 1 from, e.g, an(soo GeV H 0 
- z0 z0 

-

e+e-t+t-. 

2. Give a careful discussion of electron detection and backgrounds for a 4 TeV Z'0 ~ 

e+e- at 1034 cm-2 s- 1 • There are no significant physics backgrounds, so only detector 

(especially central tracker) considerations are relevant here. 

E. Muon identification and measurement at [, = 1033 , 1034 cm-2 s- 1
• 

1. The PAC requests further study of the calorimeter thickness and more realistic sim

ulations to determine the muon measurement goals. The role of the tracker in muon 

identification and measurement and background rejection also must be determined and 

credible simulations carried out. These are primarily)<{letector simulations issues. 

F. 300 GeV Gluino 

1. More careful study of the !JT signature for QQ production should be carried out. Thls 

requires that a credible proposal and design of the F /B calorimetry be developed. 

2. More careful study of the likesign-dilepton signature for QQ should be carried out. 

Special attention needs to paid to the tracker's ability to determine electron signs up 

to E. ~ 500 GeV. 
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Kenneth Lane, Januarr 17, 08:00 

COMMENTS ON THE PAC REPORT ON GEM PHYSICS 

I have extracted statements from the PAC report on GEM physics and comment on 

them below. These comments are mine alone and do not necessarily represent the view11 

of others. Generally, I think the PAC's remarks and concerns are on target, and we have 

much work to do - in detector design and simulations. In a few instances, I think the PAC 

is off the mark. This is true especially of the PAC's remarks about electron identification 

at ultrahigh luminosity, t:. = 1034 cm-2 s-1• That is my fault for not stressing more clearly 

and forcefully what 1034 cm-2 s-1 is for, namely, verr high energy electrons and muons

which should be nearly background-free and relatively easy to trigger on and detect. 

1. "We have considered the physics capabilities of the GEM experiment assuming the 

detector parameters as presented in the LoI. In general, it appears that if the perfor

mance of the detector can really be established as claimed, then the physics reach of 

the experiment will be adequate to the tasks." 

This, of course, is the job that the Physics Group must do this year for the TDR. It 

seems 1m1ikely to me that reasonably full simulations of physics processes (based on 

parameterizations of full detector simulations of responses to individual particles and 

jets) will be completed by the time of the July PAC meeting. 

2. "In comparison with SDC, the GEM detector has emphasized photons, leptons and 

robustness at high luminosities." 

I am gratified that our message about GEM's potential capabilties for measuring 

muons and electrons at ultrahigh luminosities has gotten through to the PAC. One 

thing that did not seem to get through (for which I am at fault for not stressing clearly 

enough) is that ultrahigh luminosity running is intended u.lmo~t entirely for very high 

mass physics, with Et~ 1 TeV for 1111::52.5, as discussed in section 3.6 of the LOI. I 

shall say more a.bout this below when the issue comes up. 

3. "It would be interesting to repeat some of the studies of the calorimeter performance 

with somewhat more conservative assumptions a.bout the resolution (103/sqrt(E) for 

liquid argon and 1-2% for the constant term for either the liquid argon or crystal 

option)." 

This shows the PAC's skepticism with our claimed ECAL resolutions for the LAr 

(especially) and BaF2 options. The PAC is right to be skeptical and we have to 

determine these resolutions ezperimentally as well as carry out the simulations with 

the poorer resolutions, as requested. 
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Kenneth Lene, January 11, 08:00 

4. "The GEM Lol also emphasizes the importance of electrons and muons both with re

spect to precision energy measurement and with respect to running at high luminosity. 

In the Committee's view, further study of the calorimeter thickness and more realistic 

simulations are necessary to demonstrate that GEM's muon measurement goals can 

be met. The GEM muon measurement system has the potential to be more robust at 

high luminosity than that of SDC, which relies on its inner tracker. It also must be 

demonstrated that it is possible to trigger on muons at high luminosity, especially in 

the forward direction where the bending is significantly reduced." 

This needs no comment. The PAC is right. 

5. "Excellent muon identification in the vicinity of jets is a potential advantage for heavy 

flavor tagging. However, the present Lol does not make a strong case as to how this 

information can be used." 

PTUuely thia method of heavy flavor tagging '°""' auppoaetl to be wed in ducwaing the 

ducovery of a heavy top quark (aection 3.3), jwt aa waa done in the L• LOI. However, 

due to a breakdown in communication between Frank Paige and the person doing the 

the top-quark simulations, a different method was used which relied on forcing the t 

to be produced at high PT· We tried to cover up for this in the LOI by noting (at the 

end of the introductory paragraphs to section 3.3) that we could use the L• method 

of tagging an isolated lepton and inclusive muon to measure mf in fl production. The 

cover-up didn't work. 

6. "The ability of the GEM detector to identify electrons at high luminosity is much less 

clear. The inner tracking is potentially more difficult for GEM than for SDC, since 

the track measurements must be performed at smaller radii. 'While the occupancy of 

the silicon detector for GEM is sufficiently small at 1034 , pattern recognition has not 

been demonstrated and it has not been shown how long the silicon will survive." 

The only place in the LOI that I recall discussing measuring electrons at la3' cm-2 s-1 

is in the study of a 4 TeV z•0 decaying to e+e-. After discussions with a number 

of people, I concluded that this process would have no significant backgrounds, that 

there should be no serious impediment to triggering on such high energy EM clusters, 

and that their energy should be well-measured. As stated in 3.6, we found that 

using electron direction information from the central tracker made little difference on 

our determination of Mv and fz•. However, our simulations were at a crude level, 

assuming that shower-shape information could be used to point back to the correct 

vertex, and the PAC's concern here must be addressed. This applies to muons as well, 
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KennelA Lane, JanuarJ 17, 08:00 

which rely to some extent on the central tracker for ,PT-measurement and background 

reduction. But, again, I emphasize that I envisage employing ultrahigh luminosity 
only for ve"tl high energy electrons and muons. 

The remaining comments are on the PAC's remarks about specific physics processes: 

7. "Intermediate Mass Higgs: H -+ 2-gamma 

One of the strengths of the detector is its exc:ellent photon detection and mass resolu

tion. Thus, the performance of the detector in the search for the Higgs in the 2-gamma 

mode is considered in some detail in the Loi. Its conclusion is that the Higgs can be 

observed even at a mass as low as 80 GeV. Howeva, the final result on signal over 

background depends crucially on the resolution of the calorimeter. While the result 
is best for a BaF2 calorimeter, the liquid argon option also leads to good results with 

an assumed 73/sqrt(E) resolution. 

Also, the analysis should be implemented in several ways. For example, the back

ground from mis-identified electrons was not considered, even though it could be 

significant. In general, a more realistic simulation of the detector should be pursued. 

Another important omission is the study of the associated production channels, W 

+ H and t tbar H, which lead to a small number of events relatively free of back

ground. The study of these channels in the GEM detector will also be important 

for a direct comparison with SDC. In fact, SDC can only detect a low mass Higgs 

through the associated production channels and it would be important for the GEM 

collaboration to demonstrate its capabilities in these modes. Finally, we comment 

that the performance of the detector for 2-gamma detection at high luminosities has 

not been studied. It could be particularly important for the relatively rare associated 

production events." 

(a) As stated above, both experimental and simulation work need to be done on the 

9° -+ 'Y'Y mode and presented at the next PAC meeting. This includes background 

from mis-identified electrons and the ability of the tracker to determine the correct 

vertex (important for photon direction). Zhu is the expert here and I defer to him. 

(b) Concerning the associated production channels, W + H 0 and ti+ H 0 , with H 0 -+ -y-y: 

It is my understanding that, at SSC energies, W + 1I° is small compared to t'i + 9°. 
At the time the LOI Higgs section was written, I also understood from Renyuan Zhu 

that he had calculated signal and background for the t'i + H0 mode. As I recall, he 

told me that the signal was about 10 - 20 events per year over a background of 60 

- 100 events, after encn.tive cut.t. Therefore, I decided not to include this negative 
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Kenneth Lane, Janu.'7117, 08:00 

result in the Higgs section of the LOI, principally because of lack of space and the 

(apparently misguided) belief that anyone else looking at this process would come to 

the same discouraging conclusion. What I did not understand properly at the time, 

(and what Renyuan has just clarified for me in a phone conversation) is that this 

background is over the entire mass region 75 - 165 GeV. This makes the signal-to

noise much better i/ the ECAL resolution is sufficiently good. Notwithstanding all 

this, I doubt that anyone would find a signal of 10 events in one SSC year convincing. 

For comparison, the kcJ:groun.&-1ubtr&cte4 signal in the straight H 0 
-+ "f'Y mode 

is typically ...., 200 events. In any case, we should have had someone at the PAC 

presentation knowledgeable enough to make these points clearly and forcefully. We 

shall have to do that at the next PAC meeting, giving the PAC the comparison of 

GEM with SDC that they ask for. 

(c) I cannot make sense of the PAC's comment regarding 2-ga.mma detection at high lu

minosities, i/ they mean by this 1D34 cm-2 s-1 • As I understand it,£= 1034 cm-2 s-1 

is not needed for H 0 -+ 'Y"f and probably cannot be wetl! I do not see how the photon 

vertex and position cuts and the isolation cut will work at 1034 cm-2 s-1 • 

8. "Intermediate Mass Higgs: H -+ Z Z* -+ 4 leptons 

The assumed characteristics of the calorimeter lead to good evidence for the signal in 

this channel, with especially remarkable resolution in the 4-electron channel. How

ever, also in this case, it would be interesting to see the corresponding results with a 

103/sqrt(E) resolution for the liquid argon calorimeter. We also point out that, in 

general, the overall efficiency for electron identification in the end-cap region has not 

been demonstrated." 

(a) We did show results for a sampling calorimeter with t::..E / E = 15%/ v'°EEIH %, aa.suming 

no help from the central tracker. This is Figure 3.2-3(c). The results were dismal. 

We should repeat the simulations for poorer LAr (and BaF2) resolutions as indicated 

earlier. 

(b) Studies of the efficiency for electron identification in the end-caps must be presented 

at the next PAC meeting. 

9. "Heavy Higgs 

The mass region between 0.2 and 0.6 TeV is the ideal interval for observing the Higgs 

in the H -+ ZZ -+ 4-lepton mode. As the mass increases beyond 0.8 TeV, the signal 

detection becomes more and more difficult. The performances of the GEM and SDC 

detectors turn out to be quite comparable in this region, except that for high Higgs 
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Kenneth Lane, January 11, 08:00 

masses, GEM could have some advantage due to its robustness at high luminosity. In 

this connection, we note that the ability to detect electrons at high luminosities has 

not been studied in the Lol." 

(a) As we stated in the LOI, for MH > SOOGeV, the Higgs is so broad that other ap

proaches must be taken to discovering its presence. 

(b) As we stated, C = 1034 cm-2 s-1 is not needed~ find the 800 GeV 9°. It can be 

found by GEM and SOC in the modes 11° -+ t+t-t+t-, 9° -+ t+t- jet jet, and (if 

the F /B calorimetry is adequate) 9° -+ t+ l-vii. 

( c) The only ultrahigh luminosity running I would envisage for an 800 GeV 9° is to search 

for the mode H0 -+ µ.+µ.-µ.+µ.-.As I have said several times, modes involving e+e

could be problematic at 1034 cm-2 s-1 for such relatively low-energy electrons. That 

is why we did not study electrons at 1034 cm-2 s-1 ezcept for the high-mass (4 TeV) 

Z'°. 

10. "Other 

The PAC was generally satisfied with the GEM detector capabilities to answer the 

other physics questions posed. However, there are many remaining questions and 

concerns. Heavy quark decays may be observable and useful in the study of various 

high mass events, but no convincing case was made for GEM's special abilities to use 

leptons for heavy flavor tagging. Also, the case presented for the observation of a 300 

GeV gluino was not completely convincing and needs further study." 

(a) I have already discussed the breakdown that led to our not discussing heavy-quark 

tagging by isolated leptons plw inclwi'lle muon&. We must correct this for the next 

presentation to the PAC. 

(b) It is hardly surprising that the case for observing the 300 GeV gluino was not com

pletely convincing to the PAC. No convincing case can be made for the .fJT signature 

until a credible F /B calorimeter is proposed and designed. The search for the gluino 

via the like-sign dilepton signature can become credible only when all the PAC's con

cerns about the central tracker are resolved. 

5 
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GEANT Simulation Includes: 

1) A fairs comolete 1.eom~ of the sllicon tracker, 
~own to e warer/stnp lev The suoDOrt structure 
IS includ Just 11 an over inaeue"Da density. 

3) The pad layen are represented by copper tubes that are 
0.6._. radiation lencth thick. 

4) The input resolution or the pads is SO microm in r/pbi 
and 1 mm in z in the barrel recfon. There is nothing 
In the code that takes into account dw&e sbarin& 
&D1ong pads, occupancy problem, elftciency, etc. 

S) All physics processes suchs IS multiple scatterin&, 
BremsstraahhUll are turned oa. 

6) A bellcal ftt of tracks is done after pattera 
recopltlon to set the momentum or the particles 
and the lmpad parameter. - -

7) Tracking efllclency and cbar&e measurement efficiency 
plots are available for pattern recognition. 



Questions Belqfro Be Addrmed at Los Al•mOI 

1) How are impact parameter and momentum resolution 
affected by eeamtlt) ol tracker, Le. radU of layers, 
number of layers Hid lf"Cina1 

2) How is patten recopltioa affected by tracker geometry? 

3) What is forward tracking region capable of doing ID present 
conriguration? 

4) What is charp determination eftlclency of tracker'l 

5) What tracking capabilltles are necesary to match 
particles In calorimeter or muon c:h.amben with tracker? 

6) Put la dead time and bacqrounds from preYlous events 
and look at IMnr die pattern recoplUon Is affeded. 



Progrea on GEANT 

1) Impact parameter and JDCJmmtum nsolutiaas la 
barrel region for various &eOmetries Uft beea 
calculated. 

2) Beginning to studJ pattera rec-..itioe ill barrel 
region. Cb&r1e and track elndelldes produced. 

3) Mudl of forward repon Is comp&N but tracking 
from sWcon to pads Is not posdble 1& 
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Figure 5. Strawman Central Tracker with Silicon Sttip inner tracker 

and IPC outer tracker. The inner and outer trackers each cover the 

rapitdity range -2.5<11<2.S with three super-layers. 
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Figure 7. Endviews of the IPC outer tracker. A. Forward region 

disks B. Central region barrels. Note the staggering of the inner 

barrel layer due to Lorentz angle considerations. 
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Figure 6. Endviews of the silicon inner tracker. A. Disks in forward 

region B. Cenu:al region barrels 
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Table 1. SSC operational paramecas 
·.·-

Lu. ~ 1 
c F 12.!i MHz 
Minir'lllm Bias Cross " IG-100 mb 

::: tor Minirom Bias Evert 
12 c:lwged part* ... 

Minirrum Bias Evenls ,_ 1.6 

!!!:!Gil. dnd• foronebeamcrosslng 
1..9 c:lwged particles 

~:: for 300GeV Higgs Evel'U 
4.1 dlllglld pMiclM 

Silicea ~edl. Occupwcy Faction« Space Point 

(Yp) Time Dead( .. ) - -~) • 

-L=lt33car2s·l 0.9-S.Olt 1<>-4 0.06-0.22 .0.2.2 .72-2.6 

L=ltl4c111·25·l • 0.26-2.2 2.0.22.2 3.1-23.2 

IPC 

L=I033cm·2s·l .001 1.0 0 26.0 

L=I034cm·2s·l • 4.9 0 78.0 
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Charged 
Track 

----------R-------+-"" 

-.is 

Figure Mt. The sagitta, s, of a track segment can be related to the 

track length, L, and to the radius of curavature, R. R is in tum 

determined by the magnetic field strength and by the transv~se 
( 

momentum of the panicle. i 
J 

• 
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Sagitta Measurement 
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400 

.. .. .... ..... 
••.57 

Higgs Daughter Transverse Momentum 

-2.5 -1.5 -0.5 0.5 1.5 2.5 

Higgs Daughter Pseudoropidity 

Figure 3. Higgs decay product properties from PYTiilA (5000 beam , 
( 

crossings) with MH = 300GeV, Ho -t ZOZo-t 4 leptons. The number; 

the transVcrse momentum, and the 11 of the charged leptons found in t1ti 
interval -2.5<11<2.5 . are plotted above. 
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.--~~~~~~--, •. .--~~..,..;, - -- MU - ... 

·.·-· 

100 200 JOO 

Neutral Particle Multiplicity 

• - -- ~ ... 

1 2 4 5 

Charged Particle Transverse Momentum Neutral Particle Transverse Momentum 
Figure 2. Higgs event properties from PYTHIA (5000 beam 

crossings). Elastic, diffractive, and low P1 have bean included i~ 
f 

addition to the Higgs production with MH = 300Ge V. Charged arid 
neutral particle multiplicities and transverse momentum disttibutions 

(neutrinos not included). 
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/ b-jet Vertex Tagging 

• In getieral there are 5 vertices: 
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P(d) = d e~ 
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.---··- - Impact Parameter Error 
/ 

,11. 

f>d 
Xi ~ x, 

•use ~.x1 for impact parameter (inner and outer silicon layers) 

.· r4x ( x Jl2 

ad2 •(r+1)2 -'x: +r2ch~ + L 1 1+ ~ &
2 

where 
x 

r • t ' 
X3 -xt 

c!JX~ • ( lJx;-qmcnt )2 + ( l)x;ultiple 11C81tering )2 ' and & • 19µm, 

mw111 ..... ...., • llOµm (1~ X
0 

per layer) x. • 
I 

• Impact P•ameter Error ---------------

0,. -,/(20µm)' + (17µm)' + [ ll~m r 
use 6xu··--• • lOµm 
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GEM Central Tracker 

0.12 

- -•P--No E 
E - 0.1 Momentum 
c Constraint 
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I •••• • Momenlum 

Conslrah 

~ 
0.0& 

-; 
E 
I! 0.04 • A. 

u • r 0.02 

• 
• 5 10 15 20 

p (GeV) 

Figure 13. The impact parameter resolution as a function of 

momentum for a momentum constrained calculation and a momenJUm 

unconstrained calculation. The momentum constrained calculfiion 

would apply to leptons only whCllC die momentum would be measured i 

n the calorimeter or muon system. 

\ 
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S!Hcon Z Impact parameter Resolution 

2.50 

l.H 
Res o'iieion 

- SilP 
E "Resolution 
E 1.SG -c 

i 
1.00 0 ... 

• a: 

o.s.o 

o.oo 
0 0.01 0.02 0.03 O.Q4 0.05 

Stereo angle (radians) 

Figure 14. The Z ~lution Of the silicon as a function of sttip stereo angle 

SICR'J0 angle. For an impact parameter resolution better that 1mm: one would 

need a stereo angle of 10ughly 12 mrad. 

1 D Groom et al, 'Radiation in lhe SSC lnteraclion Regions', SSC-SR-1033, 18 Feb .• J988 

2 D. Lee, LANL MP-4 , Private Communication j 
3 D. Pitz! et al, H. Ziock et al, ·-· 

4 Kadyk et al, LBL or IEEE I believe .•. 
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50cm 
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Features of the BaE;a Calorjmeter 

Detector Barrel Two Endcaps 

Rapidity Coverage 1111 ~ 1.32 1.32 < 1111 < 2.5 

Crystal Front Face ( cm2) 3.1 x 3.1 2.3 x 2.3 

Crystal Rear Face (cm2) 5.1 x 5.1 3.1 x 3.1 

Crystal Length (cm) 50 50 

Crystal Number 10,880 4,144 

Total Crystal Volume (m3) 8.4 2.2 

Total Crystal Weight (t) 41.1 10.7 

T- iJ. : JI "- C,' tJ., 
, .. ' -.' L rll f..w 

a,;t: llo M 



Eracti?nE;i!JfD;!~-W: BaE2 .. 
With ·oeviated Light u ojformjty 

• Number of BaF2 crystals: 11 x 11 

• BaF2 Crystal length: SO cm 

• Front (rear) face of BaF2 : 
3 cm x 3 cm {5 cm x 5 cm) 

• Carbon fiber wall thickness between any two crys
tal faces: 0.025 cm 

• Particle is hitting over the front face of central 
BaF2 crystal. 

• One centimeter Aluminium placed Just before the 
crystals and two 0.5 cm Aluminium placed between 
track origin and midway point to crystals (i.e., to
tal 2 cm Al, whose Xo = 9 cm) 

• No magnetic field. 

• Light yield response (Y) is parametrized with de
viation (6): 

X = Y2s[l + cS(Z/25 - 1)) 

• 
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150 
100 

50 

80 

40 

80 

Energy Fraction jn 3x3 Crystals 

Entries 1000 
Mean 93.69 
RMS .5402 

82.5 85 87.5 90 92.5 95 97.5 100 
EFRAC 3( 1 ST Loyer) 20 GeV Electron 

Entries 500 
Mean 93.78 
RMS .4801 

80 82.5 85 87.5 90 92.5 95 97 .5 100 

40 

20 

EFRAC 3( 1 ST Loyer) 50 Gey Electron 

'- Entries ~ 200 

c Mean 93.51 
~ RMS .7704 
~ 

~ 

c 
I _ I . . I I ~ J . . \I .. I 

80 82.5 85 87.5 90 92.5 95 97.5 100 
EFRAC 3( 1 ST Loyer) 500 GeV Electron 



Fractjon Energy peposjted jn Ba E3 

wjth Devjated Ljght Uniformity 

6 = 0% 

E(GeV) 10 20 50 100 200 500 
-

NEVT 1000 1000 500 500 500 200 

1 x 1 71.0 72.5 73.5 74.0 74.4 74.9 

(u) (4.2) (4.2) (5.5) (•.4) (3.8) (3.4) 

3x3 93.5 93.7 93.8 93.7 93.8 93.5 

(u) (.63) (.49) (.41) (.36) (.34) (.32) 

5x5 97.2 97.3 97.3 97.1 97.0 96.7 

(u) (.43) (.32) (.30) (.31) (.30) (.29) 

7 x 7 98.4 98.4 98.3 98.2 98.0 97.6 

(u) (.35) (.29) (.26) (.47) (.33) (.39) 



---·-Fraction Enerav Deoosited iO Ba E;> 
wjth peyjated Ljqht Uoiformjty 

6= 5% 

E(GeV) 10 20 50 100 200 500 

NEVT 1000 1000 500 500 500 200 -
1 x 1 69.6 71.2 72.5 73.2 73.8 74.5 

(u) (4.0) (4.2) (3.9) (4.3) (3.9) (3.6) 

3x3 92.0 92.3 92.7 92.9 93.2 93.2 

(u) (.76) (.62) (.53) (.47) (.38) (.31) 

5x5 95.6 95.9 96.2 96.3 96.5 96.4 

( (j) (.51) (.43) (.36) (.29) (.27) (.25) 

7x7 96.8 97.1 97.3 97.4 97.5 97.4 

(er) (.41) (.37) (.30) (.20) (.26) (.35) 



Eractjon Energy Deposjted jn Ba E~ 

· · · wjth peyiated Ljght Uojformjty 

6 = 10% 

E(GeV) 10 20 50 100 200 500 

NEVT 1000 1000 500 500 500 200 
., 

1 x 1 68.2 70.0 71.6 72.4 73.2 74.1 

(u) (4.2) (4.6) (4.3) (4.2) (3.9) (3.6) 

3x3 90.4 91.0 91.7 92.1 92.6 92.9 

(u) (1.0) (.86) (.76) (.66) (.56) (.45) 

SxS 94.0 94.6 95.2 95.5 95.9 96.1 

(a) (.78) (.69) (.59) (.SO) (.44) (.31) 

7x7 95.2 95.7 96.2 96.6 96.9 97.1 

(u) (.69) (.62) (.55) (.45) (.39) (.30) 



Eractjon Energy peposjted jn Ba E 2 
wi&h Deviated Lioht Uniformitv ----------

6 = 15% 

E(GeV) 10 20 50 100 200 500 

NEVT- 1000 1000 500 500 . 500 200 

1 x 1 66.8 68.8 70.6 71.6 72.6 73.7 

(u) (4.1) (4.3) (4.5) (4.0) (3.7) (3.5) 

3x3 88.8 89.6 90.6 91.3 92.0 92.6 

(u) (1.2) (1.1) (.97) (.90) (.81) (.72) 

5x5 92.4 93.2 94.1 94.7 95.3 95.8 

(u) (1.0) (.96) (.87) (. 78) (.68) (.56) 

7 x 7 93.6 94.3 95.2 95.8 96.3 96.8 

(u) (.96) (.90) (.82) (.73) (.63) (.48) 
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QEANT SIMULATIOr,I 

Fractiorl_Energ-y Deposited in BaF2 
··.··--···-~as Fu~ e. carb6n. F._ ·wai 

. . . . . - . - . 

•. ~ 

• Charge Par.tic1e : 20 GeV Electron 

.• •: 

• Carbon fiber wall thickness between any. two crys
tal f~ces; from O to 250µm 

• ~H,mber of BaF2 crystals: 11 x 11 

• BaF2 Crystal 1ength: so cm 

• Front (rea~) face o( .. BaJ=2 : 
3 cm x 3·cm (s··<;m x s cm) 

• Particle is hitting over the front face of central 
BaF2 crystal. 

• One centimeter Aluminium placed just before the 
crystals and two 0.5 cm Aluminium placed between 
track origin ahd midway point to crystals (i.e., to
tal 2 cm Al, whose Xo = 9 cm) 

• No magnetic field . .. 
'• 

; -· -

.. 
" -~ . 

. . " 
·~ :r. .. . ·, 
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f;'(s;ict of Carbon Fiber Wall (3 x l2) 
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Effect of Dead J.,fat eri al at 5X0 (5 x §) 
,,--....... ..... 

~ 
'-" 

c 
0 ·-__, 
CJ 
~ 
1-. 
~ 

>. 
QC 
1-. 
Cll 
c 

t=:l 

-

97 

96 
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# 100 Gev- ..---&-~r
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0 10 

Thickness of Dead Material (0.01X0 ) 

20 



Energy Resolution (%) 

of BaF2 Calorimeter 

GEANT Simulation 

E (GeV) 5 10 100 

Electrical Noise 0.4 0.20 0.02 

Photoelectrons 0.2 0.1 0.04 

GEANT 0.60 0.43 0.31 

Calibration 0.40 0.40 0.40 

Total 0.85 0.63 0.51 

500 

0.004 

0.02 

0.29 

0.40 

0.49 
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. Energy Resolution (%) 

of BaF2 Calorimeter 

GEANT Simulation 

BGO Data b BaF2 
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:zr /e Rgjectjon of Baf2 Calorimeter 

• t ateral shroyer d~yglopment: 

. ~ 

E3x3 EM < 5 ~ Reject "°' Ecell cut 
L...5x5 El.I 

where Scut = 0.95, 0.96, 0.96 for EE!lf = 10, 100, 
and 1000 GeV, respecti:v.ely; 

•.Matching the Egn,1 and Ptrk: 

IEEM - Ptrkl > 3a ~ Reject 

where 

<T = J<T~EM + <T~trk' 
(uE/E)EM = 1.3%/JEEM + 0.5%, and 

uptrk is a function of polar angle (6): 

Uptrk/Ptrk = X% sin6 Ptrk (in GeV) 

with X = 0.13, 0.22, 0.29, and 0.65 for 6 in the 
range of (26°, 154°), (22°, 26°) E>r (154°, 158°), 
(17°,22°) or (158°,163°),and < 17° or> 163°, 
respectively. 

• Hadron Calorici)eter Veto: 

EllcAL > EEM x Hcut ~ Reject 
where Hcut = 0.025, 0.025, 0.035 for EE!lf = 10, 
100, and 1000 GeV, respectively. 
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1fle Reiectioa ot BaF2 Catorimetet" (coat.) 

E (G.eV) 10 ltOO 1000 

After Lateral Shower Cut: 

rr acce.p_tance (10-2): . 32.6±.0.4 34.7±0.5 39.4±0.7 

e acce.Qtance (%) 99.3 99.5 99.5 
. 

After Matching EsaF? and Ptrk: 

rr acceptance (10-3) <0.1 12.3±0.9 388±7 

e acceptance (%) 97.3 99.2 99.5 

After HCAL Veto: 

rr acceptance (10-4 ) <l 2.0±1.4 <2.2 

e acceptance (%) 97.3 96.4 95.0 

'· 



Electromaqnetjc Trigger 

• prjmaey· Goal· 

Reduce 60 MHz QCD Background; 
. ,;··· . 

- Keec> interesting Physks: · 1so1ated Electrons 
altd PhotOM. · 

• 1 eyef 1 trigger rate 35 kH.z, requests on 0.2 x 0.2 
(5 xS BaF.,) S,u:Der Cells: 

ia electr:omaginetic cl.usters t,EMC) with trans
verse energy la<-g« than En cut withjn the full 
ca~ori.meter coverage 1111~ < 3.8, i.e. 

__ E~uster > E'!:_cut, and 

where ETcut eq,AJa1s 50, 15 and 5 GeV for n 
equals l, 2 or 3 .and >4 respectively; 

the sum of the transverse ener9.ies in the ma.tgh
jng hadrqn ·calorJmetzr tower e;zwer is less than 
10% of the sum of the tran·sverse energy in the 
electromagnetic cluster, i.e. 

Etower < lO% Efj.uster. 

• 1 evel 2 Trigger rate ,..,, 100 Hz, selects isolated 
electromagnetic clusters (IEMC): 

. • Ef,uster > 20 Ge V, and 

L ~ - Ef}uster < 1 OG e V. 

R<0.3 



. - .. .. . -
!;IP-r.tromaoneti' J;;riaaer ( cogt1) ------·---- . ·: 

• Trigger Rate from QCD: 

a (EMC) 1 2 or 3 >4 Tota,t 
. 

. . 

Lev.et 1 (tcHz) . 7.1 14.3 17.6. 35 
,. 

: 
Levef 2 (Kz) <135* • 

' . . ' ~ . . .. . . . '' . . . 

* Limited by statistics ·in calcu•at.ion. (1 .. 1( -1~.IJf _,j) . . *• ..,..4 JC. ~ot«J/ 
• Acceptance (%) of H° - 'Y'Y (80 GeV) or 4 elec-

W-Ons ( 150 GeV}.: 
' 

(.EMC):. 
·I .. N 1 2 or 3 >3 ·tevel 1 Levei 2 · 

'f . 

Ho - 'Y'Y 40. 77 9.7 8-S.O 84.5 : 

H0
- 4e 52 49 87 98.4 97.8 

. ! :: 

'· 
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1.3 Jet production. 

1.3.1 Incluaive Jet prodaction 
.. 

We wume tliat Jet higgen COYer the 'I ruge of+/- 2.li onl1 al die ll"z .....:. ~ 
We will be able lo tag jet1 at higher rapidit7 but at the trigger leftl we wlll dul 
onl7 with this rapidil7 ngi.-. 

One would like lo meuure the Inelui"R Jet croa section all the wa7 from SO O.. /c 
to the mu Pc Luminollil7 wW allow. TJU1 c:an be done 1rith clll'erent duahold 
and doWD scaling. 

In lhe followiag table we 1how lhe iategraled rates for Jets in the lrigpr ldaci.I 
Yolume • ( 1J = +/- 2.6 ) . 

J.& Cron sectioll ,, EYeDb/sec at L=lV- EYenb/a•wiug 
I\ > IOGn 'c 100 µb 10" 

1.1 ··-· I\ > 100 Gn c 12 µb 1.2 10" 1.121.--
I\ > 150 GeY c 4.&µb 4.& llr' 7.J 1.--
I\ > 200 GEY 'c 2.0 µb 2.0 llr' l.J .. -
Pa > 260 Gn, c 0.6 pb & 10" .. .-
Pa > IOO GEY 'c: µb 
I\ >1000 Gn c pb 

The que1tion here ia how dlcif'.nl is the trigger as a £1mction of lhe - ., .l Ille 
jet. Ia Oeaeral as the jet thrahold is higher a 1mallcr eone will do. 'Iii. Ir ..... 
becawie the jet aiae is deen =ng u well u dae lo the fact that we ..._ • • ' Id 
in our trigger and can than collect lhe CDerg in an7 cone we lib. As - .. lo 
lower mac there is an optimal llize due to both thermal and eftlll .......... 

•••••••• 

·The triger 11um will be made from the more primitift .. ums ia the e.m 1111cl 

of the l..Sd argon on1J the Int Uiree hMlronlc sections. · . -~ •·: ' . . 
hadi.lc. leCtiODI that will be uecl for e.m triggen. One will - ia lher,ue_., 

There .,. two f'undarnenlal questions :.,.e need lo answer here: · . . · .· · .•.. · - · , 

1) Do tM J~ BUJD OYerlapT · · ·· ' 

a) Bow do we: build &he jet 11U111S from e.m and Teto 1wmT? 

2) Whal uould be the optimal Ilise of the Jet swnT 

•) 1'-~p~h7 b) In' and 'I 

" 



.. 
.... - or. -. ·~ 

1.a.2 Multi Jet Crou HCtloa 

The min jet energJ we will wul lo measure i• .till ol the order ol. 0-/c. th~
main question here u liow do - -t the number of jebT i.e do - _. b edge 
countingT 

We thua wame that the multi Jet dell.nition is easenti.U1 a counlhig of 11ie a I u -
ol na&. p&Ned the single Jet with aome edge counting. 

Two Jet Cron 8ec:lion • EYenb/8CC at L 10- B-a., • 

Pc > 60 On, c 26. pb 2.& 104 4 ....... 
P1 > 100 Gn c 3.0 pb 3.0 10" 4.1 ae·-• 
Pc > 160 GeY c 1.2 pb 1.2 10" 1.121•-
Pc > 200 GEY 'c O.& pb & 102 ........ 
P, > 260 Gn c O.lZI pb 1.2& 10" u..-
Pe > &00 GEY c . pb 

P. >tooo an, c "" ••••••• 
Trigger: 

The Je& clellnition in amlli-jel 8ftlllb might be difBcult mtieci.U, 11- - ... ,., 
fnr a pod trigger on Z or W clecaJ· to two jets. AT high P1 of• f um ' die 
aeparalioe between the hro Jet. might be ol the order or the Jet .... 

••••••• 

,_ :·. 
- . .:. .: . . 

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

- .. -~--"- ... ~-~..:..':"--~--~-~·:, -.- .. : 

4 
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1.5 . Inclusive zo production 

One would lib to measure the total inclwliTe crou aeclion u well • tJ.e •S.-Ual 
Cl'Oll9 HCtioa u a t'uucliun ut' P,. A rewinder ut' lhe z• dt-niia d .. ••:•·· n&io 
are given here. · · 

zv Dcca7 Mude Fneliouia ~ 
e+,e- :t.21 + - 0.07 
µ+,µ- . 

.3.38 + - 0.11 
.,. .... .,.- 3.33 +, - 0.13 

"" 19.2+ - 1.0 .. 14.6 + • 1.D 
other h &6.3 + - 2.0 

Al low P1 there are on17 two chumele lhal are open to iaffll\ipllo r 
z- e+ +e- z__, p.+ + µ-

Here - would like lo go fur a trigger that ha t- leptona wilJa a ri ' P1 ot' 
15-20 OeY/c. The lepton ean be iaolated. 

At wp..r P1 new chumela cu be ident.i&ed and one would lilie .. Z 
prodaiclion a1ao in the fullowiug chumela: 

Z - qJ and Z - .,.++ .,.-
U we wmne that the minimum Z P1 of interest here ill uf the on1er "' • 0.. /c 
than we are looking for lwo Jet trigger with min jet tlueahold or Ila-& • Cft/c 
and a Wal .If:-' ot' 300 GOT. · . 

For the .,.+ + .,.- channel - will need aiugle hadron trigger of lLa ' 11.,, • .. /c 
+ .If:-' > 300 GOT /c. U needed we can probabl7 Mid tome 1111.-. .. 1 a J 1 11 t. 

zv 
laclusift 

p, > 50 Gn, c 
p, > 100 On c 
p, > 160 GET c 
P1 > 200 Gn c 

•••••• 

fT Rate for L=lr" 
lOOnb 

. 

ETmt.; . 
•-- -

.. . .. 

--· --~ -... - . 

" ~:-~ t-;;. ""'~ 

• -f .- I' · . 
-:- . ~ ::· --~ 

For the Lepton channela: Two leptona with a P, > 20 OeY. 

Por H1e two Jet ch•nnel: Do we need to be able lo trigger o~ ,_ ~T .,;-~
Jet + total Er i• enuughT .. _,.. .._, . . . . ., . . 

. . . •' .f:7;~::T",z .. :.1·i:i·~ . 
For the .,. decay channel do we need to haTe a "aingle" hadron trigel'Tf · . ··. : · · ., · . ' 



-- c • ••• -' 

1.7 Top production 

1.7.1 Inclusive Top cross section 

Probabl1 the best wa7 to measure the lop crou lleCtion is lo look f'or eveab hro 
isolated leplom and two b jet.. I.e we are looking f'or the deca1 

t--tWb W--tl +II 
Thie deca7 mode ie well nudenlood. Aud "1 meuuring the ind..n. a.- 1 · Uoo 
one .c:aa gel rough meuuremeul o( the top IDU8. 

l tr m140 (200) gev. tT Rate al L 10•• EveJ1&./a . 
ludUlive 160 ab (4Db) 

p, > 60 GEv c 
P, >100 Gev 4: 

p, >160 Gev c 
. 

p, >200 Gev c 

•••••••• 
Trigger: 

For the inclusive lop meuuremf'.al we will look al the leptomc deca1 ...... oa11. 
One would like lo cover the £ull P1 range and thue the buic bigs ;. t- lepiom 
with P1 > 20 Gev . 

•••••••• 

'. 
·· · -- · :r'"~T-~ / 

! 
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1.T.2 Top maae meuaremeat. 

The .top mw m1~••-'8eaabedonein\line1r1\19: 

1) From u ac:cmale clekamiaatiun of the top - Metion one .... a -U-te ol 
the &op lllUll. 

2) Looking at the invariant mw o! the lepton11 from die top d_,-. 

t deca7 

lu lepton from W deca7. 

In lepton from b dee&J. 

l13 lepton from c decay. 

l deca7. 

'31 lepton lrom W clem7 

'31 lepton &om b deca7 

In lepton from c deca7. 

Now we have a number of mass combination and decay modes we would like to 
meuure. 

M(ln,111): Inv. -.or &he two leading leJt&oaa &om &I. 

m(lu,lu): Inv. mw of &he leading lcptom from &he - & (l)ll ;. 

3) M( b-:jct, W - fq) evenu ..cl to be taged b,. t.lae 1ecollll ... ~to 
Wb bu& W--. leptcnw 

1.7.3 t -n++b 
In thi1 ch&llllel we are looking tnr a charged Bigg• with • m- lem .... the top 
mw. The charged lligp in &hie case ia below the Top mas• and im q 1 I lo have 
a large eoupling to lepton v. The way we diatinguilh this Crom die -- e&andard 
decay ol the top to w+ b is that the a+ is expected to have much .troager coupling 
to &he T channel . 

••••••• 
Trigger: 

.. -··~··r·. ":" :· r .. - ~ ~ : _.;..,.·_ -· --;. .. - . - ;_: --:---·:.t·- . 
The idea here than ia to chedt e,1&,T univeraalit7 in the W'.a m'ai-dlng lrom lop 
deca7. Thi1 can be done efl'ectiTel7 only for high Pa &op prodad~ · 

••••••• 

1.7.4 

1.7.5 

Top decay to SUSY particle• •. 

t l Condensate 
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1.12 Maximal List of Trigger Primitives 

(a) e~ Sum 
• size of individual lowen: .04X.04 

• size of em su11111 .12X.12 
The size of the em sum has to be a multiple of the &o- Ilia. 'l1R 

smallest one 
would consider is 3x3 and probably one would not Jae &o go lor • .._ 

greater than 
5x5. 

• overlaping sums! no 
The problem with the overlapping sums is that the accordion by derigr 

tend to 
spread the charge over more than one lower. Thus - team &o haft a 

soft 
threshold om a large area near the edge of the lower. 

• Edge counting ? Yes. 

(b) Isolation criteria 

• Had veto .24x.24 in lat hadronic 
The llad veto sum is made up of 4 had towen (0.08X0.08) in the bl floor 
or the 
liquid argon cal. (3 ~ deep). 

•EM veto 
The how we use the em sum information in the veto depcads oa die cldeil 
if we have 
overlapping sums or not. The general idea is to use the ration of the energJ 
in a large area lo 
the energy we have in the center. 

• Jet cone veto 

(c) Shower shape veto 

• From tower information 
• from individual towers 

(d) e+/- Trigger 

• isolated e.m sh~ + -1 track from tracking . 
• isolated e.m shower + high Pa trac:k 

(e) Mus cut on 77 

• M(77) 
(f) Total E.~ .energy 

• min th to go to the sum 

21 
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• do be have a before aud after prot? on incliv 11u1W1 

(g) Had suws 

•Had toawer 

• Size of had 11um 

O.OSX0.08 

0.24x0.24 

• depth of sum for veto first floor in Liquid Argoa J ~ 

• Depth of sun for single particle trigger 
For single particle trigger if we waut it we need to add: 
e.m + first three floors in the liquid argon cal. 

• edge counting for high p, single had trigger? 

(h) Jet sum 

•size of sum R=0.3 in ,,, space : 0.48x0.48 

• depth of sum 8 ). we do not include the tail catcher in the trigger sum. 

• overlaping sUIWI? 

(i) E¥,.4.~. 
• depth of sums? same as Jet 11ums. 

• How is the sum done? 
do be have a before and after prot? on indiv 11um11 

(j) Miesing ~ 

• What sums go to make the missing ~? 
• Do we have before and after prot to go into the sum? 

(k) µ trigger 

• Any track candidate min P, 
• Confirmend track candidate P, cut? 

• isolated µ candidate 

22 



Su1u Type. 6.176.</> Number Level N eetled 
~ E.M Towe-'"' I,., 

• .04x.04 20,000't Level III 
Had Tower 1st floor .08x.08 5000 Level III 

' Had 2nd, 3rd floors .08x.08 5000 x 2 Level III 
Had Veto tower .08x.08 5000 Level III 

E.m Trigger Sum .12x 12 / .2x.2 2000/800 Level I 
Had Veto sum .24x.24 500 Level I '"' Single Part sum .24x.24 500 Level I 

Jet Sum .48x.48 125 Level I ~ 
~m 5.x 27r 1 Level I 

Et'' 5.x27r 1 Level I 
.EP., 10.x27r 1 Level I 
.EPv 10.x27r 1 Level I 

Missing P, 10.x27r 1 Level I 

24 



Using Machine Learning in SSC Trigger Strategy Studies 

S. Clearwater 
W. Cleland 

E. Stern 

University of Pittsburgh 

Questions, questions, ... 

Problems of designing and building SSC detectors generates 
questions at an exponentially increasing rate 

•What size of {(something)) is optimal for separat
ing {{x)) from {{y))? 

• Is it possible to' trigger on {{your favorite reaction)}? 
What is the best way to do it? What hardware is 
necessary? 

DID YOU CONSIDER 
Shower spreading 
High luminosity 
Pileup noise 
Thermal noise 
Other particles 
Other backgrounds 

I 
' ' 
I 
i 

I 
I 

I 
I 



Machine Learning to the rescue? 

RL4: 

Finds a set of rules (cuts) which separate signal events 
from background events. 

Inputs: 

A. Preclassified signal and background events. (MC) 

B. Attributes (event characteristics) that RL4 will use in 
constructing rules. 
Total Et, number of leptons, etc. 

C. Performance thresholds 
'frigger rate 
Signal/Background 

D. Rule complexity 
(condition 1) AND (condition 2) AND ... 

Outputs: 

Cuts that meet the performance criteria for separating 
signal from background. 

(Total Et> 650.0+~~) 
How does it work? 

Efficient search of plausible rules (analogous to 
histogram inspection) 

I 



s J_ ~11. Min. bias & • 
Top signal events #-- 2Jet with 

20<:Pt<?M 

~ / RIA 
Learn rules 
for Level 1 2Jet with 

200< Pt < .Q') 

/ 
Level 1 Filter, Rate= 10e5 Hz 

.,.J.---· __ .... _ 
~ ' 

cs~" 

2Jetwith 
Top signal events 20<:Pt<400 

~ / RIA 
Learn rules 
forLevel2 2Jet with 

400< Pt < (JOO , 

' 

/ ' ,. : .... ~ 
L-- -- ' I\ I Level 2 Filter, Rate= 10e3 Hz i f -,; . ·-·' I, 

' .. I 

I 

2Jet with 
Top signal events 20<:Pt<600 

~ RIA 
Learn rules 
forLevel3 W's & 2Jet willl 

20<: Pt < 1000 

Level 1 Ftlter, Rate= 10e2 Hz 
/ 



~ . s e<-f 10 .0. 

P'b s F Ufc;llA~f 

I :z I I°);]___ 



I 
I 

. .. .... 
.. 

. ·:., .. 
·.· .. 

.. ·· 

I 

I 

.. -~ 

);-.:.:. 
'."\ •·.. - -

.. .;.. '.-· 

I 

o• 
___.I ~I...--. 



--

\ 

-.. 

~--- ' . ~;... -... _ .. 

.- ... 
. . 

..... . ~.·~'____ . ~~-~--- -

.I ·- '_\.., 

..... 
-· 

\~ ~-. 
..- < .. -.t.~ 

.: ~ -· .. 

- . ..~---~ __ .. , -
··· ........ .: ':;~_:~.-

·., .· 

--

l'lpae J.L '-till I .... (Moc:l. lilcritm) of die sjnmJatiM facility. ne diagram illdicatea ·, 
die e..11>1>1 aew.m of data ..,._ (DS) ad compute serms (CS). ('I1ae diagram is represc. · •'· 

H __ ~_.is Mt i Ullded. IO. sllow die ICtall number of data KMl'I or compute serven to be~_._ 
d 11 .. . .. ·. . . . .. 

,_ 



- ... '~£_. __ -
. :', . :.~·,·: 

.•· 
·-··~ -~:;::::~~:~: 

~· -. ,_;· 

.;:-



= : 

. · .- '" ' . • --·,.'J"-~-· ,, 

!l 

.. -· . 

·- ... 

. -·-· 
.•· -... ;--·~;~ -_, -

. 1 .. 
~1 i DI K 

.. 
I, 
I 
•• . . _ . 
I 

• • ... .. ~~· f"I 

~=7-~ ............ I -~ = iH = i . 
I 

.. : I 
l = I 

i; 
I 

_,.__ 
I 
• I:._ 



4 ·.' 

\ 
--·--- .i-'. 

~ .. • 

--



:~ .. -- r 

-.. 
I -

".':', . . .. :_;,: -

... ~<~- ~-. ·- '. 

-" - - --,:$1!:~--
-::··:. 

1.: -;,:: 
I 
I 
1 
I 







,,... ,..,-f'!,"<\'."'"''-1'-~~ 

' 
-'. .: 

~ 
~ 

'~·· ' 
··~.:. . 

~. 
·.;:. .. 

.f ' .• ' \~i; .. ' 
* . ~: DSO -.~,,:.'.i·~~·.:. ,:_=.t~~·,· 
~\;Jf~:-: .,·:~-'~ .. <£~.·F,,... . .... 

_,,-

:;j: 
.·,<·,;:. 

>'.·~x 

lt~~~J,,,. 
J;;j;; .·•·> .: •\ .... f ,,& :•q.f' 
~~F·{,.:·-·---? , -· /··M -~fr·; 

User/Fiie SynemlMsk ~i~.T 
... :-:$ . ' ,, ... ~ -;~··t ~ f,·,\O .. \f!-:> 

'··ni1'i . ·.·" .. , .. . j:: ''.};~~''' '. ),~--
·.,,. -~-.~~\ \;f~;~)t. . . ': i; ~;•t ~ ; 

DSl ~~~~~· 

ax• ...... , .. 
'M I .... ... 

."?. :~:~: <. I 
;.· .• < 

. >:· 
· . .,.. !I· ·. ·. ~ ··>·· 

,. 

~~:·.,::'. 

, 
' :;,_:;., 

·y,; 
;~ 
/?1'/~ 

,._~I.!:" 

I • 0
• '"if 'C''"P S ·· ._, 

Y;,,•·1~;. ,t 7D f1&J;\& ,,_,Y ·:f~t' 
'".·.1~.·· .. ·'~\'· >:· ;ii;·C. ;~ .. . :t:l 1 ~• -~1¥-':··-.-;.>i;->Oz:.(, .. •.1..<~> '.~:~~~:·-, ''if.i . ·;:~Jt 
T "*'~~·· ·. ~1$"-;~· -~;'.la , •!> 
:.%?;r~ ~1:~:f-J _;:;~.wt~ff l\~t(~1f~J' · ·; 

:f··,o·:."; . 
·:'.i" 
.''. 

··i:~~ ··:;;;: ~·~;=w::· 
·.t ·.• ··~····· ~'.t.j·" -~-

y..._.,.P •• , -

:~·: ·.'f/.-_:· 
.••. .1 • .-

.. l 
. ·.~ ... 

•;, 

:i: 
....! 

• 

:1~·} 
-~ 

;•w l 
I 
' 

""~ 

~: .. 

. , 



CERN Proqram Library Support 

A Jeweler's View 

Lee A. Roberts 
January 19, 1992 

This document is intended as a projection of CERN Proqram Library support 
available to GEM collaborators frcm> the SSC Laboratory during the next year. 
These projections should be viewed as guidelines, not as absolute truths. 
Support of these libraries appears to be in a state of fluz both at CERN 
and at the SSC Laboratory. Future directions will be influenced by changes 
at CERN, changes at the SSC Laboratory and the needs of the GEM and soc 
collaborations. 

Several issues will be addressed in this document. These include the following: 

al Support priority of each machine. 

bl Software versions of CERN Proqram Library, including GEANT. 

cl Forecast. 

Support Priorities: 

GEM collaborators can expect the machines in the Physics Detector Simulation 
Facility (pdsfl to be fully supported and given the highest priority. These 
machines include: 

Silicon Graphics @ IRIX 4.0.1 

Sun SPARCstation @ SunOS 4.1.l ' SunFORTRAN 1.4 

HP 9000/7XX @ HP-UlC 8.07 

The HP 9000/7XX machines comprise the PDSF Upgrade to be installed in the 
immediate future (March 1992). BP has recently announced HP-UlC 8.07; we 
expect this version will be used on the PDSF. We are presently working with 
HP-UlC 8.05 on a small collection of HP 9000/7XX machines; we anticipate full 
compatibility. 

Support for DEC ULTRIX/RISC machines will probably assume second-highest 
priority. A nwnber of GEM (and Sl>Cl collaborators have expressed interest in 
these machines. In addition, the SSCL has general purpose DECsystem 5500 
machines (sscuz[l-3].ssc.govl which require CERN Proqram Library support. 
Support for such machines includes: 

DEC ULTRIX/RISC 4.2 ' DEC FORTRAN 3.1 

DEC ULTRIX/RISC 4.2 & FORTRAN for RISC 2.0 

I expect that GEM support will be targeted toward DEC FORTRAN 3.1. 

Support for IBM RS/6000 machines will probably assume, in the absence of 
substantial demand, third-highest priority among UNIX/RISC machines. 
Present CERN Program Library support at the SSCL for the IBM RS/6000 is 
performed on an IBM RS/6000-320E vith AIX 3.1.5 ' AIX XL FORTRAN 2.2. 
Upgrade to AIX 3.2 is anticated in the near future. 



April 

May 

~une 

July 

August 

September 

October 

November 

V92A release (estimate) 

V92A available (estimate) 

V92B release (estimate) 

V92B available (estimate) 

Release of GEANT 3.15 is inlninent. CNl.203 and GEANT 3.15 should be available 
for UNIX machines of interest by the end of January 1992. My hope is that 
CNL203 and GEANT 3.15 can serve as a stable simulation environment for the 
first half of 1992. GEANT 3.15 is intended to be compatible with G&ANT 3.14; 
updates to GEANT 3.14 will cease with the release of GEANT 3.15. A new version 
of GEANT (GEANT 3.161 with a new geometry package is probably one year away 
and will not be useful for development of the technical proposal. 

Dates for the release of V92A and V92B are guesses. I would anticipate a new 
release of CERN software for GEM usage in late spring or early summer that 
would serve as the standard through the submission of the technical proposal. 
Any CERN release in the early fall would probably not be useful for development 
of the technical proposal due to time constraints. 





In the 1990's: 
·-

~~"'r,eadily available CAD/3D modeler 
systems are becoming commonplace. 

) 
I 
/ 
' 

These systems contain many useful 
engineering tools: structural analysis, 
thermal, fluid flow etc. A great help in 
design of detectors --- engineers are already 
using them. 

e.g. EMPACT design studies 
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I To see ho"K' far things have progressed ... 

Contrast this computer-generated 3D 
view of EMPACT ( 1990) with a I 
laboriously hand-drawn 3D view of i 
D-Zero ( circr 985): t 
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; File Edit Tools Drow Modify Oisploy Settings 

------------------ID -~=-::::---- ----- -= ------- --- - --- Bolt 
c»,1•r 0 S!"GP 

<~ 
Regenerating drawing. 

Command: I 

.... ,. 

Fl F2 

Options llelp l&Gl 

F3 

2:46 PM ._isr 

............ 
Angle 

from XY 
Plane 

+80 
+60 
+45 
+30 
+10 

0 
-10 
-30 
-45 
-60 
-80 

_LAST 
DAAW 
EDIT 

F4 

0§ 

Q] 
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0 
SECTION 

2 
HEADER 

9 
$ACADVER 

1 
AC2.10 

9 

ENTITIES 
0 

LINE 
8 

0010010226 
10 

39.3700012401550 
20 

39.3700012401550 
11 

275.5900086810853 
21 

39.3700012401550 
38 

1.0000000000000 
39 

2.0000000000000 
0 

ENDSEC 
0 

CIRCLE 
8 

0010010226 
10 

127.9525040305039 
20 

127.9525040305039 
40 

78.7400024803101 
38 

1.0000000000000 
39 

2.0000000000000 
0 

ENDS EC 
0 

EOF 

ASCII DXF FILE 

I 

<------- Start of geometrical eleaents 

<------- A line 

<------- Header for x coordinate of start poin 
<------- Coordinate value 

/ <------- ·' Header for x coordinate of end point • etc etc. 

<------- Lover z of extrusion (making a plane) 

<------- Upper z of extrusion 

<------- End of this line 

<------- A circle 

<------- Header for x coordinate of centre 

<------- Header for radius 

<------- End of this circle 

<------- End of file marker 





D~itiN, ~IODELING, ANALYSIS AND SIMULATION TOOLS 

·-·-·· CONCEPT 

' 
3-D MODELER I )I @ 

• 

SIMULATION 
INTERFACE 

·,, 
' ., '. 

GEANT CUSTOM 
PACKAGES 

MODELER-SPECIFIC 
PACKAGE 

ANALYSIS 
INTERFACE 

STRUCTURAL FLUIDFWW 

THERMAL MAGNETIC 



Present Capabilities 

Ray Tracing and Resolution Calculations 
Done by Tool NO External Processing 
Required 

Sampling Similar to EM Resolution 
611 = .02 

Plotting Done on Macintosh 

LAC RESOLUTION 
~ 0.0 ~-----....::=:.:=:.:..~~===-ttAi)R()Ns"-1 
J:: 8 
3 

100GeV El -HADRONS 

- ELECTRONS 0 
ffl 0.0 

a: 6t ""' >-
Cl 
ffi o.o 
ffi 4 
..J 

~ o.o] I.... I 
J:: 2 

~ 1-~--"'"T--.......... T""' .............. --:.-:-...... -:~~~~~ ....... ~ It. 0.0 
oo.o 0.5 1.0 1.5 2.0 2.5 3.0 

PSEUDORAPIDITY 



Geometry Calculations Done for Muon Bending Data 

8 ... 
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Cl 
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4 
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Q 

o:o._ 

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

0.5 1.0 1.5 
Pseudorapldity 

2.0 

Ray Tracing Provided Locations of Toroid Superconducting Wires 

Fine S.mpUng to Catch Corner Details 
~11 = .0125 

Geometry Information Imported to Spread Sheet Program for Further Processing 

2.5 









How COGENT Works - . 

• The Graphical User Interface is the environ1nent that provides the 
communication link between tl1e user and the code 

• The Shape Interpreter 

reads DXF files 

performs rule-based volume identification from either 2-D or 
3iD CAD descriptions 

• The GEANT Input G.en.e.~ator 

writes a FORTRAN source file that 111akes the appropriate calls 
to the GEANT geometry routines 

incorporates a library of material co1npositions 



Cur-rent Capabilities 

COGENT Recognizes 

""' in 2-D and 3-D representations 

Rectangular parallelepiped 

Parallelepiped 
I 

Solid rod 
.... ,. 

Hollow tube 

Truncated solid rod 

Truncated hollow tube 

Right trapezoidal prism 

in 2-D only 

Sphere 

GEANT 
Nomenclature 

BOX 

PARA 

TUBE 

TUBE 

TUBS 

TUBS 

TRDl 

SPHE 
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-
• OCTAGON is not intended to translate full detector 

geometries from CAD to GEANT. 

• . It is designed for odd-shaped parts that are hard to 
·build out of GEANT volumes but easy to sketch in 
the CAD system. 

• 
1 

These parts can be translated and then positioned 
into an already created GEANT geometry . 

. , 
•. 
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CAD#l 

CAD#2 

CAD#N ....... ,. 

GEANT Mother 

MOcTree 

OcGeant 

< > : An Octagon command 

__ : A Types object in a file 

OcScan 

Graphics Metafile 

\ 



~ 
"' Cl 
c:: -... Cl) 

"' 
c:: 
0 ·-... 
'C 
c:: 
Cl) 

e:: 

= ... 
Ql 

e 
a:: 
u 

/I 
r! 
I! 

II 
I 

l 
'C 

= '"' :a . 
Cl) 

c:: 
0 
.::i 
:n 
0 
'C 



("') 
0) 
N ..... 
-.::t" 

-=~ 
~ ::> 

i~ 

Making solids from wireframes 
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CAD model 

Find line elements 

Assemble lines into planes 

Scan :nodel and count plane 
crossings 

Odd number of crossings means 
inside the object 
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CERN 'CADD' project 

I .. -, 

CERN plans an interface between GEANT 3.16 
and CAD using the French SET file exchange 
standard as a NFF. _ . 

Around 1994 will switch to new ISO•+ 

STEP .. 1. . ! . _ 

The main emphasis seems to be on the 
GEANT ~ CAD direction and persuading 
engineers to use GEANT to design detectors: 
requires development of GUI input for 
GEANT . 



Future Directions 

/ 
• OCTAGON will continue to be enhanced. 

• COGENT 
A proposal for continued development has 

been submitted to DOE. ; 

• An interacµire GEANT shape editor by 
customizing AutoCAD. 

• A modest proposal: 

What's so special about GEANT? 

We can imagine building a simulation 
program of our O\vn on top of a CAD system. 
The graphics and geometry are done already; 
the physics packages (GHEISHA etc.) are 
largely modular. 
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Useful SCRI Software Packages 

I 

• SciAn 
A package for 3D visualization 

• GVerify/· 
A package to find errors in GEANT 
geometries 

• Types 
A package for data abstraction in a 
machine independent way 
using Fortran 



Presentation By: 

E. J. Wolin 
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GEMLIB software standards 
Some ientati\'C recommendations: 
0. Unix and PDSF will be the basic opsys and central system. 

I. F77 is the basic language, with extension.s. panicclarly l~lPLICIT NONE. There 
should be compatibility with C in naming conventions. Tabs shall not be included in F77 
files. Variable names should not be split across lines. Hollerith constants should not 
contain the string/* (e.g. 4HJ*z not allowed). 

2. 31-character names are pennined for external (global) AJ\"D internal names. External 
names include subroutine, function names and common block names. Names shall be 
significant in all positions. This is consistent with PDSF and F90. There will be a 
standard GEM header to modules. 

3. Names should be mnemonic. 8-10 characters should be used in a standard way. 
As a 'straw man' .it _is_ suggested that .GEANT _si!:lularion. subroutines. functions. 

common blocks, variables and volumes begin with two characters as follows: 
GM - overall GEM 
CT -- Outer pan of Central tracker 

SI - Silicon Vertex detector/tracker 
PD -- Pad chambers 

EC -- EM calorimeter 
HC - Hadron calorimeier 
FC-- FOrwardcalorime~r 
MU - Muon sys~m 
MG -- Magnet system 
LI. L2. L3 - trigger levels 
FE -- front-end 
BP -- beam pipe 
SC -- slow control 
SS - suppons (where separate from other subsystems) 

Subroutines \\ith specific functions (geometry defn .• hits. cligitzing. reconstruction .. ) 
should include other two-character codes: GE, HT, DG. RC, A.V.. 

Regions may be denoted by BR - barreVcentral, CP cn~p. 

SO a routine that defines the geometry of the ECAL barre: might be: 
SUBROUTIJl;"'E ECGEBR(MOTiiER) 
where MOTHER is the name of the volume in which it is placed. 
The volume name could be 'ECBR' 

4. Alternate (F77) program versions (machine depenjencies and purposes) are to be 
handled using the C preprocessor, with limitations. The basic use is for file and line 
inclusion/exclusion. Changes of constant values shoulc be done with care to ensure that 
line length is not changed to an improper length. This can be ensured with use of the 
PARAMElER statement 



5. Packages and routines will be put in subdirectories. using SCCS to ensure appropri~te 
protection and version numbering. Utilities will be provided for conver.ient a.:cess to these 
files. 'Aat' FORTRAS are perfectly acceptable -- the people providir.g the routines need 
make no special cffon. Files and version will be stored in appro;-:iately n;1med ~~d 
protected subdirectories. E.g. 

I 
v21 

files.f 

gemsm 
I 

I 
v22 
files.f 

I 
READ ME 

More sophisticated ways of providing versions will evolve. Each 'p~ovider' or dono~ is 
expected not to alter versions already provided/shared. 

Suggestions are welcome on this interim suggestion. 



BRIEF DESCRIPTION OF SOFTWARE PAC!tAGES 
IN DEVELOPMENT AT ARIZONA 

Michael Shupe 
Univ. of Arizona 
January 16, 1992 

I. HSCRIPT - A standalone histogram package with CERNLIB HBOOK 
entry points. This package is very small and fast. If 
disk output is requested (by HRPUT, for example), it 
produces an ASCII disk file of the histogram descriptions 
and contents. This file may be read back on any machine 
without conversion. Routines are provided for reading 
this ASCII file. Alternately, a program HCONVRT may be 
run to produce a standard HBOOK file. 

Status: In use for more than 6 months to create histograms 
on SGI machines and read them on Vaxea. 

II. SIMPLE GRAPHICS - A small graphics language, similar to GL and 
OI-~000 in its graphics primitives, which supports displays 
on SGI workstations, Vax workstations running DECWindows or 
UIS, and Tektronix terminals. For hardcopy, there are 
POSTSCRIPT, Tektronix, and QUIC drivers, both color and 
black and white. 3D graphics image manipulation is supported 
on the SGI machines. 

Status: Most features working. UIS and QUIC still in development. 
In use for two months. 

III. MENUS - A standalone package to do popup menus on SGI workstations, 
and Vax workstations running DECWindows or UIS. 

Status: In use for two to three months. Usable now. Features 
being added. 

IV. HISTOGRAMS - A workstation and hardcopy histogram plotting package 
which may be linked with CERNLIB HBOOK or HSCRIPT and which 
utilizes the SIMPLE GRAPHICS and MENUS packages above to display 
histograms. This package has many of the features one uses 
most frequently in PAW, but is small enough to be run with 
online applications. 

Status: Usable now for histogram viewing and POSTSCRIPT hardcopy. 
Features being added and debugged. 



v. SIMULATOR - A simulation shell using all of the above facilities 
which presents a menu of physics benchmark processes and 
allows one to generate events from ISAJET, PYTHIA, or HERWIG. 
The events are put into the standard /HEPEVT/ common for 
further analysis within the frame. The current benchmark 
menu is as follows: 

Minimum Bias 
QCD with Pt Threshold 
Direct Photons 
Direct Di-photons 
t-tbar to All 
t-tbar to 6 Jets 
t-tbar to 1 Lept 4 Jets 
t-tbar to 2 Lept 2 Jets 
w (Wprime) Pairs to All 
W (Wprime) Pairs to Lepts 
W (Wprime) Pairs to Jets 
W (Wprime) Pairs to L/J 
Z (Zprime) Pairs to All 
z (Zprime) Pairs to Lepts 
Z (Zprime) Pairs to Jets 
Z (Zprime) Pairs to L/J 
Higgs to All 
Higgs to 4 Chrged Leptons 
Higgs to 2 Ch Lept 2 Nu 
Higgs to 2 Ch Lept 2 Jet 
Higgs to 1 Ch Lept 2 Jet 
Higgs to Gamma-Gamma 
Drell-Yan to WZ 
b-bbar production 
Particle and Jet Gun 

Pt limits may be set, and pileup events generated. Also 
available, and under development, are various toy detector 
subsystems, analysis routines, and displays. 

Status: The package currently generates most benchmarks 
from ISAJET and PYTHIA. The HERWIG setups are being debugged. 
We will be plugging the forward calorimeter simulation routines 
into this framework to do jet resolution and pileup studies. 



SIMPLE_GRAPHICS 

The Minimal Graphics Language 

Michael Shupe 
University of Arizona 
January, 1992 
UAZHEP : : SHUPE 

Complicated graphical displays can be created from a very 
small set of drawing primitives. SIMPLE GRAPHICS attempts to 
reduce this set to a bare minimum. The resulting package is 
small and fast, and can be learned in a few minutes by anyone 
who has used another graphics language. SIMPLE_GRAPHICS operates 
on Tektronix compatible graphics terminals, Vax workstations 
running DECWindows or VWS (UIS), and Silicon Graphics 
workstations (GL) . Hardcopy drivers exist for Postscript, 
Tektronix, and QMS {Talaris), with and without color. 

Some of the entry points in SIMPLE GRAPHICS look like GL 
entry points, and others, like DI-3000~ Converting existing 
routines in either language frequently involves only a few 
minutes of "global" editing to the new entry points. Mhat 
this then buys is device independence, public domain software 
prices (free), and new capabilities (such as hardcopy files 
on the Silicon Graphics machines). 

The routines are contained in a few files: 

1. SIMPLE GRAPHICS.FOR - Common primitives and hardcopy drivers. 
2. SIMPLE-FONTS.FOR - Basic (CDF) stroke fonts. 
3. FANCY FONTS.FOR - Extended font set with Greek, script, et. 
2. SIMPLE GRAF VAX.FOR - Vax versions of some routines. 
3. SIMPLE-GRAF-DECW.FOR - Vax DECWindows routines. 
4. SIMPLE-GRAF-UIS.FOR - Vax VWS (UIS) routine. 
5. SIMPLE-GRAF-SGI.FOR - Silicon Graphics versions of some routines. 
6. SIMPLE-GRAF-GL.FOR - GL versions of some routines. 
7. GRF_CTRL.INC, GRF_COLRS.INC, GRF_COLRS_DATA.INC - The commons. 

Demonstration programs (with link files) 
which exercise all features of the language: 
and DEMO GRAPHICS.LNK. 

are also provided which 
DEMO_ GRAPHICS.FOR 



THE SIMPLE GRAPHICS LANGUAGE 

1. Opening a window and positioning it on the screen (must call): 

CALL OPEN_WINDOW(IDEVIC,TITLE,XLO,YLO,DX,DY,ICOLOR,IORIE,IERR) 

IDEVIC - 0 = Current workstation or terminal (DECW, UIS, SGI, etc) 
1 = Postscript hardcopy 
2 = Tektronix hardcopy 
3 = Tektronix terminal 
4 = QMS hardcopy 

TITLE - Character string for window title 
XLO,YLO,DX,DY - Origin and width of window on screen (range O.to 1. 
!COLOR - O • Black and white, 1 = Color 
!ORIE - 1 = Landscape , 2 = Portrait 
IERR - Negative if error encountered during OPEN WINDOW 

2. Defining the world coordinates of the window corners (must call): 

CALL WINDOW_CORNERS(WXLO,WXHI,WYLO,WYHI) 

3. Selecting a viewport placing these corners within the window (opt): 

CALL VPORT_D(VXLO,VXHI,VYLO,VYHI) (range and defaults -1. to 1) 

4. Drawing primitives: 

MOVE D(X,Y,Z), and RMOVE_D(X,Y,Z) (for relative) 
DRAW-D(X,Y,Z), and RDRAW D(X,Y,Z) (for relative) 
RECT D(Xl,Yl,X2,Y2), and RECTF-D(Xl,Yl,X2,Y2) (filled) 
CIRC D(X,Y,Z,R,NSEG), and CIRCF-D(X,Y,Z,R,NSEG) (filled) 
PLIN D(N,ARRAY) for poly-line of N points in ARRAY(3,N) 
POLY D(N,ARRAY) for closed polygon, POLF_D for filled 
CLEAR_D Clear the screen to the current color 

5. Defining attributes: 

COLOR D(N) 
DEFLIN D(N,LS) 
SETLIN-D(N) 
LINEWI D(IW) 

Set the drawing (or filling) color to N 
Define a new linestyle N with bitpattern LS 
Select linestyle N 
Set the line width to IW pixels 

6. Transformation operations: 

ROT D(A,AX) 
SCALE D(X,Y,Z) 
TRANSL D(X,Y,Z) 
TRESET-D 

Rotate by A degrees about axis AX• 'X','Y','Z' 
Magnify the world coordinates by scales X,Y,Z 
Translate in world coordinates by X,Y,Z 
Reset the matrix for all of the above to unit. 



(SIMPLE_GRAPHICS language continued) 

7. Mouse operations: 

MOUSE WAIT(XMOUSE,YMOUSE) Wait for mouse click and return X,Y 
MOUSE-READ(XMOUSE,YMOUSE) Read mouse X,Y on the fly 
SET_MOUSE(IMOOE) IMOOE = 1 X,Y in world coords = 2 X,Y in screen coords 

= 3 X,Y in screen fractions 

8. Fonts and character strings (drawn at current X,Y,Z): 

STCHAR (STRING) 
STBASE (VX, VY, VZ) 
STPLAN(VX,VY,VZ) 
STJUST (IH, IV) 

STSIZE(XS,YS) 
STFONT(N) 

(Fancy fonts) 

Write a stroke font string 
Write along the baseline direction VX,VY,VZ 
Put the characters in the plane containing VX,VY,VZ 
Justify the strings in the horizontal and vertical 
1 = left or bottom, 2 • center, 3 • right or top 
Set the X and Y character size in world coordinates 
Select font N (odd fonts italicized): 
-1 = Hardware raster font 
0 = Simple stroke font 
2 = Boldface simple 
4 = Roman 
6 = Greek 
8 .. Script 
9 =Old English (C'est vrai!) 
10 = Math and symbolic 
100 • Display a font table in current window 

NOTE: THIS LANGUAGE CONTAINS NO GRAPHICAL OBJECTS. All refreshes 
must be done by redraw operations. However, on machines with 
30 graphics hardware, the following facilities are provided to allow 
for a number of interactive manipulations of the image on previously 
drawn images: 

STORE 0 
STATIC 0 

MOBILE 0 

SPINMEN 0 

Start creation of the object at this point 
Starting here, this portion of the image will not 
respond to interactive manipulation 
Starting here, this portion of the image will respond 
(may be used alternately with STATIC O) 
Call up a menu for doing SPIN, ZOOM,-MOVE, ROLL, etc 
on the mobile parts of the image 



SUGGESTIONS ON CODE MANAGEMENT, CODE COMPATIBILITY, 
ANO DATA FILE STANDARDS FOR GEM 

Michael Shupe 
Univ. of Arizona 
January 12, 1992 

Our operation of Vax VMS and Silicon Graphics Unix clusters at the 
University of Arizona has lead to a number of procedures yielding 
programs which run without modification on either machine, and make 
it unnecessary to convert, "port", or otherwise manage the code. 
This experience is the basis for a number of the following suggestions. 
Other suggestions are inspired by experience with DO code and on some 
contact with the SDCSHELL package. 

I. Code Management by Directory and Copy: 

we suggest that the code be maintained without the use of any 
code management or development tool such as PATCHY or CMS. The 
subdirectory structure of VMS and Unix machines allows all the flexibility 
one needs to maintain production, old, and new versions of routines 
in areas such as [GEMLIB.CALORIM.OFFLINE.PRO] , .OLD], or .NEW] under 
VMS and /gemlib/calorim/offline/pro, /old, or /new under Unix. 
By setting up logicals in VMS or links in Unix, one may choose to 
link with libraries or object files in any sequence and combination of 
these areas. 

Specifically, these areas are filled with *.FOR, *.INC, *.COM, 
*.LNK, and *.OLB files; or *.f, *.inc, *.inp, *.lnk, and *.a files. 
As will be outlined below, the source files residing in these 
areas may be written in "vanilla" FORTRAN, with no loss of flexibility. 
Porting the code then consists of simply copying the files or entire 
directories from one machine to the other, or of NFS co-mounting the 
libraries so that both VMS and Unix machines have access to the same 
disk. 

As in all code management schemes, the whole system relies on the 
"Czar's" of the various libraries to insure that their versions are 
operating on internal tests and are synchronized with versions in 
other libraries. And as in other systems, there would be periodic 
global shifts of interrelated libraries from NEW to PRO to OLD, 
where these shifts could only be done after a set of certification 
tests had been passed. 

The problem with existing code management systems is that you 
don't get something for nothing, and too often we are getting nothing 
for something. PATCHY is arcane and antiquated. Like most CERNLIB 
facilities, it must be operated with an open manual. One either 
stays fluent in its operation, or periodically loses half a day 
trying to wrestle it into operation. CMS is a whole universe unto 
itself. When combined with the power of VMS logicals, it frequently 



leads to programs whose most current operating versions can only 
be built on one particular cluster where the code is being developed. 
Because the number and hierarchy of alpha, beta, and standard release 
libraries proliferates, one gets frequently trapped by being able to 
pick up versions of routines from the wrong library. 

The way to avoid the confusion of too much flexibility is to 
have tight communication among the Czars and to maintain no more than 
a three level structure, with tape archiving of versions which drop 
out of OLD. Those libraries which need distribution can either be 
"pushed" DO style to subscribers, so that clusters not at the SSC lab 
have images of the SSC GEMLIB, or release notices could be circulated 
for those users who would rather copy their own libraries. One also 
has the choice of distributing library files, or just source files 
with "build" procedures. 

II. Writing Vanilla FORTRAN 

Our experience to date is solely with Silicon Graphics machines, 
so we cannot be certain that the following statements apply to SUN 
and IBM machines. However, we feel that the issue of code porting 
is serious enough, in terms of the drain on human resources and the 
time lag in program versions, that the possibility of writing code 
which can be run without conversion on all machines should be pursued. 

1. The bulk of FORTRAN 77 code that we write for the Vax works "as is" 
on the SGI. This is not a scientific statement, and doesn't span 
the space of possible traps, but for example, all the IF, ENDIF, 
DOWHILE, etc, statements one might use to make FORTRAN look more like 
PASCAL are available. 

2. One must be careful on the SGI that array boundaries in common 
blocks come out in the right phase. For example, 

COMMON/MYCOMN/MYBYTE(NB),MYWORO(lOO) 
where MYBYTE is CHARACTER*! for example, is fine if NB is 4,8,12, ... , 
but will foul up the phase of MYWORD for INTEGER*4 addressing otherwise. 

3. Some places where VMS allows logicals will not work in Unix. The 
most common one we encounter is the INCLUDE statement. In DO VMS 
code, the construction INCLUDE 'D0$INC:MYINC.INC' is used, where 
D0$INC might be a logical which could itself span several lines 
pointing to different areas where .INC files reside. We now use 
the form INCLUDE 'myinc.inc', and keep the include files local. 
Under Unix, myinc.inc could be linked externally to a files in 
a subdirectory if one desired. 

4. String argument passing is different under Unix, which does not 
pass the string length as an argument. This causes one to have to 
break things up a bit to be compatible. For example: 

CALL DOSTRING('This is just'//' a sample of the mess') 
would need to be broken up into 

CHARACTER*N CTEMP 

CTEMP=' one can get into'//' fooling with ~trings' 
CALL DOSTRING(CTEMP) 



s. Byte ordering is different on the SGI. If the Vax is ordered 
1234, the SGI is ordered 4321. Normally this would be invisible, but 
sometimes in unpacking raw data or flag words written on one machine 
and read by the other, one runs into this. We handle this by having 
a logical SWPBYT in a controlling common. As part of initialization, 
one establishes what machine the program is being run on, and what 
machine the data was written on to determine whether bytes should be 
swapped or not. In general these swaps occur very infrequently in 
analysis code. 

6. Disk and tape file management routines (OPEN, CLOSE, etc) are 
not identical in VMS and SGI Unix, but for most applications the 
same statements can be used on both machines. Once again, the 
usual exceptions involve files crossing machine boundaries. 

III. ZEBRA, and CERNLIB utilities in general. 

CERNLIB has the advantage of being an international standard 
known and used by many people. It has the disadvantage that many 
of its procedures are large, slow, poorly documented, antiquated, 
and user-hostile. Among other things, its graphics capabilities 
are poorly matched to the power of modern 3D graphics workstations. 
And we suspect that following each release, as much effort is 
expended on this side of the Atlantic by research groups seeking to 
get the latest version running as was expended on the other side 
in creating it. 

Currently, ZEBRA appears to be the best way to write and read 
data tapes in a machine independent fashion, either by employing 
exchange mode or by using ZFTP to do the conversion. However, it 
is our opinion that the use of ZEBRA in internal calculations 
leads to several forms of programming disaster: 

1. The access to information in ZEBRA commons does not lead to 
readable code. A typical line of DO ZEBRA code looks like: 

LMUON=LQ(LPMUO-IQ(LPMU0-2)-2) 
The pointer structures necessary for rapid access to ZEBCOM are 
very difficult to debug. 

2. Programmers who embrace the ZEBRA structure tend to use its 
facilities to book, fill, clear, and compress temPorary banks used 
for calculations internal to their routines. These facilities have 
not been cleverly realized, and the time and space penalties for 
using these features without an expert level awareness of the way 
they function can make programs large and slow. 

3. There is typically an overhead of a couple of dozen words 
associated with each bank. Sometimes convenience causes programmers 
to make many banks, as if banks were as available as array elements, 
and what gets stored internally or written to disk becomes more 
packing than contents. 


