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Requirements

* Physics Goals and Objectives Constitute the Key "Functional Requirements"
that Drive the Design Concept

* Additional "Derived Requirements" Assure Structural lntegrity,Maintainability,
Reliability, Endurance, and Safety

* Requirements for Each Subsystem are Documented in Subsystem
Specifications

* Interlaces Between Subsystems are Identified in the Subsystem
Specifications with Details Defined in Interface Control Documents lCD
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ENGINEERING FUNCTION AND DESCRIPTION:

DesignRequirements:
SteelStructure: AmericanInstitute of SteelConstruction AISC
Vessels: ASME Boiler andPressureVesselCode ASME Code
Piping: AmericanNationalStandardsInstituteB3 1.5 ASME/ANSI B31.5
Modules: Mi! Fldk 5 for materialproperties,AerospaceHdk by Bruhn andetc.
Earth Quake: ComanchePeaksGroundMotions

CentralDetectorSupportCDS:
StaticSupportand PositionAlignment
DynamicStability
AccommodateAccessto Tracker

Calorimeter:
Scintillating Barrel
Noble Liquid Barrel,Endcapand ForwardB M
PassiveEndcapand Scintillating ForwardHadronic
StructuralSupportfor CentralTracker

VacuumSystem:
ThermalInstallationandNoble Liquid SystemCleaning

Cryogenics:
Liquid NitrogenSystemfor HeatRemovalandArgon Conditioning
Liquid Argon Systemfor KryptonThermalConditioning
Noble Liquid SupplyandStorage
Purification of NobleLiquids

ElectronicsandControls:
Interfaces,Routing,andOperation
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GEM DETECTOR PARAMETERS
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Central DetectorSupport
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Central Detector Support:
WeldedStructure: Completelyof Stainlesssteel

StaticDesignCriteria

Maximum Allowable Stress: 50% of Yield Strengthfor ChosenMaterial
SymmetricLoadwith all CalorimetersInstalled
AsymmetricLoad: OneLiquid EndcapCalorimeterRemoved

DynamicDesignCriteria:

CamanchePeakSteamGenerationPlant: ShutdownCriteria
Symmetricand AsymmetricLoads
Maximum Stress: 60%of ChosenMaterial’sUltimateStrength.

StaticStability DesignCriteria:

Minimum Buckling Eigenvalueof Ten Times the Applied Loads
Symmetricand AsymmetricLoadingConditions
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Central Detector Support:
CDS AnalysesResults:

Maximum Von MisesStressof 12.5 ksi SymmetricStaticLoadCase

Maximum Von MisesStressof 16.8 ksi AsymmetricStaticLoad Case

MaximumVon MisesStressfor Earthquake35 ksi AsymmetricorSymmetricLoad Cases

Maximum Buckling EigenvalueGreaterthan35
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GEM Calorimeter
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1

BeamLine

GEM Calorimeter

PassiveAbsorber

ForwardElectromagneticCalorimeter

ForwardScintillating HadronicCalorimeter
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Noble Liquid Calorimeter Overview
All dimensions are in mm.

5500

Junction Boxes

Passive Absorber
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Barrel ElectromagneticModule

OuterSpacers

CenterSupport/ Axial Restraint

OuterElectronics

OuterTension

Striplines

Inner Spacers

InnerTensionBandsTi

InnerElectronics

Each9° Moduleconsistsof:
24 AbsorberPlates
24 Signal Electrodes
84 Towers in ‘q -1.1 1.1
6 Towersin p

Striplines

EndElectronics

OuterSupporterBlocksEndsOnly

3 DepthSegtnts x 13



Barrel EM Module End View

Mo therboard

Electronics Envelope

S I r ip I i ne

krypton Vessel

Outer EM Stay

Cooling Tube

Stripi ifles
1680.4
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6 Cells Depth
Seg. Aq x Ap = 0.078
80 Modules Required
Wt.=2.1 Mg each

Each Module Contains
the following:
1-Top Ground Plate
1 -Bottom Ground Plate
5-Internal Ond Plates
24-Absorber Plates
6-Signal Electrodes
1 -Structural Shell
2-End Plates
Lines and Electronics

End Plate

Groove for Radial Insertion
andSupport of the Module

Electronic
Mother Boards

Strip Lines,
Set in Recess

Path for
Strip Lines Between
Adjacent Towers

Barrel Inner Hadronic Module WBS 20.02.3.1

Strip Lines and Conni

Structural Shell

15 BcJtd .l.o



Barrel Inner Iladronic Module Signal Electrode
Signal Electrode Layup

High Voltage
Pads

.5 mm Prepreg
Layers

I-Ugh Voltage
Pads

010 Spacer

KoyarayCutouton
Outsideof Barrel

Resistors

Stripline
Cutout

9mm
Lead Plates
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Noble Liquid Calorimeter Barrel Cryostat WBS 20.02.4

Warm EeedIhwuØi

Veanri Veusel

VesselHoed W&
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Barrel Calorimeter Segmentation
Segmentation q x p

2 Towers
Per Hadronic
Module

2 Towers
Per Scintiltating
Barrel Module

6 Towers
Per EM
Module

Diflde: OSITS PN SegSX5



Barrel Feedthroughs

Feedthrough Ports
864 Channels Each
40X

20 BaitSfl Ommi



Electronic Feedthroucihs and Internal Cooling Circuits

Internal Cooling Supply

Feedthrough Cooling Return

EM Module Striplines

Hadronic and EM Module Returns

EM Module Cooling Supply

EM Module Cooling Return

21 B.n.CSS.Coot



Barrel Calorimeter Module Orientation

dl._..ddrs
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Noble Liquid Calorimeter Overview
All dimensions are in mm.
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Isometric View of GEM Endcap EM Monolith
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Plan View of Endcap EM with module Boundries Highlighted

t

26

p

2000.0

/diski/casonilncwton/gcmftdr_ec_cnVcndcapdct.pst



N

‘Q"

o9.
S

0/I

0,.9

0
0

w

Cw



Hadronic Endcap Module

Slotted hole

Signal lines

Groundplates

Tile layers

Cell Seomentaton

Universdyof Washington
5/6/93 OAF

2nd Cell
Cell

00
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Warm Feedthrough

Noble Liquid Calorimeter Endcap Crvostat WBS 20.04.5

Uquici Argon Vessel

5640

Vacuum Vessel

Cold Feedthrough

29
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Cell Orientation in Modules
Segmentation i x sp

1O.5X

24 Xo

13 Xo -

3 Xe

6k
5k

4k

3k

2k

4
4X. 27Xa

12X
14 Xi
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Endcap Calorimeter Segmentation
Segmentation i x

2Towers
Per Inner
Ha&onic
Module

2 Towers
Per Scinbtlabng
Barrel mo&le

2 Towers
PerOut&
t-la&onic
Module

Endcap EM
Segmentation

31
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Endcap Calorimeter Segmentation
Segmentation i x ç

2 Towers
Per Scintillating
Barrel module

2 Towers
Per Inner
Hadronic
Module

32
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Endcap Calorimeter Feedthrouahs

Feedthrough Port
864 Channels Each
40 X

33
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Liquid Calorimeter Mass and Volume

Mass Mg Volume Liters
Barrel
Modules

Endcap
j Modules 2t

Baird
Modules y_ Uters

Eridcap
Modules Liters

23
48.5
48.5

41
57
86
24
2
59

EM
Inner Had
Outer Had
Other

40
80
80

10191
3101
3330
6622

EM
InnerHad A
tnnerHad B
InnerHad C
Outer Had A
OuterHad B
Outer Had C
FEM A & B
Other

1
20
20
20
40
40
40

3750
1503
1504
1273
1754
2664
754

7
8185

ScintCal & PA
BarrelTotS
EndcapTotal
EndcapTotal

1753
465
389
389

Total 465 389 lotS 23244 21394 TCaI I 2996

* These weights reflect 9 mm lead plates in the barrel hadronic modules.
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Interfaces
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Interfaces

* External Interfaces
- Controlled by ICDs
- lCD Scope Sheets Are Complete and Coordinated
- Calorimeter Has Eight External Interfaces

* Internal Interfaces
- Controlled With ICDs When Each Side of Interface Has Diflerent

Design Agencies
- Calorimeter Internal lCD Scope Sheets Are Complete
- Calorimeter Has Eight Internal Scope Sheets

* lCDs Will Be Initiated by Preliminary Design Review PDR

* lCDs Will Be Complete Soon After PDR But Not Later Than CDR
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Cryogenicsand Vacuum
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Supernxidueting
SuperCoilkier
abomk*y

Physics
Researc$i Division

GEM 1 AL IjRIMETER
LIQUID ARGON/KRYPTON

SUPPE SYSTEM

Cryogenics
Group
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Cooling Loop Flow Control Valves

NitrogenFlow Control System

Vent

Condenser

Vortex Liquid Separator
ThermalConditioningNitrogenVessel

South Endeap

North Endcap
RedundantPumpingSystem

EndcapsLiquid Nitrogen ConditioningSchematic

VesselRelief andVent Package

NitrogenFlow Control System

-.Vent
-C

Liquid NitrogenSupply

d

Vortex Liquid Separator

Thermal ConditioningArgon Vessel

CoolingLoop Flow Control Valves

RedundantPumpingSystem

Barrel Liquid Argon ConditioningSchematic

,.- Liquid NitrogenSupply

I VesselRelief and Vent Package

C

1

K

ConditioningFlow Loops



ShadedCoolingLoops inside theLiquid Vessel

1" 1/2 1/2’ 3/4 3/4’ 1/2" 1/2 1"
p Returns

areLocated

41
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Barrel Calorimeter Vacuum and Liquid Supply Lines
Vacuum System: WBS 20.07.2.4
Cryogenic System: WBS 20.08.2.6
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LIQUID ARGON

VAWiN

KRYPTON

VACU014

PM!
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MaintenanceAccess
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