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Abstract:
Transparencies from the Calonmetry Meeting held at the SSC Lab
on August 8 and 9, 1991,
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GEM Calorimeter Workshop
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 Physics Reguirements on Precision of EMC:
— H— yq Physics;

. Di . Perf f Precisi EMC:
— Energy Resolution;
— Position resolution;

— time Resolution.



Cross—Section (fb)
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Production Cross-Section and Events/SSCY

Calculated with PYTHIA 5.5

Mu(GeV) | ol (yy) | N7 | Tub(yy) | Nivy | TH(4e) | Nae
80 102fb 503 15.5fb 16

90 124fb 610 15.6fb 24

100 153fb 751 15.0fb 22

120 193fb 949 13.5fb 20

140 171fb | 830 8.3fb 15 5.6fb 24
150 124fb | 604 5.0fb 8 7.4fb 33
160 47.8fb | 264 1.6 3 3.2fb 13
170 2.2fb 9
180 5.6b 28
200 21.2fb | 99
400 14.0fb 85
600 3.9fb 26
800 _ 1.5fb 10




H® — vy Signal/Background

e Signal 0.05-0.2 pb for My €(80,160)GeV:

- |y |< 2.5
— Ep > 20 GeV;
— | cosf} |< 0.8 = reduce gg — 77,

— | 7yy |< 3 = reduce qq — 7.

e Direct Photon Production Background (gg— v
and qq@ — yv):

— Production x-section: 276 pb (198 and 78);
— After selection with My, > 70 GeV: 43 pb;

e QCD Background: (2 Jets and qg9 — qv, 99 — 97)

— Production x-section: 2 mb and 236 nb;

- Isolation cut:
v/jet = 2 x10~%, v2/jet2= 4 x10~8,

— After isolation: 80 pb and 47 pb;

— After selection with M4y > 70 GeV: 38 pb and
18 pb. |
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2 Gamma Background (20i<)
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2 Gamma Background (20k)
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lsolation Cut Py 7HIRS. S

Generate QCD jets,(deposit all EM energy and
part of hadron energy (from GEANT) in calorime-
ter celis with parametrized shower spread. Record
cell numbers hitted by charged track with 8 kG
field.

Search through all cells (An x A¢=0.04 x 0.04)
to identify all cells hit by photons only, find ESY.

Charge Veta: if there is a charged track hitting
neighboring 8 cells = Reject;

: U 1]
Define the sum of EF*'s of these 9 cells (3 g..;,ET )
as the E?I’,h“""; '

Isolation Veto: if the sum of the transverse en-
ergies in a cone of radius R (R=\/An7+A¢§),

excluding the ng‘"“’". is larger than 10% of the

El}h“"" plus an isolation energy cut (E3'):

Y Br — ERYM 5 (B4 0.1E2MY")= Reject;
r<R

Continue for all cells, define the probability (F)
of a jet faking an isolated photon as the number
of cells passing all above cuts normalized to the
number of jets generated.
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QCD Background (15GeV) oo mb
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Isolation Cut (Cont.)

e Isolation Cut Rate (10=%):

Equ R=0.45 | R=0.60 | R=0.75
5 GeV 3.6 2.8 2.0
10 GeV | 9.5 7.8 6.2
15 GeV | 14 11 9.9
20 Gev | 19 16 15

o Total QCD Background Cross-Section (pb): M), > 7o&

Eqw R=0.45 | R=0.60 | R=0.75
5 GeV 160 100 56
10 GeV | 940 650 420
15 GeV | 2000 1200 1020
20 GeV | 3600 2600 2300

p;yea'f' PI‘oTM f}/jf—b?r
45fb 70‘1- MrfbfoQCJ/
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QCD Background(5GeV cut)
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Events/SSCY/0.4GeV
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HO — 4y
Production Cross-Section and Events/(SSC Year)
Calculated with PYTHIA 5.5 and My, = 140 GeV

For a East EM Calorimeter with

(2/VE® 0.5) % Energy Resolution,

1 mm Position Resolution at r = 75 cm
and 0.5 mm Z,.tcx Resolution

My (GeV) | a4y (fb) | opr.,(GeV) | Np(k) | Ns | S/\/Np
80 102 0.34 6.0 |352]| 4.6
90 124 0.37 48 |427| 6.1
100 153 0.40 3.7 |526| 8.6
120 193 0.45 2.1 | 664 14
140 171 0.53 1.3 | 581 16
150 124 0.58 1.0 | 423 13
160 47.8 0.65 08 |168| 59




H® -y
Production Cross-Section and Events/(SSC Year)
Calculated with PYTHIA 5.5 and My, = 140 GeV

For a East EM Calorimeter with
(7.5/VE® 0.5) % Energy Resolution,
1 mm Position Resolution at r = 75 cm -
and 0.5 mm Z,.tex Re€sSOlUtion

Mp(GeV) | o14(fb) | op,,(GeV) | Np(k) | Ns | S//Np
80 102 . 0.66 12 (352 3.2
90 124 0.70 9.2 |427| 45
100 153 0.73 68 |526| 6.3
120 193 0.77 3.7 | 664 11
140 171 0.89 2.2 | 581 12
150 124 0.95 1.7 [423] 10
160 47.8 1.1 1.3 [168 | 4.7




H ooy
Production Cross-Section and Events/(SSC Year)
Calculated with PYTHIA 5.5 and My, = 140 GeV

For a East EM Calorimeter with
(15/VE® 1.0) % Energy Resolution
1 mm Position Resolution at r = 75 cm
and 0.5 mm Zy..x Resolution |

Mp(GeV) | oy4(fb) | opr,,(GeV) | Np(k) | Ns | S/y/Np
80 102 1.3 24 352 2.3
90 124 1.4 18 427 3.2
100 153 1.45 14 526 4.5
120 193 1.5 7.3 664 7.7
140 171 1.7 4.2 581 8.9
150 124 1.9 3.3 423 7.3
160 47.8 2.0 2.5 168 3.4




Production Cross-Section and Events/(5SC Year)

PYTHIA 5.5 (M¢p = 140 GeV)

Mg (GeV) | 0.,7x () | Ne(0.3) | Ne(0.45) | Ne(0.6)

80 15.5 16 9.8 6.7
90 15.6 24 16 12
100 15.0 22 15 11
120 13.5 20 15 11
140 8.3 15

150 5.0 8 6 4
160 1.6 '3 2 0.5

e Selection:

- Inyl < 2.5, PT. > 20 GeV

— |m| < 2.5, P, > 20 GeV
— jsolation cut: Rs¢ = 0.3, 0.45 and 0.6.

Y Ep-E§M" 5 (5GeV+0.1E5"")= Reject
R(Rcut

— Major background ti itseif.
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pp — HitX — yylvX (Cont.)

e tt background calculation with 1.05M top pair events:

Rcut 0.3 0.45 0-6

Rate, (107%) 82 | 6.4 | 5.0

Rate,y Myy > 70 GeV (107°) | 2.3 | 1.3 | 0.4
X-section (fb) 370 | 210 | 64
Events/SSCY 3700 | 2100 | 640

e Ability of distiguashing 790 vs. 2y:

— 1 mrad: reject_§§f/oi} »u/” '{e-dk
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for pp —» H + X — vy + X Detection . (¢
' | E

oM 1 [, 6E1., SE> . 5 2
Mol \/( )2+ (5207 + (cot50) 43(

e Best possible energy resolytion:
L4)

SE _ a% ©b%

E  VE

-~ a < 3,-b < 0.5 needed.

e Good position resolution:

— better than 2 x r(cm)/75 mm resolution for a
calorimeter consisting of a barrel with an in-
ner radius of r and two endcaps at z=12r,
and a central tracker with adequate momen-
tum resolution, to determine photon vectors
at the SSC;

— use built-in position detectors to measure pho-
ton vectors at the LHC.

o Excellent time resolution: gate in a single beam
crossing to reduce the pile-up (multi vertex), and
to apply isolation.

e Need cepntral tracker to reject electron pair back-
ground: 2 Hz,
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Tine Factor in Discovering gan 80 _GeV _Higds |

As function of energy resolution (a and b)

a 1.0 | 20 | 3.0 |50|7.5| 10 | 15
b=0 [0.33|048|068|1.1]/1.6|22]3.3
b=.25|0.53 | 0.63 | 0.83 | 1.2 | 1.7 |2.2 3.3
=0.5{094| 1.0 |107{1.4{1.8|23!3.4
b=75| 13 | 14 | 15 |1.7]21|26]3.6
b=10] 1.8 | 1.8 | 1.9 [2.1|24|29]3.7

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



2 2 2
('E.‘) ( ) +(\/_) + b

e ag. Electrical noise, sum over few Moliere radii.

e a;: Photon statistics.

e b: Constant term: b2 = bZ + b2 + bZ,

— b (Geometry effect): shower leak (front, side
and rear) and inactive material between cells.

— bn (Physics noise): light collection uniformity
etc.

— bc (Intercalibration error): 0.4% is the best
for a large system?

L3 Experience and L* Desian:

2%

® 0.5%
JE °
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gy _Resolution of EMC (Cont.)

e Sampling Calorimeters:

— Good Dynamic Range has been achieved for a
fine-sampling device, such as ARGUS.

— The resolution, however, is not enough to do
v+ physics: besta = 7.5; b = 777, presumably
1.

e Homogeneous Calorimeters:

»

~ L3 experience: be tter than 2%/VE® 0.5% at
test beam for 8000 crystals.

— Monte Carlo simulation result is promising, such
as BaF,.

e The key.issue: Keep intercalibration term down
at 0.4% level for a large system: wait and see L3
RFQ calibration experience.



Energy Resolution of EMC (Cont.)

e ag: ~2000 electrons/channel! when sum 9 chan-
nels;

e a;: ~1%/VE = > 10,000 p.e./GeV;

¢ b: Constant term: b% = b% + b2 + b2

— bg (Geometry effect):
= length > 24 r.l,;

*= proper lateral segmentation: 0.04 x 0.04 for
the SSC and 0.02 x 0.02 for the LHC;

« Mini lead terial insid lorimeter.
— bn (Physics noise):
=+ Gaod light uniformity along the EMC cell

axis.

— b (Intercalibration error):

x Need 5 good calibration, such as RFQ for
high energy calibration: 0.4% seems feasi-
ble; and/or

+ MIP calibration.
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SGEANT SIMUILATION
ELa.ctmn_Ensr.gy_D_eD_Qs:mﬂ_m_B_a.Ez

with Deviated Li

Number of BaF, crystals: 11 x 11
BaF, Crystal length: 50 cm

Front (rear) face of BaF, :
3cmx3cm(5cmx 5cm)

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

Particle is hitting over the front face of central
BaF, 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 Xg = 9 cm)

No magnetic field.

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

Y = Yos[1 4 6(Z/25 — 1)]
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Lateral crystal profile 200 GeV Electron




Energy Fraction in x5 Crystgls
150 £ Entries 1000
: Mean 93.69
100 ¢ RMS ﬁ 5402
A
: o

80 825 85 875 90 925 95 97.5 100

EFRAC 3(1ST Layer) 20 GeV Electron

80;—
40 |

Entries | 500
Mean 93.78
RMS 4801

A

i i H 1

L1 P
80 82.5 85 87.5 90 925 95 97.5 100

EFRAC 3(1ST Layer) 50 GeVY Flectron

5
-
-
20
-
o
-

i l A, L

Entries 200
Mean 93.51
RMS 7704

A

80 825 85 875 90 925 95 97.5 100

EFRAC 3(1ST Layer) 500 GeV Efectron




Sraction E . jted in BaF

with Deviated Light Uniformity
5§ = 0°
E(GeV) | 10 20 50 100 200 500
NEVT | 1000 1000 S00 500 500 200
1x1 | 71.0 725 735 740 74.4 749
(o) (4.2) (4.2) (5.5) (4.4) (3.8) (3.4)
3x3 | 935 937 938 937 938 935
(o) (.63) (.49) (.41) (.36) (.34) (.32)
5x5 | 97.2 97.3 973 97.1 97.0 96.7
(o) (.43) (.32) (.30) (.31) (.30) (.29)
7x7 | 984 984 983 982 98.0 97.6
() | (.35) (29) (.26) (.47) (.33) (.39)




E(GeV) | 10 20 S0 100 200 500
NEVT | 1000 1000 500 500 500 200
1x1 | 69.6 71.2 725 732 738 745
(o) (4.0) (4.2) (3.9) (4.3) (3.9) (3.6)
3x3 | 920 923 927 929 932 93.2
(0) |(.76) (.62) (.53) (.47) (.38) (.31)
5x5 | 95.6 95.9 96.2 96.3 96.5 96.4
(0) | (51) (.43) (.36) (.29) (.27) (.25)
7x7 | 968 97.1 97.3 97.4 97.5 97.4
(o) | (a1) (37) (30) (20) (26) (.35)




T
e
.
E I- E D .I I - B E

§ =10%
E(GeV) | 10 20 50 100 200 500
NEVT | 1000 1000 500 500 500 200
1x1 68.2 70.0 716 724 732 74.1
) |(a2) (4.6) (4.3) (4.2) (3.9) (3.6)
3 X3 90.4 91.0 91.7 92.1 926 929
(o) (1.0) (.86) (.76) (.66) (.56) (.45)
5x5 940 946 952 955 959 96.1
) | (78) (69) (59) (.50) (.44) (.31)
7TX7 95.2 957 96.2 96.6 96.9 97.1
(o) (.69) (.62) (.55) (.45) (.39) (.30)




E(GeV) | 10 20 50 100 200 500
NEVT | 1000 1000 500 500 500 200
1x1 |66.8 68.8 706 71.6 726 73.7

(c) | (4.1) (4.3) (4.5) (4.0) (3.7) (3.5)
3x3 |888 89.6 90.6 91.3 920 92.6
(@) |(1.2) (1.1) (.97) (.90) (.81) (.72)
5x5 | 924 932 94.1 947 953 958
(¢) |(1.0) (.96) (.87) (.78) (.68) (.56)
7x7 | 936 943 952 958 96.3 96.8
() |(96) (.90) (.82) (.73) (.63) (.48)




Energy Fraction (%)

FWHM/2.35 (%)
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Light Yild (p.e./MeV)
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Fraction Energy Deposited in BaF»,
as Function of Carbon Fiber WaII_

Charge Particle : 20 GeV _Electron

Carbon fiber wall thickness between any two crys-
tal faces: from O to 250um

Number of BaF5 crystals: 11 x 11
BaF, Crystal length: 50 cm

Front (rear) face of BaF, :
3cmx3cm(5cmx5cm)

Particle is hitting over the front face of central
BaF, crystal.

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

No magnetic field.



as_Function of Carhon Fiber Wall
Carbon(pu) 0 50 100 150 200 250
1x1 73.0 73.0 728 727 727 729
(o) (5.4) (5.8) (7.0) (4.8) (4.1) (4.7)
3x3 94.1 940 939 938 93.8 93.7
(o) (.42) (.41) (.43) (.49) (.47) (.48)
5x5 97.7 976 975 974 97.4 97.3
(o) (.23) (.28) (.30) (.35) (.30) (.31)
7x7 98.8 98,7 98.7 986 985 984
(o) (.20) (.22) (.20) (.28) (.25) (.26)
9x9 99.2 99.1 991 990 989 98.8
(o) (.15) (.15) (.18) (.27) (.27) (.24)
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r Resolution

%o

of BaF2 Calorimeter
SEANT Simulati
E (GeV) 5 10 100 500
Electrical Noise | 0.8 | 0.40 | 0.04 | 0.008
Photoelectrons | 0.2 | 0.1 | 0.04 | 0.02
GEANT 0.67 | 0.56 | 0.42 | 0.36
Intercalibratidil 0.40 | 0.40 | 0.40 | 0.40
Total | 1.1 [0.80|0.58 | 0.54
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e Tower structure:

§z(mm) =~ 3_ e0-4D

where 3/VE is signal/noise term, €940 is the lat-
eral shower distributions: D is cell size in Xg. Re-
questing éx =~ 1.5 mm for 20 GeV photon:

=>D<2Xg

e Position detector at the middle of shower:

— Increase the accuracy of shower center deter-
mination: ,
+ UA1 4 mm/VE: 7 mm wide strips in TMP
at shower max;

+ UA2 3.5 mm/VE: preshower detector with
¢1 mm fibres;

« COSICA 1 mm/vE: 500 um pitch siticon at
shower max.

— However—it-seemrs-pay-the-price-af rasalution,
. | frepiote ot rorrrre.
bt 17 seeers ox A ,.«T ,n#un..

M"dw ~ IXo »MM.



Time Factor in Discovering an BQ'GeV Higgs
to discover 80 GeV Higgs

As function of position resolution (6x) and a

)=0.5
éx(mm) | O. 0.5 | 1.0 | 1.5 [2.0{3.0]5.0
a=1 [094(094|095]/097 (10|11 1.4
a=2 10 {10101 10 {11{12{1.4
a=3 (109} 1.1} 11 ] 11 121315
a=5 14 | 1.4 | 14 | 14 |14]|15]|1.7
a=7.5 | 1.8 | 1.8 [ 18] 18 [19]1.9]21

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



Higgs(80GeV) Event

. 2
=0.3, 5. -2 -1 0 L
Transverse EM Energy
- ] Entries 500
- Mean 23.08
RMS 11.89
0 A TR N W TN U N 0O R T WY N A Y U I"rlfl nﬂm. aad g

0 10 20 30 40 50 60 70 80
N of chrged pt larger 0.2 GeV eta less 1.5




Vorlen ' with Low a‘nyt '«-'-‘Mf(*“?

QCD Event

Transverse EM Energy

60 F Entries 1000
Mean 16.24
RMS

o 10 20 30 40 50 60 70 80
N of chrged pt larger 0.2 GeV eta less 1.5




Higgs(80GeV) to 2 Photons.

E Entries 500
20 qﬁﬁﬁ Mean 23.08
10 Eﬂ | UPJLJ RMS 11.89
0 vl b e b e g e e ey oo
0 10 20 30 40 50 60 70 80
N of chrged pt larger 0.2 GeV eta less 1.5
- Entries 500
Mean 12.75
RMS 7.906
O E+,4In1 +I_LLJ+ﬂn.—hIJ-—4|. ' A Y "
0 10 20 30 40 50 60 70 80 :
N of chrged pt larger 0.5 GeV eta less 1.5
Entries 500
Mean 5.098
RMS 4,958
OSIJ i it e by by oo b e by e by
0 10 20 30 40 50 60 70 80

N of chrged pt larger 1 GeV eta less 1.5




QCD Events

60 f Entries 1000

40 E | Mean 16.24
5 RMS 8.790

20 £

0_ L e M e e U L

[T I AU ,
0 10 20 30 40 50 60 /0 80
N of chrged pt larger 0.2 GeV eta less 1.5

Entries 1000
Mean 7.404
RMS 5.205

IlJ__].lJ_I._lI_ll

FURTUID S U S A WV BTV SR N R
0 10 20 30 40 50 60 70 80
N of chrged pt larger 0.5 GeV eta less 1.5

300 Entries 1000
: Mean 2.594
200 ¢ RMS 2.613
100 ¢
O:l,, PESENS BFER AN S AT ST S AT SN B U S A T AT A A AT A S A AT AT N
0 10 20 30 40 50 60 70 80

N of chrged pt larger 1 GeV eta less 1.5
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Energy Fraction (%)

FWHM/2.35 (%)
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e Higgs vertex determination with associate charge
multiplicity:
A slow detector may have bad vertex information.

o QCD background rejection:
Need isolation cut with E{¥'=5 GeV in large R
cone to reduce backgroundg; |

e Time Factor for Discovery:

Eg R=0.45 | R=0.60 | R=0.75
5 GeV 2 1.4 1.0
10 Gev | 9.8 6.9 4.6
15 Gev [ 20 12 11
20 GeV | 36 26 23

H¢
e It is important for a precision EM(\:Ma low

noise in a large isolation cone.



Effect of Vertex Z (6Z,) Resolution

ip_discovering an 80 GeV Higgs_throu'gh Yy

a b [0.5mm |10 mm | 50 mm
2 105 1 1.6 5.0
7.510.5 1.9 2.3 5.2
15 1 3.8 4.0 6.1




Events/SSCY/0.4GeV
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HIGGS DETECTION:
PHYSICS IMPLICATIONS

LEP Phase I (1992)

< 50 GeV

Implications

lExperiment — | My Range I .
Minimal SUSY

at the SSC

LEP Phase II (1996) | < 80 GeV Req’d By Minimal SUSY
BaF; at SSC: < 200 GeV | Req’d By Nonminimal SUSY;
H — yy OR: New Physics below Mpina
Lepton Detector 200 GeV To Standard Model

1 TeV

o ee———

—t——

IMPORTANCE of My € (80, 150) GeV



M, (GeV)

ALEPH
2.484£0.017

DELPHI
2.465£0.020 -

L3
2.501x0.017 T

OPAL
2.492+0.016

Average (independent errors)
2.487+0.008

X'/DOF = 0.7

+10 MeV LEP pt to pt
Average (overali error)

2.487+0.010

240 |
....... me=50 GeV A
a,=0,118 -
(2,=0.118) — 200 F
.............. m,= 1000 CeV % i
(a,=0.118) 0 1
— 160 F
a,=0.118+0.008 F -
e (M, =300 GeV) E- g
.
120 N
X
80 +

:gl S T N P B

2.4 2.44 2,48 2.52
rz [GeV]
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M

LEP 0™ + 0™ + A+ Aso” + Arg + Ap™

. e e
.......... % M, =50 GeV ;

L % M, =300CeV i
....................... My = 1000 GeV ;

M, (GeV)



fbl +

LEP o™ + 0" + A+ Aso” + A + AY
+ My (UA2/CDF) + sin®*3, (CHARM/CDHS)

—— —_— —
.......... . M= 50 GeV
My = 300 GeV
....................... My % 1000 GeV
- -
! :
F 4

M, (GeV)



RESuLTS Fok Mg

) ConBINED DATH

Input data M, 95% upper
(GeV) confidence
limit (GeV)
ghad glept gleme 123+37+22 186
+4P(1), AFg(r) | 120435433 | 188
+A%, 146131 +21 192
+AY, 150133 +29 193
+Mw | 149134 +19 187
+sin®bwy N 144483+ | g
T
HG4S

50 <My ¢ 1000 Gev |
CevitAL VALue 300 (eV



SENOITIVITY T0 My

LEP o™ + 0" + AJ™+ Ao’ + A + A
+ My (UA2/CDF) + sin8, (CHARM /CDHS

5 Y Y 1 _— -y T Y Y L ZE m |
- -
- -
-

o -




oo AND IF M 1S MEASURED AT C)F

LEP o™ + 0" + A+ Ao + A,;’" + A"
+ My (UAZ/CDF) + sin®8, (CHARM/CDHS)

5 l i ] 1 T L4 v L T 1) i T o
7 e—— Am=10 GeV | ]
L. cceeasa Am =5 GeV
4
L.: ,
3|
a Mg‘—- 1 20 GeV ‘,“
2 =
tr o W=140GeV ]
) o  M=160 GeV -
\ " 2 . 1 1 L | I 3
10

My (Gevs0
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Fig. 6 — Ax® =1 contour in the (My , m) plane: pote the 68.3% C.L. lower and
" upper limits on My of 1.8 GeV and 6 TeV, respectively. All the data are
included. o - _——



Minimal SUSY & Tree level:
At least one HO with mass 2o,

hence within LEP 200 range

but Radiative Corrections to Supersymmefric
Higgs Mass .

140_i | T lj T T B T I T T T [1 T T
L m, =500GeV
130 A=u=0 ,
= [ my=1Tev easier at //r’éf/
8 120F YN T2
£ .
g 110 -
E - N
éjoo} | -
- + above M7/ :
O e e T S e e o e e e e e e e e e —
" tree level A
8 F.J 1 1 1 | R PR | [ | l 1 1 1 1 l 1 3 1 ( ]
900 120 140 160 180

m, (GeV)
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BGO energy measurement resolution
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Number of Entries/0.025

Electron Energy Measured in L3 BGO Calorimeter
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Number of Entries/0.025
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Electron Energy Simulated in L3 BGO Calorimeter

X 1.310 _

400 P1 273.7 7.788
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Electron Energy Normalized to Beam

Position Dependence for 90ab and 91a Data

-
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Intercept = 1.0006 + 0.0004
Slope = 0.72 £ 0.10 %/cm
x2 =1.51
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(a)

electrons
{scaled x2)

a LJJLL:l_Lll_l_ll_rlllnrfn;

076 0.8 0.64 088 092 0.96 1

S (normalized units)
o) .
9 2 600 |
m s00 E--100 GeV electrons
(scaled x2)

076 0.8 054 088 092 096 1
S (normalized units)

()

17TeV

electrons

0.76 0.8 084 088 092 0.96 1
S (normalized units)
The transverse shower shape distribu-

tion in S= Toxs ESL [ Texs Efl,y for electrons and charged pions at (a)
10 GeV, (b) 100 GeV, and (c) 1 TeV.
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BARIUM FLUORIDE
CALORIMETER
CALIBRATION

e Minimum Ionizing Particles
(MIPs) from pp Collisions
— Pass Through Crystals Longitudinally
— Calibrate to 0.4% in 12 Hours

¢ Verify With Inclusive
ete” From Z° Y, J

— Reconstruct Mass:
Use RFQ + MIP Results

— 200 et or e” from Y,
20 from Z° Per Crystal Per Week



PHYSICS of ELECTRONS
and PHOTONS
At The TeV SCALE

ISOLATE NEW PHYSICS
SIGNALS

from “Standard” Physics
Backgrounds

e Cleanly Separate Leptons and
Photons from Jets and Single Hadrons.

¢ Reconstruct Multilepton, Multiphoton,
and Lepton-Photon Invariant Masses
Precisely



Run# 318101

Event # 4813 Total Energy : 88.32 GeV

Ls

UN NR 318101

20;{ 7/91
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Transverse Imbalance :

94.05 GeV Longitudinal Imbalance :

0.01 GeV

Thrust: -.0965

Major: 0.9182

Minor :

0.2396

Printed Date :

Saturday, July 27, 1991 15:17:28




B S Al O = Tllay c2/ty.8

38,26
MG )= et 1CGL G NYE R E (G2, g3) =2y

sy, v

-

Run# 318101 Event# 4813 Total Energy : 88.32 GeV
mig = 7’-3‘? Dn«-'s ‘:-?"'i-e &ﬂ_\_\j = o, fe'q.

] .
/L/s/ s\

Transverse imbalance : 94.05 GeV Longitudinal Imbalance : 0.01 GeV
Thrust: -.0965 Major: 0.9182 Minor: 0.2396
Printed Date : i Saturday, July 27, 1991 15:19.:29
k(61 G2, G = eS A7 CEL B =324

M (G, Ge, 63D =553 My, (6 E2) = S§o. b
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Trans\ mbalance : 97.77 GeV Longlwdlna\mbalaneo : A@‘ GeVJ
A S———— - i

Thrust: -.0323 Major: 0.5993 Minor: 0.5846
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% TRANSMISSION

Hitachi Transmission Scans of BaF2 sampleéh.
7/91 Radiation Damage Study

Sample: K458484B (sampl)

1 " CYLINDER

94 T T !

92

g
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%ZT at: 200nm | 320nm 4. 6 X 10" Rad *
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% TRANSMISSION

Hitachi Transmission Scans of BalFZ2 samples.

7/91 Radiation Damage Study
Sample: K458484B (sampl) 1 " CYLINDER
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Recovery After 4.65 X 106 Rad
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Hitachi Transmission Scans of BaF2 samples.
Radiation Damage Study

7/91
Sample: K14417B (samp?)
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Hitachi Transmission Scans of BaF2 samples.
7/91 Radiation Damage Study
Sample: K14417B (samp?) 1 ' CYLINDER
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Recovery After 465 X 106 Rad
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Hitachi Transmission Scans of BaF2 samples.

7/91
Sample: Harshaw Slab (samp3)

Radiation Damage Study
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Hitachi Transmission Scans of Bal'Z2 samples.
7/91 Radiation Damage Study
Sample: Harshaw Slab (samp3) 1 " CYLINDER
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Relative change p.e./MeV

Light OQutput |
PMT: BA98 (CsTe) at 1980V, with and without grease

K458484B (samptl)

1.10 T T T T T T T T T T T
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0.95 | =
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0.80 ‘ //_\ _
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Dato Set #

1. 7/2 Initial Measurements 0 Rad.

2. 7/8 10° Rad.

3. 7/8 10* Rad.

4. 7/9 6 x 10* Rad.

5. 7/9 2.65x 10° Rad

6. 7/10. 9.03 x 10° Rad

7. 7/15 4.65 x 10°* Rad.

8. 7/15 4.65 x 10“ Rad.

O

. 7/18 no additional radiation exposure
10. 7/17
11. 7/22



Relative change p.e./MeV

Light Output
PMT: BA98 (CsTe) at 1980V, with and without grease

K14417B(samp?2)
110 H I 1 i H 1 1 ) 1 I LN
1.05 | , e - : o]
v total — with grease
1.00 | A fast — with grease B
0.95 k- . ¥ total — without grease |
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7/15 4.65 x 10° Rad.
7/15 4.65 x 10° Rad.
. 7/16 no additional radiation exposure
10. 7/17
11. 7/22
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Relative change p.e./MeV

Light Output
PMT: BA98 (CsTe) at 1980V, with and without grease

Harshaw Slab (samp3)
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100 = A fast — with grease™ ]
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7/15 4.65 x 10° Rad.
7/15 4.65 x 10° Rad.
. 7/16 no additional radiation exposure
10. 7/17%
11. 7/22
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CALIBRATION OF PMT# BA98 8/6/91

R2059 (Cs-Te)
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Light Output
PMT: BA98 (CsTe) at 1980V, with and w1thout grease

K14417A (samp4)
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7/15 4.65 x 10* Rad.

7/16 no additional radiation exposure
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11. 7/22

12. 7/31
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Relative Change In Light Output

Relative Change in Light Output

Light Output
PMT: BA98 (CsTe) at 1980V, with and without grease

K14417A (samp4) — control
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Intensity
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CScntillation Emissren Spectrum

neasvrcel o(uvemJ nuuw(uu‘-mu, (m-l-eu:tnl)
(“'\Cﬂﬂ&cc{ed -P«;_ ¢.C. of Pm)

Baf2 (Ki44i3c)
Lumin. Run 121
1.2e3, 3.8e4 rad

Q  10-
*»
10.0
=
]
c
2
£
5.0
0.0 I ] ] 1 L |
200 250 300 350 400 450 500

Wavelength(nm)



?

Intensity

15.0 4

5.0

0.0

BafF2
run 121 8/5/91
Average of chan. 320—340 (slow)

‘ 1:\' Igyo
10.0 - (NI

3. 8: otr
%

T
1

Irradiation Time (hr)



*+10*

Intensity

20.01

10.0 1

5.0

0.0

Baf2
run 121 8/5/91
Average of chan. 130150 (fast)

38xw0f R
.

1
Irradiation Time (hr)

N-J



% TRANSMISSION

Hitachi Transmission Scans of BaF2 samples.

7/91

94

Radiation Damage Study
Sample: K14417B (samp?2)

1 " CYLINDER

Recovery After 4.65 X 10 Rad
1. Initial Measurement O Rad
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Relative Change of Light Output
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Recovery Study  7/91
Sample K14417B

Light output measured with PMT BA98 (CsTe) at 1980V.’
Sample was attached to PMT with grease. '
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Current (micro amps) Current {micro—amps)

Current (micro amps)

Current measured with PMT: BAZ289 at 2000V
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Phosphotescense & Messron Qecfnum

BaF2
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Reactivation of BaF2 sample: K14417D with room light.
Sample exposed to 15 then 60 seconds of room light.

PMT: BA289 (bi—alkal)) at HV:2400V  1/30/91
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Raw Malenal

!

mpurily | Crystal
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* Oxygen containing fluorides can be considered as a |
mixed crystal of MF, and MO, for example, can consider
oxygen containing SrF, crystal as a mixed crystal of
SrF, and SrO. It was known that the UV absorption
band of SrO is located at 215-217 nm®, and: it is
205-209 nm (about 6 e.V) for BaO. They are due to

the transition from O,P state to-conduction band_ of
Ba*? or Sr*? jons.

* When oxygen containing BaF, crystals were irradiated by
r-ray radiation, O>-F* dipoles decomposed: |

O*F'— 0* + F*

which will increase the concentration of lone O? ions
and O ion pairs so as to increase the absorption

in the 190-250 nm region. F' vacancies are easy to
capture electrons to form F centers which are
responsible to the absorption in the visible region.
In the mean time, the hollow at 290 nm was reduced

or disappeared due to the decomposition of OF*
dipoles.



* When the damaged crystal was irradiated by UV,
the electrons trapped in the F centers are easily
escaped from the F’, the crystal was bleached due
to the destroy of F centers. The F* could associate
again with O jon to form O%-F* dipoles so as to
decrease the concentration of O ions and O* ion
pairs in the crystal. The absorption in the 190-250
nm region also decreased.

-» * An experimental result of electron diffraction study
(Fig.15) gave us an idea that probably there is a
certain amount of oxygen (either in atom or molecule
state) dissolved in the BaF, crystals.
Figure shows that just after the electron beam hitting
the crystal, a very pure BaF, pattern was shown, however,
after certain times, BaO rings appeared associated with
the BaF, diffraction pattern. We assume that is the
result of oxygen atoms or molecules transforming to
oxygen ions-during the electron beam bombardment.



Fig.12 Electron diffraction patterns of BaF, crystal

(a) Just start bombardment of electron
beam on crystals

(b) After certain time of bombardment of
clectron beam, pattern shows appearance
of BaO rings
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.BGO - v(d)=350 ns - Gated Integrator
€= .2 INI= 5 ps
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Error (x) Error in pulse height due to calibration error
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Pileup

Consider an input of energy E at time t=0, and imagine
that the bipoElr shaper %ras the (idealized) response
below. As the pulse peaks in two bunches (dots
represent bunches) at t=2 bunches, the pulse height is -
equivalent to energy E. For this pulse shape, we have
arranged that the pulse height is 2E at t=1 and 3
bunches, and zero at t=4 bunches.

E —

E —-

This Area + This Area = 0

As the positive area (Y2 + 1 + 2) E ® tpnch Mmust be the
same as the negative area € * E * 20 tp,,nch, € = -0.1 E.
Now, if a; is the gain of for the ith bunch (0, -, L, 4, 0, -
€ etc.) and E; is the energy deposited in the jt" bunch,
the measured energy at bunch k is Eppeas = gaiEk-i- As
the energy of each bunch is statistica(ﬁy independent,
<Emeas> = <E>Za; = 0. Similarly, <Ejpe.s> =
<E?>%22 =~ <E?>(A2+12+142+20€?) so that we will
-observe (statistically) OMeas = 1.3 OF.

This factor of 1.3 is the "pileup”.



Envargy Iin a (8.2 x 8.2) cell at sta=l
"fir — L= 1#1E33 —~ Noise/Det. Res. Incl

13 {
f y: 8.88 GeV
o ot B8.42 CeV |-
} U u::—a.e?sqs.l
78 c’: 8.34 GeV
j r
i r
4
r
1
.......................... t}
-2 =1 .] i BB T 4 LS
E - GeV
Energy in a (8.2 x 8.2) cell at sta=1
BaF2 - L= 1#1E33 - Noise/Det. Res. Incl
i
4 p: 8.12 CeV
o: ©.28 CoV
4 p': .84 GeV
c’: 8.13 GeV
-2 Sy 5 T 3 3 T
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Reconstructed inclusive Z*

(from Z° -)> e+o-)

With Pileup, noize
and Detector smearing
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Some Details...

Fraction of Charge in 16 ns

BaF, - All
LXe - 41% (Txe=30 ns), 55% (Txe=20 ns)
LAr - 8%

Thermal Noise out of preamp
(based on capacitance...)

Orxe = 30 * OBaF2
OLAr = 22 * Ogap2

Signal-to-Noise

S/NLXe =2 S/NBaF2 (30 ns), 3o S/NBaF2 (20 ns)
S/NiAr = 2 * S/Npap;

Pileup

OPileup (LAT) = 1.4 Opjjeyp (BaF; or LXe)
ETCUt (LAr) = E;Ut (BaF, or LXe) + 1 GeV

og/E for reconstructed Z° (from e*e”) (With pileup, noise
and detector smearing; but "constant term" = 0)

BaF; or LXe: 0.29% at L=1033, 0.58% at L=1034
LAr: 0.33% at L=1033, 0.79% at L=1034
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MEASUREMENT OF #0 FRAGMENTS FROM JETS PRODUCED IN pp COLLISIONS AT THE CERN ISR
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The it {ragmentation function into #9, £(2) has been measured wsing the away side high py #® or n mesons as 8 measure
of the jet momentum. The [ragmentation function is found to have an cxcess of events neas z = | compared with the expo-
nential fall-off obscrved at lower 2 values. The data behaves like /23 up 1o z = 1, but devistes sharply from it for 7 > |.
Possible explanations of this effect are the single parlicle fragmentation mede of the quark or gluon jet. or quark fusion.

The correlation between twu high p, particles can
be analysed using different variables. In this letter we
report on new measurements of the fragmentation
variable 2 = (p3/p) ) cos ¢, where p, is either a very
high transverse momentum (p,) 7% ot n meson and Py
is 2 a0, The hard scattering of the proton constituents
produces high p, jets |1-5], which usually fragment
into several particles. The selection of single high p,
particies introduces » “trigger bias™ [2] due to the

! Permancat sddress: Nagoys University, Nagoys, Japan.

3 Repearch under the auspices of USDOE. -

3 permasient address: Argonne National Laboratary, Argonne,
1, USA.
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% On kave of absence from the University of Pisa and INFN,
Sezione di Pig, ltaly.

¢ Work supported by the US Nationst Science Foundation.

rapidly falling p, specirum, which allows one 1o use

the approximation that the ditection and momentum
of the high p, meson are 3 measure of these quantities
for the scattered constituents in the transverse plane.
The variable z, while defined relative to the momentum
of a singie high p, 70 or  meson (p,), is expected to
provide a measuse of the fragmentation into 70's of the
second scattered constituent.

The apparatus used (fig. 1) in this experiment con-
sisted of four identical liquid-argon calorinseters. Each
calorimeter module covered a solid angle of approxi-
mately 1 s1, 50° 1o 130° in polar angle and 40° in azi-
muth. The energies and position of the electromagnetic
showers were measured in the segmented lead —liquid-
argon calorimeter. Discrimination between hadrons
and electromagnetic showers was provided by measure-
ment of shower development in the calorimeter. Energy

391



Volume 868, number 3.4 PHYSICS LETTERS § October 1979

¥Fig- 1. The appatatus arrangement s the ISR.

resolution in the caloriimeter was found to be o(£)
= 10%/\/F. A more detailed description of the appara-
tus is found clsewhere [6-12].

The trigger for this experiment was based on a large
energy depotit in a single calorimeter module. The
trigger efficiency rises from near zero at 4 GeV/c o a
constant value of 95% for p, above 6—7 GeV/c, The o
production [10] was detected via n = 29, The 7 accep-
tance increases as a function of p,, because of hoth
increasing trigger efficiency and peometrical acceptance.
Note that in this experiment low-energy #0's (, < 3
GeV) were resolved in the calorimeter and were detected
a3 two separaic electromagnetic showers, With increas-
ing p, the two showers overlap and the #9 is recon- .
structed as a single shower. Thus one could not distin-
guish a single photon from x2°s in this analysis, and
all showers were assumed to be w0,

The analysis is done in the plane transverse to the
praton—prolon interactions (fig. 2). The data can be
described by the variables p,, p; and ¢, the azimuthal
differgnce between the two particles. The azimuthal
acceptance of the apparatus being poor in the region
where ¢ < 110°, events in that region were not used.

In this analysis the events were grouped in bins of fixed
p, of one of the particles (p;). For the analysis of the
n—ﬂn correlation, P pertains to an 1 meson, For n0-

392

PLANE PERPENDICLLAR TO p-p COLLISION

z«P, cos a/F,

Fig. 2. The definitions of the variables p;, p; and 2.

%0 studies the symmetry of the correlation between
two identical particles is recognized by treating each
pion both as p; and p, in turn, Thus events inay appear
twice in the plots,

In fig. 3 we show the constituent fragmentation
function f(z} into x¥0. The constituent energy is esti-
mated using the high p, 10 on the away side. A rapid
fall-off in the distribution is observed for all p, bins.

mp-‘ = TAP g0
. s BERKY
(- RN
o Weken
<
000 o

Waeeghted svenis /(d2=0Y)

WP I PE— i 1

; A " i 3 i
z

Fig. 3. The constituent fragmentation distribution into »° for
w0 _x% events,
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A more detailed investigation shows that for the region
0.8 > z 3 0.2 the fall-off is approximately exponential
with a slope uf b = 7. An even ste¢per exponential
fall-off is observed for events with lower z values (z

< 0.2). This might be due to the fact that at lower
momentum transfer, #0°s not disectly selated to the
scattered constituent are included. A more interesting
feature of the data is the excess of events with respect
10 the expunential fit observed near z = |. Note that
the functional form 1/23 (dotied line) describes the
data well in the region up to z = 1, but the data show
a sharp deviation from this form beyond z = 1. The
data could also be described as the sum of twe expo-
nentials, a sieep one for the 2 < 0.5 region and a flatter
one fur the z 2 0.5 region. This however implies a
change in the shape of the fragmentation function
from the one observed with & Jower triggered momen-
tum, where a single exponential was observed.

In fig. 4 we show the constituent fragmentation
function f{z) when the estimator of the constituent
monientuim is an n meson on the away side. The frag-
mentation function using the n—x0 events shows the
same features as were discussed in the x0—x0 events.
While observation of a structure near 2 = | for the n—
20 case indicates that the effect is not due to y—¥
events, a y—meson correlation is not ruled out.

The exponential fall-off of the fragmentation func-
tion has been observed earlier. 1t is worth while to note
that the slope obscrved at FNAL [13] using lower p,
jets was 4.6 compared with our 7. This might be due
to the fact that as the energy of the scattered constitu.
ent increases, the number of fragments also increases;
thus (2) is decreased, resulting in » steeper slope. The
deviation from tingle exponential fall-off or alternatively
the change in the 1/23 behaviour at 2 5 ) could be the
result of 3 number of effects, ¢.g. a large single particle
fragmentation mode of the quark or gluon jets cithes
in the meson—meson of y—-meson mode; a CIM [14)
process favouring quark meson scattering or quark fu-
sion. I we assume that the excess of events near z » |
is due Lo 2 single particle fragmentation mode its ratio
to the total number of fragments s R =2 X 10-3,
Assuming the.average number of fragment in this §
range (§ ™ 2p,) to be 5, the probability of a constituent
10 show up a3 a single particle is about 1%. A recent
shenomenological analysis of high mass dihadron data
rom FNAL [15] concludes that R is smaller than our

reasured value and is consistent with being zero. That

PHYSICS LETTERS

8 Octuber 1979

C 454995

't a%3-63

o . Cces- 18
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]

Fig. 4, The constituent fragmentation distribution into #° for
20—y events,

analysis is based primarily on the p, dependence of the
dihadron pairs rather than on direct measurements of
the fragmentation Tunction, and may be sensifive to
other assumptions used in the analysis. An observation
of this effect with pairs of mesons in different charge
states may sliow the identification of the mechanism
involved. This effect can be an important tool for study-
ing constituent scattering, as it implies that this region
is dominated by twa-body kinematics, and it would seem
seasonable that the constituent characteristics such as
quantum numbers would be more easily detected,

We would like to thank M. Jacob and R. Horgan for
helpful discussions.
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For 80 Gev pion Showers

The ‘' muon * event distribution clearly exhibits a low
energy taill, that Is consistent with an exponentially

falling Emiss distribution.

Average value of Emigs : | 52%0.6 Gev
Average value of Ey ( for K-decay ): 3.2 Gev
Energy of escaping muon (for k-decy) : 2.0 Gev
Average value of.Ey ( for m-decay ): 1.5 Gev.
Energy of escaping muon ( T-decay) : | 3.7 Gev

So the muons produced In the hadronic shower
development and escaping the 9.5 A\[ deep spaghetti

calorimeter had am average momentum of

ﬂE,? 2 28+ 69 Gewle 'Fn 30(,«\/ 's
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CM My Signal (# of events) Background (# of events/Am)
energy , j Am - - g
i (TeV) (GeV) | WH .tt‘H; total (S) Wy | ttyy { bbyy bl:y_. total
0 |26 28| 54 | 21 | 84 | 43| 43 jous| 17
e | | (32| & | 24 )84 |30 e o8] 18
| 90 |32 {3 |6 | 27|83 43| a3 fon|1r
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S¥t 0 | 10 |62f18) 2 |33 ) 11|31 14
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Table 1: Event numbers of s:gnals {or nggs boson product:on and that of the most
nnEortant background processes. The background yields are computed assuming

mass resolution. The cuts are the same as specified in the figures. The num-
=1

e1s reflect 10°pbarn™" integrated luminosity at LHC and 10*pbarn™ integrated
luminosity at SSC energies.
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NEWMAV

PHYSICS of ELECTRONS
and PHOTONS
At The TeV SCALE

ISOLATE NEW PHYSICS
SIGNALS

from “Standard” Physics
Backgrounds

¢ Cleanly Separate Leptons and
Photons from Jets and Single Hadrons.

¢ Reconstruct Multilepton, Multiphoton,
and Lepton-Photon Invariant Masses
Precisely



Run # 318101 Event# 4813 Total Energy: 88.32 GeV

|_3 " N NR 318101 ' 2047/9

PRy
IHS‘.'_M“ hawwarl
+ o A A "dd

m 0

¢ -

|
—

0 3 o Y J o
3
: 0
Transverse Imbalance : 94.05 GeV Longitudinal Imbalance : 0.01 GeV
Thrust: -.0965 Major: 0.9182 Minor: 0.2396

Printed Date : Saturday, July 27, 1991 15:17:28
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Run# 318101 Event# 4813 Total Energy : 88.32 GeV
Em.‘s = 7’5? D.hxs:?'ﬁ,—e Q-‘\m‘j =2, f}."'}'

/L ///Er- RUN 1 | ‘ \§<,/Q, N
3 r\m 04.26
$

A

Transverse Imbalance :  94.05GeV | Longitudinal imbalance:  0.01 GeV

Thrust: -.0965 Major: 0.9182 Minor: 0.2396
Printed Date : _ Saturday, July 27, 1991 15:19:29
MG, G2, G )= e (S rMEL E2) = 32. 4

Mo (G, Ge, 62 ) =3%. 2 Mosy; (6 T2) =80, ab



nuit» DIV TYOTIILY 979 Tulal CIgIyy . 1UW. 10 gUV

; NR } 311 - 1B,
EVENT NR 1744 )

2

Trans mbalance : / 97.77 GeV Longitudinal\mbalance : GeV

— - — Z va |
Thrust: -.0323 Major: 0.5893 | Minor: 0.5846

Printed Date : Friday, June 28, 1991 17:23:18




Run# 311104 Event# 4744 Total Energy: 97.68 GeV

=JEIN| N 211104 (K- -d.R1
- OOy THTY (™ Sn nEn Sae ga ~ oy 4 LA™ F AR~ =
3 EVENT T NR— — - 3 74% T6 0037

e -—
| §
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; ; :
.: S —T
== - - S 5 ‘!@:
I .
1
i ,-——-;-——-L e

‘ Transverse Imbalance : 0.03 GeV Longitudinal Imbalance : 0.01 GeV
Thrust: 0.6932 Major: 0.5962 Minor: 0.3037

Printed Date :

Sunday, June 23, 1991 17:34: 2
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CALORIMETRY ORNL

Costing Perspective
$ Cost Estimate Quality Is Directly Proportional To Design Quality.

$ Detailed Designs (Concepts?) Do Not Exist For GEM Calorimeters
Therefore

$ Costing Must Be Based On.

A) Vendor Estimates For Known Items (ie PMT's)

B) Enlightened Approximation For Unknown Items (ie Ass. And Test)

$ Theriot Numbers Must Be The Basis Of All Approximations
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Muon/SCM Cost Model - Vib
1-¢coil version

300

280 Ri,mag = B318mm (fixed)

260 1

Cost ($M)

B0 = 0.83T {fixed)
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CALORIMETRY ORNL

Comments On Manufacturing and
Maintenance of GEM Calorimeters

# Off-Site, Modular Fabrication is Desirable
# Rapid Assembly in Experimental Hall is Required

# Maintenance will be Annual

# Removal of Calorimeter Requires Removal of All End
Cap Assemblies




n- 1 n
Electromagnetic Hadron
Type Coverage | Segmentation | Layers | Channels || Segmentation Layers | Channels || Total Chan.
n=0.0 | n=3.0 n=0.0 n=3.0
Theoretical 0 to 3.0 0.05 0.05 1 15,120 0.05 0.05 1 15,120 15,120
0 to 3.0 0.04 0.04 1 23,550 0.04 0.04 1 23,550 23,550
010 3.0 | 0.035 | 0.035 1 30,780 0.035 0.035 1 30,780 30,780
Liquid Argon 0 to 3.0 | 0.035 | 0.038 27 56,400 0.07 0.07 47 61,920 118,000
Spaghettl 0 to 3.0 0.05 0.14 1 13,232 0.05 0.14 1 13,232 26,4684
Liquid Scint. 0 to 3.0 - . - - 0.05 0.07 4 40,000 40,000
Barium Fluor. 0 to 2.87 0.04 0.11 1 18,580 - - - - 16,560
Liquid Xenon 0 to 3.0? | 0.04? | 0.117 3 42,786 - - - - 42,788

Mark Rennich/ Oak Ridge National Laboratory/8-5-91




BASL. [E.XLC

GEM COST TARGETS (29 JULY 1991)
($ MILLIONS)

R&D ($40) Computing ($10)

Trigger ($10)

Magnet ($100)
Tracker ($40)

Calorimeters ($150)
Muon ($130)

Structures ($20)

Page 1



CALORIMETRY ORNL

COMMENTS ON ELECTRONICS COSTING

$ TRIGGER DESIGN DOES NOT EXIST
$ CABLING ARRANGEMENT IS UNKNOWN

3 NOT ALL CALORIMETER ELECTRONICS ARE THE
SAME

$ THERIOT AND DETECTOR HISTORY HAVE
ESTABLISHED A BASIS FOR ELECTRONICS COSTS

THEREFORE:

A BASIC CALORIMETER CHANNEL COST SHOULD BE
ESTABLISHED BASED ON THE THERIOT REVIEW AND
FACTORS APPLIED (BY DAN MARLOW?) TO ACCOUNT
FOR DIFFERENCES IN CALORIMETER READOUTS.




T TO WEIGHT RATIOS FOR M. R DETECTOR PROPOSAL
Weight Total Cost Cost/Ton Cost/Pound

L*- Liq Scintill** 1945 $89,112 $46K $21
E/T-Spghetti 2378 $103,000 $43K $20
E/T-Lig Argon 3075 $156,750 $51K $23
SDC-Liq Argon
SDC-Pla. Tile 5300 $198,300 $37K $17
GEM -Spaghetti 2100 $123,400 $59K $27
GEM-Liquid Arg 2900 $147,600 $51K $23
GEM.-Liq Scint.** 1945 $81,800 $42K $19
CDF-Pb/Scint. $14
ZEUS-Ur/Scint. $29

Costs include Electronics

Costs include Therio Adjustment
GEM estimates are preliminary

**Does not include EM calorimeter

Items included in CDF and ZEUS calorimeters unknown

Mark Rennich/Oak Ridge National Laboratory/7/24/91




[ EM CALORIMETER HADRON CALORIMETER
Le BaF2 EM CAL | LX EM CAL || LIQUID SCINT /
SIGNALS 18,044 42,786 50,000 A\ /
CHANNELS 18,044 42,786 50,000 N\ /
MULTIPLEX RATIO 1 1 1 \‘ ;/
FRONT END ELECT. 6,748 10,840 15,625 N/
CABLE . - - i
INSTALLATION - \
DAQ . . N A
COMPUTING 843 1,999 2,336 /\
TOTAL 7,591 12,839 17,961 /N
COST/CHANNEL $421 $359 / \
THERIQT CONT. 25.00% 25.00% / \
LOI EDIA 10.70% % 14.64% / \
THERIOT EDIA/R&D 36.00% 36.00% 36.00% / A\
TOTAL C/C 517 479 426
E/T SPAGHETT! | LIQ ARGON
SIGNALS \ JARY / 26,464 120,320
CHANNELS N / \ / 26,464 120,320
MULTIPLEX RATIO \\ / \\ ;/ 1 1
ELECTRONICS \ / N/ 5,009 14,569
CABLE ¥ ) . .
INSTALLATION /\ /\ - .
TRIGGER / \ [\ 1,574 3,250
DAQ / \ / \ 102 465
COMPUTING / N\ J \ 81 369
TOTAL / \ \ 767 18,652
COST/CHANNEL \ $256 $155
ST / /|| PLASTIC TILE | LIQ ARGON
SIGNALS / / 65,000 87,400
CHANNELS \ TR / 66,000 87,400
MULTIPLEX RATIO \ / \ / 1 1
FRONT END ELECT. N/ A\ / 6,308 3,900
CABLE \/ \ / - .
INSTALLATION \ / \/ -
TRIGGER X Y 13,539
DAQ /\ JAN 3,737
COMPUTING [\ [\ 1,856
TOTAL AN /. 25,739
COST/CHANNEL / \ / \ $390
THERIOT CONT. / \ \ 100.00%
LOI EDIA AL/ \ 17.00%
THERIOT EDIA/R&D Vi \ 43.00%
TOTAL C/C \ \ 477

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/®/7/91



[ MUON  FOR.CAL [| SYSTEM
1Le WIRE ™S
SIGNALS J98.000 33,124
CHANNELS 110,000 33,124 278,243
MULTIPLEX RATIO 3.60 1.00
FRONT END ELECT. 22,669 14,008
CABLE - -
INSTALLATION - -
DAQ - .
COMPLUTING 5,140 1,548 13,000
TOTAL 27,809 ) 15,553 101,560
COST/CHANNEL $253 $470 $365
THERIOT CONT. 20.00% 50.00%
LO! EDIA 10.46% 19.80% 11.00%
THERIOT EDIA/R&D 36.00% 36.00% 36.00%
TOTAL C/C 3i1 533 447
E/T WIRE ?
SIGNALS 410,000
CHANNELS 410,000 756,983
MULTIPLEX RATIO 1
ELECTRONICS 26,456
CABLE -
INSTALLATION .
TRIGGER 13,620 13,514
DAQ 1,584 2,924
COMPUTING 1,256 2319
TOTAL 42,915 79,543
COST/CHANNEL $105 $105
sSDC WIRE/SC ?
SIGNALS 108,400 7,000
CHANNELS 108,400 7,000 494,558
MEL_TIPLEX RATIO L00 1,00
FRONT END ELECT. 15,675 765
CABLE .
INSTALLATION -
TRIGGER 30,001 259 18,286
DAQ 6,137 396 28,000
COMPUTING 3,048 197 13,906
TOTAL 54,861 1617 143,341
COST/CHANNEL $506 $231 $290
THERIOT CONT. 40.00% 50.00%
LOI EDLA _5.00% 17.00% 29.00%
THERIOT EDIA/R&D £3.00% 3.00% 43.00%
TOTAL C/C 670 282 321

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/8/7/91



COMPARISON QF ELECTRONICS COSTS: L*/SDC/E-1T

TRACKING
L* SITRACK FIBER STRAW-TUBE
SIGNALS 3,200,000 36,000 52,000 \ /
CHANNELS 5,065 10,000 52,000 \ /
MULTIPLEX RATIO 632 3.60 1 N /
LY Fi
FRONT END ELECT. 16,440 _1,3% 11,683 N/
CABLE - . . N/
INSTALLATION . . . \/
DAQ . - . A
COMPUTING 237 467 2,430 J O\
TOTAL 16,677 1,857 14,113 /A
COST/CHANNEL $3,293 $186 $271 / \
THERIOT CONT. 100.00% 30.00% 30.00% / \
LOI EDIA 17.88% 17.88% 17.88% / \
THERIOT EDIA/R&D 36.00% 36.00% 36.00% / \
TOTAL C/C 3,799 214 313
E/T TRD LAr SIPADS | SPA.SIPADS | PRESHOWER
SIGNALS 290,000 62,000 30,000 467,000
CHANNELS 290,000 62,000 30,000 519
MULTIPLEX RATIO 1 1 1
ELECTRONICS 19,424 4,618 2,38 260
CABLE - - . .
INSTALLATION . y . .
TRIGGER 5,177 1,107 536 9
DAQ 1,120 29 116 2
COMPUTING 888 190 92 2
TOTAL 26,610 _6,154 2978 m
COST/CHANNEL $92 $99 399 $526
SDC SILICON |STRAW-TUBE WIRES /
SIGNALS 47,500,000 188,000 50,000 \ Ji
CHANNELS 75,158 188,000 £0.000 \ /
MULTIPLEX RATIO 632 1 1 \\_ ’/
FRONT END ELECT. 8,446 20,860 8,510 \ /
CABLE . \_/
INSTALLATION . 7
TRIGGER 2779 £,951 1,848 X
DAQ 4,255 10,644 2,831 /\
COMPUTING 2,113 5,28 1,406 / N\
TOTAL 17,593 43,741 14,595 /N
COST/CHANNEL S04 $23 $292 / \
THERIOT CONT. 100.00% 30.00% 100.00% / \
LOI EDIA 34.00% 34.00% 34.00% / \
THERIOT EDIA/R&D 43.00% 43,00% 4.00% / \
TOTAL C/C 250 248 312 i

E/T Estimaltes have not received an SSC review

Therjot Contingency Included

Readout Devices (PMT's) not included
Total C/C cost not exact since DAQ and Computing did not have same contingency as local electronics

Shaded numbers are assumed

MARK RENNICH/OAK RIDGE NATIONAL LABORATORY/8/7/91




CALORIMETRY ORNL

Costing Of GEM Calorimeters

$ Cost Estimates Cannot Be Ready Until Concepts Complete

$ Concepts Will Not Be Complete Until After Sept. Meeting




Mechanical Engineering (Costing) Definition

Barium Fluoride

Liquid Scintillator - Hadron
Spaghetti - Hadron

Liquid Xenon

Fiber Preradiator

Silicon Preradiator
Spaghetti - EM

Silicon Drift Preradiator
Liquid Scintillator - EM
Liquid Argon

'k"‘thc\\)oooo%\c\o



B I G Engineering Issues

! Total Thickness

! Active Thickness

! Separate EM

! Replacable EM

! Electronics Costing Methodology
! Uniform Physics Criteria

! PreRadiator Requirement



WORSTE L

CERN-PPEM1-45
March 6th 1991

EFFECTS OF RADIATION DAMAGE ON
SCINTILLATING FIBRE CALORIMETRY

D. Acostal, R. DeSalvo?, F.G. Hanijes3, A. Henriques2+4, L. LinssenZ,
A. Maio%5, B. Ongl, H.P. Paar!, M. Pereira, C.V. Scheel?.3,
M. Sivertzl, P. Sonderegger®, R. Wigmans2.3

Abstract

We report on measurements of radiation hardness of plastic scintillating fibres to be

used for scintillating fibre calorimetry. Fibres were irradiated by a 0Co y-source and the
effects on the emission and on the attenuation of scintillation light in a number of different fibre
types were studied. Results are given on the changes in the wavelength spectrum induced by
ionising radiation. The influence of optical filters, glue and surmounding gas were investigated.
A Monte Carlo study is described that simulates radiation damage in a compensating lead-fibre
calorimeter and predicts the impact on the performance. By combining the results of the
radiation hardness measurements of the fibres and the results of the Monte Carlo, a limit is set
on the acceptable dose level. If we define a contribution of 0.8% to the constant term of the
electromagnetic energy resolution due to radiation damage as an acceptable performance
degradation, we determine, with the best fibres that are presently commercially available, an
acceptable dose lirmit of 7 Mrad.

1)
2)
3)
4)
5)
6)

University of California, San Diego, USA
CERN (LAA project), Geneva, Switzerland
NIKHEF-H, Amsterdam, The Netherlands
LIP, Lisbon, Portugal

CFNUL, Lisbon, Portugal

CERN, Geneva, Switzerland

(Submitted to Nucl. Instr. and Meth. in Physics Research)
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