
GEM TN-92-229 

Physics Simulation Group 
Meeting - SSCL 

October 7, 1992 

Abstract: 

Agenda, attendees, and presentations of the GEM Physics Simulation 
Group Meeting held at the SSC Laboratory on October 7, 1992. 



Agenda for Physics/Simulation Meeting, Wednesda~ Oct. 7th 
.-----------------------------------------------~---------
The meeting starts at lpm and runs to about 6 pm (there is a GEM dinner in the 
evening). It will be in the Project Management Conf. room, no. 322 
in Bldg. 4. 

1) Physics Considerations for Hybrid vs Integrated Calorimeter 
Yamamoto/Mrenna 
A. Vanyashin -- Jet rejection in hybrid 
ORNL? --
A. Golutvin -- comparison of integrated and ideal calorimeter 
N. Mokhov -- Neutron fluxes 

2) Physics topics and responsibilities for TDR 
Lane 

3) Development of Tools 
- Full Simulation (Yu Fisyak) 
- Improvements to FAST (Skwarnicki) 
- GEM software structure description -- Sheer 

4) Other topics 
- Forward Calorimeter 
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Presentation by: 

H. Yamamoto 
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Effect of the dead space at 11 = 0 
to missing ET Physics 

1. Use a simple detector simulation 

2. Generate do I dll dpt (gluon, d,u,s,c,b) 

11 distribution is almost flat 
=>fraction jet (11 < 0.25) - 10% 

3. shoot gluon and u quark jets gun at 11 = 0 - 0.3 

Fixed jet energy 
=> fraction jet (miss Et> 100 GeV) - 5% 

Using spectrum from 2. 
=> do I dEt (miss Et) = 

10-3 x do I dPt (QCD 2 jet) 
10-3 = 0.1x0.05 x ili 

missing Et <jet energy 

4. Summary 

a ( dead space at 11 = 0 ) - a ( 11 < 5 ) 

can use different cut (no E44/E88 cut etc) to estimate 

jets rejected by the cut (gluon jet I u jet) 

5 



6 cm, 8 cm, 12 cm Eobs = EO I 0.7 

160cm 

0.08 x 0.08 . .. 

..... 
0.04 x 0.04 

0.08 . .. 

0.32 

.· ·~·· ... 

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

E(8x8) > 50 GeV, 

6 

Eobs = EO -- EB b 

Hadron 
Cal 

EM 
Cal 

80cm 

E(4x4) O 7 E(8x8) > . 



7 



10 

1 

_, 
10 

-2 
10 

10 

-1 
10 

LtC~ Sc b 
-;( 
P1 
P2 

A 
V1 

0.3492 
0.1193E+12 

4.872 

120 160 200 240 280 320 360 400 440 480 

dSigmo (nb) / dPt (u,d,s,c,b) 

120 160 200 240 280 320 360 400 440 480 

dSigmo(nb) / dPt (gluon) 

8 

l VI ) 



Jr by Gluon Jet in r; < 0.25 
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Figure 3.4-1 tT distributions for an idealized 
calorimeter. Solid curve: sum of calorimeter, 
essentially the sum of the neutrinos. Broken 
curves: sums of clusters with Er> lOGeV and 1J < 
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Presentation by: 
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GEM Hole at Y =() of +-3 EM towers 
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Figure 4: Worsening of isolated gamma rejection for the case when both EM a.nd HAD calorimeters 
used in isolation cut of 3.1 Ge V in 0.45 cone. 
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Hole at Y =O of +-5 EM towers 
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Figure 3: Worsening of isolated gamma rejection for the case when just EM caforimeter used. in 
isolation cut of 2.6 GeV in 0.45 cone. 
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Isolatjon Cut 

• Generate 2jets 'f , d t with PYTHIAS.6, deposit 
all EM energy and part of hadron energy (from 

,_Ar"( I\.. GEANT) in calorimeter cells with ~a.a~tirize(j,. t ~/' • .sl:lewet si:::irea>tl'. Record cell numbers h1tted by 
charaed track with 8 kG field. - Q~~xo~~2 

• Search through all cells (A17 x Aq;=~ C.4 x 0.01) 
to identify all cells hit by photons only, find E;¥LZ· -

• Charge Veto: if there is a charged track hitting 
neighboring 8 cells => Reject; 

• Define the sum of eyu's of these 9 cells (L9cell.sE¥u) 
as the ~hoton; 

• Isolation Veto: if the sum of the transverse en­
ergies in a cone of radius R (R=../ A172 + A¢2), 
excluding the E~hoton, is larger than 10% of the 

E~hoton plus an isolation energy cut (eyt). 

L ~ - E!J.hoton ~(Ef4t + 0.1E!J.hoton)=> Reject; 
.r<R 

Figure 2: Isolation algorithm (GEM TN-92-126). 
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3.4 FAST Physics Simulations for the Technical Design Report 

The principal design goals of the GEM detector remain precise measurements of elec­

tromagneti~ energy and muon momenta. with systems robust enough to operate well above 

the nominal SSC design luminosity. Hadronic energy will be well-measured over the central 

region, 1711 :5 3.0. Central tracking coverage to 1711 = 2.5 will be an important adjunct to the 

calorimeter, helping to realize its potential for electromagnetic energy measurement over 

the entire range of energies, from 25 GeV to several TeV, and up to ultrahigh luminosity. 

Forward calorimeter coverage to 1711 :::: 5.5 will determme ~T > 100 GeV with adequate 

accuracy. 

In preparation for the Technical Design Report, technology choices for the GEM 

calorimeter, muon, and tracking systems will be made by September. With the major 

elements of the GEM design essentially frozen until the TDR, a FAST parameterization 

of this "final" version will be executed. The GEM Physics Group then will study an 

extensive set of processes chosen both for their usefulness in testing the broadest possible 

range of GEM capabilities and for their physics interest. This effort bas two goals: (1) To 

provide feedback on detector performance to the designers in a. timely enough fashion to 

influence the design and enhance the physics peiformance of the detector. (2) To provide 

as accurate as possible a picture of the expected performance capabilities of all of GEM's 

major subsystems. The processes we plan to study a.re listed below. Many of them are 

familiar from recent submissions (including this report) by GEM and other collaborations. 

Other processes have not received detailed scrutiny before and will require encoding in the 
e\·cnt generators. 

3.4.1 Standard Model Higgs Physics 

1. 9°-'Yi'(MHE!:80-150GeV) 

2. tt + H0
-+ i"Yi' + X (MH:: 80-150 GeV). 

3. 9° - zozo-+ t+e-t+e- for l= e,µ (MH::::: 140-SOOGeV). 

4. 9° - z 0z 0 
- t+e- jet jet (MH ::::·sooGeV). 

5. 9°-+ zozo-+ t+t.-1iii (MH:::: SOOGeV). 

3~avy Flavor Physics + }\?\-: l(-'J G,eV 
-->-.. 1. tt production !or me:::: 250Gev),; standard (t - w+b) and non-standard (t-+ 

9+ b) decay modes and mass measurement via. the M,,, and multijet distributions. 

-~ Pol.Af'..ei.A-.~"'' C/C Wo ....:. t -~ LJ ~ • ~ 
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--2. Leptoquark pair-production gg, qq -+ 7r7:Q 7r QL, with decays to heavy fiavors such 

as 7rI:Q -+ r+b and µ+b. 

_.,. 3. Single technieta production, gg - 'IT - it. 
4. Color-octet technlhadron production, gg, qq - p} - 'frQQ'frQQ with technipion 

. decays to heavy quark pairs, e.g., 11: QQ - bii, tii, il. · 

3.4.3 Jet Physics 

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

QCD cross sections at PT~ 4 TeV). - ~FM:z..r II'"- s:''h~N-w- t='f.r4J • 

2. Color-octet technirho or axigluon resonances in dijet production, gg, qq - p}--+ 

jet jet. 

3. Color-octet technlhadron production, gg, qq - p} -+ 7rqQ'frQQ with technipion 

decays to light quark pairs. 

4. gg detection via a complicated multijet signature. 

3.4.4 Physics at Ultrahigh Luminosity 

.....::,. l. Signal and backgrounds for quark- lepton substructure at the scales A~ 25TeV 

in the Drell-Yan process qq - µ+ µ-. 
I 2. Signal and backgrounds for quark - lepton substructure at the ~ales A ~ 25 Te V 

in the Drell-Yan process qq' - µ*v. Chiral structure of the contact interaction 

,.,;n be probed via the 17,. distribution. 

_.. 3. Signal and backgrounds for Z'° - t+ r, with t= = e*, µ±. Precision measure­

ments of the mass and width (via e+e-) and asymmetries (viaµ+µ-); determi­

nation of the reach in M z•. 
e 4. Signal and backgrounds for w•: --+ t±v,. Precision measurements of the mass, 

width and asymmetry; determination of the reach in Mw•. 
I 5. Signal and backgrounds for color-singlet pf - zow: -e+e-t=+~r and e+r 

jet jet. 

3.4.S Other Topics 

1. Neutral and charged Higgs-like color-singlet scalars (5'°) and (5±) found in 

extensions of the standard model, supersymmetry and technicolor. 

(a) 5'° = h0 , 7r!}-+ TY (MH'• < 2Mw). 
{b) t - H+b, !or m, >Me+, with 5+-+ Ci and r+vr. 
{c) Electroweak pair-production oi 5+5-, with 5+ -tii (Me+> m1). 

41 71 



2. H 0 -+ t+e-r+r- at MH::: SOOGeV. 

3. Alternatives to H 0 -+ TY will be studied for the intermediate mass Higgs and 

similar particles (h0 and 11'}). Some possibilities are gg -+ H 0 -+ r+r- and 

t1-+ t'lH° with H° -+ r+r- and/or bb. 

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

may have to be staged. We need to determine alternative search modes and 

evaluate the backgrounds for new physics processes whose discovery is threatened 

by staging. 
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• Beam Loss and Source Term in the IRs 

• Detectors and Experimental Halls 

• Collimator and Low-beta Quads 

• Neutral Beam Dump 

• Long Range Beam Loss and Collimators 



B-PHYSICS WORKSHOP 25 - 26 September 1992 
SSCL 

SOURCE TERM IN INTERACTION REGIONS 

• 20x20 TeV pp collisions at 108 Hz . (1033 cm-2s-1) 

Three components: XF < 0.8 secondaries 

XF > 0.8 charge particles (protons) 

XF > 0.8 neutrals 

Cf19 Beam Halo - Low-beta quads are a bottleneck for halo particles, so even with 
0 scrapers and collimators in the system on, they will experience 

increased beam loss, being a source of background to detector 

At p• = 0.5 m Ppeak = 9180 m. For 50 mm bore quadrupoles 
with 42mm beam pipe, LBQ aperture is +/- 30 a. So, at maximum 
one can expect - 107 Hz beam loss rate at these locations 

•Accidental Beam Loss (1.3 - 4) x 1014 ppp 
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en 
l\:) 

Particle 
h101(>14MeV) 

heh (>14MeV) 

e (>lMeV) 

n (<14MeV) 

PARTICLE BACKGROUND 

Annual Particle Fluence in GEM Detector (ptcl per cm2) 

Point 1 Point 2 Point 3 Point 4 
7.7xl09 4.4x 108 4.7x10l0 2.7x10ll 

3.6xl09 3.9xl06 2.8x107 3.7xl010 

1.9xlOl l 6.8x 1 os 5.0xl06 7.9xl010 

7.lxlOlO 6.0xlOll 8.6xlOl 2 2.9xl012 
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20x20 TEV PP-COLLISONS IN LOW-BETA 

C11 
c..:i 

comoonent 
Detector 
Collilnator 
I 11 - 17 
I I~ -1 ~ 
BVl- - BVl+ 
LeaK Protons 
LeaK Neutral 

Len2tn (m) 
0 - 18 
18 - 20 
20 - 45 
45 - 81 
81 - 244 
> 244 
> 81 

.tner2v (%) y I tot (E) y I tot (No) 
1.6 0.3 0.5 
4.2 
18.0 0.5 0.4 

.13.7 
15.0 
24.0 
23.5 0.6 0.8 

• 

• 

• 



Beta* vs Detector Free Space. 
0 5 10 15 20 25 30 35 40 45 50 55 j~-t_L_+~t-~~-i~+---l,_t..L__ll---1.1~1 1 .o : ~ i 0 

. , I ! ! 

1. I ! 2 k 1 I . I : 1-0 9 
;p i=9. m ' I + + ------- . I ·:·1 I - -- L I ! I 
iB'=1~9 Tl: ! 1 J L l -- I +-o.e 

0.9 

0.6 

-. 
~ _go.7 

: : : * I I r ' 

0.7 

* ctS ....., 
~ 0.6 

0.5 

0.4 

0.6 

I 1 I 1 ···/··································· +··········-1-0.4 ! -- ; ___ ---------- ---- +---------------- - - . ---- - I 

- i I i jl I I I 0.3 i ! I I I I 0.3 I I I I I I I I I I j I I I I I 

0 5 10 15 20 25 30 35 40 45 50 55 
Detector Free Space (m) 

• 



• 

N v ~ 
CD ..;; N 0 d d 0 

0 0 0 d d ( ( I 0 
0 f I ' I 0 
0 0 .... .... 

0 0 
0 0 
co co 

• cc 
0 

0 ,-... .......... 0 

CD 0 o E 
CD co ..._, 

m ~ 

I -O> s:: 
?; CD 

.....l 

0 ~ 
0 0 -_J 0 0 0 

+ ..;- a.. 

~ -0 
I 

0 0 
0 I I 0 
N N 

0 I I 0 
co + N 0 N ..q- co 
d d 0 d d d ci 

I I I 
(w) :j.l.{S!aH 

55 


