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Liquid Argon Calorimeter 
Cost Review Meeting - SSCL 

April 22, 1992 

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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April 22, 1992 
H. Gordon 

Liquid Argon Cost Review 

Table of Parameters 

Resolution vs. angle, thickness 

Status of Engineering - Lyle Mason 

Cost Estimate - Jodi Coulon 

R&D Issues -

EC EM Construction - flat?, cracks 

Length of barrel 

1'.!f ....... ...:11 •• 1,...,.. ..... ,..." .... --'2 ... , ... "" ...................................... ,-_.. 

hadronic modules 

Foreign contribution models 

EM - modules China 

Hadronic modules - Russia 

Cryostat - Korea 

Preradiator 

Problems being studied --- Leltchouk's solution best 
for accordion 
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Separate EM, EM+forward, 

Problem of services 
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Eloclrc.nic! Box 

GEM Liquid Argon Calorhneter 
1 /4 Section "Off Vertical" 

Shows General Configuralion with Electronic feed throughs 

CENTRAL BARREL CALORIMETER WEIGHT .775 MT 
ENDCAP CALORIMETER WEIGHT s 505 MT each 
TOTAL CALORIMETER WEIGHT• 1785 MT 

Copper Hadron Absorber 
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1mm OPTION 

P= 
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2mm OPTION 

P= 
X.= 
n= 
Rs=22.8% 
Cell=8.6mm 

t----- CELL-----..: 

G-10(.05mm) . \ ~-~HV Electrode 
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Pb 
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Revision 1.0; March 25, 1992 

1.0 Liquid Ar2on Calorimeter Baseline Option 

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. 

•e/n separation using longitudinal and transverse 
segmentation. 

•Search for narrow resonances by reconstructing the 
.:_..,,,,....,_.: .... -+ -.-.. .......... ,.... ..... £ -- ... 1+.! -1- ,-. +..-..-,.. ,._•A - , - -.+. •• - - -

J..LJ.~1..4.J....i.U.J.J.L J.J.J.U.U..J VJ. J.J..LU.J.l.J.-_t-'J.J.Ul.V.lJ.i.) VJ. "-'l'-'"-'LJ.VlJ.0. 

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). 
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1.1.3 Forward Liquid Argon(fungsten 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. 
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1.3.0 Unique Physics Capabilities 

•Higgs searches: H 0 -7yy 

rr H 0 /WH 0 -7Y'f 
H0 -7e+e-e+e- (including ZZ*). 

•Toponium searches: 1lt-7YY 

I I 

•Z0 searches: Z0 -7e+e-. 

•Se81"ch 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 Ge V level. 

1.4.0 Physics Performance 

Time resolution 

EEM > 20 Ge V, ~t < 1 ns 
Ejet > 50 GeV, ~t < 3 ns 

Speed shaping time 

EM 
HAD 
FWD 

40 ns 
50-200 ns 
16 ns ~ 
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Noise (thermal/pileup) 

EM 20/32 Me V /channel 
HAD 130/118 

- Me V /channel 

Hermeticity (Et Measured) 0< Tl <5.5 

EM energy resolution 7.5% !'1E®0.5% 

EM position resolution 4.4mm /-VE 

- 105(upto 1 OTe V /tower) EM dynamic range 

Hadron energy resolution (Jets) 60 % !'1E®2% 

Hadron dynamic range 105 - 50 MeV to 5 TeV 

-
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Number of absorption lengths 
at T\=0 
at T\=3.0 

Barrel Dimensions 
inner radius 
outer radius 

Lateral segmentation() 
EM 
HAD 

Longitudinal segmentation 

1.5.0 Physical Parameters 

11.4 
-14.0 

0.75m 
3.60m 

0.032 x 0.032 
0.08 x 0.08 

2 EM, 4 HAD 

1.5 .1 Lead Liquid Argon/EM Calorimeter 

Absorber material 

Sense Material 

Lateral segmentation (T\, <!>) 
Longitudinal segmentation 

0.2mm SS/0.lmm 
prepreg/l .3mmPb/ 

0.1 mm prepreg/0.2mm SS 

0.4mm(kapton/Cu/kapton) 

2 x 2 mm argon 

0.032 x 0.032 
2(8 XO, 17 XO) 

Inner Radius (cryostat/accordion) 
Ou[er Radius (accordion) 

750/925 mm 
i.396 mm 
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Radiation Length 
Absorption Length 

Number of Channels-Total 

Readout Device 
(75 mW I channel) 

Weight of Assembly 
....... ... . .. ~ ........ .. 
vv e1gn[ or .barre1 
Weight of Each End Cap 

25 XO 
1.3 A. 

62,000 

JFET preamplifier 

135 MT 
62.8 IviT 
36.l MT 
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1.5. 2 Liquid Argon/Copper Hadron Calorimeter . 

Lateral segmentation (Tl,<!>) 
Longitudinal segmentation 

Dimensions 
Inner Radius (active) 
Outer Radius (active) 
Length (excluding forward) 

Copper Absorber Thickness 
Sense Material: Argon 
G 10 Thickness 

Readout 
Channels - total hadron 

Weights 

0.08 x 0.08 
4 

1,469 mm 
3,250 mm 
11,000 mm 
9 mm/16 mm 
2mm 
2 x 0.5 mm 

22,000 

Copper (barrel) 646 MT 
(end cap - each) 425 MT 

Structural Components - Aluminum 
Cryostat Plus Structure (barrel) 63 MT 

(end cap - each) 50 MT 

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

Liquid Volume 
Barrel 
End cap (each) 
Total 

Total number ot channels 

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

39 ,560 liters 
26,410 liters 
9~,380 liters 

84,000 
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/ Cells CERN Rn3 2mm 
13 x 3 

Imm 
2.82 2.35 2.11 

15 x 51 2.65 2.07 1.96 
l 'f'0t ~! I 2.52 1.85 l.89 / 

Table 2: Electron e 
nergy resolution at 10 G V . 

e 'GEANT simuJ t' a ion. 

Cell size( mm) u. (mm) nns, (mm) u:or" ( rn111) u;heuron( mm) 

27 1.02 3.38 1.15 1.07 

35 4.73 1.45 1.04 

Table 3: Position resolution of accordion calorimeter, 10 GeV electrons, GEANT sim· 
ula.Lions. 
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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 
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GEM Ll~C E:n!Jineering F1arameters ---·---- _______ ,___, 

• LAC Dimensions 
Barrel Inner Radius 
Barr13I Outer Radius 
Endcap Outer Fiadius 
Endcap 
For11vard 

• LAC Extent (Beam Axis) 
Barrnl Half-Length 
Ende ap Start 
Endcap End 
Forw3rd Start 
Forw3rd End 

• Barrel/Enclcap Gap 

• Masses 
Barrel 

- Endcap/Forward (ea.) 

750mm 
3600 mm 
3600 mm 
0.7<Tl<3.4 
2.9<1"1<6.0 

:~380 mm 
~~410 mm 
!J500 mm 
~>090 mm 
6570 mm 

~~o mm 

783 MT 
520 MT 

) 
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GEM LAC De~ign Requirements 

• EM Cell Structure 
0.2mm SS 

. 1 mm Prepreg. 
1.3mm Pb.~ 

6.1mm -

2.0mmArgon \Y 
• Hadronic Cell Structure 

~:c~ fi~.t~~ 

-------------------
o. 07mm Cu 
Signal 

~o.2mm 

Kapton 

-0.035m1n Cu 
High Voltage 

~~~~~m~;;-r--2~ 

Tower Edao 
ProprOQ -~-~r~~~~@1~~~~ ! Stack J lght 

o.025mm 
flealetlvo Coat 

-A 

l 
c:u Plate rhlcknosa - 9rnm for Hadron Cal., A• 95.0mrn 
Cu Plato fhlck11oaa. 1&nm for Voto Hadron Gal., A - 151.0mm 

Cu Typ, 

) 
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GEM LAC Perf1Jrmance Requirements - ----
• EM Resolution 7.5°/o/'1E EB 0.5°/o 

' 

• Hadronic Resolution 60o/o/.Y E EB 2°/o 

• Position Resolution 5 mm/'1E 

• Time Resolution < 1 Bunch Crossing 
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GEM LAC Design Requirements 

• Total LAC Depth 
- T)=O 
- T)=3 

• Pseudorapidity Coverage 
- Barrel/Endcap 

• Azimuthal Coverage 

• Segmentation 
- EM 
- Hadronic 

• Absorber 
- EM 
- Hadronic 

• EM Depth 

. 1 O Absorption Lengths 
i 2 Absorption Lengths 

-6.0 <Tl < 6.0 
-3.0 < 11 < 3.0 

0 < <P < 2'/t 

Transverse 
LiT\XLi$=.032x.032 
LiT)XLi$=.08x.08 

Lead 
Copper 

25 Radiation Lengths 

\ 

-·----

Depth 
2 
3 (Barrel} 
2 (Endcap) 

, 
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yr 15.00m 

-11 o.3m I 
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I UIJ!J!.IJJ!!JJIJ!J.!JJ!J!l!.1.U !UUU'UIU! 11!IJI!.'!11u11 ! I !JI I !U IU 11.1 !_11uuuII!J11.1.111.1. I 1111I1111 

R:6310mmH~~~ 

R=3920 mm ····;;;::'§::~~:::: 

GEM MUON SYSTEM 
ACCESS TO B EAMPIPE 

\ ) 

29.60° 

11.01• 

a.1° 

12 MN Axial Load 

F. Nlmblett · 
Draper Lab. 
GEM920319 
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GEM Liquid Argon Calorimeter 

3600 

T 

.,.,.,, .... ,,"'~·;:-:"it:·:'· 

750 i TRACKER 

i. 2349 3120 ------1---o..l 

1-4------------5090----------\.--------------.i 

1-4----------------5500--4------------------1 

Area For Attact.ment of the Tracker/Barrel Neutrton Absorber I LLMason GEMLAC.Tracker 4/16/92 
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GEM Liquid Argon Calorimeter 
Electronics Box 1/4 Section "Off Vertical" 

Copper Hadron Absorber 

l~I ~ 2156 ----~ 

s= """"'""""'"" Electronics Box 

. - ' 1- - . - - -*'"'::s:~,:~11 

1070~ 

• ,,,n:y; n1flVifli'; I 
_Ll _'"•CK'_" - T _0"" ;z~ ~ =--- Jl~il~m1M!11u1 I 

PRE-RADIATOR _v II '-NEUTRON ABSORBER 

~---- 2350 ...... - 3120 ------!----<~ 

~--------- 5090 1260 .. , 

~----------------5500 -----

LLMason GEMLAC.4/21/92 

) 
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Cell Plate Orientation for Hadronic Modules Only 

Z Plates are Parallel to the "Z" Axis, Vertical Plates are Perpendicular to the "Z" Axis 

) 

GEMLAC.Cell Ortentatlon4/16/92 

) 
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Segmentation for Eta= 0.032 x 0.032, (200 in 360 degrees of phi) 

LLMason GEMLAC.EMRAY4/21/92 
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GEM Liquid Argon Cells/Tower Configurations 
(Not All Culls Shown as Blocks) 

Hadronic Segmentation = 0.08 x 0.08 
EM Segmentation = 0.032 x 0.032 

) ) 

LLMason GEMLAC.RAY 4/16/92 



Copper-Channel Count 

Segmentation nhl Eta Start Eta End Delta eta towers Towers Depth Channels Channels Channels 
In eta seam. Modules for cal. Haci/Bri 

Barrel EM .032 by .032 200 0.00 t .28 1.28 40.00 8000 2 16000 32000 

Brl/Edco Trans 200 1.28 1.44 0.16 5.00 1000 2 2000 4000 
Total EM Barrel = 36000 

EndcapEM .032 bv .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 

Total EM= 62600 

Fina Hadron .08 bv .08 80 0.00 1.20 1.20 15.00 1200 1 1200 2400 
Barrel 2 

Fine Hadron .08 bv .08 80 0.00 0.88 0.88 11.00 880 1 880 1760 
Barrel 3 

Fine Hadron .08 bv .08 80 0.00 0.80 0.80 10.00 800 1 8001 1600 
Barrel 4 I 

I 

Coarse Hadron .08 bv .08 80 0.00 0.72 0.72 9.00 720 1 720 1440 
Barrel 5 Total Barrel Had= 7200 

Fine Hadron .08 bv .08 80 0.80 1.12 0.32 4.00 320 1 320 640 
Coarse Had 80 0.72 0.88 0.16 2.00 160 1 160 320 
Endcao 12 

I 

:"!:::-3 ~==~-=~ .08 bv .08 80 0.88 1.36 0.49' ':. i:if'.I I '0 0 1 4801 960 
Endcap 13 

Coarse Had .08 bv .08 80 1.12 1.44 0.32 4.00 320 1 320 640 
Endcao 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 
Endcao 10 

Fina Hadron .08 by .OB 80 1.44 3.20 1.76 22.00 1760 1 1760 3520 
Endcoa 7 

I 
Fine Hadron .08 by .08 801 1.68 3.601 1.92 24.00 1920 1 1920 3840 
Endcap 8 

Fine Hadron .08 bv .08 80 1.76 3.60 1.84 23.00 1840 1 1840 3680 
Endcao SA -
Coarse .08 bv .08 80 1.84 3.28 1.44 18.00 1440 1 1440 2880 
Endcao 9 Total Had/endcap = 9680 Both E/C 19360 . 

Barrel Each EndcaP Total Had Both Endcaps 19360 
EM Channels 36000 13300 I 
Hadron 12001 9680 TOTAL CHANNELS= I 891601 

Total 43200 Total 22980 I I 
I I I I I I LLMason 4/4/92 

Page 1 
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Barrel Accordion Electromagnetic Module 

~· '"""' """ 

Preamplifier 
and ca 1 ibratlon 
electronics 

Preamplifier 
_.------ and ca I ibration 

electronics 

40 modules, 9 degrees per module 
1.16 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 cp per module 

90 towers in T) per module ( -1.44 < lJ < 1.44) 

0.032 X 0.0314 segment at ion 
2 depth segments spl1t at 7 radiation lengths 

900 channels per module Lx 

, 



) ) ) ) ) ) ) ) ) 

Closeup of the Barrel Accordion showing Electronics, Stripline, and Plates 
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I~ayers of the Accordion /,bsorber plate 

Pb Absorber 

Stainless 

GlO Insert~- Iii 

Prep reg 

) ) ) , 

Stainless Steel zlx 
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Barrel Accordion Af te Bending 

51 ~ . 53 

! 
182.39 

2156.00 Half Length 1--363.31 25 

652. 1 4 _ ~l~.El~=!=EE 
596.38 --~-
541 . 26 ____ v_-
486. 7 3 - -~l-«_tt+-+-1-
432. 72 _ _v __ 
379. 15 - __12.._l""'_~--1-.J_J_ I 

325.9l _ -_v -
2 7 2 . 8 2 - ____h_1 ~_1t-++-l-J_j_ 
219.67 _----v_ 
1 6 6 . o 6 _ ___h_I ~+-1-1---1--1-
1 1 1 . 3 6 - --v ~:--1--+-1-.Ll 

-r---t-- T 

--r-+- 705. 00 

54. 08 - --""-' ~ ----y~ tl-l/1'/,l,1 

Barrel Accordion Before Bending 
25 

Typical but obsolete 

200 absorber and 200 sensing ploles 
with ,04 X .04 Segmentation 

) 
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EM Template 3/4/92 

Material Densitv nteractlon Langi ,adlatlon Langi dEldx 
(g/cm3) /n/cm2) ln/cm2) MeVcm2/am 

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 
Kaoton 1 . 11 76.74 36.09 1.85 

LAr 1.4 117.2 19.55 1.51 
M~lar 1.39 115. 7 39.95 1.66 

Pb 11.35 194 6.37 1.13 
PolyScln 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 

Material Sensor Cell Reoeat deoth mm dee!!!_g!£m2 Interaction length Radiation Length E deoosltlon 
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 

~Y@! 2 0.063 0.018 2.04 16E-04 4.38E-04 0.0326 ---··--

l!@il'lfil&lliii!i!liiii!l Nlil I~' !i!' !i@!!li~Si 
Totals 6.301 2. 742889 1.71 2E-02 3 .3797E-01 3.4590 --·-·--··-

De~th Don~ity __ Effective Elf• ctlve --
lcm) lalcm3) cm/Interaction length cm/Radial .an length Samoling Fraction 

0.6301 4.353 36.82 1 86 24.45% 

Page 1 



Study of Accordion/Sensing Plate Layout 
4 Cells/Geometric Tower 

3 Cells per 
Geometric Tower 

4 Cells per 
Geometric Tower 

I~ I I I 

5 Cells per 
Geometric Tower 

lUjUJUjulu/ 
I 

BEasombc_ 4.CCAD 



-

-

-

-

' I 
! 
i 
I 
i 
I 
I 
I 

i 
I 

l 
i 
I 

! 
i 
! 
I 
' I 

--

N 
\J 

.,. 
N 
0 

---?> 

I 
I 
I 

-.l" 
0 
• .. 
~ 
..) 

• 

- - - -:> 

·-----··----------··-------------~-------... ·------- -··· I 
I 

... 

.. f. 



' / 

• 

-. 

/ 

/ 
/\ 

/ 
/ 

\ 



) ) ) ) . ) . ) 

COMPOSITE SHELL MODULE CONCEPT (Module #2) 

9 degree Included Angle 
21 06 mm Length 
570 mm Depth 
2.38 MT 
80 required 

Keyway for Alignment 
and Positioning 
Load Path for Non 
Vertical Placement 

Al. Strongback 
Completes Upper 
Flange of Box Beam 

Motier Boards 

0 

Holes for Argon 
Communication(Typ) 

Shell Structure Pretensioned 
to Prevent Buckling 

Transfer Mo Idec Fiberglass 
Shell Structure 

I ) 
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Copper Find Hadron 3/20/92 

Material Density nteraction Lengt ~adiation Lengt dE/dx 
ln/cm31 (g/cm21 _1g/cm2l MeVcm?!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 
Kaoton 1.11 76.74 36.09 1.85 

LAr 1.4 117.2 19.55 1.51 
Mvlar 1.39 85.7 39.95 1.86 

Pb 11.35 194 6.37 1.13 ·---- ---- - ·-
PolvScin 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 

-

Material Sensor Cell Reoeat ~th mm dep!!!__g/cn12 lnterac ion length Radiation Length 
c 14 0.003 0.010 1 .1 123E-04 2.23E-04 

Cu 8 9 64.512 4.7 122E-01 5.02E+OO 
G10 14 0.5 1 .1 !)0 1.3 93E-02 3.61 E-02 I 2.2253 
LAr s 8 2 2.240 1.9 13E-02 1.15E-01 3.3824 

--

- ·-

·-

·- ·-

I fill 1111· · 'ili~l ;; :ii111':'l\'lw~11;;;; ·i:·:11m11iw11i11m le i Ll\lt~12~ 
Totals 95.042 67.95151:1 5.11 164E-01 5.1673E+OO 98.5219 

Depth Density Effective Ef active 
lcml (g/cm_:)J ___ cm/Interaction length cm/RadL 

·- ------- --
9.5042 7.150 18.61 

,tion~f19!.~~ampling Fraction I 1 
I .84 -J-- 3.43% 

Page 1 



:- Hadronic Configuration vvith Electrostatic Transformer --

-- -
CELL - - - - -- ---- --- ----- -

- -
I 

ov, 

HV Electrode - 1 '-- .05mm G-10 

Smm Insulator -- Fe, Du or Pb Tile 

I 
Barrel End Cap 

Fine : Course Fine Course i - p I : 

TL --1 

Rs I 

I ~-- -·--- - ------ -- ... ·-· - Cell i ! I i ' 

--------~E: 
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Sf RC I-DEAS IJI: FC_Model ing_B-_Anal~1sis 20-APR-92 
llJ t_ (I b 05 (• lli(•(i './ l E' 
11e•.·• i!o :ilo1·ed lliew 

Task 1~o~l P.·ocesslng 
llo<l• I I -Fl n1 JOEL 1 ·----------------------- - ------

Di sp loy 
Mode I Bin 

Associated Llorkset 

module 
110DE: 1 BUCKLING LOAD FACTOR: -0. 1801613 
D ISPU'ICEME11T - NORf'l!iL MJN: 0. 00 MAX: 159. 33 

1··· , _____ _ 

. ~±rj ~"'.'~~ ' 
. ... . ;;,:;~:\~--::::::~~ 

ti I . , ~~2}""""' 
···;~~ ~~1('~'$_~~~$?<;~ ;c•:}:;;;> 
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MO[>ULE STACKUF' CROSSECTION (Module #2.) 

-Mother Board 

" I I • 
I "' I 

I 

' 

• 
I 
•• 
• 
• • 
• 
• 
• • 
• • 
I ' 
• 
• • . . 
•• 
• ·, 

• 
• • . . ' • 
• 
• 

• . . • 

' 

' 

' ' / 

Botton Locations 

I /l 
/I 

• 

' 

' 

-
.,,. . 

' 
. 

' • 
' I 

• . 
•• 

• 

• 
' , 

/ 

' 

>- c 

-

...___ Exit Groun I Pia :e 

,11 6X 

- Ar Gap (2mm) 

Ground Plate (Shared liy Two Cells) 

\bsorber Plates ( Six r er Cell , Three Above and 
i'hree Below Sensing P ate) 
Sensing Plate (One pe1 Cell) 

ranee G1 ound Plat~ 

. ) . ) 



. ) 
, 

GRl)LJND PLATE (Module #2) 

Cutout for Keyway 

9 mm Thick Copper Plate 
(Entrance and Exit Plates 
May be Thinner) 

) ) . ) . ) 

5 Plates 
1 Entrance Plate 
1 Exit Plate 

locations for button 
(predrilled) 

High Voltage Supply 
(Not Attached) 

Typical Copper Ground Plate 

Sensing Wire Stripline 
Recessed in Groove 
Following Eta Lines 
(Ground Line Attached) 

. ) 



) ) ) ) ) ) ) . ) 

AE:SORBER PLATE (Module #2) 
..................................................................................... 

+ Voltag\ 

Copper High Voltage/Ground Strip 
Follows the Perimeter of tlie Plate 
(Both Sides) 

Cutout for Keyway 

Acetal (DELRIN) Spacer Button 
5.5 mm dia. w/2 mm Pin 

6 Cell Depths 
36 Resistive Coating Templates 
36 Plates 

High Voltage/Ground Pad 
Resistive Coating 
(Both Sides) 

Sensing Stripline 
Supplies Ground to 
One Side of Plate 

High Voltage Supply 
(Attached to Copper Strip 
Redundant Supply on Opposite 
Corner, One Side Only) \I_ I p f- Prepreg Filler 4.Smm Wide 

l, 9:m Cu :late . l D. ~ I I I I I I I I I I I 

: 5mm Prepreg Layer 
Ground_/ '- 11esistive Coating To Sensing 

Plate 
·, ypical Tiled Absorber Plate 

. ) 



I ' 
SENSING PLATE (Module #2) 

Copper High Voltage Strip, 
Follows the Perimeter of the 
Plate (Both Sides) 

Cutout for Keyway 

+Voltage Acetal (DELRIN) Spacer Button 
5.5 mm dia. w/2 mm Pin 

' ) 

I I I ~Prepreg Filler 4.Smm Wide 
I dM 7 

- - High Voltage Pad 
Resistive Coa1 ing 

~ ,.. .... ,,. .._a,,..,... 
/ 

/ 
/ 

/ 

~ /' 

">Y 
.,·,;;/,,-High Voltage Supply 

' ) 

6 Cell Depths 
6 Resistive Coating Templates 
6 Plates 

Stripline Attached 
to Copper Sensing 
Plates 

9mm Cu Plate Sensing Wires Attached to :;tripline 

(Attached to Copper Strip, 
Redund mt Supply on Opposite 
Corner, Attached to Both 
Sides o ' Plate) 

\ ~ ~--:Smm Prepreg Layer 
\_ Resistive Coating 

+ Volta[,e 

Typical Tiled Sensing Plate 

) 



I ) ) 

Hadron Module# 2 Strip Lines and C·mnectors -

Six Cells Depth Handling Fixture Interface 
Segmentation 81] x 8cp = 0.08 x 0.08 
80 Modules Required 
l!Jt. = 2.38 MT each 

) ) ) 

",.JI I Fasteners for 
Tensioning Shell 

- /Y~~55JI/ Mother Boards 

f acn Module Contains 
I 1e 1=011owing: 
1 - lop Ground Plate 
1 - Elottom Gnd Plate 

5 - li1cluded Gnd Plates .r((> ~ 
36 - Tile Plates "' v 

---c ~I ~,%j go s 0 ',/, ~ I ;~~,"::;,, 
Containing 948 Tile 

6 - f>ensing Plates 
Containing 258 Tile l 

1 - ~itrongback \ 
1 - ~itructural Shell \ 
2 - End Plates \ 
28 - Towers with Strip l 
Lints and Electronics i 
A - lvlother Boards \ 

i\ 
\ 

Fib.irglas:: End Plate 

Groove for Radial Insertion 
and Support of the Module 

\ 

\ 

l ; • '------111-l-----__./ 
'· 

Fiberglass 
Structural Shell 

Projective Path 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.HadModDetail 4/18/92 

'> 



, ) I l , , , ) , ) , ) , ) ) 

ASSEMBLY POSITION (Module #21 ----

Entrance Ground Plate -

// 

E.1d Plates or Fixture 
fr, Place for Assembly 
T fP (Not Shown) 

Strongback 
(Supported Fully) 

- Strip Lines In Grooves 

Plates are shown in 
fixtured position 

) 



) ) ) ) ) ) ) ) ) ) I l I ) ) ) 

Material 

c 
Qi 
Fe 

G10 
Kapton 

LAr 
Mylar 

Pb 
PolyScin 

SS 
Ta 
u 
w 

Material 
c 
Qi 

G10 
LAr 

Total~ 

Densitv nteraction Lenat 
la/cm3) (g/cm2) 

2.265 86.3 
8.96 134.9 
7.87 131.9 
1.7 90.2 

1. 11 76.74 
1.4 117.2 

1.39 85.7 
11.35 194 
1.032 82 
7.92 131.9 
16.6 182.0719569 

18.95 199 
19.3 185 

Sensor Cell Repeat 
14 
8 
1 4 

s B 

' l\110 i'!j'.!i'';'' 'ilili' !)'iii i 

Deoth Density 
(cm) _( g{Q fll_;!L__ 

15.104 "7.821 

Copper Veto 3/20/92 

ladiation Lenat dE/dx 
la/cm2) MeVcm2/gm 

42.7 1.78 
12.86 1.44 
13.84 • 1.48 

33 1.87 
36.09 1.85 
19.55 1.51 
39.95 1.86 
6.37 1.13 
43.8 1.95 
13.84 1.48 ---
6.82 1.16 

6 1.09 
6.76 1.16 

depth mm de~cm2 Interaction length 
0.003 0.010 1.1023E-04 

1 6 114.688 B.5017E-01 
·---

0.5 1.190 1.3193E-02 
2 2.240 1.9113E-02 

. 

-

~ ~ 
151.042 118.127513 8.8259E-01 

------f-- - ---

··- -
Effective Elfective 

cm/lnteractio'!_ length c ml R adi at i()ll_~f19\!!__ 
17 .11 1.67 

Page 1 

) ) 

Radiation Length E deposition 
2.23E-04 0.0169 
B.~l2E+OO 165.1507 
3.IJ1 E-02 2.2253 
1.15E-01 3.3824 

9.0H91 E+OO 170.7754 

~mjlling Fraction 
1.98% 



) ) ) ) ) , ) \ ) ) , ) ' ) J ) 

'-' Forw'im:! calo 

Material Sensor_[_ Percent Interaction lenoth Radiation Lenoth I de~th gtcms..j 
'4~ ~A.JI n -tnn 7 ca a a c_nA 

::; I 3.16% 0.004 . 3.7748E-05 
1.484 8.0239E-03 

3.24°/o 0.000 3.2385E-57 
1.8909E-04 

E 
(;r J J •~.u, '0 J u. • uu I . , .uuuv~-u, 

w I I 76.91% I 
Void 
Ni 

7.23E-03 
2.26E-04 
2 20E-01 
3 24E-57 

2.83% 0.025 1 89E-03 
1.21% 0.011 8.0661 E-05 8.46E-04 -

-t 
cu 

I 

) ) 

E deposition Mat Index 
0.1482 11 
0.0067 6 
1. 7219 15 
0.0000 1 4 
0.0368 8 
0.0157 2 

I;;;- :\tt\~'.l:s~iIJ!i;ilitJ.iii 'ff~ltI~\itt~B&t~:1~~1~:r_·11~~~®~ftit. '~twmtm~1J~1r~~~: :_:h~1f.<t~t&•H1tmitEti:1~•r~~~jff!:IW1m1I-JfltJ!3$W.Eft.1~~m~\111rwri\1111rrtn~1tttrt~rr;:rn~~,: t rota Isl l [ 1 =r 1.625066647 I 9.0904E 03 I 2.2979E-01 I 1.9293 

I I Tube offset I 7.50 _J_ Tube inner diameter 5 L ___ Hexagon area 146. 14 J•)uter sleeve thickness 0.2 - 1 

1-- -+-- I Rod diameter I 4.8 I I I 
--+- -tinner sleeve thickness I 0.2 

E Hexaaon area HeavyMet Arel Ar on area S!ainless area 
146.1417869 84.20% 3.16% 12.64% 

HeavyMet Densil1' HevvMet Composition oarts by volume Percentaae depth a/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 
cu 1.50 1.44% 0.134 

j j j Density Effective Effective Minimum __ _ I (g/cm3L cm/Interaction length cm/Radiation length Sampling Fraction Sampling Fraction, 
16 .. 251 11.00 0.44 0.35% 0.33% 

'------L....----'------'-----'--------1--... .. --------~---------~-------~-------' 

Page 1 
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) ) ) ) 

"---

Material 
-~ 

~s 

L .\r 
IV 

Void 
ti i 
Cu 

) , 

~ensor 

s 

)- l ) ) 

--
Percent cteoth o/cm2 
11.86% 0.094 
8.H9% 0.012 

72.39% 1.397 
3.05% 0.000 
2.67% 0.024 
1.14% 0.010 

I ) I ) ) ) ) ) 

1st Hadrori'r'orward calo 
_,, 

r-~· . . 
Interaction lenoth Radiati in Lenoth E dooosition Mat Index 

7.1199E-04 6.79E-03 0 .1390 1 1 
1.0623E-04 6.3 7E-04 0.0188 6 -
7.5522E-03 2.0 7E-<·1 1.6207 1 5 
3.0480E-57 3.05E-! 7 0.0000 1 4 
1. 7798E-04 1.73E-<•3 0.0347 8 
7.5919E-05 7.93E-04 0.0147 2 

-

t1t~~r;w}r~10=twm~N1 ·at: %WJi;r.m·:a*~:it11rf~ttt~amtt41-~:~Et~{:t: 
T (::~";;~ i111r ;'.fili'fi!fillr!?}JLIJj\lf;!ffil•,jj~lW&~W&•' ii;w."'1 • 53 7 4 9 5 2 2 7 

8.6213E-03 I 2.1668E-01 I 1.8279 I 

Page 1 
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) ) ) ) 

-
• I 

) ) ) ~ ' ) 

I I 
) ) ) 

) ) 

2nd Hadro1\:...torward calo 

) 

M alerial Sensor Percenl deolh o/cm2 lnteraclion lena th Radialion Lenoth E deoosition Mal Index 
SS 10.26% 0,001 6.1595E-04 5.87E-03 0.1202 1 1 -

i.--1:.Ar s 7.69% 0.011 . . 9.1903E-05 5.51 E-04 0.0163 6 
w 74.95% 1.446 7.8189E-03 2.14E-01 1.6779 1 5 

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 1.1 ll% 0.011 7.8600E-05 8.25E·04 0.0153 2 

Yiilt·i'r' !Jjj!J\i!!]\itN?l'!i ii\llilillillfl!t'Vi iHMi'il\tf\%~;~1-;;i;;.:w;;;;a~I MW:!!\tfti)'ff@'tnlttmwf--1M\'Xfim%'.l!®M1&11fii\f$'%\1i@a'tifti\li!!'i 
Totals! I I 1 I 1.5736955·>2 I 8.7896E·03 · I 2.2307E·01 I 1.8656 

Tube offset I 1 0.30 ~ Tube inner diameter 7.8 
275.6~ _Outer sleeve thickness 0.2 Hexagon area-

Rod diame1er 7.2 
inner sleeve ·thickness 0.2 

Hexaao11 area HeavvMet Area Aroon area Stainless area 
275.6299053 82.05% 7.69% 10.26% 

I • 
HeavvMet uensn HevvMet c;omposmon parts bv volume Percentaae deplh a/cm2 

I /cm3l w 95.00 91.35% 18.335 
18.058625 Void 4.00 3.85% 0.000 

Ni 3.50 3.37% 0.312 
Qi 1.50 1.44% 0.134 

1---
I 

1---~~1-~~.,..-~-r-~~~~~~~~-1-~--:~~~~~....,t-~-:-~~~~~~:--~-:--t~~-::---:0---:-~--:-~~:----1·~~~~~~~~~-t--:-~~~~~~~-j 

I'- - - - --- - ---- -- - ··------

Uensilv I EllACtlVA I Effeclive Minimum 
lo/cm3\ I cm/Interaction lennth t cm/Hadialion lenoth Samolino Fraction Samolina Fraction 

-

15.137 I 11.38 I 0.45 0.87% 0.33% 

'--

Page 1 
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Internal Siphon for Cooling Pre-Amplifiers in the 
Argor1 Annulus Within the Barrel Calorimeter 

. \II - '1' Baffles at Annulus Top lo Collect Flow 1 

I " ''I/ ' . I H I ~/$,0W####ff//$$~,0W.$4'$',,0VU4 
_I/' · .. \ ', - J • 

/--· ''. I ------------
' I 

'\ 

~--

/ 
/ 

/ 

//_ ...... #-~j 
.~/ / ,'} / 

//1/ 
i• 1\ 

1:1 / 
fl : 

f 
iii 
i: \ 
\ \ \ 

~;. 

"; \: 

11 

:;; 

:; 

\ \ \" 
\\ 7~+-.JH ' ' \ - ' 

• 

D·•sired Flow Path, Up the Back Side of the Modules, 
Cl 1anneled lo the Head, Then Down and Around the 
Hoad to the Bottom of the Annulus 

Barrel Liquid Argon Calorimeter 

~ ··-----N'I &'-\.W\\.'-~~%'(~ 
"'\\\"".~~ 

Baffles to Force Warmed 
Argon Against the Head Wall 
and to Keep the Electronic 
Strip Lines Out of the Flow 
Channel 

Baffle at To~ of • \nnulus to Collect Flow 
and Direct to Aq on Vessel He;:,d 

A. gon 1 'essel Exterm,J Cooling Tubes 
to Rem we Heal via t11e Vessel Wall 

P ddit on B.11fles to Collect Flow at the Top of the Cooling Area 
and < :onta n it Until it Reaches the Bottom of the Cooling Zone 

~ - - - - - - - - - - - - - - -- - - - - - - -i.u.t.sonGEM..ACPreAmpC"'*"'.Ul1/92 

) 



- Barrel Cal. stackup v2.0 

Barrel calorimeter Type of stay 

additional Depth, Circular Flat Act.JP ass. Comments 
info mm radius, mm radius. m~ Int. Lenath 

Inner radius 750 750.0 750.0 
Pre-Radiator 0 750.0 750.0 
Cryostat Vessels 

Vacuum wall 39.4 9 759.0 759.0 p 0.023 
Vacuum Space 50 809.0 809.0 
Araon Wall 39.4 1 6 825.0 825.0 p 0.041 

Pre-Radiator 50 875.0 875.0 
EM Module 

inner EM electronics ? 50 925.0 925.0 
EM cm/radialion length 1.883 
No. of radiation lengths 25 
accordion EM depth 36.35 470.8 1395.8 1395.8 A 1.295 
outer EM electronics ? 50 1445.8 1445.8 
outer EM coolina ? 1 0 1455.8 1455.8 

Slav 39.4 1 3 1468.8 1468.8 p 0.033 
~ S"!" Ha.Cr-::~ Module 

degrees/module, a 9 

I 
cm/cell 9.5042 
number of cells 6 
inner radius(flat) 14aa.a 1.+aa.a 
radius 10 inner corner 1473.4 
Hadron depth 18.61 570.3 A 3.064 
Hadron SIB ? 60 2099.1 ? 
outer radius (to corner) 2105.6 2105.6 Ro-Rf/cosla/2) - STAY 39.4 13 2118.6 2118.6 p 0.033 

Second Hadron Module 
degrees/module, a 9 
offset angle, b 2.25 
cm/cell 9.5042 
number of oells 4 
inner radius{ flat) 2118.6 2117.0 Ri-( R f'i"- Rsb )/cos( a/2) •cos( a/2-b) 
radius lo inner corner 2125.1 
Hadron depth 18.61 380.2 A 2.043 
Hadron SIB ? 60 2558.7 ? -
outer radius (to corner) 2566.6 2565.0 Ro=Rf/cos(a/2) 

STAY 39.4 1 3 2579.6 2578.1 p 0.033 
Third Hadronic Module 

degrees/module, a 9 
offse\. angle, b 2.25 n/a 
cm/cell 9.5042 
number of cells 3 
inner radius(flat) 2579.6 2576.1 Ri·( Rf+ Rsb )/cos( a/2) ·cos( a/2· b) 
radius to inner corner 2587.6 
Hadron depth 18.61 285.1 A 1.532 

' 

Hadron SIB ? 80 2924.8 ? 
outer radius (lo corner) 2933.8 2930.2 Ro=Rf/cos(a/2) 

STAY 39.4 1 3 2946.8 2943.3 p 0.033 
Fourth Hadronic Module 

degrees/module, a 9 
offset angle, b 2.25 n/a 
cm/cell 15.104 
number of cells 2 
inner radius(flat) 2946.8 2941.0 Ri-( Rf +Rsb )/cos( a/2) ·cos( a/2-b) 
radius to inner corner 

I 
2955.9 

Hadron depth 17. 11 302.1 A 1.766 
Hadron S/8 ? 55 3303.9 ? 

-.... 
outer radius (to corner) 3314.1 3308.3 Ro-Rf/cos(a/21 

:=xtra Soace for Utilitv 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 3530.8 
vacuum Vessel 39.4 63.5 3600.1 3594.3 P0.161 

3600.1 3594.3 
Total Active Absorblion lengths. 9.70 

Total Passive Absorbtion lengths,. 0.484 
Total Absorbtion lengths .. 10.1833 

Printed 4'211'92 11:~0 AM 
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Endcap calorimeter 

Front Face Position 
Cryostat Vessels 

Vacuum wall 
Vacuum Space - Aroon Wall 

EM Module 
Pre-Radiator 
inner EM electronics 
EM cm/radiation length 
No. of radiation lengths 
accordion EM depth 
outer EM electronics 
outer EM coolina 

Washer 
1 ST Hadron Module (inner) 

degrees/module, a 
cm/cell 
number of cells 
Hadron depth 
Hadron S/S 

Washer 
Second Hadron Module (inner) - degrees/module, a 

cm/cell 
number of cells 
Hadron depth 
Hadron SIB 

Washer 
Third Hadronic Module (inner) 

- degrees/module, a 
cm/cell 
number of cells 
Hadron depth 
Hadron SIB 

• Washer 

- Fourth Hadronic Module (inner) 
degrees/module. a 
cm/cell 
number of calls 
Hadron depth 
Hadron SIB 

Extra SMce for Utilitv Access 
Cryostat Vessels 

argon Vessel 
vacuum space 
vacuum Vessel 

-

---r- ""''"''· ~:uctCKUp V1 .0 

additional Depth, Z-oosition Act.IP ass. 
info mm mm Int. Lenath 

2723.0 

73 13 2736.0 p 

50 2786.0 
39.4 50 2836.0 p 

0 2836.0 
7 50 2886.0 

1.883 
25 

36.35 520 3406.0 A 
? 50 3456.0 
? 13 3469,0 

39.4 0 3469.0 p 

360 
9.5042 

6 
18.61 570.3 4039.3 A 

? 76 4115.3 ? 
39.4 35 4150.3 p 

360 
9.5042 

4 
18.61 380.2 4530.4 A 

? 76 4606.4 ? 
39.4 0 4606.4 p 

360 
15., 04 

2 
, 7 .11 302.1 4908.5 A 

? 76 4984.5 ? 
39.4 13 4997.5 p 

360 
15.104 

3 
17. 11 453. 1 5450.6 A 

? 76 5526.6 ? 
0 5526.6 

39.4 50 5576.6 p 
50 5626.6 

39.4 37 5663.6 p 

5663.6 
Total Active Absorbtion length= ' 
Total Passive Absorbtion Ieng! s 

"';::~~: Absorbtion lengths .. 

0.018 

0.127 

1.430 

0.000 

3.064 

0.089 

2.043 

0.000 

1.766 

0.033 

2.648 

0.127 

0.094 

10.95 
0.487 

11.4386 

Comm en: 
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Calorimeter Module Weights 

I 

I 
I 

) ) J ) I ) 

CENTRAL BARREL CALORIMETER WEIGHT =783 MT 
ENDCAP CALORIMETER WEIGHT= 520 MT each 
TOTAL CALORIMETER WEIGHT= 1823 MT 
Weights have zero Margin 

------------

) 

Wt. Support = 1.36MT 

~ - - - - = - -=- - - - - - - - -
Wt.= 7.25MT 

Wt. = 11 .89MT 

Wt.= 1.44MT 

LLMason GEMLAC. Wt 4/16192 

) 



} ) " , 

13 

13 
3600 

51 

I 

I 
9 16 

, ) , J ) ) , ) ' ) 
I ) 

, 
' ) l 

GEM Calorimeter Wall Thicknesses and Vessel Weights 
(Thickness in Millimeters, Weights in Metric Tonnes) 

Barrel Vacuum Vessel Wt = 39.841\AT 

- Barrel Argon Vessel Wt.= 25.:~MT 

-73 

-51 

--50 

13 ~ jjJ IU!4 19 

21 

·-----------

13 

13 

35~ 

50 19 

13 

• I • 13 

37 

Endcap Vacuum 
Vessel Wt. = 22.3MT 

Endcap Argon 
Vessel Wt.= 28.24MT 

10701 

750 

_i__L * I -"""m 
--------- a I 

14 1500-..J 
--------- 2350----l~ 

14------- 2723 --------

!4-------------------5"00--------------------1~ 

LLMason GEMLAC. Thicknesses 4/16/92 

l 



) ) ) ) > ) I \ ) ) ) ) , ) . } I 
) 

GEM CALORIMETER LIQUID ARGON VOLUMES 

,,I 
I 

.~ - - - - - - -- -

Total Argon Calorimeter Vessel Volume= 94,000lt 

Three Head Vessels Total Volume = 3,600lt 

Reserve in Holding Vessel = 6000lt 

Total Argon on Sight= 103,600lt 

Volumes in Liters 

Two 60,000lt Holding Vessels 
are Required in the Hall 

LLMason GEMLAC.Wt & Vol 4/16/92 

) 
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Blow-Up of Central Endcap and 
Forward Calorimeter 

3120 --------.i 

) 
I 

} 

1070--1 

-1-r 
239 
f--1 

187 

885 

KLKillian Central Calorimeter Walls 4/20/92 
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Vacu 
Seal 
Bello 

' ) 
, ) ) ) ) ) . I ) ' ~ I ) ) ) 

View with1 Ox Expansion in Vertical Direction 

L Ar . I / 

L Ar w 
Vacuum 

Central Wall Forward Cal orimeters 
Tube Guide 

LJm / 
ws 

\ 
Two Stage Lip S 

- .../'with N2 Purge I ----/ 
"LXLr LLZLLLZXCLLZZLZZZZLCZZLI." 

Z Direction 
Restraint and Gui 

I 
r on Se al Bellows 

' mm Vacuim Wall ! ~.A( !I 

~ LZZTLZZZZZZLZZZI.rTT. ~I~ 
LI ~- "'"'""'-"' """ """"""""""" .. 

3 

nal 

™ 
"- I ,...,-seam Tube- _ Jeam Line -

1 mm 
Argon Wall 

I 
/1 

- - -

ge up 
with N2 Purge and 
Vacuum Pump-out 

de 

KLKillian Central Calorimeter Walls 4/20/92 
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) ) , ) , ) 
Feedthroughs 

LAr 
Vessel 

Feedthrouoh 

) 

GAr 

) ) ' ) ) 

GAr Vent 
/To Condenser 

\ ) 

Conditioning 
Line For The 
LAr Vessel 

, ........................ -.............................. ; .. . ........................................ ~ 

LAr 

' 

LN2 
Jacket 

LAr 

• MU 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. 

.Saturated Argon 
Line 

Vacuum 

Data 
Lines 

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

Vacuum 
Vessel 

Thermal Performance 

Barret - 80 Feedthroughs 137 W 
Endcaps • 92 Feedthroughs 152 W 

Total of 289 W 
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STRIP LINE CABLE 

~6mm t 6mm . 
OUTER JACKET 

. 
COPPER SHIELD I 

fffffff/ , , 

KAPTON DIELECTRIC SIGNAL TRACES 
, , , , 

KAPTON DIELECTRIC 
. 

" I 
. 

-~-. .. ' . ' . 
~ '· ' -·· 

"' OUTER JACKET 
·' . ~- . '"·.· ~~. :. 

COPPER SHIELD 

SPECIFICATIONS 

[ilELECTRiC: KAPTON I POLYESTER 
?Jikl:. .... 

SIGNAL TRACE (width): 0.254 mm 
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I ) ) ~ ) ) , ) 

GEM Liquid Argon Calorimeter 
1/4 Section "Vertical" 
Copper Hadron Absorber 

4 Inch High Point Argon Line for Barrel 

Vacuum Jacket 

Argon Vessel 

) ) ' l ' ) 

Shows General Configuration with High Point Argon Piping 

4 Inch High Point Argon Wet Line for Endcap 

Vacuum Jacket 

A<gon Vessel 

6 Inch Jacket 
Tvoical 

Al/Stainless Steel 
Transition Joints 
Typical 

) 

Barrel Calorlmeter Endcap Calorl neter 

Tracker 

Forward Calorimeter 

LLMason GEMLAC.E &Piping 4/17/92 



) ) ) ) 

Inner Muon Chambers 

Inner mid-pc int Radius of 3800mm 
Barrel Argon Wet Line 

Endcap Argon Wet 
Lines Near Side, 

e 

~:s I _ _ _ _ _ ! ~#>'&Far Side 

~--~-757 ___ _ 
~"?Inch Endcap .....---;·· 

Vacuum Line 

~ ' 
/- /I !.!.~-=~ "'-"'- ~ 

/ ~h Endca~cuu~lanilo1d \ 
- End~ap Vacuum Vessel Ova~\ \, 

Pressure Protection Relief Port 

Pump Dow~ By-pass Valve ~ 
I 

Vessel lsolatio~Vacuum Valve 

Cryogenic Back Stream 
Protection Device 

Diffusion Pump 

Lr-

Partial Side View 

Endcap Calorimeter End View Showin~1 Vacuum System 
and Argon Wet Line to Head Vessel 

0 0---------0-- -0 0 0 ( • 0 0 0 0 0 e-~--<c1----...--

------<">--•A---<'>--e 0 0 0 0 0 0 O-~A--~----f>--..,._---f'>---B 

Spacing for Electronic Feed Throu!)hS Penetrating the Barrel Vacuum Vessel, 
40 Shown, 80 Required 

UMuon GEMLAC_E I Piping 4117192 
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, ) 

Vacuum Systern - Lft.r Chambers 

Endcap 

·-
-

LAr 
Chamber 

--

'7 . ~{ 

. '--
Fllte> - --

' 

Roughing '~ 
·~ 

Pu1nps -

• 

Barrel 

LAr 
Chamber 

~81 

filt~-1 

-
~ 

: fl! 

Endcap 

LAr 
Chamber 

·~ 
' ' 

!Filter I 

Cociling flow Inlet 

Cooling Flow lleturn 

) , 
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Vacuum System - Vacuum 'lessels 

Endcap D " D Endcap 

• -

u.r LAr 

ct.amher Chamber 
LAr 
Chamber 

I L 
I 

u:; ' '11 . 
~· ') 1) 

0-
. 
• -0 

~-

J_ 
• '11 . 
c) 

' '11 --

'Hi ,, 'Hi . ' ' HI 
' ng 

~ 

.f - ~_l - -

1bient 

0-
) 

~ 

..___ 

D 

• ca 
) 

. ca 

Control 
'rank 

Cooling Flow Inlet 

Cooling Flow Return 

) 
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Study of Cryogenic Systems for GEM E urface and Hall Facilities 
(Very Preliminary) 

. Argon Vent . 

.-. l N> "ent 

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

Ground Plan 

~~-========!== -- @ 
! 
! 

___ Bea.!.11 Lin.fl 

! 

! 
' ! 
' ; 
) 
! 

I 
Liquid N~rogen Cond.ioning Syst~m 

Calorimeter Head Control Vessels\ 

~~f~·y 
l~ 

------t---- -

t' 1-y•""'F" Y' !a ""·~ 
ti- --\ -- -1,,,:--4nr-

: c 11 

/ 

L 
7 - ====--------' 

Hall Floor Line __/ Zrgon Supply a 1d Storage Vessels (Typical) 

I 

-----~ 

'~ .,.,.~. 
~IVLow Pressure Vessels for 

Isolation of Hall and Surface 
Pressures and Off-Loading, · 
Shown Out of Position 

LLMason GEMLAC.Cryo_Sys1em 4119192 
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3600 

) 

I 

! 1 

) ) ) ) 

GEM Liquid Arnon Calorimeter 
1/4 Section "Vertical Section" 

Barrel Argon Vessel and Calorimetry Wt.= 743 MT 
Endcap Argon Vessel and Calorimetry 1Nt. = 497 MT ea. 

) 

~flW!Tfl/W/WU//ftft/ff/mT/l/Jh777,..?7/J~ 
=:;-Y.l -- m?Zm?I 

~~ 

1070-1 

tn· "''''":•:•:·•:{1•1 ~ ~ ==r-·.·· fllllilli 

~----- 2350 i. - 3120 ------!----~ 

i.-----------5090---------~--------------o*'"------f~i 

5500 ------------------.i 

LLMason GEMLAC.Supports4/17/92 
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11· ..... · ........... ·.·.·.·: ... :.::.· ... ··.· .. ··· ... ~ 
i 

Ir:::::::.::::::: .. : .. ::::::::::::·::::::: ... : .. :::::::::·::::: ... : ... ::::::::::~· 
I 
i 
I L .. ,.. ... ·,.w.•.·.·.wn•, •• , •...... , •.• w. . ..... .-..... .,,,.. ••••• w.·.·.·.-.·.·.·•N~w• • .,w.•.·.·.·•••· .· ww• .. ,.J_..,J I 
i~ -, 

l\ ..... ~:~.~:.I Calorimeter I ·····w.-•w.w.w••••• ... ,.,_.,"wv•••••••••w.Wm ::d·l 
Protrusion on Argon Vessel for 
Beaming Load to Washers and 
Heads ------

1 ------' -;--.._.._ 
1 Steel lntBrface Plate ~ 
I . 

I 
- -~- - - - --- - ·- .. -- - --- - - - -- ... , 

-------------
Therm a I Support 

End View Barrel Calorirneter 

) ) ) ) 

Vacuum Vessels 

\~=>.'•·=c···········;1 

L ___ ........__ ___________ ·------------
' 

Thermal Support 

Argon V£!Ssels 

End View Endcap Calorimeter 
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Supports 

LAr Vessel 

Support land 

'I Ii 111111 " 1 J \ Flexible Support 

/\/ 

Support Land 

Vacuum Vessel Contoured To 
The M1100 Chambers Locally. 

) ) ) 
) 

-----
Structural Character .sties 

o 'Deflection of+/- 0.3" Towards 
Interaction Point 

o Design load Of Th.: Barrel 
Support of 3 3 7 Ml 

o Design load Of Th., Endcap 
Support Is TBD 

o Heat Intercept 
- Stainless Steel Or Aluminum 
- Cooling Tubes lnt•gral 
- LN2 Cooling Is Ba •eline 
- 0.5" Cooling Tub, s Leaves 

Greater Than Th< Necessary 
60 ln2 To Catry 1.oad 

LN2 He rt 
lnterce1 ·t 

GlO 

lnconne 718 
Flex Pia· es 
12"x.4; t 
Brazed 10 Place 

Spherical Interface 

Thermal Oiaracteristics 

Barrel-4x155 • 620W 
Endcaps - Bx 155 •1240 W 

Total• 1860 W 

1 o• Radius '-

)>.,. ~ 

18" 

-

) 
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Summary _____ ...... .._ ______________________________ __ 

• r:~equirements and Engineering Parameters Definitized 

• Interface Constraints Identified and Accepted 

• ~11odule Structures Developed 
-- Endcap EM Being Finalized 

• Electronics Heat Removal 
-- Baseline: Thermal Siphon Using Internal Argon Cooling 

• Vessels Defined and Siznd 

• Feedthroughs, Vacuum and Cryogenic SystEims Defined 

• Support System and Assembly Sconario Defined 

) 
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• 

GEM Liquid Argon Calorimeter 
(LAC) Cost J>resentation 

April 22, 1992 

GEM Cost Review Meetinq 

) 

J. Coulon 

MARTIN MARIETTA 

Science Systems 
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~~~nda 

• Configuration 
• Pa1rameters • 

• Cost Model 
• Ground Rules and Assumptions 
• LAC Cost Summary 
• WBS Summary 

- Dollars 
- Hours 

• Engineering Summary 
- Methodology 
- Example 

• Modules Summary 
- Hadronic 

~rocurernent Example 

) 

Assembly Methodology and Example 
- EM 

Procurement Example 
Assembly Example 

) ) ) > 

4/21/92 
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_Age.!!da (Continued) 

• Cryostat Summary 
- Procurement Example 
- Assembly Methodology and Exc,m pie 

• Calorimeter Assembly Summary 
- Example 

• Tooling/Fixtures Summary 
- Procurement 

• TeBt Equipment Summary 
• Transportation Summary 
• C:ryogenic System Summary 
• FaGilities Summary 
• TeBt Beam Program Summary 
• Installation/Test Summary 

- Ex~mple 

• Subsystem Management & lntegrat ion 
• Scilledule 
• LAC Cost Table 
• LAC Contingency Table 

) ) ) ) 

4/21/92 
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Configuration -----------------

Electronics Box 

GEM Liquid Argon Calorimeter 
1/4 Section "Off Vertical" 
Copper Hadron Abs(>rber 

------ 2156 "'"' 

'~~ ·~ --944 -
~ 

.· ....................... ·· .. ·. ·:. •." .... r .. _-, ... ,___, ,~ .. _-,. _- .. -. ·-· , ........ _-,'----'-'--'--'--.,.I._-. r • ""'" ... .... ,,...,,.._ - ' ......_. I .·:--.. -.... -.-.. ,..~" -.•.· .-.... , 1.1.-:; .-.·- ·······:·.·.·· .• . I I I 
j ; TRA,CKER 

7r bs( 
7 

zil1!~;:;;;;;£;;:1;;:l;;:;;:;•••····· i;;;;:;;{Jjj;;;;;;···;:;;;;~!!;:;;;;};;;·· •••:;:;;;::;•········~~~~~ 
890 

PRE-RADIATOR 
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.farameters (Overall) 

EM 

Absorber Pb/SS 

Absorber plate 1.3/.4 mn1 
thickness (mm) 

CHI! thickness (mm) 6.18 mm 

Sngmentation ArtXAq> 

.032x.032 

No. of channels 60,600 

• 

Weight (MT) 

) 

Fine 
Hadronic 

Cu 

9mm 

95.04 mm 

ArtXAq> 

.08x.08 

20,640 

Barrel 

783 

) I ) 

Veto 
Hadronic Total 

Cu 

16mm 

151.04 mm 

ArtXAq> 

.08x.08 

5,920 87,160 

Endcaps Total 

520(Each} 1823 
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P~·ameters (Modules) -
#Layers/ 

Modlule Type J>la1res 
• 

Quantitv Wei a ht Module 

1 Barrel EM Accordion z 40 1.57 MT 20 
,, 

Barrel Fine Hadronic ·1 80 2.38 MT 48 /(., •• 

~i Barrel Fine Hadronic ., 
•• 80 2.09 MT 32 

4 Barrel Fine Hadronic •I 80 1.84 MT 24 •• 

5 Barrel Coarse Hadronic ., ... 80 1.74 MT 16 
(j 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 2.71 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. •I 80 1.76 MT 77 .. 
13 End Fine/Coarse Had. ., 40 4.46 MT 60 .. 
14 End Coarse Hadronic Vertical 40 2.40 MT 34 
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Cost Model 

LAC 
INPUTS 

~ 

• Module Design Specifications 
• Module Cell Structure 
• Module Stackup Part Counts 
• Cryostat Dimensions/Channels 
• Module Unit Costs 
• Cryostat Unit Costs 

Note: Boxes represent 
Jinked spreadsheet ti/es 

) 

• 

) 

[ 

Module 
Estimates 

) 

/ 

• St. indard Hours for'-. 
M idule Assembly ' 

Estimates 

) 

/ [ Cryostat 

,,,.....~ ·Ma terlal Requlremen:------...= 
• St( .ck Sizes 
• Wl Id Requirements/Standards 
• To,Jllng Standard Hours 

, • Te:>t Standard Hours 

'""" • Machining Standard Hours 

'\. "" [ Assembly 
""" Estimates 

~ 
• A~ sembly Weldlng 
• M1 chanlcal Assembly 
• Te >I Manpower 

[ 

Engineering 
Estimates 

• Dr< wing Sheet Count 
• De: .Jgn and Analysis Hours 
• En. 1lneerlng Support Hours 

(le Systems Engr., Logistics, 
La JS, Q.E., Safely) 

LAC 
WBS 

) 

Other Direct 
WBS Inputs 

• Test Beam Program 
• Cryogenic System 
• Facllllles 
• Detector Installation/Test 
• Integration/Management 
• Contingency 
·Schedule 
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. .§round Rules and Assumpt.!£1_n_s __________ _ 

1. All costs are reported in 1991 thousands of dollars 

2. Estimates include engineering, m att:~rials and supplies, design, 
inspection, administration, procure1nent, fabrication, assembly, and 
installation of the GEM Liquid Aruon Calorimeter. 

3. The following methods were used to develop the cost estimates: 

• bottoms-up utilizing industrial nnnineering 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, cryo~;tat, engineering and assembly, then 
linked to the LAC WBS. For elements of the LAC which result in the 
largest percentage of the total co st, bottoms-up cost estimates were 
derived to the lowest level dictat£ d by the maturity of the design. 

5. Contingency analysis follows the GEM approach outlined in the GEM Cost 
Estimating Plan Revision (;. Contingencies have been applied to each 
WBS element based on the matu1 it~ of the design, technology 
considerations, estimating techn que, schedule criticality, and material 
and labor cost implication:>. 
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Grouncl Rules ancl Assumptions (Continued) 
6. Using the WBS, the subsystems \/Jere broken down into individual 

components. lnforrnation from the en!]ineering designs; such as weights, 
materials, specifications, tolerances, dimensions, quantities, were used 
for developing engineering and material requirements. This information 
was also used for obtaining matel'ial estimates from vendors. Other 
information generatHd included rr anuf acturing 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 factor<~d into the esiimate by reducing the hours per 
drawing required. An example of these savings can be seen in the design 
of the modules. A rr1odule 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 gen1~rate drawings for additional projective 
modules. 

8. The cost estimates are based on 1 he baseline design configuration 
presented by the MMC engineering team. 

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

10. Research and Development of the· LAC; was estimated as 11°/o of the 
construction costs. 

11. Conceptual/Preliminary Design was a bottoms-up estimate provided by 
the engineering group. 
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Ground Rules and Assummions (~ontinued) 
12.The Engineering/Design and Inspection/Administration estimates were 

developed using a combination oi bottoms-up estimates, Cost Estimating 
Relationships (CER's), and facton:;. 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 judg£·ment" vvhicll if; 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, dra-iNing development, and design 
maintenance and support effort. Hours are developed from the number of 
drawings required to accompolisl 1 the task (drawing counts). 

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

Engineering Support - includef; e1 fort for materials engineering, computer 
aided engineering, and checking ilnd release. 

Test Engineering - includes thE ~ e1 fort associated with test requirements, 
development of detailed test plan:;/procedures, test conduct, and test 
operations. 
Systems Engineering - includes r1~1iability, radiation hardness, 
requirements, systems integrutio n, and configuration control. 
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Ground Rules and A~;sump1 ions (Continued) 

Logistics - includes logistics engineering, integration and support, 
spares, maintainability, <1Jld 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 protot1pes and development labs, 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 asseml1ly. 

14. Inspection/ J\dministratio n is the inspection "touch" effort. It includes 
receiving inspection, touch inspection, factory quality control labs, 
factory quality control support, p1 ocurement inspection, and quality 
control pack and ship. Quality in~;pection is typically 25°/o 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 mod 1.1les (applying laboratory labor rates to 

4/21/92 

) 



) ) ) ) ) \ ) 

Ground Rules and Assumplli>ns (Continued) 

the cryostat is not reali!>tic withe ut 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 m<1d11les. Industrial engineers developed 
the machine and labor l1ours rec 1Ui red for each task. 

17. The manufacturing estimates al!;o include manufacturing support (factory 
and test effort which is non-touch labor) such as manufacturing/industrial 
engineering, material C1lntrol, fa, ~tciry supervision, tool control, and pack 
and ship. ManfaGturin~1 support is factored from the touch fabrication and 
test effort. The factor used is be se d on similar historical programs which 
use high production runs ( as for nlodule construction) and for one-time 
assemblies (as for the c:ryostat i n<I final calorimeter assembly). These 
factors are typically 75cvo of the 1 r>uch labor for large production runs and 
130°/o of touch labor for one-tim1 ~ l<1rge builds (75°/o was used). 

18.Aluminum sheets for the manufi1cturing of the cryostat were assumed to 
be obtained in optimurr1 stock sizes to minimize cutting, machining, and 
welding. 

19. Labor estimates were developec u 3ing 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: 
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Ground Rules and Asst1mp1 ions (Continued) 
$/Man year 

Skill MIX uty Rate 1otal Rate Compos le ::;kill Mix uty Rate 
($kl ($k) Rate C$1 ) ($k) 

National Laboratory: • National Average: 
Engr/Deslgn: 119 14 Engr/Deslgn: 

Designer 3 93 279 Designer 3 97 
Engr/Phy 3 154 462 
Coordin 1 93 93 

En gr/Phy 3 133 
Coordin 1 97 

lnspec/Admln: 86 83 lnspec/Admln: 

Secretary 1 62 62 Secretary 1 64 
Senior Technician 1 103 103 Senior Technician 1 107 
Junior Technician 1 77 77 Junior Technician 1 82 
Coordln/Admln 3 93 279 Coordin/Admin 3 97 

lnstal/Assy: 88 33 lnstal!Assy: 
Junior Technician 3 77 231 Junior Technician 3 82 
Senior Technician 2 103 206 Senior Technician 2 107 
Coordin/Admin 1 93 93 Coordin/Admin 1 97 

SSC Lab: 
Engr/Deslgn: 64 85 

' 
Designer 3 57 170 
Engr/Phy 3 78 234 
Coordln 1 50 50 

lnspec/Adm(n: 44 33 

Secretary 1 29 29 
Senior Technician 1 50 50 
Junior Technician 1 37 37 
Coordln/Admln 3 50 150 

lnstal/Assy: 43 50 
Junior Technician 3 37 111 
Senior Technician 2 50 100 
Coordin/Admln 1 50 50 

) 

Total Rate vomposite 
($k) Rate ($kl 

112.21 

290 
399 

97 

90.54 

64 
107 

82 
290 

92.77 
246 
214 

97 
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Grouncl Rules and Assumptions (Continued) 

20. Materials and Supplies (M&S) Wi 1s calculated as 4°/o of the total labor 
estimate. · 

" 
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LAC Cost Summary 

..... 

Engr/Design 

M&~3 

In spec/ Adniin 

Proc/Fab 

Assy 

lnstl 

• 

$K 

12,357 

2,614 

5,074 

54 ,Ol't 41t147 

29,777 

852 

Cont. 13:,o . .:r1 36,847 
~- . 
WBS Total' /3/,/}11127,668" 

*Includes R&n and Concepl/Prellm Design 

) ) ) 

Prollmlnary/Concopl. Design 

1 lesearch & Development 

ConstrucUon 

$K 

Construction ~113,866 1~,0-:. 

Research & Development ~2,525 1.3,+2~ 

Preliminary/Concept. Design 1,276 
. 

WBS Total ~21,668 /'3(.y Ti 
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t:ngrt 
Design 

($k) 
LAr 1,;a/orimeter: 12,357 

Research & Devel. 1,127 
ConcepJPrellm. Design 98~ 
Construction 10,248 

Modules 2,985 
Barrel EM 203 
Barrel Hadronlc 850 
Endcap EM 203 
Endcap Hadronlc 1,729 

Cryostat 1,642 
Barrel Argon Vessel 464 
Barrel Vacuum Vessel 119 
Endcap Argon Vessel 399 
Endcap Vacuum Vessel 167 
Supports 32 
Feedthrus 462 

Calorimeter Assy. 1,564 
Tooling/Fixtures 1,403 

Stacking Fixtures 203 
Cryostat Assy Fixtures 543 
Lifting Fixtures 155 
Shipping Crates 51 
Module Installation Fixture 91 
Hadronlc Fixture 71 
Cooling Tube Layout Tool 72 
EM Accordion Fixture 217 

Test Equipment 31 
Transportation 85 
Cryogenic System 286 
Equipment (above ground) 89 
Test Beam Program 0 
Installation/Test 269 
Subsys. M11t. & lntegr. 1,894 
Electronics 

-
M&S 
($k) 
~~ 

25 
3 

:!.,32 
91 

9 
27 
4 

50 
17 

4 
2 
4 
3 

3 
24 
e 

2 

1 

2 

3 
84 

) 

Inspect 
Ad min 

($k) 
5,074 

503 
0 

4,571 
2,446 

259 
752 
106 

1,329 
346 

64 
56 

2 80 
6 89 
2 3 
6 53 
2 608 
6 30 
8 0 
2 0 
6 01' 

2 0 
4 0 
3 0 

3 0 
9 30 
2 4 
3 0 
9 89 
4 0 
0 0 
9 47 
3 1,002 

) ) , 

Proc/ I I I I wts:::. Fab Assy lnstl Cont. Total 
($k) ($k) ($k) ($k) ($k) 

54,019 29,n7 852 32,021 136,719 
5,353 2,951 84 3, 149 13,422 

0 0 0 255 1,276 
48,665 26,826 767 28,623 122,021 
17,668 17,417 0 15,431 56,860 
3,954 1,847 0 3,106 9,461 
4,857 5,352 0 4,033 16, 122 
2,879 752 0 1,980 5,961 
5,978 9,467 0 6,312 25,316 
3,468 2,484 0 1,906 10,024 

534 461 0 344 1,907 
222 401 0 181 1,002 
436 573 0 336 1,866 
216 641 0 253 1,402 
241 25 0 67 371 

1,818 382 0 725 3,476 
138 3,868 0 1,429 7,850 

3,687 216 0 1,280 6,682 
840 0 0 231 1,282 

1,100 0 0 471 2,136 
400 0 0 123 684 
497 0 0 121 670 
200 0 0 65 359 
150 0 0 40 264 
100 0 0 35 210 
400 216 0 194 1,076 
450 15 0 131 633 
402 0 0 78 568 

4,122 348 0 1,657 6,531 
1,283 0 0 908 2,283 
3,829 0 0 996 4,825 

67 0 653 279 1,353 
0 2,478 115 1,140 . 7,471 

- I 13,552 3,388 16,9401 



) , ) ) ) , 

WBS Summary (Cont_in_u_e_d ... )·-----------

• 

R&D0/o = R&D 

Construction 

EDIA0/o = EDIA 

Construction 

Contingency0/o = Contingency 

Construction + EDIA 

Construction = Construction 

Const. + R&D + Concep./ 
Prelim. 
Design 

"" ""-.'-.'\'! 

Null 
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LAC Engineering Summary 

• 

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 2.4 286 
Equipment (above ground) 0.7 89 
Installation/Test 2.3 269 
Subsys. Mgt. & lntegr. 15.9 1,894 

Total 86.6 10.248 

•• 
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_§rtgineering Methodc?!,ogy _ 

EDI/QA D1 al'(ing PDs I CDs Test SpecCntrl Schematics 
S10ets Specs Drawwings 

Calorimeter 
Central Barrel 
Vessel 
Mod···-- -

• Program Elements and S Jbsystems ldentllled 

• Drawing Sheet Count De1 ·eloped 

• Engineering Design Hou1 s Estimated From Drawing Sheet Count 

• Complete Engineering E: tlmate Generated Using I 'arametrlcs 

Ciher lL_'· l:ngr 
~ours 

• Estimated Costs Allocated to the Appropriate WBf. Element 

Design Design Engr TtlSt Syslems 
Engr Analysis Supt Erigr Engr 

Design Hours 

~ 
Calorimeler 
Central Barrel 
Vessel 
Modules 
Central Inner 
Central Outer 

logistics Engr 
En gr Adm in 

) 

En gr Quality/ OTS Cmplr: Travel 
Labs Safely 

-~v 
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... Example of Engineering Estif!!_a~(Had~onic_Module 3) 

140 • . 

. 

120 -

~ 100 . 
Ill 
>-m ,, 
c 
m 
:i1 80 -
~ .. 
0 
Jl 
j 

60 DI -
c 
;: 
: 
c 
Ci 40 -c 
UI 

20 . 

0 
' ' ' 

Design Analysis Suslalnlng Tesl Engr 
Engr 

' 

Total Eng r. L11bor: 471 Mandays (1.8 Manyears) 

- ----

' 
OE & 

S;1lely 
En{lr Labs Syslems Engr 

Support 
Logistics 

Engr Engr 
En gr 

Ad min 
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,.§!t!mple of Hadronic Pro•::urement Unit UCosts (Module 2) 

• 

Unit Unit Total 
Measure Quantity Cost ($1 Cost($) 

Absorber (Cu) MT 181 5506.54 995,376 
G 10 Boards m"2 1,140 .. . l;G.54 I l.,.3(, I 

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 Gulde each 190 158.90 30,148 
Inside Bar Gulde each 

' 
100 158.90 15,941 

Module End Plates kg 543 5.80 3,148 
Compensating Sprlng/Fastenern 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 1,2.l.T-ae2 -
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Module Assembly Flc>w Chart 
r.:.:!.. 

Identify Module 
Weights and 
Dimensions 

Identify Module 1_ ~ 
~I Cell Structure 

Determine # Mini 
fclodules and # 
Layers 

~ 
Identify Detail 

Parts and 
Requirements 

Apply Labor 
Standards 

' 
Generate Total 

Detail and 
Assembly Times 

' 

- Determh1e Mc 
' Detail am 

Assemllly Fl 

dulel I Calculate Absorber 
I~----- Weight and Sensing 

ows Board Area 

Apply Manuf< cturing 
--~I Suppo1 t Factl)r (.75) 

"'-,... Total Module 
Labor Hours 
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Example o,f Hadronic Ass~mbly CosJs (Modul~_2) 

Support Guides 

Strong Back Support 
Plates 

Support Guides/Plate 
Weld 

End Caps 

Cu Absorber 
Preparation 

Bond Cu/G 10 

Structural Shell 

Module Assembly 
.. 

• 
(.4 MY) 

(.3 MY) 

(.4 MY) 

(.6 MY) 

(1.2 MY) 

Test/Checkout 1-] (.6 MY) 

(3.7 MY) 

(5.6 MY) 

) 

(8.4 MY) 

,----- I --·-I --1 I I I I 

0 100 200 300 400 500 600 700 800 

Module 2 Assembly Costs ($K) 
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• ~xample of Hadronic Assemb_hf_ $_tep 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 Proparation 48 46.8 

Bond Cu/Sensing Board 48 106.2 
' 

Structural Shell 1 14.7 

Module Assembly 1 70.8 

Test/Checkout 1 7.8 
/ 

Total oer(Mini Module* 267.7 

*Manufacturing Support and Tooling Maintenance Not Included 
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Ex~nple of EM Procurement llnit Costs (Module 1) 

• 

Unit Unit Total 
Measuru Quantity Cost($) Cost($) -Absorber (Pb/SS/G 10) MT 43 1848.00 78,756 

G 10 Boards mA2 229:J 1636.00 3,759,135 
Inner Strongback kg 471 36.38 17,232 
Outer Strongback kg 163·~ 18.41 30,080 
Tie Rods each 1760 5.65 9,948 
End Support each 80 183.70 14,696 
:>tandoffs/Fasteners each ' 6400 0.18 1,152 
:>teel Pins each 1760 13.31 23,426 
:>pacer Buttons each 35200 0.18 6,336 
Inner Supports 
~ 

meters 83 158.90 13,172 
Total 3,953,932 
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_ Example_Q_f_EM As_set!lbly Co~ts_(Module 1) 

Structural Details 

Pb Plate, Pb/Poly 
Compos. 

Pb/SS Plate 

In/Outside Spacer 

Spacer Buttons 

Module Assembly 

Test/Checkout 

. 

. 

. 

. 

-

-

-J (.2 MY) 

' 

0 100 

• 

I (3.3 MY) 

I (2.9 MY) 

J (1.6 MY) 

J (1.6 MY) 

• 

I (3.5 MY) 

' ' ' ' ' 
200 300 400 500 600 

Module 1 Assembly Costs ($K) 

) ) 

I (8.1 MY) 

' ' 

700 800 
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.. Example of EM Assembly SteQ Estimates (Module 1) 

Time 

Assembly Steos (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 
I 

600 40.4 

Module Assembly 1 86.0 
Test/Checkout 1 5.1 

Total oer Mini Module* 525.0 

* Manufacturing Support and Tooling Mair tenance Not Included 
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~~ryostat Costs 

4 

i' 3 ., 
fl> 
~ 

Ill ... 
Ill 
0 
0 ~ .... -
111 ... 
Ill 
0 
!.'.' 
0 
iii ., ... 
!) ... 

0 

Feedthrus Endcap 
Argon 
Vessel 

I • Engr/Deslgn fl! M&S 

) 

• 

Barrel 
Argon 
Vessel 

) 

Endcap 
Vacuum 
Vessel 

IB lnspeclAdmln D ProclFab 

) 

Assy 

BAssy 

) 

Barrel 
Vacuum 
Vessel 

D Cont. 

) 

Supports 

) 

ll&S 

lnopKIAdmln 
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Example of Cryostat Procurernent Unit Costs 

-Endcap Argon Vessel - Procurement Co~ts Unit Total 
Unit Quantity Cost($) Cost($) -Outer Shell 

Stays/Washers l:g 2491 4.54 11,308 
Cylinder l:g 10960 4.54 49,756 

Inner Shell 
Front Stays l:g 423 4.54 1,922 
Cylinder l;g 1534 4.54 6,966 
Rear Stays l:g 149 4.54 678 

Main Washer (center) l:g 11956 4.54 54,280 
Center Shell Lg 6987 4.54 31,720 
Inner Shell Assy :;ystem 1 77,665 
Feedthru Interface Plate 11ach 49 1764.00 87,233 
Coollng Colls 

Outer Shell 
Supply 1ne1ers 8 18.30 145 
Vent rne1ers ' 8 6.41 51 
Ribs rne1ers 69 14.26 979 

Ends 
Supply rnerers 13 18.30 240 
Vent rne1ers 13 6.41 84 
Rios inetel's 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 W Jld 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 . 
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-~ryostat Assembl~' Flo~f hart 

Develop Cryostat Generate St ock 4 
--

Parts List and Material and D1?tail ~ >ize ~> 
Requirements Requirerne nts 

Apply PF&D 
Factor to Total ~ 

-
Times (0.2) 

' , 

--

Gener. 
W£,ld 

Cullin -

lte 
.ng 
g· 

Total 
and 
'imes 

, 

) ) 

Determine 
Stock Weights 
and Quantities 

Input Welding 
and Cutting 
Standards 

, Welding Hours -r,~ 1p 
1in 

a 

Jt Roll/Mill/Turn, 

Cutting Hours l. Tool Set-up/Maint. -
nd Test Hours 

\ ) ) 

Determine 
- Trim Lengths -

and Weld Preps 

' 

Generate Weld 
, Lengths and Cut -

Stock Volumes 

Total Cryostat 
Assembly Labor 

Hours 
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Calorimeter Assembl'V: 

lnspec/Admln 
Proc/Jab 

• 

ASS'} 

Cont. 

$M 
Proc/Fab 138 

" Assy 3,868 
Cont. 1,429 
Engr/Design 1,564 
M&S 242 
lnspec/Admin 608 
WBS Total 7,850 

4/21/92 
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Barrel Calorimeter Assembly t::xample 

WBS Description ·Assembly Weldi119 Mechaniral Assembly Test Total 
No. Men Cays No. Men Days Mandays Mandays 

Barrel Calorimeter Assemblyff est 2 256 1 25 161 698 
Vessel Rail Supports (composite) 2 5 3 13 
Feedthrus 5 42 6 90 225 975 

Feedthrus (connecting, sealing) 1 30 2 60 45 195 
EM Section . 

EM Spool 2 7 1 11 8 34 
EM Module Placement 2 2 1 3 2 9 

Hadronic Section 
Hadronic Spool 2 47 1 25 36 155 
Hadronic Module Placement 

Hadronlc 2 1 9 1 2 3 15 
Hadronic 3 1 12 1 3 4 19 
Hadronic 4 1 219 1 17 71 307 
Hadronic 5 1 255 1 13 80 348 

WBS Allocation 
Barrel Calorimeter Assemblyff est* 2767 
'Does Not Include Manufacturing Support 

4/21/92 
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Tooling/Fixtures 
M&S lnspec/Admln 

Proc/Fab 

---·--------

Assy --------------
. 

$K 
Proc/Fab 3,687 
Assy 216 
Cont. 1,280 
Engr/Design 1,403 
M&S 66 
lnspec/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 
Sl1ipping Crates Each 662 750 496,500 
Module Installation Fbture Each 1 200,000 200,000 
Hadronic Tool Each 1 150,000 150,000 
Cooling Tube Layout Tool Each 2 50,000 100,000 

' EM Accordion Tool Each 2 200,000 400,000 

Total 3,686,500 

" 

• 
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Te~,t Equipment _ ------------

•Total Cost= $633 K · 

- Procurement Cost= $450K 

1- Unit Total 
Unit Quantity Cost(~) Cost(~) 

ch 4 15,000 60,000 
stem 1 290,000 290,000 

1_ 
Leak Detectors l Ea 
Computer System S~ 
Misc. (Voltmeters, Scopes, etc.) 100,000 

I 

Total 1-- 450,000 

' 

4/21/92 
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Transportation 

•Total Cost= $568 K • 

Basis: 
- Truck transportation at $2100 per 1 ruckload \t11ith a total of 191 

loads (109 for the endcaps and 82 for the barrel) . 

•• 

) ) 
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Cryogenic System. 

• 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 

Crvoaenic Service Comoonent 

Exper. Hall Argon Storage U~2 Systems 

LN2 Source System at Surface 

LN2 Conditioning Systems 

Argon Dewar Fill and Dlstrlbuliim System 

Argon Dewar to Argon Conditioner System 

Argon Conditioner System 

Module Cooling System 

Argon Boller , 

LN2 Boller 

Argon Supply Storage Dewars 

Vacuum £ystem 

Argon Pump and Purge System 

Installation 

,Total 

Total 

Cost ($K) 

1,110 

1266 

98 

114 

104 

116 

163 

125 

124 

250 

307 

1,061 

296 

4,122 

"' ComDonenl SDecS Olv 
LN Source Syslem al Surface 

Dewars 60,000 Hiers 
Filling Slallon 
Valves 2" 4 
Transfer Lines 2" 100' 
Redundanl Valves 2" 3 
Tolal 

4/21/92 
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Cos I 

$200,000 
$30,000 
$14,000 
$11,000 
$10.500 

$265,500 
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Egui~ment (above ground) 

• Total cost= $2.28 M 

• Procurement estimate: 

Equipment Cost {$K) 

Boom Crane, 50 MT - 20 mo. @ 5k 100 

Transport Carts - 25 @ $41< 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 
I 

Personal Computers 30 

Standard Rigging Equipment 20 

Total 1,283 

4/21/92 
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Test Eleam Program - -
• Total Cost = $4.SM ' 

• Calibration in the test beam include~. 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 estimat1~: 

1. Test effort on-going for 2 years (1997-19!18) 

2. 3.5 meter diameter cryosta't 

3. 2 technicians full time 

4. Physicists salaries not included 

5. Includes cost for 50-ton capacitv 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 te:,ting at an average cost of $94k basect 
on production module costs 

8. Average of 127 channels pnr LA1· module based on production units 

4/21/9?. 
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Installation/Test ........................................... ..-........................................................... _ 

• Total <:;ost = $1.35 M ' 

• Installation and test of the LAC was based on 6 months and a crew of 15 
p~ople, plus manufacturin1J suppott and EDIA. 

4/21/92 

) 



) ) , ) ) ) ) 

Sub~~1stem ~anagement & Integration 

• Tota I c::ost = $7.47 M 

• 7°/o of Total Estimate 

• Esti1nate Based on IVIMC Historical Data Base for Large Integration 
Projects 

Percentage of Labor --.- - Engr/ lnsp/ Instil 

De:;ign Adm in Assy -
Project Mgmt. and Admin. 8.0o/o 8.0°/o 5.0°/o 

Resource Management 3.QO,{, 3.0% 1.5°/o 

ES&H 1.5°/o. 1.5o/o 5.0°/o 

Quality Assurance 2.5% 2.5% 5.0°10 

Svstem lnteciration 7.5% 7.5% 7.5°/o 
' 

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

) ) 
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SchedL1le 

Liquid Argon Calorimeter I I 141 1993 I 1994 ~ 1995 ; 1996 I 1997 r.-1 1998 h-r1999 I 'LT! :.-r,,. 1 121·~:t121~r4,JT21,1.]r2u:~mc;14~21,, • sow 

Program Miiestones 
.. Above Ground 
Faclllty A 
Avullabla 

Hall BOD . 'I. A Test Beam 
Avallable 

Detector A 
Operational 

A Membrane For 
Calorimeter Required 

1 
LAr Calorimeter Construction I 02.1 ---- I 

Bar rel Calorln1eter 02.1."i Production Engineering 
Prototypes 

Procurement 

C=========~;;;;~~M~odula Fabrication 
Final Assembly 

Enc!CiJP Calorimeter 1-02.l.2 ______ !==::::::::::~-~~-·~..!~~tlC!!ackout I 
Production Engineering 

Prototypes 
Procurement 

[=~~~~~~~~~~~~~~~~~Modula Fabrication 
Final Assembly 

I -__ ~_-_-+~~~--~~~~~ 
Test Equlpmunt 02.1 . .J 

Cold Test/Checkout c:::::::=::J I 

Cryogenic System 

Facllltle9 

Test Beam t:l'rogrant 

Installation & Test 

Engineering 
.---------, Pcocurement/Fabrlcatlon 

- ~---------------------------

Engineering ProcuremenUFabrlcatlon 
02.1.4 

~ lnstallatlon/Checkout Above Ground 
lnstallatlon/Checkout Below Ground 

-02~----- c:=:=:J A~ve Ground Interface~- -- ··--·-- --- ----· 

-l--02.1.6 t c::=:::J Elactrlcal Interfaces 

A&D 

02.1.7 

Callbr~tlon Of Spare ModulaS/Systam Checkout 

C=::::::J Barrel 
c::==::J Barrel Teal 

C=::::J Endcaps 
Endcaps Test/Shimming & Fitting c=::J 

l-!'s:;u;ib;;;;s-;;y;;;s:tt;;e;;m;;,l=n:.t=e=g::r=a.,,t"lo:-:n,--;&o------lt-
02

_ 1 _
8 

I Sy~t~"~ Checkout/TaSlt'__~i::::::::::::::::::::::::::::::::::::~ 
Managemont -----

Preliminary 
4/21/92 
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Blow-Up of Central Endcap and 
Forwarcl Calorimeter 
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View with1 Ox Exp ans ion in Vertical Direction 

\'acuum 
~ieal 
llellows 

Central Wall 
Tube Gulde 
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L Ar. 

L Ar 

Vaclium 

\ 3 mm \'acuum Wall "" 

Forward Calorimeters 

- . I 

Z Direction 
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'It 
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1 mm 
Argon Wall 

Two Stage Lip Seal 
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Relative signal vs relative ionization rate r 
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GEM W/LAr Forvrard Cal. - Pion Showers 
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GEM Parameters 

Liguid Argon Forward Calorimeter 

NAME EM Hadronlc 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 23.47 mm 

Outer Radius 330 566 614 mm 

I I I I ' Unit Cell I 
Center to Center 7.5 8.1545 8.8525 mm 

Tube Diameter ID 5 5.4364 5.9017 I mm 

I 
- . ...... _,, - . , 

'" " ... " .., ".., I ~~ 

~-- I 
II 

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 % 

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 Metric Tons 
Number of Tubes . 6871 17261 17263 tubes 

" 

Rutherfoord I Chae, 4/16/92 
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INDEX 

FORWARD CALORil\IETER 
LIQUID ARGON OPTION 

1.0 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 

2.0 LIQUID ARGON DRAWINGS 

PARAMETER TABLE 
2.2 GENERAL ARRANGEMENT & DETAIL DRAWINGS 

3.0 CALCULATIONS 

3.1 WEIGHT & VOLUME CALCULATIONS 
3.2 ACTIVE THICKNESS CALCULATION 

4.0 VENDOR'S PRICE QUOTE 
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) ) ) 

CONSTRUCTION 

R&D 

ENGINEERING 

SUBTOTAL 

' 

) ) ) ) ) 

I.AR COST~ _,111MARY 

LIQUID ARGON OPTION FORWARD CALORIMETER 
COST ESTIMATE SUMMARY 

ENGR/DESIGN 

M&S and PROC/Fi\B LABOR LABOR 

INSPECTION MATERIAL ASSEMBLY INSTALLATION SUBTOTAL 

$2,332K $7,10:1K $883K $20K $10,338K 

$708K $165K $37K $OK $910K 

$282K $OK $OK $OK $282K 

$3,323K $7,268K $920K $20K $11,530K 

COST PERCENTAGE 

R&D $910K 11.37°/o 

EDIA $2,614K 32.66°/o 

CONSTRUCTION $8,006K 

CONTINGENCY $3,756K 35.37°/o 

TOTAL $15,286K 

Page 1 
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LAr Forward Calorimeter l\taterial Cost 
(for two Forward Calorimeters) 

TOTAL: 
Cost of Module Barrels 

Material Quantity Units Cost/Unit 
Barrel Meterlal 1.587 Lbs $5.50 

Top/Bottom Plates 1,852 Lbs $12.00 
Inner Tube Snacers 165,582 Each $1.00 

Total 

Cost or SS Tubes & Ouartz Fiber 
Material Ouantltv Units Cost/UnJt 

5.0 mm SS Tubl"" 11.280 Ft $2.00 

5.4 & 5.44 mm SS Tuhln2 75.869 Ft $2.05 

5.84& 5.9 mm SS Tubln2 98,612 Ft $2.10 

6.3 mm SS Tubln2 34.022 Ft $2.18 

Tube Coatln2 Material 219,783 Ft $1.00 
Quartz Fiber 329,675 Ft $1.00 

Total 

Cost of Su1212ort Structure & Coostat 
Material Ouantltv Units Cost/Unit 

Crvostat 27,117 Lbs $0.00 

Module Sunoort 5,952 Lbs $6.60 

Total 
• this will be paid by central ca:0riro.a:;;;. 

Cost of Absorber 
Material Ouantitv Units Cost/Unit 

W Rods & Absorber 66,182 Lbs $60.41 

Tungsten halls 14,771 Lbs $0.00 

Eutectic 7.275 Lbs $0.00 

Total 
•• !t">!s wil! be paid by Muon Group. 

Cost of Electrical com12onents 
Material Quantity Units Cost/Unit 

Preamos 1,736 Channels $45.00 

G-10 Plates 72 Plates $100.00 
G-10 Plates 72 Plates $50.00 

Strioline Cables 2,337 FT $5.50 

Total 

~. 

$5,344,4581 

$8,730 

$22.222 

$165,582 

$196,535 

$22.559 

$155,532 

$207.086 

$74,169 

$219,783 
$329,675 

$1,008,804 

so 
$39.286 

$39,286 

$3,998,060 

so •• 
$0 •• 

$3,998,060 

$78,120 

$7.200 

$3.600 
$12,853 

$101,773 
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Liquid Areon Forward Calorimeter Manufacturine Process 

Imtall '.I11nca1co Ba:d1 In loot[ T11h~1 1J1bc A:1smhll£1 
Get Inner t11bes & tungsten rods • Get Inner & outer tubes 
Swkige inner tuba on one end Cut quartz fiber to •pe<:lficd length 
Insert tungsten rods Wrap quartz fiber around Inner tubes 
Swf.lge the other end or Inner tubes Insert Inner tubes into outer tubes 
Coat Inner tube surface Inspect for proper alignment 
I.aUe & store Secure tube assembly 

Tungsten Plates Lable & Store tube assembly 

& module barrels 
are fabricaled by 
vendors & delivered 

Inner & Outer Tubes • are cut to specified ,_. 
lt1odule Asse1nbly 

len~lh hy the vendor Get tungsten plates 
(;et module harrel 
t:lcan & inpect barrel 
Install spacers in hok.-s In bottom plate 
Install W plates into barrel$ 
(Install eutectic for }ladronic & Tail catcher modules) 

·' 

Install Module Assemblies lolo Supporl Structurc5 
(;et module assemblies & support structure 
Set up Support Structure in a fi:s:ture 
Install EM module into the support structure 
(~onnect Stripline Cahles to G-10 plate 
Inspect subassembly 

Align holes & install top Plate (spot H'eld) 
Install tuhe assemhlics in modules 
Secure outer tubes to top platc(soldc) 
Install G-10 plates & electrically cor1 nect 

inner tubes to G-10 plat1..-s 
Perform module assembly functional check 
Ue1>eat above steps roe all module as.:mhlies 
Lahle & Store 

Tut.A=nhlx 
Install test harness 
Perform runcUonal check 

Htpcat ahove steps ror lladronic & Tall Catcher m1Klules 
Lahle &store 

Crvostat Installation Cnoslal lo5lalla 
Install Forward 
Calorimeter Cl] 
As A Part Of Cc 
Calorimeter C11 

I 

Assmbly Fjt Up 

·ostat 
·ntral 
'OShd 

Move assembly to fit up stand 
InstaU electronics 
Fill liquid argon 
Perform operational tests 

) ) 

s. 1\1. """'' 
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1.4 MANUFACTURING EQUIPMENT COST 
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-
Manufacturing Equipment for LAr Forward Calorimeter 

-
Equipment Quantity Unit Cost Total Cost 

STATION ONE 

1 .01 Inner Tube Assembly Stand 1 $1SK $1SK 

- 1 .02 Tube Coatlnn Stand 1 $1SK $1 SK 

STATION TWO 

2.01 Tube Aaaemblv Stand 1 $1SK $1SK 

STATION THREE 

3.01 Module Aaaembly Stand 3 $1SK $45K 

3.02 Lifting Fixture 1 $1SK $15K 

3.03 Personnel Platform 2 $2K $4K 

STATION FOUR 

4.01 Module/Support Assembly Stand 1 $2SK $25K 

4.02 Lifting Fixture 1 $25K $25K 

4.03 Personnel Platform 2 $3K $SK 

____ .,...,. -·· ·-
.;t1'"'•••··n1 • , • ._ 

5.01 Subassembly Test Stand 1 $25K $25K 

S.02 Temporary Bracing 1 $15K $15K - S.03 Personnel Platform 2 $3K $SK 

STATION SIX 

6.01 Assembly Flt-up Stand 1 $SOK $SOK 

6.02 Personnel Platform 2 $4K $SK 

• SPECIAL PURPOSE EQUIPMENT 

7.01 M!lllng Machine 1 $30K $30K 

7.02 Tube Swaging Machine 1 $40K $40K 

7.03 Dlmenslonal Inspection. Fixture 1 $30K $30K 

7.04 Portable Readout Test Stand 1 $20K $20K 

7.0S Temporary Wiring Harnesses 1 $10K $10K 

7.06 Oo Test Sources/Counters 1 $SK $SK 

GENERAL EQUIPMENT 

8.01 Clothing 1 $10K $10K 

8.02 Cleaning Supplies 1 $SK $SK 

8.03 Work Tables 3 $3K $9K 

8.04 Tools 1 $10K $10K 

8.05 Temporary Use Items 1 $20K $20K .. 
8.06 Handllno Carls (10 to 50 n 2 SSK S10K 

- Total $468K 

S. M. Cha&.ORNL../4-10-92 

-
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1.5 MANUFACTlJR!NG LABOR COST 
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Liquid Ar2on Forward Calorimeter 

(Manufacturing Manpower) -
STATION ONE 

1.00 Inner Tube & Tungsten Rod Assembly - TaakNumbw Task O.scrloUon Hour a Person load Unit Tot PHRS Quantity Toe. PHRS 

1.01 G•t Inner Tubea 1.00 1 1.00 3 3 
1.02 SWaae One end of Inner Tube• 0.03 1 0.03 12800 2780 

1.03 Get Tunaaten Roda 1.00 1 1.00 3 3 
1.0' lnHrt Tunosten Rods Into Inn« Tubes 0.01 1 0.01 12800 &90 

1.01 Swana other end of Inner Tube• 0.03 1 0.03 82800 2780 

1.oe Co.t Inner Tubes 0.03 1 0.03 82800 2070 

1.07 lnapeet Inner Tubes 0.003 1 0.00 82800 230 

1.0I Move Inner Tubes to Storaae/Statlon 2 o.so 1 0.50 3 1.5 

1.09 Get Outer Tubes 1.00 1 1.00 3 3 

1.10 lns~t Outer Tubes 0.001 1 0.00 82800 115 

1.11 Coat Outer Tubes 0,03 1 0.03 82800 2070 

1.12 lna~t Outer Tubes o.003 1 0.00 82800 230 

1.13 Move Outer Tubes to StoraaelStatlon 2 0.50 1 0.50 3 1.5 

Totals for Station One 4.13 4.13 10937 

Personnel Efftclen_,. 1.25 

Estimated Personhoura 13571 

l:t'!rscn v.,er'!..,1'17., ~•Nr 7.72 

? 1)0 -· Tube Assemblv 

Task Number Task Description Hours person load Unit Tot PHRS Quantity Tot. PHRS 

2.01 Retrieve Inner Tubes & Quartz Fiber 1.00 1 1.00 3 3 

2.02 Wrap Quartz Fiber Around Inner Tubes 0.02 1 0.02 82800 1380 

2.03 Retrieve Outer Tube• 0.50 1 0.50 3 1.5 
2.04 Insert Inner Tube• Into Outer Tube• 0.03 1 0.03 82800 2070 

2.05 Secure Tub• Asemblv O.OCM 1 0.00 82800 345 

2.~ lns-t Tube Assemblv 0.003 1 0.00 82800 230 

2.07 Move subasaemblv to Storaae/StaUon 3 0.50 1 0.50 3 1.5 

Totals for StaUon Two 2.05 2.05 4031 

Personnel Efflclan_, 1.25 

Estimated Personhour• 5039 - Person YearsO 1 no Hr/Yr 2.85 

-



-

STATION THREE 

3.00 Module Assembly 

Task Number Taek O.ecrlptlon Hours Petaonload Unit Tot PHRS Quantity ToL PHRS 
3.01 Retrieve Tuna•t•n Plat•• from Stor•a• 1.00 z z.oo • 12 
3.02 Retrieve Module Barrel & Too Plate 0.50 z 1.00 • • 
3.03 C1ean & ln• ..... ct Barrel & ToD Plate 0.50 1 0.50 • 3 
3.~ Install Ceramic Sn•cera In Bottom Plate Holes 0.001 1 0.00 82800 115 
3.05 Install Tunoatan Plat•• In Barrel 0.50 3 1.50 220 331 
3.oe Allon Hol•a & Install Too Plate 1.00 3 3.00 • 18 
3.07 lnatall Tu~ Auembllea In Module Assembly 0.02 1 o.oz 82800 1380 
3.08 Secure Tube Asaembllea to Module Auemblv 0.02 t 0.02 82800 1380 
3.09 Install G·10 Platea & Electrlcallv Connect to Tubes 0.02 1 0.02 82800 1380 
3.10 Perform Module Aasemblv Functional Check 0.004 z 0.01 82800 190 
3.11 Move Barrel As .. mbly to Stoarae/Statlon 4 1.00 z 2.00 I 12 

Totals tor Station ThrH 4.51 10.06 5326.708601 

Personnel Efflclenc:v 1.25 

Estimated Personhoura 6658 

Peraon Yearao1no H11Y'r 3.75 

STATION FOUR 

4.00 Assemble Module/Support Structure 

Task Numb9r • Task O.scrlptlon Hour a p.,.sonload Unit Tot PHRS Quantity Tot PHRS 
4.01 Adlust Module/Su ... l'V'\rt Assemblv Stand 0.50 · 1 0.50 z 1 
4.02 lnsoect Module/Su""ort Assemblv Stand 0.50 1 0.50 2 1 
4.03 Get Module Assemblies 1.00 2 2.00 & 12 
4.04 Get Su""Ort Structure 1.00 z 2.00 2 4 
4.05 lnstalVFlt Modules 4.00 3 12.00 I 72 
4.01 Connect Sb'lnllne Cabl•• & Labl• 1.00 1 1.00 72 72 
4.07 lne,.._t Su'b•e .. mblv 1.00 1 1.00 I I 
4.08 L!ibel and Store Subase•mblv 2.00 3 8.00 z 12 

Total for Station Four 11.00 25.00 180 

Personnel Efftclencv 1.25 

Esdmated Pereonhoure 225 
Person Yearso1no Hr/Yr 0.13 -

LAr FCAL Subaasemblv Manufacturlna Person·hours Subtotal 25593 

Person Vearso1no HrNr 14.41 

S 1.I ::-.a.~ CP.NL'J.-:0-92 -
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STATION FIVE 

5.00 Test Subassemblles@ Texas 

Taak Number Taak 0.scrlatlon Houre Person load Unit Toi PHRS Ouandtv Tot PHRS 
S.01 Move SubasHmblv to Test Station 2.00 3 8.00 2 12 
1.02 ln•tall Teat Harnesaea 2.00 2 4.00 72 288 

5.03 Start..u1:1 Test A"'"'•ratua 2.00 2 4.00 2 I 
S.CM Perform Functional T••h 40.00 2 80.00 2 100 

1.05 Move AaMmblv to Storaae/Stl: I 1.00 2 2.00 2 4 

Total for Station Ftv. 47.00 99.00 472 

Peraonnel Efftcl•- 1..25 

Esdmated Parsonhoura SllO 

Parson Yearao1no Hr/Yr 0.33 

STATlON SIX 

6.00 Assembly Flt-up @ Texas 

Task Number Task Oeser!otJon Hours Person load Unit Tot PHRS OuanUtv Tot PHRS 

1.01 Mova Subassambllea to Flt·UD Stand 2.00 2 4.00 2 8 

1.02 Connect Electronlea 2.00 2 4.00 72 288 

' 5.03 Fill with Llould Aroon loart of Central lnstallatlon\ 0.00 0 0.00 2 0 

I 5.04 Ooaradonal Test 80.00 2 160.00 2 320 

Total tor Statton Six 84.00 168.00 118 

Personnel Efftclen"" 1..25 

Estimated l'ersonhours no 
Parson Yearso1no Hr/Yr 0.44 

• 

Module Assembly Subtotal ( C Texas) 1360 

Person YearsC 1no Hr/Yr o.n 

Total Fabrication Personhours 26953 -
Person Years@1770 Hr/Yr 15.23 

-

-
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1.6 INSTALLATION COST 

(Equipment & Labor) 
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Liquid Argon Forward Calorimeter Installation 
• 

I Total: r m$129,757J 

Installation Eq11lpme1 

Eauloment Quantltv Wela ht Units Unit Cost Cost 
Transoort Cart 1 1 Unit ,;40,000.00 $40,000 
Temoorarv Rall 1 10000 Lbs $2.00 $20,000 

Tem~orary Bi-aclna 1 12500 Lbs $2.00 $25,000 
Crane 1 1 Unit >25,000.00 $25,000 
Total $110,000 

Installation Manpower 

No. Duration Service Time Total Hours Hourly Rate Cost 
······························ ....................................... 

Personnel Months MH/Month 
Electrlclan 3 1 170 510 $29.86 $15,229 

Crane Ooerator 1 1 170 170 $26.64 $4,529 
~ 

Total 4 680 $56.50 $19,757 
Person Years 0.33 

Yearlv Rate $59.27K 

S. M. Chae/OANU4-10-92 
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GEM Parameters 
Liguid Argon Forward Calorimeter 

NAME ed 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 23.47 mm 

Outer Radius 330 566 614 mm 

Unit Cell 

Center to Center 7.5 8.1545 8.8525 mm 

Tube Diameter ID 5 5.4364 5.9017 mm 

I 
-----

Tube Wall Thickness 0.2 0.2 0.2 mm 

Liquid Argon Gap 0.1 0.3 0.3 mm 

¥ 

Drift Time "' 60 ~" nsec "-V vv 

Sampling Fraction (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 Metric Tons 
Number of Tubes 6871 17261 17263 tubes 

- Rutherfoord I Chae, 4/16/92 
page 1 



- LAr Parameter Caclulation 

I 

GE:\l Parameters I 
Liquid Argon Forward Calorimeter 

One Side I Both Sides I 
Modules 3 6 I units 

Channels 868 1,736 units 

Module Barrel (Metal) Volume 0.08 0.17 MAJ 

SS Tube Volume 0.1 0.2 MAJ 

Tun1?Sten Rod & Absorber (95% W) Volume 0.8 1.6 MAJ 

Absorber Volume (50% Tunesten) 0.3 0.7 MAJ 

Tungsten powder Volume 0.2 0.3 MAJ 

Eutectic Vol.ume 0.2 0.3 MAJ 

Volume of Module Suooort Structure 0.2 0.3 MAJ 

Volume of Cryostat 0.8 1.5 I M'3 

TOTAL VOLUME 2.3 4.6 M'3 

I 

Weieht of3 Barrels (Mate!) 0.7 1.3 I Metric Tons I 

\Veight of SS Tubes 0.9 1.8 I Metric Tons 
~--

Weight of W Rods & Absorber t95% W) I d.u :W.ii Metric Tons 

Weieht of 50% Tungsten Eutectic 5.0 10.1 I Metric Tons 

Tungsten Powder I 3.4 6.7 Metric Tons 

Eutectic 1.7 I 3.3 I Metric Tons 

\Veight of Module Support Structure 1.4 2.7 I Metric Tons ! 

• \Veight of Cryostat I 6.1 12.3 Metric Tons 

TOTAL WEIGHT 29.1 58.2 I Metric Tons 

I 

Active Absorption Lenghth 10.00 ' Lambda I 

I ' Eta Coverage 3< Tl< 5 I 
i 

No of Tube Positions In EM Module 6,872 13,744 I Units 

No of Tube Positions In HADRON MODULE #1 17,260 34,520 I Units 

No of Tube Positions In HADRON MODULE #2 17,259 34,518 I Units 

- Leneth of Tubes for EM Module 1,718 3,435 I Meters 

Length of Tubes for Hadronic Module 9,833 19,667 I Meters 

Length of Tubes for Tail Catcher 5,179 10,359 I Meters 
·• 

Inner Radius 20 I mm 

Outer Radius 890 ' 
' mm ' -

Active Length*** I 1,120 I mm 

••• This value include the active length of absorbers only - gap between modules or 
I the cryostat dimension is not included. 

D-:i,....o ry 
. -.;l - - II -
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2.2 GENERAL ARRANGEMENT 
& 

DETAIL DRAWINGS 
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Notes: 

CID CID CID CID <I]) CID CID CID CID CID CID ([}) CID CID CO l @ CID ([]) ([]) ([]) ([]) 
@ ([]) CID @ @ ([]) ([]) CID ([]) CID ( Q) \ID ([]) ([]) ID ([]) ([]) ([]) ([]) ([]) ([]) 

I. Module Dimension 

v --CID <I]) ([]) ([]) CIJ) ([]) ([}) CID ([]) ([]) CfJ:i ([]) ([]) ([]) CC) <I]) ([]) ([]) ([]) ([]) ([]) 
I.' •1•l n<111Hl.20 C[J) C[J) ([}) C[J) C[J) C[J) ([]) ([]) C[j) ([]) (f}) ([]) ([]) ([]) ''.IJ) ([]) ([]) ([]) ([]) ([]) ([]) 

t --([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) ([]) (]J ([]) ([]) ([]) ([,) ([]) ([]) ([]) CID CID CID 
CID CID CID ([]) CID CID CID ([]) CID ([]) CD CID CID CID a:D CID CID CID CID CID CID 

CID CID CID C[J) C[J) C[J) ([}) ([]) ([]) ([]) Cl1 C[J) C[J) CID <I: D ([]) ([]) ([]) CID CID CID i 

C[J)CIDC[J)CIDC[])CIDC[J)CID ([])C[])C[J)C[])C[])CIDC[J)C[J)CID 
([]) Cl]) CID CID ([]) CID ([}) CID CID ([ 1) ([]) CID CID CID CID CID 

(see FCLAR-MDCXll) 

ID= 40 mm. OD= 660 mm 

Thickness ::: 250 111111 

2. Hole No = - 6870 hob 

@CIDCIDCIDCIDCIDC[J) @CIDCIDCIDCIDCIDCIDCID 
C[J) C[J) ([]) ([]) ([]) ([]) ([]) 040.0 mm!:0.5 ([ D ([]) ([]) ([]) ([]) ([]) ([]) 51.96 mmt0.20 

CID([])([J)CIDCID([])([]) ([])CID([])([])([])([])([J)([]) 
([]) Cl]) ([]) Cl]) ([]) ([}) ([}) Cl]) Cl]) ([ D ([}) ([}) ([]) ([}) ([}) ([}) 

([J)C[J)([])C[J)([DC[J)([J)C[J) ([])([J)([J)([J)C[J)C[J)C[J)C[J)C[J) 
([]) CID C[J) C[J) ([]) ([]) ([]) C[J) C[J) ([]) ([]) ([]) ([]) C[J) ([ D C[J) ([]) C[J) C[J) ([]) <ID--·

([]) C[J) CID C[J) CID([]) C[J) ([])CID C[J) ([]) C[J) ([])([])([])([])([])([])([])CID([]) 
C[J) Cl]) C[J) C[J) ([]) CID ([}) ([]) Cl]) C[J) ([]) ([]) ([]) C[J) er D C[J) CID ([]) CID CID C[J) t 

C[J) ([]) C[J) C[J) C[J) C[J) C[J) ([]) ([]) C[J) ([]) C[J) ([]) C[J) C[J) ([]) ([]) ([]) CID ([]) cm 5.400 mm :8·MJ 
CID CID ([]) C[J) ([]) ([]) ([]) ([]) C[J) ([]) ([]) ([]) ([]) ([]) er D C[J) ([]) ([]) ([]) ([]) ([]) t . 

C[J)C[J)([J)C[J)C[])C[J)C[J)C[])C[J)C!J)([])C[J)C[J)C[])C[J)C[J)C[J)C[J)C[J)C[J)C[J) 
. )[]) <IR.([]) AD ([]) ([]) 1;D ([]) ([]) ([]) ([]) ([]) ([]) ([]) CfD C[J) ([]) ([]) CID ([]) CID 
V ~([])"'®@@([])JC[])([])([]) C[J) ([]) ([]) ([]) C[J)JC[J) ([]) ([]) ([]) ([]) ([]) MAa1!llK1uumrA11mil<iTmirmt1'"1 -
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See Detail "A" 
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Tungsten or Eutectic 

01422.00mm 01228.00mm 

See 
FCLAR-TPAOOI, 002, & 003 

G-10 plates 
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HADRONIC Tall Catcher 

8.155 8.8SJ 
S.436 S.902 
4.836 S.J02 

II I 0. 10 O.JO O.JO 

l)cfini11ons: 
"A" ;;: Center lo Center Distance 
"ll" =ID of Outer Tubes 
"C" = 00 of Inner Tubes 
"IJ" =Liquid Argon Gap 

Outer Tube 

- Inner Tube 

Quartz Fiber 

) 
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GENERAL TUBE ARRANGEMENT 

Tungsten Rod / Outer Tube 

- Inner T1 be ( >r metalic coating) 

Tungsten Absorber 
between Outer Tubes 

Liquid Argon Gap 
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3.1 WEIGHT & VOLUME CALCULATIONS 
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- LAr Parameter Caclulation 

AREA & VOLUME CALCULATIONS: 101 5.0000 - (UNITS IN mm. mm"2. & mm"3 unless otherwise shown) 
i-------+ 

102 5.4364 
f--------1 

103 5.9017 

AREA RATIO'S: 

BAAR a TRIANGLE CIRCLE JN TRI CIRCLE RATIO SS TUBE 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 

BAAR a WROO RATIO LAr RATIO c toe 
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 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 
BARREL2 566 994040 570 566845004 17261 
BARREL3 614 1171591 300 351905969 17263 

AREA BARREL 1 BARREL2 BARRELS TOTAL 
TUNGSTEN ROOS 95197 266827 325759 687783 

TUNGSTEN ABSORBEF 177359 532235 633174 1342767 

SS TUBES 51592 111416 121519 284527 

LAr • 10577 83562 91139 185278 

VOLUME BARREL 1 BARREL2 BARRELS TOTAL 

TUNGSTEN ROOS 23816274 152158424 97846989 273819687 

TUNGSTEN ABSORBEF 44371312 303503691 190183836 538058839 

SS TUBES 12907232 63534222 36500082 112941537 

LAr 2646253 47650667 27375062 77671981 

EUTECTIC (50% W) 4578789 220156407 124728666 349463861 

MODULE BARREL 3144323 39420355 24120978 66685657 

WEIGHT BARREL 1 BARREL2 BARREL3 TOTAL 
11.JNGSTEN RODS 0.44 2.81 1.81 5.06 

TUNGSTEN ABSORBEF 0.82 5.61 3.52 ,. 9.95 
SS TUBES 0.10 0.51 0.29 0.91 
LAr 0.004 0.067 0.038 0.11 

EU I t:::C t iC (50% vV) 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. 60 i 

" 
II 



LAr Parameter Caclulation 

Structural Components Weight & Volume 

Module Support Volume & Weight: 
VOLUME VVElGHT 

MA3 Metre Ton 
BARREL SUPPORT 0.14 1. 11 

BARREL STOPS 0.03 0.24 
TOTAL 0.17 1.35 

Vacuum Vessel Volume & Weight: 
VOLUME WElGHf 

M"3 Metre Ton 
TOP COVER 0.23 1.83 

MIDDLE SECTION 0.16 1.24 
BOTTOM SECTION 0.00 0.04 

TOTAL 0.39 3.12 

II 
Lt quid Argon i/essei ·.; oiu1il~ & 'w'r'.aight: II 

• VOLUME \/\l8GHT 

M"3 Metre Ton 
TOP COVER 0.10 0.84 

•~!DOLE SECTION 0.26 2.09 

BCTTCM SECTION 0.01 0.08 

TOTAL 0.38 3.01 

TOTAL WEIGHT & VOLUME: 
VOLUME WElGHf - M"3 Metre Ton 

TOTAL 0.93 7.48 
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3.2 ACTIVE THICKNESS CALCULATION 
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- LAr Parameter Caclulation 

Active Thickness of Absorbers {MODULE 1) 

Absorber: Tungsten Heavymet 

Material Density Int Length Percent Metal IL Actual IL 
g/cm"3 g/cm"2 % Vol cm/L cm/L 

Abli!!Cbl!c ~s;imgs;ii;(tl9n 81 .43% 
Copper 8.96 134.9 1.22% 15.06 1232.67 
Nickle 1.21 96.6 2.8S'Y. 80.03 2808.25 

Tungs!sr. 19.30 185.0 77 .36% 9.59 12.39 

SS Tube 8.02 131.9 15.41 % 16.45 106.70 

S!!Di>!! Mllll!Cllll 
LAr 1.4000 117.2 3.16% 83. 71 2649.15 - 10.91 
Totals 13.55 100% 1 0.91 
Inverts 0.0738 0.0916 

• 

Hadron Make-up: 
IR" vnlnm~) .- , 
Material Eutect. Absorber Total I 
Copper 30.0% 1.50% 
Nickle 70.0% 3.50% 

0.00% 
0.00% 

Mixing Material 100.0% 5.00% - Tungsten 95.00% 
Absorber 100.00% 81.43% 
SS Tube 15.41% •. 
Lar 3.16% 

100.00% 

- Page 2 
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LAr Parameter Caclulation 

Active Thickness of Absorbers (MODULE 2) 

Absorber: Tungsten Heavymet 

Material Density 
g/cm"3 

Ab!'i!QCb!IC ~QIDl:Ul!'i!lllPn 
Copper 
Nickle 

Tungsten 

SS Tube 

~S!Dl!S! Mats:clal 
LAr 

Totals 
Inverts 

• 

Hadrna Make-yo: 
(By volume) 

Material 

Copper 
Nickle 

Mixing Material 
Tungsten 
Absorber 
SS Tube 

LAr 

8.96 
1.21 

19.30 

8.02 

1.4000 

12.98 
0.0771 

Eutect. 

30.0% 
70.0% 

100.0% 

Int Length Percent 
g/cm"2 % Vol 

80.39% 
134.9 1.21% 
96.6 2.81o/o 

185.0 76.37% 

131.9 11 .21 % 

117.2 8.41% 

100% 

Absorber Total 

1.50% 
3.50% 
0.00% 
0.00% 
5.00% 

95.00% 
100.00% 80.39% 

11.21 % 

8.41% 
1 00.00% 

Page 3 

Metal IL Actual IL 
cm/L cm/L 

15.06 1248.64 
80.03 2844.63 

9.59 12.55 

16.45 146. 73 

83. 71 995.85 

1' .20 
11 .28 

0.0886 



LAr Parameter Caclulation 

Active Thickness of Absorbers (MODULE 3) 

Absorber: Tungsten Heavymet 

Material Density Int Length Percent Metal IL Actual IL 
g/cm"3 g/cm"2 "· Vol cm/L cm/L 

Ab~!;1Cb11r ~QIDl2Q~it(pn 81.85% 

Copper 8.96 134.9 1.23% 15.06 1226.31 
Nickle 1.21 96.6 2.86% 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 

:S!!DS!! Mllt!!Cllll 
LAr 1.4000 117 .2 7.78% 83.71 1076.15 

11.35 
Totals 13.34 100% 11 .35 
Inverts 0.0750 I u.oaa1 I 

Hadrna Make-up: 
(By volume) 

Material Eutect. Absorber Total 

Copper 30.0% 1.50% 
Nickle 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% 
1 Ar 7.78% 

- [ 100.00% 

- Page 4 
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4.0 VENDOR'S PRICE QUOTE 
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FAX 

April 13, 1992 

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

Dear Steve: 

-.. -- -

SYLVANIA 
(.j I #j 

SUBJECT: Oak Ridge SSC GEM DETECTOR FABRICATION 

Chemlcals/Metal1 

To ... va·":::a. ?A ~83.!8 
717 205-2121 
TWX 510 671-4561 

We will press and sinter quarter-circle slabs jui;t ::Yer two inches thick. The com
position will be 95W, 4.5 Ni, 0.5 Fe or 95W, 4 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 groova joint will be used. 
The brazing will be done in two steps. Matching tongues and grooves will be 
machined into quarter-circle pairs and they will be brazed together to fotlll a 
hemi-circle. The hemi·circle can then be machined with matching tongi.ies and 
grooves and brazed together. A lower temperature braze will be used for the sec· 
and brazing operation. In both brazing operations gravity will be used to insure a 
tight j0i.r>,t witli no gaps. A special furnace will be built for the brazi,.,g operation. 
After brazing the disc will be turned to finish diameter and turned and ground to 
t.h;~kne9~. Tha.t o~>"ation will bo dono o€F-Ait... Tha holoa .v'11 t.\.,,..,., hn ri.,..;llnri 
using a vertical machining center. For each disc 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 tolerance of the holes is estimated at .:1:.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 ri . Total 
fabrication time for a unit is largely dependent on the drilling operation is 
estimated ae 24 months and 36 months if reaming is required. 

Si~carely. 

2· A. Mullmdo" 

lw 

c. 
~(ice :-'f s _,95 ~J Duu 

f:,, 6.,)th \<CTl-'S 
.~ -\-€_\erhc\U
c c,'(1'.,'t\-rc:._t\01\ 

Dn 4-/9j9:) 
CStt ~C~·EJ F"c-,x' 
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G~ PRODt:.::73 CORPORATION 
CHEMICAL AND METALLURGICAL DIVISION 

TOWANDA, PA 18848 

DMSION ENGINEERING 

FAX #(717)26'5-14150 
VN 8·7615-14150 

PUB!..!~ 'l'ELEPHONE (71 '1) 26lS·2121, EXT. 2660 

TELECOPY COVER SHEET 
~ ~ . <::;..,-&;:-'I ) ,,,- r )../ LJ f-
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"· 
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1.6 INSTALLATION COST 

2.0 SCINTILLATING LIQUID FCAL DRAWINGS 

• 
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1.1 SCINTILLATING LIQUID FCAL 
COST ES7I1vlA J:'E TABLE 



) ) 

CON~ iTRUCTION 

R&D 

ENGll ~EERING 
-· 

SU Bl OTAL 

·' 

, ) ) ) ) ) 

SPAGHETTI COw . SUMMARY 

SCINTILLATING LIQUID OPTION FORWARD CALORIMETER 
COST ESTIMATE SUMMARY 

ENGR/DESIGN 

M&S and PROC/FAB LABOR LABOR 

INSPECTION MATERIAL /1SSEMllLY INSTALLATION SUBTOTAL 
--

$2,481 K $6,726K 
c--

$1,179K $252K $10,638K 

$484K $582K $294K $OK $1,360K 

$271K $OK ~OK $OK $271K 
~ 

$3,236K $7,307K $1,474K $252K $12,269K 

COST Pl '.RCENTAGE 

R&D $1,360K 16.76o/o -
EDIA $2,753K 30.59% -
CONSTRUCTION $8,111K 

- -
CONTINGENCY $4, 139K 38.11°/o 

TOTAL $16,362K 

1>age 1 

) 
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Cost of Materials - Tungsten Eutectic 

Spaghetti Forward Calorimeter Materials 
(for two FCAL = 240 supertowers) 

Cost of Sheaths 
Material Ouantitv Units 

Sheetmetal 11,464 Lbs 

Fasteners 3,840 Each 

Total 

Cost of 3 mm SS Tubes (1/8" OD w/ 0 006 " w t) ! I 

Material Ouantitv Units 

SS Tubin" 633,284 FT 

Tube Coatine 633,284 FT 

Total 

Cost of Su1n1ort Structure & outer rina 
~ 

Material Ouantitv Units 

Outer Rine 16,314 Lbs 
Sunnort Structure 25,573 Lbs 

Fasteners 128 Each 
Total 

Cost ofT011 Plates & Oil Su1111lv Svstem 
Material Quantitv Units 

4 Plates/S. Tower 2,346 Lbs 
Spacer Plates 647 Lbs 

Oil Sunnlv Pipin2 1,360 Lbs 

Oil Puma 2 Each 

"l'otal 

Cost of Absorber 
Mo:ttP'l"irtl 0nantftv Unit• 

Tune:sten 116,182 Lbs 

Wood's Metal 57,099 Lbs 

Total 

Cost of Readout Assemblies 
Material Ouantitv Units 

Readout Fiber 105,403 Ft 

PMT l,664 Each 

Wood's Metal 4,619 Lbs 
Li.1:!.i1~ ~1:.,~,-_, ... << 4 E.:&ch .i.,vu ... 

F::!ste!'!~!" 7,6RO Each 

Total 

TOTAL: 

CosUUnit 

$5.50 

$5.00 

CosUUnit 
$0.85 

$1.00 

CosUUnit 

$6.60 

$6.60 

$10.00 

Unit Cost 
$12.00 
$4.00 

$5.50 
$20,000.00 

CosUUnit 

$13.00 

$2.54 

CosUUnit 
$0.53 

$600.00 

$2.54 

$25.00 
$1.00 

S. M. Chae/ORNU4-14-92 

$4,379,971 

$63,052 

$19,200 

$82.252 

$538,292 
$633,284 

$1,171,576 

$107,673 

$168,784 

$1,280 
$277,737 

Cost 
$28,154 

$2,586 
$7,481 

$40.000 

$78,221 

$1,510,371 

$144.824 

$1,655.196 

$55.579 

$998.400 
$11,731 

$41.600 
$7.680 

$1,114.991 
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1.3 MANUFACTURING PROCESS FLOW DIAGRAM 
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Scintillatine Forward Calorimeter Manufacturine Process 

~Spacer Array Readout Fiber Spacer Arr.u: 
Cut tubes to right length 

Slali!.!n_/tl. I Line up plates & spacers 
lnserl Tubes into spacer plates 
•::Xpaud spacer plates 

Statjon #2 
Cut readout fibers to leni:th 
Setup Spacer Plates 

Station #3 

Casting Tower Assemhly 
Assemble mold & frame 
Install Spacer Array in Mold 

• 

Cast Tower Assembly w/ Tungsten Eutectic 
Clean & lnpect Tower 

Station #4 

S1a1jon #5 

Tower Assembly Pren 
Clean up Tube Openings 
Unplug Tube Ends 
Inspect ror Debris In Tubes 

Install Sheaths 
Install Top & Bottom Plates 

, Install Sheaths 
. IR5pect Assembly 

Assemble Tower Comooneots 
Get Tower & Readout Sections 
Test Fit Components 
Attach Components 
Lahle & Store 

.S!Jui!!Jl.llti 

Assemble Moduk 
Install Outer Structural Ring 
Get tower & Install Towers 
Inspect Module Assembly 

Statjoo #7 

Insert fibers & Expand Spacer Plates 
Secure fibers 

.rufine Readout Assembly 
Asso.:mhle mold 
Install Spacer Array in Mold 
Cast Readout Assembly w/ \Vood's Metal only 
Clean & Inpect Tower 

Install Sheaths 
Install sheaths 
Secure Fiber 
Finish Fiber Termination End 
Inspect Assembly 

Jest Assewmhly 
Install PMT's & Wiring llarnesses 
Install Oil Supply Lines 
Perform Operational Tests 

Sratjon #8 

) ) 
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Manufacturing Equipment for Spaghetti Forward Calorimeter 

Equipment Quantit 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 S acer Ex anslon Fixture 1 $5K $5K 

STATION TWO 
2.01 Readout Fiber Cutting Machine 1 $25K $25K 
2.02 S acer All nment Fixture 1 $1K $1K 

STATION THREE 
3.01 Large Casting System 1 $125K $125K 
3.02 Tower Molds 6 $BK $4BK 
3.03 Readout Section Molds 6 $3K $1BK 
3.04 Setup Stand 1 $15K $15K 
3.05 Personnel Platforms 2 $4K $BK 

STATION FOUR 
4.01 Setup Stand 1 $10K $10K 
4.02 Personel Platform 1 S4K $4K 

STATION FIVE 
5.01 15ileath A~•c;1nbiy S~and (Tower) 1 $10K $10K 
5 O? Sheath A~u:uamblv Stand (Readout) 1 S3K S3K ,... 5.02 Personnel Platform 2 $21< $4K 

STATION SIX 
6.01 Tower Fixture 1 $10K $10K 
6.02 Tower Assembly Stand 1 $15K Z~ SK 
6.03 Personnel Platform 2 $4K SBK 

• STATION SEVEN 
7.01 Module Assembly Stand 1 $35K $35K 
7.02 Module Llftlnq Fixture 1 $45K $45K 

B.01 
STATION BGHT 

!Assembly Test Stand 1 $25K $25K 
B.02 Temporary Bracing l • i 5;\ ~I ~i\: 

B.03 Temporary Wiring Harnesses 1 $10K $10K 
8.04 Op Test Sources I Counters 1 $5K $5K 
8.JS Personnel Platform 2 S4K SBK 

GENERAL EQUIPMENT 
10.01 Clothing 1 $10K S10K 
10.02 Cleaning Supplies 1 $5K $5K 
10.03 Work Tables 4 $3K S12K 
10.04 Tools 1 $10K $10K 
10.05 Temporary Use Items 1 $20K $20K 

10.06 Handling Carts (10 to 50 T) 2 
•. 

$5K S10K 

Total $544K ,.. 

S. M. Chae/ORNLJ4·14·92 
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- Spa2hetti Forward Calorimeter 
(Tungsten Eutectic) 

- Tube & Readout F1ber Size· 3 mm 

STATION ONE 

1.00 TUbe Spacer Arrays 
Task Number Task OescrlpL Hours Personload Unit Tot PHRS Quantity Tot. PHRS 

1.01 Retrieve Saacer olates 0.25 1 0.25 240 60 
1.03 Clean Scacer Plates 0.25 1 0.25 240 80 
1.04 Assemble Saacer Plate Stack & lnsl'\lllct 0.17 1 0.17 240 40 
1.06 Install Rack In Tube Install. Station 0.17 1 0.17 240 40 
1.07 Get Tubes 0.50 1 0.50 240 120 
1.08 Cut and Inspect Tubes 0.01 1 0.01 126508 1606 
1.09 Install Tubes In Rack & Close Tube Ends 0.02 1 0.02 128508 2142 
1.10 ExDand Scacar Arrav 0.25 2 0.50 240 120 
1.11 Install Scacer Bars 0.25 2 0.50 240 120 
1.12 lnsoect Comoleted Assemblv 0.25 1 0.25 240 80 
1.13 Move a ssemblv to StoraaeJSTA 3 0.25 2 0.50 240 120 

Totals for Station One 2.38 3.11 4488 

Personnel Efflclenev 1.25 
Estimated Personhours 5610 

Parson Years01770 Hr/Yr 3.17 

-
.... 1.- .i ........ , .. I ff._. 

2.00 Readout Section Spacer Array 
Task Number Task Oescript. Hours Person load Unit Tot PHRS Quantity Tot. PHRS 

2.01 Get Readout Fibers 0.25 1 0.25 240 60 

2.02 Gat Spacer :'latas !r. A:;:;;;;-:=:.: Stac!< 0.25 1 0.25 240 80 

2.03 Cut and lnsaect Fiber• 2.00 1 2.00 240 480 
2.04 Insert Fibers In Saacer Platea 0.01 1 0.01 128508 714 

2.05 Exaand Sgacar Plates & Insert Spai:;er Bara 0.17 1 0.17 240 40 
2.06 Secure Fiber• 0.25 1 0.25 240 60 
2.11 lnsaect Comolated Assamblv 0.08 1 0.08 240 20 
2.12 Move Assamblv to Slatton 3/Storaaa 0.25 1 0.25 240 60 

Totals for Statton Two 3.26 3.26 1494 
Personnel Efflciencv 1.25 

Estimated Personhours 1857 - Parson Yaarso1no Hr/Yr 1.08 

-

- S. M. Chae/ORNU4·15-92 
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-
STATION THREE 

3.00 Cast Tower & Readout Assemblies 
Task Number T••k Descrl"L Hours Personload Unit Tot PHRS Quantltv Tot PHRS 

3.01 Get S"'acer Arrau from Stora"• /Tower\ 0.25 2 0.50 240 120 
3.02 Inspect Spacer Array (Tower) 0.08 1 0.08 240 20 
3.03 Assemble Mold and Frame (Tower) 4.00 2 8.00 e 48 
3,04 Install S"'acer Arrav In Mold ITower\ 0.17 2 0.33 240 80 
3.05 Install Mold In Castin" StatlonlTower' 1.00 2 2.00 240 480 
3.De Heat Moldln,. Bath 'Tower' 2.00 0.1 0.20 240 48 
3.07 Place Metal In Cruciblerrower' 0.25 1 0.25 240 &O 
3.08 Perform PreCastln..; Jnsciectlons'Tower' 0.17 1 0.17 240 40 
3.09 Cast Tower Assembllea lTower\ 1.00 2 2.00 240 480 
3.10 Remcva Mold From Castlnn StatloniTowei\- 0.50 2 1.00 240 240 
3.11 Su ... arvise Mold Cool·Down Cvc!9'Towei\ 8.00 0.05 0.40 240 9& 
3.12 Onan Mold/Tower\ 1.00 2 2.00 240 480 
3.13 Clean Tower AsaembJuncwer\ 0.50 1 0.50 240 ~20 

3.14 lns"ect Tower Assambl" 0.17 1 0.17 240 40 
3.15 Mova Tower assemblv to Station 4 0.25 2 0.50 240 120 
3.16 Get Snacer Arrav from StoranelRaadout\ 0.17 1 0.17 240 40 
3.17 lns--ct Snacer Arra;/ Readout\ 0.02 1 0.02 240 4 
3.18 Assemble Readout Mold lRoado..;:~ OM 

' 1.00 e 6 ........ 
~.1q Install S"aC•r Arrav In Mold 'Readout\ 0.08 1 0.08 240 20 
3.20 Install Mold In Castfna Stadon'Readout\ D.17 1 0.17 240 40 
3.21 Heat Mcldlnn Bath fReadcut\ a.so 0.1 0.05 240 12 
3.22 Plac• Metal In CrucibWReadcu1:\ 0.08 1 0.08 240 20 
3.23 Perform PreCastlnn lns-... ctJon;/Readcut~ o.oa 1 0.08 240 20 
3.24 cast Readout Assemblies 0.50 1 0.50 240 120 
3.25 Remove Readout Mold From Castlnl"I Station 0.25 1 0.25 240 60 
3.26 Supervise Readout Meld Cocl..Oown -·ele 3.00 o.os 0.15 240 36 
3.27 Onen Readout Mold 0.25 1 0.25 240 80 
3.28 Clean Readout Assemblv 0.25 1 0.25 240 60 

3.29 lnsnect Readout Assemblv 0.04 1 0.04 240 10 
3.30 Move Readout Assemblv to Station 5 0.08 1 0.08 240 20 

Totals tor Statton Three 25.81 21.28 3000 
P•rsonnel Efflciencv 1.25 

Estimated Personhours 3750 
Person Yearso1no Hr/Yr 2.12 

STATION FOUR 
4.00 Tower Assemblv Preo 

Task Number Task Descrict. Hours Person load Unit Tot PHRS Cuanllf\I Tot. PHRS 
4.01 Retrieve & lns-ect Tower Assemb!v 'J.25 2 0.50 240 120 
4.02 Clean Tower Assemblu 0 Tube Ends 2.00 1 2.00 240 480 - 4.03 Pull Out All Plu'"s From Tube Ends 0.01 1 0.01 128508 714 
4.04 Inspect Tubes- 10-ninas & Inside\ 0.00 1 0.00 128508 357 
4.05 Move subassemblv to StoraaeJSta 5 a.so 2 1.00 240 240 

Totals for Station Four 2.76 3.51 1911 
Personnel E!flciencv 1.25 

Estimated Personhours 2389 
Person Years@ino Hr/Yr 1.35 -

S. M. Chae/ORNU4· 15-92 -
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STATION FIVE 

5.00 Assemble Sheaths 
Task Number Task Oescrlat. Hours Personload Unit Tot PHRS Quantity Tot. PHRS 

5.01 Retrieve Tower Sheath• 0.33 1 0.33 240 80 
5.02 Clean & Inspect Sheaths 0.25 1 0.25 240 80 
5,03 Get Tower Assembly & Inspect 0.50 2 1.00 240 240 
S.04 Install tBrazel Sheaths on Tower Anemblv 57.74 1 57.74 240 13858 
5.08 lnsDect Tower Subassemblv 0.25 1 0.25 240 50 
5.09 '-"'cvlf Subassemblv !o Storaae/Sta ! 0.50 1 o.so 240 120 
5.09 Retrieve Readout Sheaths & Clean 0.17 1 0.17 240 40 
5.09 Get Readout Asaamblv & lnsoect 0.17 1 0.17 240 40 
5.09 Install lBrazel Sheaths on Readout Assembly 4.72 - 1 4.72 240 1134 
5.09 lnsoect Readout Subassamblv 0.25 1 0.25 240 50 
5.09 Move Subassemblv to Storaae/Sta 6 0.17 1 0.17 240 40 

Totals for Station Five 65.05 85.55 15732 
Personnel Efflciencv 1.25 

Estimated Personhours 19665 
Person Yearso1no Hr/Yr 11.11 -

STATION SIX I -- -

6.00 Assemble lower Components 
Task Number TasA Ue&cnc.:. Mours ; "" ~..;;n1v<i ... .. - ~··-- :: .. .:..::::-.. - ' .......... ... ,;,. ' ..... ,- ,, ..... . ....... · .... -- 8.01 Adjust Tow•r Assembly Stand a.so 1 0,50 8 3 

8.02 Inspect Tower Assembly Stand 0.08 1 0.08 e 1 

9.03 Transpcrt Tower A.ssemblv 0.50 2 1.00 240 240 

9.04 Trans.....,rt Readout Section 0.08 1 0.08 I 240 20 
6.05 Test fit comoonenls 0.50 1 0.50 I 240 120 
e.oe Attach Comllonents (Some Srazin""\ 5.00 1 5,00 240 1""" 
e.01 .. tnspeet Tower SubasHmblv "~f; ' 0.'25 240 50 

9.08 Label and Store SubassamblV I 0.50 2 I 1.00 240 240 
Total for Station Six 7.42 8.42 1684 
Personnel Efficiencv 1.25 

Estimated Personhours 2354 
----· -

Person Ye•rso1na Hr/Yr 1.33 

Tower Fabrication Personhours Subtotal I I I I I 35636 

Person Yearso1no Hr/Yr 20.1J 

-

-

- ~. M. cnae/ORNU4·15-92 



STATION SEVEN 
7.00 Assemble Modules 

Task Number Taak O.acrlnL Hours Person load Unit Tot PHRS Quantltv Tel PHRS 
7.01 AsHmble Conical Flxtur• &. lnspeet 4.00 2 8.oo 1 8 

7.02 Locate, Transport and Inspect Rina 1.00 2 2.00 2 4 

7.03 Install Outer Sb'uctural Ring 2.00 2 4.00 3 12 

- 7.04 Locate and Trana1:1ort Tower Asembll•• 0.50 2 1.00 240 240 
7.05 Install Tower Assemblies 1.00 2 2.00 240 480 
7.05 Inspect Module Asaemblv 0.50 2 1.00 2 2 
7.07 Label and Store Rina 2.00 3 a.oo 2 12 

Total for Station Seven 11.00 24.00 758 
Personnel Efftclen..v 1.25 

Estimated Peraonhoura 948 
Person Yaarso1no Hr/Yr 0.54 

STATION EIGHT 
8.00 Test Assemblies @ Texas 

Task Number fasK Oeacrn>e. Hours Person1oaa unit roe r'MHS Quanucv 10(. r-Hnti 

~ 8.01 Mova Module Assemblv to Test Station 2.00 3 a.oo 2 12 

8.02 Install PMT's 1.00 1 1.00 240 240 

8.03 Install 011 Supply System 40.00 3 120.00 2 240 

8.04 Install Test Harnualielli 0.50 2 1.00 240 240 

8.05 Start up Test Annaratus 2.00 2 4.00 2 8 

8.06 Perform Operational Testa 80.00 2 180.00 2 320 

:?.~"." ~".) ... __:;- '\ .......... ':!!~~ t~ C:t..,, .. "! .... 1c:tq (I 2."Q ' e.on • ,. 
Total for Stadon Elaht I 127.50 298.00 I 1072 

Personnel Efftclencv 1.25 

Estimated Personhours 1340 

P'!rson Yliars01770 Hr/Yr 0.76 

• 

Module Assambl Subsubtotal O Texas 2288 

Person Years01770 Hr/Yr 1.29 

Total Fabrication Personhours 37923 

Person YearsC1770 Hr/Yr 21.43 

-

-

S. M. Chae/OANU4·15-92 -
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Spaghetti Forward Calorimeter Installation 
• 

I Total: I $181,825 I 
Installation Equipment-Spaghetti Forward Cator~ter 

Eauloment Ouantltv Wela ht Units Unit Cost Cost 
Transoort Cart 1 1 Unit $40,000.00 $40,000 

Temporarv Braclna 1 20000 Lbs $2.00 $40,000 
Temporarv Rall 1 15000 Lbs $2.00 $30,000 

Crane 1 1 Unit $25,000.00 $25,000 
Total $135,000 

Installation Manpower-Spa1:hetti Forward Calorimeter 

tlo. Duratlor1 :Service Time Total Hours Hourly Rate Cost ............................. ... ······················-··········· 
Personnel Months MH/Month 
Electrlclan 3 2 170 1020 $29.86 $30,457 

Crane O[!erator 1 2 170 340 $26.64 $9.058 
Pl[!e Fitter 2 1 170 340 $21.50 $7 ,31 0 

-~ 

Total 6 
-~ 

1700 $78.00 $46,825 
Person Years 0.83 
Yearl~ Rate $56.19K 

S. M. Chae/OllNU4-14-9'.' 
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- MECH TOWER - W Eutectic 

GEM Parameters - Sgagb!.:tti FQr~ard CaI2rim!.:t~r 
Tungsten I Eutectic (50.0 % ) 

- One Side Both Sides 
Mechanical Towers 120 240 units 

Channels 832 1,664 units 

Sheeth Volume 0.3 0.7 MAJ 

Tube Volume 0.1 0.3 MAJ 

Oil Volume 0.6 1.1 MAJ 

Absorber Volume 2.7 5.5 MAJ 

Tungsten Volume 1.4 2.7 MAJ 

Eutectic Volume 1.4 2.7 MAJ 

Volume of End (spacer) Plates 0.1 n, ~!"3 . Vo-

O!l Su;:;:!; Systso.: 'folu!"1e (ci! Included 0.1 0.1 MAJ 

TOTAL VOLUME 3.9 7.8 MAJ 

'l'ntal Weight of 6 Modules 44.0 88.0 Metric Tons ii 
Tunsten 26.3 52.7 Metric Tons 

I Eutectic 13.0 25.9 Metric Tons 
---- --- -----· 

Sheaths 2.6 5.2 Metric Tons 

• Tube 'Weight 1.1 2.1 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<11<5 Lambda 

- Lenght of 3mm Tubes 96,512 193,025 Meters 

Number of 3 mm Tubes 64,254 128,508 units 

Inner Radius 25 mm 

Outer Radius 945 mm 

- Active Length 1,821 mm 
Total Length -2200 mm 

.., ___ " 
-
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2.2 GENERAL ARRANGEMENT 
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£
eta=2.0 

--
ela=3.0 

~ 

_/_/_/j~p J ;i II t 
i. ' 4620mm .. 11.- -2200mm ----l 

~'CAL 1.0CATION 

JOO mm .. 1 ~-

GEM Oetector 
Forward Calorimeter 
General Arrangement Rennich/Chae 

, 
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----~ :.:=2.0 

- - 950 mm from Beun CL 

[ _e~1_=_2~- _. 

-----------
• 

--r-'--ct•=' 0 

1780.0mm 

1345.0mm 

PMT 

~~---t---_t_ 
il .. > - _ _ 200.0 mm 

----
------r 
---

Support Tube · 

4720mm from IP .I - - ~ - _______ _ 
5750 mm from IP _...I . --

- 6920 mm from IP .,.1 

--
ela=2.01· 

NCJfE: 
I. Oil PIPING SYSTEM IS Nar SHOWN. 

l \ ,) 

oil out for bottom half 

oil in for top half 

Top & Bottom Liquid 
Distribution Manifolds 

Vffi\V "A·A II 

MAllTIN MAmDTrA llllllllQY Ol!9'1'11N13 

PROJECT: SSC GEM DETECTOR 

FORWARD CAWRIMETER 
LIQUID SCINTILLATING OPTION 

SPAGllETil FCAL LA YO UT CONCEPT 

I PRINT NO: D-FCLS-MDOOI I REV J 
DRAWNUYi S.ftt.CllAE 

CllF..CKED & APPROVED ev,,. _______ _J 

) 
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ALTERATION 

I 

Oil Purilicalil•ll Syslem 

LIQUID OUT 

• 

LQUID IN TO !'CAL 

MONJIDR CHEMICAL 
SPECTROMETER TOP OFF 

rt 

--
'-

LIQUID STORAGE & MONITOR 

GEM 
Spaghetti Forward Calorimeter 
Oil Purification System Diagram 

l ) ) 

,( 
~ 

PUMP 

Chae 
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INNER FACE 
@ 4720 mm FROM JP 

. 
@ 4720 mm from IP @ 6582 mm from IP 

Module Eta Radius Eia Radius 
Nu1nber mm mm 

6 6.378 25.00 6.378 25.00 
5 4.550 99.77 4.550 139.13 
4 3.950 181.83 3.950 253.55 
3 3.600 258.13 3.60<l 360.02 
2 3.350 331.60 3.350 462.32 
I 3.000 471.16 3.000 657.03 

OD 2.649 671.16 2.740 857.03 

\ 

• 

f-a -l_j __ 
Db 
rb"1-T 

@ 4 720 mm from IP @ 6582 mm from IP 

B h b B h b 

-- -- __ Jlllll_ __mm__ -- --
77.8'1 69.07 19.13 108.57 105.42 19.13 
70.9i 80.45 38.93 98.93 112.17 54.28 

100.7! 74.75 70.95 140.47 104.19 98.93 
130.0i 71.96 100.72 181.32 100.27 140.47 
92.3<i 138.38 6\.01 128.80 192.75 90.66 

131Sl !91).01 9'.•.36 168.01 191J.Ol 128.80 

) l ) 

OUTER FACE 
@ 6582 mm FROM JP 

JU.Hllll MAlllJll'IMJ'A lltMl!llGY llYS'1111MS 

PROJECT: SSC GEM DETECTOR 

FORWARD CALORU.tETER 
LIQUID SCINTILLA TING omoN 

SPAGJll!.TI1 TOWER & fl.tODUl.E DESIGN . 

PRINT NO: D-FCLS-TAMDOOI 
ORA WN BY; S. P.f. CHAE 

alECKEO & APPROVED BY: 

) 

.V6 
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1872.4 mm 

--
. 

6-5.7 --
- - - - 6 4.019 

0-3.130 
0= s.100· 

0-2.206 

0-1.211 

-i 
iOmm 

~ - - -

~ 

from IP - -2200.0mm -

J lotes: 
I. PMTs shown arc not drawn 10 scale. 

l ) ) 

-\ 
1\ 

] I 

'I - - -----
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I 

~ I 

~I 
1720.0 mm 

" I 

~ I 

I I 

I 

11- - - ----
] 

'V 
I 
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I M.t.11'11'1111 MAlllll'llTA IKllJlllO'I! I lllftl'll'llMS 

PROJECT: SSC GEM DETECTOR 
FORWARD CAWRIMETER 
UQUID SCINTILLA TING OPl10N 

SPAGllETil TOWER & ltfODULE DESIGN 
SUPER TOWER ARRANGEMENT 

PRINT NO: D-FCLS-TAMD002 
DRAWN BY1 S. ltt. CHAE 
OIECKED &. APPROVED BY1 

) 



J ) ) ) } 
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~--------------- 1861.37 mn ------

"I" 

4720 mm from IP 

8=2.206° 

see'D-FCLS-TAMD004 for detail 

I 2 3 4 -------
RA 181.90 182.0IJ 182.67 183.06 
RB 258.03 258.30 259.12 259.67 

**Length A 4725.28 ~730.28 4745.28 4755.28 
*'Length B 4725.28 ~730.28 4745.28 4755.28 

l.ength C 74.75 74.83 75.07 75.22 --- '--- -- --~- -

5 
--
253.17 
359.13 

6576.65 11 

6576.65 It 
!04.04 

6 7 f 

253.55 253.59 
59.67 359.73 3611281 
86.65 6587 .65 6597 651 
86.65 6587.65 6597.651 
04.19 !04.21 104.371 

••The lengths in the lable indicate the distance fro1n the intcractio.1 point 

) ) ) 

•7• 

"8" 

l'AAllll'BH Nl.t.IUll'llT.t. lml!llG'lf S'lfll'IMlNl!l 

PROJECT: SSC GEM DETECTOR 

FORWARD CALORlft.IETER 
1.IQlllO SCINTILLA TING omoN 

SPAGtn:rn TOWER & l\IODULE DESIGN 
I SIJPER 1'0WER OF A-100111.E 4 

PRINT NO: D-Fc1.s::r..\~11~>0_0_J'[_R_E_V_2_ 
DRAWN BY: S.ftt.CllAE 3/24191 

______________ ._Q!ECKED &: APPROVEDBY1 

) 
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-5.Dmm 

*
Omm 

10.0mm 

• 

= 

= 

oil inlet 

LL 
"A" "D" 

--·-
---e ___ _ 

h 

1 $ ~ .. 
-+- -

~ b 

VJEW 0 A-A" 

) 

\ 
t=2mm 

0000 0000000000 0000 
000000000 0000 
10000000 000000 
0000000 000000 
000000 0000000 

00000 000000 
oooc1 00000, 

000000000 00000 
0000 000000000 
00000000 00000, 
)QQ() ooo 00000 
0000 00000 
00000 -eeusa; 

0000000000000 
1ooooooooooooj 
0000000000000 

0 0 (} 0 0 0 0 0 0 0 0 0 
000000000000 

0 0 () 0 0 0 0 0 0 0 0 0 
---~ ----------

------

VIEW 118-8 11 

Nole: I. See DFCLSTAMOOOJ for dimensions B. b, a11d h. 

·~~~~~--~~~~~ 
----------

) 

'™-// 
I 0000 t 

=''.====~0 o 0 O 0 O 0 8.40t7 mm 
• ooo 

//1 :OOmmw;ili~"wt 
-~~- 3363mm 

TUBE ARRANGEMENT DETAU, 

WIJITllH WAllllilTTA lli11KDIGT llYST!&YS 

PROJECT: SSC GEM OETECTOR 

FORWARD CALORIMETER 
l.JQUID SCINTILI..\ TING OPTION 

SUPER TOWER INNER END FACE DETAIL, 

I PRINTNO:D·FCLS-TAMD004 I REY_} 
DRAWNBYr S.MCllAE 

CllECKEO & APPROVED a,v,_, _______ _, 

> 
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,..__ _____ n ---

o o_o_o_o_o o o o o o o-o o o o o o_o_o_o o o 
00000000000000000000000 
00000000000000000000000 
>0000000000000000000000 
00000000000000000000001 
0000000000000000000000 ~000000000000000000000 
0000000000000000000001 
>000000000000000000000 
0000000000000000000001 
000000000000000000000 
'ooooifloooooooooooooooooooooooooooooooooo 
00000000000000000000 
10000000000000000000 
0000000000000000000~ 
10000000000000000000 
00000000000000000001 
0000000000000000000 
1000000000000000000 
0000000000000000001 
000000000000000000 

000000000000000000 
oooooooooooooooooQ 
100000000000000000 
oooaooooooooooooot 
00000000000000000 

f .. 
J>..Q.Q~_!>-J'-lLO ~<> 

b - ~ 
VIEW "A-A II & 11D-B" 

No1e: I. See DFCLSTAMDOOt for dimensions n, b, and h. 

) ) ) 

LIGHT MIXER 

• oil OU! K .... - PMT R-2490-5 

llV CABLE 

~ c:-..::::~;~~~j
1

====0:-=~: I---- SIGNAi.CABLE 

----~1===1 I ~ 

see detail 
on DFCLS-TAMD007 

e e 
ee 
--e e 

'/JEW 11C-C11 

MAll'ml NIUIJlttTA llllDG\T 8YS'1111Nls 

PROJECT: SSC GEM DETECTOR 

FORWARD CALORIMETER 
LIQUID SCINTILLA TING OPTION 

SUPER 1'l\VER Olrl'ER END FACE DETAJt 

PRINT NO: D-FCLS-TAMDOOS fJiEY.1____ 
DRAWN BV1 S. M. CllAE ·----- _______________ _,_C,,,l!~~PPROVEO BY: 411"91 

, 
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- MECH TOWER - W Eutectic 

MECHANICAL TOWER SIZE CALCULATIONS 

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 

......................... !:.!'. .. ~J!~.~-~ ......................... 
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 

5.10 0.699 57.56 361.63 
5 16 4.55 1.211 99.77 626.85 70.95 80.45 38.9266 

4.20 1.718 141.59 889.64 

4 16 3.95 2.206 181 .83 1142.48 100. 72 74.75 70.94 72 
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 3~ 3.00 5.700 4 71 .16 2960.37 131.57 199.01 92.3631 

3.00 471.16 2960.37 

-

-

-

-



- MECH TOWER - W Eutectic 

MECl::IAMl!::AL IQWEB SIZE !::AL!::!.!LATIQM Q!.!IEB EA!::t= 
(PARAMETERS SHOWN ARE ATTHE OIL GAP) 

Distance 
From IP Eta Theta Radius The super tower length is based on 

mm de ree mm 12 lamda (15.18 cm I lamda) of absorption depth 
6581.21 2.73 7.444 859.9 for the 50% tungsten eutactic absorber material. 

·····-···-········-·· .. l:-.1! .. 11.9.~.~~ ··········-·-··-····-
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 
5.10 0.699 80.25 504.23 

5 16 4.55 1.211 139. 13 874.15 98.93 112.17 54.2843 

4.20 1. 718 197.42 1240.44 

4 1 6 3.95 2.206 253.55 1593.13 140.47 1 04 .19 98.9318 
3.75 2.694 309.72 1946.04 

3 1 6 3.60 3.130 360.02 2262.09 181.32 100.27 140.474 

3.45 3.637 411:l.2 7 2620.07 

2 32 3.35 4.019 462.47 2905.77 128.80 192. 75 90.6596 
3.20 4.668 537.42 3376.72 

1 32 3.00 5.700 657 .03 4128.24 163.01 1;:;.01 1Z3.301 

3.00 S.700 657.03 4128.24 

.-

- II 

Page 2 -
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MECH TOWER - W Eutectic 

DIMENSIONS OF THE SUPER TOWERS 
t 1 oil reservoir t2 absorber t3 oil oao t4 

5 1 5 10 1821.37 1 0 1 1 0 (units in mm) 

1 2 3 4 5 6 7 8 

modulE RA 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 
i--~~r-~~~-;-~~----t~~~-;-~~~i--~~-i-~~~-;-~~----t,--~~~1 

6 F8 99.76 99.86 100.18 100.39 138.88 139.09 139."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 4 740.56 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 

moduli RA 99.79 99.90 100.21 100.43 138.91 139.13 139.15 139.36 
5 t---FB=--t-~1~8~1~.7~8--i--1-8-1.-9-8-;--1-8-2-.5-5-+--1-8-2-.9-4-+--2-5-3-.0-5-+-2-5-3-.-4-4-+--2-5-3-.4-8-+--2-53-.-8-6~1 

length A 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 
lengthC 80.45 80.54 80.79 80.96 112.00 112.17 112.18 112.35 

modulE RA 181.go 182.09 182.67 183.06 253.17 253.55 253.59 253.98 
1-~~-r-~~~-+-~~~+-~~-+~~~+-~~---11--~~--+~~~+-~~--41 

4 F8 258.03 258.30 259.12 259.67 359.13 359.67 359. 73 360.28 
length A 4725.28 4730.28 4745.28 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 258.38 258.65 259.47 260.02 359.48 360.02 360.0tl 360.62 
f--~~-1-~~~--+~~~+-~~--1~~~-'-~~~1--~~--1~~~-t-~~-;1 

3 F8 331.60 331.95 333.01 333.71 461.35 4bL.U!> 4ti2.12 462.82 

modulE 
1 

length A 4 731.63 4736.63 4751.63 4761.b;; bo<>;;.oo 6o>i;,.uu 65;;4.00 6604.00 
length B 4731.63 4736.63 4751.63 4761.63 6583.01 6593.01 6594.01 6604.01 

length C 71.96 72.03 72.26 72.41 100.11 100.27 100.28 100.43 

RA 332.02 332.37 333.42 334.12 461.77 462.4 7 462.54 463.24 

F8 • 470.57 471.07 472.56 473.55 654.46 655.46 655.56 656.55 ., 

length A 4737.55 4742.55 4757.55 4767.55 6588.92 6598.92 6599.92 6609.92 I 
length B 4737.55 4742.55 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 

RA 472.14 472.64 474.13 475.12 656.04 657.03 657.13 658.12 
FB 672.14 672.64 674.13 675.12 856.04 857.03 857.13 858.12 I 

length A 4753.39 4758.39 4773.39 4783.39 6604.76 6614.76 6615.76 6625.761 

length B 4767.48 4772.47 4787.46 4797.45 6617.69 6627.68 6628.68 6638.68 
length C 1g9_01 1g9.01 1g9_01 199.01 199.01 199.01 199.01 199.01 

... · foni:Jihetfi!t.i!s\al:ln !f7!fl:II¢~ A.763(6s 14773!!3& so95iP5 ;iJi3P$\l'l5 maaoa\i::!i'i a.swa;q5 
!~rii:rt!tc WE>.66i;!'nt ;B{i6(iii97 f669i08 ·~7.0ilH~ #926i29 .• fa92i'MlJl Hfl27#l4 &92.~1'24 i 

"· · 1 " lk€!PL r .. .q;oo.... o:oo Ii'... ~ ~:o.o \\ :11:00.•••·. 

leiiatHA 472~!1B~i~~i~~ 475(){dO 6571!37 \El.6582137 :~0d~~3~. 
Jenoth B 4720.00\ 4725;00 .4 740;00 4750:00 6571.37 65BL37 6582.37 6592.37 ii 
-"lenothC ••O.OO··• .\OcOO> I· 0.00"' c.Q.00.\ .. 0.00 ..... oo;oo.· ... ·· 0.00... 0.00 
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MECH TOWER - W Eutectic 

Active Thickness of Absorbers 
Design: Tungsten Eutectic/Liquid 
Absorber: Tungsten Eutectic 

Material Density 

g/cm"3 

A!!~Qrb!i!r !:;Qmgg~ition 

Lead 11.35 
Tin 7 .31 
Cadmium 8.65 

Bismuth 9.80 
Tungsten 19.30 

SS Tube 8.02 

§!:!n~!i! Mi!t!i!rial 
Liquid 0.854 

Totals 9.57 
Inverts 0.1045 

----

• 

H51drgn M51ke-uD: 
(By volume) 

Material Eutect. 
Lead 22.3% 
Tin 17.3% 

Cadmium 11.0% 

Bismuth 48.5% 

Eutectic 99.1% 
Tungsten 

Absorber 
SS Tube 
Liquid 

Int Length 

gtcm"2 

194.0 
163.0 
161.0 

194.5 
185.0 

131.9 

83.6 

Absorber 
11.17% 
8.64% 

5.49% 

24.23% 

50.00% 
50.00% 

1 00.00% 

Page 7 

Percent Metal IL Actual IL 
% Vol cm/L cm/L 

79.57% 
8.89% 17.09 192.24 
6.88% 22.30 324.26 
4.37% 18.61 425.97 

19.28% 19.85 1 02.92 
39.79% 9.59 24.09 

3.84% 16.45 428.29 

16.59% 97.89 590.07 . 
15.18 

100% 15.18 

I 0.0659 

Total 

79.57% 
3.84% 

16.59% 

100.00% 
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POWDER ALLOYS 
Manufacturers of Precision 
High Density Tungsten Alloy 
Products & fy'lachinable Blanks 

350 f\LLWOOD ItOf\D 

CLIFTON, NEW JERSEY 07012 USA 

PHONE: (201) 773-4850 

FAX: (201) 773-4421 

'FACSIMILE COVER SHEET 

DATE: '-/-.2.1- ~ )._ l!'/\X 

COMP.nNY: S.s C. LAb 
TO: S ./- .ev£ ct, AL 

tiO·ri::s: 

: 

II!' THERE ME J\NY Pl'OULEMS Wl'l'!I Till! 'l'IV\NSMISSlON OF 'l'llJ.S P!IX, 
PLEl\.SE CON'.L'll.C'.Z: 'l.'EL.U:D'iNE l'QWUl:at /\LLU'iS l\'l' 'l'!IE: AUOVE '1'1!:1,El'llONI·: 
NUMBER. 

SEN'.Z: l.l:l: /¢/~--
ROLF KAMPER 



IP"' IC' CJ.'J 111C. r""''-1WYl.ICJ"\ ~1V 

,... 80 Al.LWOCO "°"° 
.-.o.llQa:_,. 

RUG'!ATION lfO: 
PAGE: 
DATE: 

In reference to your RFQ da'.:.,d 4/07/92, 
we are pleased to ~uote as follows: 

., .. ,, .. ~ ... ·~'' ... . ..... , ... '· ' . 
. . . 'D!SCRIPTIO!i 
...... .. ~.:. : . . ~-. . 

,;.~,.~-T'!t," 
'°'I •I• 0.#•'o.4'\.u- -
99% IUHGSIEN MIN,-60 MESH FLOWABLE 

Delivery per CUSTOME:R SCHED.ULE 20 weeks All.O lead tiae 
'OTT DEXSITY 9 G/CC HIN 

- .. ICES Alt! PER POUND 

-

-
2 

• 

P/11: GRADE STP 
99X TUll'GSTEN FLOWAllLE 

Delivery per CUSTOMER SCHEDULE 20 weeks ARO lead time 
SCOT! DENSITY 9 G/CC MIN 
PRICES ARE PER POUND . 

116600 

11858 
l 

4/21/92 

·, ·~' . : """' . ,.. ......... · . ., . 
'PR!CE EA. · 

·' .': 1:i.'~o. 

12.00 

I 
I 

i 
I 
! 

I 
I 
I 

I 
I 

. ,;., ·;.-.·~,~i,0•:~~:;;:;;;~; .. ~!f·:-- - '•-';; · ~""'f"· "r•1·· ....i:w m, .. ,·~¥'_~ :;i;:.i:.<. :' _, · · · · c::;:c·f'!;:f!J:'~""~'· ;c!I .,. ·•-:.,,.,.s·· .-·o .... , ... -.. ... 'I' o " ·""l.i"t~n ·"' · ... .::....~·.., .. ~, . .,_ "' . ,,., · ·' · ........ ,. ······'t··· 1 i.\?.-- •• • 
. "All .• s~f~s ~h~i{''?;; ~~b;;~{''to f.the \;~;s·r-~~·'ci.a~i't"fo:n'i' ¥~·~~.i ·~n the 'itt~~·i;fd,'''~ .,. 

~u~~ed price~ fir• fi~ed for deli•ery . 
be7ond ninety (90) days subject to aetal 

-

___.,..·-~-----
· ;,;;;;- - -------------- - - -- ----·--- - ------- ---------
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- ,., '·'... ~ l . ." L. 1 j I:: 

-
TO: -i ATTN: 

I REF: 

MESSAGE: 

-

-

-

-

-

~~.~& • . ~:~ 1~::~ 

l\.Ul.11 C I Vl'l\;10 I c:;.1"1 ..,...,nrvn ... • '"""'~ 
F, l 

1110 E. Union Avenue, Eaat Rutherford, NJ 07073 U.S.A. 

201/438-9000 FAX: 201/438·0891 

' 

I FAX NO. 2J4- ! DATE: 

I MSG NO: 

I SENT/DATE: 

9 31,-: _____ _ STEVE ._..CH....,A""'E'-----

v PAGE OF 

Dear Steve, 

Kulite quotes the following price and delivery: 

SPHERIDIZED TUNGSTEN +100 MESH 

$25.00 TO $50.00 PER KG. 

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

Best regards, 

/~ 
• 

Bob Wilson 

TIME: 
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-

-

-

-

- .... _ ..... '"" .,, ........ lbJ1Ju1:00;; 

PHILIPS 

~ 
Li PHILIPS ELMET 
... 

FAX TO: _Y-j R. . S -r" ..t"P 'tt"e.J..J_ __ (_ ttJ:.:. ~----···-············· ---···-··· -········· .............. ···-· .................. ··- ......... "·······-··-···-

LOCATION: . ~..!::. 0.-:.T.~J:·~-"! ... .r?::l..~.!:!_A- ~ A.:'..~"-1 .s ~o__;--.,.-......1,..._P Pr /c-_.@ I ,;) k:......; .. J .I~~~: ..... 
MESSAGE: _Ca v r-: 1 l'-M J I./ C-- () ..,_ {?.... P H O ~ IZ .. ~-~..:.'::!.S~L~.:'."'. ... ... '2 .... f.. .......... f...14 1 cc_@:S .. -1?." "-··-·· 

J_!.._o_y_ ~ :_g_ .~..!'..'. . .. J: .... ':l ~ G.' ... ... 'C~::!!'.~.~-r::ie-'.:::' -. C:. ... '.L.~.•-t=. ~-~-~- ___ i:_~~ ~ . l> _"': ~~-~ J.~ T::-<r !'!:-~:O - -- -

.f.P..:......1 __ ~ ?~- () ~ kJ ~J_1_':i-~;.J 3~~ ~ ~..!....<:.._:-r.•:'".~:S , . _ -:f. _r · ~~ ll.~7~"'/) J?!:::!'. ~-- ~ X.L~ :J ~'? ... 
JrQ"' ... ~.f....~ .. ~:':"..'.:\ , __ 'f__]._?,_~..E_J.1~-~-(.f.1.3:_.._~.;; -~-=-·~-~,IL-_!'.!"~"!--~~-"0 ... -"'.~~~-:!.__.'::.z.::>_2._\._ =- --
T ,-; C,.,'7-.o .1:.~'.... '!?·r.;1..o!.O,""; q ... 1~ _.....,,ft!.~ i!~ .°"';'~ ~ ::E') TO Mt?'La r SHl,C.P1NV' -··--L--- ... -------.. -.. -.. -·-~·--- ·- •••-·-· .... -- ..... -.. -.. ·• ...... - ~ ... --·- -.... - .............. "·•- .................. - ..... -.. --•-••-• ·•· ....... --· ---·--·"--.. ----·-------------" , .... _. _ 

_ .. . _________ J_ .. ~~ _ _?_~o>~_".'.: __ _Q_~~~':-::~5- __ Q.E.._:r.~rf'~-'-e :-t '-__ FA-l"Y\:> 

_L!_~ ____ }' !{]?_)_(_, ....... r.." P.__~...:t. • P_::_~ ~""-~: A-1- '-_ _J_f __ y_ OU --1:±._"'i~...9- .... t1~L _____ _ 

... \1~3-.n.2. .V:J.~----··-----.. ------ -----------··· _____ _. ···--·· . ---- .. ··--- .. . --· ...... --- --·-- --

-----·--.. ----...... ~.---................... ·"·--·· ... _ ....... ' ... --............... .. Q '--'O-A-tZ-..1> :s 
·----"' --- - .,-,--·--··-.J-.. ,., 0 """'*' - A•-··-.. •-'0 ---·-··-·---· -· •' ·- ,. • .,., __ ••• • - ' 

..... --..... __ .. -·-----·-----·------------ ·-- -...... 0:+~ f!'&<-:~rc'": ....... ---- . 

~ .. 

FROti: DATE SENT: 
p,,,., " " ........ .s ,,.. .... .; ~ ,.., ,,...,....k ... .:;n_ 

NUMBER OF PAGES SERT INCLUDING COVER SHEET: 

PLKASE NOTIFY US IF NOT RECEIVED PROPERLY - (207)784-3591 EXT_ 112 
PHILIPS ELMET 

1S60 LISSON RD .. • LEWISTON. MAINE 04240 • (207)784-3591 ·TWX (710)223-0675 ·FAX (2071786-8924 

~ .. 
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Philips Lighting 
Philips Elmet 

Tungsten and Molybdenum Pressed and Sintered Powder Metal Parts 

Among the characteristics which make tungsten and 
molybdenum useful metals are their high melting points 
along with high tensile properties and hardness. These 
same properties also make it difficult for simple and 
economic production 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 ace 
now being supplied to customers around the world ;n 
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 worked metal rod feed stock. Today. virtually 
all moly diode studs. except for the largest sizes. are pressed 
and sinte,ed directly from powder. And at this time. 
tungsten diode stud users are in the process of converting 
to the powder metal studs. 

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

Materials: rl-~ ~ 1 
Molybdenum and tungsten only. Philips Eimet hc3 

unique capabil1t1es for these t~ materials. There is 
also the possibility of mixing moly and tungsten. and/or 
making multi-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 
not be complex. Such simple shapes are; cyiinders, 
discs, cubes, rectangles. stepped discs, washers, sp"">res. 
In general. symmetrical shapes are most easily produced. 

Size Considerations: 
Maximum Overall Envelope .2 50"x.2 50"x.250" 

Optimum Length to Width (Diameter/Thickness) l; 1 
1.5: 1 Greatest Length to Width 

For Discs or Squares 
Maximum Diameter /Width .250" 
Minimum Thickness 10% of Diameter or Width 
Minimum Diameter/Width .030" 
Minimum Thickness 10% of Diameter or Width 

Tolerances: 
Diode Studs: +/- .002" on length+/- .001" on diameter 
Other Parts: Similar 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 1 0 to 30% 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 be done economically. For other shapes. such as a 
stepped disc or cylinder. a run of a million or more 
pieces may be required. 

App;i.;a~~v1i.i: 

Diode Studs 
Rectifier Discs 
Magnetron Parts (End Hats. Washers) 
Military Penetrators (Cubes. Spheres) 
Balance vve1gnts 

~. 

PHILIPS 


