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SCINTILLATOR TILE-FIBER CALORIMETER 
DESIGN 

PARAMETERS and COST 

J. Proudfoot, Argonne National Laboratory. 

September 12, 1991 

• Overall Performance 

• Physics Issues 

• Mechanical Conceptual Design . 

• Optical System Conceptual Design 

• Cost 



Parameter Requirement Model A Model B 
EM allowed cracks < 5 -10% rvO 1.5% 
holes /11/ < l1max 1.5% 1.5% 
Total electron acceptance > .9 >98% >97% 
Energy Resolution 
EM stochastic term -14-20%/"';ET 12 13.5 
EM constant term < 1-2% ok ok 
HAD stochastic term 50-75%/V"Ei 65 60 
HAD constant term <4% <4 2 
Time stabili ty < 1% after correction ok ok 
e/h response < 1.3 < 1.2 1.0-1.05 
Spatial uniforlIlity 
EM < 5% loss <2% <2% 
HAD <5% <5% 

. _Dynamic range . 
EM 20 MeV-2 TeV 30 MeV 30 MeV 
HAD 50 MeV-5 TeV 60 MeV 60 MeV 
Time resolution 
EM U rv 5nsec, ET > 15 < 2nsec < 2 nsec 
HAD u rv 5nsec, ET > 100 < 2nsec < 2 nsec 
Signal peaking time < 200 nsec rv 10nsec rv 10 nsec 
Baseline rest. 100 nsec < T < 6/L sec rv 30nsec rv 30 nsec 
Noise < 5 GeV, ll. R=.3 0 0 
Pileup < 5 GeV, 6. R=.3 ok ok 

Table 1: Critical Performance Requirements 



PHYSICS ISSUES 

• Di-J et Mass & Calorimeter Depth 

• Z-> J J & Hadron Transverse Segmentation 

• b-> e v Tagging and Hadron Transverse Segmentation 

• b-> e v Tagging & SM Strip Length 

• Hermiticity & Solenoid Support Integration 

HACl PHILOSPHY OPTIONS 

• Use Fe and Calibrate at Asymp~otic Energies 

• Use Lead and Design Compensating Calorimeter 
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Design Goals of the "Iron" Calorimeter 
(" UaJ..) 

• Optimize EM Calorimetry 
- maximum sampling density subject to cost constraints 
- maximum hermeticity (no cracks or missing towers) , 

f::..no support bulkheads or other projective structural elements.: 

• Adequate Radronic P enormance for lowest cost 
- minimum sampling consiste.nt with adequate resolution 
- simplest absorber structure 
- provide strong structural base for EM calorimeter support 

• M~nimize Coil Forces and Magnetic Nonuniformity 
f..- iron absorber as close as possible to end of current sheet ~ 

- lower internal stresses at same value of central field, or 
- higher value of central field for same internal stresses . 

• Least Obtrusive Barrel/Endcap Transition 
- Lowest Xo Solenoid Support Structures 
- non-projective (vertical) crack through EM calorimeter 
- support arms not in cJ>-coincidence with cable plant. 

• Simple Replacement of Endcap Scintillator 
- Endcap EM scintillator replaceable during few week shutdov 
- Endcap Hadron scintillator replaceable during few month sh 

(~) 
Deteclor EM BACI HAC2 
BARREL l/S" Pb 1" Fe 2" Fe 
ENDCAP 1/4" Pb 2" Fe 

." Fe 
Table 1: Absorber Sampling thicknesses in the "Iron" calorimeter design. Scintillator tile 
thickness is 2.5mm in all cases. 
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SEVERAL VIE\.JS OF A TYPICAL BARREL CALORIMETER \.JEDGE, 
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Figure 3.1( c) - Several views of a. typical barrel calorimeter wedge, showing PMTs, fiber 
routing grooves, and EM "Piano Wires". 
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Figure 3.3 - Calorimeter depth in radiation lengths Xo as a function of tower number. 
The ta.rget for the depth for the EM calorimeter was to stay between between 22 and 25 Xo. 

Figure 3.4 _ Calorimeter depth in interaction lengths >.p a.s a function of tower number. 
The target for the depth for the full calorimeter was 9>. at 90 degrees and 11>' at 5.7 degrees. 
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Sum Weighting Correction wrt. Correction wrt. 

(dE/dX) weightg (dE/dX) weightg 
=0.715 =0.846 

Ph 8.\ e/h 0.99±.02 
Reso. 9.7±.75 

Ph 6.\,Fe 2.\ e/h 0.99±.02 1.00±.O 1.01±.02 1.00 
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Table 3: HADRONIC RESOLUTION AND e/h RATIO FOR LEAD-IRON CONFIGURA
TIONS (10 GeV 1("-) 
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NONDENOMINATIONAL DESIGN ELEMENTS 

• Support Concept 

• Assembly Concept 

• Magnetic Model Analysis 

• Endcap EM Replacement Concept 

• Sliower MaXimum Detector Concept 

• Photomultiplier Integration Concept 

• Optical System Conceptual Design 

• Calibration Concept 
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3.19 EM CALORIMETER REPLACEMENT PROCEDURE· 

3.19.1 Asumptions 

• All Layers of EM Need Replacement 

• Readout Fiber "Extension Cords" Outside of Radiation Field are OK 

• Spare "Pizza Pan Assemblies" of Scintillator Tested and Ready 

• 2-6 Person Shift Crew Depending on Task 

• No Competition for Tracker Access 

• No Undue Overhead for Radiation Safety 

• Local Facility Exists for Printing Phototube Masks 
from PMT Measurements 

3.20 Task Sequence for for EM Scintillator Replacement 

• Retract Endwall Minimum of 1.5m 

• Uncable Optical Harnesses & Secure Ends 

• Disconnect· Source Tube Assemblies 

• Attach Extender Bars, Open Up Stack 

• Remove & Replace Scinto Octants 
160 Octants @20 Mins Ea. 

• Recompress Stack and Remove Extender Bars 

• Reconnect Optical Harnesses & Source Tubes 

• Source Measurement 
(80 Channels/wedge) * (4 mins/scan) 

• Problem Fixup & Source Check 

• Install PMT Masks 
(2000 PMTs) * (1 min/mask) * (2 two-man crews) 

• Final Source Scan Verify Masks 

• Attach & Verify Nitrogen Purge 

• Close Endwall 

18 
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Version: 8/4/1991 

Tile/Fiber Calorimeter Cost Estimates 
'Baseline' and 'Model B' Descope Versions 

(FY 1991 $Ml 
WBS - Item 'Baseline' 'Model B' 

Base Cont. Total Base Cont. 
2.1 - Barrel Calorimeter 92.33 22.13 114.46 68.31 16.74 

2.1.1 Module Components 50.15 11.65 61.79 33.45 8.04 
2.1.2 Module Assembly 3.64 0.98 4.62 2.62 0.71 
2.1.3 Module Support Structure 4.72 0.78 5.50 4.14 0.69 
2.1.4 Eqp., Tooling & Fixtures 10.74 3.49 14.23 8.22 2.73 
2.1.5 (not used here) 0.00 0.00 0.00 0.00 0.00 
2.1.6 Facilities 3.10 1.17 4.27 3.10 1.17 
2.1.7 Surface Assembly 2.50 0.62 3.12 1.86 0.46 
2.1.8 ProjecVFacility Mgmt. 15.87 2.86 18.72 13.53 2.43 
2.1.9 R&D, Prototypes 1.08 0.41 1.48 1.05 0.40 
8.2.1,2 Install & Test In Cavern 0.55 0.19 .0.73 0.34 0.12 

2.2 - Endcap Calorimeters . 46.96 14.05 61.00 30.94 9.13 
2.2.1 Module Components 29.43 9.43 38.87 17.41 5.53 
2.2.2 Module Assembly 2.36 0.79 3.16 1.52 0.49 
2.2.3 Module Support. Structure 3.77 0.66- 4.43 3.31 0.58 
2.2.4 Eqp., Tooling & __ Fixtures 2.64 1.15 3.79 2.42 1.07 
2.2.5 (not used here) 0.00 0.00 0.00 0.00 0.00 
2.2.6 Facilities 0.46 0.15 0.61 0.46 0.15 
2.2.7 Surface Assembly . 1.59 0.45 . 2.03 1.18 0.34 
2.2.8 -~rojecVFacility Mgmt. 5.53 0.99 6.52 3.86 O.~O 
2.2.9 R&D, Prototypes 0.30 0.11 0.41 0.26 0.10 
8.2.1,2 Install & Test. In Cavern 0.89 0.30 1.19 0.52 0.18 

Total Central Calorimeter 139.29 36.18 175.47 99.25 25.88 

Rollup by Component Type: 
Mech. Structures & Fixtures 46.32 12.61 58.93 33.48 9.56 
Scin. Components & Facilities 31.14 10.22 41.36 18.57 6.10 
PMT Components & Facilities 21.88 5.13 27.01 14.11 3.42 
Support Structures & Facilities 13.34 2.64 15.98 11.27 2.20 
Erection/Lowering/Hail Costs 3.84 1.21 5.05 3.12 0.97 

Management 21.39 3.85 25.24 17.39 3.13 
R&D/Prototype 1.37 0.52 1.89 1.31 0.50 

Rollup by Function Type: 
EM System 47.59 12.14 59.74 34.26 8.76 
SPDSystem 23.33 5.91 29.24 16.85 4.28 
HACl System 25.62 6.79 32.41 18.05 4.81 
HAC2System 30.63 8.21 38.84 21.41 5.79 
Support System 12.12 3.12 15.24 8.67 2.24 

Table 1 

Total 
85.05 
41.49 

3.33 
4.83 

10.94 
0.00 
4.27 
2.33 

15.96 
1.44 
0.46 

40.08 
22.94 

2.01 
3.89 
3.49 
0.00 
0.61 
1.52 
4.56 
0.36 
0.69 

125.13 

43.04 
24.66 
17.53 
13.47 

4.10 
20.52 

1.81 

43.02 
21.13 
22.86 
27.20 
10.91 



Item 

TilelFiber Central Calorimeter 
'Model B' Cost Variations 

VERSION: September 6, 1991 
Prepared by D. Scherbarth, WS 

escope No. 
11 ll.. 

l1ee:(~ All 
S bL Pk!1~ic <; 

Cto~) s. 

Longitudinal Barrel EM 1 2 1 2 1 
Channels 

Longitudinal Endcap EM 2 2 2 2 2 
Channels 

Shower Max Tilesrrower 12 12 12 12 12 

Shower Max Tiles/MAPMT 64 64 64 64 64 

HAC! Transverse Granularity .lx.l .lx.l .05x.05 .05x.05 .05x.05 

HAC2 Transverse Granularity .lx.l '.lx.l .05x.05 .05x.05 .lx.l 

Total standard PMTs 18,464 25,632 35,072 42,240 26,768 

Tota164-anode MAPl\/ITs 1,884 1,884 1,884 1,884 1,884 

Total Tiles 442K 442K 729K 729K 609K 

Cost (FY91 $M)* 125.1 129.0 143.1 147.0 135.1 

*Costs include Installation in the detector and Prototype costs. R&D costs are not 
included. Dominant cost derivatives are: $540/PMT; $30/tile. 
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3.19 EM CALORIMETER. REPLACEMENT paOCEDUU 
3.19.1 Asumptiona 

• All Layers of EM N_ ~, 

• Readout Fiber "Exteuao. CCXda" Outaide of Radiation YMW aft OK 

• Spare "Pizza Pan A .... W." of SciJltillator Tested and R..e.tiy 

• 2-6 Person Shift Crew Depeadiq OD Task 

• No Competition for Tracker Acceu 

• No Undue Overhead for Radiation Safety 

• Local Facility Exists for Printing Phototube Masks 
from PMT Measurements 

- 06 ,,. t~SIa& }AUOIJ ST.~L 
3.20 Task Sequence for for EM Scintillator Replacement 

• Retrad Endwall Minimum of 1.5m 

• Uncable Optical Harneues '" Secure Ends 

• Disconnect Source Tube Auemblies 

• Attach Extender Ban, Opaa Up Stack 

• Remove &: Replace Scinto Odanil 
160 Octants @20 Mini Ea. 

• Recompress Stack and Remove Extender Bars 

• Reconnect Optical Harnesses '" Source Tubes 

• Source Measurement 
(80 Channels I wedge) • (4 mins I scan) 

• Problem Fixup & Source Check 

• lllliall PMT Masks 
(2000 PMTs) • (1 min/mask) • (2 two-man crews) 

• Final Source Scan Verify Mask. 

• Attach k Verify Nitrogen Purge 

• Cloee Endwall 
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How good are the pieces? 

• Absorber Thickness 

q= 1% 
• Optical System 

Testing system 

Light Yield 3 p.e./mip-Iayer 

Transverse uniformity rr,.. / % 
Longitudinal uniformity q = 8% 

Scintillator thickness q = 3.6% 

Fibers + splices q = 3.8% 

May want to mask 
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TILE-FIBER TEST SYSTEM 
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How good is the whole calorimeter? 

• Testbeam measurements 

September 1-6, 1991 

3 towers instrumented 

• Beamline setup 

Momentum tagging to q = 1.5% 

2 gas Cerenkov counters to tag electrons 

Beam 30-50% electrons 

Tunable 15-35 GeV. Can go to 100-150 GeV but rarely 
O_-t-A .+- (1'>/ /1/ il,S-.1 ~J (J-./I' 

PWC's 

• Resolution 

Matches calculation of 18%v'E 
No evidence of constant term 

• Uniformity 

Undersize scintillator emphasizes dip at bulkhead 

... Which is mostly correctable 

• Light yield 

Light to Tower 1 attenuated by neutral density filter 
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Conclusions 

• Test Eh1C performs as designed 

Light yield 

Resolution 

Uniformity 

• FN AL is a good place to do tests ... when there is beam 
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figure 6,1--1 The source wire "Gatling Gun" driver developed by \', Barnes. Purdue. 
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Outline 

I. Design Overview 

A. Layout 

B. Design Parameters 

II. Cryostat Design 

A. Barrel and Endcap Designs 

B. Dead Material 

C. Massless Gaps 

D. TJ = 3 Region 

E. Feedthroughs 

III. Module Design 

A. Barrel EM and Hadronic 

B. Endcap Big Wheel 

C. Electrode Structure and Readout 

IV. Integration 

A. Routing of Pipes and Cables 

B. Return Iron 

C. Access 

D. Safety 

E. Cost 
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Critical Issues for the LAC 
Item Status Comment 

Preamp BNL hybrid: 
(Rad.hard) >1013n/cm2, >12Mrad 

Speed 't'ris~30ns 
1:p-1 OO(EM), 200ns(HAD) 

Noise GEt (LiR<0.15) 
3 meas., 1:p=50-200ns 

Pileup GErO.5GeV 

e/hmeas. Hadron module beam test 

e hermetici~ 97% accept.(aE<2SO/oI{E) 

Reliability <0.20/0 failure(SLO) in 108s 

PIa cooling KEKlRochester test results 

Safety SSCL Safety committee 

11=3, lit KHI / LBL 

Integration LBL 

Cost MMA 
I 
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Cryostat Design 

Curved heads and radial. stays 

The material budget for magnet coil, cryostat walls 

The region of overlap between barrel and endcap - ", = 1.2 

Massless gaps and correction for dead material 

Esum = ELAr + OmgEmg 

where we use use EGS to evaluate 

Einc X S - ELAr 
Omg = 

Emg 

( s is the LAr sampling fraction ) 

The region of overlap between endcap and forward - TJ = 3 

The design in Nov. 1990 
No optimization near ", = 3 
3 cm thick walls traversed by particles at ", = 3 appear 
to be 30 cm deep 

The present design 
LBL 

head shape 
stays 
inner cylinder . Inner vacuum 

double conical 
EM penetrating cylinder 
thin, no axial load 
cylinder close to beam pipe 

KEK 
existing LAr heads 
EM penetrating roc 
thin, has axial load 
study front head s1 
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FIGURE 1. Cross-sectional details of the non-gas cooled signal cable Feedthru option, 
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Section 7 Electronics 

Section 7.1 Froat Ead Electronics 

The general schematic for the front end electronics of the liquid 
argon calorimeter il sbown in Figure 7.1.1. The elecuode gaps,. 
represented by the capacitor Cd, are connected to the preamp boards 
by low impedance suipliaea. The preamp boards are located in the 
LAr at the outer radiUl of each module. They are multilayer printed 
circuit boards that hold damping reSistors, shielded ferrite core 
transformel'l,. protection diodes,. calibration cil'cuitry. aad the 
preampifien themselves. Layouts for the barrel EM and hadronic 
preamps boards are illustrated in Figures 7.1.2 and 7.1.3. The 
calibration electronics described in 7.6,. while the remaindel' of the 
elements in Figure 7.1.1 are discussed below. Following the 
preamplifier is a shaping amplifier (section 7.3), summing and 
trigger electronics and the data acquistion system (section 7.S). 

Detector 

r--------------I 
I Calibration 
I Input 

Z (Ls. es) I 

Stripline 

L- __ _ 

ferrite core 
transformer 

Preamp 

Figure 7.1.1 Schematic of the front end electronics. Channels 
without transformers have protection diodes at the preamp input. 



Electrode Structure 

a) Double gap Electrode Structure 

LAr 
H.V. Plane~ 

Signal Plane 
LAr 

~ OIl (Groun<!)-

b) Single Gap Electrode Structure 

vvvv'V 

G10 H.V. ·Plane LAr 

G10 H.V. Plane lAr 

7,~.1 J.B. Hunter. I C. Heal1y 
Original: 7-24-91 
Updated: 7·24-91 



E.M. Module La out - Side View 



Ph sics Pad p.e.B. 

PadSignal~ 

112mm deep 
strlpllne notch 

H.V.Pin 

A.A. Atthur I J.B. Hunter 
1·16·81 

Updated: 7-24-91 



Lead Absorber Plate 

GroundPin/ 

1J2mm deep 
striplin. notch 



SOC LAC P C.B. Board & Electrical Connections 

Thrw Uyw P.C.B. ConatIuctIon 

(St~in. Flex Circuit) 

I 
I P.C.B. 

~g~~#~' 

7.::J.?; 
A.A. AI1hur I J.B. Hunter 

3-5-91 
Uodated: 3-6-91 



Preamp ConneclOf 
S1rongblGk Ground 

!.--_____________ 26 Lead Pllte Ground corlnec:llonlt--------------4 

M.Gap' EM1 Strip. 1M2 

~----__ ----------____ -----------------13.000-----------------------------------____ ~ 

Data: 
Absorber Thickness = 0.15T (4mm). 0.551- (14mm)· 
Module Phi Gap (LAr) = 0.0788- (2mm). 0.197- (5mm) • 
PC Board Thickness = 0.059' (1.5mm) 

• Note: Dimensions for EM Modules 1, 2, & 6 are given first. 

SCALE: 0,75" = 1" 

4 Layer Flex Circuit: 
1 • Ground Plane 
2· M. Gaps, EM1, 

EM2 Traces 
3 • Strips Traces 
4 • Ground Plane 

J.B. Hunter" I C. Hearty. O"a'"_': '-:l:I-I!' 
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High Voltage Distribution Printed Circuit Board 

H. V. isolation A .. lltorl Inner Radius View 
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Original: 4·22·&1 
Update: 4-24·11 
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Top Views 
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Barrel Hadronic: Tile Flex Circuit 

Lead Tile Signal 

J.B. Hunter. I c. Hearty III 
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CALORIMETER ELECTRONIC SYSTEM 
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ELECTRONICS I 
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Figure 4.1 

NOTES: 

TO/FRO" SOC 
SYSTE.. COtfTROUER 

I. THE NUMBER OF FIBERS TO/FROM 
THE FRONT END CRATES ARE SHOWN 
ON A PER CRATE BASIS. 

2. B (BARREL) 

3. EC (END CAP) 

4. HASHED BLOCKS ARE NOT PART OF 
THE FRONT END SYSTE ... 
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PREAMP COOLING 

The LACs prei'"'PS reside at the back of the modules in LAr. See Section 7 
of the CDR for a complete description of their properties and expected 
performance. 

1. Test & Analyses strongly suggest that boiling 
of LAr can be avoided in the Baseline LAC 

2. Experimental Tests: 

2.1 University of Rochester 

2.2 KEKlKHI 

3. Design Calculation Documentation: 

3.1 LLNL Analyses (Don Slack) 

3.2 KHI Analyses 

4. Extension of the forgoing to Barrel modules: 

4.1 Sensible heat gain to LAr at HAD preamps 
can be removed by Watt's existing 2 phase 
N2 circuits (in the vacuum annulus). 

4.2 Sensible heat gain to LAr at EM preamps 
can be removed by additional 2 phase N2 
circuits attached to the LAr vessel's mid
shell wall (2 circuits minimum; 4 circuits 
with 100 % redundancy). 



sse Laboratory Physics Research Division 

HIGHLIGHTS OF PREAMPLIFIER COOLING 

1. TESTING & ANALYSIS PROVE LOCAL BOILING OF LAr CAN BE MITIGATED 

2. TESTING WAS AS FOLLOWS: 

2.1 COOLING BY DIRECT COUPLING TO LN2 

2.2 COOLING BY INDIRECT COUPLING TO LN2 

2.3 COOLING BY CONVECTION IN LAr 

2.4 CONCLUSION: NO LOCAL BOILING OCCURRED AT OPERATING POWER LEVELS 
IN ANY TEST 

3. CALCULATIONS: PRELIMINARY CALCULATIONS INDICATE THAT IN THE LAC THE LAr 
IS SUBCOOLED AND DOES NOT BOIL 



V[NT TO SURfACE 

W""'LAr 

TRANSFER lilliE 

lAr CONVECTIVE FLOW -_..11 

~--- DlSTRllUTION HEAO[R 

Fig. 6.11 Convective Cooling with Liquid Argon 
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A~ 

PERSONNEL RAMP PUT IN PLACE AFTER 
RETRACTING END CAP TO ALLOW FOR ACCESS 

SECTION A-A 

BARREL FLUX RETURN STEEL 

ENODCAP RETRACTED 0.85 METERS 
T ALLOW PERSONNEL ACCESS 

THRE,OCTANTS EXTENDED 
1.35 M TERS TO PROVIDE RAIL 
~28 P I~~~TlNG END CAP AND 
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6 INCH GN2 
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ARGON. LN2 & VAC 
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8 INCH DIAMETER PIPE 
ARGON DUMP 
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SDC LAr Calorimeter' Cost Summary 

Modules 
Cryostat 
Feedthrus 
Calorimeter Assembly 
Fixtures 
Test Equipment 
Transportation 
Cryogenic System 
Facilities 
Return Iron 
EDIA 
Total 
Contingency (2S.0%) 
Total w/Contingency 
Derived $/lb 

30,916 
21 ,879 

5,010 
2,905 

1 0, 135 
1,640 
1,152 
7,900 
2,000 
4,681 

17,516 
105,734 

29,602 
135,336 

11.74 

7/31/91 



Appendix A - SOC LAr Calorimeter Cost Roll-Up 

Procurement MIg Labor EDIA WBSBase Cont. WBS Total 
(Sk) (Skl (Skl (Sk) (Sk) (Sk) 

Modules 16,141 14,n5 4,652 35,568 8,537 44,105 

Cryostat 4,949 16,930 4,800 26,679 6,877 33,556 

Feedthrus 4,362 647 356 5,366 1,445 6,811 

Calorimeter Assembly 0 2,905 2,666 5,571 1,448 7,019 

Tooling/Fixtures 6,326 3,809 4,028 14,164 5,043 19,207 

Test Equipment 1,640 0 89 1,729 588 2,316 

Transportation 1,152 0 136 1,289 438 1,727 

Cryogenic System 7,900 0 428 8,328 2,831 11,159 

Facilities 2,000 0 108 2,108 717 2,825 

Return Iron 4,681 0 253 4.934 1.678 6.612 

Total 49,152 39.066 17,516 105.734 29.602 135,336 

1 - 7/31/91 - 2:07 PM 



SOC LAC Downsizing Options (Barrel Only) 

LAC Barrel Ba , In. . 
Material Mfg Labor EOIA WBSBase Conl WBS Total 

(Sk) (SkJ (Sk) (Sk) (Sk) (Sk) 

Modules 9,505 7,655 2,235 19,395 4,566 23,961 

Cryostat 2,003 5,847 2,087 ·9,937 2,556 12,493 

Feedthrus 2,394 304 192 2,890 n6 3,667 

Calorimeter Assen 0 1,378 1,287 2,685 693 3,358 

Tooling/Fixtures 3,566 3,809 2,731 10,107 3,257 13,364 

Test Equipment 1,640 0 89 1,729 588 2.318 

T ransportadon 620 0 68 689 234 923 
Cryogenic System 7.900 0 428 8,328 2.831 11.1S9 

Facilities 2.000 0 108 2,108 717 2,825 

Return Iron 4681 0 253 4.934 1678 8812 
Total 34309 18993 9479 62782 17896 80878 

. I 

Calorimeter Location Stnsltlv~ y 
Outside R&d. Inside Rad. Surfac. Area % of Baselin. Total Cost Delta Cost 

(cm) (cm} IcmA21 Volume ISk) lSk) 

Baseline 428.5 233.1 408,135 100% 80.678 0 

Option 1 418.5 223.1 393.857 97% 78,872 -1,806 
Option 2 398.5 203.1 369.303 91% 75.261 -5.417 

Ootlon3 368.5 173.1 332.470 82-J. 69844 ·10834 
1. length of calorimeter stays constant 
2. material costs decrease by volume 
3. number of layers Is constant (no Impact to module assembly labor) 
4. cryostat/calorimeter assembly scales by volume 

Calorlm.ter Insldt Rid u. Cost Sensltlvlt 
0utsId. RId. Insld. Rad. Surfac. Ar.. % of Baulln. Total Cost Delta Cost 

cm cm etnA Votu k 
Baseline 428.5 233.1 408,135 100% o 

move LAC In 10 cm 
move LAC In 20 cm 
move LAC In 40 cm 

Option 1 428.5 209.8 438,568 108% 5,535 move Insld. radius In 100J. 
Option 2 428.5 188.8 464,838 114% 9,399 move Inside radius In 20% 
~il!.ll iWJi~ __ -.JL-._..;;:4::::211'::' ~~...:1:.:6:.:9'=.I9 L--.....;;:48~8:;g.J..:11:.::;8~_.....:.1 r=:~~~:1,-_-::~~_~12~529:!.1move Inside radius In 40% 
1 . I.ngth of calorimeter stays constant 
2. mat. rial costs Increase by volume 
3. number of laye" Increases with depth (modul. assembly labor) 
4. cryostat/calorimeter assenibly scales by volume. 



. 
SOC LAC Downsizing Options (Barrel Only) 

calorimeter Lenath COlt Senll IvItv . Outside Rad. Inside Rad . Length Volume 
(cm) (an) (cm) (mA3) 

Baseline 428.5 233.1 802.0 326 
Option 1 428.5 233.1 702.0 285 
Option 2 428.5 233.1 802.0 244 

1000Ion 3 428.5 233.1 402.0 183 
1. radius of calorimeter Itaya constant 
2. material costs decrease by volume 
3. number of layers Is constant (no Impact to module assembly labor) 
4. cryostaVcalorlmatar assembly scales by volume 

C Se Itl It Channel ount ns vtv 
'of 'of 

Feedthrus Channels 
Baseline 102 93,696 
Option 1 92 84,326 
Option 2 n 70,272 
IOptlon 3 51 48848 
1. feedthru COStl8C8le by channel count 
2. signal handling scales by channel count 
3. assume S2501channei 

1. Pb $JIb changes from SO.771b (sheets) to 
2. Pb stacking steps eliminated 
4. Straps eliminated 
5. Module Assembly steps revised 

.. 
Feedthru 

ISk) 
3,687 
3,300 
2,750 
1,833 

8ectronlca 
. {Sl<l 

23,424 
21,082 
17,588 
11712 

"of ease line Total Cost 
Volume eSk) 

100% 80,878 
88% 73,230 
75% 65,783 
50% 50887 

~CTotal OeltaCost 
(Skl (Sk) 

80,678 0 
80,311 -367 
79,781 -917 
78844 -1.833 

Delta Cost 
CSk) 

a 
-7,448 

-14,895 
-29.791 

move ends In 0.5 m 
move endaln 1 m 
move ends In 2 m 

10% decrease In channels 
250/. decrease In channels 
50% decrease In channels 



Sensitivity to LAC Radial Location 
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Sensitivity to LAC Inside Radius 
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Sensitivity to LAC Barrel Length 
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Sensitivity to LAC Channel Count 
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Liquid Argon Calorimeter, Curr,nt Weight Summary 
Module Details (See sketch below for Module 1.0. Number) 

9/10/91 

Module Outer Inner Avg. Z No. of No. of Module Module 
I. O. No. Radius Radius Length Modules Absorber Phi Gap weight 

per ring plates· each 
(mm) (mm) (mm) (mm) (tonn) 

1 2808.0 2451.5 2650.0 64 33 3.00 1.43 
2 2808.0 2451.5 2580.3 64 33 3.00 1.39 
3 4429.8 2938.0 2630.0 32 87 5.00 26.90 
4 4429.8 2938.0 1740.0 32 87 5.00 17.80 
5 4429.8 2938.0 732.9 32 87 5.00 7.50 
6 3135.0 461.0 356.5 16 33 3.00 3.80 
7 3135.0 508.0 728.0 32 42 5.00 6.11 
8 3135.0 593.0 1078.0 32 63 5.00 9.09 
9 4495.0 3300.0 363.0 32 21 5.00 2.97 

10 4495.0 3300.0 728.0 32 42 5.00 6.10 
11 4495.0 3300.0 1078.0 32 63 5.00 9.10 

• Absorber plates in EM Modules (1,2 & 6) are 4.0 mm thk. The rest are 14 mm thk. 

Total Number of Electromagnetic Modules 
Total Number of Hadronic Modules 
Total Number of Modules 

Module Weight 

Barrel Modules 
Endcap Modules 
Total Modules 

2749 (tonn) 
2258 (tonn) 
5007 (tonn) 

Calorimeter Weight (not including LAr) 

224 
480 
704 

Cryostat Weight (not changed) 
• 

Barrel Cryostat 206 (tonn) 
Endcap Cryostat (2) 123 (tonn) 
Total Cryostat 452 (tonn) 

Barrel Calori~eter 2955 (tonn)~ ~ ~ 4 4 illt'''~e Mn! ill 
Endcap Calonmeter 2504 (tonn) ~ T· -,. ~~' 
Total Calorimeter 5459 (tonn) 

I 

3 4 5 ~'1 9 10 1 1 

~1 _ 2 
6 7 8 

LAC Module Numbering 



Parameters for the SDC Liquid Argon Calorimeter 

Mechanical Pvameter 

Barrel 

Volume 

Weight 

Total Depth (at 90°) 

Had Depth 

Endcap 

Volume (each) 

Weight (each) 

Total Depth 

Had Depth 

Both Barrel and Endcap 

Lateral Segmentation 

EM Pb absorber thickness 

EM Depth 

Had Pb absorber thickness 

Longitudinal Segmentation 

EM gap structure 

EM Section 

Had gap structure 

Had Section 

Massless Ga.p 

Shower Max Detector 

Channel Count total) 

Region immune from radiation 
damage 

Gerry Abrams 

Sept. 11, 1991 

4.2 x 9.7 x 8.4 mS (id x od x length) 

2955 tonne 

9~ 

8~ 

0.1 x 9.7 x 3.9 mS (id x od x length) 

1252 tonne 

11~ 

10 ~ 

0.05 x 0.05 (6" x 64», coarser for" > 1.9 

4mm 

25 Xo ( 33 layers) 

14mm 

Pb / 2mm LAr / 1.6mm G 10 / 2mm LAr 

2 depths, 5 layers (1 -+ 5), 26 layers (8 -+ 33) 

Pb / 2mm LAr 

2 depths, HADI 3.2 ~, HAD2 4.8 ~ 

Standvd 0.05 x 0.05, Sepvate readout 

2 layers, " and 4>, 0.05/6 segmentation 
(at layers 6 and 7, ~ 5 Xo) 

97,024 

,,<5 

1 
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SDC Central Calorimeter 
Liquid Argon Option 

- Performance at design and higher luminosity -

Y.Unno 
KEK 

and 

The SOC Liquid Argon Group 

• Electron hermeticity 

• Electromagnetic Calorimeter Thickness 

• 11=3 issue, and missing Er; Gluino production 

• Induced hadronic resolutions with the (dead) iron for 
the magnetic shielding 

• Beam tests of EM and Hadronic prototype 

• Summary 

Y.Unno 1991/9/12 
SOC caJ TB at SSCL 



Y.Unno 199119112 
Critical Issues for the LAC 

Item Status Comment 

Speed lilted 1'ris"s30ns 
1'p=60(EM), 200ns(HAD1) 

Noise IOlved O'ErO.7GeV (dR<O.1S) 
't'p=60(EM), 200ns(HAD1) 

Pileup •• lved O'ErO.9GeV(dR<O.15) 

e hermeticit) lO"eti 97%accept. ( 0' E<25°/oI{E) 

11=3,i't IOI,ed LBL, KHI 

e/h lol,ed beam test; e/h-1.25 

Preamp lolved BNL hybrid: 
(Rad.hard) >1013n/cm2, >12Mrad 

Reliability .oIved <0.2% failure(SLD) in 108s 

PIa cooling 100,e" KEKlRochester test results 

Safety lolved SSCL Safety committee 

Integration • LBL In progress 

Cost •• I,ed MMA; $135M(undescoped) 



• Electron hermeticity 
Wall thickness around 7]=1.2-1.3 for electron 
acceptance 

• Thining the Barrel walls--?Cryostat cut-view 

• Utilization of the extra Massless gap(MLG) for the 
17=1.2-1.3 region~EGS modeling 

• Dead material in front of the EM calorimeter without 
the extra MLG 

• EM resolution with the MLG correction 
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Massless Gap (MLG) correction 
• Massless gap is commonly used when there exits a 
fair amount of dead material in front of the active EM 
calorimeter. 

• The idea is to use the dead material in front as the 
calorimeter absorber and to make the actual first active 
sensing medium without an absorber (massless gap). 

• Because the thickness of the dead material is usually 
not equal to the absorber thickness of the calorimeter, 
there need a weight to the response of the massless 
gap to the rest of the calorimeter response to equalize. 
The weight can be "hardwired" by thickening the 
medium thickness or "software" factored. 

e: energy scale 
a: Massless gap weight 

• The weight is obtained to recover the incident 
energy; peak value of the shower fluctuation. 

• With the usage of MLG, the dead material is not 
really "dead". However, the "dead" material in front 
become very thick and showering tracks are started 
absorbed, resolution is getting increased; resolution is 
still recovered from the one without MLG. 
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Electromagnetic Calorimeter 
Thickness 

C.Hearty (LBL), SDC-91-00084 

• EGS4: (4mmPb+4mmLAr)x70 > 50 Xo 
Cutoffs: 0.7 MeV for electrons; 0.1 MeV for 1s 

• Split into "EM" and "HAD" sections: 

"EM": 20.4, 21,9, 23.3, 24.8, 26.2, 27.7, 29.2, 30.6 
and the rest was "HAD" 

• Calculated 

leakage, linearity, resolution, ... 
and induced constant term 

with and without "HAD" 

(Because of electronic noise, LAC may not use 
leakage energy into "HAD" section) 

Y.Unno 1991/9/12 
SOC Cal TB at SSCL 



Leakage vs EM Thickness 
0.050 , , 

" " 
I. , , 

'\ , t , " "\aO I!(av , . 

" 
, 

'1. 
~ ,'. 
taO ~' 

, 
s.. 

~= tC) '" , 1-
0 0.010 , .~ 

~ , , ... 
rz:I , , ..,. 
~ "' '. 

. . 
0 O.GOG , , • 1-

.... . . 
~ "' . III , , 

! 0 '1. ..... " .,,-I ~ 
0 

, .... 
~ «S " ., h- I. 
~ s.. a ~ '-.II , '. 1 
~ \ l 

\ '. ! 0.001 
i 15 20 25 30 35 
;; EM Thickness (XO) 
! 

~ 

Fl~. I~ 

Resolution vs EM Thickness, 40 and 400 GeV 
0.04 ,....-,r--n~r---r---'T~--,..--,..-,-__ -,--.,--.,--,--r--r--r-.,---,-~ 

0.03 

~ 

'" r:l 0.02 

tU 

S 
~ QO ..... 
~ 

CI.l 
In ; 

0.01 
~ .... " l.:u- ,,~.\ 
.... I- - L 
1" ~ ..... :'..wr-::l-:- - 1_ , • ..... . ~ ..... ·--L- -+ ~=-+_~--+-_~~ ••••• ••.••••• •••••· ... • ••• 1· •• - _ _-, 

a 

~ .. 0.00 L..--i..-"-----,""---I--I--..4---'----I...-...L.-..I...-...L.---I...---I...---I...---'----'----I...-.I..---I...--I 

~ 15 20 25 30 35 
g; 

~ 
EM Thickness (XO) 

"-
~ 



~ 

"-
Pr:.l 

ro 
S 
bD 

.r-t 
(f) 

aj 
+oJ 
r-t 
(l) 
~ 

Increase in Resolution vs Energy 

0.010 I i I 

0.008 

0.008 

0.004 

0.002 

0.000 I I 
10 

~M 
)C. 2h.2Xr:. 
~ 2~'~ .. 
a 2(.Q r. 
)( 1.\.' J(. 

50 100 

Electron Energy (GeV) 

Ht\O 
No 
No 
'~.," 
.4. tU\ 

500 



Summary of the EM thickness 
• To get <0.5% constant term, the thickness must be 

S26Xo 
S22Xo 

if "HAD" is not used 
if "HAD" is used 

Note: Dead material preceding the calorimeter 
counts towards the required material. 

LAC : 25 Xo not including the dead material in 
front. 

Y.Unno 1991/9/12 
SOC Cal TB at SSCL 



• 11=3 issue 

Wall thickness around 71=3 for hadron acceptance 

• The LOI design was not optimized for the issue. LBL 
worked out a design to thining the inner walls of the 
Endcap cryostat (LAr and Vacuum vessels). KEKlKHI 
also figured out a design for the LAr vessel. 

• Dead masses in front of the calorimeter for the LOI 
and for the new LBL design 
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• Summary of the 11=3 issue 
• The material in front of the first active region of the 
new LBL design is 

<1.5AJo ...., !\,o~t C\fM\/q/ •• ) 

• There is a common ground in the LBL and KHI 
design and a (to be developed) KBL design will have 
the mass < 2 A I in front of the active region for 17~o 

~W XO ~ ~)( .. <:: \qql/.,/c.) 



missing ET; Gluino production 
• M. Pang took the new LBL design, approximated in 
GEANT, and tested the effect of dead material in the 
11=3-5 region with a perfect forward calorimeters. 

• u-quark jets of 200-900 GeV energies were 
generated uniformly from 7J=2.S to 6. 

• He made distributions of the "bias" and its sigma for 
the cases with and without dead materials. 

"bias"=(Et-measured - EtJet)/EtJet 

• M. Bamett calculated the background from OCD jet 
events with mismeasurement of one or more jets. He 
put a conservative resolution of 

80 o/oIVEe2 0 % for Ihl>3 
(800/o/VEes% in the LOI) 

in addition with non-Gaussian smearing. In this region, 
the constant term is relevant. 

Y.Unno 1991/9/12 
SOC cal TB at SSCL 



Figure 1. NEW LBL ENDCAP CONCEPT 
DATE: 8-2-91 
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Figure 2.The geometry of the endcap and forward calorimeter 

wi th dead material in endcap calorimeter. 
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Figure 6.The geometry of the endcap and forward calorilneter 

without dead material in endcap calorimeter. 
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Figure 5. Sigma and bias of Ec as a function of rapidity. (with . 
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Flcure 8. Sigma and bias of E. as a function of rapidity. (with-
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Summary of Gluino production 
• The "bias" was further biased by <5% with the dead 
material, but the degradation of sigma was barely 
visible. 

• The QeD background was almost an order of 
magnitude smaller than the signal beyond 
Etfmissingj=120 GeV (used to be 100 GeV). 
Considering that the bad regions are a part of the 
range of 11J1>3, the difference is expected further small. 

Y.Unno 199119/12 
SOC caJ TB at SSCl 



Induced hadronic resolutions with 
the (dead) irons for the magnetic 
shielding 

N.Kanematsu (KEK), SDC-91-00082 

• The soc Uquid Argon calorimeter is designed to 
include magnetic transformers inside the cryostat and 
they must be shielded magnetically by placing them in 
an iron pipes. Because they are dead material, they 
may induce errors to the hadronic resolutions. 

• With GEANT/GHEISHA simulation program, with 
cut-off energies of 0.1 MeV for elg and 1 MeV for 
others, induced stochastic and constant terms (added 
in quadrature) were evaluated. 

Y.Unno 199119112 
SOC cal TB 2t SSCL 
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Figure 1: detector configuration in the simulation 
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Summary of effect of Mag. shield 
iron 

• The irons induced a stochastic term of 15O/J{E and a 
constant term of 1.5% when aimed at the center of the 
pipes. 

• They also induced non-uniformity of response, 0.70/0, 
which should be added to the constant term. 

• These numbers were very small compared with the 
intrinsic hadronic resolutions; 

Y.Unno 199119/12 
SOC c.z.! TB fn SSCL 



Beam tests of EM and Hadronic 
prototype 

Y.Unno 199119/12 
SDC cal TB at SSCL 



Objectives of the beam test 
(1) Drift velocity of electrons in the Uquid Argon is said 
to be slow. However, what we need is the signal, and 
fast-readout can be achieved by fast charge transfer 
time and by shaping the signal for an appropriate 
peaking time (detaif will be discussed by C.Hearty). 

The objective of the beam test is to test the fast-
readout with bipolar shaping with the peaking times of 
50,100, and 200 ns, for HADRONIC and 
ELECTROMAGNETIC calorimetry. 

(2) elTe (e/h) measurement with Pb absorber in 
HADRONIC calorimetry with the fast-readout. 

(3) Uniformity of response across the module crack in 
ELECTROMAGNETIC calorimetry of the SOC design. 
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SOC LAC Prototype Modules 
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Summary of the BNL A3 beam 
line 

• Triggers: 

- -
S1-S2-V-C1-C2-S 

J,l-

F1, F2, and XV Fiber hodoscope were used to 
define better parallel beams and positions for the 
EM module. 

• Momentum: 

• Intensity: 

• Extraction: 

0.5-20 GeV/c 

103-106 particles/spill 

-0.8 sec 

• Electron concentration: .... 1% at 10 GeV/c 



Readout Electronics chain 
Very much like the proposed electronics chain of 

the SDC LAC option other than Analog memory (or 
more correctly, we follow the readout chain in the beam 
test laid by the Liquid Argon subsystem R&D). 

• Preamp in the Uquid Argon 

• Intermediate amp on the feedthru (outside) 

• Variable Gain Amp in the counting hut: 

(1) t 100 ns Bipolar shaping to individual ADC's 
(2) nalog sum to a shaper with tp-50, 100, 200 
ns shaping, then to an ADC or a transient recorder 

• Calibration chain 
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Results 
The beam test data are under rigorous analysis 

among collaborators. The results being presented 
here are one of many and also should be taken as 
preliminary. More and better-understood results will be 
available by the time of the Corpus Christi Conference. 

• EM module: 

Energy sum of EM1 and EM2 

• Hadronic module: 

Hadron energy resolution at tp--100 ns (individual 
digital channel sum) 

Responses of electrons and pions tp-100 ns and 
e/rc ratios 
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Hadronic Section 
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Preliminary Results of Liquid Argon Test at BNL 
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From the eln to the e/h ratio 

• The pion response(n) can be expressed by the 
electron response(e) and the hadron response(h) as 

(1 ) 

where the factor, fn°, is the (average) 1t0 fraction in the 
hadronic shower. Then the electron response over the 
pion response ratio is 

(2) 

After some manipulation, we have the e/h ratio as 

elh = (1-mO )/(1 /(el7r) - f7r") . (3) 

• D.Groom's ansatz is 

7r/e = 1 - (1 - hle)(ElEo)-O.15 (4) 

where Eo-1GeV. 

• Non-unity elh induces a constant term in the hadronic 
resolution, parametrized as 

aElE(const. by elh) = O.14xI1-e/hl . (5) 
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Summary 
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(1) Electron Hermeticity 

• 97°/0 @ sElE<25°lol-{E 
• In the remaining 3°1o, electrons is still sensitive 
and not lost 

(2) Electromagnetic calorimeter thickness 

• LAC(25Xo) is enough to get <0.5°/0 constant term 

(3) h=3-5 

• Dead material < 1 AI (4Xo) 
• No severe degradation for jet resolutions 
• No severe degradation on the missing Et signal 
of the gluino production 

(4) Iron shield for the magnetic transformer 

• Very small contribution to the stochastic and 
constant terms of the hadronic resolution, e.g. 

Y.Unno 1991/9/12 
soc Cal TB at SSCL 



(S) Beam test of EM and Hadronic prototype 

• Critical issues of the LAC with fast-readout have 
been demonstrated in the beam test at BNL 

• Preliminary results are: 

EM: crElE= 18°/oI-{E 
HAD: crElE1t=64% 1-{E 

crE/Ee=22°/oI-{E 
eht(HAD}= 1.1S@20GeV 
~ e/h=1.23-1.2S 

(tpb=6mm) 
(tpb=12mm) 

(These values are as expected by the simulation 
programs: EGS, GEANT) 

• These results lead us to expect for the Pb 
absorber thickness of the SOC LAC 
(supplemented with separate estimation for the 
constant terms) 

EM: crElE=13% /...[EeO.S% (tpb=4mm) 
HAD: crElE1t=68% /...[Ee4% (tpb= 14mm) 

Y.Unno 1991/9/12 
SOC Cal TB at SSCl 



Final words ... 

• We have demonstrated that LAC can be build to 
satisfy the SOC calorimeter requirements with its 
intrinsic and proven fact: 

STABILITY, 

which is concentrated in the small constant term of the 
EM resolution and is in hand straightway. 

Y.Unno 199119/12 
SOC Cal TB at SSCL 



Timing resolution 
EM 
HAD 

SignaJ peaking time 
Baseline rest. 
Noise 
Pileup 
Noise+Pileup 

-5ns, ET>15GeV<5ns, >1GeV Beam test 
-5ns, >10OGeV-5ns, >1OGeV Beam test 

<200ns 60,200ns HAD(200ns) 
1 00ns-6ms 400, 800ns Bipolar shape 

<5GeV, dR-o.3 3GeV EM+HAD1 
<5GeV, dR-o.3 1.2GeV 
<5GeV,DR-0.3 3.3GeV 



Appendix: Effect of non-uniform magnetic field 

T.Kondo, Task force note 

V.Unno 199119/12 
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OUTLINE 

1. Speed 
- speed of response 
- timing resolution 

2. Electronic Noise 

3. Pileup 
- impact on measurements of Higgs decay 
- impact on isolated e- 10 
- impact on jet measurements 

4. Summary 



Speed of Response 

Current in LAr gap has very fast rise time: 

t 

I I 
tpeak Idrift 

time ~ 

Charge transfer time and preamp response 
time slow leading edge. 

'ris€-+im~ 
constn"t 

7: 

~k ~ 

• '1: ':::.-{L·C./==> need to keep inductance low 

• noticable signal loss for tau > tpeak 
(signal loss <==> increase in noise) 



Time Resolution 

• bucket tag using zero cross of bipolar 
shape 

1 

U i. ~ t pEW< . !:!... 
5 

For 10 GeV e- into test beam module, 
EM2: S = 5.1 GeV 

N = 0.067 GeV 
tpeak = 1 00 ns 

==> sigma_t (expected) = 1.3 ns 

Measured: sigma_t = 1.5 +/- 0.2 ns 



Timing: Trigger 

Use -5 waveform samples to measure 
amplitude and zero cross, and to tag significant 
pileup-

SI 

-- - -~---
.55 

Level 1 may be simpler 



Timing: Readout 

Trigger determines the bucket of interest 

For each channel, record waveform at 
expected location of peak and zero cross 
(s1,s2) 

==> timing information is preserved 

5\ 

I 

A ~<~ _____ ou_tf-:_O+-+I~~S;'3t\<AJ 
-------~--~~~~ 

I I 

Maybe more (five?) samples for EM 



Effect of Timing Resolution 

Electron Isolation 

Expect small signals, so do not apply bucket 
tag to isolation cone Oust sum s1 for each 
channel) 

==> never create "isolated" electron by 
mistiming accompanying energy 

Missing-Etl Fake Signal 

Probability of placing a >80 GeV Et jet in the 
adjacent bucket is 2E-5. 

==> < 1 Hz at 1 0**33 

Level 112 trigger issue only; easy to spot at 
level 3 or offline 



80 GeV Jet Timing Resolution vs Eta 
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For SOC, at eta = 0, 

Sigma_t < 5 ns for 
• E > 1 GeV in EM channel 
• E > 5 -- 10 GeV in hadronic channel 

(See summary table later) 



Electronic Noise 

Cbarlj€' 
Equivalent Noise ~ 

ENC is the impulse charge on the signal 
pads of the electrodes that gives the 
same response after the shaper as the 
electronic noise 

Stripline 

Cs 

Damping Resistor 
Equivalent Series 
Resistance 

Rds Rs 

Cd 
Preamp C2 

Detector 1:n Input_ 
transformer Capacitance-= 

Schematic diagram of front end for calculating noise. 
Rds and Rs are the two significant noise sources. 



Only series noise is important for JFET: 

Rds is damping resistor at temperature Tds 
Rs is the equivalent series resistance of the JFET at 

temperature Ts 
C1 = Cd + Cs is the total capacitance upstream of 

transformer 
C2 = Cfet + Cstray is the total capacitance downstream 

Transformer matches C1 to C2, so ENC 
depends linearly on C1 in 1 st term and on 
sqrt(C1) in second term. 

For SOC, Rds = 2 ohms, Tds = 88 K 
Rs = 17 ohms, Ts = 300K (equiv) 
Cfet = 40 pF, Cstray = 10 pF 

Choose stripline so Cstrip = Cdet/3, but Zstrip > 4 ohms 



Equivalent Noise Energy 

Relate energy deposited in the 
calorimeter to charge collected during the 
effective integration time (tpeak). 

• Ballistic deficit: 

• Sampling fraction: 

tf*k: ~Ons 

tpeca«- = 100 os 

fraction of energy in LAr from dE/dx. 
s = 0.13 EM 

= 0.023 hadronic 

• p/mu: fraction of energy deposited in 
LAr by showers is less by 

e/mu = 0.66 
pi/mu = 0.53 



• 3.03 is LAr ionization 

• Bblock = 0.9 for charge lost on blocking C 

(finite rise time effects would decrease Q/QO) 



Electronic Noise: Test Beam Module 

EM2-A Pedestal Width and Muon Peak 

Run ~1333 10 GeV muons 
200 10 70029 

Fe:rro./ wIdth Entries 1149 
Mean 0.98SSE-01 

175 ~7 MeV RMS 0.2003 
t 4.349 
Constant 171.2 
Mean -0.1400E-01 

150 Si ma 0.6661 E-01 

125 
P r-e.d ic. ted (V\ i P. 
pe.~k') aG,o MeV 

100 
l 

75 

50 

25 

o 
-0.2 o 0.2 0.4 0.6 0.8 1.2 

cal 29 X EM2 29 with peds 
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Comparison between measured and 
predicted ENE (MeV), BNL test beam 
module: 

Channel 
EM1-A 
EM1-B 
EM2-A 
EM2-8 

Measured 
16 +/- 2 
17 +/- 2 
67 +/- 7 
50 +/- 7 

Predicted 
23 +/- 5 
23 +/- 5 
50 +/- 10 
50 +/- 10 

Measured values are consistent with 
expected thermal noise (not a surprise). 

No significant pickup_ (EM2 pedestal 
width corresponds to preamp output 
voltage of 150jJV) 



SDC c..oVl~tU.a-( des:;qn 
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c 
soc 

10-2 SO 

10-5 o. C 
10-2 10- 1 100 10 1 102 103 

Energy Deposited in EM2 (Ge.,V) 

71.6 



Section 

EM1 

EM2 

HAD1 

HAD21 

Summary of Noise per Channel 

• eta = 0 
• pileup for 1 0**33 
• Mip = energy deposited by mip; mip 

SIN is signal-to-noise for mip 
• sigma_t is timing resolution for 10 GeV 

in channel 
• 1:\vo preamps per hadronic section; sum 

before readout 

per Preamp per Ch&Dllel 

N.m~ N,.~ <r> GD G, Ge• c n t1CaC ENC ENE ENE Pileup TotaJ Mip 

em pF pF pF ns fC MeV MeV MeV MeV MeV 

1 5 236 970 340 1310 5 60 1.7 27 27 30 40 32 

1 26 255 5680 460 6140 11 60 4.9 75 75 54 92 161 
., 18 314 3100 1030 4130 9 100 2.8 194 274 44 278 662 .. 

200 2.0 80 113 63 129 

2 27 387 7070 1530 8600 13 100 4.9 337 477 3 477 993 

200 3.5 139 197 4 197 

Mip ( 

SIN [ 

0.8 < 
1.7 < 

6.3 2 

5.1 2 

2.1 4 

5.0 3 



• Total EM noise essentially constant for 
60 < tpeak < 100 ns. 60 ns selected to 
minimize pileup at 10**34. 

• EM noise increases 2.4X for 10**34 
(proportional to Lum**O.38) 
EM+HAD1 noise increases 1.6X for 
10**34 
(proportional to Lum**O.20) 

• Noise insensitive to details of pileup 
calculation: 

+/- 30% in sigma(inelast) or Lum 
==> +/- 50/0 in EM+HAD1 noise 

• 200 ns tpeak for hadronic clearly closer 
to optimum than 100 ns. tpeak limited 
by pipeline and level 1 trigger time. 

• separation between ENE and Mip 
==> threshold per channel before sum 

(not used in results next section) 



Noise in Cones 

tpeak (EM) = 60 ns 
tpeak (had) = 1 00 or 200 ns 

JElectroniC Noise (Ge V) Pileup Noise (Ge V) rrotal Noise (GeV) 

Cone Radius Excluded Sectio t pea,. = 100 ns' 200 ns 100 ns 200 ns 100 ns 200 ns 
S' . 1} I 0.56 0.24 0.13 0.15 0.57 0.28 m~le· ower I -

HAD2 0.29 0.14 0.13 0.15 0.31 0.20 

0.15 - I ~.9 1.3 0.83 0.96 3.1 1.6 

HAD2 I 1.5 0.73 O.Sl 0.93 1.7 1.2 
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Pileup 

Convolution of shaper and triangular input 
current: 

u 
~ 

1.0 

0.5 

~ 0.0 
E 

-< -0.5 ~ 

-\.0 

(b) 

Impulse response 96 ns 

1000 
Time {ns] 

Resulting shape has long, low amplitude 
negative tail and no net amplitude 

==> average observed energy is zero 
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Pileup "noise" from non-zero rms: 

crt ': o-lC.Et;)· W 

u1Et) = variance of Et deposited per crossing 

W = effective duration in number of beam 
crossings of observed shaper output 

ex.. tpeak (approx) 

0-p 0<.. -,Jt . A.Jl... t. pea /-( 7 ( 0. ppt-Ox.) 



Effect of Pileup and Noise on Higgs 
Measurement 

Overlap minbias events, including drift and 
shaping time, with photons from associated 
production of 80 GeV Higgs. 

Compare resulting energy resolution, e- 10 
efficiency, and mass resolution to fast 
calorimeter case. 



Simulation 

Calculate signal observed after shaper for 
every cell for a long sequence of crossings. 

• cells 0.1 by 0.1 , no shower spread 

• hadrons deposit 30% of energy in EM 
compartment 

• average of 1.6 [16] low-pt jets per crossing 

• No B field, no energy loss in coil 

• tdrift = 400ns; tpeak = 60 ns [EM], 200 ns 
[HAD]; bipolar shaping 

• no thresholds applied before sums, no 
attempt to reject out-at-time energy. 

Fast calorimeter response is a delta-function 
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Higgs --> Gamma Gamma Events 
-

Associated production: Ii. t-; ()~ 
tt included in background, but effect of pileup 
on tagging efficiency is not included. 

1000 Higgs decays supplied by Kevin 
Einsweiler. 

- full photon energy deposited in a single 
O. 1 X O. 1 ce II. 

- detector resolution is 13% /Sqrt(Et) in 
barrel, 13% /Sqrt(E) in endcap. 

- Gaussian electronic noise added; 
sigma_n=O.16 GeV in EM section at eta=O. 
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Impact on Energy Resolution 

For barrel region, expect 
c 
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Impact on Electron Identification 

Photon selection: 

• pt> 15 GeV 

• Et in isolation cone <5 GeV [10 GeV] 
(cone = O.3XO.3, EM+HAD1) 

• had/EM < 0.06 

Isolation cone included minbias pileup 
background plus underlying energy from Htt 
event. 

Compare LAr case to fast calorimeter case. 
(delta-function response, no electronic 
noise). 
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Figure 3: The distribution of E, in A cone of radius R = 0.2 for different classes 
of electrons. The electrons are all in the range 10 < p, < 20 GeV. 

(a) Electrons from H --+ ZZ· for MH = 140 GeV. 

(b) lV electrons coming from t quark decays (AfLOp = 150 GeV). 

(c) b electrons corning from t quark decays. 

(d) c (or u, d) e]~ctrons corning from t quark decays. 
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Effect of Pileup on Efficiency of Isolated Electron 

- Signal events: H(400GeV) -> WW -> ev+jet 
- Pile up events: ISAJET "TOWJET't (PT>3 GeV) 

- Wave Form Simulation; 
'tp=100, 200 nsec: T d=400 nsec, Bipolar(m=3) 

* Electric Noise: (per tower, in rms) 
EM: 0.05, HAD1: 0.274 GeV for 'tp=100 nsec 
EM: 0.02, HA01 :0.113 GeV for 'tp=200 nsec 

'tp=O (No wave form): no electric noise 

- Cal Segmentation: 0.05 x 0.05 
e, photon, pizero --> EM (1 S%lE 1 12) 
hadrons --> HAD (50% /E1/2) 

- Magnetic Field: Bz = 2 Tesla 
- Cal Energy: Pulse Hight at peak of signal 

Readout both positive and negative signal 

- Electron ID: EHAD1/EEM < 0.05 
- Isolation: L ET (EM+HAD1) within cone ~R < 0.3 

(all tower or IET(towen\ > 1 GeV in sum) 
- Efficiency vs Luminosity: 

L = O(no pileup), (1-1 O)x1 033 (1.6-16ev/xing) 
S,~aJs ~l) 



• Effects of pileup to the electron efficiency and to 11 I~ 
isolation efficiency were evaluated by using the 
physics process 

Higgs(400GeV/c2)~W+W- ---49V + jets 

for the design luminosity of 1033cm-1s-1 and 1034 for the 
two shaping times of ';p= 100 and 200 ns. In the 
analysis, only HAD1 was used to suppress the 
electronics noise. (The simulation simplified the 
calorimeter vastly and more sophisticated full 
simulation should be performed to finalize the following 
results.) 

• Because the electronics noise and the pileup noise 
interplayed for the short and long shaping times, the 
longer shapinf) time did not help to improve the 
efficiencies (Fig. (a), (c), and (e)). 

• From Figs. (a) and (c), efficiencies of "electron 10" 
and "isolation<SGeV" at 'tp=1 00 ns were: 

"electron 10" 

"isolation<5Ge V" 

960/0 950/0 

720/0 

The decrease of "isolation" efficiency means we lose 
isolated electrons as non-;solated; we have effectively 
7 times the luminosity when we increase 10 times. 



Pile up Effect on Isolated Electron 

Higgs(400 GeV) -> w-tw- -> ev + Jets 

1.2 ~i i i J ' iii Iii , 'i---r-T 

E
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/E
IDl 
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Impact on Jet Measurements 

For cone of radius 0.7, sigma_Et = 8 GeV 
(pileup+noise, EM+HAD1, 60ns/200ns 
tpeak) 

- comparable to resolution for Et = 100 GeV 
(for (JEt ::. 0.70 0 0.04- ) 

Ec m 



10= 300 

Xl0 3 ET PILEUP, lD lXla 1 JET CONE 
(X)=(S8 +- 43)E-3 5D=(8473 +- 31)E-3 

1 a 2 ..-----.----r----r--r--~---,--~~--.------. 

-20 -10 o 10 20 

HE~12;Ol 11SEP9l 



SUMMARY 

• Fast LAr risetime preserved by electrode 
structure 

• at < 4 ns for >2 GeV in EM tower 
at < 4 ns for >80 GeV jet 
(both are better in endcap) 

• Effect of noise and pileup on EM resolution: 
.JI = 0.13 E& 0.22 @ 1 0**33 
Et ~Et Et 

• H --> Yf efficiencies 
- single yefficiency reduced 1 % [4%] 
- mass resolution worse by 5% [20%] 
- event efficiency 0.58 (fast) --> 0.56 (LAr) 

0.60 (fast) --> 0.52 (LAr) 

• H --> WW --> ev + jets; isolated e-
efficiency 0.92 [10**33] --> 0.72 [10**34] 
(tighter cuts) 
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Table 2.2 

DRAFT 
Section 2 
7/31/91 

Requirements on the Measurement of the Magnitude of the 
Energy 

Parameter Particle Requirement Pbysics or Ref. 
Type Tecbnical Section 

Balis 
Energy Resolution e,',( 15-25%1 ..J Et low mass 3 
EM stochastic term Z'-.ee width 

ttH-.yy 
EM constant term e,',( < 1-2% high mass z: 3 

width 
HAD stochastic 2t ~ 50-75% NEt ~Jet resolution 4 
term 
HAD constant term 2t , <14% ~Jet resolution 4 
Time stability of e,2t <1% Small EM 3 
response after correction constant term 
e/h response 2t ~ <1.3 , Jet resolution 4 
EM linearity e <4%,>10GeV Good linearity 3 

uncorrected - correct via 
<1% after massless gap 
correction 

HAD linearity 2t ~ <2% "Compositeness 4 
Non-gaussian tails 

EM e <5% loss* e acceptance 3 
HAD 2t :i missing Et 4 

tails? 
Spatial uniformity 

EM e <5% loss* e acceptance 3 
HAD 2t 

Dynamic range 
EM e 20 Mev-2 TeV 4TeVZ 3 
HAD 2t n:v 50 -5Vi1~.J 10 TeV jets 4 

* total electron acceptance >.9 inside 1'\ max for all losses. 

7 
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The follov.ing points show the effect of variations In 
detector performance. The values plotted represent 
the sigma from the fits desaibed in the text. The 
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sigma. See the text for explanations of each entry. 



(a) The original quark direction is used as the center of a 
clustering cone of radius 0.7, within which the energy from all detectable 
tracks in the generated event is combined as a jet. Extra tracks from the 
underlying event are included. No simulation of ~bowers is .perform~. 
This shows the contribution to the mass resolution of basIc phYSICS 
processes, including fluctuations in fragmentation energy outside. t~e cone, 
effects of the underlying event, missing neutrinos, and gluon radIation. 

(b) Our detector simulation distributes the shower energy with a 
realistic shape, but perfect energy resolution is assumed. Clustering is now 
done with seed towers as described above. This point represents a 
minimum resolution for a perfect detector with a reasonable tower 
geometry. 

(c) Same as (b) with the addition of energy resolution in the 
calorimeter cells of 0.3/..JE® 0.02 for individual hadrons and 0.15/..JE® 0.01 
for photons and electrons. 

(d) Same as (c) with a hadronic calorimeter resolution of O.5/..JE® 
0.03. 

(e) Same as (c) with a hadronic calorimeter resolution of 0.7/..JE® 
0.04 

(f) 
0.25/..JE. 

Same as (d) with an electromagnetic calorimeter resolution of 

(g) Same as (d) with calorimeter noncompensation corresponding 
to e/h = 1.3. The resulting overall constant term of about 4% in the 
hadronic energy resolution is in addition to the 3% constant term 
introduced in (d) for each hadron. The nonlinear response of the hadron 
calorimeter due to imperfect compensation is simulated using an ansatz of 
Groom (4.2). 
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Table 2.3 
Requiremeab OD tbe Position Measurement and Particle ID 

Parameter Particle Requirement Physics or Ref. 
Type Technical Section 

Ba.is 
EM traaayene e:y .05 x .05 e isolation 3 
se~meatatio. 

Transverse sel· 
. 
~ 

.} HAD I e .05 x .05 • e isolation 3 
, HAD 2 7t .1 X .1 angular res. 4 . 

adequate 3 
EM depth e,y.x 22 Xo containment 

to 100 GeV 
HAD DepdI 7t 10±1 A • good higb 4 

energy jet 
measurement 

EM lODgitudinal e,., Two needed to 3 
segmentation compartments + correct 

massless gap radiation 
damage 

HAD o needed for 4 
longitudinal Two leakage 
segmentation 7t compartments correction 
SM position res e,y good track 

r-<p direction shower 
strip length 40 cm match 
de!» 3 mm 3 

II direction 
strip length 
dl1 

Trigger 
transverse 
granularity 
Cross Talk e,x 

8 
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Table 2.4 
Requirements on tbe Time Measurement 

Parameter Particle Requirement Pbysics or 
Type Tecbnical 

Basis 
Time res. 

EM e.T a - 5 nscc. Et>15 "bucket tag 
HAD K a - 5 nscc. Et>lOO 

Signal peaking time <200 nsce trigger 
pipeline 

lenlth (7) 
Baseline restoration 100 nscc < 't<6 ~ avoid 
time @lO34 electronics 

saturation 
Noise <SOeV. aR=.3 H-+ZZ-
Pileup <SOeV. aR=.3 H-+ZZ-
h(t). transfer pedestal 
function of preamp 

J-h(t) dt =0 
stability vs 

+ integrator rate 

Note: Pileup and noise combined in quadrature also <SGeV 
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Effects offield non-unifonnity on tracking 

The charge of the Task Force on Magnetic Field Uniformity is to 

assemble information relevant to compare tracking system performance 

in the two field configurations, relatively uniform field and non-uniform 
field. There have been many studies and related talks. This note is a brief 
summary of these studies[1-9]. Things to be considered are LlPVPt, 

triggering, pattern recognition, other effects such as field measurement 
accuracy, ExB effects etc. 

1. Magnetic field configurations 

The field uniformity in the tracking volume is a strong function of the 
location of endcap return yokes. There are two calculations of magnetic 
fields [8,9]. Figs.1 and 2 picked up from one of these show the field 
contours of two baseline designs, liquid argon (LA) calorimeter and tile
fiber (TF) calorimeter with all-iron hadronic part. In addition we assume 
a case of uniform field that can possibly be realized by a re-entrant iron 
yoke. The field profile of TF with lead front hadronic calorimeter is very 
close to that of LA case. 

2. Momentum resolution 

Figs.3 and 4 indicate the effects of the field non-uniformity on O(~Pt) 
Pt 

with and without vertex constraint [9]. The vertex constraint minimizes 

the effect of non-uniformity. The non-uniformity effect becomes noticeable 
only in the region of Tl>2.0 if the vertex constraint is not forced. However 
the resolution in the region of Tl>2.0 cannot be good without the vertex 

constraint anyhow. Therefore it is concluded that the non-uniformity 
effect is not Significant on momentum resolution. The main reason why 
the momentum resolution receives little effects from field non
uniformities that are apparent from contour maps are that (1) the field is 
rather uniform in the central region of the tracking volume due to the 
large half-length with respect to its radius, (2) the precision devices such 
as silicon strip detectors located mostly in the region of central region and 
(3) the momentum resolution depends on integral of BL2 not BL, and thus 



the presence of wide high field region dominates relative to the presence of 

short low field region. 

3. Track triggering in the central part 

There are three different schemes for track triggering associated with 
three different trackers, straw tubes, scintillating fibers and silicon. 
Silicon is located in the central part of the tracking volume where the field 
uniformity is good and therefore the non-uniformity has little effects for 

silicon track triggering. 
In the levels 1 and 2 trigger of the central outer trackers, tracks are 

selected based only on the axial layers. It is not possible to distinguish, for .. 
example, a track of" = 0 from that of " = 1.5 in levels 1 and 2 triggers. 

The field non-uniformity obscures Pt thresholds since Pt threshold 
becomes rapidity dependent. Figs.5a (LA) and 5b (TF(Fe» illustrates the 
situation. The figure shows trajectories of Pt=10GeV/c. Due to field non
uniformity, the traces in the r-$ projection plane are different as shown. 

As shown in Fig.6, the methods used in the level 1 or 2 trigger is to 
measure the slope .1$ of a trajectory at high radius (such as 135cm and/or 

161cm in straw tracker) electronically and to apply a certain threshold to 
the slope. More sophisticated method is to detect the slope difference .1$' of 

two pairs of superlayers (in the case of scintillating fibers[10]). Fig.7 
shows the rapidity dependence of the slope .1$ at r=161cm for a particle of 

Pt= 10GeV/c. One sees smaller .1$ at high rapidity due to smaller bending 
power. Suppose one sets a threshold of .1$ at 48 mrad corresponding to Pt= 

10GeV/c at ,,=0. The same .1$ threshold at ,,=1.5 corresponds to 

approximately Pt = 7GeV/c, obscuring the Pt cut. Figs.8, 9 and 10 show the 

efficiency curve of 10 GeV/c Pt cut assuming flat rapidity distribution. 
Trigger methods are indicated in the figures. These calculations includes 
only the effects from non-uniformity. It becomes clear that the efficiency 
tail is only in low Pt side, which is the safe side as far as triggering 

concerns. The trigger frequency increases due to this tail. 

There are, however, many other effects that could obscure the Pt 
threshold, such as multiple scattering, x-t relations, timing inaccuracy 
etc. J.Chapman's calculation (confirmed by Monte Carlo) for straw tube 
trigger indicated about 5 GeV/c (7 to 12 GeV/c) to reach from 10 to 90% 
efficiency at 10 GeV/c cut (Fig.ll)[II]. His calculation assumes uniform 
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field. The effect of field non-uniformity for triggering is comparable to 

other effects and it is not fatal. 
It is a bit surprising that the smearing of Pt cut is more or less similar 

for both magnetic configurations of LA and TF(Fe) but it is true. 

4. Track triggering in the intermediate angle region 

Since there is no clear design of intermediate trackers at this stage, it is 
hard to evaluate the effects of non-uniformity in this area. It is felt that the 

intermediate angle trackers covers fairly limited region (1.8-2.5 in rapidity 
and 50-120cm in radius) and consequently there is little variation in 
bending power BL2 coming to field non-uniformity. Rather geometrical 
effect on L2 dominates. Need more studies. Also due to lack of bending 

power in this region, it is not obvious yet if fairly good Pt cut is possible at 

level! or 2. 

5. Patient recognition 

Since there is no comprehensive pattern recognition program available, 

it is hard to evaluate the effects quantitatively. There are in general three 

different methods of pattern recognitions. Effects of non-uniformity 

depend strongly on method of pattern recognition. 
(1) Global method (histograming method) 

This is to find an accumulation of points in c-cp (curvature-cp) plane. It 
is done in r-cp projected frame and thus in case of non-uniform field 

smearing occurs due to not knowing the z coordinate. The expansion of 
this method to 4-dimensional c-Cp-Z-A. space is necessary but looks not 

easy. 
(2) Local vector method 

If the slant superlayer(SL) is close by, z information is obtained by 
axial-slant combination. Once z coordinate is known, the nOn
uniformity can be taken into account in the further steps. If the slant 
SL is apart from axial SLs, the non-uniformity may introduce errors in 
track extrapolation. But without simulations it is not clear to evaluate if 
this error generates any difficulty. 

(3) Road following method 
8 layers of silicon strip system provide local 3 dimensional pattern 

recognition. Once approximate three dimensional coordinates are 
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given, extrapolation to outer system is easy even with non-uniform 

field. 
Thus the effect of field non-uniformity depends strongly on method of 

pattern recognitions. Conversely methods that are rather insensitive to 

non-uniformity can be developed and used. 

6. Conclusions 

1. Negligible effects on ~pt/pt. 

2. The threshold smearing due to non-uniformity is comparable to other 

effects. 

3. The effect on pattern recognition strongly depends on method. 
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• 1 • SDC Calorimeter Comparison 

Calorimeter Cost Comparison 
Parameters Table 

Barrel I.R. (m) 
Depth (11 =.) 
Depth (11 = 3) 

Banel = 
EM 
Longitudinal Segmentation 
Longitudinal Granularity (mm> 
Transverse Gran. (611,6.> 
HAP! 
Longitudinal Segmentation 
Longitudinal Gran. (mm) 
Transverse Gran. (611.6.> 
HAD 2 
Longitudinal Segmentation 
Longitudinal Gran. (mm) 
Transverse Gran. (~11.6.> 

End Cap 

EM 
Longitudinal Segmentation 
Longitudinal Gran. (mm) 
Transverse Gran. (611.6.> 
HAPJ 
Longitudinal Segmentation 
Longitudinal Gran. (mm) 
Transverse Gran. (611.6.) 
HAP 2 
Longitudinal Segmentation 
Longitudinal Gran. (mm) 
Transverse Gran. (611.6.> 

PMT/Channel Count 
Total Std. Pmts. 
Total MAPMTs 

Total Channels 

2.1 
9A. 
11 A. 

2 
8.5 

.05 x .05 

1 
25.5 

.05 x .05 

1 
51 

.1 x .1 

2 
8.5 

.05 x .05 

1 
36 

.05 x .05 

1 
72 

.1 x .1 

33,936 
204lt 

LAC 

2.1 
9A. 
llA. 

2 
9.6 

.05 x .05 

1 
17 

.05 x .05 

I 
17 

.05 x .05 

2 
9.6 

.05 x .05 

1 
17 

.05 x .05 

1 
17 

.05 x .05 

97,024 

Shower Max Detector 12 tiles/.05 x .05 tower 2 layers with .05/6 
segmentation 

Massless Gap 1 tile/.05 x .05 tower 1 layer .05 x .05 granularity 

t Includes 157 for ~hssless Gap 



LAC: 

Scint. Cal.: 

(Seint.) 

SDC Calorimeter Cost Comparison 

Calorimeter Cost (an "apples to apples" comparison) 

$13S.914M 

less $1.192M 
plus $1.12SM 
plus $O.SM 

$136.347M 

$136.680M 

Il = $.333M 

(9/6/91 M. Montgomery) 

(EN/AD Mix adjustment) 
(Lowering fixture) 
(Underestimate of the cost & complexity of module testing) 

~ 2-l.fr.lf fv~, ~fr 4t 
(Des cope 19,9/11/91, D. Scherbarth) 
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L.M:: 

(Deer.) 

(Incr.) 

Seiot. Cal: 

(In cr.) 
(Incr.) 

(Deer.) 

(In cr.) 

(Deer.) 

SDC Calorimeter. Cost Comparison 

Additional Deltas 

1. Non optimized depth 
a. Assume no effed on barrel cost 
b. Assume 15% Red. in EC module volume (20.144 x 15%) 
fl = $3.0M 

2. Adding return iron back in if necessary 
fl = $1.8M 

1. R&R ECIEM Seint. (Rad. Damage) 
a. $4.1M for first repl. (EC-EM S.M. tile assy. replacement) 
b. 55.8M x # of replacements. (for complete replacement of Ee-EM including 

Pb absorber) 

2a. HAC 1~. segmentation (from .05 x .05 to .1 x .1) 
fl = $10.0M (descope 10-14) 

2b. HAC 2~. segmentation (from.l x.l to .05 x .05) 
fl = $8.0M (descope 12-14) 

2c. EM Depth Segm. (from 2 to 1) r~ bw.&. ~ 
fl = $3.9M (descope 12-13) - -ct 

Page 3, 9/12191 



$160M 

$150M 

$140M 

$130M 

$120M 

SDC Calorimeter Cost Comparison 

150.5 

--------------------------------------------
138.1 I ~. Return Iron req'd (+1.&M) 136.7 
1oJV.3 

Optimized EC depth (-3.OM) 
133.3 

.05 X .05 In HAC2 (...a.OM) 

.1 X .1 In HAC1 (-10.0M) 

1 EM depth segment (-3.9M). 

122.& 

LAC Sclnt. Cal Page 4, 9/12/91 



SDC Calorimeter Cost Comparison 

LAC EDIA and Contingency Analysis Review 

Be .. EDiA EOIA ···201.···· EDiA ConI. ConI. "'~"" Con •• B ... B ••• + ConI. 
WBS WBS DHc:rIDtlon 1M SM % :':Ai~} AdLSM 1M % ~~~:~(. Adl. SM Adl. SM Adl.$M .. . . .. .................. f}ffr 2.1 B ...... I Calort".. .... 45.7 8.5 1. 

liillli:lilli 
10.2 11.' 26 12.3 47.4 59.7 

2.1.1 Modul .. 11,4 2.2 11 3.' 4.6 24 rtl;: 4.' 21.1 25.7 
2.1.2 Cryo .... 12.' 2.3 18 2.3 3.3 26 3.6 12.8 16.4 
2.1.3 ToollnglFlxtur. 10.1 2.7 27 2.7 3.3 33 ::::::::::::::::~ 3.3 10.1 13.4 
2.1.4 ...... 1 A .. yrr •• uco 2.7 1.2 44 ::::::::::::::::~ 1.2 0.7 26 f~:}~:~~ 0.' 2.7 3.' 
2.1.5 Tran.portatlon 0.7 0.1 14 

!~l\!~I~I~~ 
0.1 0 

.................. 
0.0 0.7 0.7 ::::::::::::::::::0 

End Calortrna ..... 43.0 8.1 1. 1.2 11.8 27 ::::::::::::::::~ 12.3 44.2 56.5 2.2 

IIIIIIII!IIII 

2.2.1 Modul .. 1 • .2 2.4 15 3.6 4.0 25 4.0 17.4 21.4 
2.2.2 eryo. ... 1 • .2 2.' 15 2.1 5.0 26 ;:~:?~:~:!!.. 5.4 1'.2 24.' 
2.2.3 T oolng/Flxtures 4.1 1.3 32 1.3 1.8 44 

~~i~~~~j~~jl~~ 
1.8 4.1 5.' 

2.2.4 End CII ANyrr •• UCO 2.. 1.4 41 1.4 0.' 2. 0.' 2.. 3.' 
2.2.5 Tr ... portatlon 0.' 0.1 12 0.1 0.2 33 0.2 0.' 0.' 

::::::::::;::::::: tffU: 2.3 T ••• Equlpmen. 1.7 0.1 5 :~r:}~~ 0.3 0.' 35 0.7 2.0 2.7 

2.4 Cryogenic Sy ••• m '.3 0.4 I jt))~j 0.8 2.' 34 mmrrj 2.' '.7 11.5 :.:.:.:.:.:.:-:.:-: 
::::::::::;::::::: 

\l\\\\\l)llIl~\ 2.5 Facillti •• 2.1 0.1 5 ::::::::::::~.: 0.2 0.7 33 0.7 2.2 2.' 

~~\~jt)\!l~~~~ 2.6 Support Structure 3.4 1.5 44 1.5 1.4 41 I\Ir\~\~~ 1.4 3.4 4.8 
.:.:.:.:.:-:.:.:.: 

!TOTAL 1CM.2 18.7 18 ::::·:::::::If1: 22.3 29.2 28 ::::::::.:::W:~ 30.3 107.8 138.1 

Del .. EDiA SM: 3.6 
Del .. ConI. $M: 1.1 

Del .. B ... + Coni. 1M: 4.7 
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SDC Calorimeter Cost Comparison 

Scint. Cal "Descope 19" EDIA and Contingency Analysis Review 

2.1 CllIorI ..... r 71.4 1'.5 23.7 1'.5 21.2 '1.7 102.1 
2.1.1 Module Component. • •• 3.2 '.0 1.1 11.1 44.5 51.5 
2.1.2 Module Alumbly 3.5 2.3 2.3 0.1 0.1 3.5 4.4 
2.1.3 SupportSlruc:lu .. 4.1 1.7 1.7 0.7 0.1 4.1 5.0 
2.1.4 EqulplTooilnglFlxt 8.7 1.3 1.7 2.1 2.1 1.2 12.0 
2.1.8 F.clllll •• 3.1 2.2 2.2 1.2 1.2 3.1 4.3 
2.1.7 Su .... ce A.eembly U 0.3 0.4 0.5 0.1 2.0 2.1 
2.1.' Progr.m Me,.. ..... nt 15.3 7.5 7.5 2.' 2.' 15.3 1'.1 

2.2 Clllorl ...... ,. 32.3 '.7 10.1 1.1 I.' 33.7 43.5 
2.2.1 Module Component. 1'.2 2.4 3.. 1.1 '.1 20.' 21.' 
2.2.2 Module AlHmbIy 1.' D •• D •• D •• D •• 1.' 2.4 
2.2.3 SupportSlruc:lu .. 3.3 1.7 1.7 D •• 0.7 3.3 4.0 
2.2.4 EqulplTooilnglFlx'. 2.4 1.1 1.1 1.1 1.1 2.4 3.5 
2.2.' F.cHIU •• 0.5 0.2 0.2 0.2 0.2 0.5 0.7 
2.2.7 SwfIIce AIHmbIy 1.2 0.3 0.3 0.3 0.4 1.2 1.' 
2.2.' progrem Me,.......nt 3.. 2.4 2.4 0.7 0.7 3.1 4.' 

Delta EDIA $M: '.7 
Delta Cant $M: 2.1 

Delta BII .. + Cont $M: I.' 

Puge 6, 9/12/91 



SDC Calorimeter Cost Comparison 

Additional Cost Impacts 

1.) Calorimeter Electronics Cost: 

2 EM Depth Segments, .05 x .05 HAD 1 and.l x.1 HAD 2 for IWh cases: 

LAC: 9.658M 
Scint.: 6.917M 

Contingency 
(1.25) 
(1.25) 

$12.073M 
$8.646M 

(LAC) !!. = $3.427M 

2.) Shower Max Detector Electronics Cost: 

LAC: . 7.986M 
Scint.: S.l24M 

3.) Massless Gap Cost: 

Contingency 
(1.2S) 
(1.2S) 

$9.983M 
$6.40SM 

(LAC) !!. = $3.S78M 

Massless gap is implicit in the LAC design. Cost of massless gap for Scint Calorimeter is: 
$68IK (Incl. Contingency) 

(Scint.) L\=$O.68IM r- ~v~ ft.{T -+ Mrev 
Page 7, 9/12191 



SDC Calorimeter Cost Comparison 

Additional Cost Impacts 

4.) Prototype Program Cost: 

The assumed beam test prototype module requirements are: 

a. Full 9A. depth (EM and HAD) 

b. At least 1/4 barrel length (2m) 

c. > 3.1 a~' (4 towers wide .•. ) 

LAC.: (from Fax received 9/6, M. Montgomery) 

0.741M including electr., no contingency 

If we add 40% contingency = 1.04M 

Seint. Cal: (from Fax received 9/10, D. Scherbarth) 

Total prototype & R&D: $4.368M (including 43% contingency) less $1.2SM R&D 

Total = $3.113M 

(Scint.) a = $2.073M 

Page K, 9/12/91 



SDC Calorimeter Cost Comparison 

Additional Cost Impacts 

5.) R&D Program Cost: 

LAC; 
(guess) $l.OM 

SeiDt Cali 
(2 x D. Greens budget for FY92) 

CAL x 2 = $2.8M 
SM x2=$O.6M 

Total = $3.4M 

(Scint.) II = $2.4M 

Page 9, 9/121')1 



SDC Calorimeter Cost Comparison 

Additional Cost Impacts 

6.) Installation & Test in Hall (Items normally included in 8.2 cost): 

LAC. (from Fax dated 9/6/91, M. Montgomery): 

15 people x 12 mo. + Engr JMfg. supp't. 
$2.391M + contingency (35%) 

Total = $3.228M (w/35 % ) 

Sciot. Cal: 

8.2.1.2 cal. installation (Aug. 21 version of SDC Cost Estimate) w/cont. (39%) $2.44SM 

8.2.2.2 cal. test.w/cont. (31 %) SO.294M 

Total = $2.739M (w/38% cont.) 

(LAC) d = $0.489 M 
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SDC Calorimeter Cost Comparison 

Additional Cost Impacts 

7.) Installation/test fixtures and equipment: 
Lowering fixture (estimate from Kaiser Engineers 7/91) = $1.12SM (Inci. 30% cont.) 
Use same concept for either calorimeter. 

LAC; 

$1.12SM + O.IOOM for additional material to account for higher weight 
Total = $1.22SM 

Seiot.; 

$1.12SM 

(LAC) 11 = SO.lOOM 

Page II, 9/12/91 



SDC Calorimeter Cost Comparison 

Additional Cost Impacts 

8.) EDIA expense of getting to point desi_g~ 

Approx. same for both technologies ,3L \V'-+.,.VJ 

II = $OM 

9.} Technology specific additional safety equipment: 

LAC. (from 9/6 Fax, M. Montgomery): 

(Conservative estimate, duplication of some planned 7.3 costs?) 
$0.60SM (incl. 33% cont.) 

Scinti $0 

(LAC) Il = $0.60SM 

Page 12. 9/ 12/91 



SDC Calorimeter Cost Comparison 

10.) Hall costs: 

Length: 
Width: 

Additional Cost Impacts 

$1/2M/m 
$~lM/m 

Added Length (+Sm, 1/2 M/m): 2.5M 
Sumps (Insulated): 
Vent system: 
Powertrak system: 

O.5M (400K plus lOOK EDIA) 
O.ISM (lOOK plus SOK EDIA) 
O.S3SM (28SK plus 2S0K EDIA) 

Assumes that LN and LA storage dewars and plumbing are included in the 
LAC cryosystem! cost estimate. 

(LAC) fl = $3.685M 

Page 13, 9/12/91 



SDC Calorimeter Cost Comparison 

Additional Cost Impacts 

11.) Detector Cost Deltas (muon system): 

5.dnl: Basis for comparison 

LAC; 

Increased radius @ $9.9M/m 
~R = O.5m (9.9M/m) = SSM 

Increased half length @ $3.6M/m 
~ 1/2 = 1.0m (3.6M/m) = $3.6M 

(LAC) ~ = $8.6M 
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SDC Calorimeter Cost Comparison 

Total Delta of Additional Cost Impacts: 

LAC Deltas: +$20.484M 

Seinl Cal Deltas: +$S.lS4M 

(LAC) t,. = +$lS.330M 

Page ) 5, 9/12/9) 



SDC Calorimeter Cost Comparison 

Calorimeter Cost Comparison Summary 

Calorimeter Cost (It apples to apples") 

EDIA and Contingency Adjustment 

Additional Cost Impacts 

Total: 

~ 

Scinto Cal. LAC 

136.7M 136.3M 

+ 9.6M +4.7M 

+S.2M +20.SM 

lSl.SM 161.SM 

(LAC) 10.0 M 
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I have examined the impact of the new LAC design on the SDC's missing 
ET capabilities. One of the best tests of this occurs for the production 

~ of 1l-'Pll1r of-light qluiiloa. These frequently result in a final state 
containing ~·~10:GaY:~jet."within p*'eta)<3'iplus modestQl,1aa1nq ET 
CDi8t .... 100-200:· GeV,.. The background of concern for the LAC design is 
from QCD jet events with mismeasurement of one or more jets. In particular 
I required (for the background) three separated 70 GeV jets occur in 

~[abS(eta)<3 plus a fourth jet with no restrictions: the concern is that this 
jet might be badly mismeasured in the abs(eta)-3-5 region. ~~equix8 t~ 
"'::-=l:~15ft._~. tb.:;.,..· .. **.·ft:.·aDd ·the..-,nearest jet. .ba~4.:eat~. t¥Di 
..... ~ ... ~ .. I have allowed for non-Gaussian tails in the smearing. 

To choose the resolution I have made use of two calculations. 
The first was done by a student at LBL using the Womersley code. He found 
using the latest LAC design that the resolution, Delta(E)/E, was never 
worse than about 20' even for ET-20 GeV pions. Jet resolution should be 
slightly better. The region where resolution approached 20% was in 
abs(eta)-3-3.4. Above 3.4 it was much better. 

Myungyun Pang, working with John Hauptman, using GEANT 
found that the resolution was not significantly deteriorated by the new 
LAC design which puts dead material in front of the forward calorimeter. 
He found that it did introduce a constant bias of about 10%. 

__ As. a result I have chosen the very conservative resolution of 
~ ~IO'/sqrt(E) + 20' (added in quadrature) forCiba(eta»3. The LoI said 

this was 80%/sqrt(E) + 5'. In this region 80%/sqrt(E) is negligible 
compared with 20' constant term. As stated above I have in addition 

-. q~".Ff6r DOD~d:a«": ... ~. My gluino signal is also conservative 
since I have not included all diagrams leading to missing ET. 

The results are shown on the enclosed topdraw plot. Beyond 

{

ET(miSSing)- 120 GeV this background is almost an order of magnitude 
smaller than the signal. I believe that ~he real backqround will be 
rsmaller since:r have made the resolution much poorer than the two studies 
puqgest, and the .igqal wil~ be larger than I~have shown. These results 
are not surprising: Missing ET does not originate in 200 GeV jets being 
mismeasured as 100 GeV (or vice versa). It originates in say 1000 GeV jets 
being mismeasured as 900 GeV. This keeps the cross section down. Also 
the phi cut is quite effective. A veto on jets is not adequate; it is 
necessary to measure that the jets are very high ET. Finally, a reminder 
that having no forward calorimeter results in this background being much 
larger than the signal because then 100 GeV jets are adequate to give 
100 GeV of missing ET. 

Michael Barnett 
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IMP ACT of Calorimetry Choice on the 
Superconducting Solenoid: 

The choice of calorimeter types (LA vs Scin-tile) has an impact 
on the superconducting solenoid primarily through the implied 
nature of the flux return. All liquid argon designs under 
consideration for SDC assume that the radiator plates are contructed 
of some non-ferromagnetic material. In addition, it is assumed that 
either an iron flux return does not exist or that it is located at 
sufficiently large radius and z distance relative to the current sheet 
that the solenoid's internal magnetic field distribution is essentially 
that which one would expect if the coil were simply powered in air. 
From a magnet engineering standpoint, this means that the coil cold 
mass must be designed to operate safely when it experiences the 
very large axial compressive forces expected in such a design. (about 
1700-1800 tonnes for B = 2.0 T at the coil center and for a coil with a 
useful tracking radius of 1.7 m) The Physics requirement that the 
entire coil package remain as thin as possible in terms of radiation 
lengths, when combined with the engineering requirement of 
supporting these large compressive forces has led us to an R&D 
program in Japan to develop new higher strength Aluminum 
stabilizer materials for use in the conductor and requires that a glue 
joint be developed that reliably can bond the conductor to the outer 
support cylinder so both behave as one piece of material. One nice 
feature of magnet designs with a distant or non-existant flux return 
is small magnetic decentering forces (such that the dominant support 
loads from 4 K to 300 K are due to the weight of the coil cold mass, 
about 25 tonnes) In addition, the ability to test the magnet at full 
field at the vendors manufacturing facility is also nice. Disadvantages 
are higher stress levels and increased technical risk, the need to 
develop new materials, and a magnetic field distribution within the 
tracking volume that is nonuniform. For designs with no flux return, 
the list also includes large external fringe fields. 



Scintillation tile designs currently under consideration assume the 
existence of iron in the hadron calorimeter. In this case the 
calorimeter designs currently under consideration admit a range of 
iron geometries that serve as flux returns. These options correspond 
to a similar range of magnetic containment that varies from cases 
very similar to the LA one described above (eg if the hadron 
calorimeter were all Pb) to cases in which the superconducting 
current sheet is effectively well terminated by image currents in a 
ferromagnetic surface at the end of the coil. The latter case results In 
a nearly uniform magnetic field within the tracking volume, and 
neglible fringe fields outside the iron. 

The consequences of these magnetic geometries have been studied 
using the ANSYS finite element program and the results have been 
presented at SOC group meetings and are summarized in various SOC 
magnet design notes (see eg 138,139,149, and 152.) The bottom line 
is that is possible to make the field much more uniform if iron is 
present in the hadron calorimeter in the end wall region of a Scin-tile 
calorimeter. The results indicate that coil forces and field uniformity 
are insensitive to the location of iron in the barrel region of the 
calorimeter provided enough iron is present to keep the flux density 
in the iron below saturation (eg < 1.5 T or so) The axial location of 
iron relative to the current sheet determines the uniformity of the 
field (ie Br) and therefore the magnitude of the compressive forces 
on the coil. A flat end wall design with a 20 cm EM calorimeter, space 
for cables, access, etc. corresponds to about 1000 tonnes of axial 
compressive force. Other solutions exist that can reduce this number 
to as low at 150 tonnes. (eg comparable to the compressive force on 
COF coil) Such iron bound geometries typically have much larger 
axial and radial decentering forces than the nearly iron free 
geometries described above. (typically 2-3 times the cold mass) 



Bringing the cryogenic services into the SC coil for either choice of 
calorimetry involves some local complication and some sort of 
performance "hole" in the vicinity of the chimney. This region IS 

more difficult in the LA case since either the chimney must 
penetrate a large cryogenic vessel or it must must fit between the 
central and end cryostats. The resulting hole is probably larger than 
scin-tile. Supporting the coil from either type of calorimeter does not 
appear to be a major problem. The most difficult case is probably 
Scin-tile with the barrel hadron calorimeter made of Pb. (since the 
support arms have to reach out radially until one finds some 
substantial structure) 



IMP ACT ON ELEcrR.ONICS 

No make-or-break issues for either technology. 

Principal concerns were discussed in depth yesterday. 

These have to do with speed of response. 
noise & pileup, crossing tag, trigger latency 

Readout and trigger paths are nearly identical in the two cases. 
LA readout requires 5 samples vs. perhaps 3 for Scinto 
LA trigger requires additional zero-cross circuits. 

Selected additional considerations: 

(selected from a much longer list of issues considered) 

Redundant readout to veto HV discharges 
want 2 PMT's looking at "same" energy deposition 
Is EM&SM enough? Would EM1&EM2 be better? 

Boundaries and cracks 
cause potential inefficiencies & require summing across 
ok at L 1, which is based on simple trigger towers 
at L2 & L3, extra work for cluster & isolation algorithms. 

Tower calibration for trigger 
effect on rates 

x 2 in rate => 0(10%) calibration 
sharp threshold (for easy to measure efficiency) 

better than energy resolution 

? .% • D 


