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Abstract:

Transparencies of the presentations at the April 22, 1992 Liquid
Argon Calorimeter Cost Review Meeting. Agenda items were: Resolution
vs. Angle, Thickness; Status of Engineering; Cost Estimate; R&D Issues;
Foreign Contribution Models; Preradiator; and Separate EM,
EM+Forward.
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Liquid Argon Cost Review
Table of Parameters
Resolution vs. angle, thickness
Status of Engineering - Lyle Mason
Cost Estimate - Jodi Coulon
R&D Issues -
EM energy resolution
EC EM Construction - flat?, cracks
Length of barrel
Modules near n=3
hadronic modules
Foreign contribution models
EM - modules China
Hadronic modules - Russia
Cryostat - Korea
Preradiator

Problems being studied --- Leltchouk's solution best
for accordion



Separate EM, EM+forward,

Problem of services
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GEM Liqtlid Argﬂn Calorimeter Shows General Configuration with Electronic feed throughs
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Revision 1.0; March 25, 1992
1.0 Liguid Argon Calorimeter Baseline tion

1.1.0 Primary Physics Goals

1.1.1 Lead/Liquid Argon EM Calorimeter (EM)

*Precision energy measurement of isolated photons or
electrons.

*Precision impact coordinate measurement at the front
surface of the calorimeter for isolated photons and
electrons; momentum vector determination, using two
longitudinal segments of the EM calorimeter.

«¢/T separation using longitudinal and transverse
segmentation.

*Search for narrow resonances by reconstructing the
invariant mass of multi-photons or electrons.

1.1.2 Liquid Argon/Copper Hadron Calorimeter
(HAD)

Electron and photon identification (hadron veto).
«Muon identification, isolation, and pattern recognition.
*Muon energy loss measurement.

«Jet energy measurement.

*Missing energy measurement (using also EM and Forward
calorimeters).



1.1.3 Forward Liquid Argon/Tungsten Calorimeter
(FWD)

*Missing energy measurement (using also EM and HAD
calorimeters).

-Jet tagging.

1.2.0 Secondary Physics Capabilities

*Provide a fast trigger for tagging the beam crossing.

*Rejection of backgrounds with isolation cuts at the trigger
level.



1.3.0 Unique Physics Capabilities

*Higgs searches: H°—yy
tT H°/WH°—>vyy
H°—ete-ete- (including ZZ*).

*Toponium searches: mM—>YY

4 7’
«7° searches: Z° —ete-.

«Search for unknown narrow resonances which decay to
multi-photons and/or electrons.

«Jet energy measurements up to the highest energies.

*Missing energy at the 100 GeV level.

1.4.0 Physics Performance

Time resolution

Epym 220 GeV, At < 1ns

Ejetz 50 GeV, At <3 ns

Speed shaping time
EM 40 ns
HAD 50-200 ns

FWD 16 ns



Noise (thermal/pileup)

EM
HAD
MeV/channel

Hermeticity (Et Measured)
EM energy resolution

EM position resolution

EM dynamic range
Hadron energy resolution (Jets)

Hadron dynamic range

20/32 MeV/channel
130/118

0<n <55

7.5% NE®0.5%
4.4mm NE

105(upto10TeV/tower)
60 % NE®2%

105 - 50 MeV to 5 TeV



Number of absorption lengths

at =0 11.4

atnN=3.0 ~14.0
Barrel Dimensions

inner radius 0.75m

outer radius 3.60m

Lateral segmentation ()

EM 0.032 x 0.032
HAD 0.08 x 0.08
Longitudinal segmentation 2 EM, 4 HAD

1.5.0 Physical Parameters

1.5.1 Lead Liquid Argon/EM Calorimeter

Absorber material 0.2mm SS/0.1mm
prepreg/1.3mmPb/
0.1mm prepreg/0.2mm SS

Readout Board 0.4mm(kapton/Cu/kapton)
Sense Material 2 X 2 mm argon
Lateral segmentation (1, 0) 0.032 x 0.032
Longitudinal segmentation 2(8 X0, 17 X0)
Inner Radius (cryostat/accordion) 750/925 mm

Outer Radius (accordion) 1396 mm



Radiation Length
Absorption Length

Number of Channels-Total

Readout Device
(75 mW / channel)

Weight of Assembly
Weight of Barrel
Weight of Each End Cap

25 X0
1.3 A

62,000

JFET preamplifier

135 MT
62.8 MT
36.1 MT



1.5.2

Lateral segmentation (1, 0)
Longitudinal segmentation

Dimensions
Inner Radius (active)
Outer Radius (active)
Length (excluding forward)
Copper Absorber Thickness
Sense Material: Argon
G10 Thickness

Readout
Channels - total hadron

Weights
Copper (barrel)
(end cap - each)
Structural Components - Aluminum
Cryostat Plus Structure (barrel)
(end cap - each)

Assemblies (including EM and vessel)
Barrel Weight
End Cap Weight (each)
Forward (each)
Total

Liquid Volume
Barrel
End cap (each)
Total

Total number of channels

Liquid Argon/Copper Hadron Calorimeter

0.08 x 0.08
4

1,469 mm
3,250 mm
11,000 mm

9 mm/16 mm

2 mm
2 x 0.5 mm

22,000

646 MT
425 MT

63 MT
50 MT

3  Each
775 MT
505 MT
16 MT
1,785 MT

39,560 liters
26,410 liters
92,380 liters

84,000
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Table 3: Position resolution of accordion calorimeter, 10 GeV electrons, GEANT sim-

ulations,

Cell size(inm) { o(mm) | rms, (mm) | o5 (1nm) o;“'“'”(mln)
27 1.02 3.38 1.15 1.07
35 4.73 1.45 1.04
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Agenda

- Requirements and Parameters Overview
* Interface Constraints
+ Module Structure
— EM
— Hadronic
« Electronics Cooling
+ Vessel Structure
» Vacuum and Cryogenic Systems

« Supports

+ Assembly Scenario



GEM LAC Engineering Parameters

« LAC Dimensions

bl

|

Barrel Inner Radius
Barrel Quter Radius
Endcap Outer Radius

Endcap
Forward

« LAC Extent (Beam Axis)

Barrel Half-Length
Endcap Start
Endcap End
Forward Start
Forward End

+ Barrel/Endcap Gap

« Masses

——

Barrel
Endcap/Forward (ea.)

750 mm
3600 mm
3600 mm

0.7<n<3.4
2.9<n<6.0

2380 mm
2410 mm
5500 mm
5090 mm
6570 mm

20 mm

783 MT
520 MT



GEM LAC Design Requirements

« EM Cell Structure

1.3mm Pb, 0.2mm SS 0. 07mm Cu
Signal

o.2mm
Kapton

1mm Prapreg.
1.3mm Pb.

0.035mm Cu
High Voitage

» Hadronic Cell Structure

-
N7, . | [Naommans

AN/ 7Y, SN /

TN, . -~ oo

V0N 707770

V2272770000078 . | | Ciime thcknens = oo v et o 350
WACU Platam - CuTyp. . -

R

0. Smm Prepreg
/ Cu Plat'
Al
Towsar Edge w
Prepreq




GEM LAC Performance Requiréments

.+ EM Resolution 7 5%NE @ 0.5%
- Hadronic Resolution 60%/NE ® 2%
« Position Resolution 5 mm~E

« Time Resolution < 1 Bunch Crossing



GEM LAC Design Requirements

. Total LAC Depth

— =0 10 Absorption Lengths
— n=3 12 Absorption Lengths
» Pseudorapidity Coverage -6.0<n<6.0
— Barrel/Endcap -3.0s1<3.0
+ Azimuthal Coverage 0<¢<2n
+ Segmentation Transverse Depth
— EM AnxAd=.032x.032 2
— Hadronic AnxA¢=.08x.08 3 (Barrel)
| 2 (Endcap)
+ Absorber
— EM Lead
— Hadronic Copper

» EM Depth 25 Radiation Lengths
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GEM Liquid Argon Calorimeter
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GEM Liquid Argon Calorimeter

Electronics Box 1/4 Section "Off Vertical"
Copper Hadron Absorber
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Cell Plate Orientation for Hadronic Modules Only

Z Plates are Parallel to the "Z" Axis, Vertical Piates are Perpendicular to the "Z" Axis
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Copper-Channei Count

Segmentstion :phi |Ela Siart |Eta End |Delita eta [towers |Towers Depth | Channeis|/Channels Icmnnels
in eta sagm. |Moduies |for cal. Hed/Bri
Barrel EM .032 by .032 [ 200 0.00 1.28 1.28| 40.00| 8000 2! 16000 32000
Bri/Edcp Trans 200 1.28 1.44 0.16] 5.00] 1000 2 2000 4000
Totai EM Barrel = 36000
Endesp EM .032 by .032 | 200 1.38 2.24 0.86] 27.00| 5400 2! 10800 10800
Mod 6 .064 by .064 | 100 2.20 3.00 0.80] 12.50| 1250 2 2500 2500
Total EM/Endcap = 13300
I
Total EM = 62600
Fine Hadron .08 by .08 80 0.00 1.20 1.20f 15.00{ 1200 1 1200 2400
Barrel 2
Fine Hadron .08 by .08 80 0.00 0.88 0.88| 11.00 §80 1 8890 1760
Barrel 3
Fine Hadron .08 by .08 80 0.00 0.80 0.80( 10.00 800 1 804 1600
Barrel 4
Coarse Hadron (.08 by .08 80 0.00 0.72 0.72{ 9.00 720 1 720 1440
Barrel &5 Totat Barrel Had= 7200
Fine Hadron .08 by .08 80 0.80 1.12 0.32! 4.00 320 1 320 640
Coarse Had 80 0.72 0.88 0.16] 2.0C 160 1 160 320
Endeap 12
Fins Hadron .08 by .08 80 0.88 1.36 0.48/ 6.00 480 1 480 960
Endcap 13
Coarse Had .08 by .08 80 1.12 1.44 0.32] 4.00 320 1 320 640
Endcap 14
Fine Hadron .08 by .08 80 0.96 1.60 0.64: 8.00 640 1 640 1280
Endcap 11
Fine Hadron .08 by .08 80 1.36 1.84 0.48] 6.00 480 1 480 960
Coarse Had .08 by .08 80 1.52 1.84 0.32] 4.00 320 1 320 640
Endcap 10
Fine Hadron .08 by .08 80 1.44 3.20 1.76| 22,00/ 1760 1 1760 3520
Endcap 7 -
Fine Hadron .08 by .08 8¢ 1.68 3.60 1.92] 24,00 1920 1 1920 3840
Endcap 8
Fine Hadron .08 by .08 80 1.76 3.60 1.84( 23.00] 1840 1 1840 3680
Endcap 8A
Coarse .08 by .08 80 1.84 3.28 1.44] 18.00| 1440 1 1440 2880
Endcap 9 Total Had/endcap = 9680|Both E/C 19360
Barrel Each Endcap Total Had Both Endcaps - 19360
EM Channels 36000 13300
Hadron 7200 8580 TOTAL CHANNELS = 89160
Total| 43200{ Total] 22980
| LLMason _4/4/92
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Preamplifier

4 and calibration

electronics

Stripline cables

40 modules, 9 degrees per module
1.6 MT per module "dry”
1.49 MT per module "wet”
20 absorber plates per tower, 1.905 mm
20 sensing plates per tower, 0.40 mm
40 argon gaps, 2.0 mm
5 towers in @ per moduie
90 towers inm per module { -1.44 <n < 1.44)

0.032 X 0.0314 segmentation

2 depth segments split at 7 radiation lengths
Y

Preamplifier 900 channels per module
and calibration | X

electronics




Closeup of the Barrel Accordion showing Electronics, Stripline, and Plates
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Layers of the Accordion Absorber plate

Pb Absorber

less Stee

in

Sta

Stainless Steel

Prepreg




Accordion After Bending
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EM Template 3/4/92

Material | Density jntaraction LengtRadiation Length dE/dx
{g/em3) {g/cm2) {g/em2) MeV cm2/gm

Y] 2.265 86.3 42.7 1.78
Cu 8.96 134.9 12.86 1.44
Fe 7.87 131.9 13.84 1.48
G10 1.7 90.2 33 1.87
Kapton 1.1 76.74 36.09 1.85
LAr 1.4 117.2 19.55 1.51
Mylar 1.39 85.7 39.95 1.86
Pb 11.35 194 6.37 1.13
PolyScin| 1.032 g2 43.8 1.95
S5 7.92 131.9 13.84 1.48
Ta 16.6 162.0719568 6.82 1.16

U 18.95 199 6 1.09

W 19.3 185 6.76 1.18

Material | Sensor Cell Repeat depth mm depth g/cm2 interaction length Radiation Length | E depasition
SS 2 0.2 0.317 2.4018E-03 2.29E-02 0.4689
Pb 1 1.6 1.816 9.3608E-03 2.85E-01 2.0521
G10 1 0.125 0.021 2.3559E-04 6.44E-04 0.0397
LAr S 2 2 0.560 4.7782E-03 2.86E-02 0.8456
C 2 0.025 0.011 1.3123E-04 2.65E-04 0.0202
Mylar 2 0.063 0.018 2.0436E-04 4.38E-04 0.0326

Totals 6.301 2.742889 1.7112E-02 3.3797E-01 | 3.4590
Deapth Density Effective Eftective
{cm) {g/cm3) cm/Interaction length | cmv/Radiation length Sampling Fraction
0.6301 4.353 36.82 1.86 24.45%
Page 1
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ing Plate Layout

4 Cells/Geometric Tower

Study of Accordion/Sens

5 Cells per

4 Ceils per

3 Cells per

Geometric Tower

Geometric Tower

Geometric Tower

BEasombc_4.CCAD









COMPOSITE SHELL MODULE CONCEPT (Module #2)

9 degree Included Angle
2106 mm Length

570 mm Depth

2.38 MT

80 required

Al. Strongback
Completes Upper
Flange of Box Beam

Holes for Argon
Communication(Typ)

Shell Structure Pretensioned
to Prevent Buckling

D

Keyway for Alignment
and Positioning

Load Path for Non
Vertical Placement

Transfer Molded Fiberglass
Shell Structure

[
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Copper Find Hadron 3/20/92

Material | Density |nteraction LengtRadiation Length dE/dx
{g/cm3) (9/cm2) (g/cm?2) MeV cm2/gm
C 2.265 86.3 42.7 1.78
Cu 8.96 134.9 12.86 1.44
Fe 7.87 131.9 13.84 1.48
G10 1.7 90.2 33 1.87
Kapton 1.11 76.74 36.09 1.85
LAr 1.4 117.2 19.55 1.51
Mylar 1.39 85.7 39.95 1.86
Pb 11.35 194 6.37 1.13
PolyScin| 1.032 82 43.8 1.95
SS 7.92 131.9 13.84 1.48
Ta 16.6 182.0719569 6.82 1.16
U 18.95 199 6 1.09
w 19.3 185 6.76 1.16
Sensor Celi Repeat depth mm depth g/cm2 interaction length Radiation Length | E deposition

14 0.003 0.010 1.1023E-04 2.23E-04 0.0169

8 9 64.512 4.7822E-01 5.02E+00 92.8973

14 0.5 1.190 1.3193E-02 3.61E-02 2.2253

S 8 2 2.240 1.9113E-02 1.15E-01 3.3824

Totals 95.042 67.951513 5.1064E-01 5.1673E+00 98.5219
Depth Densily Etiective Effective
(cm) (g/cm3) cm/Interaction length | cm/Radiation length Sampling Fraction
9.5042 7.150 18.61 1.84 3.43%

Page 1



hadronic Configuration with Electrostatic iransicrmer ——

Real 1

1
ov oV
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HV Electrode —' | -~ .05mm G-10
5mm Insulator — ‘'~ Fe, Du or Pb Tile
Barrel End Cap
Fine ' Course Fine Course
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MODULE STACKUP CROSSECTION (Module #2)

|

other Boards

AR ALARRAELRARARRAR AR R RALY

EELRRLE R R A SRR R ALV LSRR,y

s

1

R ==z

1

{
A Ny
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NN

B R R
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Exit Ground Plate

Cell 6X

Ar Gap (2mm)

——— Ground Plate (Shared by Two Cells)

Absorber Plates { Six per Cell, Three Above and
Three Below Sensing Plate)
Sensing Plate (One per Cell)

AN NN RO NN

I

AR RRNNRN

=
\\\\\\\\\\}\‘&& »

v - Entrance Ground Plate
Botton Locations



GROUND PLATE (Module #2)

5 Plates
1 Entrance Plate
1 Exit Plate

locations for button
(predrilled)

Cutout for Keyway

Sensing Wire Stripline
Recessed in Groove
Following Eta Lines

9 mm Thick Copper Plate (Ground Line Attached)

(Entrance and Exit Plates
May be Thinner)

High Voltage Supply
(Not Attached)

Typical Copper Ground Plate



ABSORBER PLATE (Module #2)

6 Cell Depths
Copper High Voltage/Ground Strip gg g;za:zi:;we Coating Templates
Follows the Perimeter of the Plate
(Both Sides)

High Voltage/Ground Pad
Resistive Coating
{Both Sides)

Cutout for Keyway

Sensing Stripline
Supplies Ground to
One Side of Plate

High Voltage Supply
| (Attached to Copper Strip

+ Volta : Acetal (DELRIN) Spacer Button .
gr\ z 5.5 mm dia. w/2 mm Pin gedundagt Sg%plyoo? ;)pposne
arner, bne siae Uny

e ol

- Prepreg Filler 4.5mm Wide
} 9mm Cu Plate %77_—;1

N

/ \ ‘\—.Smm Prepreg Layer
Ground Resistive Coating To Sensing

Plate Typical Tiled Absorber Plate



SENSING PLATE (Module #2)

6 Cell Depths

6 Resistive Coating Templates
Copper High Voltage Strip, 6 Plates
Follows the Perimeter of the
Plate (Both Sides)

High Voltage Pad
Resistive Coating

Cutout for Keyway

Stripline Attached
to Copper Sensing
Plates

Acetal {DELRIN) Spacer Button
5.5 mm dia, w/2 mm Pin

+ Voltage High Voltage Supply

{Attached to Copper Strip,

Prepreg Filler 4.5mm Wide Redundant Supply on Opposite
i _ o Corner, Attached to Both
Sensing Wires Attached to Stripline Sides of Plate)
-Smm Prepreg Layer
Resistive Coating J

+ Voltage

"
—r

Typical Tiled Sensing Plate
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Hadron Module # 2

Six Cells Depth
Segmentation An x Ag = 0.08 x 0.08
80 Modules Required
Wit. = 2.38 MT each
Each Module Contains
the Following: Q
1 - Top Ground Plate

1 - Bottom Gnd Plate Q

5 - Included Gnd Plates
36 - Tile Plates

Strip Lines and

Al. Strongback

) ) )

Conneclors <

Handling Fixture Interface

Containing 948 Tile

6 - Sensing Plates
Containing 258 Tile

1 - Strongback

1 - Structural Shell

2 - End Plates

28 - Towers with Strip
Lines and Elecironics
X - Mother Boards

Fiberglass End Plate

Groove for Radial Insertion
and Support of the Module

Fasteners for

o Tensioning Shelf
o 4
- ” Mother Boards
Strip Lines,
Set in Recess
o
o
Fibergiass
- Structural Shell

Projective Paih for
Strip Lines Between
Adjacent Towers

Top and Bottom Ground
Plates are Thin

Seven Stack Tile Panels,
Middle Panel Sensing,
Absorber material is Copper

Eight panels in Continuous
Copper Ground

LLMason GEMLAC.HadModDetait 4/18/92



ASSEMBLY POSITION (Module #2)

End Plates or Fixture
In Place for Assembly
Typ (Not Shown)

Entrance Ground Plate

NN
\

Strongback
(Supported Fully)

Strip Lines In Grooves

Plates are shown in
fixtured position
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Copper Veto 3/20/92

Material | Density |nteraction LengtRadiation Lengtt dE/dx
{g/cm3) {g/cm2) (g/cm2) MeV cm2/gm

c 2.265 86.3 42.7 1.78
Cu 8.96 134.9 12.86 1.44
Fe 7.87 131.9 13.84 1.48
G10 1.7 90.2 33 1.87
Kapton | 1.11 76.74 36.09 1.85
LAr 1.4 117.2 19.55 1.51
Mylar 1.39 85.7 39.95 1.86
Pb 11.35 194 6.37 1.13
PolyScin| 1.032 82 43.8 1.95
SS 7.92 131.9 13.84 1.48
Ta 16.6 182.0719569 6.82 1.16

U 18.95 199 6 1.08

w 19.3 185 6.76 1.16

Material | Sensor | Cell Repeat depth mm depth g/cm2 Interaction length | Radiation Length | E deposition
C 14 0.003 0.010 1.1023E-04 2.23E-04 0.0169
Cu 8 16 114.688 8.5017E-01 8.92E+00 165.1507
G10 14 0.5 1.190 1.3193E-02 3.61E-02 2.2253
LAr S 8 2 2.240 1.9113E-02 1.15E-01 3.3824

. Totals 151.042 118.127513 8.8259E-01 | 9.0691E+00 | 170.7754
Depth Densily Effective Effective
(cm) (9/cm3) cm/Interaction length | cm/Radiation length Sampling Fraction
15.104 7.821 17.11 1.67 1.98%

Page 1



Forward calo
Material! Sensor Percent depth g/cm2 Interaction length Radiation Length E deposition Mat Index
SS 12.64% 0.100 7.5898E-04 7.23E-03 0.1482 11
LAr S 3.16% 0.004 3.7748E-05 2.26E-04 0.0067 6
w 76.91% 1.484 8.023SE-03 _2.20E-01 1.7219 15
Void 3.24% 0.000 3.2385E-57 3.24E-57 0.0000 14
Ni 2.83% 0.025 1.8909E-04 1.89E-03 0.0368 8
Cu 1.21% 0.011 8.0661E-05 8.46E-04 0.0157 2
i e
Totals 1 1.625066647 9.0904E-03 2.2979E-01 1.9293
Tube ollsel 7.50 Tube inner diameler 5 .
Hexagon area 146.14 Outer_sleeve thickness 0.2
Rod diametsr 4.8
inner _sleeve thickness 0.2
Hexagon area | HeavyMet Area Argon area Slainless area
146.1417869 84.20% 3.16% 12.64%
HeavyMet Density HevyMetl Composition parts by volume Percenlage depth g/cm2
{g/cm3) W 85.00 91.35% 18.335
18.058625 Void 4.00 3.85% 0.000
Ni 3.50 3.37% 0.312
Cu 1.50 1.44% 0.134
Densily Eflective Elfective Minimum |
(g/cm3) cm/Interaction_ length | cm/Radiation _length | Sampling Fraction | Sampling Fraction
16.251 11.00 0.44 0.35% 0.33%
Page 1
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N 15l iadron~Forward calo
Material] Sensor Percent depth_g/cm2 Interaction length | Radiation Length E_deposition Mat Index

SS 11.86% 0.094 7.1199E-04 6.79E-03 0.1390 11
LAr S 8.89% 0.012 1.0623E-04 6.37E-04 0.0188 6

w 72.38% 1,397 7.56522E-03 2.07E-01 1.6207 15
Void 3.05% 0.000 3.0480E-57 3.05E-57 0.0000 14

Ni 2.67% 0.024 1.7798E-04 1.78E-03 0.0347 8

Cu 1.14% 0.010 7.5919E-05 7.96E-04 0.0147 2

2.166BE-01

Totals 1 1.537495227 8.6243E-03 1.8279
Tube oflset 7.90 Tube inner diameter 5.4
Hexagon area 162.15 Quter sleeve thickness 0.2
Rod diameter 4.8
inner sleeve thickness 0.2
Hexagon area | HeavyMel Area Argon area Stainless area
162.1459364 79.25% 8.89% 11.86%
HeavyMel Densily HevyMet Composition narts by volume Percentage depth g/cm2
{(g/cm3) W 95.00 91.35% 18.335
18.058625 Void 4.00 3.85% 0.000
Ni 3.50 3.37% 0.312
) Qu 1.50 1.44% 0.134
Density Etfective Effective Minimum
{g/cm3) cm/Interaction length | cm/Radiation length { Sampling Fraction | Sampling Fraclion
15.375 11.60 0.46 1.03% 0.33%

Page 1



" ' 2nd Hadroh'-.-worward calo —

Material| Sensor Percent depth g/cm?2 Interaction length Radiation Length E depaosition Mat Index
8§ 10.26% 0.081 6.1595E-04 5.87E-03 0.1202 11
LAf S 7.69% 0.011 9.1903E-05 5.51E-04 0.0163 6
w 74.95% 1.446 7.8189E-03 2.14E-01 1.6778 15
Void 3.16% 0.000 3.1557E-57 “3.16E-57 0.0000 14
Ni 2.76% 0.025 1.8426E-04 1.84E-03 0.0359 8
Cu 1.18% 0.011 _7.8600E-05 8.25E-04 0.0153 2

S i S
Totals 1 1.573695562 8.7896E-03 2.2307E-01 1.8656
Tube olfsel 10.30 Tube _inner diameler 7.8
Hexagqon area 275.63 Outer sleave thickness 0.2
Rod diameler 7.2
inner_sleeve thickness 0.2
Hexagon area | HeavyMet Area Argon area Stainless area
275.6299053 82.05% 7.69% 10.26%
HeavyMet Density HevyMet Composition | - parts by volume Percentage depth g/cm2
{g/cm3) w 95.00 91.35% 18.335
18.058625 Void 4.00 3.85% 0.000
Ni_ : 3.50 3.37% 0.312
Qu 1.50 1.44% 0.134
Densitly Effective Elfeclive Minimum
(g/cm3) | cm/Interaction length cmlRadjation length | Sampling Fraction | Sampling Fraction
15.737 11.38 0.45 0.87% 0.33%

Page 1
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Internal Siphon for Cooling Pre-Amplifiers in the
Argon Annulus Within the Barrel Calorimeter
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Barrel Liquid Argon Calorimeter | Addition Bafiles to Collect Flow at the Top of the Cooling Area

| and Contain it Until it Reaches the Bottom of the Cooling Zone
I
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Barrel Cail. stackup v2.0

Barrel calorimeter Type of stay
additionalf Depth,| Circular Fiat Act./Pass. Comments
info mm _ |radius, mm| radius, mmilnt. Length
inner radius 750 750.0 750.0
Pre-Radiator Q 750.0 750.0
Cryostal Vessels
Vacuum wall 394 9 759.0 7598.0 |P|0.023
Vacuum Space 50 809.0 809.0
Argon Walt 39.4 16 825.0 825.0 |Pl0.041
Prg-Radiator 50 875.0 875.0
EM Module
inner EM elactronics ? 50 925.0 §25.0
EM cm/radiation length 1.883
No. of radiation lengths 25
aceordion EM depth 36.35 470.8 1395.8 1395.8 |A{1.295
cuter EM elecironics ? 50 1445.8 1445.8
quter EM cooling ? 10 1455.8 1455.8
Stay 39.4 13 1468.8 1468.8 [P]0.033
1ST Hadron Module
degreas/module, a 9
em/cell 9.5042
number of ceils 6
inner radius(flat) 1468.8 1468.8
radius lo inner corner 1473.4
Hadron depth 18.61 §70.3 Al3.064
Hadron $/8 ? 60 2099.1 ?
outer radius {lo corner) 2105.6 2105.6 Ro=Rf/cos{a’2)
STAY 39.4 13 2118.86 2118.6 |P{0.033
Sacond Hadron Module
daegrees/module, a 9
offset angle, b 2.25
cm/ceatl 9.5042
number of cells 4
inner radius(flat) 2118.6 2117.0 Ri=(AkRsb)/cos{a/2) cos{a/2-b)
radius to inner corner 21251
Hadron depth 18.61 330.2 Al2.043
Hadron S/B ? 60 2558.7 ?
outer radius (lo corner) 2566.6 2565.0 Ro=Rl/cos(a/2)
STAY 39.4 13 2579.6 2578.1 |P]0.033
Third Hadronic Module
degrees/medule, a 9
offsat angle, b 2.25 n/a
cmicell 9.5042
numbar of gelis 3
inner radius(flat) 2579.6 2576.1 Ri=(Rf+Asb}/cos(as2)"cos(ar2-b)
radius 1o inner corner 25876
Hadron depth 18.61 285.1 Af1.532
Hadron S/B ? 60 2924.8 ?
outer radius {to corner) 2932.8 2830.2 Ro=Rf/cos(al2)
STAY 39.4 13 2946.8 2943.3 |Plo.033
Fourth Hadronic Module
degrees/module, a 9
offset angle, b 2.25 n/a
em/cell 15.104
number of ceils 2
inner radius(flat} 2946.8 2941.0 Ri=(Rf+Rsb)/cos(as2) cos(a/2-b)
radius to inner corner 2955.9
Hadron depth 17.11 302.1 Aj1.768
Hadron S/8 ? 55 3303.9 ?
outer radius (o comner) 3314.1 3308.3 Ro=Rf/cos(a/2)
[Extra_Space for Ulility Access 0 3314.1 3308.3
Cryostat Vessels
argon Vessel 39.4 50 3364.1 3358.3 |P|0.127
vacuum space 172.5| 3536.6 3530.3
vacuum Vessel 39.4 63.5 3600.1 35594.1 |Pl0.161
3600.1 3594.3
Total Activea Absorblion lengths = 9.70

Total Passive Absorblien lengths = 0.484

Total Absorbtion lengths = 10.1833
Printed  4/21/92 11:50 AM




Endcap Cal. stackup v1.0

Endcap calorimeter

DRAFT

additional| Depth, | Z-position {Act./Pass. Comman
info mm mm Int. Length
Front Face Paosition 2723.0
Cryostat Vessels
Vacuum wall 73 13 2736.0 |P j0.018
Vacuum Space 50 2788.0
‘ Argon Wall 39.4 50 2836.0 P |0.127
EM Module
Pra-Radiator Q 2836.9
inner EM electronics ? 50 2886.0
EM cm/radiation length 1.883
No. of radiation langths 25
accordion EM depth 36.35 520 3408.0 JA |1.430
outer EM electronics ? 50 3456.0
outer EM cooling ? 13 3469.0
Washer 38.4 0 3489.0 |P {0.000Q
18T Hadron Module (inner}
degreaes/module, a 3&0
cmicell 8.5042
number of cells &
Hadron depth 18.61 570.3| 4039.3 |A [3.084
Hadron 5/8 ? 78 41153 |?
Washer 39.4 35 - 4150.3 P 10.089
Second Hadron Madule (inner)
degrees/module, a 380
cm/cell 9.5042
number of calls 4
Hadron depth 18.61 380.2 4530.4 [A ]2.043
Hadron S/8 ? 76 4608.4 |7
Washer 39.4 o] 4808.4 P [0.000
Third Hadronic Module (inner)
degrees/module, a 360
cm/call 15.104
number of cells 2
Hadron depth 17.11 g2 4908.5 (A [1.766
Hadron 3/8 ? 76 4984.5 (?
Washer 39.4 13 4597.5 (P {0.033
Fouyrth Hadronic Module (inner)
dagrees/module, a 360 «
cm/call 15.104
number of calls 3
Hadron dapth 17.11 4583.1 5450.6 (A {2.648
Hadron S/8 ? 78 5526.6 (7
Extra Spaca for Utility Accass 0 5526.6
Cryostat Vassels
argon Vassel 39.4 50 §576.86 |P 10.127
vacuum space 50 5626.6
vacuum VYessel 39.4 37 5663.6 [P 10.094
£5663.6
Total Active Absorbtion langths 10.95
Total Passive Absorbtion langts 0.487
Total Absorbtion lengths ~ 11.4388

printed 4/21/92 12:34



Calorimeter Module Weights CENTRAL BARREL CALORIMETER WEIGHT =783 MT

ENDCAP CALORIMETER WEIGHT = 520 MT each
: TOTAL CALORIMETER WEIGHT = 1823 MT

Weights have zero Margin
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WLS?MT ea. S :r‘:‘s
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Wt. = 7.25MT
Wt = 11.89MT
Wt = 1.44MT

{1 Mason GEMLAG. Wt 4/16/92
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GEM Calorimeter Wall Thicknesses and Vessel Weights

(Thickness in Millimeters, Weights in Metric Tonnes)

Barrel Vacuum Vessel Wt = 39.84MT
—— Barrel Argon Vessel Wt.= 25.2MT

7 I et —— =
2 i
Z ;
A é
’ g Endcap Vacuum
/ 7 Vessel Wt. = 22.3MT
5 7
4 1
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.
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GEM CALORIMETER LIQUID ARGON VOLUMES

r. Volumes in Liters

AN,

AL,

Endcap Argon Vessel = 27,0001t

arrel Argon Vessel = 40,0001t

AR AR,
W B o o e e 2 e i o o i e

AL LLLALL AL L LR LA RS RS RN
*

]
| S AR

Total Argon Calorimeter Vessel Volume = 94,000t Two 60,000lt Holding Vessels
Three Head Vessels Total Volume = 3,600t are Required in the Hall
Reserve in Holding Vessel = 60001t
Total Argon on Sight = 103,600It
LLMason GEMLAC, W1 & Vol 4/16/92
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Blow-Up of Central Endcap and
Forward Calorimeter
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L Ar ‘

| | L Ar

Vacuum

Central Wall
Tube Guide

}
A
I
F
Z
Z
/
4
1
7
2
Z
A
Z
g
?
Z
é
7

Z Direction

Vacuum Restraint and Guide

Seal
Bellows

e e T BT e et

3 mm Vacuum Wall _J

Two Stage Lip Seal
—8_+"with N2 Purge

/Beam Tube— — —— — Beam Line -
1 mm / Two Stage Lip Seal
Argon Wall with N2 Purge and

Vacuum Pump-out

KLKillian Central Calorimeter Walls 4/20/92



Feedthroughs

GAr Vent
_~"To Condenser

LAr
Vessel
Feedthroumk
Conditioning / _GAr
/Line For The : ............................................ \
LAr Vessel % I
/Saturated Argon
= Line
LAr LN2 =
Jacket \Eh 3
2 :l

Vacuum

\Data

Lines
* MLI External To The Calorimeter And Feedthrough
** Data Lines Can Be Stripline {continuous flat cable
from inside the calorimeter to external electronics)
or the standard wire bundles,
[} (] ¢ q |

M

Connector And Shield

- High Voltage Line Continuously Shielded
- Pin Connector On Low Voltage Lines

Vacuum

/ Vessel

Thermal Performance

Barrel - 80 Feedthroughs 137 W
Endcaps - 92 Feedthroughs 152 W
Total of 289 W
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STRIP LINE CABL

111

OUTER JACKET , emm ! 6mm |
i q COPPER SHIELD -
/ — : . :
| KAPTON DIELECTRIC | sioac rasces _ .
ey
S mm,

KAPTON DIELECTRIC =~ |

4 e

| \OUTER JACKET . COPPER SHIELOSX
- 3048 mm R

SPECIFICATIONS

-~/ 77 -
DIELECTRIC: KAPTON / POLYESTER . [.>f

Y TR 4 :

Rilback. .
DIELECT lommm
Due «ﬁvifﬁbw 0 AR i 0d ST 5
'COPPER SH!ELD . ,_:_c':io‘pp'g‘_,':;f

S!GNAL TRACE (th‘tckness) zoz coppe'r

SIGNAL TRACE (width): 0.254 mm =~ —— ~

SIGNAL TRACE (pitch): 2.54mm -~ __ e e

NUMBER OF TRACES*-zsv-%e'
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G EM LiqUId Arg on Ca IO rimeter Shows General Configuration with High Point Argon Piping

1/4 Section "Vertical”
Copper Hadron Absorber .
PP 4 Inch High Point Argon Wet Line for Endcap
N " . . /7 6 Inch Jacket
. 4 Inch High Point Argon Line for Barrel ‘ Typical '7
Vacuum Jacket
\ Vacuum Jacket 7 S
B ASSANNAAONRRNNNNN A N
\\\\\\\\\\\\\\\1\\\&'\\\\\\\\\\\\ / 2N
Argon Vessel ré A Belo
7R eliows
: 7R Typical
Argon Vessel R
f, 3 Al/Stainless Steel
AN Transition Joints
AR Typical
7 AN
i

Barrel Calorimeter

Endcap Calorimeter

AT PN E L AT AT LT T ST A A8

AL LALTL AL AL AL SIS AL A LSS S LA LA TLSS A S AT

\

LT R R L L LA SR

- — O S—— ey S— e ——

Trackaer

AR AR AR EREE R LR AR AL AL LA AL L LA LR A AR AR LR L R R L

FTTTETFETSEFTTES

7

orward Calorimeter

LLMason GEMLAC.E &Piping 4/17/92



inner Muon Chambers
inner mid-point Radius of 3800mm

Barrel Argon Wet Line

! Endcap Argon Wet
Lines Near Sida,
Far Side

= e - — = —

}
— 4 Inch Endcap
Vacuun: Line 5

| I e
=1

Endcap Vacuum Vessel Over
Pressura Protection Relief Port

Pump DowL By-pass Valve

T ———
I I

\

Parntial Side View

Vessel lsolatiol'nVacuum Valve

Cryogenic Back Stream
Protection Device

Ditfusion Pump

Endcap Calorimeter End View Showing Vacuum System
and Argon Wet Line to Head Vessel

——6——6—6- o ——He-—0H-—C -8 O O 0 O 0 =

O = & & £3 = = &3 &3 £ £ =y o £) Fin & Fa Fa Fa Fa
A o A4 o o o o 7 o o A o o or o & O L o o

Spacing for Electronic Feed Throughs Penetrating the Barrel Vacuum Vessael,
40 Shown, 80 Required

LiMason GEMLAC E & Piping 447:92
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Vacuum System - LAr Chambers

Endcap Barrel Endcap
LAr
LAr LAr
Chamber Chamber Chamber

%40 20
Filtor | IQZI - Filter ]

s ¥ ¥

Pumps \I
i Coaling Flow Inlet

Cooling Flow Return

Ambient




Vacuum System - Vacuum Vessels

Control Control Control
Endcap “Tank Barrel Tank Endcap /Tank
LAr
LAr LAr
Chamber Chamber Chamber

I I l

i (R R

Roughing #ﬂ *ﬂ

Pumps

Cooling Fiow Inlet

Ambient Cooling Flow Return
mbien




Study of Cryogenic Systems for GEM Surface and Hall Facilities

{Very Preliminary)

Above Ground Truck Docks and Storage
Vessels for the Delivery of Argon and Liquid

Nitrogen 7\
“H

Argon Vent .

i,

LNz Venl!
-y

Liquid Nitrogen Condgioning System
Calorimeter Head Control Vessels —\

Beam Line

b — —

/HighlLow Pressure Vessels for
Isolation of Hall and Surface
Pressures and OH-Loading,

/Argon Supply and Storage Vessels (Typical) Shown Out of Position

Hall Floor Line 7

LLMason GEMLAC Cryo_Systom 4/19/92



36

GEM Liquid Argon Calorimeter
1/4 Section "Vertical Section”

Barrel Argon Vessel and Calorimetry Wt. = 743 MT

Endcap Argon Vessel and Calorimetry Wt. = 497 MT ea.

e e e Y T

T

T ETLLLESLLILTTLITTES TSI

A A N N

b

SIAA LTS,

arrel Calorimeter

meter

ndcap Calori

Al LA AL LSS A LA AL LA S AN,

-——- 1070

]

AN

Z FPITEEFSIFTFTETFETFFRIETIFY

e i

S
AALALLLL LR L LR R LR mx\v\'ﬂ
e — T

- 2350 Lt i 3120 »-

- 5090 >t

[ 5500 »-
| ¢ ¢ L ( ¢ L
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o | Vacuum Vessels —\

JPTTORTRTTTRTY & N RTUTUUNUIOTRL I3 VNPT, W, SRR S ' Tk

rimeter

Protrusnon on Argon Vessel for ,"'f.,‘ \l
Beaming Load to Washers and A \

Heads

Steel Interface Plate

hermal Intercepi
/ nd of Support

|

Thermal Support — Thermal Support

Argon Vessels

/

End View Barrel Calorimeter End View Endcap Calorimeter



Supports

LAr Vesse|

Support Land

Flexible Support

T~ Support Land

Vacuum Vessel Contoured To
The Muon Chambers Locally.

Structura) Characteristics

o

o

0

[¢]

Therma} Characteristics

Deflection of 4/- 0.3" Towards

Interaction Point

Design Load 0f The Barre

Support of 337 MT

Design toad 0f The Endcap

Support |5 8D

Heat Intercept

- Stainjess Stee| Or Aluminum

= Cooling Tubes Integral

= LN2 Coaling 1s Basefine

-0.5" Cooling Tubes Leaves
Greater Than The Necessary
60 in2 To Carry Load

Barrel - 4 ¢ 155=620w
Endcaps - gy 155 =1240 w
Total = 1860 w

Spherical Interface
10" Radiys

LN2 Heat
Intercept

G100
Insulation

}8"

Inconne} 718 l Trﬂr T

Flex Plates
12™x,42¢

Brazed In Place




Summary

+ Requirements and Engineering Parameters Definitized
« Interface Constraints Identified and Accepted

+ Module Structures Developed
— Endcap EM Being Finalized

+ Electronics Heat Removal
— Baseline:  Thermal Siphon Using Internal Argon Cooling

+ Vessels Defined and Sized
- Feedthroughs, Vacuum and Cryogenic Systems Defined

- Support System and Assembly Scenario Defined
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Agenda

» Configuration
- Parameters
+ Cost Model
« Ground Rules and Assumptions
« LAC Cost Summary
« WBS Summary
- Dollars
- Hours
- Engineering Summary
- Methodology
- Example
« Modules Summary
- Hadronic
Procurement Example
Assembly Methodology and Example
- EM
Procurement Example
Assembly Example

4/21/92
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Agenda gContinuedz

« Cryostat Summary
- Procurement Example
- Assembly Methodology and Example
« Calorimeter Assembly Summary
- Example
- Tooling/Fixtures Summary
- Procurement
» Test Equipment Summary
 Transportation Summary
- Cryogenic System Summary
- Facilities Summary
« Test Beam Program Summary
- Installation/Test Summary
- Example
« Subsystem Management & Integration
» Schedule
+ LAC Cost Table
+ LAC Contingency Table

4/21/92



Configuration
GEM Liquid Argon Calorimeter

Electronics Box 1/4 Section "Off Vertical"
Copper Hadron Absorber

. Electronics Box
W
302 ;,;
i Z
— H [
/ 2
%
Z Z
7 zZ
/ i
‘ ’2 NANVARNARANNY
LA AL A ¥
- i T AR
3600 o 1
v Barrel Calorimeter : . -
i : ndcap Calorimeter| ¢ SER
570 e 7 N
1 , }
: Kl .
‘ :’: 2 :%
% 20N 944 — |
A1 RN
i ¢AN
] g 3[-\
l g ASAARMIMR R SR e T
E E7 TFIIIFIIITIIIIIEES
It
2 890
H ]
1. It
| ln—-—— Forward Cal.
I B e ¥ | — — —— ey gl éi:ﬂ:—— J
P?E;&AT[')‘H‘TOH v \— NEUTRON ABSORBER
C
- 2350 T | 3120 -
-t 5090 - 1180 —
- 5500 -

LLMason GEMLAC.4/10/92
4/21/92



)i )

) )

) )

Parameters g0verallz

Absorber

Absorber plate
thickness (mm)

Cell thickness (mm)

Segmentation

No. of channels

Weight (MT)

EM
Pb/SS
1.3/.4 mm

€.18 mm
AnxAgQ
.032x.032
60,600

H:(;?gnic H:dertgnic
Cu Cu

9mm 16 mm
95.04 mm 151.04 mm
AnxAe AnxAe
.08x.08 .08x.08
20,640 5,920
Barrel Endcaps
783 520 (Each)

Total

87,160

4/21/92



Parameters gModuIesz

#layers/
Module Type Plates Quantity Weight Module
1 Barrel EM Accordion Z 40 1.57 MT 20
2 Barrel Fine Hadronic Z 80 2.38 MT 48
3 Barrel Fine Hadronic Z 80 2.09 MT 32
4 Barrel Fine Hadronic z 80 1.84 MT 24
5 Barrel Coarse Hadronic Z 80 1.74 MT 16
6 End EM Accordion Projective 2 14.4 MT 210
7 End Fine Hadronic Vertical 20 3.61 MT 56
8 End Fine Hadronic Vertical 20 3.72 MT 48
9 End Coarse Hadronic Vertical - 20 271 MT 32
10 End Fine/Coarse Had. Vertical 40 2.64 MT 82
11 End Fine Hadronic Vertical 40 3.22 MT 124
12 End Fine/Coarse Had. 4 80 1.76 MT 77
13 End Fine/Coarse Had. Z 40 4.46 MT 60
14 End Coarse Hadronic Vertical 40 2.40 MT 34

4/21/92

¢ ¢ ¢ ¢ L 4 | ¢ ¢



Cost Model

LAC
INPUTS

» Module Design Specifications
+ Module Cell Structure

« Module Stackup Parl Counts

+ Cryoslat Dimenslons/Channels
» Module Unit Costs

» Cryostat Unit Costs

Nots: Boxes represent
linked spreadsheel liles

Module
Estimales

- Standard Hours for
Module Assembly

Cryostat
Estimates

« Material Fiequlremenw‘\lk

- Stock Sizes
- Weld Requirements/Standards
- Tooling Standard Hours

Estimates

LAC

- Assembly Welding
- Mechanical Assembly
- Test Manpower

- Test Standard Hours
« Machining Standard Hours
\ Assembly

Engineering
Estimates

» Drawing Sheet Count

« Deslgn and Analysls Hours

« Engineering Support Hours
(le. Systems Engr., L.ogistics,

Other Direct
WBS Inputs

- Test Beam Program

« Cryogenlc System

» Facllitles

- Detector Installation/Test
= Integration/Management
» Contlngency

» Schedule

Labs, Q.E., Safely)

4/21/92




Ground Rules and Assump_tions

1. All costs are reported in 1991 thousands of dollars

2. Estimates include engineering, materials and supplies, design,
inspection, administration, procurement, fabrication, assembly, and
installation of the GEM Liquid Argon Calorimeter.

3. The following methods were used to develop the cost estimates:
bottoms-up utilizing industrial engineering and manufacturing analyses
parametrics and factors

historical detector costs

vendor estimates |

engineering judgement

4. To facilitate the cost estimating process, cost spreadsheets were
developed for the modules, cryostat, engineering and assembly, then
linked to the LAC WBS. For elements of the LAC which result in the
largest percentage of the total cost, bottoms-up cost estimates were
derived to the lowest level dictated by the maturity of the design.

5. Contingency analysis follows the GEM approach outlined in the GEM Cost
Estimating Plan Revision C. Contingencies have been applied to each
WBS element based on the maturity of the design, technology
considerations, estimating technique, schedule criticality, and material
and labor cost implications.

4/21/92
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_Ground Rules and AssumEtions gContinuedz

6. Using the WBS, the subsystems were broken down into individual
components. Information from the engineering designs; such as weights,
materials, specifications, tolerances, dimensions, quantities, were used
for developing engineering and material requirements. This information
was also used for obtaining material estimates from vendors. Other
information generated included manufacturing processes and
labor/machine requirements for designing and building the LAC.

7. Computer aided engineering was assumed to be used extensively,
resulting in a cost savings over past engineering practices. These
savings were factored into the estimate by reducing the hours per
drawing required. An example of these savings can be seen in the design
of the modules. A module consists of many layers of absorber plates and
sensing boards. A drawing could be developed for just one layer and a
computer program written to generate drawings for additional projective
modules.

8. The cost estimates are based on the baseline design configuration
presented by the MMC engineering team.

9. The Installation column of the WBS includes all the activity that will occur
below ground.

10.Research and Development of the LAC was estimated as 11% of the
construction costs.

11. Conceptual/Preliminary Design was a bottoms-up estimate provided by
the engineering group.

4/21/92



Ground Rules and Assumptions (Continued)

12.The Engineering/Design and Inspection/Administration estimates were
developed using a combination of bottoms-up estimates, Cost Estimating
Relationships (CER's), and factors. The CER’s were developed from
historical data for DOD/DOE programs with similar requirements and
engineering tasks. (The CER estimating approach minimizes the use of

"engineering judgement” which is often used during a conceptual stage
of a program).

13.The following engineering functions are included in the
Engineering/Design category:

Design Engineering - includes mechanical and electrical design effort for
the design documentation, drawing development, and design

maintenance and support effort. Hours are developed from the number of
drawings required to accompolish the task (drawing counts).

Desiqgn Analysis - includes hours to perform stress, dymanics, thermal,
and mechanical analyses. Analysis is a direct function of the design
engineering performed.

Engineering Support - includes effort for materials engineering, computer
aided engineering, and checking and release.

Test Engineering - includes the effort associated with test requirements,
development of detailed test plans/procedures, test conduct, and test
operations.

Systems Engineering - includes reliability, radiation hardness,
requirements, systems integration, and configuration control.

4/21/92
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Ground Rules and Assumgtions gContinuedz

Logistics - includes logistics engineering, integration and support,
spares, maintainability, and transportation planning.

Engineering Administration - effort involved in developing and
maintaining engineering plans at the job unit level that integrate with
manufacturing and project schedules.

Engineering Labs - includes mechanical, power, thermal, and test
operations for engineering prototypes and development Iabs electronics
labs, and parts evaluation labs to support engineering.

Quality Engineering - includes engineering effort for fabrication,
packaging and shipping.

Sustaining Engineering - effort required during the production phase of
the program to process change orders and provide technical expertise
during manufacturing and assembly.

14.Inspection/Administration is the inspection "touch" effort. It includes
receiving inspection, touch inspection, factory quality control labs,
factory quality control support, procurement inspection, and quallty
control pack and ship. Quality inspection is typically 25% of the touch
effort for programs of this size and complexity.

15.The labor estimates were developed largely from detailed manufacturing
estimates using industrial fabrication processes for the cryostat and
laboratory processes for the modules (applying laboratory labor rates to

4/21/92



Ground Rules and AssumEtions gContinuedz

the cryostat is not realistic without increasing the labor hour estimates
due to the large industrial automation assumed for fabrication).

16. Manufacturing plans were used for outlining the tasks for fabrication and
assembly of the cryostat and modules. Industrial engineers developed
the machine and labor hours required for each task.

17.The manufacturing estimates also include manufacturing support (factory
and test effort which is non-touch labor) such as manufacturing/industrial
engineering, material control, factory supervision, tool control, and pack
and ship. Manfacturing support is factored from the touch fabrication and
test effort. The factor used is based on similar historical programs which
use high production runs ( as for module construction) and for one-time
assemblies (as for the cryostat and final calorimeter assembly). These
factors are typically 75% of the touch labor for large production runs and
130% of touch labor for one-time large builds (75% was used).

18. Aluminum sheets for the manufacturing of the cryostat were assumed to
be obtained in optimum stock sizes to minimize cutting, machining, and
welding.

19.Labor estimates were developed using industry, university, and national
laboratory labor rates as outlined in the GEM Cost Estimating Plan
Revision C. National lab rates were used for all module effort, industrial
(national average) labor rates were used for all off-site assembly, and
SSCL labor rates were used for on-site assembly. The rates were
computed as follows:

4/21/92
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Ground Rules and Assumgtions gContinuedz
anyear

Skill Mix Qty [ Rate | Total Rate | Composile Skill Mix Qty| Rate | Total Rale |Composite
{$k) {$k) Rate ($k) ($k) ($k) Rate ($k)
National Laboratory: National Average:
Engr/Design: 119.14 Engr/Design: 112.21
Designer 3 93 279 Designer 3 97 290
Engr/Phy 3| 154 462 Engr/Phy 31 133 399
Coordin 1 93 93 Coordin 1 97 g7
Inspec/Admin: 86.83 Inspec/Admin: 90.54
Secretary 1 62 62 Secretary 1 64 64
Senior Technician 1] 103 103 Senilor Technician 1] 107 107
Junior Technician 1 77 77 Junior Technician 1 82 82
Coordin/Admin 3 93 279 Coordin/Admin 3 97 290
Instal/Assy: 88.33 instal/Assy: 92.77
Junior Technician 3 77 231 Junior Technician 3 82 246
Senior Technician 21 103 206 Senior Technician 21 107 214
Coordin/Admin 1 93 83 Cooardin/Admin 1 97 97
SSC Lab:
Engr/Design: 64.85 ,
Designer 3 57 170
Engr/Phy 3 78 234
Coordin 1 50 50
Inspec/Admin: 44.33
Secretary 1 29 29
Senlor Technlclan 1 50 50
Junior Technician 1 37 37
Coordin/Admin 3 50 150
Instal/Assy: 43.50
Junior Technician 3 37 111
Senior Technician 2 50 100
Coordin/Admin 1 50 50

4/21/92




Ground Rules and Assqutions gContinuedz

20. Materials and Supplies (M&S) was calculated as 4% of the total labor
estimate.

4/21/92
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LAC Cost Summarx

Preliminary/Concept. Design

Research & Development

S
Inspec/Admin

et

ProciFab

Construction

3K
Engr/Design 12,357
M&S 2,614 K
Inspec/Admin 5,074 Construction $13.866- | 22,024
Proc/Fab 54,019 -46,44?—- Research & Development 42525 |13,422
Assy 29,777 Preliminary/Concept. Design 1,276
Instl 8s2|  |[wBSTotl | 427668 |1z, %4
Cont. 32,027 30;647

*Includes R&D and Concept/Prelim Design

4/21/92



LAC Subsystem Cost ($M)
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Calorimeter -1
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Cryogenic :
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Engr/ Tnspec/ Proc/ WBS |
Design Ma&S Admin Fab Assy Instl Conl. Total
($k) ($k) ($k) ($k) ($k) ($k) (3k) ($k)
LAr Calorimeter: 12,357| 2,614 5,074 54,019 29,717 852 32,027 136,71 Qr
Research & Devel. 1,127 255 503 5,353 2,951 84 3,149 13,422
Concep./Prelim. Design 982 39 0 0 0 0 255 1,276
Construction 10,248 2,320 4,5M 48,665 26,826 767 28,623 122,021
Modules 2,985 914 2,446 17,668 17,417 0 15,431 56,860}
Barrel EM 203 92 259 3,954 1,847 0 3,106 9,461
Barrel Hadronic 850 278 752 4,857 5,352 0 4,033 16,122
Endcap EM 203 42 106 2,879 752 0f 1,980 5,961
Endcap Hadronic 1,729 501 1,329 5,978 9,467 0 6,312 25,316
Cryostal 1,642 179 346 3,468 2,484 0 1,906 10,024
Barrel Argon Vessel 464 40} 64 534 461 0 344 1,907
Barrel Vacuum Vessel 19 23 56 222 401 0 181 1,002
Endcap Argon Vessel 399 421 . 80 436 573 0 336 1,866
Endcap Vacuum Vessel 167 36 89 216 641 0 253 1,402
Supports 32 2 3 241 25 0 67 KYg
Feedthrus 462 36 53 1,818 382 0 725 3,476
Calorimeter Assy. 1,564 242 608 138 3,868 0 1,429 7,850
Tooling/Fixtures 1,403 66 30 3,687 216 0 1,280 6,682
Stacking Fixtures 203] 8 0 840 0 0 231 1,282
Cryostat Assy Fixtures 543 22 0 1,100 0 0 471 2,136
Lifting Fixtures 155 6 o' 400 0 0 123 684
Shipping Crales 51 2 0 497 0 0 121 670
Module Installation Fixture 91 4 0 200 0 0 65 359
Hadronic Fixture n 3 0 150 0 0 40 264
Cooling Tube Layout Tool 72 3 0 100 0 0 35 210
EM Accordion Fixture 217 19 30 400 216 0 194 1,076
Test Equipment i 2 4 450 15 0 131 633
Transporiation 85 3 0 402 0 0 78 568
Cryogenic System 286 29 89 4,122 348 0 1,657 6,531
Equipment (above ground) a9 4 0 1,283 0 0 908 2,283
Test Beam Program 0 0 0 3,829 0 0 996 4,825
Installation/Test 269 39 47 67 0 653 279 1,353
Subsys. Mgt. & Integr. 1,894 843 1,002 0 2,478 115 1,140 7471
Electronics 13,552 3,388 16,940




WBS Summary gContinuedz

R&D% = R&D
Construction

Null

EDIA% = EDIA
Construction

i

Contingency% =  Contingency
Construction + EDIA

N

Cont
31%

/

Construction = Construction N
Const. + R&D + Concep./
Prelim. . e o
Design ‘ {EDIA}

2%l

o | Construction |
L 89%

2 oy : 38 ‘E‘ :}.:“'-%

S
A

4/21/92

-~
-;
_”~
a
A
-~
-
-~
A



LAC Engineering Summarx

Manyears $K

Modules 25.1 2,985
Cryostat - 14.3 1,642
Calorimeter Assy. 13.1 1,564
Tooling/Fixtures 11.8 1,403
Test Equipment 0.3 31
Transportation 0.7 85
Cryogenic System 24 286
Equipment (above ground) 0.7 89
Installation/Test 2.3 269
Subsys. Mgt. & Integr. 15.9 1,894

Total 86.6 10,248

4/21/92
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ngineering Methodolo

Other
Engr
Hours

).

Design Hours

EDI/QA

Drawing
Sheetls

pDs | 1cos | Tes! Spec Crtr
Specs | Drawwings

Schematics

Calorimeter
Central Barref

Vessel
Maodyles
| et

bt

« Program Elerﬁenls and Subsystems ldentified

» Drawing Sheel Count Developed

e

« Engineering Design Hours Estimated From Drawing Sheet Count

« Complete Engineering Estimate Generated Using Parametrics

« Estimated Costs Allocated to the Appropriate WBS Element

Design

Design

Engr| Test|{Systems

Logistics|Engr |Engr[Quality/]OTS | Cmptre Travel
Engr | Analysis | Supt |Engr| Engr Engr [Admin]Labs|Safely
Calorimeter /
Central Barrel /
Vessel /-/
Modules
Central Inner
_—’Ce"Lral—'o‘u-lﬂ-'_——-‘
"WBS  [WBS Program EDVQA [ M&S {Total
# Level Element
5212 4 | Calorimetry |~
52121 | 5 | Cental Calorimeter "
52.1.2.2 a L oglealtd
4/21/92
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_Example of Engineering Estimate (Hadronic Module 3)

140 -

120 -
' Total Engr. Labor: 471 Mandays (1.8 Manyears)

100 -

40

L

Engineering Labor (Mandays)

20 -

0 L I I 1 { I I L T |

Deslgn Analysls  Susfalning Test Engr QEL Engrlabs  Systems Engr Loglslics Engr
Engr Salely Engr Support Enge Admin
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Examgle of Hadronic Procurement Unit Costs gModuIe 22

Unit Unit Total
_ _Measure Quantity Cost($) | Cost($)
Absorber (Cu) MT 1811 5506.54 995,376
G 10 Boards mar2 1,140 [ . 443.52 16,261
Strongback Support Plates kg 2,694 6.04 16,276
Spacers each 67,554 0.39 26,346
Structural Shell each 1] 3995.16 3,995
Inner Support Guide each | 190 158.90 30,148
Inside Bar Guide each , 100 158.90 15,941
Module End Plates kg 543 5.80 3,148
Compensating Spring/Fasteners module 1,920 11.25 21,600
Radial Supports meters 759 158.90 120,591
Stripline Cables ' each 1,200 15.00 18,000
Total b 207872
4/21/92
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Module Assembly Flow Chart

Identify Module . Determine # Mini Identify Detail
Weightsand |—> l%i?fgrﬁn&ﬂ%e —> | Modulesand# |—> Parts and
Dimensions Layers Requirements

Y
Determine Module Calculate Absorber
Ag{);xd:?g: =< Detail and < Weight and Sensing
Assembly Flows Board Area

Generate Total A i
! pply Manufacturing Total Module
Detail and — 3| Support Factor (.75 ) Labor Hours
Assembly Times

4/21/92



ExamEIe of Hadronic Assembly Costs gModuIe 2)

Support Guides {4 MY)
Strong Back Support |
Plates | Jamm
Support Guides/Plate
® Weld (4MY)
End Caps (.6 MY)
Cu Absorber ATy
Preparation W)
Bond Cu/G 10 {8.4 MY)
Structural Shell (1.2MY)
Module Assembly {5.6 MY)
Test/Checkout (.6 MY)
0 100 200 300 400 500 600 700 800

Module 2 Assembly Costs ($K)

4/21/92
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gxamele of Hadronic Assemblx SteE Estimates

Time

Assembly Steps (Mini Module) Quantity (Hours)

Support Guides 1 4.6
Strong Back Support Plates 2 4.2
Support Guides/Plate Weld 1 5.7
End Caps 2 7.1
Cu Absorber Preparation 48 46.8
Bond Cu/Sensing Board 48 106.2
Structural Shell | 1 14.7
Module Assembly 1 70.8
FIest/Checkout 1 7.8
[Total per! Mini Module* 267.7

* Manufacturing Support and Tooling Maintenance Not Included

4/21/92



Examele of EM Procurement Unit Costs gModule 12

Unit | Unit Total

Measure ]| Quantity | Cost ($) Cost ($)
Absorber (Pb/SS/G 10) MT 43 1848.00 78,756
G 10 Boards mA?2 2298 1636.00 | 3,759,135
Inner Strongback kg 474 36.38 17,232
Outer Strongback kg 1634 18.41 30,080
Tie Rods each 1760 5.65 9,948
End Support each 80 183.70 14,696
Standoffs/Fasteners each . 6400 0.18 1,152
Steel Pins each 1760 13.31 23,426
Spacer Buttons each 35200 0.18 6,336
Inner Supports meters 83 158.90 13,172
Total ! 3,953,932

4/21/92




ExamEIe of EM Assemblx Costs gModuIe 12

Structural Details (3.3 MY)

Pb Plate, Pb/Poly

Compos. (8.1 MY)

Pb/SS Plate (2.9 MY)

In/Outside Spacer (1.6 MY)

Spacer Buttons {1.6 MY)

Module Assembly (3.5 MY)

Test/Checkout :I (.2 MY)

L T I I T T T 1

0 100 200 300 400 500 600 700 800
Module 1 Assembly Costs ($K)
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ExamEIe of EM Assemblx SteE Estimates gModule 12

Time |
Assembly Steps (Mini Module) Quantity | (Hours)
Structural Details 6 81.0
Pb Plate, Pb/Poly Compos. 15 201.2
Pb/SS Plate 15 72.5
In/Outside Spacer 60 38.8 ’
Spacer Buttons | 600 40.4
Module Assembly 1 86.0
Test/Checkout 1 5.1 |
Total per Mini Module* 525.0

* Manufacturing Support and Tooling Maintenance Not Included

4/21/92
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Crxostat Costs

Cont (25%) Engr/Dasign

inspecsAdmin

Assy %

q - ProciFab
S 3
£
0
]
0
Oy
5
]
0
&
0
§ 14
3]
'..

0 -

Feedthrus Endcap Barrel Endcap Barrel Supports
Argon Argon Vacuum - Vacuum
Vessel Vessel Vessel Vessel

Bl Inspec/admin [ ProciFab B3 Assy [ Cont.

M EngriDesign M&S

4/21/92



ExamEIe of Cryostat Procurement Unit Costs

Endcap Argon Vessel - Procurement Costs Unit Total
Unit Quantity Cost ($) Cost ($)
Outer Shell
Stays/Washers kg 2491 4.54 11,308
Cylinder kg 10960 4.54 49,756
Inner Shell
Front Stays kg 423 4.54 1,922
Cylinder kg 1534 4.54 6,966
Rear Stays kg 149 4.54 678
Main Washer (center) kg 11956 4.54 54,280
Center Shell kg 6987 4.54 31,720
Inner Shell Assy system 1 77,665
Feedthru Interface Plate each 49 1764.00 87,233
Cooling Coils
Outer Shell
Supply meters 8 18.30 145
Vent meters ° 8 6.41 51
Ribs meters 69 14.26 979
Ends
Supply meters 13 18.30 240
Vent meters 13 6.41 84
Ribs meters 114 14.26 1,632
Double Bellows each 16 970.00 15,520
Expansion Loops each 80 274.00 21,920
Hoses each 32 310.00 9,920
Ports each 66 500.00 33,000
Seal Weld Strips kg 691 39.69 27,414
LN2 Cooling Circuits meters 33 94.54 3,145
Argon Vessel Assembly weld-m 274 133.85 36,661
4/21/92




Crzostat Assemblx Flow Chart

Develop Cryostat Generate Stock Determine Determine
Paits List and Material |——>{ and Detail Size |——>»| Stock Weights ——>-| Trim Lengths
Requirements Requirements and Quantities and Weld Preps
Apply PF&D Generate Total Input Welding Generate Weld
Factor to Total f«—— Welding and }j«<— and Cutting |«——Lengths and Cut
Times (0.2) Cutting Times Standards Stock Volumes

Input Roll/MiliTurn, [ Total Cryostat

> Rigging, Tool Set-up/Maint. >| Assembly Labor
and Test Hours Hours

Welding Hours
Cutting Hours
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Calorimeter Assembl

inspec/Admin

Proc/Fab

Engr/Deslgn

Cont.

$M
Proc/Fab 138
Assy 3,868
Cont. 1,429
Engr/Design 1,564
M&S 242
Inspec/Admin 608
WBS Total 7,850

4/21/92



Barrel Calorimeter Assembly ExamEIe

WBS Description Assembly Welding Mechanical Assembly Tesl Total
No. Men Days | No.Men | Days | Mandays | Mandays
Barrel Calorimeter Assembly/Test 2l 25 1 25 161 698
Vessel Rail Supporls (composile) 2 5 3 13
Feedthrus 5 42 b 90 225 975
Feedthrus (connecting, sealing) 1 30 2 60 45 195
EM Seclion
EM Spool 2 7 1 1 8 kL
EM Module Placement 2 2 1 3 2 9
Hadronlc Section
Hadronic Spool 2 a7 1 %5 36 153
Hadronic Module Placement
Hadronic 2 1 9 1 2 3 15
Hadronic 3 1 12 1 3 4 19
Hadronic 4 1 219 1 17 4 307
Hadronic 5 1 255 1 13 80 348
WBS Allocation
Barrel Calorimeter Assembly/Test* 2167

*Does Not Include Manufacturing Support

4/21/92



Tooling/Fixtures

Ma&s  Inspec/Admin

Engr/Design

Proc/Fab

Cont.

Assy
$K
Proc/Fab 3,687
Assy 216
Cont. 1,280
Engr/Design 1,403
M&S 66
Inspec/Admin 30
WBS Total 6,682
4/21/92
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Tooling Procurement Costs

)

)

Unit Total
Unit Quantity | Cost(§) | Cost($)
Stacking Fixtures Each 28 30,000 | 840,000
Assembly Fixtures Each 22 50,000 | 1,100,000
Lifting Fixtures Each 16 25,000 | 400,000
Shipping Crates Each 662 750 | 496,500
Module Installation Fixture Each 11 200,000 200,000
Hadronic Tool Each 11 150,000 | 150,000
Cooling Tube Layout Tool Each 2| 50,000 | 100,000
EM Accordion Tool Each 2| 200,000 | 400,000
Total 3,686,500

4/21/92



Test EguiEment

« Total Cost = $633 K

- Procurement Cost = $450K

Unit Total

Unit | Quantity | Cost() | Cost(§)

Leak Detectors Each 4 15,000 | 60,000
Computer System System 1| 290,000 | 290,000
Misc. (Voltmeters, Scopes, etc.) 100,000
Total 450,000

4/21/92
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TransEortation

« Total Cost = $568 K
Basis:

- Truck transportation at $2100 per truckload with a total of 191
loads (109 for the endcaps and 82 for the barrel).

4/21/92



Crxogenic sttem

« Total Cost = $6.5 M

+ includes storage dewars above ground and all piping and valves required

leading up to vessels

- Procurement Cost = $4.1 M

Total

Cryogenic Service Component Cost ($K)
Exper. Hall Argon Storage LN2 Systems 1,110
LN2 Source System at Surface 266
LN2 Conditioning Systems 98
Argon Dewar Fill and Distribution System 114
Argon Dewar to Argon Conditioner System 104
Argon Conditioner System 116
Module Cooling System 163
Argon Boiler 125
LN2 Boiler 124
Argon Supply Storage Dewars 250
Vacuum System 307
Argon Pump and Purge System 1,061
Installation 296
Total 4,122

Componen! Specs Qty Cost
LN Source System al Surface
Dewars 60,000 liters $200,000
Filling Station $30,000
Valves 2 | $14,000
Transfer Lines e 100° | $11,000
Redundani Valves ' 3 $10 500
Total $265,500
4/21/92
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Equipment (above ground
» Total cost =%$2.28 M

 Procurement estimate:

Equipment Cost ($K)
Boom Crane, 50 MT - 20 mo. @ 5k 100
Transport Carts - 25 @ $4k 100
Mechanical Fab Equipment 750
Dewars - 5 @ $20k 100
LN2 Inventory 52
Ar Inventory 53
Vacuum System 13
Tempory Vessel Prep Structure 40
Work Benches, Storage, Desks 25
Personal Computers 30
Standard Rigging Equipment 20
Total 1,283

4/21/92



Test Beam Program

« Total Cost = $4.8M

« Calibration in the test beam includes the labor and material required for
module calibration from initial test beam availability through beam

operational. The following ground rules and assumptions have been
used to determine the cost estimate:

1. Test effort on-going for 2 years (1997-1998)
3.5 meter diameter cryostat
2 technicians full time

Physicists salaries not included

QI T

Includes cost for 50-ton capacity 3-axis table at $200k plus other
fixtures for a total of $440k

6. Controls, computers, and data acquistion provided by the SSCL

7. 20 LAr modules built for testing at an average cost of $94k based
on production module costs

8. Average of 127 channels per LAr module based on production units

4/21/92
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Installation/Test

« Total Cost=%$1.35 M

» Installation and test of the LAC was based on 6 months and a crew of 15
people, plus manufacturing support and EDIA.

4/21/92



Subsxstem Management & Integration
« Total Cost =$7.47 M
+ 7% of Total Estimate

- Estimate Based on MMC Historical Data Base for Large Integration
Projects

Percentage of Labor
Engr/ Insp/ Instl/
Desigh Admin Assy
Project Mgmt. and Admin. 8.0% 8.0% 5.0%
Resource Management 3.0% 3.0% 1.5%
ES&H 1.5% 1.5% 5.0%
Quality Assurance 2.5% 2.5% 5.0%
System Integration 7.5% 7.5% 7.5%

Basis of Travel Estimate:
1 Engr Manyear = 6 trips
Average cost of each trip = $1200
Total Travel Cost = $623 K

4/21/92
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Funding Profile .
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GEM Parameters
Ligquid Argon Forward Calorimeter

NAME B Hadronic |Tail Catcher units
Distance from IP to near face 5090 5385 6005 mm
Depth in Z 250 570 300 mm
Distance from IP 1o Module Mid-Plane 5215 5670 6155 mm
Inner Radius 20 21.69 23.47 mm
Quter Radius 330 566 614 mm
Unit Cell
Center to Center 75 8.1545 8.8525 mm
Tube Diameter ID 5.4364 5.9017 mm
Tube Wall Thickness 0.2 0.2 0.2 mm
ilLiquid Argon Gap 0.1 0.3 0.3 mm
Drift Time 20 60 60 nsec
Sampling Fracton (by Volume) 3.16 8.41 7.78 %
Tube Capacitance 521 415 238 pF
Tube Inductance 2.04 13.33 6.43 nH
Tube Impedance 1.98 5.67 5.20 Ohms
Weight 1.46 12.49 7.65 |Metic Tons
Number of Tubes . 6871 17261 17263 tubes

page 1
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LIQUID ARGON OPTION



FORWARD CALORIMETER
LIQUID ARGON OPTION

1.0

2.0

3.0

4.0

COST ESTIMATES

1.1 LAr FCAL COST ESTIMATE

1.2 MATERIAL COST

1.3 MANUFACTURING PROCESS FLOW DIAGRAM
1.4 MANUFACTURING EQUIPMENT COST

1.5 MANUFACTURING MANPOWER COST

1.6 INSTALLATION COST

LiIQUID ARGON DRAWINGS

2.1 PARAMETER TABLE

2.2 GENERAL ARRANGEMENT & DETAIL DRAWINGS
CALCULATIONS

3.1 WEIGHT & VOLUME CALCULATIONS

3.2 ACTIVE THICKNESS CALCULATION

VENDOR'S PRICE QUOTE



1.1 LAr FCAL COST ESTIMATE



)

LAR COST . _.MMARY

LIQUID ARGON OPTION FORWARD CALORIMETER

COST ESTIMATE SUMMARY
ENGR/DESIGN
M&S and PROC/FAB LABOR LABOR
INSPECTION MATERIAL ASSEMBLY | INSTALLATION| SUBTOTAL
CONSTRUCTION $2,332K $7,103K $883K $20K $10,338K
R&D $708K $165K $37K $0K $910K
ENGINEERING $282K $0K $0K $0K $282K
SUBTOTAL $3,323K $7,268K $920K $20K $11,530K
cost PERCENTAGE
R&D $910K 11.37%
EDIA $2,614K 32.66%
CONSTRUCTION $8,006K
CONTINGENCY $3,756K 35.37%
TOTAL $15,286K

Page 1
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1.2 MATERIAL COST



war lorim Material
(for two Forward Calorimeters)
TOTAL: $5,344,458
Cost of Module Barrels
Material Quantity Units Cost/Unit
Barrel Meterial 1,587 Lbs $5.50 $8,730
Top/Bottom Plates 1,852 Lbs $12.00 $22,222
Inner Tube Spacers 165,582 Each $1.00 $165,582
Total $196,535
Cost of SS Tubes & Quartz Fiber
Material Quantity Units Cost/Unit
5.0 mm S8 Tubing 11,280 Ft $2.00 $22,559
5.4 & 5.44 mm SS Tubing 75,869 Ft $2.05 $155,532
5.84% 5.9 mum S$S Tubing 98,612 Ft $2.10 $207,086
6.3 mm SS Tubing 34,022 Ft $2.18 $74,169
Tube Coating Material 219,783 Ft $1.00 $219,783
Quartz Fiber 329,675 Ft $1.00 $329,675
‘Total $1,008,804
Cost of Support Structure & Cryostat
Material Quantity Units Cost/Unit
Cryostat 27,117 Lbs $0.00 $0
Module Support 5,952 Lbs $6.60 $39.286
Total $39,236
* this will be paid by central calorimeter.
t rper
Material Quantity Units Cost/Unit
W Rods & Absorber 66,182 Lbs $60.41 $3,998,060
Tungsten balls 14,771 Lbs $0.00 $0
Eutectic 7,275 Lbs $0.00 $0
Total $3,998,060
** this will be paid by Muon Group.
f ical compon
Material Quantity Units Cost/Unit
Preamps 1,736 Channels $45.00 $78,120
G-10 Plates T2 Plates $100.00 $7.200
G-10 Plates 72 Plates $50.00 $3.600
Stripline Cables 2,337 FT $5.50 $12,853
Total $101,773

S. M. Chae/ORNL/4-1G-G2
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1.3 MANUFACTURING PROCESS FLOW DIAGRAM



Liquid Argon Forward Calorimeter Manufacturing Process

Install Tungsten Rods in loner Tubes
Get Inner tubes & tungsten rods
Swage inner tubes on one end

Insert tungsten rods

Swage the other end of inner tubes
Coat Inner tube surface

Lable & store

Y

Tungsten Plates

& nwnlule barrels
are fubricated by
vendors & delivered

Tube Assemblics

Get inner & outer tubes

Cut quartz fiber to specified length
Wrap quartz fiber around inner tubes
Insert inner tubes into cuter tubes
Inspect for proper alignment

Secure tube assembly

Lable & Store tube assembly

Inner & Outer Tubes
are cot to specified
length by the vendor

Y

Module Assembly

Get tungsicn plates

Get module harrel

Clean & inpect barrel

Install spacers in holes in bottom plate
Install W plates inta harrels

{Install eutectic for Hadronic & Tail catcher modules)
Aliga holes & install top Plate (spot weld}

Install tube assemblies in modules

Secure outer tubes to top plate(solder)

Instali G-10 plates & clectrically connect
inner tubes to G-10 plates

Perform module assembly functional check
Repest above steps for all module asemblies

Lable & Store

Instal] Module Assemblies into Support Structures

Get module assemblies & support structure

Cryostat Installation
Install Forward

Calorimeter Cryostat
As A Part Of Central
Calorimeter Cryostut

Set up Support Structure in a fixture

Install EM module into the support structure

Conneet Stripline Cables to G-10 plate

Inspect subassembly

Repeat above steps for Hadronic & Tail Catcher modules
Lable & store

_ | Install test harness

Perform functional check

Assembly Fit Up

Instalt electronics
Fill liquid argon

Perform operational tests

p-] Move assembly to fit up stand

S M Chae
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1.4 MANUFACTURING EQUIPMENT COST



Manufacturing_Equipment for LAr Forward Calorimeter

Equipment Quantity | Unit Cost| Total Cost
STATION ONE
1.01 |Inner Tube Assembly Stand 1 $15K $15K
1.02 Tube Caatlng Stand 1 $15K $15K
STATION TWO
2.01 Tube Assembiy Stand 1 $15K $15K
STATION THREE
3.01 Module Assembly Stand 3 $15K $45K
3.02 |Lifting Fixture 1 $15K $15K
3.03 [Personne! Platform 2 $2K $4K
STATION FOUR
4.01 Module/Support Assembly Stand 1 $25K $25K
4.02 Lifting Fixture 1 $25K $25K
4.03 |Personnel Platform 2 $3K $6K
STATION FIVE
5.01 [Subassembly Test Stand 1 $25K $25K
5.02 |Temporary Braclng 1 $15K $15K
5.03 Personnel Platform 2 $3K $6K
STATION SIX
6.01 Assembly Fit-up Stand 1 $50K $50K
6.02 |[Personnel Piatform 2 $4K $8K
SPECIAL PURPOSE EQUIPMENT
7.01  |Milling Machine 1 '$30K $30K
7.02 Tube Swaging Machine 1 $40K $40K
7.03 |Dimensional Inspection Fixture 1 $30K $30K
7.04 |Portable Readout Test Stand 1 $20K $20K
7.05 |Temporary Wiring Harnesses 1 $10K $10K
7.06 [Op Test Sources/Caunters 1 $5K $5K
GENERAL EQUIPMENT
8.01 Clothing 1 $10K $10K
8.02 Cleaning Supplles 1 $5K $5K
8.03 |Work Tables 3 $3K $9K
8.04 |Tools 1 $10K $10K
8.05 |[Temporary Use ltems 1 $20K $20K
8.06 Handling Carts (10 to 50 T) 2 $5K $10K
Total $468K

5. M. Chae ORNL/4-1C-92




1.5 MANUFACTURING LABOR COST



Liquid Argon Forward Calorimeter

{Manufacturing Manpower)

STATION ONE

1.00 Inner Tube & Tungsten Rod Assembly
Task Number Task Deseription Hours Personload | Unit Tot PHRS Quantity Tot PHRS
1.01 Get iInner Tubas 1.00 1 1.00 3 3
1.02 Swage One snd of inner Tubes 0.02 1 0.03 82800 2780
1.02 Gat Tungsten Rods 1.00 1 1.00 3 3
1.04 Insert Tungsten Rods Into inner Tubes 0.01 1 0.01 82800 660
1.08 Swage othar end of lnner Tubes 0.03 1 0.03 82800 2780
1.08 Coat Inner Tubes a.03 1 0.03 82800 207¢
107 inspect Inner Tubss 0.003 1 0.00 §2800 230
1.08 Mavas Inner Tubes to Storagw/Station 2 0.50 1 0.50 3 1.5
1.0% Get Quter Tubes 1.00 1 1.06 3 3
1.10 Inspect Outer Tubes 0.001 1 0.00 82800 115
141 Coat Duter Tubes 0.03 1 0.03 82800 2070
1.12 Inspect Outar Tubaes 0.003 1 0.00 §2800 220
1.13 Mave Quter Tubes to Storage/Station 2 0.50 1 0.50 3 1.5
Totals for Station Opa 4.13 4.13 10937
Personnel Efficiency 125
_Estimated Personhours 13671
Persan Years@ 1770 He/Yr 71.72
STATION TWO
2.00 Tube Assembly
Task Number Task Description Mours persanioad | Unit Tot PHRS Quantity Tot PHRS
2.01 Retrieve inner Tubes & Quarty Fiber 1.00 1 1.00 3 3
2.02 Wrag Guartz Fiber Around inner Tubes 0.02 1 0.02 82300 1380
203 Retrieve Outer Tubes 0.50 1 0.50 3 1.5
2.04 insert inner Tubes Inta Outer Tubes 0.03 1 0.03 82600 2070
_210§ Secure Tube Asembly 0.004 1 0.00 52800 345
_2.08 Inspect Tube Assembly 0.003 1 0,00 82800 20
2.07 Move subassembly to Storage/Station 3 0.50 1 0.50 3 1.5
Totais lor Station Two 2,08 208 4031
Personnel Efficlency 1.25
Estimated Personhours 5039
Parson Years@ 1770 Hr/Yr 2.35

S M. Chae/QRNL/4-10-52




STATION THREE
3.00 Module Assembly
Task Number Task Description Hours Personload | Unit Tot PHRS Quantty Tot. PHRS
o Retrieve Tungsten Plates from Storags 1.00 2 2.00 L] 12
3.02 Retrisve Module Barrel & Top Plate 0.50 2 1.00 ] 8
3.03 Clean & Inspect Barrel & Top Plate 0.50 1 0.50 $ 3
3.04 instaii Ceramic Spacers In Bottom Plate Holes 0.001 1 0.00 82800 115
3.08 Install Tungsten Plates In Barrel 0.50 3 1.50 20 L
3.08 Align Holes & install Top Plate 1.00 3 3.00 ] 18
3.07 Instail Tube Assembliles In Module Assembly 0.02 1 0.02 82800 1380
3.08 Secure Tube Assemblies to Moduls Assembly 0.02 1 0.02 82800 1380
3.09 Install G-10 Plates & Electrically Connect to Tubes 0,02 1 0.02 82800 1380
3.10 Perform Moduis Assembly Functional Check 0.004 2 0.01 826800 880
3.11 Mcve Barrel Assembly to Stoarge/Station 4 1.00 2 2.00 [} 12
Totals for Station Three 4.58 10.06 5$328.708661
Personnel Etficiency 1.28
Estimated Personhours 8658
Person Years@1770 Hr/Yr 3.78
STATION FOUR
4.00 Assemble Module/Support Structure
Task Number Task Description Hours Personkead | Unit Tot PHRS Quantity Tot PHRS
4.01 Adjust Module/Support Assembly Stand 0.50 ) 0.50 2 1
4.02 inspect Module/Support Assembly Stand 0.50 1 0.50 2 1
4.03 Get Module Assemblies 1.00 2 2.00 & 12
4.04 Get Support Structure 1.00 2 2.00 2 4
4.08 Install/Fit Modules 4.00 3 12.00 (] 72 -
4.08 Connect Striptine Cables & Labie 1.00 1 1.00 72 72
4.07 Inspect Subassembly 1.00 1 1.00 ] []
4.08 Label and Store Subassembly 2.00 3 8.00 2 12
Total for Station Four 11.00 _25.00 180
Personnel Efficiency 125
Estimated Personhours 225
Person Years @ 1770 Hr/Yr 0.13
LAr FCAL Subassembly Manufacturing Person-hours Subtotal 25593
14.45

Person Years@1770 Hr/¥t

S M Cha2/GRNL/4-10-92




STATION FIVE

5.00 |[Test Subassemblies @ Texas
Task Number Task Description Hours Personload | Unit Tot PHRS Quantity Tot. PHRS
$.01 Move Subassembly to Test Station _ 200 3 .00 2 12
5.02 instali Test Harnesses 200 2 4.00 72 288
5.03 Start-up Test Apparatus 2.00 2 4.00 2 2
S.04 Perform Functional Tests 40.00 2 80.00 2 160
5.08 Move Assembly to Storage/Sta 8 1.00 2 2.00 2 4
Total for Station Flve 47.00 98.00 472
Personnel Efficlancy 1.2%
Estimatad Personhours 590
Person Years Q1770 Hr/Yr 0.33
STATION SIX
6.00 |Assembly Fit-up @ Texas
Task Number Task Description Hours Parsonioad | Unit Tot PHRS Quantity Tot PHRS
8.01 Move Subassamblles to Fit-up Stand 2.00 2 4.00 2 8
8.02 Connect Electranics 2.00 2 4,00 72 288
i 803 Fill with Liquid Argon {part of Central Instailation) 0.00 [!) 0.00 2 [*]
8.04 Operational Tast 80.00 2 180.00 2 320
Total for Station Six 84.00 168.00 518
Personnet Efficlency 125
Estimated Personhours 770
Porson Years@1770 Hr/Yr 0.44
Module Assembly Subtotal (@ Texas) 1380
Person Years@1770 Hr/Yr Q.77 -
Total Fabrication Personhours 26953
Person Years@1770 Hr/Yr 15.23

S M Chaa'CANL/4-1%-532




1.6 INSTALLATION COST

(Equipment & Labor)



Liquid Argon Forward Calorimeter Instailation

Total: $129,757
Instaflation Equipmer
Equipment | Quantity | Welght Units Unit Cost Cost
Transport Cart 1 1 Unlt $40,000.00 $40,000
Temporary Ralil 1 10000 Lbs $2.00 $20,000
Temporary Bracing 1 12500 Lbs $2.00 $25,000
Crane 1 1 Unit $25,000.00 $25,000
Total $110,000
Installation Manpower
No. || D uration | Service Time| Total Hours | Hourly Rate Cost
Personnel Months MH/Month
Electrician 3 1 170 510 $£29.86 $15,229
Crane Operator 1 1 170 170 $26.64 $4,529
Total 4 680 $56.50 $19,757
Person Years 0.33
Yearly Rate $59.27K

S. M. Chae/ORNL/4-10-92




2.1 PARAMETER TABLE



GEM Parameters
Liquid Argon Forward Calorimeter

NAME BJ Hadronic {Tail Catcher units
Distance from IP to near face 5090 5385 6005 mm
Depth in Z 250 570 300 mm
Distance from IP to Module Mid-Plane 5215 5670 6155 mm
Inner Radius 20 21.69 2347 mm
Outer Radius 330 566 614 mm
Unit Cell
Center to Center 75 8.1545 8.8525 mm
Tube Diameter ID 5.4364 5.9017 mm
Tube Wall Thickness 0.2 0.2 0.2 mm
Liquid Argon Gap 0.1 0.3 0.3 mm
Drift Time 20 60 60 nsec
Sampling Fraction (by Volume) 3.16 8.41 7.78 %o
Tube Capacitance 521 415 238 pF
Tube Inductance 2.04 13.33 6.43 nH
Tube Impedance 1.98 5.67 5.20 Ohms
Weight 1.46 12.49 7.65 | Metic Tons
Number of Tubes 6871 17261 17263 tubes

Rutherfoord / Chae, 4/16/92
page 1




LAr Parameter Caclulation

M Param
n W r r
OneSide Both Sides |
Modules 3 6 units
Channels 868 1,736 units
Module Barrel (Metal) Volume 0.08 0.17 MA3
SS Tube Volume 0.1 0.2 MA*3
Tungsten Rod & Absorber (95% W) Volume 0.8 1.6 MA3
Absorber Volume (50% Tungsten) 0.3 0.7 M*3
Tungsten powder Volume 0.2 0.3 MA3
Eutectic Volume 0.2 0.3 M*3
Volume of Module Support Structure 0.2 0.3 MA3
Volume of Cryostat 0.8 1.5 M*3
TOTAL VOLUME 2.3 4.6 MA3
|
Weight of 3 Barrels (Matel) 0.7 1.3 | Metric Tons
Weight of SS Tubes 0.9 1.8 | Metric Tons
Weight of W Rods & Absorber (95% W) 15.0 30.0 | Metric Tons
Weight of 50% Tungsten Eutectic 5.0 10.1 | Metric Tons
Tungsten Powder 3.4 6.7 ' Metric Tons
Eutectic | 1.7 3.3 Metric Tons
Weight of Module Support Structure 1.4 2.7 Metric Tons
Weight of Cryostat 6.1 12.3 Metric Tons
TOTAL WEIGHT |  29.1 58.2 | Metric Tons
Active Absorption Lenghth 10.00 | Lambda
Eta Coverage | 3<n<5
No of Tube Positions In EM Module 6,872 13,744 Units
No of Tube Positions In HADRON MODULE #1 17,260 34,520 Units
No of Tube Positions In HADRON MODULE #2 17,259 34,518 Units
Length of Tubes for EM Module 1,718 3,435 Meters
Length of Tubes for Hadronic Module 9,833 19,667 Meters
Length of Tubes for Tail Catcher 5,179 10,359 Meters
Inner Radius 20 mm
QOuter Radius 890 mm
Active Length*** | 1,120 mm

*** This value include the active length of absorbers conly - gap between modules or

the cryostat dimension is not included.
Page 2

o

T g ¥




2.2 GENERAL ARRANGEMENT
&
DETAIL DRAWINGS
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5340 mm from IP —) Tungsten or Eutectic
See Detall "A"
5090 mm from IP 1332 mm
? $31228.00 mm
660.0 mm
Sl et | ==~ -
= — = =
Yo
See
FCLAR-TPA001, 002, & 003
for detail
Stripline Py
F;s_—ﬂo 1 [—— 570.0 mm ——= 0{H.0 mns| Cables /
o mm M - G-10 plates
L/Y o
215.0 *’ﬂ ﬂ_/
-} X - JE
1 mm g MARTEN MAREEYTA EHERCY OYTIEMS
| A PROJECT: SSC GEM DETECTOR
B FORWARD CALORIMETER
L~ LIQUID ARGON OPTION
—_ MODULE ARRANGEMENT
i 1 PRINT NO: FCLAR-MDO0O] | REV 3 _
DRAWN BV S.M.CIAE vim
. . _DETAIL "A" - G-10 ARRANGEMENT CIECKED & APPROVED BY
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MODULES (units in mm)

EM |HADRONIC | Tail Catcher
Al 750 8.155 8.853
Bl 500 5.436 5.902
€440 4.83% $302
b 0.10 0.30 0.30
Defintlions:

*A" = Center (o Center Distance
*B~ = 1D of Outer Tubes
“* = O of Inner Tubes
"1)" = Liquid Argon Gap

Outer Tube

Quartz Fiber

\\ Swaged Ends

DETAIL ARRANGEMENT OF A POSITION

[eYe)ele
0’0 © O

GENERAL TUBE ARRANGEMENT

npy ﬁ

Tungsten Rod Outer Tube

Tungsten Absorber
between Outer Tubes

Liquid Argon Gap

MARTIN MARNEYTA ENERGY SYOTEMS
PROJECT: SSC GEM DETECTOR

FORWARD CALORIMETER
LIQUID ARGON OPTION
TUBE ARRANGEMENTS IN MOIHILES

PRINT NO: FCLAR-MD002
DRAWN BY: 8. M.CHAE
CHECKED & APPROVED BY:

Inner Tube (or metalic coating)

mevs
Ull“‘lr o




ot —

Stripline Cable
{~70 mm x ~ 0.5 mm)

70.0 mm —»{

—ol la50mm

o (not drawn to scale)

MARTIN MARIETTA ENIRGY SYTTEES

PROJECT: SSC GEM DETECTOR

FORWARD CALORIMETER

LIQUID ARGON OPTION

-EM

G-10 READ OUT PLATE DESIGN
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3.1 WEIGHT & VOLUME CALCULATIONS



LAr Parameter Caclulation

AREA & VOLUME CALCULATIONS: 01 5.0000
(UNITS IN mm, mmA2, & mmA~3 uniess otherwise shown) D2 5.4364
03 5.9017
AREA RATIO'S:
BARREL TRIANGLE | CIRCLE INTR! ( CIRCLE RATIO SSTUBE RATIO
1 24.36 11.45 0.47 7.51 0.15
2 28.79 13.38 0.46 6.45 0.11
3 33.93 15.59 0.46 7.04 0.10
BARREL WRCD RATIO LAr RATIO CtoC
1 13.85 0.28 1.54 0.03 7.50
2 15.46 0.27 4.84 0.08 8.1545
3 18.87 0.28 5.28 P 0.08 8.8525
AREA, VOLUME & WEIGHT: (UNITS IN MM*2, MM*3 & METRIC TON)
RADIUS AREA LENGTH VOLUME TUBE NO
BARREL 1 340 334725 250 83741071 6871
BARREL 2 566 994040 570 566845004 17261
BARREL 3 614 1171591 300 351905969 172863
AREA BARREL 1 BARREL. 2 BARREL 3 TOTAL
TUNGSTEN RCDS 95197 266827 325759 687783
TUNGSTENABSCRBEH 177359 532235 633174 1342767
SSTUBES 51592 1114186 121519 284527
LAr 10577 83562 91139 185278
VOLUME BARREL 1 BARREL 2 BARREL 3 TOTAL
TUNGSTEN RODS 23816274 | 152156424 | 97846989 273819687
TUNGSTEN ABSORBEH 44371312 | 303503691 | 190183836 | 538058839
SSTUBES 12907232 | 63534222 36500082 112941537
LAr 2646253 47650667 27375082 77671981
EUTECTIC {50% W) 4578789 220156407 | 124728666 | 349463861
MODULE BARREL 3144323 38420355 24120978 66685657
WEIGHT BARREL 1 BARREL 2 BARREL 3 TOTAL
TUNGSTEN RODS 0.44 2.81 1.81 5.06
TUNGSTEN ABSORBER 0.82 5.61 3.52 9.95
SSTUBES 0.10 0.51 0.29 0.91
LAr 0.004 0.067 0.038 0.11
EUTECTIC (50% W) 0.07 3.17 1.80 5.03
MODULE BARREL 0.03 0.32 0.19 0.53
TOTAL WEIGHT 1.46 12.49 7.65 21.680

e



LAr Parameter Caclulation

Structural Components Weight & Volume
Module Support Yolume & Welght:
VOLUME WBEGHT
MA3 Metrc Ton
BARREL SUPPORT 0.14 1.11
BARREL STOPS 0.03 0.24
TOTAL 0.17 1.35
Vacuum Vessel Volume & Weight:
VOLUME WEIGHT
MA3 Metrc Ton
TOP COVER 0.23 1.83
MIDDLE SECTION 0.16 1.24
BOTTOM SECTION 0.00 0.04
TOTAL 0.39 3.12
Liquid Argon Vessel Volume & Welght:
VOLUME WEIGHT
MA3 Metrc Ton
TOP COVER 0.10 0.84
MIDDLE SECTION 0.26 2.09
BOTTOM SECTION 0.01 0.08
TOTAL 0.38 3.01
TOTAL WEIGHT & YOLUME:
VOLUME WEIGHT
MA3 Metrc Ton
TOTAL 0.93 7.48

F, —
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3.2 ACTIVE THICKNESS CALCULATION



LAr Parameter Caclujation

tive Thick r 1)
Absorber: Tungsten Heavymet
Material Density Int Length Percent Metal IL | Actual iL
_g/em*3 g/cmA2 % Vol cm/L em/L
Absorber Composition 81.43%
Copper 8.96 134.9 1.22% 15.08 1232.67
Nickle 1.21 96.6 2.85% 80.03 2808.25
Tungsten 19.30 185.0 77.36% 9.50 12.39
S8 Tube 8.02 131.9 15.41% 16.45 106.70
Sense Materjal
LAr 1.4000 117.2 3.16% 83.71 2649.15
10.91
Totals 13.55 100% 10.91
inverts 0.0738 0.0816
Hadron Make-up:
(By volume)
Material Eutect. Absorber Total
Copper 30.0% 1.560%
Nickle 70.0% 3.50%
0.00%
0.00%
Mixing Material 100.0% £.00%
Tungsten 85.00%
Absorber 100.00% 81.43%
SS Tube 15.41%
Lar 3.16%
100.00%

Page 2




LAr Parameter Caclulation

tive Thickn f rs (M E 2)
Absorber: Tungsten Heavymet
Material Density Int Length Percent Metal IL Actual IL
g/emA3 g/ecm”r2 % Vol cm/L cm/L
Absorber Composition 80.39%
Copper 8.96 134.9 1.21% 15.06 1248.64
Nickle 1.21 96.6 2.81% 80.03 2844.63
Tungsten 19.30 185.0 76.37% 9.59 12.556
SS Tube 8.02 131.9 11.21% 16.45 146.73
Sense Material
LAr 1.4000 117.2 8.41% 83.71 995.85
11.28
Totals 12.98 100% 11.28
Inverts 0.0771 0.0886
Hadron Make-up:
(By volume)
Material Eutect. Absorber Total
Copper 30.0% 1.50%
Nickie 70.0% 3.50%
0.00%
0.00%
Mixing Material 100.0% 5.00%
Tungsten 95.00%
Absorber 100.00% 80.39%
SS Tube 11.21%
LAr 8.41%
100.00%
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LAr Parameter Caclulation

Active Thickness of Absorbers (MODULE 3)
Absorber: Tungsten Heavymet
Material Density int Length Percent Meatal IL Actual IL
g/em”*3 g/em*2 % Vol cm/i. cem/L
Absorber Composition 81.85%
Copper 8.96 134.9 1.23% 15.06 1226.31
Nickle 1.21 96.6 2.836% 80.03 2793.76
Tungsten 19.30 185.0 77.76% 9.59 12.33
SS Tube 8.02 131.9 10.37% 16.45 158.56
Sense Material :
LAT 1.4000 117.2 7.78% 83.71 1076.15
11.35
Totals 13.34 100% 11.35
inverts 0.0750 0.0881
Hadron Make-up:
{(By volume)
Material Eutect. Absorber Total
Copper 30.0% 1.50%
Nick!le 70.0% 3.50%
0.00%
0.00%
Mixing Material 100.0% 5.00%
Tungsten 95.00%
Absorber 100.00% 81.85%
SS Tube 10.37%
LAr 7.78%
100.00%




4.0 VENDOR’S PRICE QUOTE



GTE PRODUCTS CORPORATION
CHEMICAL AND METALLURGICAL DIVISION
TOWANDA, PA 18848

Divizional Engineer

_ FAX #(717) 268-1450
VN 8-765-1480
Public Telephone (717) 265-2121, EXT. 2660

-
-3

o, S7eve CHAE

LOCATION! CAx RiIbaiZ PAX NUMBER: _é/_g’/s' 79~ 778¢&
NUMBER OF PAGES INCLUDING COVER SHEET: Z
JE. '
ﬁfﬂﬂa Krdon 1~ SO AEED
AN maLEl
FROM: S St s 00 RE _
CATE: 4,//?’/ 72 vorce-ner: 2/ 7/245-1975

FOR~30.8 |
09/29/88



s VLVA N’A Chemicaia/Metals
(3

N7 2852121 -
TWX 813 6714587

FAX
April 13, 1992

Mr. Steve Chae
Oak Ridge National Labs -
Oak Ridge, TN

Dear Steve:
SUBJECT: Oak Ridge SSC GEM DETECTOR FABRICATION -

We will press and sinter quarter-circle slabs just over two inches thick. The com-

position will be 86W, 4.5 Ni, 0.5 Fe or 85W, ¢ Ni, 1 Cu. We would prefer the Ni-Fe

alloy but will consider the Ni-Cu alloy, Four quarter-circle slabs will be brazed

together to form the full circular slab. A tongue and groove joint will be used.

The brazing will be done in two steps. Matching tongues and grooves will be -
machined into quarter-cirele pairs and they will be brazed together to form a

hemi-cir¢cle. The hemi-circle can then be machined with matching tongues and

grooves and brazed together., A lower temperature braze will be used for the sec-

ond brazing operation. In both brazing operations gravity will be used to ingurs a

tight joint with no gaps. A special furnace will be built for the brazing operation.

After brazing the digc will be turned to finish diameter and turned and ground to -
thickness. That oporation will be done off-eita. Tha holaa will thom ha dvillad

using a vertical machining center. For each diac of each module locating pins

will be used to insure an accurate alignment of the holes when the discs are

assembled to form one module. The tolerancs of the holes is estimated at +£0.005 -
inch largely due to drill wear during drilling. If a lower tolerance is required, the

holes could then be reamed but that would add about $380,000 to the price. Total e
fabrication time for a unit is largely dependent on the drilling operation and 18

estimated as 24 months and 38 months if reaming is required.

Sincerely, o
v Prico $2 DB, 00
ames A, Mullendore ,@r oA ST des
1w /\)‘G"\ lele f%c e
(_c.}‘ﬂ\af\'-gcx* o
o 4/ Q/ 2
G2 @rzclcns Sorgorziemd pan of §7E Corzaraten (ﬁ_ﬁg W.d‘éf\* -C'.’\f \
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GT< PRODUCYS

CORPORATION

CHEMICAL AND METALLURGICAL DIVISION
TOWANDA, PA 18848

FAX #(717)265-1450
VN 8-765-1450
PUBLIC TELEPHONE (717) 2653-2121, EXT. 2680

TELECOPY COVER SHEET -

LOCATION: OAK )D& FAXNUMBER: &/ 5/ 749 798 4
NUMBER OF PAGES INCLUDING COVER SHEET:____/

FSTIrmATE COST OF DETECToR oF

£
/) G965 003

FrROM: N\t P s Do ps

pate. 2/2/9 2

VOICE.NET:__ 7/ 7/ 2¢5 ~j9475



SCINTILLATING LIQUID OPTION



FORWARD CALORIMETER
SCINTILLATING LIQUID OPTION

1.0

2.0

3.0

4.0

COST ESTIMATES

1.1  SCINT LIQUID FCAL COST ESTIMATE TABLE
1.2 MATERIAL COST

1.3 MANUFACTURING PROCESS FLOW DIAGRAM
1.4 COST OF MANUFACTURING EQUIPMENT

1.5 COST OF MANUFACTURING MANPOWER

1.6 INSTALLATION COST

SCINTILLATING LIQUID FCAL DRAWINGS

2.1 PARAMETER TABLE

2.2 GENERAL ARRANGEMENT & DETAIL DRAWINGS
CALCULATIONS

3.1 TOWER SIZE CALCULATION

3.2 WEIGHT & VOLUME CALCULATIONS

3.3 ACTIVE THICKNESS OF EUTECTIC

VENDOR'’S PRICE QUOTE



1.1 SCINTILLATING LIQUID FCAL
COST ESTIMATE TABLE



SCINTILLATING LIQUID OPTION FORWARD CALORIMETER

}

) H

SPAGHETT! CO. . SUMMARY

COST ESTIMATE SUMMARY
B ENGR/DESIGN - B - ]
M&S and PROC/FAB LABOR LABOR
INSPECTION | MATERIAL ASSEMBLY | INSTALLATION| SUBTOTAL
CONSTRUCTION $2,481K $6,726K $1,179K $252K $10,638K
R&D $484K $582K $294K $0K $1,360K
ENGINEERING $271K $0K $0K $0K $271K
SUBTOTAL $3,236K $7,307K $1,474K $252K $12,269K
COST PERCENTAGE
R&D $1,360K 16.76%
EDIA $2,753K 30.59%
CONSTRUCTION| $8,111K
CONTINGENCY $4,139K 38.11%
TOTAL $16,362K

Page 1
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1.2 MATERIAL COST



Cost of Materials - Tungsten Eutectic

a ti Forward Calorimeter Material
(for two FCAL = 240 supertowers)

TOTAL: $4,379,971
Cost of Sheaths
Material Quantity Units Cost/Unit
Sheetmetal 11,464 Lbs $5.50 $63.052
Fasteners 3,840 Each $5.00 $19,200
Total $82.252
mm es (1/8" w/ 0.006 "
Material Quantity Units Cost/Unit
SS Tubing 633,284 FT $0.85 $538.292
Tube Coating 633,284 FT $1.00 $633,284
Total $1,171.576
Cost of Support Structure & outer ring
Material Quantity Units Cost/Unit
Quter Ring 16,314 Lbs $6.60 $107,673
Support Structure 25,573 Lbs $6.60 $168,784
Fasteners 128 Each $10.00 $1,230
Total $277.737
t of Top Plat il ly
Material Quantity Uunits Unit Cost Cost
4 Plates/S. Tower 2,346 Lbs $12.00 $28,154
Spacer Plates 647 ] Lbs $4.00 $2.586
Qil Supply Piping 1,360 Lbs $5.50 $7.481
Qil Pump 2 Each $20,000.00 $40.000
Total $78,221
f rber
Material Quantity Units Cost/Unit
Tungsten 116,182 Lbs $13.00 $1,510.371
Wood's Metal 57,099 Lbs $2.54 $144.824
Total $1,.655.196
Cost of Readout Assemblies
Material Quantity Units Cost/Unit
Readout Fiber 105,403 Ft $0.53 $55.579
PMT 1,664 Each $600.00 $998.,400
Wood's Metal 4,619 Lbs $2.54 $11,731
Light Mixers 1,664 Each $25.00 $41,600
Fastener 7,680 Each $1.00 $7.680
Total $1,114.991

S. M. Chae/ORNL/4-14-82




1.3 MANUFACTURING PROCESS FLOW DIAGRAM



Scintillating Forward Calorimeter Manufacturing Process

Cut tubes to right length

Line up plates & spacers
Insert Tubes into spacer plates
Expand spacer plates

Cut readout fibers to length

Setup Spacer Plates

Insert fibers & Expand Spacer Plates
Secure fibers

Station #3

Assemble mold & frame
Install Spacer Areay in Mold

Cast Tower Assemhly w/ Tungsten Eutectic

Clean & Inpect Tower

b
Assemble mold
Install Spacer Array in Mald
Cast Readout Assembly w/ Wood's Metal only
Clean & Inpect Tower

Clean up Tube Openings
Unplug Tube Ends
Inspect for Debris in Tubes

4 ¥
—
Iustall Sheaths
Install Sheaths Install sheaths
Install Top & Bottom Plates Secure Fiber
Install Sheaths Finish Fiber Termination End
Inspect Assembly Inspect Assembly

A |
|

]

1y

Get Tower & Readout Sections

Test Fit Components
Attach Components
Lable & Store

Y

Station #6

Assembie Module

Instalt Quter Structural Ring
Get tower & Install Towers
Inspect Madule Assembly

b
Instatl PMT's & Wiring Harnesses
Install Ol Supply Lines
Perform Operational Tests

|

Station #7

Station #8



1.4 MANUFACTURING EQUIPMENT COST



Manufacturing Equipment for Spaghetti Forward Calorimeter

Equipment Quantity | Unit Cost] Total Cost
STATION ONE
1.01 3 mm Tube Cutting Machine 1 $20K $20K
1.02 |Spacer Alignment Fixture 1 $5K $5K
1.03 |Spacer Expansion Fixture 1 $5K $5K
STATION TWO
2.01 Readout Fiber Cutting Machine 1 $25K $25K
2.02 [Spacer Alignment Fixture 1 $1K $1K
STATION THREE
3.01 Large Casting System 1 $125K $125K
3.02 Tower Molds 6 $8K $48K
3.03 Readout Section Molds 6 $3K $18K
3.04 Setup Stand 1 $15K $15K
3.05 Personne! Platforms 2 $4K $8K
STATION FOUR
4.01 Setup Stand 1 $10K $10K
4.02 |Personei Piatform 1 $4K $4K
STATION FIVE
5.01 Sheath Assembly Stand (Tower) 1 $10K $10K
5.02 |[Sheath Assembly Stand (Readout) 1 $3K $3K
5.02 1Personnel Platform 2 $2K $4K
STATION SIX
6.01 Tower Fixture 1 $10K $10K
6.02 |[Tower Assembly Stand 1 $15K $15K
6.03 Personne! Platform 2 $4K $BK
STATION SEVEN
7.01 Module Assembly Stand 1 $35K $35K
7.02 Module Lifting Fixture 1 $45K $45K
STATION EIGHT
8.01 |Assembly Test Stand 1 $25K $25K
8.02 |Temporary Bracing 1 $15K $15K
8.03 |Temporary Wiring Harnesses 1 $10K $10K
8.J4 (Op Test Sources / Counters 1 $5K $5K
8.25 Personnel Platform 2 $4K $8K
GENERAL EQUIPMENT
10.01 Clothing 1 $10K $10K
10.02 |Cleaning Supplles 1 $5K $5K
10.03 |Work Tables 4 $3K $12K
10.04 |Toolis 1 $10K $10K
10.05 [Temporary Use ltems 1 $20K $20K
10.06 |Handiing Carts (10 to 50 T) 2 $5K $10K
Total $544K

S. M, Chae/ORNL/4-14-32




1.5 MANUFACTURING LABOR COST



Spaghetti Forward Calorimeter

(Tungsten Eutectic)

Tube & Readout Fiber Size: 3 mm

STATION ONE
1.00 TUbe Spacer Arrays
Task Numbaer Task Descript. Hours Personload | Unit Tot PHRS Quantity Tot. PHRS
1.01 Retrlave Spacer plates 0.25 1 0,25 240 80
1.03 Clean Spacer Plates 6:;5 1 035 240 80
1.04 Asssmble Spacer Plate Stack & Inspect 0.17 1 0.17 240 40
1.08 Install Rack In Tube Install, Statlon 0.17 1 0.17 240 40
1.07 Gat Tubes 0.50 1 0.50 240 120
1.08 Cut and Inspect Tubes 0.01 1 0.01 128508 1606
1.09 Install Tubes In Rack & Close Tubs Ends 0.02 1 0.02 123508 2142
1,10 Expand Spacer Array 0.25 2 0.50 240 120
1.11 Install Spacer Bars 0.25 2 Q.50 240 120
1.12 Inspect Compisted Assembly 0.25 1 0.25 240 (1]
1.13 Mave assembly to Storage/STA 3 0.2% 2 0.50 240 120
Tatais for Statlon One 2.36 3.11 4488
Petsonnsl Efficiancy ) 1.25
Estimated Personhours 5810
Person Years@1770 Mr/Yr 3.17
— STATIONTWO
2.00 Readout Section Spacer Array
Task Number Task Descript, Hours Persanioad Unit Tot PHAS Quantity Tot. PHRS
2.01 Get Readaout Fibers 0.2§ 1 0.25 240 60
2.02 Gat Spacer Plates & Assemble Stack 0.25 1 0.25 240 50
2.03 Cut and Inspect Fibers 2.00 1 2.00 240 480
2.04 Insart Fibars in Spacer Plates 0.01 1 0.0% 128508 714
2.05 Expand Spacer Plates & Insart Spacer Bars 0.17 1 0.17 240 40
2.08 Securs Fibers 0.25 1 0.25 240 50
211 Inspect Compisted Assembly Q.08 1 0.08 240 20
2.12 Move Assembly to Station A/Storage 0.2% 1 0.25 240 &0
Totals for Station Two 533 3.2 1494
Parsonnel Efficisncy T 1.26
___Estimated Personhours 1867
Parson Years@ 1770 He/Yr 1.08

5. M. Chae/ORNL/4-15-32



STATION THREE

3.00 Cast Tower & Readout Assemblies
Task Number Task Descript, Hours Personioad Unit Tot PHRS Quantity Tot. PHRS
3.01 Get Spacer Array from Storage (Tower) 0.25 2 0.50 240 120
3.02 Inspect Spacer Array (Tawer) 0.08 1 0.08 240 20
.03 Assemble Mold and Frame (Tower)} 4,00 2 8.00 8 48
3.04 install Spacst Array in Mold (Tower) 0.17 2 0,33 240 80
3.05 Install Moid In Casting Station{Tower) 1.00 2 2.00 240 480
3.08 Heat Molding Bath {Tower} 2.00 0.1 0.20 240 48
.47 Place Metal in Crucibie(Tower) 0.25 1 0.25 240 580
3.08 Perform PreCasting Inspections({Tower) 017 1 0.17 240 40
3.09 Cast Tower Assemblies (Tower) 1.00 2 2.00 240 430
3.10 Remove Moid From Casting Station(Towaer) 0.50 2 1.00 240 240
3.11 Supervise Mold Cool-Down Cycla{Tower) 8.00 0.05 0.40 240 96
3.12 Open Moid{Towar) 1.00 2 2,00 240 480
3.13 Clean Towar Assembly(Tower) 0.50 1 0,50 240 120
314 Inspect Tower Assembly 0.17 1 0.17 240 40
3.15 Move Tower assembly to Station 4 0.25 2 Q.50 240 120
3.16 Gat Spacer Array from Storaqe(Readout) 0.17 1 Q.17 240 40
3.17 Inspsct Spacer Array{Readout) 0.02 1 0.02 240 4
3.18 Assemble Readout Mold {Readout) 1.00 1 1.00 L] 8
3.19 Install Spacer Array in Mold {Readout) 0.08 1 0.08 240 20
3.20 instail Mold In Casting Station{Readout) 0.17 1 0.17 240 40
a.21 Heat Molding 8ath {Readout) 0.50 0.1 0.05 240 12
3.22 Place Metal In Crucible{Readout) 0.09 1 0.08 240 20
3.23 Perform PreCasting Inspections(Readout) .08 1 0.08 240 20
3.24 Casat Readout Assemblies 0.50 1 0.50 240 120
3.25 Remove Readout Mold From Casting Station 0.25 1 0.25 240 80
3.26 Supervise Readout Mold Cool-Down Cycle 1.00 0.05 0.15 240 35
3.27 Qpen Readout Mold 0.25 1 0.25 240 80
3.28 Clean Readout Assembly 0.25 1 0.25 240 50
.29 inspect Readout Assembiy 0.04 1 0.04 240 10
3.30 Move Raadout Assembly to Statlon 5 0.08 1 0.08 240 20
Totals for Station Three 25.81 21.28 3000
Personnel Efficiency 1.28
Estimated Parsonhours A750
Person Years@ 1770 He/Yr 212
___STATION FOUR
4.00 Tower Assembly Prep
Task Number Task Descript. Hours Personioad Unit Tot PHAS Quantity Tat. PHRS
4.01 Reftriave & Inspect Tower Assambly 0.25 2 0.50 240 120
4.02 Clean Tower Assembly @ Tube Ends 2.00 1 2.00 240 480
4.03 Pull Qut All Plugs From Tube Ends 0.01 1 0.01 128508 714
4.04 Inspect Tubes (Openings & Inside) .00 1 0.00 128508 357
4.05 Movs subassembly to Storage/Sta 5 0.50 2 1.00 240 240
Totals for Station Four 2,78 3.51 1911
Personnel Elficiency 1.25
Estimated Personhours 2389
Person Years@ 1770 He/Yr 1,35

S. M. Chae/ORNL/4-15-92




STATION FIVE

5.00 Assemble Sheaths
Task Number Task Descript. Heours Personioad Unit Tot PHRS Quantity Tot. PHRS
5.01 Aetrieve Tower Sheaths 0.33 1 0.33 240 80
5.02 Clean & Inspact Sheaths 0.2% 1 0.25 240 1]
5.03 Gat Tower Assambly & Inspect 0.50 2 1.00 240 240
5.04 Instail (Braze) Shaaths on Tower Asssmbiy $7.74 1 57.74 240 13858
5.08 Inspect Tower Subassambly 0.25 1 0.25 240 &0
8.09 Move Subassembly to Storage/Sta 6§ 0.50 1 0.50 240 120
5.09 Ratrieve Readout Sheaths & Clean 0.17 1 0,17 240 40
5.09 Get Readout Assambly & Inspect 0.17 1 0,17 240 40
5.09 inatail (Braze) Shesaths on Readout Assembly 4.72 1 A4.72 240 1134
5.09 Inspect Readout Subassembly 0.25 1 0.25 240 80
5.09 Move Subassembly to Storage/Sta 6 0.17 1 0.17 240 40
Totals for Station Five §5.05 85.55 15732
Parsonnel Efficisncy 1.25
Estimated Personhours 19865
Person Years@ 1770 Hr/Yr 11.11
STATION SIX
6.00 Assemble Tower Components
Task Number Task Descript. Hours Personioad Unit Tot PHRS Cuantity Tot. PHRS
8.01 Adjust Tower Assembly Stand 0.50 1 0.50 ] 3
4.02 inspect Towar Assembly Stand 0.08 1 0.08 [ 1
6.03 Tranaport Tower Assembly 0.50 2 1.00 240 240
8.04 Transport Readout Section 0.08 1 0.08 240 20
8.05 Test Fit companents 0.50 1 0.50 240 120
6.08 Attach Componants {Some Brazing) 5.00 1 5.00 240 1200
8.07 Inspect Tower Subassembly 0.25 1 0.25 240 50
8.08 Label and Store Subassambly 0.50 2 1.00 240 240
Total for Station Six 7.42 8.42 1884
FParsannsl EMiciancy 1.25
Estimated Parsonhours 2354
Persan Years@1770 Hr/Yt 1.33
Tower Fabrication Personhours Subtotal 35636
Persan Years& 1770 HriYr 20.13

S. M. Chaeg/ORNL/4-15-92




STATION SEVEN
7.00 Assembie Modules
Task Number Task Descript. Hours Parsonload | Unit Tot PHRS Quantity Tot. PHRS
7.01 Assemble Conical Fixturs & Inspect 4.00 2 4.00 1 [}
7.02 t.ocate, Transpert and Inspect Ring 1.00 2 2.00 2 4
7.03 Install Quter Structural Ring 2.00 2 4,00 3 12
7.04 Locate and Transport Tower Asemblies 0.50 2 1,00 240 240
7.05 Install Tower Assemblies 1.00 2 2.00 240 480
1.08 inspect Moduls Assambly 0.50 2 1.00 2 2
1.07 Label and Store Ring 2.00 3 8.00 2 12
Total for Station Sevan 11,00 __24.00 758
Personnel EHlciency 1,25
Estimated Personhours 948
T;:rsnn Years@1770 HriYr 0.54
STATION EIGHT
8.00 Test Assemblies @ Texas
Task Number Task Descript. Hours Personload Unit Tot PHAS Quantity Tot. PHRS
8.01 Move Module Assembly to Test Station 2.00 3 8.00 2 12
8.02 Install PMT's 1.00 1 1.00 240 240
8.03 install Oll Supply Systam 40.00 3 120.00 2 240
8.04 Instail Test Harnesses 9.50 2 1,00 240 240
8.05 Start up Test Apparatus 2.00 2 4.00 2 -]
9.08 Perform Operational Tests 80.00 2 180.00 2 320
8.07 Raturn Assambiies to Storage/Sta 9 2.00 3 8.00 2 12
Tatal for Station Eight 127.50 298.00 1072
Personnel Efficiency 1.28
Estimated Personhours 1340
Person Years@ 1770 Hr/Yr Q.76
Module Assembly Subsubtotal (@ Texas) 2208
Parson Years@1770 HriYr 1.29
Total Fabricatian Personhours Argaa
Person Years @ 1770 Hr/Yr 21.43

S. M. Chae/ORNUL/4-15-92




1.6 INSTALLATION COST
(LABOR & EQUIPMENT)



Spaghetti Forward Calorimeter Installation

S. M. Chae/ORNL/4-14-92

Total: $181,825
Equi tti Forward ter
Equipment Quantity | Weight Units Unit Cost Cost
Transport Cart 1 1 Unit $40,000.00 $40,000
Temporary Bracing 1 20000 Lhs $2.00 $40,000
Temporary Rall 1 15000 Lbs $2.00 $30,000
Crane 1 1 Unit $25,000.00 $25,000
Total $135,000
Installation Manpower-Spaghetti Forward Calorimeter
No. Duration | Service Time| Total Hours | Hourly Rate Cost
Personnel Months MH/Month
Electriclan 3 2 170 1020 $29.86 $30,457
Crane Operator 1 2 170 340 $26.64 $9,058
Pipe Fitter 2 1 170 340 $21.50 $7,310
Total 6 1700 $78.00 $46,825
Person Years 0.83
Yearly Rate $56.19K




2.1 PARAMETER TABLE



MECH TOWER - W Eutectic

|

_GEM Parameters

hetti Forwar

ri

Tungsten / Eutectic (50.0%)

One Side Both Sldes
Mechanical Towers 120 240 units
Channels 832 1,664 units
Sheeth Volume 0.3 0.7 M*3
Tube Volume 0.1 0.3 MA3
Oil Volume 0.6 1.1 MA3
Absorber Volume 2.7 5.5 MA3
Tungsten Volume 1.4 2.7 MA3
Eutectlc Volume 1.4 2.7 M*3
Volume of End (spacer) Plates 0.1 0.1 MA3
Oll Supply System Volume (oil Included) 0.1 0.1 MA3
TOTAL VOLUME 3.9 7.8 M*3
Total Weight of 6 Modules 44.0 88.0 Metric Tons
Tunsten 26.3 52.7 Metric Tons
Eutectic 13.0 25.9 Metric Tons
Sheaths 2.6 5.2 Metric Tons
Tube Weight 1.1 21 Metric Tons
Structural Components 4.9 9.8 Metric Tons
Outer Ring 3.7 7.4 Metric Tons
Oil Supply System (weight of oil included) 0.3 0.6 Metric Tons
TOTAL WEIGHT (per side) 52.9 105.8 Metric Tons
Active Absorption Lenghth 12.0 Lambda
Eta Coverage 3<n<s Lambda
Lenght of 3mm Tubes 96,512 193,025 Meters
Number of 3 mm Tubes 64,254 128,508 units
Inner Radius 25 mm
Quter Radius 945 mm
Active Length 1,821 mm
Total Length ~2200 mm
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2.2 GENERAL ARRANGEMENT
&
DETAIL DRAWINGS
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Oil Purification Sysicm

LIQUID OUT

LQUID IN TO FCAL

MONITOR CHEMICAL
SPECTROMETER TOP OFF

|k

FILTERATION

LIQUID STORAGE & MONITOR

GEM
Spaghetti Forward Calorimeter
Oil Purification System Diagram

PUMP
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INNER FACE
@ 4720 om FROM 1P

@ 4720 mm from IP | @ 6582 mm from IP @ 4720 mm from [P @ 63582 mm from 1P
Radius Radius B h
mm min mm mm | _mm |

25.00 25.00 7783 £0.07 | 19.13

99.77 139.13 70.95 8045} 3893
18]1.83 253.55 100.72 74.75 | 70.95
258.13 360.02 130.01 1196 (100.72
331.60 462,32 9236 | 138.38 | 65.01
471.16 65703 131.57 119501 | 9236
671.16 857.03

OUTER FACE
@ 6582 mm FROM IP

MARTTH HMARIETTA EMERGSY SYSTHEMS
PROJECT:; §5C GEM DPETECTOR

FORWARD CALORIMETER
LIQUID SCINTILLATING OPTION
SPAGUETTI TOWER & MODULE DESIG

PRINT NO: D-FCLS-TAMDOO
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MARTIN MARIEYT A BNERGY SYSTRMS

PROJECT: SSC GEM DETECTOR

FORWARD CALORIMETER
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SPAGIHETTI TOWER & MODULE DESIGN
SUPER TOWER ARRANGEMENT
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DRAWN BY: §. M. CHAE 19
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1861.37 mm
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'--K.." - _1
8=3.130° .
l 8 =2.206° see D-FCLS-TAMDODOS for detail
\— see D-FCLS-TAMDOM for detail
-]
4720 mm from 1P
1 2 3 4 5 6 7 8
RA 181.90 | 182001 182.67§ 183.06( 253.17] 253.55] 253.59| 253.98 MARTIH MARITETA ENZRGY SYSTENMS
RB 258.03 | 258.301 259.12] 259.67}) 359.13] 359.67] 359.73| 360.28
PROJECT: SSC GE ETECTOR
#*Length A[4725.28 [4730.28 (4745.28(4755.28 [6576.65[6586.65 | 6587.65 | 6597.65 FOR\;]'ARI;FCA[ ORlMl:::::l? ECT
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lengthC| 74751 74.83| 75.07| 75.22] 104.04 104.19} 104.21| 104,37 SPAGHETTI TOWER & MODULE DESIGN
SUPER TOWER OF MODLILE 4
** The lengths in the 1able indicate the distance from the interaction point. PRINT NO: D-FCLS-TAMDO03 | REV 2
DRAWN BY; S M. CIIAE il
_ CIHECKED & APPROYED BY:
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VIEW "A.q®
Note: |. See DICLSTAMDO0) for dimensions B, b, and k.

9300 mum with 006" w.q,

VIEW *B.B"

TUBE ARRANGEMENT DETAIlL

MARTIN MARIETEA ZUERGY SYSTRNS
PROJECT: SSC GEM DETECTOR

FORWARD CALORIMETER
LIQUID SCINTH.LATING OPTION
SUPER TOWER INNER END FACE DETAINL.

DRAWN BY: S. M. CHAE
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PROJECT: SSC GEM DETECTOR
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BRAWN BY: 5. M.ClIAE
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3.1 TOWER SIZE CALCULATION



MECH TOWER - W Eutectic

ANI

TOWER SIZE

LCULATION

MECHANICAL TOWER SIZE CALCULATION. INNER FACE

P1
.

Distance

From IP Eta Theta | Radius

mm degree| mm P2

4720 | 2.64 | 8.144 | 675.46 P3

Delta Eta= 2.4966
Lengths
Module | No of Eta Theta | Radius [Clrcumfer. P1 P2 P3
Number | Towers degree mm mm mm mm mm
6 8 5.934 | 0.303 | 25.00 157.05 | 77.85 | 69.07 [19.1312

510 | 0.699 [ 57.56 | 361.63

| 8 | 16 | 4.55 [ 1.211 ] 99.77 | 626.85 { 70.95 | 80.45 |38.9266]
420 | 1.718 | 141.59 | 889.64

| 4 | 18 3.95 | 2.206 | 181.83 | 1142.48 [ 100.72 | 74.75 [70.9472]
3.75 | 2.694 | 222,13 | 1395.69

| 3 | 16 3.60 | 3.130 | 258.13 | 1621.87 | 130.01 | 71.96 }100.717]
3.45 | 3.637 | 299.98 | 1884.84

| 2 | 32 | 3.35 | 4.019 | 331.60 | 2083.53 | 92.36 | 138.38 { 65.0058|
3.20 | 4.668 | 385.44 | 2421.76

| 1+ | 32 | 3.00 [ 5700 471.16 | 2960.37 | 131.57 | 199.01 [ 92.3631|
3.00 | 5.700 | 471.16 | 2960.37

32

671.16

4217.00

666.27] 131.57

Paga 1




MECH TOWER - W Eutectic

MECHANICAL TOWER SIZE CALCULATION. OUTER FACE
(PARAMETERS SHOWN ARE AT THE OIL GAP)
Distance
From IP Eta Theta | Radius | The super tower length is based on
mm degree| mm 12 lamda (15.18 cm / lamda) of absorption depth

65681.21| 2.73 7.444 | 859.9 for the 50% tungsten eutactic absorber material.

Lengths
Module | No of Eta Theta | Radius |Clrcumfer. P1 P2 P3
Number | Towers degree mm mm mm mm mm
6 8 6.266 | 0.218 25.00 157.05 108.57 | 105.42 | 19.1312

510 | 0.699 | 80.25 | 504.23
5 | 16 | 455 | 1.211 ]| 139.13 | 874.15 | 98.93 | 112.17 [ 54.2843]
4.20 ] 1.718 | 197.42 | 1240.44

L

L 4 | 186 3.95 | 2.206 | 253.55 | 1593.13 | 140.47 | 104.19 | 98.9318|
3.75 | 2.694 | 309.72 | 1946.04

| 3 | 1se 3.60 | 3.130 | 360.02 | 2262.09 [ 181.32 | 100.27 | 140.474|
L

L

L

418.27 | 2628.07

462.47 | 2905.77 | 128.80 ] 192.75 | 90.6596)
537.42 | 3376.72
657.03 | 4128.24 | 168.01 | 199.01 [ 128.801|

657.03 | 4128.24
857.03

2 | 32 3.35

1 | 32 | 3.00

168.007|

32

5384.88

Page 2



MECH TOWER - W Eutectic
DIMENSIONS OF THE SUPER TOWERS

t1 oil reservoir| t2 absorber t3 oil gap t4
5 15 10 1821.37 10 1 10 (units in mm)
1 2 3 4 5 6 7 8

modul RA 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
6 3 =] 99.76 99.86 100.18 | 100.39 | 138.88 136.09 139.11 | 139.32
length A|] 4720.56 | 4725.56|4740.56|4750.56| 6571.93 | 6581.93 | 6582.93| 6592.93
length B] 4720.56 | 4725.56]14740.56] 4750.56| 6571.93 ! 6581.93 | 6582.93| 6592.93
length C 69.07 69.17 69.46 69.66 105.22 105.42 | 105.44 | 105.63
modulj RA 89.79 99.90 100.21 100.43 ;} 138.91 139.13 139.15 | 139.36
5 B 181.78 181.98 | 182.55 | 182.94 | 253.05 253.44 | 253.48 | 253.86
length Al 4722.28 | 4727.28)4742.28|4752.28) 6573.65 | 6583.65 | 6584.65| 6594 .65
length B| 4722.28 | 4727.28|4742.28,4752.28| 6573.65 | 6583.65 | 6584.65| 6594.65
length C 80.45 80.54 80.79 80.96 112.00 11217 | 112,18 | 112.35
module BA 181.90 182.09 | 182.87 | 183.06 | 253.17 253.55 | 253.59 | 253.98
4 B 258.03 258.30 | 259.12 | 259.67 | 355.13 359.67 | 359.72 | 360.28
" {length A} 4725.28 | 4730.2814745.28|4755.28| 6576.65 | 6586.65 | 6587.65| 6597.65
length B| 4725.28 | 4730.28{4745.28|4755.28] 6576.65 | 6586.65 | 6587.65| 6597.65

length C 74.75 74.83 75.07 75.22 ‘104.04= 104.19 104.21 | 104.37 |

module RA 258.38 258.65 ) 259.47 | 260.02 | 359.48 360.02 | 360.08 | 360.62 ||
3 B 331.60 331.85 | 333.01 { 333.71 461.35 462.05 | 462.12 | 462.82
length Al 4731.63 | 4736.63|4751.63|4761.63| 6583.00| 6593.00 ; 6594.00{6604.00
length Bf 4731.63 | 4736.63|4751.83|4761.63; 6583.01 | 6593.01 | 6594.01| 6604.01
- lengmc 71.96 72.03 72.26 72.41 100.11 100.27 100.28 | 100.43
-module H'K 332.02 332.37 | 333.42 | 334.12 | 461.77 462.47 | 462.54 | 463.24
2 23] 470.57 471.07 | 472.56 | 473.55 | 654.46 | 655.46 | 655.56 | 656.55
length A| 4737.55 | 4742.554757.55|4767.55| 6588.92 | 6598.92 | 6599.92 | 6609.92
length B} 4737.55 ]14742.55|4757.55|4767.55) 6588.92 | 6598.92 | 6599.92| 6609.92
length C| 138.38 138.53 | 138.97 | 139.26 | 192.46 192.75 192.78 | 193.07
moduld RA 472.14 | 472.64 | 474.13 | 475.12 | 656.04 | 657.03 | 657.13 | 658.12
1 B 672.14 | 672.64 | 674.13 | 675.12 | 856.04 | 857.03 | 857.13 | 858.12
length A| 4753.30 | 4758.39|4773.39] 4783.39| 6604.76 | 6614.76 | 6615.76| 6625.76
length B| 4767.48 |4772.4714787.46|4797.45| 6617.69 | €627.68 | 6628.68| 6638.68
length C 199.01 189.01 199.01 199.01 199.01 199.01 199.01 199.01

" 4720.00

. 475 6‘200:

3718

6582.37

4720.00 147

".4 740.00

4750:00

©6571.37

6581.37

 6582.37

6582.37

0.00 | 0.

0.00 p.

ne @00 -

- 0.00

0.00

0.00

- 0.00




3.2

WEIGHT & VOLUME CALCULATIONS



3.3 ACTIVE THICKNESS OF EUTECTIC



MECH TOWER - W Eutectic

Active Thickn f _Absorber
Design: Tungsten Eutectic/Liquid
Absorber: Tungsten Eutectic
Material Density int Length Percent Metal IL|Actual IL
g/cmA3 g/cmA2 % Vol cm/L cm/L
A r mpositi 79.57%
Lead 11.35 194.0 8.89% 17.09 | 192.24
Tin 7.31 163.0 6.88% 22.30 | 324.26
Cadmium 8.65 161.0 4.37% 18.61 | 425.97
Bismuth 9.80 194.5 19.28% 19.85 | 102.92
Tungsten 19.30 185.0 39.79% 9.59 24.09
SS Tube 8.02 131.9 3.84% 16.45 | 428.29
n Material
Liquid 0.854 83.6 16.59% 97.89 | 590.07
15.18
Totals 9.57 100% 15.18
Inverts 0.1045 0.0658
Hadron Make-up:
(By volume)
Material Eutect. Absorber Total
Lead 22.3% 11.17%
Tin 17.3% 8.64%
Cadmium 11.0% 5.49%
Bismuth 48.5% 24.23%
Eutectic 99.1% 50.00%
Tungsten 50.00%
Absorber 100.00% 79.57%
SS Tube 3.84%
Liquid 16.59%
100.00%
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4.0

VENDOR’S PRICE QUOTE
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96X TUNGSTEN MIN,-60 MESH FLOWABLE
Delivery per CUSTOMER SCHEDULE 20 weeks ARO lead tiae
“0IT DENSITY 9 G/CC MIM .
.ICES ARE PER POUND -
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99% TUNGSTEN MIN,-60 JPESH FLOWABLE
Delivery per CUSTOMER SCHEDULE 20 weeks ARO lead time
SCOTT DENSITY 9 G/CC MIN

PRICES ARE PER POUND.
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MESSAGE:

Dear Steva,

Kulite gquotes the following price and delivery:

SPHERIDIZED TUNGSTEN +100 MESH
$25,00 TO $50.00 PER KG.

As soon as samples of this materlal becomes available, I will
call you to get shipping information.

Best ragards,

/oh-

Bob Wilseon
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Philips Elmet

Tungsten and Molybdenum Pressed and Sintered Powder Metal Parts

Among the characteristics which make tungsten and
molybdenum useful metals are their high meiting points
along with high tensile properties and hardness. These
same properties also make it difficult for simple and
economic praduction of powder metallurgy parts. Over
the last several years, Philips Elmet has successfully
developed the powder metallurgy process for the commercial
production of moly and tungsten diode studs. They are
now being supplied to customers around the world in
quantities in excess of a billion parts per year.

Ten years ago. all refractory metal diode studs were
supplied as wrought metal parts. That is. they were cut
from the waorked metal rod feed stock. Today. virtually
all moly diede studs. except for the jargest sizes. are pressed
and sintered directly from powder. And at this time,
tungsten diode stud users are in the pracess of converting
to the powder metal studs.

This tachnology also lends itself to the production of
other parts. Listed below are some of the parameters to
be cansidered in evaluating such products for practical
commercial production.

Matarials: ey pmeE T,

Molybdenum and tungsten only. Philips Elmet has
umque capabilities for these materiais. There s
also the possibility of mixing moly and tungsten, and/or
making mulu-layer parts. i.e., moly/tungsten/moly.

Shapes:

Because of the requirement to get parts out of the
die cavities quickly and easily, shapes must necessarily
ngt be complex. Such simple shapes are: cylinders,
discs, cubes, rectangles, stepped discs, washers, spheres,
In general, symmetrical shapes are most easily produced.

Size Considerations:
Maximum Overall Envelope

250"x.250"x.250"

Az

Optimum Length to Width (Diameter/Thickness)  1:1
Greatest Length to Width 1.5:1
For Discs or Squares

Maximum Diameter/Width 2807
Minimum Thickness 10% af Diameter or Width
Minimum Diameter/Width 030

Minimum Thickness 10% of Diameter or Width

Tolerances:
Diode Studs:
Other Parts:

+/-.002" on length +/- 001" on diameter
Simifar to diode studs

Density:
Moly and Tungsten: 95% Min. 98% Typical
Economics:

Powder metallurgy parts are more economical than
equivalent wrought parts because of the elimination of
scrap or kerf along with reduced labor input. Cost savings
in the range of 10 to 3G% are possible. These savings
are offset somewhat. however, by high tooling costs if
production runs are not large enough.

In general. for diode stud shapes. production runs of
several hundred thousand to less than a million pieces
can he done economically. For ather shapes, such as a
stepped disc or cylinder. & run ¢of a millien or more
pieces may be required.

Applications:
Diode Studs
Rectifier Discs
Magnetron Parts (End Hats, Washers)
Military Penetrators (Cubes, Spheres)
Balance Weights
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