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Abstract: 

Transparencies and agenda of the GEM Calorimeter Meeting on Preradiator 
and Forward Systems held at the SSCL on January 22 and 24, 1992. 
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============================================ 
Runs in: /usr/users/jke/gem/pi0/geant/bp/v3/lmm_all_vlong 
Cut : 2012 
============================================ 

E,GeVI Jaccepl \0 I tl I \2 1'1Deanlonly ltdip lonly ltwid lonly I run 
-----+--+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----------

25. 0 1 99.21 14.0 85.21 0.8 0.8 0.81 0.0 0.0 0.0 0.0 3531 
25.0 7 88.0I 3.2 8.81 88.0 87.0 75.61 o.o o.o 13.0 1.0 3532 
50.0 1 99.21 8., 90.81 0.8 0.8 0.81 0.0 o.o 0.0 o.o 3534 
50.0 7 81.61 3.0 15.41 81.6 80.8 75.01 0.0 0.0 7.0 0.8 3535 
75.0 1 98.81 13.4 85.41 1.2 1.2 1.21 0.0 o.o 0.0 o.o 3537 
75.0 7 79.01 2.6 18.41 79.0 76.4 63.41 0.0 o.o 16.6 2.6 3540 

100.0 1 98.81 11.6 87.21 1.2 1.0 0.81 0.4 0.2 0.0 o.o 3557 
100.0 7 83.61 2.2 14.21 83.6 69.8 29.61 54.6 9.2 21.0 2.8 3564 
125.0 1 98.81 14.2 84.61 1.2 1.2 1.01 0.2 0.0 0.0 o.o 3591 
125.0 1 99.61 12.6 87.01 0.4 0.4 0.41 0.0 0.0 0.0 o.o 3566 
125.0 7 76.71 2.2 21.11 76.7 56.0 24.21 39.9 13.5 24.2 7.2 3569 
150.0 1 99.21 10.6 88.61 0.8 0.8 0.61 0.2 0.0 0.0 o.o 3572 
150.0 7 61.81 2.4 35.81 61.8 44.4 18.61 28.2 6.0 23.4 11.2 3574 

================================c••••==== 
Multiplexing factor [NMPXJ= 6 
Number of events processed (O=all) [NENDJ= 0 
Energy required for peak [ECUTJ = . 015 
Max. frac. of biggest peak for dip [DIPMAXI= 0.5 
Energy to start dip cut at [EDIPJ = 75. 
Number of bins wide considered piO (NCUTWIDI= 3 
Energy thresh. where ncutwid->NWCLOWER [WCTHRESHJ= 75. 
Higher energy width cut [NWCLOWERJ= 2 
Min. frac. of biggest peak for width [EWIDCUTI= 0.5 
Min. frac. of biggest peak for second [PEAKCUTJ= 0.25 
Mean offset for piO (in mm) (CUTMEANJ= 2.83 bins, not cm! 
Power of energy for mean offset scaling [CUTPOWRJ= -0.369 
Tot. energy above which CUTMEAN->HEMEAN [CUTOFF)= 75. 
Mean difference cut above CUTOFF [HEMEANJ= 0.5 
dist. at which mean is to be extrapolated [IMEANJ= 0. 

(mean off set cut = CUTMEAN * E~CUTPOWR) 
================z=======================• 



Cut 2012 in /usr/users/jke/gem/pi0/geant/bp/v3/1 mmzallzvlong 
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============================================ 
Runs in: /usr/users/jke/gem/pi0/geant/bp/v3/lllll!Llast3_vlong 
Cut : 2103 
============================================ 

E,GeVI laccepl %0 I %1 I %2 1%meanlonly !%dip !only 1%wid !only I run 
-----+--+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----------
25. 0 I 11 96.61 14.21 82.41 3.41 3.41 3.41 0.01 0.01 0.01 0.01 3577 
25.01 71 90.61 3.21 6.21 90.61 90.01 85.21 0.01 0.01 5.81 0.61 3578 
50. O I 11 99. 0 I 12. 81 86. 2 I 1. 0 I 1. 0 I 1. 0 I 0. 0 I 0. 0 I 0. 0 I 0. 0 I 3 589 
50. 0 I 7 I 84. 2 I 2. 41 13. 41 84. 21 84. 2 I 81. 61 0. 0 I 0. 0 I 2. 61 0. 0 I 3590 
75.01 11 98.61 13.01 85.61 1.41 0.81 0.61 0.81 0.61 0.01 0.01 3579 
75.01 71 83.21 2.81 14.01 83.21 69.21 26.41 55.61 8.21 28.01 1.41 3580 

100.01 11 98.21 12.21 86.01 1.81 1.01 0.81 0.61 0.41 0.41 0.41 3581 
100.01 71 80.41 2.81 16.81 80.41 60.01 26.21 52.41 13.61 25.81 4.01 3582 
150.01 11 99.61 10.81 88.81 0.41 0.21 0.01 0.41 0.21 0.01 0.01 3583 
150.01 71 63.51 1.51 35.01 63.51 37.0I 13.61 26.51 7.71 32.11 18.81 3584 

========================================= 
Multiplexing factor [NMPXJ= 6 
Number of events processed (O:all) [NENDJ= 0 
Energy required for peak [ECUTJ= .015 
Max. frac. of biggest peak for dip [DIPMAX)= 0.5 
Energy to start dip cut at [EDIPJ= 50. 
Number of bins wide considered piO [NCUTWID)= 4 
Energy thresh. where ncutwid->NWCLOWER [WCTHRESH)= 75. 
Higher energy width cut [NWCLOWERJ= 2 
Min. frac. of biggest peak for width [EWIDCUTI= 0.5 
Min. frac. of biggest peak for second [PEAKCUTJ= 0.25 
Mean offset for piO (in mm) [CUTMEANJ= 8.0 bins, not cm! 
Power of energy for mean offset scaling [CUTPOWRI= -0.50 
Tot. energy above which CUTMEAN->HEMEAN [CUTOFF)= 25. 
Mean difference cut above CUTOFF [HEMEANJ= 0.6 
dist. at which mean is to be extrapolated [IICEANJ= O. 

(mean off set cut = CUTMEAN * EACUTPOWR) 
==================================•••=a•• 



Cut 2103 in /usr/users/jke/gem/pi0/geant/bp/v3/1 mmzlast3zvlong 
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============================================ 
Runs in: /usr/users/jke/gem/pi0/geant/bp/v3/1111RLlastl_vlong 
Cut : 2104 
============================================ 

E,GeVI laccepl %0 I '1 I '2 1%meanlonly 1%dip lonly 1%wid lonly I run 
-----+--+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----------

25. 0 I 11 99.21 18.21 81.01 0.81 0.21 0.01 0.01 0.01 0.81 0.61 3523 
25.01 71 71.01 7.81 21.21 71.01 69.21 60.21 0.01 0.01 12.21 1.81 3527 
50.01 11 98.81 16.41 82.41 1.21 1.01 1.01 0.01 0.01 0.21 0.21 3585 
50.01 71 61.41 3.81 34.81 61.41 60.61 55.21 0.01 0.01 6.61 0.81 3586 
75.01 11 94.41 16.61 77.81 5.61 0.61 0.21 1.21 0.81 4.41 4.21 3530 
75.01 71 70.61 3.81 25.61 70.61 50.81 19.01 33.61 7.01 38.21 8.61 3533 

100.01 11 93.81 13.01 80.81 6.21 3.41 2.21 1.61 0.61 2.41 2.21 3536 
100.01 71 75.81 2.61 21.61 75.81 55.61 23.61 31.21 5.01 40.41 13.21 3563 
150.01 11 97.61 11.61 86.01 2.41 1.41 0.61 1.01 0.21 1.21 0.81 3545 
150.01 71 60.11 2.01 37.91 60.11 35.21 15.21 18.61 4.61 36.41 19.81 3562 

========================================= 
Multiplexing factor [NMPX]• 6 
Number of events processed (O=all) (NENDJ= 0 
Energy required for peak [ECUTJ• .015 
Max. frac. of biggest peak for dip [DIPMAX)= O., 
Energy to start dip cut at [EDIPJ = 50. 
Number of bins wide considered piO [NCUTWIDJ= 4 
Energy thresh. where ncutwid->NWCLOWER [WCTHRESH)= 75. 
Higher energy width cut [NWCLOWERJ= 2 
Min. frac. of biggest peak for width [EWIDCUT)= 0.5 
Min. frac. of biggest peak for second [PEAKCUT)= 0.33 
Mean offset for piO (in mm) (CUTMEANJ = 8. 25 bins, not cm! 
Power of energy for mean offset scaling [CUTPOWR)• -0.50 
Tot. energy above which CUTMEAN->HEMEAN [CUTOFF)• 100. 
Mean difference cut above CUTOFF (HEMEANJ= 0.6 
dist. at which mean is to be extrapolated (l:MEANJ= O. 

(mean offset cut = ctJTMEAN * E"CUTPOWR) 
=====================·=·=======·=·======= 

• 



Cut 2104 in / usr /users/jke/ gem/piO/ geont/bp/v3/ 1mmzlost1 zvlong 
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PYTHIA5.5 (Mtop= 140 GeV) 
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Ho -+ 11 Signal/Background 

• Signal· 0.05-0.2 pb for MH E(80,160)GeV: 

- 1 'h I< 2.5; 

Er> 20 GeV; 

I oos8; I< 0.9 => reduce gg - ''ry; 

- I rry-y I< 3 => reduce qq - ""Y""Y· 

• Direct Photon Background· 

- 276 pb (gg- -y-y: 198 and qq - ""Y""Y 78); 

- After selection and isolation (5 GeV, 0.75): 
32 pb for Mn E (75, 165) GeV. 

• QCD Background: 

- ?jets: 2 mb; 

- 1-jet: 237nb (qg - '"'(q: 226 and qq - -yg: 11); 

- After isolation: 23 and 20 pb (50/73); 

- After shower shape analysis (5 mrad): 21 and 
16 pb (28/29); 

- After preradiator (2 mrad): 19 and 16 pb (21/16); 

- Irreduciable {single -y): 14 and 10 pb (14/10). 
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2 Gamma Background (20k) 

rl i 2000 gg Entries 21749 
Mean 36.49 ~ 'f' b 

1000 RMS 17.80 

00 20 40 60 80 100 120 140 160 
'1t gf '2gr!gn ~1g 1~~5 2.5 ~ 2000 qg Entries 19815 

Mean 37.30 ~' 
1000 RMS 18.78 

00 20 40 60 80 100 120 140 160 
pt of porton eta less 2.5- .2 

2000 QCD Entries 20518 ., h Mean 36.04 

1000 RMS 16.96 

00 20 40 60 80 100 120 140 160 
pt of porton eta less 2.5 
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2 Gamma Background (20k) 

,.------r-::=---------------uY 99 Entries 7333 
Mean 82.63 ~ T 
RMS 40.98 
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7500 

5000 

2 Gammas Background ( 1 OOk) 

Entries 
Mean 
RMS 

200000 
92.55 
75.09 

2500 ~_._j___.....J.....L-L~=====~::;::::;::r:;:::::;::;::;::r:;::~t::::I:::!::l:J 
0 

0 40 80 120 160 200 240 280 320 

1500 

1000 

p of parton 
Entries 
Mean 
RMS 

30396 
95.72 
62.90 

500 
LL~~~~~:W:=~~ 0 
0 40 80 120 160 200 240 280 320 

800 

400 

p of parton eta less 2.5 all cuts 
Entries 14488 
Mean 
RMS 

72.24 
40.32 

0 
0 40 80 120 160 200 240 280 320 

p of parton eta less 1.5 all cutr 
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Entries 
Mean 
RMS 

200000 
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17.83 
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pt of parton eta less 1.5 all cuts 



2 Gammas Background ( 1 OOk) 

4000 =-~~~~~~----,~E-n-t-ri-es~~~~1~00_0_0_0--, 

2000 

0 
60 

Mean 72.40 
RMS 28.88 

80 100 120 140 160 180 

Invariant mass of parton pair 

Entries 15198 
103.5 
25.00 

750 
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Moss of porton·pair eta less 2.5 all cuts 

400 Entries 7244 

200 

80 

Mean 
RMS 

100 120 140 

102.8 
25.22 

160 180 
Moss of porton pair eta less 1 .5 all cuts 
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2jets Background ( 1 OOk) 

Entries 
Mean 
RMS 

200000 
93.47 
75.87 
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Entries 
Mean 
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58.73 
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Entries 
Mean 
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9418 
67.35 
35.21 

0 
0 40 80 120 1 60 200 240 280 320 

p of parton eta less 1 .5 all cutr 



2jets Background ( 1 OOk) 

20000 =-~~~~~~--.~E~n~tr~ie-s~~~~2~0700~0~0:-i 

Mean 31.27 
10000 RMS 15.98 
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Entries 
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Entries 
Mean 
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9418 
46.42 
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pt of parton eta less 1 .5 all cuts 



2000 

1000 

2jets Background ( 1 OOk) 

Entries 
Mean 
RMS 

100000 
88.50 
36.17 

80 100 120 140 160 180 

Invariant mass of parton pair 600 =-~~~~~~~..---~~~~~~~----, 
Entries 12173 

400 106.3 

200 

0 60 

200 

100 

0 
60 

25.45 

80 100 120 140 160 180 
Mass of porton pair eta less 2.5 all cuts 

80 100 

Entries 4 709 

120 140 

103.9 
24.88 

160 180 
Mass of parton pair eta less 1 .5 all cuts 
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Gamma- jet Background ( 1 OOk) 

Entries 
Mean 
RMS 

200000 
98.27 
77.37 

2000 ~......L.L.t......__,_,_.l.__a_._=====:::L:::::::::C~:::::r:::;::L:::L:LJ:::u::::::.J 
0 

0 40 80 120 160 200 240 280 320 

1200 

800 

p of porton 
Entries 
Mean 
RMS 

29082 
99.12 
64.13 
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Entries 13900 
Mean 
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p of parton eta less 1 .5 all cutr 



! Gamma-jet Background ( 1 OOk) 

15000 
10000 
5000 

Entries 
Mean 
RMS 

200000 
33.73 
18.49 
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1500 
1000 
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pt of parton 
Entries 
Mean 
RMS 

29082 
51.12 
23.51 

0 
0 20 40 60 80 1 00 1 20 1 40 1 60 

pt of porton eta less 2.5 allcuts 

750 Entries 13900 

500 Mean 52.91 
RMS 23.84 

250 

00~~2J0~~4L0~~60~=8~0~~10~0:::=:=1d2=0=-1~40~.J160 
pt of porton eta less 1.5 all cuts 



Gamma-jet Background ( 1 OOk) 

3000 
2000 

Entries 
Mean 
RMS 

100000 
73.10 
29.55 

1 o o o L'---'--'-_i___.__.~=:::=J:::::::;::::=::;::J::::i:::::i::::cr::i::::::c=~ 
0 

60 

750 

500 

250 

80 100 120 140 160 180 

Invariant mass of parton pair 
Entries 
Mean 
RMS 

14541 
105.0 
25.58 

06~0-'-'-~-L-1--'-'-Li__,_-L-1-j_,_~J:::===~=:;::;:d 
80 1 00 1 20 1 40 1 60 1 80 

Mass of parton pair eta iess 2.5 all cuts 
400 Entries 6950 

Mean 104.2 
200 RMS 25.27 

80 100 120 140 160 180 
Moss of parton pair eta less 1.5 all cuts 



lsolatjon Cut 

• Generate 2jets or -y-jet with PYTHIA5.5, deposit 
all EM energy and part of hadron energy (from 
GEANT) in calorimeter cells with parametrized 
shower spread. Record cell numbers hitted by 
charged track with 8 kG field. 

• Search through all cells (617 x 64>=0.04 x 0.04) 
to identify a II cells hit by photons only, find Erll · 

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

• Define the sum of Erll·s of these 9 cells <E9cellsEr") 
as the E~hoton; 

• Isolation Veto: if the sum of the transverse en­
ergies in a cone of radius R (R=v' 6172 + 64>2), 
excluding the E~hoton, is larger than 10% of the 

E~hoton plus an isolation energy cut (ET't). 

L Er - E~hoton > (Efj!'t + O.lE~hoton)=> Reject; 
r 

• Optjon: use only cells with transverse energy larger 
than 3 standard deviations of combined thermal 
and pile-up noise: 
150 MeV for BaF2 +Spaghetti, and 250 MeV for 
L.Ar. 



Isolation Rejection Factor (10-4 ) 

• 2jets: 2 mb (gg: 1.54; gq: 0.44 and qq: 0.043), 
12o/o quark jets and 88% gluon jets. 

Ecut 
T R=0.45 R=0.60 R=0.75 

5 GeV 5.3 4.1 3.1 

10 GeV 8.8 6.8 6.2 

15 GeV 13 10 8.6 

20 GeV 16 14 13 

• 7-jet: 237nb (1q: 226 and -yg: 11), 
95% quark jets and 5% gluon jets. 

Ecut 
T R=0.45 R=0.60 R=0.75 

5 GeV 16 13 9.6 

10 GeV 30 26 22 

15 GeV 40 34 32 

20 GeV 54 47 43 

• Result: 
10-3 for quark jets and 2.2 x 1 o-4 for gluon jets. 
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2jets Background (5 GeV, 1 OOk) 
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Gamma-jet Background (20 GeV, 1 OOk) 
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Gan1ma-jet Background (5 GeV, 1 OOk) 
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QCD Background Rejectjon 

Shower Shape Analysis and Preradiator 

• Calculate Background x-section by analyzing iso­
lated photon candidates passing isolation cuts. 

• Calculate lf for each isolated photon candidate: 

- Li Ei x (Ji 
8=----

LiEi 

where 

-and E1 is the energy vector of the ith photon in 
the isolated photon candidate. 

• A detailed GEANT study by H. Yamamoto shows 
that isolated photon candidates with 6 > 5 mrad 
can be effectively rejected by using shower shape 
analysis. 

• Assuming isolated photon candidates with (JM > 2 
mrad may be rejected by using an effective prera­
diator. 



Table 2: QCD Background Cross-Sections (pb) 

After Isolation 

Process 2jets 7-jet 
Ecut 

T R=0.45 R=0.60 R=0.75 R=0.45 R=0.60 R=0.75 
5 GeV 140 81 46 55 45 33 
10 GeV 370 220 180 100 90 76 
15 GeV 780 510 360 140 120 110 
20 GeV 1200 940 800 190 160 150 

After Showe Shape Analysis 

Process 2jets 7-jet 

ET'' R=0.45 R=0.60 R=0.75 R=0.45 R=0.60 R=0.75 
5 GeV 73 34 20 31 26 21 

10 GeV 160 120 89 54 50 42 

15 GeV 250 210 140 68 59 57 

20 GeV 310 260 230 83 73 66 

After Preradiator 

Process : 2jet1 7-jet 

ET'' R=0.45 R=0.60 R=0.75 R=0.45 R=0.60 R=0.75 

5 GeV 20 16 13 19 17 17 
• 

10 GeV 25 20 13 24 24 19 

15 GeV 34 29 20 24 24 24 

20 GeV 34 34 29 26 26 26 

Irreducible QCD Background 

Process 2jets 7-jet 

ET'' R=0.45 R=0.60 R=0.75 R=0.45 R=0.60 R=0.75 

5 GeV 10 10 7.3 17 14 14 

10 GeV 13 10 7.3 19 14 14 

15 GeV 16 16 13 21 17 17 

20 GeV 16 16 16 21 19 17 



Total Bg£kgro11nd. {Db) for H-+ ?'?' 

• BaF2 followed by a fast scintillation calorimeter: 
Ertl > 150 MeV, R = 0.6, ET't = 2.5 GeV. 

Process !'Y 1-jet 2jets Total B Factor 

Isolation 32 23 20 75 2.3 

Shower Shape 32 21 16 69 2.2 

Preradiator 32 19 16 67 2.1 

Irreducible 32 14 10 56 1.8 

• Liquid Argon calorimeter: 
Erll > 250 MeV, R = 0.6, E1ft = 3.6 GeV. 

Process 'Y'Y -y-jet 2jets Total B Factor 

Isolation 32 50 73 155 4.8 

Shower Shape 32 28 29 89 2.8 

Preradiator 32 21 16 69 2.2 

Irreducible 32 14 10 56 1.8 
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J3EANT SIMLJI ATION 
,.. .. d• 

Fractjon Ent;HlY. QeD(isjfeCJ in Ba F 2 .. . . 
with Deviated Light Uniformity 

• Number of BaF2 crystals: 11 x 11 

• BaF2 Crystal length: 50 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 X0 = 9 cm) 

• No magnetic field. 

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

.Y = Y2s[l + c5(Z/25 - 1)) 



i( II /( ~h. 



:5/tlw~ &~ /o~tn H. r4 .. i.A~/-O-
i. The center of the 5x5 crystals is the one which has 'the largest energy deposit. 

2. If the 2nd or 3rd cells (cells which have the 2nd and 3rd largest energy deposits) 
is not in 3x3 cells around the center, this candidate is rejected. 

3. Fit the projection of the ei,; to each axis by Gaussian to find the center and u. 
These 4 values are used as the initial values for the following fit. 

4. Fit the 5x5 energy deposits using the following oval shape, with 6 parameters. 
x2 y2 

/(:r: y) = A * e:r:p(- - ) ' 2•0',,.;,. 2•0',,. •• 

X2 = cos(9)2 * (:r: - :r:0)2 + sin(9)2 * (y -y0)2 

Y2 = sin(9)2 * (:r: - :c0)2 + cos(9)2 * (11-110)2 

where 
A : overall normalization 
Umin and Umaz : standard deviations of the oval shape { Umin < Umaz ) 

(J : angle between the original xy axis and the principal axis of the oval. 
xO, yO : center of the oval 

5. Reject if Umin < 0.0165 to keep 95% of the real single 'Y Reject if Umin < 0.0160 to 
keep 90% of the real single 1 These 2 values are determined by 40 and 80 GeV 1s 
simulated by GEANT. The efficiency for the lower energy 'Y is slightly lower. For 
example, the efficiencies for the 20 GeV 1 are a few % less in both cases. See Fig. 
2 for more details, which is explained below. 
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op ~ HtfX ~ 77lvX 
Production Cross-Section and Events/SSCY 

PYTHIA 5.5 (Mtop=140 GeV) 

MH(GeV) a 'Y'YtfX ( fb) Nl"Y"Y(0.3) Nl-y-y(0.45) N l"Y"Y ( 0. 6) 

80 18 17 16 14 

90 17 25 22 16 

100 16 19 16 16 

120 14.5 20 16 14 

140 8.5 15 12 10 

150 5.2 15 7 5 

• ITJtl < 2.5, P~ > 20 GeV, R = 0.3. 

• ITJ-rl < 2.5, P} > 20 GeV, R = 0.3, 0.45, 0.6 

• isolation cut => reject t{ 

L Er - E~hoton < 5GeV + O.lE~hoton 
r<R. 

• Pr of dJ-photon > 50 GeV => reject tt 

• Shower Shape Analysis: O < 5 mrad 

• Preradiator: 9M < 2 mrad 

". ·---·-·-·-- -------------- - -------- -------



pp ~ HttX_~ 'Y"t1l!_X (Cont.) 

2,6 M tt Background 

Rcut 0.3 0.45 

·Isolation 45 26 

R-y/q-jet (10-3) 3.5 2.6 

75 GeV< !v/11 <165 GeV 11 7 

Pr(2-y) > 50 GeV 5 3 

Shower Shape 2 1 

Rt11 (10-6 ) 0.8 0.4 

X-Section (fb) 12.8 6.4 

Events/SSCY 128 64 

Preradiator 2 1 

Rt11 (10-6 ) 0.8 0.4 

X-Section (fb) 12.8 6.4 

Events/SS CY 128 64 

- - - -------- - ------------ '---~---~-------
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Table 1: Acceptance for single gamma and multi-gamma-particles ( r; ) 
Energy (Ge V) 7 r° ,, xo 

• 
20 90/93 33 I 67 

40 92 / 93 36 I 50 

80 92 / 99 53 I 74 22 / 26 12 / 16 

120 98 / 94 64 I 86 

160 95 / 96 10 I 90 30 I 44 16 / 43 

m• • 1 . ''"' .. - . .. .. '' 'I ~ • 'I .. 

, . .. 
·• 

~ ·. 



New Tclea45 in t;.e..,·,,..1&llat1·,,.., Ti~er 

Calor,·.,..•try 

e lecJro,,.,t. : rr/E:. 12 .9 l/11£ .,. c { O,) 

9 r .S •....,. C : I. 2 Y. 
p1'ort~: ~/I! • :!.o.,l./llF ~ 1.01. 

e/h : 1. ~s z o.oa · · 

( t!/1' ~ 1.01- 1.0, ol.epe.,.,o1,;,,.1 0~ EJ 



lt:ftf1: 

• 'Pro ject&·'tle •'ru&iwre l 2 ton) 

• Lo~9it._,fll.-,,..oJ segme,,IG~,0,,. 

< ..... 

e .. m. >..ce.f •o"' : 

• u•e o.s '""' fifjus 
• $0 ••• • •••• ,.,.;,..., ,,...,, ... ,,, 

__.. fl' f; ••r• it 'I 

<:r/E : Cf·!I 1./"6 +- cl BJ, Sa 2 ...... C• o. t:.Z 
I \ 

i'mprOoJ&~ l.y v'i •""proves 1.1 .t 

--,-Jhoton $C..t••iic.s NOT a. lim•e,·,,.3 fo.clc,­

l soo p.e./GeVJ 

CS/e. • 

.:..~. 

' ' 



l-lo.olro~··c secJ'o" : 

t;o to .S "'"' I'&..,.. 
....... MJ1D•~f a IE• 1.1sX .,,. 

Ne.J iot•: 

Mo.few c.o~• i lem : ~otoc..U.o.r• swt-.e 
(.•1IXJ ·; ·· · 

.-. u ~ 1 mm. l'l:.&r.s irt .S "'"" hollOt.J · , 
.. · pl-tlc. t ... e.e. 0~(!i. 

( ~hower oC.e"e.to,om.,., 1'0l •ll&e.JeotJ *''-
• £.i.b!r ._f,A,,.fo.ce re.otw.uel •v fa..c.fo,. C, 

(pltot.o c.alJ.o"• atA.rfo.eaJ 
~ 

• ligf..t y&elol reoCc...eeot ~)' fo.c-lor 9 
( .... I'&~ /t/i /ror.. pli,ol•ra sfat•"~~ 

f'O prol.laWt) 

7n pN.c.f&ee: 



' u1ta.t ,,.,.,.. ... s. to e/>t . 

C•pe.cJeot fo ol.rop w.r: t. o,.,;,,;~0;l S-PltCltl. 

re•..tla.. (olMA to •·"'· ,..sport1eJ 

~o •fled•'°" e/Ntt:p 
-:::> ·~ e. m. ~Ao~ ,;,, / a:--. ,.,. f./O'- o/ E 

· o(e.po .. ·'-p1 4" po.rficles »c(-ter tit.,,, 1 NeV. 

, 
f 
t 

• t • I 
I 
I , 
• 
' 



0 :z 

( b I 

0.8 

3 5 

Ax (reaaautl = 2.5 mm 

• LAr 
o PHHA 

a. 0. 7 \\....._ 1 

~ \ +-.+ f T 
"'06 \ f 1 

~ 

I 

. 9-.q__ T 
'~--+---f------1------

0.5 

-! 

0.4L.-_.._..z..........1 _ _.._...._.....L_...i..._.__ ...... _...i..._.___.. .... 
0 2 4 6 8 10 12 14 16 18 20 22 :Z4 

Thickness U plates I mml 

--------

.FJc- r TU •/np ..m .. a fmu# of &Ila tldckn- of &Ila ,..._ 1a,_, far ara­
Dima/LAz uad 111Ui1ml/planic r ·,emptor celmjm•en. TM thidm- of the 
aclift .,.. ia u ....... a-.ia &am EOS4 Mo.ta Culo plmlrtf=·'"' . 



Ot.l.er- ~ r.Oi&A 

S P"CltL <Nttlt Qt.A..evvf-z /. t'b~ for 

for•.Jo.rol co..lor,·~e.t')'. 

L ""ee.~wraAall"J 

....,;;:e~c. filae,.,. were not-vc.ffec.1e.o1. a.It•,. 
c..:.po~~• to 100 G~o.ci. 

e. m. prcio'y~e l:aM.i/ I a, les.teot ,· 

L Va"'' y•'e.lol ~ s p.e. /Gev 



GEM FC.al 

It II'\ ~.,..w ,, L.,w.;J. Ar (),,-I.e... 

J".'R~vJ 1/2:1./'12. SSC.L 



I ~~rruee:J --·~ s 

r-i .... · .. ·>g~i r I 
+ 
I 

395 

' 
4000t 

445 
L • 500 
i 

• 475 
t 
1· 
750 I TRACKER 

' =.O ---

--1/P- ~BA-R-REL-CA-LORIMETE_R_ - ENDCAP CALORIMETER 
20 

1500 •I 20 EXCLUDER 

2350 3630 ----:1 
6000 Dlmenslonl In mllmeters 

\ 



• 
00 

II 
c< 

-ca 
0 
LL 

0 
C\I 
~ 
a: 
w 
1-
w 
:! -a: 
0 
..J 
c( 
Oa: 
"' Ill 

0 
C') 
<O 
C') 

-· 

en 
'-
Q) 
+-' 
Q) 

E ·­--·-E 
c: ·-
en 
c: 
0 ·-en 
c: 
Q) 

E ·-0 

---



~ 
"' Q) 

"' cal 
~ 

~ 
Va 
\t; -

I 
I 
I 
• • 

as 
0 u. 

- ~··- '4.Q7: 
oCli;,;-~~~~- ~~s ~~~...;.' 

--

t 
l' 
0 

• -



• 

J J 
I 



J 

I 

I I E E E E 
2 2 ~ ~ ~ ~ 

~ q 
0 .. 
I I 

=' 

I I I 



D -0 



• -d 



s:-
1'11 
> 
s.. 
Cl) 

+.J 
«I s.. 

= 0 .... 
+.J 
«I 
N .... = 0 .... 
Cl) 

> .... 
+.J 
«I -Cl) 

a::: 

tll 

0 - -
0 -

.I a1-e.z 

' I 1 , - ~ \ ' ' • : ! 

0 - tll 
I I 

0 0 0 - - -
uo11-ez1uo1 aAll'9taM 

t') 
I 

0 -

0 . 
co 

0 
ID 

0 
• 

C'J 

0 . 
C\l 

0 . 

0 . 
0 



~ 

rn 
> 
s.. 
Q) 

...i 
«f s.. 

= 0 .... 
...i 
«f 
N .... 
= 0 .... 
Q) 

> .... 
...i 
cs -Q) 

~ 

...... ~~ ......... ~.....-~-.-~~~ ....... ~~---....~~~...... ~ 

-II 
~ 

II> 

> E .......... 
N co 
e If > 8 8 Q) 0 8 lO 0 () 

l:'- I,(.) ~ i:: . - «f 0 
II II II ...i 

II> 
>o d 

+ .... 
:::t 0 

w ... 0 - N 
I I 

0 0 0 0 0 - - - - -
.I al'9.I UO!l'9Z!U0l aAl'\'9taH 

(') 
I 

0 -

cc 

0 
I,(.) 

0 . 
..q. 

0 . 
t"J 

0 . 
C\2 

~ -
0 . 
0 

~ 



Missing-ET Signatures at SSC 

. Frank E. Paige 

Any new ·heavy particle must decay into 

quanta of the standard model, 

• Leptons ( e, µ, r) 

• Photons 

• Jets (g, u, ... , t) 

• Neutrinos 

or into new stable particles. 

SSC physics may involve any combination 

of these. 

New stable particles are typically neutral 

and weakly interacting. 

Need JPT to detect them and v's. 



JtT needed to reconstruct neutrinos from 

many standard model sources: 

w± ---+ .e±v 

zO ---+ vv 

c, b, t ---+ Pv X 

Useful as signatures for new physics. 

Lightest SUSY particle X~ is typical 

example of new weakly interacting particle. 

Absolutely stable in MSSM. 

Coupling is 0( e ), so cross section is 

a2 
(J ,....., 2 ,....., (}" ll 

m~ 
q 



Physics Signatures 

JtT is at least useful for many possible 

physics channels: 

Standard Higgs: Heavy Higgs is not very 

likely, but it is important benchmark. Clean­

est mode is 

H ---+ z0 z0 ---+ .e+ .e-.e+ .e-, 
. 

Very small rate. Can double it using 

H ---+ z0 z0 ---+ .e+ .e-, + ,-

Can be fully reconstructed using JtT plus zo 
mass constraint. 

Needs background study! 

.e+ .e-.e+ .e- rate increased by factor of six 

with 

H ---7 z0 z0 
---7 .e+ .e-vv. 



Large background from zo + jets. Can 

eliminate with hard cuts, but remaining 

signal small. 

WW Interactions: If no new physics, then 

strong WW interactions for Mww rv 1 TeV. 

Interesting in any case. 

Can use Jtr to reconstruct 

w± z0 --+ .e± v .e+ .e-

with quadratic ambiguity. 

Like-sign channel 

w±w± --+ f±v.e±v 



has no qq-induced continuum, although there 

are other standard-model backgrounds. Can­

not reconstruct even with J/Jr, but knowing 

J/Jr helps to estimate the WW mass. 

Similarly for w+w- channel if it can be 

separated from tt background. 

Jet Tagging: Forward calorimetry useful 

for detecting the forward jets from WW 

fusion. Reduces the QCD backgrounds, albeit 

not by large factors. 

SUSY: LEP data are consistent with SUSY 

GUTS for masses in the lOOGeV-1 TeV 

range. Meaningful only because masses are 

sensible. But sensitive to details. 
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Fig. I. (a) First order evolution of the three coupling constants 
in the minimal standard model (world average values in 1987 
from ref. [I]). The small figure is a blow-up of the crossing area). 
(b) As above but usingMzanda,(Mz) from DELPHI data. The 
three coupling constants disagree with a single unification point 
by more than 7 standard deviations. 
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SUSY particles are pair produced, decay 

into LSP X~, producing $r plus multiple jets 

and leptons. 

$r signature for gg is observable if de­

tector covers rJ ~ 5.5. More work needed to 

reconstruct full decay scheme and separation 

of q and g. 

Technicolor: Dynamical model for Higgs 

bosons. All models predict 

Pf 0 ---+ w± z0 ---+ 1,± v 1,+ 1,-. 

Typical m rv 1-2 Te V, so small rates. Maybe 

can assume 

PT, W ~ PT,Z 

Technicolor generally gives pseudo­

Goldstone bosons, e.g. a spin-0, color-3 



leptoquark P3: 

gg ~ P3P3 ~ brbr. 

Reconstruct using components of 'JtT; need 

good resolution for moderate 'ltT· 

New Gauge Bosons: Might observe 

w'± ~ .e,±v, 

for m ~ 6-8 Te V. Very large 'JtT, so hermetic 

detector may not be important. 



Experimental Requirements 

Want background from detector not large 

compared to SM v cross section. Issues: 

• 'r/ coverage 

• Resolution in E, PT 

• Cracks, non-Gaussian tails 

Can examine first two using toy calorimeter. 

Need real design and full simulation for 

cracks. 

To improve statistics, examine total Jtr 
cross section. Should redo this with cuts 

appropriate to specific signals, say gluinos . 

. : ·-.'. 



Generate 4000 events/bin with ISAJET: 

25GeV <PT< 50GeV 

50GeV <PT< lOOGeV 

lOOGeV <PT< 200GeV 

200 Ge V < PT < 400 Ge V 

400GeV <PT< 800GeV 

Includes c, b, and t quarks, and hence (most 

of) real l?T cross section. No J?T cuts. 

Simulate toy calorimeter using CALSIM: 

~'f/ = ~4> = 0.1, 'fJ < 6 

Find jets with ET > 10 Ge V in R < 0. 7 with 

GET JET. 



Sum of minijets reproduces Jtr from whole 

detector. Hence can use jet resolutions to 

model detector effects. 



Signal for 300 GeV gluino has JtT rv 

100 Ge V. Want detected JtT cross section 

in this region comparable to true JtT back­

ground. 

Case I: Perfect E resolution. Compare sum 

of calorimeter with that of jets with various 'r/ 

cuts. 

'r/ < 6: Jet sum similar to true ltT 
distribution. 

'f/ < 5: Substantial extra background for 

$r rv 50GeV. 

'r/ < 4: Detector dominates for ltT ~ 
500GeV. 

'r/ < 3: Hopeless. 
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New calculation using better calorimeter 

simulation and analysis and 25 K events /bin 

(Vanyashin). 
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Case II: Add Gaussian energy resolution 

D..E/E = 0.50/.JE EB 0.02 
< 

Similar results. 

Case III: Add Gaussian energy resolution 

D..E/E = 0.70/.JE EB 0.05 

Similar results. 

Case IV: Perfect energy resolution but with 

a cut pT, jet > 20 GeV. Some effect at small 

JtT· 

Case V: Smear jets with 17 > 3 with a 

Gaussian PT resolution of 10% or 20% (c.f. 

Arizona group). 

Some degredation for 20%. 
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Within approximations used here, most 

important thing is to cover 

rJ < 5-6 

E and PT resolution effects are much smaller. 



Implications 

Hadron shower has size R l"V A I. Hence 

estimate effective cutoff is 

(
AJ + Rpipe) 

7Jmax ~ -ln tan 
2
£ 

Calorimeter must be dense and/ or far away. 

Effective 7J li1nit from real simulation? 

Should calculate resolution including leakage 

vs. 7]. 

EM core of jet is much smaller. 

Use EM core to determine jet direction, 

taking energy from hadron shower? 

Use EM core at large 7J as veto? Signal 

efficiency? 
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or•·ard detectors. 

fIG. 4. Re\·ised Fig. 5-6 from SSC-SR-1033. Maximum dose ia for lead (or uranium) plat. 
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Thie colorl••tor hao a tatal of 714 T•••••/••tl wit• ••ch 
one being roodout ~•• o photodowlco of tho •••• t1•• ~•l•t tl•••l•p•d 
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(front face at 5 meters from IR) 

ITEM CATEGORY Total IK/ Units Coat Cont 
Units Unit 

1.00 Material 
1.10 Lea.d 41.2 5.58 Mton 230 
1.20 SS Tubing(3mm) l.67Xlo- 0.001 Meters 167 
1.30 MgF 2 coating l.67X10" 0.001 Meters 167 
1.40 Sheaths 224 1.50 Ea.ch 336 
I.SO Light Gllides/Mixers 1792 0.1 Ea.ch 179 
1.60 Spaoers 224 0.2 Ea.ch 45 
1.70 Cal.ib. Loops 30 2.00 Ea.ch 60 
1.80 Li.qWd Scintillator 1060 0.010 Liter 11 

2.00 Eiect....UC. 
2.10 PMT'S 1792 0.3 Ea.ch 538 
2.20 Electro.ics 1792 0.25 Channels 448 

1 a.00 I Structve I I 500 
I 4.00 I Thermal Control I I 90 
I 5.oo I Liquid Handling I 2 1100 I System 1200 

6.00 Fab. &l Assembly 
6.10 Fab. Aa. ~ Test 30 0.045 MH/tower 1210 
6.20 Tooling 1500 

7.00 Testing 750 
7.10 Test Beam 
7.20 Test Beam 

Equipment 

I 8.00 I Transport 1100 
9.00 Installation 
9.10 Install. Labor 5556 .045 Man Hour 250 
9.20 Install. Equip. 500 

DIRECT COST 7281 
EDIA 25'fo 1820 
Base Cost 9101 
Contingency 40'fo 3640 
Subtotal 12741 
R&D 11 'Yo 1402 
TOTAL 14143 
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MANIFOLD COVER PLATE BOLT HOLE ARRANGEMENI 

Notes: I. Stays are screwed through plate and fitted with single nuts outaide of plate, 
or with inside and outside nuts, omitting washers. (See detail" A".) 

2. The center of the cover plate is bolted down by a method shown in detail "B". 
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>= 1.5 x bolt diametc 

Detail "A" 

Al 
0 15.75 mm x 72 

(for 12.7 mm bolts)_ 

____ 0·----
0----

0 .. -0··-· 

0---
0·-· 
• o· --0· 

• 

• 
0 

' 
'G. 

'·-e __ _ 
. 
Q 

! 

• I 

A__! 

---e. 
.... 0 

--
'Q 

' • • 

' ' ' (;) 

MANIFOLD COVER PLATE BOLT HOLE ARRANGEMENT 

Notes: I. Stays are screwed into the plate as shown in detail "A". 
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CASE i. ,.•. 600mm 
CASEl. •A"• IOOmm 
CASE3 .• A.• IOOOmm 
CASE ... •A"•llSOmm 
CASE'· •A•• 13,0 mm 

Determine the minimum values for the 
unlcnowns "B" to "K" as shown on the 
sketch. "J" is the number of ribs and 
"K" is the number of bolts required. 
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INNER BARREL SIGNAL ELECTRODES 

NOTES: I. The tube locations an: per the correct pattern. 
2. All numcrs shown are approximate values. 
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ASSUMED MUON CHAMBER POSmON 

NOTES: I. Bolts, reinforcing ribs or the signal feed thru's are not shown on the manifold cover plates. 
2. All numcrs shown are approximate values. 
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ASSUMED MUON CHAMBER rosmoN 

NOTES: I. Bolts, reinforcing ribs or the signal feed thru's an: not shown on the manifold cover plates. 
2. All numers shown are approximate values. 
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TABLE L DIMENSIONS TUNGSTEN RODS 

1-:~1 ;; I 31 I 

NOTllS: 

1. TUNGSTBN RODS ARB MAD! OF 90t 
TUNGSTEN HBAVYMET. 

2. ALL UNITS ARE IN MM, UNLESS 
SPECIFIED OTHERWISE. 

3. PARTS SHOWN ARE NOT DRAWN TO 
SCALE. 

4. THERE ARE 2 SETS OF TUNGSTEN 
RODS. EACH SET HAS DIFFERENT 
NUMBER OF PLATES WITH 
DIFFERENT DIMENSIONS AS SHOWN IN 
TABLE I. DIMENSION TOLERENCE FOR 
·A· IS~ O.lnun AND FOR ·s· IS 
~ O.OOlnun. 
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om~ A B • '111JCI: ... _.. ...... - ... 111111 ... 
1 0.0091 0.0099 ,,,,.J 0.2188 5.0Sl6 0.19'0 

2 0.0105 O.OIJ)O 6.3600 0.2500 5.8420 o.2ioo 
] 0.0103 0.0120 6.3600 0.2500 5.7404 u -• 0.0107 0.0160 6.7310 0.2650 5.9182 u , ... 
~ 0.0128 0.0151 7.t'115 0.3125 7.1374 u lU 

" 0.0144 0.0149 t.7JU 0.3431 7.9756 u. -, 0.0157 0.0160 U'JIO 0.1750 8.7122 .. "" 0.0203 O.OJIO 12.1QGll 0.5000 11.2776 .. ._ 
0.0232 0.0271 l4.lt75 o.~25 12.8178 U.:>UIU 

0.0260 0.0280 U.17"1 0.6250 14.4526 o.~ 

0.0285 0.0311 17~25 0.6175 15.8496 0.6 ..... 
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1.0160 0.0400 0.7620 O.llJOO 
1.0160 0.0400 O.lU> -l.Ulwu 0.0400 O.·~ °'°'°° l.u • .., 0.0400 .. ,azo O.OJOO 
1.u1 ... 0.0400 0.7620 o.oJOO 
1 ....... 0.0400 0.7620 o.oJOO 
1......, 0.0400 ........ o.oJOO 
1.Ulou 0.0400 0.7620 u.mw 
l.Ul60 0.0400 0.7620 0.0JOO 
•M•- 0.0400 0.7620 0.0JOO 
IN•"" o.0400 0.7620 0.0JOO 
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2.0193 D.0795 
2.4130 Cl.OP50 
2.3622 o.otJO 
2.4511 o..-, 
3.0607 0.l:IOS 
3.4798 0.131V 
3.8481 0.1515 
5.1301 IUWU 

5.9309 o.2333 
6.7183 0.2615 
7.4168 Cll9JO 
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o. A B ...... - ..... - In nm la 
1 0.01" - '"'"° 0.37S 8.7122 0.3430. 
2 o.oJllJ - 12~ o.sooo 11.2776 0.4440 
3 O.CW2 Uil1t M. S O.S62S 12.8778 O.so70 

• l).01'0 - I~ ..,..... 0.62SO 14.4S26 0-'Mlll 
5 O.OJU Wll 17 AQSI 0.687S IS.8496 o.~:zao 

"' G.0311 - 19....... 0. 7SOO 17.2720 0."""" 
7 0.03'3 - 1,__ I 0.1620 19.0:SOO 0.7500 

0.01" o.o4llO 0.87SO 19.73S8 0.7770 
0.0411 o.oJOO JUID o.mo 22.I09J O.l!llO 

0 0.°'32 o.oJOO 
,.._ 0.9MO 23.9776 o.9..0 

11 0.0432 0.0200 :u.- 0.9..0 23.9776 0.9"° 
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o.sooo 12 ...... 
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1 ·- 0.62SO IS.36..., 
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19-"41 0.7620 19.0500 

22.22'° D.17SO 21.4122 
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0.6480 1.1367 
0.7500 1.7272 
0.7!00 2.'11• 
0.MJO 0.1763 
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0.042S 
0.034S 
0.0348 
0.034S 
0.3080 
0.027S 
o.om 

0.0448 
0.0610 
0.0910 
o.o34S 
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