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Abstract: 

Describes the present baseline parameters for the liquid argon 
calorimeter system. We are also investigating the use of krypton as the 
sampling medium to improve the resolution further. For the same density, 
one will be able to increase the sampling ratio by reducing the plate 
thickness and increasing both the density and volume of the sensitive 
material. Krypton option parameters are provided in the attached figures. 
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OVERVIEW 

This section describes the present baseline parameters that govern the engineering for the 
liquid argon calorimeter system. We are also investigating the use of .krypton as the 
sampling medium to improve the resolution further. Krypton option parameters are 
provided in the attached figures. 

The calorimeter is divided into three cylindrical sections: a barrel and two endcap 
sections including the forward calorimeters. The total weight of the barrel section is 891 
Mg and each endcap is 626 Mg, including 19 Mg for each of the forward calorimeters. 

Electrpmagnetic Calorimeter 

Strict adherence to physics goals leads to an EM section design with 25 Xo in the barrel 
and 28 Xo in the endcap since the mean energy is higher there. The absorber plates are a 
composite of lead, prepreg and stainless steel skins. The EM calorimeter covers the 
region -3 <Tl< 3. 

Electrode Structure: The EM calorimeter will utilize the accordion design with signals 
collected on electtodes which are transmission lines. These electrodes also sum the signal 
longitudinally. In the GEM design there are 4 cells per tower and the granularity in the 'IJ, 
9 directions is 0.032 x 0.032. Each tower will be segmented into two sections 

longitudinally: 8 and 17 Xo at Tl = 0. The transverse and longitudinal segmentation 
allows one to get excellent position resolution at the face of the calorimeter and to be able 
to point back to the vertex with an angular resolution of-6 mrad at 120 GeV. There will 
be -60,000 EM channels. 

Readout: The readout chain for the calorimeter will consist of a JFET pre-amp that will 
be placed inside the LAr calorimeter and able to survive more than 200 Mrad. The 
shaping amplifiers will be located in standard crates on the central membrane outside the 
magnet coil. 

Twenty-five towers (5 x5) are added together for an EM trigger tower (0.16 x 0.16). 

Hadmnjc Qtlorimeter 

The requirements on the hadronic calorimeter are less stringent than the electromagnetic 
calorimeter but it is still a formidable challenge to achieve them. The total number of :A. at 

Tl = 0 is 12 rising to 14 at Tl = 3. 

EST electrode strueture: In order to match the director capacitance to that of the pre­
amp, we are planning to use the "electrostatic transformer" configuration in the hadronic 
section, by adding layers in series. The absorber material will be copper tiles. The 
transformer ratio is 4. 

Segmentation: The hadronic segmentation is determined by the size of the hadronic 
shower and the need to match up with the EM granularity. We have thus selected a 
granularity of 0.08 x 0.08 in 'IJ, and 9 . There are three longitudinal modules with the 

001 



following number of absorption lengths: Al =3.2, l..2=3.2, A.3=3.7. The middle module is 
divided into two readout sections to reduce the noise. 

Readout: The readout for the hadronic section follows !he EM very closely. There will 
be -27 ,OCYJ channels in the hadronic section. 

Cryostat: The cryostat will be an aluminum alloy with a thickness 0.3 Xo at the entrance 

at T} = 0. For the endcap, the toral enhance window thickness will be 0. 7 Xo. The 

interface between the barrel and the endcap, from 1.42 S Tl S 1.64, will have degraded 
EM resolution but will have good hadronic resolution. 

Installation ilnd Assembly: The hadronic granularity leads naturally to hadronic modules. 
In the EM section, we envision building mini-modules consisting of about 5 towers or 9° 
in ell • The full barrel will have 200 towers in ell • There will be 20 modules in ell for the 
hadronic modules, while the EM in the endcap would be a monolith. The 40 EM mini­
modules and hadronic modules will be insralled inside the cryostat on site at the SSC 
Lab. The cryostat itself will then be welded shut. The calorimeter will be fully 
assembled above ground and tested before being installed in the experimental hall. 

IJquid Argon Cplorimeter Pbvsigl Panmctm 

Number of absorption lengths 
atT} =0 

at 7J = 3.0 

Barrel Dimensions 
inner radius 
outer radius 

Lateral segmentation 
EM 
HAD 

Longitudinal segmentation 

Lead Liquid Argon/EM Ca/Drimeter 

Absorber material 

Readout Boani 
Sense Material 

Lateral segmentation (TJ, ell ) 
Longitudinal segmentation 

Inner Radius (cryostat/accotdion) 
Outer Radius (accordion) 

12 
14 

0.76m 
3.60m 

0.032 x 0.032 
0.08 x0.08 

2EM,4HAD 

1.9 mm (0.2mm SS/O.lmm prepreg/ 
1.3mm P~.lmm prepreg/0.2mm SS) 

0.4mm (Cu/kapton/Cu/kapton/Cu) 
2x2mmArgon 

0.032 x 0.032 
2(8 Xo. 17 Xo> 

760/890mm 
1412mm 
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Radiation Length 

Absorption Length 

Number of Channels-Total 

Readout Device 

Weight of BaJTCl 
Weight of Each End Cap 

Liquid Argon/Copper Hadron Calorimeter 

Lateral segmentation (TJ, 41 ) 
Longitudinal segmentation 

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

Copper Absorber Thickness (fine/coarse) 
Sense material: Argon 
GIO Thickness 

Readout Channels - total hadron 

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

Liquid Volume 
Barrel 
End cap (each) 
Reserve in head vessel 
Reserve 
Total 

Total number of channels 

25 X0 at Tt "'0; 28 Xo at Tt "' 3. 
1.3 A. 

60,000 

JFET preamplifier (75 mW I channel) 

59Mg 
19Mg 

0.08 x 0.08 
4 

1,489 mm 
3,445 mm 
11,000 mm 

9/16 mm 
2 mm 
2x0.5 mm 

27,000 

3 each 
891 Mg 
626 Mg 
19 Mg 
2,142 Mg 

40,000 liters 
27,000 liters 
3,600 liters 
6,000 liters 
104,000 liters 

87,000 
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LIQUID ARGON CALORIMETER • 12x14 LAMBPA. FLAT ENPCAP HEAD 

Barrel Cal. Endcap Cal. 

Dimensions In mllllmeters 

3600 

Tracker 

I 4 1500 -__.j Forward Cal. 
!+-----2280----..i 

--------------5179-------~ 

l+-----------5500-----------.i 
In genertil the noble llquld c1lorlmeter consists of cryogenic noble Oquld vessels, multlple layer lnsulatlon, V1cuum 

vessels, supports, EM modules, fine hadronlc modules, coarse hadronlc modules, a thermal control system, 1 flU and 
drain system with pressure control, elec:tranlcs ind lnstrument1tlon csbllllf. 

The b11eOn1 configuration Is the 12 x 14 lambda version with 1 flat endcap head. This Is 1 llquld 1rgon calorlmeter 
with 1 b1rrel cRameter of 7 .2 meters. The b1rrel length Is 1pproxlm1tely 4.5 meters ind weighs 1bout 891 Mg. The 
endc1p 1lso uses Rquld 1rgon 1nd Is 7 .2 meters In cR1meter. Eich endc1p Is 1pproxlm1tely 4.3 meters long 1nd weighs 
1bout 626 Mg (Includes the forwlrd calorlmeter weight of 19 Mg). 

UMASON 920620 BMEUNE,LAC 



Hadron Module # 2 
Six cens Depth 
Segmentation dTI x dcp a 0.08 x 0.08 
80 Modules Required 
Wt. • 2.38 MT each 
Each Module Contains the 
Following: 

' 1 - Top Ground Plate 
1 - Bottom Gnd Plate 
5 - Included Gnd Plates 
36 - Tile Plates 

Containing 948 Tile 
8 - Sensing Plates 

Containing 258 Tile 
1 - Strongback 
1 - Structural Shen 
2 - End Plates 
28 - Towers wffh Strip Lines 
and Electronics 
X - Mother Boards 

0 
0 
CJ1 

Fiberglass End Plate 

Groove for Radial lnsel11on 
and Support of the Modula 

Strip Lines and Connectors 

Handling Fixture Interface Fasteners for 
Tensioning Shell 

Mother Boards 

~~~~~~~~~ == Strip Lines, 

~ 

Set in Recess 

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 

This shows the composition of a typical haclronlc module. The detailed tolerance stack-up of these hedronlc modules 
wtthln the liquid argon calorimeter Is addressed In a later section or this report (Reference Figures 2·1 thru 2-1). 

llMason GEMLAC.HadModOetall 4118/92 
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Barrel EM Module 

CO llodal•a, t deg ••ch 

t312 ailliatter1 lon9 

20 •eta•iDt plate1/.odule, 0.4 ltd 

20 al:l1orber plate1/module, 1.tbs an 

S tower• la phi per nodule 

Depth lttCJmeat at 1 radiation l~n9th1 

y 

J_x 
The barrel EM consists or forty 9° modules. Each module consists of a series of absorbers and sensing plates 
and the barrel EM modules and their support system are discussed in detail later. 



I 

0 
0 
-.J 

Endcap EM Module 
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The endcap EM module is described in detail In Figures 1-17 through 1-21 later in this report and its 
components, assembly and support technique will also be covered. The accordion EM is supported by 
stiffeners and Is surrounded by an aluminum nange and then the ends are closed off by perforated G 10 race 

·---------- plates to allow communication of the cryogenic ftuid. 



LAr Plug/LKr Barrel Calorimeter 
Plan View 

Liquid Krypton Supply 
(90° Out of Plane) 

Liquid Krypton Barrel Calorimeter 

Connector Location 
(Hand Access Required) 

Liquid Argon Plug Calorimeter 

M-----2126--+--~"----I 

Connector Location 
(Hand Access Required 

1---960---t 
2020 

2020 
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Two other options 1rt hint 1valut11d 1l1n9 with tht •111lln1llquld1r9on c1lorlm1ttr dHlfn. Th111 options lrt the 114Uld 1r9on plut/ llquld krypton 
b1rrtl c1nf19untl1n 1nd th• EM only c1nf19unt11n. 

Tht llquld 1r91n plug/ llquld krypton btrrtl c1nllgunt11n con111t1 11 • b1rrtl cont1lnlng EM 1nd fin• htdronlc modulu 1nc1011d In 1 vocuum vHsel thot 
111pprtxlm1ttly 4 mtttn In dltmtttr tnd 1pproxlm1ttly 3.1 m1ttr1 long. Tht tndcep plut c1ntoln1 EM, !Int end coor11 htdronlc modulu thot 11• In t 
1nv111pt 11 1pproxlm1ttly 4 mtttn In dltmtttr tnd 1pproxlm1ttly 4.5 mtttn length. Tht plug 11 llquld or91n llkt tht b11tlln1 but tht b1rre1 u1t1 llquld 
krypton to Improve tht r1101ut1on. 

Evtn though tht toll owing dl1cu1111n reltn to tht b1111lnt conrr1ur1t1on, many up1ct1oro1lmlltr ond •ti II would opply to tht II quid orgon plug I 
liquid krypton btrrtl conllgurotlon. 
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EM BARREL I EM ENDCAP LKr CALORIMETER 
A third option consists of only EM modules both In the barrel and In the endcap. This version uses llquld krypton 
In both the barrel and the endcap to enhance the overall resolutlon. The barrer EM Is approximately 3.8 meters 
long with a diameter of approxlmately 3.3 meters. The endcap Is sllghtly greater In diameter at approxlmately 4 
meters and Is only 1.2 meters long. This option also benefits from the sofutlons to the followlng questions 
although the main focus Is on the basellne configuration. 
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Calorimeter Engineering Question 

1. Liquid K'1plon EM Calorimeter Support 

Request: Provide proof-of-principle structural designs/or the barrel and endcap accordion EM calorimeters. 

Specific Concerns: 
• The load path from the barrel accordion plates to the G-10 ribs to the vessel walls is not understood. 

Answer: 
• See Attached Data. 

Specific Concerns: 
• The structure of the individual ba"el EM modules prior to assembly is not understood. The module structure will have to be 

capable of not only supporting the module during handling and shipping; but, it will be required to provide for the trans/er of 
the load to the final assembly structure. 

Answer: 
o • See Attached Data . ..... 
O Data: 

Barrel EM Calorimeter Modules: 

• The barrel concept for the EM accordion consists of 40 modules, each module extending the full length of the barrel 
calorimeter. Each 9 degree module stack Stans with an absorber plate and ends with a sensing plate with spacer bars at the 
Inner and outer radii. The plate stack is pinned together at the inner and outer radii through the plates and spacer bars and 
held with fasteners to form a module (reference Figure 1-1 ). 
The ends and middle of the absorber plates have composite filler strips approximately one cm long in the z direction with the 
thickness matching the krypton gap extending from the inner plate radius to the outer plate radius (reference Figure 1-2) Each 
absorber plate consists oflead plates bonded to stainless steel skins with prepreg (reference Figure 1-2a). These filler sttips 
form a continuous washer at 'b= 0 and at Z--±2045.Smm when all the modules are assembled. The filler strips also provide 
the structural integrity for a single module as shown in Figure 1-2b. Hexcel is placed between the flat surfaces of the absorber 
and sensor plates to provide a minimum high voltage gap between the plates (not a structural element). 
At the ID and OD of the module some of the inner and outer spacer sb1ps are projected beyond the rest of the spacer bars 
to form flanges (reference Figures 1-3, 3a, and 3b). These flanges support the modules during shipping and handling and 
also tie adjacent modules together and provide support for the calorimeter assembly. 
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Barrel EM Calorimeter: 

• Clevis fittings are installed over adjacent module flanges with fasteners inserted through them to act as stays while holding 
the modules together (reference Figure 1-4). The outer fittings are used to suppon the modules in the radial and hoop 
direction. The inner fittings are guided radially. The fittings, filler strips, plates rings, inner and outer spacer bar and 
absorber plates fonn the structure of the module. 
Figures 1-5 through 1-7a show a module assembly and a ponion of two calorimeter halves prior to Conning a completed assembly. 
Also depicted are the proposed cable bundle layouts and the electronics. The barrel EM calorimeter is supponed in the radial and 
hoop directions at its outer clevises. At the inner clevises the barrel EM calorimeter is guided in the radial direction. 
The composite material for the outer spacer bars will be selected such that the outer surface contracts with the calorimeter vessel. 
The composite material for the inner spacer bars will be selected such that the inner surface contracts with the inner edge of the 
accordion plates. 

Figure 1-1. Barrel EM Module A9embly 

Figure 1-2. 

Figure l-2a. 

Figure l-2b. 

Figure l-2c 

The Barrel EM concists of 40 identical modules, 9 degrees each. Each Module contains 20 sensor plates, 20 
absorber plates, spacers and fasteners such that each module is self-supponed. Adjacent modules are fastened 
together with clevises and tie rods on both the inner and outer radii. The inner and outer clevises also attach the 
Barrel EM to the cryostat. 

Barrel EM Module Absorber Plate 
Each Absorber Plate includes spacers at each end and also at the center. The spacers are 1-2 cm wide and nominally 
2 mm thick. Absorber plates near the 9 deg boundries will also have Flange Tabs. The Oevises are attached to the 
flange tabs. 

Barrel EM Module Absorber Plate Laminate 
This close-up of the absorber plate shows Stainless Steel (0.2mm) bonded with prepreg (0. lmm) to both sides of the 
Lead plate ( l.3mm). TBD mm of Lead is removed from the inner edge and replaced with a G 10 insen to perform as 
a "massless gap". 

EM Module Structural Elements 
This is similar to Figure 1·2 except that all sensor plates and all but one absorber plates are removed to better 
Illustrate the internal structure of the module. 

EM Module equivalent Internal structure 
The principle behind the internal support system of the Barrel EM is the spacers in the completed system form 3 
continuous ''washers" internal to the acconlion EM. The inner and outer spacer bars form continuous "cylinders" on 
the inner and outer radii. 
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Figure 1-3. Module Flange 
Oose-up of the composite filler strip and flange. 

Figure l-3a. Typical Module Lay-up In Section 
Cross-section of a Barrel EM Module at Z=O showing the attachments of plates to clevises to cryostat walls. The 
outer clevises slide within extruded channels in the outer wall. 

Figure l-3b. Fasteners Within a Module 
Inner and outer module fasteners are curved tubes that are flared on one end, inserted into the module and flared on 
the other end which holds the module together without protruding beyond a module's 9 degree envelope. Alignment 
pins are used to prevent the curved fasteners from becoming straight as they are tensioned. 

Figure 1-4. Flange, Clevis and Tie Rods at the outer radius 
Oose-up of the out er support system showing tie rod and clevis assembly. 

Figure l-4a Flange, Clevis and Tie Rods at the Inner radius 
Oose-up of the inner support system showing tie rod, clevis and alignment pin assemblies. 

Figure 1-5. Assembled Module Showing Cabling Bundles 

Figure 1-6. 

Figure 1-7. 

Figure 1-7a. 

Electronics are shown on the inner and outer surfaces of the EM. Wire bundles are also shown. 

Close View or Module 

Partial View or Modules A§embled in Halves 
The modules are assembled into halves vertically. The two halves can then be attached together into a complete 
barrel EM. 

Assembly or the EM Into the Barrel Calorimeter 
The barrel EM is rotated from vertical to horizontal and inserted into the Barrel Calorimeter. The inner cryostat is 
inserted into the Barrel EM. Each alignment pin and plug (not shown) is inserted through a hole in the cryostat 
cylinder and into the inner clevis. The alignment plug is then welded to the cryostat cylinder. 
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Figure 1-2 Barrel EM Module Absorber Plate __________ __.J 
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Layers of the Accordion Absorber plate 

Pb Absorber 

Stainless Stee 

GlO Insert__, 
Stainless Steel Jx 

Figure l-2a Barrel EM Module Absorber Plate Laminate 
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Figure I -2b EM Module Structural Elements 
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Channel 

Motherboard 

Al ignmer":~ Pin l Al ;gnment Plug 

Figure 1-3a. Typical Module Lay-up in Section 019 
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ALIGNMENT PINS 
·OUTER MODULE FASTENERS 

OUTER SPACER BAR 
INNER SPACER BAR 
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Lx 
Figure l-3b Structural and Massive Components of Module 
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Figure 1-5. 

ELECTRONICS BOARD 

CABLING BUNDLE 

Assembled Module Showing Cabling Bundles 

ca -1••• ' deg ucb 
20 aen•ia9 plat .. /module, O~t .. 

20 llboorber platao/modale, 1.,as .. 
5 towere 111 phi per module 

Depth 0"91'8nt at 7 radiation len9tbo 

y 

Lx 
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Closeup of the Barrel Accordion showing Electronics, Stripline, and Plates 
I II n1ul11////// J 1111u1111117 nJ ,;; ,,, ,,, ,flu u 11 

Figure 1-6. Close View of Module 
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'--------- Figure 1-7 

ALF BARREL CALORIMETER 

PARTIAL ASSEMBLED BARREL CALORIMETER HALF 

Partial View of Modules assembled in Halves 
J-v 
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Calorimeter Engineering Question (Continued) 

I. Uquid Kl]plon EM Calorimeter Support 

Specific Concerns: 
• Differences in the axial thermal coefficients of upansion of the accordion plates (stainless/lead) and the cryostats (aluminum) 

require mechanical compensation. 

Answer: 
• Since effective axial coejjicient of expansion of the accordion plate is almost identical to that of the cryostats (see Data) no 

mechanical compensation is required. 

Speclric Concerns: 
• The radial (across the folds) thermal contraction of the accordion plates is known to be greater than the simple contraction of 

the material, thus increasing the difficulty of providing support at the inner and outer edges of the accordion plates. 

Answer: 
• Since the radial thermal contraction of the accordion plates is 27% more than that of the cryostats, it will require radial 

support and we have included radial support in our design. 

Data: 
• An analysis was perf ormcd to dctennine the effective axial thermal coefficient of expansion of the absorber accordion plate for 

thermal cooldown from 296°K to 77°K. For the baseline lay-up (0.4mm stainless, 0.2mm G 10 and 1.3 mm lead) the effective 
per cent change in length (%MIL) in the axial direction is 0.35% as compared with that of aluminum of 0.37%. Therefore, the 
accordion plates should contract like the aluminum cryostat in the axial direction during thermal cooldown. 

• Analysis has shown that the baseline accordion plate radial thermal contraction due to thermal cooldown to 77°K is 40% 
greater than the simple contraction of the material, based on plane stress assumptions. This is due to the difference in the length 
of the steel layer on the outside relative to the inside(reference Figure 1-8, 1-8a). For the baseline lay-up (0.4mm stainless, 
0.2mm 010 and 1.3 mm lead) the effective percent change in length (%MIL) in the radial direction is 0.47%. Since this is 
much greater than that of aluminum, the accordion plates will be subject to tension if they are attached radially to the cryostat. 
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Figure 1-8. Baseline Absorber Accordion Radial Thennal Conttaction 

The picture on the right side of Figure 8-1 represents the contraction in they direction considering the aggregate 
thennal coefficients of expansion for stainless steel, G 10. and lead at one overall length (simple material conttaction). 
The picture on the left side of Figure 8-1 represents the conttaction in the y direction while considering each individual 
material (stainless steel, G 10 and lead) at its own individual length. This conttacts 40% more than the simple material 
contraction configuration. 

Figure 1-88. Baseline Absorber Accordion Segment Radial Thennal Conttaction 

To further understand the difference in thennal conttaction, Figure 8-la shows how an isolated segment of the absorber 
accordion not only conttacts due to the effect of cryogenic temperatures on the length of material but also due to the 
rotation caused by the different lengths of the layered materials. 

Notes: The plates will not be attached axially to the cryostat. 
The thermal stresses due to radial support are currently under investigation. 
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Calorimeter Engineering Question (Continued) 

1. Liquid Krypton EM Calorimeter Support 

Specific Concerns: 
• Deflection of thl! ba"el accordion plates after assembly is not understood. Thi! plates are basically large springs which allow 

the inner diameter of thl! ba"el to sag due to thl! mass of thl! assembly. In particular, the vertically oriented plates on top and 
bottom appear to support all thl! load. · 

Answer: 
• In our design, thl! vertically oriented plates on thl! top and bottom do not support a significant amount of thl! load. 

Data: 

To better understand thl! deflections, we performed analysis on several support conditions and thl!n chose thl! optimum 
support condition (reference Figures 1-13through1- 16). 

•The maximum accordion plate deflection occurs in the horizontal position. 
•The baseline is assumed to be the absorber accordion plate lay-up 1 (reference Figure 1-9). 
•Support case 8 was chosen because it results in less dead space and for a lg load the maximum horizontal 
deffection of the absorber accordion plate is 0.973 mm in kiypton (reference Figure 1-14). 

•The maximum deflections and strains of the absorber plate in air and krypton are presented for several 
lay-ups (reference Figure 1-14). 

•Interaction equations are developed to provide the capability of changing the absorber plate lay-up and 
detennining the maximum horizontal deflections (reference Figure 1-15). 

~ Figure 1-9. Accordion Lay-Up 

Figure 1-9 shows the five plate lay-up configurations considered in alalyzing the EM accordion plate deflections. 

Figure 1-10. Accordion Properties 

Figure 1-10 lists the properties of each of the accordion EM components. 

Figure 1-11. Accordion Geometry 

Figure 1-11 shows the accordion EM dimensions. 

Figure 1-12. Support Cases 1 - 8 

Figure 1-12 describes the eight support cases considered for the barrel accordion EM plates. 
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Figure 1-13. Absorber/Sensor Accordion Analysis Results in Air for Support Cases 1-8 

Figure 1-13 lists the deflections in the absorber and sensor plates that occur in each of the eight support cases. 

Figure 1-14. Absorber Accordion Analysis Results(Air & Krypton) for Several Lay-Ups (Support Case 8) 

Figure 1-14 shows the nominal deflections and strain as well as the deflections and strain in liquid kiypton for various plate 
lay-ups under support case 8 constraints. 

Figure 1-15. Absorber Accordion Deflection Lay-Up Interaction Equations (Support Case 8) 

Figure 1-15 shows the equations derived due to the finite element analysis performed. A comparison of weight to stiffness 
ratios and deflections in air and krypton is also tabulated. · 

Figure 1-16. Accordion Equations for Stiffness & Weight 

Figure 1-16 refers to additional equations used for weight and stiffness calculations. 
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PLATE 11 
LAY-UP (mm} 

1 0.20 
2 0.20 
3 0.20 
4 0.15 
5 0.20 
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~ COPPER (0.042 mm) 

1?00',,01 KAPTON (0.218 mm) 
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12 13 I 
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0.10 1.30 1.9 
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0.10 0.90 1.5 
0.23 O.v4 1.7 
0.30 O.w 1.9 

Figure 1-9 Accordion Lay-up 
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PLATE 
LAY·UP 

1 
2 
3 
4 
5 ... . .. - . 

Material (p) (E) (v) 
Density Modulus Poisson's %AL/L 
tatcm3) (106 lbslln2> Ratio (296 to 77 °K) 

Steel 8.00 30.0 0.272 0.281 
U10 1.70 4.40 0.187 0.638/0.212" 
Lead 11.3 2.60 0.400 0.577 

c:oooer 9.10 17.0 0.345 0.304 
Ka pt on 1.42 0.51 0.340 0.330 
• reslnlflberCllrectlons 

(WA) 
Wt In air 

(kg) 

27.00 
20.80 
20.30 
20.44 
21.31 

•- __. - ... 

(WK) (Eln) (Ely) 
Wt. In krypton Stiffness Stiffness 

(kg) (106 lbs-ln2) (103 lbs-ln2) 
20.20 0.17 1.17 
14.73 u.168 0.913 
14.94 u.159 0.67 
14.36 0.140 0.7695 
14.52 0.177 1.20 

-- - - ........ provide ease of use Dy Phy 
Figure 1-10 Accordion Properties 

. . . 

(Elz) 
Stiffness 

(106 lbs-ln2) 
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0.422 
0.400 

0.3535 
0.4455 . . . 

) g 
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CASES CASE4 

SS(x,y) = pinned supports In x & y directions 

SS(x,z) = pinned supports In x & z directions 

SS(x,y,z) = pinned supports In x, y &z directions 

P1,P2 = locations for deflection measurements 

L = half the length of the absorber plate 
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Figure 1-12 Support Cases 1-8 
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- -- - -- - - - - --Absorber Analvsls R ··- --- .... 

Support 
8x Bx ez 

Max Deflection Deflectlon at P2 %MaxSlraln Case x direction x direction z direction 
(mm) (mm) (10-2) 

1 80.5 6.65 
2 3.08 2.00 
3 0.96 0.64 0.89 
4 1.108 0.78 
5 0.67 
6 4.9 0.75 
7 0.47 0.11 0.61 
8 1.3 1.24 

Sensor Analvsls Resuhs In Al 

8x Bx ez 
Support Deflection at P1 Deflectlon at P2 %MaxSlraln 

Case xdlrectlon x direction z direction 
(mm) (mm) (10-2) 

3 2.2 0.52 0.80 
7 0."3 0.33 0.43 

Abso rber/Sensor Relatlve Maximum Deflectlons (mm In Air 
CASE 8x 3n 

x direction normal to 
flat of nlates 

7 0.22 0.185 

Figure 1-13 Absorber/Sensor Acconlion Analysis Results In Air for Support Cases 1-8 
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PLATE 8x 8x Ez Ez 
LAY·UP Max Deflectlon In Max Deflectlon In Max Strain In % Max Strain In 

Air Krypton Air Krypton 
x direction x direction z direction zdlrectlon 

(mm) (mm) (1o-4mmtmm) (10-2) 
1 1.30 0.973 1.24 0.928 
2 1.08 0.764 1.01 0.714 
3 1.17 0.861 0.999 0.735 
4 1.26 0.885 1.18 0.829 
5 u.99 0.674 0.944 0.643 

not11; 

density of krypton= 2.415 g/crn3 
deflectlon In krypton = deflectlon In air*( WKIW A) 
stress for each layer can be computed by muHlplylng the strain, e:z , by the Modulus, E 

Figure 1-14 Absorber Accordion Analysis Results(Alr & Krypton) for Several Lay-Ups 
(Support Case 8) 
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where 

(Valld Only for This Geometry and Case 8 Support Conditions) 
In air: a R1 + P R2 =Bx 

In krypton: a R1 + P R2 =Bx*( WKJW A) 

a = 6208.3351 

p = 13.734218 
8x = max vertlcal deflectlon (mm) 
R1 = WAfEln (kgnbs-ln2) - weight to stiffness ratio for the "n" axis (reference Figure 1-10) 
R2 =WA/Ely (kgnbs-ln2) ·weight to stiffness ratio for the "y" axis (reference Figure 1-10) 

PLATE R1 R2 8x 8x LAY·UP (kgnbs-ln2)) (kgnbs-ln2)) Max Deflectlon In Max Deflectlon In 
Air Krypton 

x direction xdlrecUon 
(mm> (mm> 

1 0.0001591 0.023000 1.30 0.973 
2 0.0001239 0.022774 1.08 0.764 
3 0.0001280 o.wu311 1.17 0.861 
4 0.0001455 0.026571 1.26 0.11115 
5 0.0001203 0.017749 0.99 0.674 

(Note that mixed units are used to provide ease of use by Physicists and Engineers) 

Figure 1-15 Absorber Accordion Deflection Lay-Up Interaction Equations (Support Case 8) 
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where 

where 

Stiffness Eauat!ons: 

Elz = 1~ w3 (2 E1 t1 + 2 E2 t2 + E3 t3) 

[ 
1 3 (t t1)

2
] Ely = 2 w 

12 
E1 t1 + E1 t1 2 

- 2" + 

2 w [ 1~ E2 ~ + E2 t2 (! -t1" ~ )
2

] + 

1 3 
12 WE3t3 

Bn = ! {Ely + Elz} + ! (Ely - Elz} cos(29) 

lz, ly, In= area moment of Inertia about the z, y & n axes, respectively (Ref. Figure 1-10) 
E = effective modulus of elasticity of accordion plate 

Accordion Weight Eauat!ons In Air & Krypton: 

WA= S(21>1t1 + 2p2t2 + p3t3) 

Y4< = S[(21>1t1 + 21>2t2 + p3t3)-P1tt] 

WA, WK =weight of half the absorber accordion plate In air & krypton, respectively 
p1, P2o P3 = denstty of steel, G10 & lead, respectively 

Pie = density of krypton 
t1, t2, '3 = thickness of steel, G10 & lead layers, respectively 

t = total thickness of absorber accordion plate 
S = surface area of half the absorber accordion plate 

Figure 1-16 Accordion Equations for Stiffness Ir Weight 
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Calorimeter Engineering Question 

1. Liquid Krypton EM Calorimeter Supporl 

Request: Provide a proof-of-principle structural designs for the barrel and endcap accordion EM calorimeters. 

Speclnc Concerns: 
• The load path from the endcap accordion plates to the endcap cryostat barrel is not understood. 

Answer: 
• The load path (reference Figure 1-19) is from the plates through fasteners that hold the plates together, through stiffeners, 

through the face plates, through the aluminum shell and into a flange on the Endcap Calorimeter stay (not shown). 
Data: 

The Endcap accordion EM is constructed of 330 sensor and 331 absorber plates grouped into 110 physical "towers" (reference 
Figure 1-17). The Orst and last bend of each plate project to interaction point (reference Figure 1-18). GIO spacers are placed 
between the plates to provide the proper spacmg of the plates. The etates are held together with fasteners. Hexcel strips are 
placed between the flat faces of the accordion region to provide a minimum high voltage gap between the sensor plate and the 
absorber plate. At appiopriate locations the accordion is shifted one cycle to compensate for the curvature of the accordion 
structure. Each of these shifts contains a 010 stiffener as the sbUctural element that supports the weight of many plates and 
provides a stiff support to control the effects of thermal shrinkage. The stiffeners are attached to a perforated G 10 face plate. 
Two halves of a conical aluminum shell are joined and the face plates and stiffeners are attached to flanges on the outer edges of 
the aluminum shell (reference Figures 1-19, 1-20, 1-21). The flange on the rear outer edge of the aluminum shell is also used to 
attach the EM assembly to Endcap Calorimeter stay. 

Figure 1-17 

Figure 1-18 

Figure 1-19 

Endcap Accordion EM Without Support System 
Endcap EM showing only the physical towers. Each Physical tower consists of 3 absorber plates, 3 sensing plates and 6 
Argon gaps 

Endcap Accordion EM 
Plan view of the Endcap Accordion showing the support system. Individual absorber and sensor plates are shown only in 
the detailed view. 

Endcap EM Support System 
Exploded view showing the support system of the Endcap EM. Composite Stiffeners attach the accordion plates to 
composite Faceplates. The Faceplates and Stiffeners are attached to the two halves of the aluminum shell 

Figure 1-20 Endcap EM Assembly 
Exploded view showing the support system of the Endcap EM and physical towers. 

Figure 1-21 Asembled Endcap EM 
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Calorimeter Engineering Question 

2. Inttgraltd Uquid Argon Calorlmtltr Diaml!ltr 

Data: 

Request: Provide a more detailed tabulation of the diametrical stack-up of the integrated liquid argon calorimeter. 

Specific Concern: 
• The stack-up should specify fabrication and assembly tolerances. 

Answer: 
• A preliminary to/trance study indicates that standard manufacturing to/trances are acceptable for both manufactured parts 

and procured hardware. See Figures 2-2 through 2-6. 

Specific Concern: 
• An end section at eta=O is nettled/or a complete understanding of the clearances and layout of the vessel and modules. 

Answer: 
• Figure 2-1 and 1 a shows the ambient and cryogenic nominal diametrical dimensions for the barrel calorimeter and the 

minimum hadronic module spaces for both temperatures. Also a summary of the hadronic module maximum diametrical 
dimensions at ambient and cryogenic temperatures are listed. The EM ba"el modules will be shimmed to fit the vessel at the 
outer radius clevises. The outer radius of the module will have thermal expansion rates equal to the aluminum vessel while 
the inner radius will follow the radial thermal expansion rates of the accordion absorber plates. 

The actual design of the modules has not been completed in this conceptual phase but a study was performed based on the cell 
stacks and vessel configurations. Plate tolerances for the 9 and 15mm copper were .t. 0.007 and 0.008 inches respectively. 
Tooling for the absoibcr/sensor sandwiches arc to hold a tolerance of .t. 0.004 inches. The spacer button tolerance was ± 0.001 S 
inches. 
The vessel radial tolerances of the shells is controlled by neutral axis hoop length, with a tolerance as specified in the table, and 
weld shrinkage also specified in the table. Weld shrinkage can be evaluated and compensated for in the actual design, but was 
not done so here. 



Figure 2·1 Vessel Dimensions Ambient and Cold 

Figures 2-1 and 2-la show the nominal dimensions at ambient (300°K) and cryogenic (86°K) temperatures for the EM and 
Hadronic modules within the liquid argon vessel. These envelopes include considerations for manufacturing and material 
stock tolerances as well as considerations for the thennal effects relative to the coefficient of thennal expansion for the 
aluminum cryostat 

Figure 2-Ia EM Vessel and EM Module Dimensions 

Figure 2-2 First Fine Hadronic Module Stack Height and Element Tolerances. 

Figures 2-2, 2-3 and 2-4 show the nominal and maximum stackup height for the fine and coarse hadronic modules along 
with the tolerances used for individual plates contained within the modules. 

Figure 2-3. Fmt Fine Hadronic Module Stack Height and Element Tolerances. 

Figure 2-4. Coarse Hadronic Module Stack Height and Element Tolerances. 

Figure 2-5. Radial Dimension· Thermal Effects on Hadronic Modules 

0 Figure 2-5 shows the maximum ambient and cold height of the fine and coarse hadronic modules. A comparison of these 
.ii. values to Figure 2-1 verifies that the modules will always have clearance within the allowable radial space between the stays 
oo and vessel walls. 

Figure 2-6. Work sheet for the vessel and module elements 

Figure 2-6 is the worksheet used to develop the module and module envelope tolerance stackups .. 

Flgure 2·7. EM Module Diamettical Stack-up 

Figure 2-7 shows the calculation used to develop the % M.JL for G 10 in order to minimize the change in radius due to 
thermal effects. 
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LIQUID ARGON CAL OR I METER - HADRON IC MODULES 

Radial dimension for confirming compatlabllty with the vessel are shown. 
Maximum stack heights were used to compare with minima! vessel radii In Figure 2-1. 
Ambient Is JOOK, Cold Is 86K. 

624.7 Mait 628.4Max 651.8 Max 

Ambient Cold Ambient Cold Ambient Cold 

First Hadron Module Second Hadron Module Coarse Hadron Module 

Figure 2-5. Radial Dimension - Thermal effects on Hadron Modules 
All dimensions are tn mm 

KRBunstablc FHad#lb.TTol Fig 2·5 
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Outer "ring• 

G10 spacer 
Kapton 
Lead 
Stalnless Stet 
Prepreg 

Alumlnum 

Inner "ring• 

G10 spacer 
Kepton 
G10 Insert 
Stalnlesa Stet 
Prepreg 

Alumlnum 

Ideal 010 thermal Properties 

A- 1421 
Cell 

Thickness, mm 
8.815 

0.4 
1.3 
0.4 
0.2 

11.115 

Delte_UL 
0.0034 
0.0033 

0.00577 
0.00281 

0.0083 

Aggregate delte_UL .. 

0.00372 

A- 877 
Cell 

Thlckne11, mm Delta_ UL 
4.834 0.0021 

0.4 0.0033 
1.3 0.0083 
0.4 0.00281 
0.2 0.0083 

8.934 
Aggregate delta_UL • 

0.00372 

0.0300 
0.0013 
0.0075 
0.0011 
0.0013 
0.0412 
0.0037 Delta R· 5.28 

Delta Rs 5.29 

mm 

mm 

ReleUve Dena R• -0.02 mm 

0.0097 
0.0013 
0.0082 
0.0011 
0.0013 
0.0218 
0.0031 Delta R• 2.74 mm 

Delta R· 3.28 mm 

Reletlve Delta R• ·0.53 mm 

Typical Gt O Properties: 0.0021 normal to thickness to 0.0063 In thickness 

Figure 2·7. EM Module Dlemetrlcel Steck-up 
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Calorimeter Engineering Question (Continued) 

2. Integrated Liquid Argon Calorimeter Diameter 

Specific Concern: 

Data: 

• A concept of the ba"el/eedthroughs, including dimensions is needed to determine the additional diameter required as well 
as the interface requirements with the muon system. 

Answer: 
• Commercial pin connectors with bimetallic couplings and mounting plates can be utilized in an ASME port without 

impacting the radii of either the barrel or endcap calorimeter. 

The barrel fccdthroughs consist or 17 sets or flange assemblies at each end or the vessel with 13 connectors in each flange, 
providing for 43,200 channels. The barrel fccdthrough cabling requires a 50 mm clearance envelope outside the vacuum 
vessel from the fccdthrough to the support pedestal. 

Each endcap will have 2 rings offccdthroughs providing for 18 feedthroughs with 13 connectors each to accommodate 22,980 
channels. The endcap fcedthrough cabling requires a 40 mm clearance envelope outside of the vacuum vessel wall to the 
pedestal. 

Figure :2-8. Connector Assembly 

Figure 2-8 shows the electronic connector installation detail. 

Figure 2-9. Argon and Vacuum Vessel Fccdthrough Flanges 

Figure 2-9 shows the typical warm and cold fcedthrough flanges. Notice that the cold fccdthrough is purposely 
designed smaller than the warm feedthrough so it can be extracted through the warm feedthrough fo servicing. 

Figure :2-10. Fccdthrough Plate and Pipe Extension Prior to Assembly into Vessel and Assembled 

Figure 2-10 depicts how the feed through welded into a tube extension can eliminate excessive stress on the fragile 
connectors. 

Figure 2-11. Section View Showing Location ofFccdthroughs 

Figure 2-12. End Section View Showing Fecdthrough Orientation, Cable Routing Space and Support Envelope 

Figure 2-12 shows the 50 mm envelope necessary for cable routing outside of thje bane! vacuum vessel. 
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Figure 2-13. Endcap Fccdthrough Locations 

Figure 2-13 defines the two locations for the feedthrough flanges in the endcap. 

Figure 2-14. Feedthrough Locations at Section A-A and the Envelope Required for Cabling. 

Figure 2-15. Feedthrough Locations at Section B-B and the Envelope Required for Cabling 

Figure 2-16. End View ofEndcap Showing Superimposed Sections A-A and B-B. 

Figure 2-16 shows the overall congestion resulting from the feedthroughs and cabling in the endcap. 

Figure 2-17. Cable Management Method to Avoid Multiple Cable Thicknesses. 

Figure 2-17 represents one method of minimizing the cable space envelope required by assuring the minumum number 
of cable overlaps. 

Figure 2-18. Barrel Electronic Feedthroughs Section Showing Space Required for Cabling 

Figure 2-18 shows the multiple layer insulation and cabling orientation in the barrel section. 

Figure 2-19. Endcap Calorimeter Feedthrough Showing Cable Clearance 

Figure 2-19 shows the multiple layer insulation and cabling orientation in the endcap section. 



LIQUID ARGON CALORIMETER 

Electronlc feedthrough Petal! Bimetallic Fitting 
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Figure 2-8. Connector Assembly 

Cold Signal Pin Connector 
(Modified HSC-X960504-22B-55P-2) 

Circuit Board 

Ph.lg Cap 

KRBamstable Fr Details 



LIQUID ARGON CALORIMETER FEEDTHROUGHS 
Note: The cold feedthrough Is designed at a smaller diameter than the 
warm feedthrough and positioned concentric to it so that the cold 
feedthrough may be accessed by removal of the warm feedthrough. 

Tyo!cal Warm Feedthrouah Flange: Typical Cold Feedthrough Flange: 

0 
ei 
·::::> 

ISSQ 1111D 

1SX 
128 Pin Connector 
100 Slgn111 U.ed 
200Wlreo 
4 Clbl• Buncleo I SO 
Wlrel (25 Olamel) 

o ooo 
o0z 0 o 
oO 

0 

Figure 2·9. Argon and Vacuum Vessel Feedthrough Flanges 

1300 111111 

13X 
128 Pin Connector 
100 Slgn1l1 U.ed 
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Wlreo (25 Ch1nnell) 
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LIQUID ARGON CALORIMETER 

fHcllhrouqh Flange !nstal!at!on Feeclthrough Flange 

Argon or Vacwm Vessel Wall 

Connector 

Wann t Cold Feedthrough Flange 

Figure 2·10. Feedthrough Plate and Pipe Extension Prior to 
Assembly Into Vessel and Assemblled 

Pipe 

Bimetallic Fitting 

KRBarnstablc Fr Dctails2-IO 
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LIQUID ARGON BARREL CALORIMETER 
Barrel Eeec!throughs 

'--- 1335 --i 
Minimum 

'·· 

Tracker 1 160 

3490 

3428 

All Dimensions in mm 

3526 

3600 

Figure 2-11. Section View Showing Location of Feedthroughs and radial dimensions 

KRBarnstableBL 1 Barrel FT's 
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LIQUID ARGON BARREL CALORIMETER All Dimensions In mm 

Barrel Feedthroughs- End View 

Typical Wann Feedthrough 
17X Each End of Barrel 

I 
I 

Figure 2·12. End Section View Showing Feedthrough Orientation and 
Cable Routing Space to Support Pedestal 

I 
I 

SO mm Radial Envelope 
for Cabling 

Support Envelope 

Typical Cold Feedthrough 
17X Each End of Barrel 

KRBarnstableBLI Barrel FT's 
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LIOUI D ARGON ENDCAP CALORIMETER 
Barrel & Endcap Feedthroughs 

All Dimensions tn mm 

I• -tr- 50 mm 3906 ______ __...L 
A 

40mm 
~eEnvelope 50 mm 

--

Tracker 

Figure 2-13. Endcap Feedthrough Locations 
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LIQUID ARGON ENDCAP CALORIMETER - Endvtewor Endcap 
Endcao Feedthroughs Section A-A: 
All Dimensions In mm 

Feedthrough Flanges With 
'- ::::::;::---- Provisions For 13 connectors 

Typlcal Cab[ 
Envelope I 
300 mm 
wide x 40 
mm high 
(extends to 
barrel and 
endcap 
separat Ion I 
llne. > I 

>~ >~ I < ( 

Envelope Reservl!d 
For Supports 
~ 

Figure 2-14 Feedthrough Locations at Section A-A and the 
Envelope Required for Cabling 

9X 

Typlcal Cold Feedthrough 

KRBarnstable BL I E/C FT's 2-13> 16 
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LIQUID ARGON ENDCAP CAL OR I METER - Endvtew or Endcap 
Endcap Feedthroughs 
Section B-B: 

Typlcal Cabl 
Envelope 
JOO mm 
wldex40 
mm high 
I extends to 
barrel and 
end cap 
separation 
llne.> 

Typical Wann Feedlhrough 

Feedthrough Flanges With 
Provisions For I J Connectors 
9X 

Envelope Reserved 
For Supports 

Typical Cold Feedthrough 

I ;S~'A' I 

Figure 2-15 Feedthrough Locations at Section B-B and the 
Envelope Required for Cabling KRBarnstable BL 1 Etc n·s 2-1J>15 
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LIQUID ARGON ENDCAP ENDCAP CALORIMETER 
Endcao feedthroughs - <Half Section End Vlewl 

All Dimensions In mm 

Section A-
Envelope Reserved 
For Supports 

I 

I 

I ,S' # I 

c 1 f 'lf '? =-===' section B-B 

Figure 2-16. End View or Endcap Showing Super Imposed Sections A-A and B-B 
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LIQUID ARGON CALORIMETER - FEEDTHROUGHS 
Feedthrough Twisted Pair Ribbon Cable and ML! C mult!laver Insulation> Detail: 
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Note: With proper cable orientation, there will be cable bundles 
from only 2 connectors overlapping at any one location. 

Typlcal Cold Feedthrough 
Flqe 300 mm O.D. 

OYerflP Ar- ... Shaded 

Typlcal Warm Feedthrough 
Flange 350 mm 0.0. 

O..rlap Aru1 

Figure 2·17. Ceble Management Method to Avoid MulUple C&ble Thicknesses 
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LIQUID ARGON CALORIMETER 

E!ectron!c Feedthrough Cross Section • Barrel Section 

Note: Wffh proper cable orientation there wlll be cable 
bundles from only 2 connectors overlapplng at any one 
locallon. 

~Vessel Wall 

85 mm Avallabfe Nomlnaf 
75 mm Needed al Ambient 

~.5 mm (318") 
Multlple Layer Insulation 
Between 2 Loops 
of Cable Bundles 

Argon Vessel Wan 

Typical Warm 
Feedlhrcugh Range 

Typical Cold 
Feedthrough Range 

Typical Connector 
100 Signals • 200 Wires 
(432 Connectors Needed) 

13 mm (112") 
Muhiple Layer Insulation 

9.5mm (318") 
Muhiple Layer Insulation 

Cable Bundle 
4 Cables Per Connector 
Each @ 2mm Thick 
Total Thickness• 8 mm 

Figure 2·18. Barrel Electronlc Feedthrough Section Showing Space Required for Cabling 
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LIQUID ARGON CALORIMETER 

Electronic Feedthrouqh Cross Section • Endcap 

Note: With proper cable orientation there will be cable 
bundles from only 2 connectors overlapping at any one 
location. 

Vacuum Vessel Wall Typical Warm 
Feedthrough Flange 

Clble Bundle 

<=>·----------------~ 
4 Clbles Per Connector 
Etch@ ~m Thick 
Total Thickness • 8 mm 

Argon Vessel Wall Typical Cold 
Feedthrough Flange 

Typical Connector 
100 Signals • 200 Wires 
(230 Connectors Needed Per Endcap) 

13mm (1/2"') 
MuHlple Layer lnsulatlon 

Figure 2-19. Endcap Calorimeter Feedthrough Showing C&ble Clearance 

KRBamstable FT Detaih 



Calorimeter Engineering Question (Continued) 

2. Integrated Liquid Argon Calorimeter Diameter 
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Request: Provide a more detailed tabulation of the diamettical stack-up of the integrated liquid argon calorimeter. 

Specific Concern: 
• The computation of the absorption length of the hadron layers does not appear to account/or the 3-4% of absorber consumed 

by the tile partitions. If true, this will add approximately 5 cm to the overall radius of the assembly. 

Answer: 
• First, the goal of 12 .tis not expected to be satisfied to the 1% level. Second, the 3-4% loss of.tis only at the inner radius. At 

the outer radius, since the .d17, .d~ segmentation is still 0.08 (nominally) and so the loss is only-1%. At this stage in the 
design we do not know the details to this few % level. For example, we are considering the use of krypton in the barrel which 
would more than compensate/or the loss. Another design detail is that the hadronic modules are rotated in~ as they go out 
radially to eliminate going through cracks. This rotation could also be arranged so that the gaps between the tiles would not 
be projective. 



Calorimeter Engineering Question 

3. lnttgrattd Liquid Argon Calorlmtttr Support 

Data: 

Request: Provide a scaled end section view of the liquid argon vessel cold mass supports. 

Specific: Concern: 
•lnsuj}icitnt space is available for the cold mass support without reducing the active absorber in the hadron 
calorimeter. 

Answer: 
•Suj}icient space has already been allocated/or the cold mass supports, as shown In Figures 3-1 cl 3-2, and 
/urrher reduction Is not required In the active absorber. 

•Plan and end views of the liquid argon vessel showing the locations of the stanchions (cold mass supports) are given 
in Figures 3-1 & 3-2, respectively. 

•The Barrel Argon Vessel and Calorimeter weighs 900 MT. This weight is equally shared by four stanchions. In addition, 
each stanchion is subject to a lateral deflection of 15.57 mm (0.004.MJL • 3892 mm) due to a thennal conttaction from 
296 to 86°K (reference Figures 3-1 & 3-2). 

•Each Endcap Argon Vessel and Calorimeter weighs 636 MT. The front two stanchions each carry 276 MT and are 
subject to a lateral deflection of 14.48 mm (0.004.MJL • 3619 mm) due to a thermal conttaction from 296 to 86°K 
(reference Figures 3-1 & 3-2). The aft two stanchions each carry 42 MT and are subject to a lateral deflection of 

O 16.60 mm (0.004.MJL • 4150 mm) due to a thermalconttaction from 296 to 86°K (reference Figures 3-1 & 3-2). 
-.J •The stanchions consist of plates made of lnconel (reference Figure 3-3, 3-3a), are sized based on beam column analysis 
Nl and are subject to the guidelines of the AISC (reference Figure 3-4). 

Figure 3-1. Plan View of Liquid Argon Calorimeter Showing Stanchion Locations 

This plan view shows the critical dimensions for considering the thermal effects on the stanchions. The calorimeter is 
supported by a pedestal structure centered at the Interaction point The pedestal cradle is 500 mm wide at the 
calorimeter interface and cradle loads are spread to the outer calorimeter vessel wall by a 500 mm wide stiffener 
ring around the outside of the calorimeter. The calorimeter consists of three assemblies, two endcaps and a barrel 
assembly. The barrel assembly is supported on the stanchion pedestal and the two endcaps are supported on the ends of 
the barrel assembly. The forward calorimeter shares the same liquid that is in the endcap and is supported by the endcap 
but has alignment capability so it can be centered on the beam line. Upon removal of an endcap additional support will 
be required to counteract the resultant unbalanced load. 
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Figure 3-2. End Views of Liquid Argon Calorimeter Showing Stanchion Locations 

This defines the end view location and the proximity to the argon and vacuum vessels for both the barrel calorimeter and 
the endcap calorimeter. . 

Figure 3-3. Barrel Stanchion Basic Dimensions 

The detailed dimensions of the barrel su~ are shown. The plates are brazed at the top and bottom and the gaps 
between the plates and the plate orientabon allows flexibility to accomodate the thermal effects. The radial orientation 
of the stanchion plates help to ensure that the cold vessels centerline has little or no movement due to the changes from 
ambient temperatures to cryogenic tempellltun:s. 

Figure 3-3a. Barrel Stanchion Assembly 

Figure 3-3a shows the overall stanchion assembly. The upper spherical bearing helps to evenly distrubute the load to the 
vertical plates. The thermal intem1pt portion of the stanchion assembly will be used to dissipate the majority of the heat 
so minimal heat penettates the argon vessel wall. 

Figure 3-4. Loads cl Analysis Results for Barrel cl Endcap Stanchions 

Figure 3-4 lists the analysis involved in the stanchion support design. 
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Note: All Dimensions in mm 

~ 4853----
~ 3689 ----.i 
f4------ 1820 •ol 

Stanchion 

cg 

14------~3843---------.1 

Figure 3-1 Plan View of Liquid Argon Calorimeter Showing Stanchion Locations 

3600 

3387 

LLMa.•oo B/LI .Suppor1S920620 



Note: All Dimensions In mm Vacuum Vessels 

I 

I 
Argon Ve~sels 

Barrel Calorimeter 
I 

I . 
Protrusion on Argon Vessel for 
Beaming Load to Washers and 
Heads - , 

I ..__ . 
.. I 

1 Steel Interface Plate 
I 

,.. 3201 ------~ 

~ ~---------3ia3~5;;-------;, 
~~------~3~8--·'-11 

Thermal Support 

End View Barrel Calorimeter 

I 

I 
I 

I 
Endcap Calorimeter 

1: 3551 3600 ~ ~ 
3527 t. :\31 

14----- 3257 \~I 

hermal Intercept at Upper 
nd of Support ---

14------ 3224 ----~ 
Thermal Support .,.._ ___ 3257 l/.F=J 

End View Endcap Calorimeter 

Figure 3-2 End View of Liquid Argon'Calorlmeter Showing Stanchion Locations 
LI.Muon B/LI .Suppons920620 
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Note: All Dimensions in mm 

Sum of Plate Lengths > 1ZS19 • 137 
I 

130.8mm Thick Stainless Steel 

1· 850 

tt-!L --~r1------H~] 

Flexible Portion of Assembly 

Top and Bottom Support Plate 
One Shown, One Opposite 

111111111111111111111111111111111; Ill~ ~ ~ 
1 3

. 

7 

1 I 14.7 

685.Z -
I'- -- .---... 

609 

w..u..u.UJ.lWll.l.lllillllllllilllJf::l J 1 
Top = r-.._ ._ 38.1 Bra"d """"" 

rt 
Flexible Plate Brazed Together at 
and Bottom, 34 plates per suppo 

(Mat'L : lnconel) 
1--;:~_L_J_ll_, j_J 

Typical Brazed end of Plates 

Figure 3-3 Barrel Stanchion Basic Dimensions 
LLMason 920717 Column Support 



Note: All Dimensions In mm 
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130.8 
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Iff. itack height 6 
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130.8 

l1&ll:: II 
Top View 
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··········· .. ,. -···· ...... .. ·.·-··<:;I, 

Elevation View r ...................................... 850 .............................................. . 

. .................... , .. . 
! 

Z54 
I 

....................... 1. 
\ Centerline of cylindrical bearing 

Bottom View 

Figure 3-3a Barrel Stanchion Assembly 

Upper Spherical Bearing 

Upper Support Plate 

.Thermal Intercept 

G 10 Thermal Barrier 

Column Support 

Lower Support Plate 

Cylindrical Bearing 

LLMason 920717 Column Support 



Endcap Calorimeter Supports 
Front support loads is 275MT 

Input Name Oµtpµt Unit ComlJEDI 

24 L in Length of beam(input) 
b 492.86668 in length of plate(input) 

.52 t in thickness of plate(input) 
r .15011107 in radius of gyration 
A 256.29067 in112 area of plate 

2.9E7 E psi Young's Modulus(input) 
I 5.775 inll4 Area moment of inertia 
z .26 in Neutral axis to stress point 
c .26 max distance to neutral axis(t/2) 

FOR FIXED/GUIDED BEAM AISC ASD p.5-135 
1.2 K effective length factor(input) 

140000 Fy psi yield stress(input) 
bt 492.86668 in Total stantion length 

605000 Pt in Total stantion load 
At 256.29067 in112 Total stantion area(input) 

LOAD ON STANCHION 

0 a in Lateral Load distance from left end 
w -32790.1 lb . Lateral Load 

605000 p lb Axial Compressive Load(input) 
CRITICAL BUCKLING LOAD ON STANOIION 

Per 2869680.2 lb CRITICAL Compressive Load(EULER) 
err ' Caution Message 

CRITICAL Compressive Load(AISC) 
Perl 1039739.2 Pcrl<Pcr 
Fa 4056.8749 lb CRITICAL Compressive Load(AISC) Fa<Pcr 

AT SECTION: 

0 x in Distance from left end 
v 0 lb Transverse shear 
M -479693.7 in-lb Bending moment 
theta 0 rad Slope 
y .285 in Deflection 

Stress:(Axial Load Comp NOT Included) 
St psi Fiber stress at stress point z 
Sty • psi Max Fiber stress at extremity y 

AT LEFT END: 

RA 0 lb Vertical reaction 
MA -479693.7 in-lb Reaction Bending moment 
thetaA 0 rad Slope 

.285 yA in Deflection (input) 

Figure 3-4. Loads & Analysis Results for Barrel & Endcap 
Stanchions 
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Endcap Calorimeter Supports (continued) 
Front stanchion load is 275MT 

Nam~ Output llDi1 Commeni 
AT RIGHT END: 

RB -32790.1 lb V enical reaction 
MB 479693.72 in-lb Reaction Bending moment 
thetaB 0 rad Slope 
yB 0 in Deflection 

MARGIN OF SAFETY BASED ON AISC 

Fb 105000 p~ allowable bending stress 
Fv 56000 PS! allowable axial stress 
fb 21596.289 PS! applied bending stress 
fa 2360.6009 pSl applied axial stress 
Cm .85 AISC restraint constant 
fcratio .58187669 ratio of fa/Fa 

iffa/Fa> 0.15 

comb margin of safety(<=l.0) 
combl .23378134 margin of safety(<=l.0) 

if fa/Fa<= 0.15 

comb2 .78755563 margin of safety(<=l.0) 

Figure 3-4. Loads & Analysis Results for Barrel & Endcap 
Stanchions (continued) 
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Endcap Calorimeter Supports (continued) 
Front stanchion load is 275.MT 

TK Solver was used to size the stanchions using criteria outlined by the 
AJSC. The Roark & Young beam column equations together with the 
structural equations given by the AJSC are presented below for your 
information: 

* 
* 
* 
* 

c 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 

* 
* 
* 
* 

* 
* 
* 
* 
* 
* 

call crit(P,E.I.L;Pcr,k.err) 
call geLtab(matl#,matl,E) 
call case(W ,E,1,L,a,k,P",RA,MA,thetaA,yA,RB,MB,thetaB,yB,case) 
call load(E.l.I..a,RA,MA,thetaA,yA,x,k,P,W,0,0,0;V,M,theta,y) 
z-t/2 
z-given('z.z, '_) 
if given('z) then st•M*z/I else st-'_ 
if known('axls,l,0)-0 then 196c•'-
if 196c<>'- then sty-Wl96c else sty•'­
call clear() 
if plot•'Y then call genplot(E,l,a,RA,MA,thetaA,yA,l.196c,k,P,W,0,0,0) 
if table-'y then call gentable(W,0,0,0) 
bt-Pt/P*b 
At•bt*t 
1- l/12*b*t"3 
r•t/sqn(l2) 
A·b*t 
"AISC ASD 9th edition p.5-42" 
Fa-12*pi()"2*E/(23*(K*Vr)"2) 
Pcrl•Fa*A 
fa-PIA 
"AISC ASD 9th edition p.S-48" 
Fb-.75*Fy 
Fv•.40*Fy 
fb-MB*c/I 
c•t/2 
"AISC ASD 9th edition p.5-54" 
em-.85 
iffcrati0>•l then comb-fa/Fa+fb/Fb 
iffcrati0<l then comb-fa/Fa+(Cm/(1-fa/Fa))*fb/Fb 
fcratio-fa/Fa 
combl·(fal(0.6*Fy))+abs(fb/Fb) 
comb2-(fa/Fa)+(fb/Fb) 

Figure 3-4. Loads & Analysis Results for Barrel & Endcap 
Stanchions (continued) 
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Barrel and Endc1p Thermal ExDansion and Loads 

Dimensions mm Loads lbs MT MT ea. 
Total 

EndcaD L1 3689 Loadl 1214082 552 275.93 
L2 4853 Load2 185118 84 42.072 
Ca 3843 Weight 1399200 636 318 check 

Barrel Four Eauanv Loaded Stanchions 900 225 
I I 

Moments-Loadl *L 1 +Load2*L2-Weinht*Ca 

Loadl +Load2•Welal'lt 

Loldl*Ll+IWe aht-L 1 )"Load2•Wetaht" a 

Loadl•CWelaht*CO-Welaht*LZ /!L1-L2J 
I 

Thertn1I Ex for AL 5083 296 to86.K 
Dimensions lntearated Delta L Delta L from 

mm thermal total deflection undeflected DOSttion 

~ Emansion mm Inches Inches 
L Delta LIL 

3892 0.004 15.57 0.61 ± 0.305 
3619 0.004 14.48 0.57 ± 0.285 
4150 0.004 16.60 0.65 ± 0.325 

Figure 3-4 Loads & Analysis Results for Barrel & Bndcap Stanchion (continued) 



Calorimeter Engineering Question 

4. Integrated Liquid Argon Calorimeter Fabrication 

Request: Outline the general procedure for the manufacture of the Integrated Liquid Argon Calorimeter by an international 
collaborator. 

Speclnc Concern: 
• The large aluminum vessels will require relatively sophisticated and difficult procedures which may not be possible for most 

international collaborating institutions. 

Due to the size of the assembly and the method of fabrication the cost estimate specifies that approximately 40% (est., 183 
l'Y) of all fabrlcation/testlinstallation labor will be performed at the SSCL. 

lt will be difficult to enforce quality control standards If module work is performed off-shore and final testing is completed 
when the cryostats are closed at the SSCL. Of panicular concern are the potentiol problems with dirt, shipping, and 
mishandling between the module fabrication source and the SSCL. 

Answer: 
• The cryostat costs are about 5% of the entire calorimeter budget. So even in the worst case, it could be made entirely in the 

US. However, we are open to contributions that potential GEM collaborators can make. The assembly of the cryostat 
involves many smaller pieces which could be fabricated off-shore and pm together on site. The cryostat is aluminum and 
so cleaning, shipping and handling should be able to be easily accomplished. The quality control question applies to 

o ANYTHING made ANYWHERE. There needs to be involvement by the physicists in the collaboration both in the U.S .. and 
oo off-shore to insure that any piece made is inspected and tested at the site where it is fabricated. 
N 

We are now talking seriously with our Chinese collaborators in GEM about the fabrlcalion in China. There is genuine 
interest on the part of the Chinese. However, we are not at the stage in the discussion where we know whether just module 
components would be fabricated in China or assembled modules. Much of the labor is in the preparation of the parts both 
for the EM modules and especially for the hadronic modules. In the hadron calorimeter, tiles of copper need to be 
arranged and then laminated. This is a labor intensive activity. 

Speclf1c Concern: 
• Facilities at the SSCL will require special atmospheric conditioning and will thus add significant cost to the overall project. 

Answer: 
• The requirement is that the relative humidity be less than 40% and that a modest clean room environment be established. 

The goals for the clean room are that debris of the size of a fraction of a mm be excluded. This is not the kind of clean room 
that is difficult or expensive to establish. We are talking about the order of a very few hundred thousands of dollars. A 
model would be the clean room built at Fermi/ab for the DO detector. 
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Calorimeter Engineering Question 

S. lnttgrattd Liquid Argon Calorimtter Asumbl1 Procedure 

Request: Provide sketches explaining the test and installation sequence of the barrel EM calorimeter in the integrated liquid 
argon calorimeter. 

Speclnc Concerm: 
• The proposed EM installation operation does not appear to provide for the routing of cables and services from the EM to the 

barrelfeedthrus. 

Answer: 
• EM installation operation does provide for the routing of cables and services as shown in 

Figure5·1. 

Data: 

• 30 mm of radial space is allocated between the cryostat wall and both the inner radius and ends of the EM 
section. It is estimated that 20 mm of space is required for these areas. The space between the EM and 
hadronic modules will cury twice u many cables and so SO mm of space has been allocated in these areas 
(see Figure S-1 ). 

Figure 5-L EM Channel Cable Management 

Approximately 20 mm of space Is required for EM cable routing around the majority of the EM module. If all the 
cabling for the front and back EM se$1D"ntation were stacked in one location, then 40 mm of space is required. 
However, 40 mm to SO mm of space ts available and proper management can minimize the cable stack height and 
therefore optimize the cable clearances. 



r= 
Tracker 

Data (Per 911 Segment): 
Typical For Front and Back Segmentation 

Add 10% for extra wires (clock channels, calibration 
channels, etc.) 
Towers In Eta = 43 
Towers In Phi = 5 

43 towers x 5 towers x 1.1 = 236 pairs of wires 
x 2 wires I channel 

= 472 wires / 50 wires/cable 

= 10 cables 
•h ±30 mm x ±2 mm I cable 

20 mm Cable Space ±41 mm i 
0 - - - I: -

00 
~ 

If Front & Back Segmentation cabling Is Stacked, 
the Cable Space = 40 mm. If off-set the cabling height 
remains 20mm. 

Figure 5-1 EM Channel Cable Management 

KRBamstableBL 1 Barrel Channel Ct. 
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Calorimeter Engineering Question 

5. Integrated Liquid Argon Calorimeter Assembly Procedure 

Request: Provide sketches explaining the test and installation sequence of the balrel EM calorimeter in the integrated liquid argon 
calorimeter. 

Speclftc Concern: 
• The fully assembled barrel (62 Mt) and endcap ( 13 .2 Mt) accordion calorimeters must be functionally tested prior to the 

Installation in the integrated assembly. 

Answer: 
• The test of any noble liquid calorimeter involves, the meas1Crement of the capacitance of each channel to check the 

connections, the measurement of the leakage current at high voltage to eliminate shorts, and the full test of the preamps and 
calibration circuits. These tests will be done at every major stage in the assembly and installation. If these tests are 
successful we will be cotifident that the calorimeter will function correctly. We do not require the beam testing of all 
modules of the calorimeter. 



Calorimeter Engineering Question (continued) 

5. Integrated Liquid Argon Calorimeter Assembly Procedurr 

Request: Provide sketches explaining the test and installation sequence of the barrel EM calorimeter in the integrated liquid 
argon calorimeter. 

Specific Concerns: 
• Sealing the liquid argon vessel after the installation of the EM assembly appears to involve significant risk due to proximity of 

the welds to the cables. 

Answers: 
• Approach shown in Figures 5-4 & 5-5 has been taken to mitigate the risk. However, test coupons should be studied to 

evaluate the extent of this concern. 

Data: 

• There is considerable risk to the EM cabling due to the proximity of the welds to the cables. This is 
especially true if the stays are solid plates (reference Figure 5-2). Since we must mitigate the heat, 
careful cable management, limited heat input during welding and some more shielding (insulating) 
will be necessary. A solid plate stay concept can utilize cooling tubes during the welding operation to 
prevent heat damage to cabling. These cooling tubes can be removed after the module stay welding 
operation is completed. Additional valuable space will be used to incorporate a backing bar in the 

o design as required by ASME code. 
00 
CT> • Instead of using solid plates as stays better options exist. One such option would be to replace the 

solid plate stay with two tubes (reference Figure 5-3). The tubes would serve a dual role by acting as 
a stay and providing an active cooling tube for cooling the preamps during operational usage. The 
welding and overall assembly is easier and less heat input is required for the necessary partial 
penetration weld. This concept also eliminates the need for a backing bar since a full penetration weld 
1s no longer required. The final weld is made on the outside and the overall heat input and cable 
shielding concerns are less. 

• Sealing the liquid argon vessel after the installation of the EM assembly involves significant risk due 
to proximity of the welds to the cables. However, by using shields in the vicinity of the weld joints 
and by using bolted connections this risk can be minimized (reference Figures 5-4 & 5-5). 
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Figure S-2. Solid Plate Hadron Module Stay Concept 
The solid plate stay tequires a full pcnettation weld so a backing bar must be incorporated into the design to meet 
ASME tequirements. Cooling tubes can be used during the welding operation in order to dissipate the heat and thus 
protect the cables. The cooling tubes can be removed after welding operations are completed. The incorporation of a 
backing bar into the solid plate concept uses up valuable space. 

Figure 5-3. Cooling Tube Hadron Module Stay Concept 

The cooling tube stay concept uses two tubes in place of the solid plate configuration in Figure 5-2. This concept may 
also use cooling tubes during the welding operation but less heat will be encountered since only partial penetration 
welds are tequired. No backing bar is necessary so less space is tequired. Also the modules are more accessible and 
the two tubes provide a means of actively cooling the preamps during operation of the calorimeter. 

Figure 5-4. Weld Joints Shielded & Purged During Assembly of Barrel BM Calorimeter 

This shows a variety of assembly scenarios and includes weld joints that have backing bars incorporated into the 
design as well as flanges that are bolted and then seal welded. Shields can be tack welded inside of the joints and used 
to direct the cold gas behind the weld areas. 

Figure 5-5. Weld Joints(Baseline) Shielded & Purged During Assembly of Barrel EM Calorimeter 

In this scenario all joints are welded instead of welded and bolted as in Figure 5-4. As with the bolted concept this 
tequires purge shields to cool the areas behind the welds but now full pcnettation welds are used and tequire backing 
bars. 

Figure 5-6. Reference Calorimeter Configuration 

This configuration defines the weld locations within the barrel calorimeter as were described in Figures 5-4 and 5-5. 



Note: See Figure 5-6 for Weld Zone 
Locations on Calorimeter 
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Figure 5-2 Solid Plate(Basellne) Hadron Module Stay Concept~ 
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Note: See Figure 5-6 for Weld Zone 
Locations on Calorimeter 
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Figure 5-3 Cooling Tube Hadron Module Stay Concept 

KRBarnstable Module Supt Endview 



Note: See Figure 5-6 for Weld Zone 
Locations on Calorimeter 
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Figure S-4 Weld Joints Shielded & Purged During Assembly of Barrel EM Calorimeter 

KRBunstable Module Supt Endview 



Note: See Figure 5-6 for Weld Zone 
Locations on Calorimeter 
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Figure 5-5 Weld Jolnts(Basellne) Shielded & Purged During Assembly of Barrel EM Calorimeter 

KRBunstable Module Supt Endvicw 



0 
co 
f\) 

Notes: All Dimensions In mm 
See Figures 5-4 & 5-5 for Detail of Weld Zones 

Weld Zone 1 

3600 

Weld Zone 2 

Barrel Cal. 

Tracker 

1.. 1500 -_..j 
----- 2280---~ 

Endcap Cal. 

.,._ ____________ 5179 -----------

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

Figure 5-6. Reference Calorimeter Configuration 

11231 

890 

Forward Cal. 



Calorimeter Engineering Question 

6. Integrated Liquid Argon lnstallatlonfrestlng 

Request: Provide an outline of the testing of the liquid argon calorimeter prior to and after installation in the experimental hall. 

Specific Concerns: 

• Surface testing of the three completed cryostat assemblies will require substantial time, material and manpower. 

• Surface testing will have to be repeated in the experimental hall due to the transport and handling required between the 
assembly areas and the final positioning of the detector. 

• If.final testing is only petformed in the experimental hall the cost and schedule risk will be unacceptable. 

Answer: 
• First we plan to test representative modules in the test beam at the SSCL. Some of these modules, such as an endcap EM 

monolith, will be the actual module that will be used in the experiment. This testing will give us the experience to cope with 
the installation in the experimental hall. 

We outlined above the electrical tests envisaged at every step of the assembly and installation. In addition we plan to do a 
cold test of the completed calorimeter upstairs in the assembly hall. This would involve vacuum and liquid nitrogen 
services. We would probably not need to fill with argon, but might plan/or this as well. The cost of providing these 

o services to the assembly hall are also not very large. 
c.o 
w 
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Calorimeter Engineering Question 

7. Calorimeter Cost and Schedules 

Request: Provide the following infonnation for the three calorimeter options (Integrated Liquid Argon, Scintillator and 
Hybrid): 

• Engineering Cost and Duration, 
• Fabrication Cost and Duration, 
• Assembly Cost and Duration, 
• Installation Cost and Duration, 
• Overall Cost Estimates, 
• Total Schedules, 
• Tabulations of Labor Loading at SSCL, 
• Physics Parameters. 
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.nglneertng 
Fabrication 
Assembly 
lnstelletlon 
,0vera11 cost• 

Engineering 
'!Fabrication 
Assembly 

l

lnstalletlon 
Overall Cost• 

LAC Cost Comparisons 

'on (Construction Only) 

'Construction Only) 

To 
19i 

4th Q '95 
2ndQ'97 
2ndQ'99 
2ndQ'99 

Duration 
Cost ($K) ..----From 

4,765 ~'92 
16,381 1st Q '94 

4,1138 3rd Q '94 
2403rdQ'97 

36,790 4th Q'92 

'9 
2ndQ'95 
2nd Q'97 
2ndQ'99 
2nd Q'99 

• lncludn Ent/l'IDftltJn. M&S. ln.-'Admln, Prot:/Ftlb, Any, ln8ft, end Cont1n...,,,,., 

,,,__ _ follol/rlflfl,,.,.. for additional det8ll 

This shows a summary and cost comparison of the Integrated Liquid Argon and the EM only calorimeters. 
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GEM LAC MANPOWER REQUIREMENTS 

Iii Installation Labor Hours 

• Assembly Labor Hours 

Ill Fabrication - Module Assembly 

0 Fabrication - Module arid Cryoslat 
Detalls and Subassemblles 

• Engineering Hours 

This defines the manpower necessary for all the disciplines required during the length of the program. 



Engineering Hours 

i::i nnn .8 20,000 j D D CJ r-r C"? 
~ 0~1•99m2a..,Jj~1~993~--,j~~1~994~~j~1~99~5~'-f-j-f.1996~....i..Tj--:1~99=7:--,---::1998:=::---Tj1=999:::::-

15000 
52" 
~ 10000 

5000 

0 1992 

j = ~ 

Fabrication - Material ($K) 

11193 1994 1996 1997 

Fabrication - Module and Cryostat Details and 
Subassemblies 

1998 11911 

~ j c=JoDor=J 
~ 0 ~1-992--.---11193----~,_._~1994L-lo~l,......._1~99~s~~,_._1~996'----.---1997-------1-998--~1-1_1911 ___ 

Fabrication - Module Assembly 

0 
1992 1993 1995 1997 1198 11911 

Assembly Labor Hours 

Installation Labor Hours 

~o· •: ~ J =oDoo ~ 0 ~1-99_2......,. __ 1_993----.---1-994-----.--1~995----..-~1995----~1 ...... 1~997......, ...... l,.....~1198""""'~~,·111111~~ 
..... 

This defines the total labor and material costs by year. 098 
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2nd Half 1992 
1st Half 1993 
2nd Half 1993 
1st Half 1994 
2nd Half 1994 
1st Half 1995 
2nd Half 1995 
1st Half 1996 
2nd Half 1996 
1st Half 1997 
2nd Half 1997 
1st Half 1998 
2nd Half 1998 
1st Half 1999 

Fabrication 
Engineering Fabrication Module & Cryo. Fabrication Assembly 

Hours material $K Subassemblles Module Assy Hours 

3.161 
.. 36.881 

52.686 $10.589 
52.686 $14,824 5,112 9,166 14,710 
25.289 $10,165 18,257 32,734 24,517 

16.860 $4.235 25560 45.828 73,550 
8.430 $2.541 18.987 34,044 88.261 
8.430 5.112 9,166 122,584 
6,322 117,681 

49,034 

210,746 $42,354 73,028 130,937 490,336 

This shows the labor hours and material dollar amounts shown in the previous bar chart. 

Install atlon 
Hours 

\ 

1,874 
8,997 

13,121 
9,747 
3,749 

37,489 
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1993 I 1994 1995 I 1996 I 1997 1998 I 1999 Liquid Argon Calorlmeter sow 
1l2l3l4l1'2l3l4 1l2l3l4l1l2131411l2l3J4 1'2l3l4l1 l2l3l4 4 

Program Miiestones Above Ground 
A Facility A Hall BOD 6. A Tell Beam Detector 

Avallable Avallable Operallonal 
A Membrane For 

Celorlmeter Required 
LAr Celorlmeter Construction 02.1 

Barrel Celorlmeter 02.1.1 PnKtucllon Englneetfng 
Pllllolypee 

ProclltHlent 
Module Fabrlcadon 

Flnal Aaoembly 
c::::::J Cold T11t/Clleckout 

Endcap Celorlmeter 02.1.2 
Proclucdon Engln"'1ng 

P111totyp11 
Procu ......... , 

Module Fabllcltlon 
Flnal A11ombly 

Cold T11t/Clleckout c::::::i 

Test Equipment 02.1.3 EnglllMflng 
Procur8mlflllF1bflcallon 

Cryogenic System 02.1.4 Engl.-tng 
Procu~enllFabrlClllon 

lnallll•do-out Above Ground 
ln1tall1don.'Clleckout Balow Ground 

Facllllles 02.1.5 c:::::::J Above Ground lnterfll-
c:::=J Elecb1cal lnterl1-

Test Beam Program 02.1.8 R&D 

Callb,..non Of Spa,.. ModulellSystem Checkout 

lnllllllltlon a Tell 02.1.7 c:::::::J 81ITlll 
c:::=:I 81'"" T11t 

c:::=J Endcepo 
EndCllpo T111/Shlmmlng & Fitting c:::::::J 

System CheckoullT•I ~ 

Subsystem lntegrellon I 02.1.8 
Management 

Prellmlnarv 
This shows the preliminary schedule for the Liquid Argon Calorimeter 
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GEM LAC EM ONLY 

Engr/ lnopec/ Proc/ WBS 
Deolgn MIS Adm In Feb Aooy lnsll Cont. Total 

(Ski (Ski (Ski (Sk) ($k) ($k) (Ski (Ski 
LAr Calorimeter: 8,362 8118 1,111 18,183 4,482 266 10,840 42,11" 

Reaearch & O.V.I. 1148 81 110 1,802 444 26 1,057 4,047 
ConcepJPnllm. Deolgn 1,051 53 0 0 0 I 171 1,274 
Con1tructlon 4,785 552 1,001 111,381 4,038 240 9,812 36,79Q 

Moduln 433 22 473 7,845 2,449 0 5,176 16,399 
BerrelEM 211 11 322 3,784 1,667 0 2,743 8,742 
Barrel Hlldronlc I 0 0 0 I I I I 
EndcapEM 217 11 151 4,062 783 0 2,434 7,651 
Endcap Hadronlc I 0 0 0 0 0 0 0 

Cryostat 78! 39 5! 1,510 256 I 990 3,83! 
Barrel Krypton v-i 148 7 9 78 32 0 71 345 
8errel YllCUUlll Y-•1 10: 5 1 25 3 0 30 166 
Endcap Krypton Yn1el 123 8 7 106 3! I 71 348 
Endcap Vacuum Y•-1 111 I 1 71 2 0 44 238 

Support• 21 1 3 89 13 0 31 158 

FeedthrUI 27! 14 35 1,141 171 0 743 2,381 

Calorlmeter Aloy. 984 48 58 37 229 0 340 1,676 

ToollnWflx1Un1 :1,011 81 22 1,966 145 0 936 4,351 

Stacking Fbdun1 183 11 0 470 0 0 180 878 

Clyollet A•oy Flxturn 282 19 0 261 0 c 171 827 

Uftlng Flxturn 124 8 0 118 0 0 75 367 

Shipping crates 41 3 0 490 0 0 141 688 

Modula lnllelletlon Fixture 11 I 0 105 0 0 58 264 

H8clronlc FIXIUrl 0 0 0 0 0 0 0 0 

Coollng Tube Layout Tool 71 4 0 105 0 0 45 231 

EM Accordion Flxtun 233 12 22 418 145 0 265 1,09! 

Tell Equipment 3l l 8 387 18 0 106 550 

Tr•llpOl'lellon 81 3 0 41 0 0 18 124 

Cryogenic Syetem 30I 15 98 2,499 377 0 1,120 4,413 

Equlprneni (lllCM .-oundl 3l 2 0 913 0 c 209 1,157 

Tell Bemn Progr11111 0 I 0 1,149 0 0 299 1,44' 

ln1tellllllon/Tfft 144 7 11 34 0 214 108 524 
Suh.vi, M..t & .,._, ""' 353 274 0 165 21 309 2,51! 

Add $9.42 M for Krypton (21,5801Her•@$43711tter) 

This cost summary reflects the EM only configuration costs. The elements for costing arc the same as those previously 
shown for the baseline configuration. 
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GEM LAC EM ONLY 
SUMMARYWBS 

E- -~ M&S ...._, ·~11on1Admln -·b A19emhlv 
Lobo< Roll Tolol MolL Lobo< Roto Tolol M .. ertril Lobo< Roto Sublolol 

WIS no. •• . .... " " ... ..... .. •• .. . ..... .. 
02.1.2.1 EndCllorim_AI_ Hl/Clllc:IUU 3.' 127.1 376: 1 0.1 47.81 1 1.1 17.18 71 
02.1-2.5 TrM1-llon 0.1 127.1 I 2 0,1 66.14 21 0.0 17.18 0 
02.1.3 Tu1-1-..ent 0.3 127.4 33 : 0.1 66.84 317 0.3 62.27 16 
02.1.4 Swt1em 2.4 127.1 306 15 2.1 17.81 -·· U119 8.0 17.18 377 
02.1.4.1 l.ocll"""'" s-1.H _,,..,, 467 0 
02.1.4.2 LN Source -18m Ill Surfllct 136 0 
02.1.1.3 LN Condition- -11ems o· 81 0 
02.1.U -on Oew1r Fii lf1d Dis-- -111m ' -·· 0 
02.1.U Dewar IO arnnn Conclllonlr __.,"" 0 0: 104 0 
02.1.1.8 ~- Condlfoner ·-•m 0 ' 190: 0 
02.1.4.7 Modufe Cool ..... -stem 0 163. 0 
02.1.4.8 UftlVI Boil• 125 I 

02.1.U lNBolll 0 178 0 
02.1.1.10 ·-'1:11--0ewart 0 0 112 0 
02.1.1.11 VacuumSvsltm 0 298 0 
02.1.1.12 Pumnond Swtem 350: 0 
02.1.1.13 lnllalolon I 0 262 0 
02.1.5 F-1 0.3 127.•~ • 2 0.1 913: 0.0 0 
02.1.6 Tes1BMmP-1m 0 ' 1.1•9 : 0 
02.1.8.1 "-·· 127.4' I:: 0 210 0 
02.1.6.2 -· 127.4! 0 ' . 618 0 
02.1.8.3 Ektcltonlcs 127.•t 123 0 
02.1.8.I FixtulOI 127.44 0 0 0 132. 0 
02.1.6.5 TOllL- 127.4! I•: I 66: 0 
02.1.7 lnslllllion I Tell 1.1 127~41 144 7 0.1 47.81 18 34 
22.1.8 Ellctanics 0 
02.1.9 Subsyltem Mlln_._... "' 7.7 918 •: 353 2.3 271 0 1.8 565 

02.u.1 p londMrnn. 2.8 127.4! 351 • 18 0.8 118.91 98 2.9 118.91 343 
02.1.9.2 Rotourc:IMI u 127.41 132 .• 7 0.3 118.91 37 0.9 118.91 103 

02.1.9.3 ES&H 0.5 127.44 66 l 0.2 118.91 18 0.3 118.91 34 

2.1.U llumlty Alsuronco 0.1 127.11 110 •: ! 0.3 118.91 31 . 0.3 118.91 34 

02.1.1.5 Srs1tm ln!Ogtolon 2.8 127.41 329. 16 0.1 118.91 91 . 0.1 118.91 51 

>2.1.U Tr...i I:: 304 I-: 0 
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SA 6 
SA 6 
SA 6 
SA 6 
SA 6 
SA 6 
SA 6 
SA 6 
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BU • 
Bl • 
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• 2 2"' 2"' 1• 22"' 

• 2 2"' 2"' 1% 22"1o 

4 2 2"' 2"' 1% 22'11. 
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6 2 2"' 2"' 1~. 26% 
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• 2 
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t 2 2"' 1% 1% 16% 

6 l 2"' 1% 1% 16% 

t ' 2"' 1% 1%:. 16% 

6 l 2"' 1% 1% 16% 

6 2 2"' 1% 1% 16% 

6 2 2"' 1% 1%'; 16% 
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Ena CaJorJm~ter AssembJy/nest/Cneckout 

S/End C~Iorimeter Asa~mbly/Teat/Che~kout 6 
C/En• Celarim•t•r ~•••mbly/T••t/¢~eckaut ~ 

Ncrtn Enaca~ ASs•mbJy 

IN Lir-.lE TEST 
6 S/FIRS ENOCAP ASSY 
I SET UP MANDREL 
121 BUILO Ar VESSEL SUB"'SSY 

!I WELO WASHER 
WELO F•wo HALF MIO-ctLINOER !I 
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MOUNT ON ROTmION INSERT TO L I 

POSITI N INNER VAC A SY !J 
POSITION R AR HEADWALL A SY !I 

WELO OUTER AC SHELL/ELLI HO 121 
WE 0 TO REAR HEA WALL 121 

WELO S ANCHION VAC .J Ct<ETS 121 
FIN L TEST 121 

TRANSPORT TO HALL 121 
AVAILIFOR TRANSPORT TO HALL 6 
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Transpo,.. tat j on 

Tran scor tat j)on 

Test Equ :I pment 

T" st Eau 1 omeln t 

., 

I SET UP MANDREL 
IN LINEI TEST 

6 S/SECO 0 ENOCAP ASSV 
121 BUILD Ar VESSEL SUB~SSV 

I!! WELD WASHER 
WELD F~WO HALF MIO-CtLINOER I!! 

WELD FLA~ PORTION ON A~ HEAOWL I!! 
I!! WELP INNER CVLINO~R 
I!! WE~O REAR Ar HEA~WALL 

CA ORIMETER MONO I TH ASSV 121 
IN ER HAORONIC M CUL.ES (21 121 

FRWO MONOLITHIC EM RINBS(2J 121 
POSI ION CABLE SUP ORT TOOL I 
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HELO Ar VESSE OUTER SHELL 121 
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MOUNT ON ROTf:ION INSERT TO L I 

POSITI N INNER VAC A SY I!! 
POSITION R AR HEADWALL A SY £1 

WELD OUTER V C/ELLIP HO HA FAS 121 
WE 0 TO REAR HEA WALL 121 

HELO S ANCHION VAC J CKETS 121 
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AVAILIFOR TRANSPORT TO HALL 6 
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Calorimeter Engineering Question 

8. Integrated Calorimeter Assembly Flxturlng 

~ 

..... ..... 
co 

Request: Provide a listing of fabrication, assembly and installation fixturing, including sketches, required for the 
construction of the liquid argon integrated calorimeter. Designate flllturing which will be required for the EM only as well. 

Specific Concern: 
• TM fixturing is not uplicitly referenced in the cost estimate. 

Answer: 
• All of the special and standard tools are consUkred in the cost input although at a relatively high leveL Definition of the 

required fixturing is an integral part of the thought process whUe developing the assembly flows for the calorimeter. At 
each step in the assembly the equipment, fixtures, and tools are conceptualized. Operations are envisioned to be performed 
with standard tools and equipment whenever possible and special tool concepts are invented only when no existing tools are 
known to be available. During the manufacturing flow development phase the tool concepts are carried only to the level of 
function and basic construction (see attached sketches). 
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EM MODULE - CLAMS~ELL ASSEMBLY TOOL C2REO'P) 

1. Remove endplates from EM strongback 
handRng fixture. 

Z. Insert EM module and strongback Into 
clamshell structure. 

~ 3. Strongback locates and pins to the 
N EM clamshell tool for alignment. 
~ 

4. EM module Is shimmed as required 
and are tied to each other using clevis and 
tie rod ends. 

Strongback 

EM Module 
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EM MODULE - EM ASSEMBLY AND BREAKOVER El>CTURE 

EM Module Assembly 
In Clamshell Assy Fixture 

EM Breakover Assy 

Rotation Spindle Frame (2x) 

() 

Splice Plate (2x) ---

EM Clamshell Assy 

Splice Plate 

0.0. Support Ring 

Breakover Fixture 
Support Stand 
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EM MODULE ASSEMBLY - INSERTION FIXTURE 

Rotation Spindle Frame 

I 

1. Mate EM assembly and tool to 
Hadronlc assembly. , 

2. AUgn rails. 

3. Position outboard supports 
and release hoist. 

4. "Roll transfer• EM assembly 
from tool to calortmeter. 

EM Assembly 

EM Spreader 

Rotation Spindle Frame (2 Req'd) 

Outboard Support Stand 
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HADRON!C MODULE - SPOOL TOOLING 

...... 
N> 
en 

EM Spool Tube 

Spyder •nd M•ndrel Assy 

Shipping Configuration 

Shipping Cradle (3x) 

This structure Is used to support the 
tube during general fabrication, welding 
operations and during transport. 

Handling Beam 
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HADRONtc MQQUlE 
• fNSFptfQN TOQI 

...,.. DC Servo Drive 

u 
r Ban Screw Jae/cs 

,._. Use a DC servo drive to h¥o ban screw 
l\:) Jae/cs mated With the tOOf St'rollgback. The 
C:O endplates attach to the spOOf tvashers, 

lceyways In the tOOf match lrl!)'Ways In the 
SJJool. Servo PGsltfons the IJJodule. 

Insertion Hoist C Frame 

Moveable Clevis 

~~ 

MOdufe Insertion 
TOOi Interface 

Rotation Knuc1c1e 
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HADRONIC MOPULE - SPOOL TOOLING 

!--A 
w 
~ 

..... ..... 

Z each ring/ spyder In each end of spool, 
connected by a split support shaft. 

Install mandrel with spool horizontal 
and the shipping tool In place - used for 
handling. 

..... 

O.D. Ring ( 4x) 

..... 
Rings Spyder ( 4x) 

Split Support ( 1 x) Shaft 
with connect thru center 
washer 
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GEM BASELINE ENDCAP - MODULE INSERTION TOOLS 

...... 
w 
"1 

Attaches to Spool Washer 

____ ...._.._!I 

' 

Two Configurations Required 
One for "Outside Modules• 
and One for "Inside Modules• 

Used for Module 
Insertion From 
Ends 

3 Configurations Required 
(Basic Design with 3 Sizes) 

Use With •c• Frame 
Holst Spreader 

Ball Screw Jacks 

Attaches to Inboard 
and outboard tubes 
of spool 

• 
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