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INTRODUCTION

There is general recognition that engineering issues are critical to the viability of
liquid argon calorimctery (LAC) at the Superconducting Super Collider (SSC)*). We
have undertaken to quantitatively address these issues and, if possible, perform a
preliminary design of a "proof of principle" LAC for SSC. To establish LAC as viable
at SSC, we must demonstrate that the physics performance of the device is acceptable,
despite the presence of dead material due to vessels and support structure. Our approach
involves the construction, by a team of physicists and engineers, of one three
dimensional model of the LAC system, built as a hierarchy of components and structures,
from which we directly perform interference checks, mechanical, thermal and magnetic
analyses, particle tracking, hermeticity evaluation, physics simulation and assembly.

This study, begun in February 1989 as part of the SSC generic detector R&D
program, was immediately preceded by a workshop 2 ) at which engineering details of
existing and planned LAC systems (FNAL-D0 and E706, SLAC-SLD, HERA-Hl and
CERN-HELIOS) were thoroughly examined. We describe below the status of our
work, beginning with short descriptions of the tools used, the study requirements and
LAC configuration baseline. We then detail the LAC design as it presently stands (May
1989), including assembly considerations, and conclude with a quantitative assessment
of the LAC hermeticity.

DESIGN, MODELING AND ANALYSIS TOOLS

The integrated design, modeling and analysis system we use is represented in Figure
1. The system is built around the SDRCI-DEAS 3) packages GEOMOD, a sophisticated
3D modeler and database, and SUPERTAB, a flexible analysis interface. As shown in
Figure 1, a variety of structural 3,4,5,6)f thermal ?), fluid flow 7.8) and magnetic 6.9)
analysis codes are presently attached to SUPERTAB. Most major commerical computer
aided design (CAD) systems can be attached to GEOMOD; at present we use the
Computervision10) andGEODRAW3) packages.

We have also built, and connected to GEOMOD, a ray tracing and tracking package
that allows us to track particles through the same 3D model on which we perform the
structural, thermal and magnetic analyses. Figure 2 details the tracing and tracking
package, indicating the modules where the individual rays are traced through the 3D
geometry (DISPERSE) and the post-processor (INTLCOM), where one constructs
profiles of the LAC based on selected attributes (such as material) and, using shower
parameterizations, simulates LAC performance (e.g. single particle resolution).
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Figure 1: The integrated design, modeling and analysis system.
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Figure 2: The ray tracing and tracking section of the design, modeling and analysis
system.



STUDY REQUIREMENTS

We summarize here the major requirements for the LAC addressed in our study.
These requirements were arrived at with the SSC generic detector R&D committee. We
emphasize that the requirements listed below are driven by the desire to model an
"existence proof for a generic LAC at SSC. Were we designing the LAC as a sub-
system of a specific SSC detector, these constraints would be rexamined based on
possible requirement trade-offs with other detector sub-systems. Thus our study may be
considered something of a "worst case" analysis.
• PERFORMANCE: Maximize the hermeticity of the LAC over the region lr|l < 3.
• ACCESSIBILITY: The LAC design must accomodate significant maintenance

access to the tracking system without major disassembly.
• CONFIGURATION: The LAC is constrained to fit within the calorimeter region

specified in the Large Solenoid Detector concept presented at the Workshop on
Experiments, Detectors and Experimental Areas for the Supercollider **). The
support structure for the LAC must not penetrate or pass loads through the large
solenoid.

• TRACKING SERVICES: The LAC design must allow a total of one square meter of
exit space for tracking cables.

• SAFETY: LAC vessels should satisfy the requirements of ASME Division
• ASSEMBLY: Consideration should be given in die design to a) ease of structure

assembly, module installation and signal handling, and b) space required for
assembly in the underground areas.

• BUILDABELITY AND TRANSPORTABILITY: Individual calorimeter modules
should be self-supporting and their masses should not exceed 10 metric tons.

CONFIGURATION BASELINE

Our discussions at the Boulder Workshop, coupled with the aforementioned
requirements, led us to a particular configuration baseline. While obviously not the
unique solution, we nonetheless believe it to be a good starting point for our
investigation. We detail below major aspects of die configuration baseline, along with
the justification and/or motivation for each particular choice.

• INDEPENDENT BARREL AND ENDCAP CALORIMETERS: The requirement
that concerns access to the tracking system drove us to select independent barrel and
endcap calorimeters. Only totally independent endcaps - no shared pressure or
vacuum vessels - were judged to allow the ease and range of movement necessary
for major access to tracking.

• SHELL AND WASHER ASSEMBLIES WITH SELF-SUPPORTING MODULES:
An SLD-inspired structure of shells and washers that acts both as a pressure vessel
and the support structure for individual calorimeter modules was selected as a starting
point. This configuration was viewed as having the least inactive material,
particularly in contrast to a system where the module support structure and pressure
vessels were independent. (e.g. HI or D0).



• SELF-SUPPORTING CALORIMETER MODULES: No specific internal structure
was assumed for the calorimetry; an effective calorimeter density of 7.5 grams/cm^,
absorption length of 25 cm, and radiation length of 0.8 cm being employed for
analysis purposes. These data correspond roughly to the lead-based stacks used in the
SLD hadronic modules. The individual calorimeter modules were assumed to be self-
supporting, with an aluminum backbone or "strongback" structure by which the
module is handled. Once installed, the module weights are taken by the argon
vessels. Our design relies on independent stays, and not the module strongbacks, to
restrain the vessel heads. This is done in order to isolate pressure-induced distortion
loads from the calorimeter modules.

• FLAT HEADS ON ALL VESSELS: In order to maximize coverage in the critical
regions between the barrel and endcaps, the calorimeters must be brought as close
together as possible. To this end, we decided on flat heads for all initial vessel
designs.

• FLAT ENDCAP GEOMETRY: We considered three alternatives for endcap
geometry, namely a plug, a flat endcap, and a hybrid that contains elements of both
the plug and flat endcap. We began with the hybrid concept, but chose to switch to
the flat endcap geometry based on the hermeticity calculations performed on the three
altenatives as analyzed by Strovink, Womersley and Foidenl3).

• ALUMINUM VESSELS: Based on preliminary calculations performed by W.E.
Cooper 2)> we chose to start with aluminum vessels and to investigate other materials
as the study progressed.

• DESIGN PRESSURES: The design pressures are 12 psig (gauge internal pressure)
for die vacuum vessels, and 55 psid (differential) for the argon vessels, of which
vacuum comprises 15 psid, argon head pressure 25 psid, operating overpressure 10
psid and relief overpressure 5 psid.

OVERVIEW OF THE DESIGN

The LAC design as it presently stands is shown in Figures 3,4,5 and 6. Figures 3
and 4 reveal the overall structure of the LAC (barrel and endcaps), along with internal
structure that we detail below. Figure 5 is a schematic diagram of a quarter of the LAC
that indicates overall dimensions, vessel profiles, the number of calorimeter modules in
each azimuthal ring, and module masses.

The calorimeter is segmented azimuthally into independent, wedge-shaped modules
in both the barrel and endcap. Regions of the endcap EM and hadronic calorimetry inside
T|= 1.6 arc constructed as monoliths in order to eliminate projective cracks to a depth of
approx. 3 absorption lengths. Figure 3 shows one endcap removed, revealing the barrel
vacuum and argon vessels with utility and signal feed-throughs. The cut-away barrel
view shows the argon vessel with arrays of calorimeter modules inside. Similar structure
can be seen in the endcaps, with the additional feature of the two calorimeter monoliths.

Individual modules are self-supporting, with rigid aluminum "strongbacks" that
attach to washers and/or heads. The strongbacks also contain electronics and act as
passages for cables. The strongbacks are attached to the argon vessels in a manner such
that no axial force (e.g. that due to pressure induced head expansion) is taken by the
modules. As is discussed in more detail below, heads in the barrel and endcap are
constrained by axial stays that are an integral part of the vessels. Figures 4 and 6 also
show die regions within the argon vessels reserved for signal cable connections and
multiplexing electronics.



The argon vessels themselves must support module weight as well as the pressure
loads. The barrel argon vessel design is rather simple, with inner and outer shells
connected by washers and heads that are appropriately sized to carry the module loads.
In order to allow the thinnest possible barrel argon vessel heads, we employ axial stays
that connect the barrel heads, but pass through the washers, at the radial location of the
inner module layer strong-backs. The stays consist of forty 100 cm^ aluminum beams
that pass through the barrel from head to head at each calorimeter module. The endcap
argon vessel design also employs the stay concept, but uses instead a continuous cylinder
between inner and outer module rows, along with an additional small washer as a
stiffener just behind the hadronic calorimeter monolith (Figures 5 and 6). The assembly
sequence (Figures 7 and 8) permits the use of a continuous cylinder in the endcap, but
not in the barrel. The cylinder is penetrated for argon flow and cable passage.

The EM calorimetry is distrubuted in a manner that allows maximal coverage.
Consider, for example, the barrel/endcap intersection region. The EM calorimetry in the
barrel is beveled (as suggested in Ref. 13), so that a particle sees, with increasing rj in
the region of T| = 1.6, approx. 12 Xo in the barrel, and then no EM. The endcap EM is
designed to extend back to T| = 1.4, in order to adequately overlap this region. In the
endcap itself, in order to have uniform EM calorimetery with no cracks or inactive
material, a monolith with no penetrating structure is employed (Figure 5).

Figure 3: Cutaway 3D view of the LAC, showing the barrel, endcaps and solenoid.



Figure 4: Axial cross section of the LAC, showing module and vessel profiles.
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Figure 5: Schematic view of LAC, showing overall dimensions, number of modules in
each region and associated masses.



Figure 6: A 3D view of region encompassing the barrel corner and endcap of LAC. The
argon and vacuum vessels, calorimeter modules and stainless steel barrel support cylinder
are clearly visible.

BARREL AND ENDCAP SUPPORT

Support of the barrel calorimeter is accomplished by stainless steel cylinders that fit
inside lips on each end of the aluminum argon vessel (Figures 5 and 6; also E in Figure
7) and carry the barrel load out beyond the solenoid. The use of stainless steel
complicates the design of the support joint, due to the different thermal contraction
coefficients of aluminum and steel, but is required to provide adequate thermal insulation
between the cold argon barrel and the ambient temperature support iron. A vacuum jacket
(Figures 4, 5 and 7) surrounds the argon vessel/steel support cylinder assembly. This
barrel support concept appears tractable, but detailed design and analysis of this support
must be undertaken later in our study.

The endcaps are supported by cold-to-warm posts similar to those developed by the
D 0 collaboration 14). The endcap supports rest on the vacuum vessels (F in Figure 7)
that surround the stainless steel barrel support cylinder. The endcap loads are thus
transmitted beyond the solenoid. Again, detailed design of these supports is to ve
undertaken in the near future.



CHANNEL COUNT, FEED-THROUGHS AND CRYOGENIC SERVICES

We assume that approx. 0.10 cm^ total feed-through area (including wire, electrical
and thermal insulation) is required for each channel. This, along with the channel count
shown in Table I, yields total feed-through areas of 8075 cm^ per barrel end and 9120
cm^ per endcap. We choose to place one feed-through per outer module in azimuth,
resulting in 40 tubes each of approx. 17 cm. inside diameter. In addition, we allow 6
high voltage cable feed-throughs of approx. 10 cm inside diameter per endcap and per
barrel end. The channel count was suggested by preliminary work of a separate sub-
group^) concerned with LAC electronics.

Cryogenic service lines are specified as follows: one argon liquid (in) and gas (out)
line per vessel (i.e. endcap or barrel), and six 8 cm LN2 cooling line sets (in and out) per
vessel.

SECTION
BARREL:

EM:

Hadronic:

ENDCAP:
EM:

Hadronic:

TOTAL:

SEGMENTATION
hi < 1.47
AtlxAtp «.O2 x.02 Transverse
3 segments Longitudinal
AT]XA«P - .04 x.04 Transverse

2 segments Longitudinal
1.47 <i\ <3.13
AT|XA«P «.O2 X.02 Transverse
3 segments Longitudinal
to\x&<p *.O4 x.04 Transverse
2 segments Longitudinal

CHANNELS

138,500

23,000

78,200

13,000
252,700

Table 1: Readout segmentation and resultant channel count for barrel and endcap.

VESSEL WALL SIZING

The overall LAC design is driven by the need to minimize inactive material in
sensitive regions such as before the EM and at the barrel/endcap intersections. To
accomplish this, we exploited the integrated design, modeling and analysis system's
capability (Figure 1) to quickly iterate between the 3D model, the finite element analysis
codes, and the hermeticity evaluation codes. We minimized structural material in
components such as the inner shells, heads, washer to shell joints and head to shell
corner joint, while allowing more mass in regions that do not impact performance (e.g.
outer shells). The structural analysis criterion involved the optimization (i.e.
maximization and distribution) of VonMises^) stress across the aluminum structures,
using an allowable limit of 10,000 psi. As will be discussed in more detail below, the
assumed design pressures are seen to determine most wall sizes, though the barrel
washer thicknesses are driven by assembly conditions.

The corners between walls and heads are critical junctions, in that the shells and
heads can be thinned appreciably by careful engineering of the joints. One solution to the
problem of the barrel wall/head joint involves thickened and tapered (hereafter referred to
as shaped) corners. This approach is employed in the two corners that strongly influence
the barrel and endcap head thicknesses (see Figure 5). In Table 2 the wall, head, washer
and corner thicknesses for the present LAC design are given.
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inner Shell
Corner
Outer Shell
Heads
Washers

ARGON
BARREL
3.8 cm
3.8
7.1
6.1
5.6

VESSELS
END CAPS

2.5 cm
10.9 to 2.5
4.8
8.9
5.6

Inner

Outer
Heads

Shell

Shell

VACUUM
BARREL

1.9 cm

5.1
5.3

VESSELS
END CAPS

7.6 cm

4.5
10.2

Table 2: Sizing of vessel walls for LAC with stayed heads and shaped corners. The sizes
are based on Aluminum 5083 properties and a 10,000 psi allowable stress. Corner
refers to die intersection of the head and inner shell. In the barrel, this has a maximum
thickness of 3.8 cm, while in the endcap, the joint tapers from 10.9 to 2.S cm.

VESSEL AND CALORIMETER MASSES

The total mass of calorimetry in the barrel, based on the assumption of 7.S gm/cm^
is 1460 MT, while the calorimetry in each endcap has a mass of 377 MT. The specific
vessel component masses are given in Table 3. The overall mass of the LAC (barrel and
two endcaps) is then approx. 2500 MT.

Inner Shell
Outer Shell
Forward Hea
Aft Head
Washer(s)
Stays

ARGON
BARREL

8.4 MT
36.2
N/A
6.9 (x2)
5.9 (X2)
9.7

VESSELS
END CAPS
0.9 MT

7.6
7.5
6.2
2.1
2.5

Inner Shell
Outer Shell
Forward Head
Aft Head

VACUUM
BARREL

4.4 MT
59.7

N/A
7.2 (X2)

VESSELS
END CAPS

2.1 MT
7.6
9.5
7.4

TOTAL 79.9 26.8 (x2) 78.5 26.6(x2)

Table 3: Approximate component masses, based on 5083 aluminum with density of 2.7
g/cm^.

ASSEMBLY CONSIDERATIONS

In addition to the general assembly requirements stated earlier (ease of structure
assembly, module installation, signal handling and penetrations and space required for
assembly in the underground areas), we have followed some more specific guidelines in
designing the LAC, namely,

• Minimize closure and stay welds near sensitive electronics.
• Minimize handling of large and heavy components.
• Allow for access to regions with significant electronics (e.g. EM sections) throughout

assembly sequence.



The assembly of the LAC b& rel is depicted in Figure 7. Modules are installed into
the inner argon vessel (A) via radial tracks on the washers. During assembly, the inner
vessel and modules are supported by a large mandrel (B). The outer argon vessel (C) is
then slipped over the inner vessel and secured. The assembly is now self-supporting.
The axial stays that assist the argon vessel heads in withstanding the pressure loads are
then installed and fastened (not shown), and the whole argon vessel assembly moved
inside the outer vacuum shell (D), the stainless steel support cylinders (E) installed, the
mandrel removed and the rest of the vacuum sections (F,G) welded in place. Prior to
closing the vacuum vessels, cables are fed through the argon vessel walls as modules are
put in place, and ultimately through the vacuum sections.

The endcap assembly sequence is shown in Figure 8. The argon vessels (A and B)
are independently loaded with modules. The EM monolith (C) is attached to the inside
of the A assembly, while the hadronic monolith (D) is attached to the front of the B
assembly. Assembly B, resting on a mandrel (not shown) is placed inside A, and welded
in place along with the outer argon shell (E). The vacuum vessel sections (F and G) are
subsequently slid over the (now self-supporting) argon vessel assembly and welded into
place.

Figure 7 An exploded view of the barrel LAC. In the upper part of the figure, modules,
argon vessel sections and stainless steel support rings are shown on a large assembly
mandrel. At bottom, the assembled LAC and its support rings are surrounded by the
outer vacuum vessel, with the vacuum vessels positioned for installation and cabling.
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Figure 8 An exploded view of an cndcap LAC. The assembly of modules and argon
vessels is depicted in the upper part of the figure, with the vacuum vessel sections shown
along with the assembled endcap LAC at bottom.

MATERIAL SELECTION

Materials considered as substitutes for 5083 aluminum in vessel design were 304
stainless (non-magnetic) steel and titanium. Table 4 lists selected properties of these
materials along with shell and head thicknesses (relative to aluminum) required under
different loading considerations. The functional dependence of each loading condition on
the working stress (S), and modulus of elasticity (E) is also shown. Finally, the
relative costs for fabrication of machined, welded and field-assembled plates are shown
at the bottom row of Table 4, under the assumption that 50% of the weight of the
calorimeter is in shells and 50% in heads.

As indicated in Table 4, the governing factor for the cylindrical shell thickness is
buckling stability. On this count, titanium and steel are seen to be inferior to aluminum
when absorption and radiation lengths are taken into consideration. The governing factor
for head construction is bending, whereas for washers stability is most important. For
heads, then, titanium offers a significant advantage in terms of absorption length. Steel
is, again, inferior to aluminum.

1 1



It is clear that aluminum is to be preferred to steel. The use of titanium in specific
applications (e.g. vacuum vessel construction) where the difficulties posed by welding
and cutting titanium might be tractable will be investigated later in our study.

Al Steel T l
SHELLS

t/tAI (Stress: S1-0)
(t/tA i) OAI/1)

(t/tAI) (XoAI/Xo)

t/tAI (Stability: E1 /3)
(t/tA|) (XAlA)
(t/tAI) (XoAI/Xo)

HEADS/WASHERS
t/tAI (Bending: S1 /2)
(t/tAI) (*A|/M
(t/tAI) (XoAI/Xo)

t/tAI (Stability: E1/2)
(t/tAI) (*A|/*)
(t/tAI) (XoAI/Xo)

p (g/cm3)
Jl(cm)
X0(cm)
S (loSpsi)
E (106psi)

1
1
1

1
1
1

1
1
1

1
1
1

2.70
39.40
8.90

10.0
10.0

.53
1.25
2.69

.71
1.66
3.58

.73
1.71
3.69

.60
1.40
3.02

7.87
16.80
1.76

18.75
28.

.18

.26

.46

.86
1.24
2.16

.43

.61
1.07

.80
1.15
2.01

4.54
27.50
3.56

55.
15.5

Relative Cost (fabricated) 1.0 2.5 3.0

Table 4: Cryostat material performance, referenced to aluminum.

DESIGN EVOLUTION

Significant savings in argon and vacuum vessel thicknesses have been obtained by
use of shaped corners and carefully located stays. Tables 5 and 6 quantitatively elucidate
this point for the barrel and endcaps, respectively. Table 5 shows the reductions in
thickness that occur when stayed heads and a shaped comer are employed, along with the
calculated deflections. Also noted are the conditions (operation or assembly) that drive
the thicknesses. Table 6 contains the same information, but for for the endcap.
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COMPONENT

Liquid Argon Vassal

Head

inner Wall

Washer

Vacuum Vassal

Head

Inner Wall

MODEL CONFIGURATION

FLAT HEAD W/O STAY

Square Comer

rhtekness
cm

12.5

3.5

5.1

§8fBflHfjf§

Hi

Deflection
em

0.445

0.254

N/A

ill

Design Case

Operational

Operational

Assembly

Ĥ
HUB

FLAT HEAD WITH STAY

Shaped Comer

Thickness
cm

6.1

3.8

5.6

5.3

1.9

Deflection
cm

0.254

0.254

N/A

1.207

0.051

Design Case

Operational

Operational

Assembly

Operational

Operational

Table 5: Barrel vessel thicknesses and maximum deflections for square corner and
shaped comer configurations. The condition that drives the thickness (operation or
assembly) is also indicated. In both Figures, deflections quoted are in the axial direction
for heads, and from lateral centerline for inner walls.

COMPONENT

Liquid Argon Vassal

Forward Head

Inner Wall

Washer

Vacuum Vassal

Forward Head

Inner Wall

MODEL CONFIGURATION

ITiickness
cm

7.6/10.2

11.6/5.8

5.6

10.2

7.6

Square Corner

Deflection
cm

0.137

0.042

N/A

0.457

0.000

Design
Case

Operational

Operational

Assembly

Operational

Operational

Shaped Comer

Thickness
cm

8.9

10.9/2.5

5.6

iiiiiIB3H

Deflection
cm

0.335

0.036

N/A

H

Design
Case

Operational

Operational

Assembly

Table 6: Endcap vessel thicknesses and maximum deflections for square comer and
shaped corner configurations. The condition that drives the thickness (operation or
assembly) is also indicated. The two values listed for the shaped comer inner wall refer
to the maximum and minimum thicknesses of the taper.
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HERMETICITY EVALUATION

We now discuss the performance of the LAC as we are presently able to assess it.
Using the tracking and tracing tools described earlier, we first determine the amount of
active calorimeter as a function of pseudorapidity. This is displayed in Figure 9. The
structure therein evident is due to the sharp corners of the calorimeter modules, and will
disappear as we optimize shapes. We note that, despite the rather conservative
assumptions of p = 7.5 g/cw?, X = 25 cm and XQ = 0.80 em for the calorimetry, the
constraints of the large solenoid, and allowances for structure, electronics and cables,
there is generally 7 or more interaction lengths of active calorimeter throughout the
device.

PSEUDORAPIDITY

Figure 9: Active interaction lengths of calorimeter (i.e. not including vessels, structural
members, etc.) in the LAC, assuming p = 7.5 g/cm^, X, = 25 cm and X o = 0.80 cm.
Label (EM, inner hadronic, outer hadronic) indicates radial calorimeter section.

An important measure of LAC performance is hermeticity, for our purposes defined
as the extent to which the LAC approaches a uniform sphere of active calorimeter - with
no interspersed inactive material due to support structure, vessels, etc - surrounding the
interaction point A first indication of hermeticity is given in Figure 10, which shows the
fraction of dead material (i.e. vessels, supports, etc.) between the collision point and the
last active calorimeter layer. In certain regions, up to 15 percent of the LAC is seen to be
inactive. Figure 11 depicts rays traced through the LAC geometry at the same
pseudorapidity interval as the data shown in Figure 10, allowing one to correlate directly
the geometry with the dead fraction. We emphasize, however, mat dead fraction is not a
particularly relevant measure of LAC performance, as the shape of shower energy
deposition profile is not taken into consideration.

14
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Figure 10: Percentage dead material, i.e. Adead/ftlive + ^dead)»between the collision
point and the last active calorimeter layer, as a function of pscudorapidity.

10.0

Figure 11: A profile of the LAC with rays traced radially, starting from the intersection
point, over the interval 0 < r\ < 3, at intervals of ATJ = 0.05.
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We thus consider a hermetic design to be one in which performance (e.g. single
particle or jet resolution) approaches everywhere that of the pure calorimeter. Lacking as
yet the ability to fully simulate shower development through our 3D model, we
approximate the energy deposition of single electrons and pions as having no transverse
extent, but simply a longitudinal profile as per Refs.17 and 18. Such an approach gives a
useful first-stage diagnostic, as it clearly reveals the impact of inactive material in a given
region of pseudorapidity or azimuth. We then use the ansatz of Womersley^) to
determine the contribution of energy lost in inactive material to the LAC resolution <?,
namely

a = [{S/(E)l/2}2 + B2 + Z(AEiaye,/E)2 ]l/2

where E is the incident energy, S = 0.4, B = 0.02 for hadrons, and S = 0.16, B =
0.003 for electrons^). The sum is over energy deposited in all dead layers that intersect
the ray. The ansatz is a valid approximation :o the extent that the energy deposited in a
given layer of material is small compared to the total energy. Assuming that the
fluctuation in energy deposition is on the order of the mean, a given percentage of shower
energy lost in a dead layer then subjects the remaining energy to a fluctuation on the order
of that percentage. Though not exact, comparisons with data^) seem to support this
approach. Figures 12 and 13 display the resolution, calculated as per Eq. 1, for 10 and
100 GeV transverse energy pions and electrons. The pseudorapidity binning is again
0.05, so one can directly correlate the data points in Figures 12 and 13 with the rays
drawn through the LAC geometry in Figure 10. We note that leakage, never more than a
few percent at the transverse energies studied, is not included in the resolution
calculations.

0.10

ui
0.00
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Figure 12: Resolution versus pseudorapidity for 10 GeV transverse energy electrons and
pions.
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Figure 13: Resolution versus pseudorapidity for 100 GeV transverse energy electrons
and pions.

The effect of vessels and support structure can be clearly seen in Figure 12 and 13.
Considering first the electrons, we note that the disturbances at TJ = 0.75 and 1.6 can be
correlated (see Figure 10) to the barrel argon vessel shell/washer intersection and the
shell/head corner, respectively. Though on the order of a factor of two above the intrinsic
resolution, the disturbances are quite local in pseudorapidity. The disturbances in the
hadronic resolution are generally smaller in magnitude and broader, and are due to the
washer and the barrel/endcap intersection regions.

This first hermeticity analysis of the LAC is in fact quite encouraging, in that the
effect of vessels and structure is localized and never more than a factor of two above
intrinsic resolution. In an actual detector system, intercryostat detectors such as planes of
silicon could be employed to further reduce the peaks seen in Figures 12 and 13. These
planes could be placed in the evacuated gaps between the argon and vacuum vessels, as
well as in the air space between the barrel and endcap assemblies.

SUMMARY

The results of our study to date encourage us to believe that we can construct a
"proof of principle" LAC system design for SSC. We emphasize, however, the
preliminary nature of this report, and acknowledge that much work is to be done. Topics
to be considered include (but certainly are not limited to) a careful analysis of the barrel
calorimeter support mechanisms, a close look at the large rapidity region of the endcap
calorimeter, a study of assembly sequences and necessary handling equipment, and the
optimization of active material within the vessels. In addition, we will continue to
improve the analysis, particle tracking and physics simulation tools.
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We also observe that much of the progress shown here is the result of the quick
iteration between concept and analysis made possible by state-of-the-art integrated
computer-based 3D design, modeling and analysis tools. As we proceed from individual
sub-systems tc the extreme complexity of complete SSC detectors, the efficiency and
quick turnaround of such integrated engineering tools would be invaluable.
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