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1.0 INTRODUCTION AND DETECTOR OVERVIEW

A new international collaboration has been formed to propose the design and construction of a
large detector for the SSC. Building on the previous work of the L* and EMPACT/TEXAS
collaborations we were able to form a strong core for a new collaboration, which intends to
propose a major detector combining precision measurements of leptons and photons, and robust
muon detection for the SSC. This collaboration includes almost the entire set of U.S. groups from
both the L* and EMPACT/TEXAS Letters of Intent as well as several important new groups who
have not been previously involved in SSC proposals. This represents a strong core around which
to build the plans for this detector. We intend to have an open policy both with respect to
individuals and new groups being added, at least through the period of preparation of the LOL. At
the time of this submission, our collaboration contains over 300 collaborators from over
50 institutions. Each individual collaborator has made a specific commitment to devote a
significant fraction of time to this project.

It is our full intention to form a broad international collaboration, and we already have
collaborating groups from Brazil, China, Germany, India, Japan, Romania, and the Soviet Union,
and are carrying on preliminary discussions with several other groups.

We will negotiate major responsibilities within the collaboration, and define the commitments
from non-US groups once this experiment has received preliminary approvals to proceed towards a
Technical Proposal. The process of obtaining and expanding foreign participation will be
facilitated by (1) the preliminary approvals and (2) a clearly established framework in which this
experiment may move forward on an equal basis with SDC. Despite the extremeiy short time for
formation of the collaboration, even prior to these steps, the clear physics principles which are at
the basis of our new coliaboration have enabled us to attract a number of non-U.S. groups, despite
the present asymmetric status of this experiment vis a vis SDC, and the series of previous
rejections of proposals.

This new collaboration was formed in June of 1991, with the first collaboration meeting on
June 18, 1991. Therefore this document, submitted in early July of 1991 is very preliminary. The
fact that we are able to submit an EOI at this early stage is due both to the quick convergence and
dedication of the new group, and to the fact that we were able to build on the hard work and
expertise developed in preparing the the L* , Texas and EMPACT Eol’s, the reports to the PAC in
response to detailed physics questions in mid-1990, and the L+ and EMPACT/TEXAS Lol’s. We
note that the collaboration is so new that we have not yet faced what may be the most difficult
decision, i.c., naming the detector, but we hope to make some progress on this issue in the near
future.

1.1 Physics Goals

The physics goals of a large high py detector for the SSC are centered on the topics that form

the main justification of the construction of the SSC-namcly the clucidation of the physics behind
the electroweak symmetry breaking that is expected to explain the mass spectrum of the physically
observed gauge bosons and fermions. This implies the search for the Higgs boson, technicolor,
supersymmetry, as well as the search for new quarks, leptons, Z's and W's, as discussed in more
detail in Chapter 2 of this EOL In addition to these topics one has always to prepare for the
unpredicted or unknown new phenomena that nature might have in store for us. These



considerations, as well as the realization that some of these searches might necessitate the highest
luminosities attainable at the SSC, lead to the desirability of two large high py 47 detectors with

complementary capabilities.

1.2 Design Philosophy and Detector Parameters

The SDC collaboration has received encouragement from the SSC to develop a design for a
large general purpose detector for the SSC. It is our intent to design a complementary detector,
with a compact tracker, precision calorimeters and an extensive muon system, to cover new
physics ground necessarily left uncovered by SDC. This implies several things. First, the design
of the detector will emphasize the precision measurement of electrons, muons and gammas.
Second, there should be a substantial overlap in the capabilities of the two detectors at the SSC
design Iuminosity of 1033 cm-2 sec-! to provide competition and crosschecks on the hopefully
numerous new discoveries at the SSC. To achieve these goals, we believe the detector should
have hermetic electromagnetic and hadronic calorimetry and central tracking in a magnetic field.
Another important design consideration is to preserve as much of these capabilities as possible up
to the highest luminosities eventually attainable at the SSC.

The above considerations lead to the foliowing detector parameters:

1. Precision muon momentun measurement outside of the calorimeter. The main reason for
this is that making the muon momentum measurements outside of 10 to 12 interaction
Iengths of absorber gives us robustness to the highest luminosities. Qur design goal is a
precision of ~ 5% for 0.5 TeV muons at a luminosity of 1034 or higher. We believe that
the most economical way to achieve this goal is to have high precision muon chambers in a
large magnetic field free of iron.

2. High precision electromagnetic calorimeters without a magnet coil in front of them. The
design goal is a resolution of AE/E = (1.5 or 7)%/E @ 0.5%. The high precision of

1.5% /VE is characteristic of totally absorbing crystal calorimeters while 7%/VE  is
about the best that one can achieve with sampling calorimeters such as lead-liquid argon or
lead-scintillator calorimeters. We are presently studying the performance vs. cost of these
two basic design goals and plan to make the choice between them in the near future.

3. Hermetic, projective tower geometry hadron calorimetry with energy resolution of the order

of AE/E = 50%/VE @ 2%. The total thickness of the EM and hadronic calorimeters
should be 10 to 12 interaction lengths. We are considering performance vs. cost
optimization both with respect to different technologies and other possibilities such as a
finely segmented front end, where most of the energy is deposited, with a more coarsely
segmented tail end, whose main purpose is to detect large fluctuations in the depth of
energy deposition.

4. Central tracking in a magnetic field. The goals of our tracker are more modest than for
SDC, and we expect the radius of the central tracking to be 1 meter or less. The detailed
goals and technologies will be defined by studies in the coming months.
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1.3 Detector Architecture

An illustrative example of how the above parameters can be realized in a self-consistent detector
architecture is shown in Figs. 1-1 and 1-2. In this example, an 8 to 10 Kg magnetic field for both
the muon momentum measurement and the central tracking is provided by a large superconducting
solenoid. This baseline magnet has been the basis of our initial cost and technical considerations.
The coil has iron poles at the two ends but no flux return (coils or iron) in the barrel region.
Preliminary studies of the effect of such fringe fields, from the standpoint of the accelerator,
safety, and logistics of the experiment, are encouraging. Further study is clearly necessary;
however, this possibility represents a substantial savings ($§50M) in iron or coil costs.

The length of the magnet is driven by the desire 1o keep good muon momentum resolution in
the small angle region (in the rapidity range of ~ 1.5 to 2.5). Possible ways of reducing the length
of the magnet by either shaping the field in the forward region or by the use of external muon

chambers are under study.

The outside dimensions of this magnet are the largest we envision. Further optimization studies
will possibly reduce the size somewhat but not increase it significantly. Such a magnet will fit
conveniently into the hall that has been designed at interaction region IR1, where this detector will
presumably be located. Thus the detailed design and construction of the experimental hall can
proceed as presently envisioned. This is an important consideration since a redesign of the hall
would cause an unaccepiable delay in its imely completion.

Our general strategy is to evolve the final magnet from this base-line magnet, after doing an
integrated optimization with the various subsystems performance and costs. The magnet and
structure will be a framework for building the detector, in which we plan to include some possible
staging of detector system as well as the ability to add capability in response to early SSC physics.

1.4 Preliminary Cost Estimate

In the short time available, a detailed engineering design and an accompanying bottoms-up cost
estimate, especially of some new ideas, were not possible. However, a lot is known about the
costs for both L* and E/T proposed subsystems; therefore to get an indication of the cost of a
detector with the parameters discussed above, we have used the L* and EMPACT/TEXAS
enginecring designs and detailed cost estimates with a “straw-man” detector using a configuration
that can be reliably costed from that work. Both the L* and SDC cost estimates have been
reviewed by an SSC cost review panel (the Theriot panel). They found the basic cost estimates
gencrally sound, but increased the EDIA costs and contingency estimates. The increase amounted
to an overall increase of ~ 40% of the base costs estimated by L* (see Chapter 5.0 for more detail).
We have therefore multiplied the costs scaled from L* and E/T by this factor of 1.4 to bring our
estmates to the level suggested by the Theriot panel. We have also included an amount for R&D
costs scaled from the L* R&D numbers estimated by the Theriot panel.
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Figure 1-1 Quadrant View of the Detector Concept

Figure 1-2 End View of the Detector Concept
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In this way we arrive at the following range of estimates for two calorimeter options discussed
above.

1. Option with precision homogeneous EM calorimetry using Barium Fluoride crystals
followed by a sampling hadronic calorimeter.

(EM resolution AE/E~ 1.5%/NE & 0.5 %)

($M dollars)
Base estimate 332
Increase for Theriot panel estimate 133
Total 465
R&D costs 33
Total detector cost 498

2. Option with lead-fiber scintillator readout EM and hadronic calorimeter.
(EM resolution AE/E— 7%/VE & 0.5 %)

($M dollars)
Base estimate 290
Increase for Theriot panel estimate 120
Total 410
R&D costs 29
Total detector cost : 439

These estimates are discussed in more detail in Chapter 5.0 of this document.

For the purpose of obtaining these cost estimates, we have assumed the L* and E/T
technologies for the various subsystems and scaled them to our parameters. This should not be
taken as a decision to use these technologies. This exercise has been done in the spirit of
establishing a *“proof of principle” that a detector with our parameters can be built for between
$400M and $500M. Over the next year or two we will pursue a vigorous R&D program to find
the most desirable and cost-effective technologies to achieve the desired detector parameters
discussed above, designing to (or below) the costs presented here.

1.5 Expected Time and Design Milestones

If this Expression of Interest is favorably received and appropriate R&D funds are made
available to this collaboration, we expect to submit a Letter of Intent by late 1991 and an
Engineering Design Report by late 1992. Our present plan is to make the choice between precision
homogeneous EM calorimetry (Barium Fluoride or Liguid Xenon) or a sampling type calorimeter
(Lead scintillator or Lead-Liquid Argon) by the time of writing of the Leuer of Intent. For the
Letter of Intent we plan to have narrowed the basic choice of technologies to at most two options
for each of the major subsystems. We expect that by the time of writing of the Engineering Design
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Report most of the subsystems will have been narrowed down to a single option, although,
depending on the availability of test beams, some final choices may have to be delayed 10 1993.

1.6 Management of the Collaboration

An interim organization for the collaboration, consisting of a Collaboration Council led by two
co-chairmen, has been set up for the purpose of generating this Expression of Interest (EOD). If
this EOI is favorably received we envision a more elaborate organization, consisting of a
Collaboration Council, a Steering Committee, an International Finance Committee, and a Project
Manager. Our present thinking on such an organization is described in Chapter 6.0 of this
document. This management structure will be discussed in detail with the SSC Laboratory
management and will be modified and evolved to take into account the needs of the laboratory. We
hope that the evolution from the interim organization to the final management structure will be
achieved by the time of writing of the Letter of Intent or soon after.

1.7 R & D Funds Requested

In order to be able to carry out the R&D and the engineering design needed for writing the
Letter of Intent and Iater the Engineering Design Report, approximately $10M for R&D and $4M
for Engineering will be required. for Fiscal Year 1992. Our present expectation for these needs are
discussed in Chapter 7.0 of this document. Special care and planning will have to be exercised to
reorient some of the previously funded R&D which was motivated by the L* and E/T Letters of
Intent toward those problems which are the most crucial for our current vision for the detector.
Early reduction of the number of technologies pursued will be required.
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2.0 PHYSICS WITH THE PROPOSED DETECTOR

2.1 Introduction

2.1.1. Physics at the 1 TeV Energy Scale

Over twenty years ago, the basic structure of the standard model of electroweak
interactions was formulated and given a firm theoretical foundation. This model is based
on the gauge symmetry SU(2) ® U(1) with gauge bosons that we identify as the photon,
Wt and Z%. The model provides a phenomenological description of electroweak symmetry
breaking, manifested by My, and M, # 0; accommodates an arbitrary number of quark and
lepton flavors, which we now believe to be six; and incorporates their flavor symmetry
breaking, manifested by the generation of different quark and lepton masses and mixing
angles. These four are the fundamental ingredients of electroweak interactions — the gauge
symmetry, its spontaneous breakdown, quark and lepton flavors, and the breaking of
flavor symmetry. Despite twenty years of the most probing experiments and theoretical
effort, we really understand only the first. Thus, there is widespread conviction that the
standard model is not the whole story.

In the standard model, electroweak symmetry breaking and fermion mass generation
(but nor flavor symmetry breaking) are implemented with a complex doublet of elementary
scalar bosons. Three of these scalars appear as the longitudinal components of the massive
W and Z%. The fourth scalar—the Higgs boson, H0—remains undiscovered. Its
couplings to ordinary matter are completely specified, but its mass cannot be predicted by
the model. Experiments at LEP indicate that My 2 40 GeV. Either My <1 TeV or the
interactions of weak bosons become strong at subprocess energies exceeding about 1 TeV.

The standard model provides no clue to the underlying dynamics of electroweak
symmetry breaking. Its description of this phenomenon in terms of the Higgs doublet is
incomplete, if not seriously flawed. Furthermore, there is no reason for My to be much
less than the Planck scale, 1019 GeV; this is the famous "naturalness” problem. What the
standard model does tell us about electroweak breaking is that its energy scale is known to
be less than about 1 TeV. This scale is set in the model by the vacuum expectation value of
the Higgs field, v = 2*4G'% = 246 GeV the analog of the pion decay constant of QCD, fx
=93 MeV. Whatever may be the origin of electroweak symmetry breaking, this fact will
survive, and precise experimentation at or below the 1 TeV scale is bound to uncover its
nature.,



The meaning of flavors and the origin of their symmetry breaking are not addressed in
the standard model. These essential elements are put in by hand: an arbitrary number of
quark/lepton generations and arbitrary couplings of the Higgs boson to the fermions. In
particular, the model says nothing about the energy scale of flavor breaking. In some
scenarios that attempt to address the flavor problem — e.g., technicolor and compositeness
— hints to the answer may come from experiments near the 1 TeV scale. In others ~e.g.,
the standard mode] and its supersymmetric extensions — the answer may not become
apparent without ultra-high energies. Nevertheless, it is important to search for clues to the

mystery of flavor in the 1 TeV region.

Until the mysteries of electroweak and flavor symmetry breaking are resolved, progress
in understanding physics at still higher energy scales is impossible. Thus, the primary
scientific mission of the SSC is to seek, discover and study this physics. The most basic
design parameters of the SSC - its energy and luminosity — have been chosen to meet these
fundamental physics goals. It is crucial now to design the experimental program to exploit
fully the SSC's potential and to do this physics.

Table 2-1 lists most of the popular proposals for new physics in the TeV energy region
as well as their principal signatures. This table demonstrates several key points:

+ While we are confident of new physics in this region, much of it beyond the
standard model, we do not know what that physics is! The SSC experimental
program must cover this full range of ideas, with the flexibility to go beyond them as
the science dictates.

« All proposed new physics signatures involve photons, electrons, muons, jets, heavy
flavors and/or missing energy. The SSC experimental program must measure all
these signatures with precision and good background rejection.

* Last, we note that all the physics possibilities in the table were proposed ten or more
years ago. There have been no really new ideas since then. Despite the great
cxperimental achievements in W, Z and heavy flavor physics of the past decade, they
have given no insight to the fundamental mysteries of the standard model nor any
hints how to proceed beyond it. The next big step in particle physics requires the
high energy and luminosity of the SSC.
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Table 2-1 New Physics Possibilities and Signatures at O (1Tev)

Physics Signatures
Standard HY vy, ZZ* = [+ -1+ -
ZZ — I+ =1+~ 1+ ~jj, 1+~
Extended H¢, K%, H* Same as above
Heavy f7 => flavor tags, isolated /T, W*
—jj, etc.
Heavy 00 Wtg — jets + isolated I *
W’, Z (mass, width, asymmetry) 12+ E;, 1+ -, dijets
Strong VYV scattering WW, WZ,ZZ - IE +jets
Technicolor pr — dijets, WZ (=31 % jets), i
nT — heavy f7, dijets
Supersymmetry multi-isolated / £, jets, Er
g Substructure high-mass dijets
g/l Substructure high-mass dileptons, E;
None of the Above! All of the Above!

2.1.2 The Need for Two Complementary Detectors

In 1990 three large detector collaborations submitted Letters of Intent to the SSC
Laboratory and its Program Advisory Committee. These three LOIs represented many
thousands of man- and CPU-hours of research and development, physics simulations, and
design work and choices. The performance of the three detectors was measured against a
wide range of "standard benchmarks” as well as more specific tests proposed by the PAC.
The three LOIs demonstrate that, despite the detectors’ enormous size and cost, none alone
can cover with precision all the physics possibilities and realities in the TeV energy region.
While each detector has its areas of strength, it is also trae that each has weaknesses,
including: degraded EM energy measurement at lower energies and much reduced
capability at L > 1033cm2s™! for SDC, limited inner tracking at higher momenta for L®,
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and lack of magnetic tracking for EMPACT/TEXAS. These deficiencies are a direct
consequence of a particular detector's design emphasis. SDC's are due to its large tracking
volume and surrounding solenoid with intervening material. Our proposed detector,
emphasizing an open geometry and precision lepton and photon measurement, has reduced
central tracking abilities. In view of our almost complete ignorance of the dynamics of
electroweak and flavor symmetry breakings, it is entirely possible that any single detector

could be blind to the signals of new physics.

A second danger arises from the likelihood that new physics signals will be only
marginally significant and difficult to extract. The ability to verify discoveries has always
been essential to progress in physics. A look back at the physics of the past decade — the
discoveries of the W and Z, the false indications of monojet signals for supersymmetry, the
discovery of B-B mixing, and now the tantalizing prospects for neutrino mass and mixing
~ all show the importance of being able to check and confirm measurements.

As the SSCL Director and the PAC have emphasized repeatedly, two detectors are
necessary for the initial experimental program of the SSC. Given the scope of the potential
physics, the complexity of the detectors, and the limited range of a single experiment, the
two must be complementary. For the other SSC detector, this implies:

* It must be significantly berter than SDC in certain areas, allowing a broader range of
discoveries;
» It must have significant overlap with SDC in other areas, to provide cross-checks.

Two complementary detectors have additional advantages over one very large one. Two
collaborations promote a variety of styles and approaches to technical problems. Two
detectors have different systematic errors. Two collaborations provide a healthy spirit of
competitiveness that will help obtain the physics in a timely fashion. Finally, as illustrated
in this document, it is entirely feasible to build a detector with the desired complementarity
to SDC and correspondingly increased physics coverage that is within the guidelines
established by the Laboratory and the PAC.

2.1.3. Physics Goals of the Detector

The detector described in this document will emphasize very precise measurement of
photons, electrons and muons at all energies, coupled with excellent hadronic jet energy
measurements as well as heavy flavor tagging. In addition, precision muon measurement
and other robust features will be maintained at ultra-high luminosities (£ 2 10%cm2s°h),
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Tabie 2-2 shows that our basic design goals define a detector whose performance
characteristics are truly complementary to SDC: significantly better than SDC in the arcas
of muon momentum measurement at nominal and high luminosities and electromagnetic
energy measurement; comparable to SDC in hadronic energy measurement and heavy
flavor identification, and having useful tracking capability.

Table 2-2 Complementarity of This Detector and SDC?

Subsystem / Feature This Detector vs. SDC

Muon System better

ptsign better

L >10%3 better

EM Calorimeter better
Hadron Calorimeter comparable
Compensation comparable
Er comparable

Central Tracking worse
b, t - tagging comparable
T —tagging comparable

et sign wOorse

Jet Fragmentation worse

t Comparisons between SDC and this detector are based on the SDC L.OI
and the design parameters of Section 1, and always assume the most
conservative option we are considering.

These design goals must be justified on physics discovery grounds. Although, our
inability to forecast the new physics makes this task difficult, it is precisely this uncertainty
that is the prime justification for two detectors with complementary arcas of strength,
overlap and weakness. From Tables 2-1 and 2-2, then, we list a few of the obvious search
processes where our detector will have capabilities superior to SDC.

+ Neutral Higgs-like scalars (= vy, ZZ*) for My < 2Mz

o Z'— e*e-, ptu- mass and width.
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o Z's ptu- asymmetry.

o Pror @1 yuy; ny— f f where f,f = heavy flavors.

» GG like-sign pput+ X.
» quark/lepton substructure (—e*e", u*u") energy scale A.
+ quark/lepton substructure (— u*u~) asymmetry.

The detector's undiminished muon measurement at uvltra-high luminosity gives it a
considerably greater reach in Z“and quark/lepton substructure mass scales than SDC will

have.

Together, our proposed detector and SDC ensure that the entire range of 1 TeV physics
will be well covered. Whatever the origin of electroweak symmetry breaking, at least one
of these detectors will discover it. Together, both detectors should be able to map out all its
aspects. Together, both detectors will discover or sharply limit the origin of flavor
symmetry breaking. And, together, both detectors will discover all other new physics
possibilities that may be lurking in the 1 TeV energy region. To illustrate this, we turn now .
to a discussion of our detector's capabilities. We discuss its expected performance for a
range of physics both within and beyond the standard model.

2.2 Selected Physics Processes

The design of our detector emphasizes superb measurements both of electromagnetic
energy in 2 high-resolution calorimeter and of muon momentum in a large magnetic volume
with B = 1 Tesla. It also has good measurement of hadronic energy for | n | <3andas yet
unspecified calorimetry for 3<| n | <5 to measure missing transverse energy Et. There is

adequate central tracking to distinguish high-p particles. The calculations presented the
following sections assume subsystem measurement precisions and coverages as follows:

« The electromagnetic energy resolution is taken to be
AE (2.0% or 7.5%)
== @ 0.5
E JE %
with segmentation A¢ x Anp = 0.04 x 0.04, for l nI <£2.5,. The smaller sampling
term corresponds to the total absorption options (BaF2/LXe/LKr), and the larger one
to the sampling options (LAr/SPACAL).
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« The jet energy resolution is assumed to be

AE _50% ® 2%,

E"E

with segmentation A¢ x An = 0.05 x 0.05, | n | £3. In many cases, however, the
jet resolution is limited more by clustering effects than by the intrinsic calorimeter
resolution.

« The central tracker covers the pseudorapidity range | n | <3 and has the resolution

%2 =50%, forp =350 GeV at 90°.

A silicon vertex detector identifies secondary vertices and contributes to the
resolution.

» The muon system covers | nl <£2.7 and has the resolution
%2 =5%, forp=500GeV at90°.
Since muons are measured outside the calorimeter, the muon system is robust at high
luminosity.

We have considered the reach of such a detector for several physics processes taken
from those requested by the PAC:

+ Search for the standard model Higgs boson, HY, over the entire mass range My = 80
GeV to 800 GeV.

+ Search for a heavy top-quark with m, = 250 GeV. We assume that ¢ has either the
standard-model decay, 1 — W*b, or the nonstandard decay ¢t — H*b where the
charged scalar H* — cs or 7+v.

» Search for a heavy Z’ gauge boson with M, =4 TeV and I',. =~ .01 M,.. We
assume 1000 events of Z’' — 111~ where {= ¢, 4, 7 and discuss the measurement of
its mass, width and decay asymmetry.

In addition we briefly discuss our detector's capability for three signatures of major
extensions of the standard model:

» Scarch for gluino pair production (§G) in all-lepton final states.
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« Search for a color-octet technirho (gy) in its decay to a pair of decay technipions (%ty)
which decay in turn to a heavy quark-antiquark pair or to a heavy quark plus heavy
jepton.

« Search for quark and lepton substructure in the production of high invariant mass
dijets and dileptons.

Most of our calculations are based on the ISAJET 6.36 and PYTHIA 5.5 event
generators and appropriate detector simulation. Unless stated otherwise, the top-quark
mass is assumed to be 140 GeV. One standard SSC year corresponds to J£dt = 10% cm?.
Details of event selection and background rejection for the searches may be found in the
EOIs (1], responses to the PAC (2], and LOIs B3] submitted by the L*, EMPACT, TEXAS
and EMPACT/TEXAS Collaborations.

2.3 Search for the Standard Higgs Boson

Experiments at the SSC must be able to discover or exclude the standard model Higgs
boson, HY, in the mass range My = 80 - 800 GeV. LEP experiments should should be
able to cover the range below 80 GeV, while a Higgs heavier than about 800 GeV is so
broad that it may not be recognizable as a resonance. Theoretical studies indicate that new,
unspecified physics must occur if My 2 650 — 1000 GeV. In any case, special
experimental techniques and extended running at high luminosity will be required to search
for a very heavy Higgs boson. This detector will rely on its excellent measurement of
photons, electrons, muons and jets to ensure that the mass range 80 — 800 GeV is well-
covered.

80 GeV <My <180 GeV

All studies of the H? scarch for My < 2Mz agree that the only modes in which it may be
found are the rare decays H® — yyand HO —» ZZ* — I*I71#1; where | = ¢, u. The
power of our electromagnetic and muon systems are well-matched to searching for these
modes.

HO = vy

Two large sources of background to the ¥y signal must be severely reduced. The first

is the irreducible background from ¢ g— Yy and GG > yy. The second background
comes from copious QCD production of 7%s and single photons. The irreducible
background is suppressed with the following rapidity, energy and angular cuts:
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Ny < 2.5, Ny < 3.0
Er,>20GeV, |cos6}|< 08

Since the Higgs is very narrow, the signal is then observable provided that the yy mass
resolution AM/M < 1%. This requires not only the precision measurement of the photon
energies provided by the EM calorimeter, but also spatial resolutions of < 1mm on the
photon vertex and the shower positions. Sufficient energy resolution can be achieved, for
example, with the BaF;, LXe or LKr calorimeters (>3 assuming that the 0.5% constant
term can be achieved. Indeed, the need to achieve high resolution in EM energy
measurements such as these is the strong motivation for this calorimetry. Sufficient energy
resolution may also be achievable for a sampling calorimeter with 7.5% / VE @ 0.5%, and
we are studying the feasibility of this. This lmm vertex resolution is achievable by
measuring charged tracks associated with the HO — yy event.

Suppressing the = background from jets requires a y/jet rejection of somewhat better
than 104. This can be achieved through isolation cuts on the photons. A particie P (P = ¥,
e, W) is said 1o be isolated if

Y Er—-Erp<E +0.1E7p
R

where the sum is over the transverse energy, Ep, found in the calorimeter in a cone of size

R= ‘\( (An? + (A¢)? ; Erp is the ransverse energy of particle P; and E, is the energy
cut. In our isolation requirements for photons, we use R = 0.6 and E. = 5 GeV. This
analysis was done for the BaF3 calorimeter option. Suppression of the jet background
would be enhanced by the ability to separate n0 — vy from single ¥’s. We are currently
investigating techniques to do this.

The signal and irreducible Yy background are shown in Fig. 2-1 for the two EM energy
resolutions under consideration and for Higgs boson masses of 80, 100, 120 and 150
GeV. The signals comrespond to 4.6, 8.6, 14 and 13 (3.2, 6.3, 11 and 10) standard
deviations for AE / E = 2.0% @ 0.5% (7.5% @ 0.5%) in one standard SSC year. The
corresponding background-subtracted signals are also shown in Fig. 2-1. Note that there
arc hundreds of signal events per SSC year in this channel. The EM calorimeter and
photon position resolutions are essential for the extraction of these signals.

One might also be able to observe H? — yy in the associated production channels qq
— HW and GG — Hti. The rates are small, about 20 events produced per
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Mp = 800 GeV

For the upper end of the Higgs mass range, and more generally for the study of WW
interactions at the TeV scale, the rates are very small. Thus, in this case, it is especially
important to be able to exploit several different modes.

The cleanest mode remains HO — Z0 20— ] 171317 . The same cuts are used as
for My = 400 and 600 GeV. The signal and background in the sum of the four-lepton
channels is shown in Fig. 2-3d. The background is entirely due to the irreducible Z0Z9
production process. In the Higgs region, 600 to 1000 GeV, there are 40 events in the
signal above 13 background events.

The number of events is potentially doubled if the mode H? — Z0Z0 — [ +] —T+1"is
added. According to the E/T LOI, the background from a high-pr 2% with recoil jets faking
T appears 1o be very small even with limited tracking ©3). Positive identification of one or
both T-leptons with the vertex detector would reduce the background even more.

A much larger signal is observable in the mode H? — Z0Z0 — [ *] - + jet jet, where ]
= e, it. The width of an 800 GeV Higgs boson is 250 GeV, so resolution on the Higgs
mass is not an issue. But, hadronic resolution is needed to reconstruct the Z% — jets mode
and to reject the very large background from Z7 + jets. The L* analysis made cuts |M; +-
~Mz| <5GeV and |Mjj— Mz| <7GeV. A demiled description of the other cuts is
given in 2, The dijet mass distribution in the Z9 region from the signal and background
processes is shown in Fig. 2-4a. The H? — Z0Z0 — [+] - + jet jet signal and background
yields in one SSC year are shown in Fig. 2-4b. There are 155 events in the signal and 460
events in the background — which comes almost entirely from Z° + jets.

Part of the Higgs signal comes from WW fusion and produces jets at large 1 with p~
my. An E/T analysis found an improvement in signal-to-noise of 1.25 while retaining 36%
of the signal. This might help confirm the nature of the signal, but the improvement is
modest enough that it will not be a major constraint on the forward calorimetry.

Finally, one can look for H0 — Z020 — [ +] - vV . Again there is a large background
from ZO + jets in which the jets are missed by the detector. Observation of this signal
requires coverage to at least 77 = 5 and avoiding cracks or other non-Gaussian tails in the
calorimetry. This appears to be possible, but a detailed engineering design of the entire
calorimeter is necessary. There is also a background from the Z9Z9 continuum, which must
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be known to be about 30%. In any case, while this mode provides a useful confirmation
- for the signal, the four-lepton and lepton-jet modes are better ways to discover the Higgs.

2.4 Search for a Heavy Top Quark

The precision lepton and jet measurement systems of the detector we propose give it the
ability to discover rapidly and to study a 250 GeV top quark in both standard (r — W+*b)
and nonstandard (t - H*+b, H* — ¢ 5, t*v) decay modes. The background rejection
techniques described here rely on identifying isolated electrons and muons as well as
muons inside jets. This search for the top quark also provides a good example of the
reconstruction of high-p W-bosons in their dijet decay modes. The detector's ability to
discriminate between high-py W's and Z's is illustrated by comparing Figs. 2-4a and 2-5b.
With suitable modification, the techniques described here should work well for a heavy,
fourth-generation quark, Q, produced in the process GG — 0Q.

Standard Top Quark: t =W+*b

The cleanest discovery mode for the standard r-quark is GG~ 11 = e* pF +X with
isolated e and p¥ Bl L* and E/T considered the decay chain

t »Wtb, Wroety, ToW b, W o u-v

To overcome backgrounds, it is necessary to tag at least one of the b-quarks in this
process. In our detector b-quarks are tagged by observation of a muon inside the b-jet.
Suitabie cuts then reduce the backgrounds from W+X, Z+X and b & production to about
10% of the signal of 2 x 104 events per SSC year. (For L*, e.g., the cuts were E. =5
GeV in R = 0.3 and pp> 30 GeV.) P! The et uF mode allows discovery of the 250 GeV ¢
quark in a matter of days. A measurement of the invariant mass of the isolated e* y¥ or of
the isolated / and the tagged b-jet gives an accuracy of 5% in one SSC year.

A more direct and precise measurement of m, uses the decay chain
t > W+b, Wrol+v(i=e, ), b— pu X,
T—= W-b, W-—>jetjet, b— jet.
Then, m; is obtained by reconstructing the dijet decay of the W and measuring Mjj; = My,

With the same isolation cuts as above to identify high-pr leptons from the W, with b-
tagging through the inclusive muon, and requiring

p1 > 40GeV, p75> 200 GeV,
ARji< 1.0, | 9j- 9l > 100°,
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top quark mass distributions as shown in Fig. 2-5a were obtained by L* ¥, The central
value of m; is determined to about 2%. Since the W is also observed, the systematics of
the hadron calorimetry and of the clustering algorithm can be studied using the known W

mass.
Non-standard Top Quark: t > W+band t 5 H*b

If there exists a charged Higgs or technipion lighter than the top quark, then the decay ¢
-3 H+b can be comparable to the standard mode ¢ — W+b. In considering this possibility,
we assume that M+ = 150 GeV and that H* decays exclusively to ¢5 and 7+v. (The decay
H* = W+h? would be large if kinematically allowed. The backgrounds would then be
different, but the detector requirements are not dissimilar.) The ¢5 mode obviously yields a
more precise mass measurement of 4 * and ¢. Using lepton and jet cuts similar to those in
the case of standard s-decay and assuming B(t —» W+b ) =B(t - H*b) = 50% and B(H*
— ¢5) = 100%, L* obtained the W+ and H* dijet mass spectra shown in Fig. 2-5b. The
combinatoric background was eliminated by requiring that the candidate dijets from the W
satisfy |¢jl— ¢, } < 60° and that the W-jets and the b-candidate jet satisfy Iq:w - ¢j1
<100°. The reconstructed two- and three-jet masses allow My+ and m, to be determined to
about 2% in one SSC year so long as B(t - H*b)B(H*— ¢5) 2 1%.

If B(H* = 7* v) ~ 100%, then one must look for a violation of e/1/T universality by
measuring the rates for each, detecting the 7in its hadronic modes. L* selected events by
requiring one isolated lepton, one inclusive muon (from 7 (1) — Wb, b — pt + X) and a 1-
jet(from 1 (1) = H¥b; H® — 1¥v). The t jet was required to have pr>70GeV, | n |
< 1.7, more than 30 GeV deposited in the hadron calorimeter, less than four charged tracks
inside a cone of R = 0.3 around the jet axis, and an acoplanarity angie A¢ > 100° relative to
the isolated lepton. The masses are not precisely determined but can be estimated from the
kinematic distributions.

To summarize, based on the simulations by the E/T and L* collaborations, we are
confident that our detector can discover a heavy top quark in a few days and measure its
mass 1o about 2% in one SSC year. The detector can determine whether r decays are
standard or involve a charged scalar and, if they do, measure the charged scalar's mass
with comparable precision. This exampie again demonstrates the detector's power to find
physics signals involving isolated leptons and muons within jets and to reconstruct particle
masses in multi-jet modes.
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2.5 Discovery and Properties of a Heavy Z'

We consider the search for a new heavy neutral gauge boson, Z’, with mass Mz =
4 TeV and width 'z = (.01 - .02) Mz. We assume 1000 events in each of the three
channels e*e~, ytu—and 7H7~. With our projected lepton resolutions, the mass and width
are very well determined in the e*e— mode and, for a variety of models, the forward-
backward asymmetry is well-measured in the muon channel. It is worth noting that, if
such a heavy Z’ has couplings of O(e) to quarks and leptons, it will take 10 — 30 years at
the nominal SSC luminosity to produce 1000  */ - events. Thus, our detector's ability to
maintain precision measurement of high energy muons and electrons at L2 1034cm-2s-!

makes these results possible in 1-3 years. Put another way, in one year at L2 1034 cm-

25-1, our detector can discover a2 10 TeV Z’' with nominal couplings to quarks and

leptons.

The detector acceptance for Z° — e*e~ is about 88% for our rapidity coverage of
| 5| <2.5. The Drell-Yan background to Z' = [+]~ at Mz = 4 TeV is five orders of
magnitude beiow the signal. The cross section for dijets in a 1% mass bin at this mass is
about 2pb. These jets typically have AR ~ 0.7 and very high muldplicity, so isolation cuts
for the electron showers easily eliminate them. Similarly, at these mass scales pile-up is
not significant, even at uitra-high luminosity. At such large energies in the e ¥ ¢ “mode,
only the 0.5% constant term in the energy resolution matters. Figure 2-6 shows the mass
spectrum for the Z’ as determined by the E/T collaboration. ® The mass is determined by
fitting to a Breit-Wigner plus a smooth continuum. The statistical error on the mass is
0.07%; we estimate that non-linearity effects are about 0.25%. The error on the width is
about 3%. Assuming | Ldr2 10%! cm2, these precisions are comparable to those obtained
at LEP for the 29 in about the same running period,

The detector acceptance for Z° — gt *u ~ is similar to that for electrons. With (Ap/p),
= 5% at p = 500 GeV, taking into account gaps and muon energy loss in the calorimeter,
and with the standard isolation cut on the muons, L* found a mass resolution of 16% for
the resistive coil option. [3] A similar result should apply for the smaller superconducting
coil in this detector. E/T studied the forward-backward asymmetry measurement for a
variety of models and found that it can be measured to £3%, sufficient to help to determine
the nature of the Z' 3], L* concluded that less than 1% of the Z' — g #u — had the muon
signs incomrectly determined. These capabilities apply, as well, to our detector. The
forward muon coverage is improved in the new detector because the aspect ratio of the coil
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is longer, and we are investigating a varicty of ways to improve the resolution in the
forward direction to further improve the forward muon performance.

For Z' — t+1 L* required one 7to decay into a muon and the other into hadrons,
giving a very narrow jet with less than four resolved tracks. This should work well in our
detector and give a sufficient signal above backgrounds to check e-y-7 universality. Ata
luminosity of order 1034 cm-2 sec! the calorimetric identification of the 7-jet is probably
adequate, although this needs more study. Measurement of the 7-jet multiplicity seems
possible, but may depend on the technology choices made.

Most detectors would discover a Z' if it were produced at a large rate. Our detector
offers significant advantages in that it can discover a 10 TeV 2’ in about one year using
ultra-high luminosity and, in the same period, measure the mass and width of a 4 TeV Z’
with great precision in the e *e ~ channel and its lepton asymmetry in the p*u~ channel.

2.6 Supersymmetry

Supersymmetry is a theoretically attractive extension of the standard model because it
provides a natural setting for elementary scalars. It is also quite useful for the study of
detector design because it provides a scenario with complex signatures. We consider here
the minimal supersymmetric extension of the SU(3) ® SU(2) ® U(1) standard model: two
Higgs doublets, supersymmetric partners for all the known particles and the Higgs bosons,
an cxact R-parity to eliminate unacceptable proton decay, and some plausible unification
conditions at the GUT scale. In this scheme, there are four neutralinos, 9 and two
charginos, i}, which are mixtures of the supersymmetric partners of the gauge and Higgs
bosons. The conserved R-parity forces all supersymmetric particles to be pair-produced
and to decay into the lightest one, %0, which is absolutely stable and escapes from the
detector. Thus, the basic signature for much of minimal supersymmety is £y plus multiple
jets.

An E/T analysis of gluino pair production examined the Z; signature and backgrounds
for a variety of masses, including all the predicted decays 231, Events were sclected having
at least 4 jets with pr > 50 GeV and a sphericity St > 0.2 in the transverse plane. The
dominant backgrounds come from QCD jets containing heavy quarks and from w2 and 20
production at high py. These were calculated including Gaussian detector resolutions
obtained from a detailed engineering model of a liquid argon calorimeter taking dead
material into account. A signal a few times the QCD and electroweak backgrounds was
obtained for all masses; Fig. 2-7 shows typical results for a 750 GeV gluino. The
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effects of the transition at 77 = 3 between the endcap and forward calorimeters were
investigated separately and seem to be acceptable. The lesson of this study is that the
contributions to the E; cross section from detector effects should be kept less than those
from real neutrinos for E; > 100 GeV. This probably requires coveringdownto 7 = 5.

If supersymmetry were to be discovered, then the masses and decay modes of all the
supersymmetric particles would have to be detcrmined. This is a very complex task, since a
single gluino can easily decay through several intermediate ¥, giving jets, leptons, W*and
29 bosons, and even Higgs bosons. Understanding such decays would require studying
the events with large Zr in great detail. It would surely be a multi-year and multi-detector
task.

Not all supersymmetry signatures depend on Z;. Since the gluino is 2 Majorana
fermion, it decays equally into / +X and [ -X, giving isolated like-sign dileptons. The
backgrounds for such events seem to be small. Observing this signature requires
measurement of lepton signs with momenta that depend on the assumed masses but are
typically pr2 100 GeV. Our detector would do this mainly in the yfu* channel. Since
gluinos are strongly produced, the rates are quite large even for masses in the 1 TeV range.
An E/T analysis found about 170 like-sign dimuon events with | 7, | <2.5 for a 1500 GeV
gluino with particular choices of the other parameters. Hence, it does not appear essential to
measure e+ signs over the relevant mass range.

2.7. Technicolor

In the technicolor scheme, there are no elementary scalar bosons. Rather, clectroweak
symmetry is broken dynamically through new strong gauge interactions of technifermions.
This eliminates the naturalness and hicrarchy problems of elementary scalars and is the
prime motivation for technicolor. Unlike elementary Higgs models and their
supcrsymmetric extensions, technicolor addresses the flavor question head-on, and this
gives rise to its flavor-changing neutral current problem. However, recent developments in
technicolor dynamics (known as “walking technicolor”) seem to ameliorate this problem
and, so, retain technicolor as a viable scenario for solving both the electroweak and flavor

symmetry problems.

In minimal technicolor models — those with a single doublet of technifermions — the
primary signature at the SSC is the production of charged and neutral technirho vector
mesons, Py, of mass 1-2 TeV. These always decay as pf — W+W= and pF — Wt zo,
The subprocess cross sections are very small, O(a2), and it is fairly clear that such a heavy
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prrequires L= 103 cm-2 571 for its discovery®. The obvious search mode for pr is Z0 —
1+1-, W% = [* + B, These lepton measurements should be possible at ultra-high
luminosity in our detector. The Er will be ~ 250-500 GeV. Measuring just the charged
leptons may be sufficient, but measurement of Er at high luminosity will be investigated.
The search for both heavy py in mixed lepton plus dijet modes may also be feasible at L=
103 ¢m-2 571, but this certainly requires much detailed study.

Non-minimal technicolor models — those with several doublets of technifermions —
have a rich assortment of signals: several sets of py vector mesons, each decaying into
spinless technipions, ny. The 7, in turn, are expected to decay into heavy fermion-
antifermion pairs, but this is a technicolor-model-dependent issue. In nonminimal models,
the masses of the py probably are less than 1 TeV. At least some of the technifermions
may carry ordinary color, transforming as triplets (like quarks). In that case, there will be
color-octet py produced with large rates (O(a;2)), roughly comparable to dijet production
at the same mass scale. These p, decay into pairs of color-octet and triplet Tr (5], whose
signatures we now discuss.

The pair-produced color-octet 1 will be very narrow, decaying into ¢ g pairs. If the
quarks are heavy, the four heavy-flavor signal will be larger than any standard physics
background. The detector's heavy-flavor tagging and lepton identification capabilities
should allow their discovery. If the flavors are light, there is a potentially large background
from four-jet production. Figure 2-8 shows the signal and QCD background at the parton
level for Mgy = 200 GeV 5. The figure shows the dijet mass distribution for jet pairs
whose masses are equal to within 25 GeV. Reasonable parton-jet energy resolution of
50%/E ©5% and perfect angular resolution were assumed. For this M., all four signal
and background jets were required to have pr > 100 GeV, ln,-l <2,AR;; > 1.0. We
believe that this signal can be seen clearly in our detector, but more detailed simulations will
be needed to confirm this.

Color-triplet n7, “leptoquarks”, decay into a quark plus a lepton. If these decays
predominantly involve heavy flavors, then the most accessibie leptoquark signals will
involve pairs of bt or t7. This provides a test of detector performance because
reconstruction of the T-momenta depends on good E; resolution, not just on the ability to
veto events without large E; . Thus, this signature is sensitive to the global resolution of the
hadron calorimewry.
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2.8. Quark and Lepton Substructure

The profusion of quark and lepton generations and the desire to make sense of the flavor
problem long ago led to the hypothesis that quarks and leptons are composite, built out of
more fundamental fermions whose characteristic strong-interaction binding scale is A. For
A much larger than the parton subprocess energy, '\E this substructure shows itself
through effective four-fermion “contact” interactions of quarks and leptons with strength of
order 4m/A2. These contact interactions modify standard model predictions. Specifically,
dijet and Drell-Yan cross sections flatten out at large p, and invariant mass, M = Ve

Searches for these effects in e*e- and pp colliders indicate that A £ 1 TeV. Parton-level
calculations, which do not take real detector characteristics into account, indicate that the
SSC should be able to reach A = 15 TeV in dijet production and A = 25 TeV in the Drell-
Yan process for | Ldt = 1040 cm-2. This expectation has been largely supported by the
detector collaborations’ more detailed simulations.[23.4] Here, again, this detector's
robustness at ultra-high luminosity gives it extended reach.

Some of the main experimental problems associated with the search for quark
substructure in high-p; and M have been considered by the detector collaborations 2341
and are summarized here. The jet energy flow into a fixed cone is calculable in perturbative
QCD, and CDF has shown that the data follow the perturbative predictions quite well. This
means that clustering and fragmentation effects are not important. Thus, the high-p,
measurement is limited only by statistics and by the resolution of the calorimeter. The py
resolution will also be degraded if e/h # 1. While it is desirable that e/h be close to one,
this may conflict with the design goal of very good electromagnetic resolution. The lack of
compensation may be overcome by calibrating at appropriate energies and by weighting the
longitudinal samples. Another possibility is that effective compensation may be achieved
with a high resolution EM calorimeter followed by a compensating hadron calorimeter. A
GEANT simulation of this arrangement for L* gave a constant term of 4.7% in the single
charged pion energy resolution and of 2% in the jet energy resolution. The jet energy
resoiution will be degraded if the calorimeter is not thick enough to contain the shower.
These and many other considerations will be carefully studied and weighed in formulating
the final design choices for the detector.

Finally, the problems associated with the search for lepton substructure signals in the
Drell-Yan process are the same as those encountered for the high-mass Z'. Our detector
will be most precise in the e*e- mode. But important information on the chiral structure of
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the contact interactions may come from measuring the asymmetry in the u*4- channel if a
significant excess of high-mass /*/~ is observed.

IR EREREEREERSE R

The design philosophy of our detector emphasizes an open geometry with very precise
EM and muon measurements at standard and ultra-high luminosities, as well as quite good
determination of hadronic energy and adequate central tracking. These goals and their
implementation are very similar to those realized in the L* and E/T designs. Thus, we have
been able to use many of their extensive studies of physics signals and backgrounds. We
conclude that our detector will discover — or rule out — a very broad range of new
physics possibilities that will be within reach of the SSC. In a number of significant areas,
our detector will surpass SDC: Our much better electromagnetic resolution allows the
search for HO — yy and more precise measurements of a Z* width and mass—fundamental
parameters of a new gauge interaction. Our detector measures muons cutside the
calorimeter, so it is better able to tag heavy quarks using muons and to measure the heavy
flavor content of high-py jets. Our detector is less dependant on central tracking and so
able to exploit vltra-high luminosities. In many other areas — H? — I+1-1+}-, HO — I*j;j,
and heavy quark physics, to name three — our detector will be at least comparable to SDC.
These two detectors, then, provide the complementarity crucial for the broadest possible
probes of electroweak and flavor physics at the SSC while maintaining the essential ability
to check and to confirm measurements.
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3.0 DETECTOR SUBSYSTEMS

3.1 Magnet

3.1.1 Intreduction

The magnet system consists of a 17.25 meter bore 0.8 Tesla single coil (unshielded)
superconducting solenoid oriented parailel to the beam axes. Steel poles cover each end of the
solenoid to improve field uniformity. The system includes the cryogenic cooling system of the
magnet power supply and related controls and insgumentation.

The general-design philosophy, performance characteristics, materials of construction and
manufacturing technologics are derived directly from the design presented in the L* LOI Proposal.
Key U.S. technical personnel have remained as part of the newly formed collaboration.

Substantial reductions in both cost and manufacturing time have been achieved by removal of
the outer shield winding, elimination of approximately 75% of the pole weight and by relaxing to
the 5% resolution performance. As mentioned elsewhere in this report, the forward/backward

magnets are no longer a part of the detector system.

3.1.2 Design Considerations

The design is driven by the need to achieve substantial cost reduction, the need to achieve
reasonable resolution over the angular range of 10°-170° and to provide a minimum of 0.8 Tesla
required for the central racker. The operating parameters also represent a minimum cost for the
combined magnet and muon chamber system for a 5% resolution while accommodating the largest
expected dimensions for the central detector components. The required schedule for completion
and its potential vulnerability to slippage in the experimental hall schedule have also been
specifically considered in the design and manufacturing scheme proposed.

The large external fringe fields and related issues of safety and overall system facility and machine
operation are discussed in below.

3.1.3 Design Description

The superconducting magnet is shown in Figure 3.1-1; design and operating parameters are
shown in Table 3.1-1, and Figure 3.1-2 shows the resolution versus 7 for the muon system. The
magnet will be fabricated into independent halves, thus permitting full assembly and test on thc
surface prior to installation in the experimental hall.

The unshiclded solenoid configuration represents the simplest and most reliable design
possible. It saves an enormous amount of money, time and space in the experimental hall. The
winding consists of a single layer of niobium titanium cablc in conduit superconductor wound on
the inside of an aluminum support element.

The unshiclded design also permits a very large reduction in the weight and cost of the magnet
poles because there is no longer any need for them to carry the total flux in the bore of the magnet.



The poles are thus sized to keep the flux density in the steel low at small radius and thus improve
uniformity and low angle bending power. At larger radius where most of the pole mass would be

Table 3.1-1 Superconducting Magnet Parameters

Central induction, B; (T) 0.823
Mean radius of windings, Rw (m) 8.617
Outer radius, cryostat vessel, Ry,0 (m) 9.417
Inner radius, cryostat vessel, Ry, (m) 8.317
Radius of innermost muon chamber, Ry,i (i) 4.400
Radius of outermost muon chamber, Ry,0 (m) 7.847
Inter coil length, Lj (m) ' 28.00
External coil length, Le (m) 29.00
Conductor length (km) 23
Total mass of windings, My (1) ‘ 364
"Total mass of cold structure, Mcs (1) 258
Total mass of cryostat vessel, My (1) 593
Total mass of iron end shields, Mjg (1) 2.400
Radial pressure on windings, Pr (kPa) 274
Operating current, (kA) 40
Stored Energy (GJ) 1.429
Induction (H) 1.78

In a conventional design, the steel can be driven far beyond saturation without serious effect on
overall system performance, as can be seen in the field map of Figure 3.1-3. The field distribution
shown is for a uniform current distribution in the winding. The field distribution in the volume
necar the end of the solenoid winding can be effectively controlled by end compensation in the
winding. It is also worth noting that the available bending power at these angles is inherently large
and a small loss resulting from less than optimal field distribution would not be serious. The
primary purpose of the pole steel at large radius is structural support and can, therefore, easily
accommodate substantial access for muon chamber support, alignment, etc.

Both the ALEPH and DELPHI magnet at CERN, and the MFTF-B magnet at the Lawrence
Livermore Laboratory, have used the thermosiphon-cooling method, while many other fusion
magnets use forced-flow cooling of the conductor. In the present design, both methods are used to
combine their respective advantages to offer redundancy for higher reliability. The first cooling
system uses the thermosiphon technique to cool the aluminum support cylinders to which the
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Fig 3.1-1 Elevation view of the baseline magnet

Fig 3.1.:2 Muon Momentum resolution at 500 GeV/c as a function of 7

Fig 3.1-3 Field map of the solenoid with a typical pole treatment
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conductor is bonded. The coil support cylinder has tubing attached to the outside which is
connected to headers on the top and bottom to promote free convection. This loop handles all heat
loads to the magnet, including thermal radiation, cold mass support conduction, and joint heatinj;.
The cooling system is a very reliable passive systern that does not rely on pumps or the refrigerator
to maintain operation.

The details of the conductor can be seen in Figure 3.1-4. It consists of a standard niobiurn
titanium cable contained inside of a heavy-walled conduit. A small volume of helium, which is in
intimate contact with the superconducting cable, flows within the conduit. To greatly increase the
thermal capacity adjacent to the current-carrying superconductor, a second circuit from the liquefier
uses a straightforward forced flow cooling system that circulates single phase helium. The forced
circulation ioop is recommended in addition to the natural convection loop for two reasons:

« It provides thermal capacity adjacent to the superconductor. Metais have extremely low
thermal capacity at 4.5 K. Without the higher thermal capacity of the helium, the conductor
would be extremely sensitive to thermal perturbations associated with conductor motion, and
the risk of a quench would be high. The helium in the conductor increases the critical
energy margin up to 3.9 Joules per point perturbation.

» The slight flow in the forced flow channel is in direct contact with conductor joints and
distributes joint heating over large areas so it can be more readily carried away by the natura|
convection loop. The forced flow loop eliminates any possibility of hot spots in the
conductor, and the natural loop removes all the heat. This design combines all of the
benefits of winding and improved thermodynamic stability of cable and conduit conductors,
which offer energy margins that are one to two orders of magnitude greater than those
associated with the indirectly cooled windings of the above referenced devices.

The heat leak for the superconducting magnet is estimated at approximately 1190 watts whica
includes the vapor cooled lead flow. The thermosiphon cooling system will function until ths
liquid helium volume of the storage dewar feeding the system is depleted. This makes the systera
reliabie since it is independent of refrigerator interruptions or shutdowns. A large surface storage
Dewar can be used to provide up to forty hours of operation without power which is more than
adequate time to make major repairs to the refrigerator.

A 12 x 24 square meter building contains all the cryogenic support equipment and houses the
controls for the cryogenic and other detector magnet support systems. The only components in the
detector hall are the transfer lines and a small thermal siphon dewar mounted above the detector.

For the refrigerator plant, screw compressors will be instailed. They are of proven reliability n
helium operation and capable of continuous service over periods up to 8000 hours withoat
maintenance. To prevent air infiltration into the helium gas stream, the suction pressure is kept
above atmospheric pressure,

For the cold process, the plant has a cold box placed in the surface building. The refrigeralor
cold box is equipped with gas bearing turbines. The turbines are appropriate for reliable long teym
service, with minimum downtime for maintenance. They are readily accessible for maintenance
and repair. A surface dewar is in placed strategically to minimize the length of line from the dewar
10 a local thermal siphon dewar just above the detector in the underground hall. The local thermal
siphon dewar subcools the helium before it flows to the superconducting coil and separates the
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Fig 3.1-4 Coil end section
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return warm helium and allows only helium gas to return to the surface to the refrigerator iow
pressure side.

A 40,000 ampere 1.5 megawatt power supply could energize the magnet to full field in
approximately 4 to 8 hours, limited only by structural heating. The energy dumping system can
discharge the magnet in approximately 10 minutes.

3.1.4 Magnet Manufacturer and Schedule

The major magnet components consist of large, but simple, cylindrical shells. Manufacturing
must be on site but is in most respects straightforward. The method of coil winding is shown in
Figure 3.1-5. The single layer winding will enable manufacture with simple tooling and a
minimum of manufacturing engineering development effort.

The coil will be manufactured into complete independent sections and the force containment
and cold mass support structures will be designed to permit testing to full current without the
magnet poles.

3.1.5 Fringe Field Effects - Safety and Interface Issues

Stray fields are expected due to the absence of controlled flux return paths. The predicted
spread of the field is shown in Figure 3.1-6 and will require a careful survey to ensure that all
components in the underground hall and some surface equipment are either suitably shielded or
designed to avoid the influence of the field. The magnetic fusion community has a long record of
successfully operating large high ficld u-shielded magnets surrounded by technical components.

It is assumed, at this moment, that an interlock system would ensure that the magnet would be
turned off when personnel descend to the underground experimental hall and that there would be
partrols before turning the magnet on again to ensure all small, loose magnetic materials (tools, etc.)
are removed. There are existing similar environments where cranes, electronic equipment and

"other actuating components function normally when correctly specified, positioned or shielded.

The surface operations building may be the main concern due to the presence of monitors and
computers but, iron shielding or field shaping coils can compensate for this situation and whilst
this may induce a cost factor, this cannot be compared to the cost of iron or another large coil to
return the flux.

3.1.6 Research and Development

All clements of the design have been demonstrated at adequate scale to reduce the required
R&D cffort to modest scale verification tests and simulated surface demonstrations. The
manufacturing engineering effort will also be quite modest due to the simplicity of the proposed
design and manufacturing technique.

Parallel path engineerings studies will continue to explore techniques by which performance at
low angles can be improved. Based on existing work, it is reasonable to expect that the low radius
field shape can be modified to increase the radial component to achieve 5% resolution
(approximately 10 testa m2) down 10 5°. The methods and costs by which this can be achieved and
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Figure 3.1-5 Coil Winding Scheme

Figure 3.1-6 Stray field of the Unshielded Solenoid
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their impact on calorimetry and the ways in which they might be staged for future upgrade will
continue to be studied. The size, simplicity, and extreme conservativism of the proposed baseline
will offer considerable flexibility and adaptability for future modification and/or upgrade. This

flexibility should be of considerable value.
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3.2 Muon System

Precision muon systems for SSC experiments set the scale for size and weight and therefore
have a major impact on the overall cost of the experiment. One must therefore carefully specify this
system to optimize and balance physics performance of the overall detector. As a complementary
experiment to the SDC, this experiment intends to provide a muon system with enhanced
capabilities—better resolution, better acceptance in rapidity, and better high luminosity capability.
The justification for this comes from consideration of the physics goals and opportunities at the
SSC. Precise measurements of muons enhance the discovery potential of this detector. This comes
about through the statistical enhancement of the lepton signals, and through the uniquely clean
environment for measuring muon momentum with high precision in the low rate environment
outside of the calorimeter. At high luminosities, it will be easier to make precision momentum
measurements with this muon system, compared to measurements made inside of a calorimeter.
Precision muon and clectron measurements enable a physics cross-check in these two channels but
with different systematic errors. Since muons can be measured in close proximity to jets,
measurements of such channels will also be very important for the study of signals of new heavy
flavors. And most importantly, precision momenium measurements of muons outside of the
calorimeter may very wc'l be the most reliable and robust way of identifying unexpected
phenomena at the SSC.

Our intent is to design a system taking advantage of the work done to design the L*
experiment. Based on the concepts that have been developed in L3 and other segments of our
collaboration, we are confident that an outstanding muon system and magnet can be designed and
built for an acceptable cost. One example of such a system is described in Chapter 5.

Our starting point for thinking about the muon system for the second detector is to utilize a
magnet such as that shown in Fig 3.1-1 which eliminates the flux return and retains only sufficient
iron in the poles to shape and isolate the field from the surroundings. This design, described in the
magnet section, is significantly less expensive than a magnet with a flux return. Much engineering
effort has been expended on magnet design, on cost parametrizations, and on chamber support and
alignment that will be incorporated and retained in the design work for the new experiment.

The muon momentum resolution for this magnet is shown in Fig 3.1-2 which provides a 5%
momentum resolution at 1} = 0 and 500 GeV/c momentum utilizing high precision drift chambers.

The z-coordinates are provided by separate chambers and trigger information is provided by
Resistive Plate chambers (RPC).

The muon system group for the second detector consists of over 30 physicists. Supporting this
group is a strong engineering team from national laboratories, magnet laboratories and industry.
The major engineering efforts are on magnet configurations as well as on detector placement and
technology. There is a consensus within the group that improvements in cost effectiveness and
performance can be achieved by tuning the design parameters such as the number of wacking
layers, the magnetic field, the shape of the magnetic field, the resolution per tracking layer, and the
lever arm. There is general agreement that the basic design philosophy, namely that of tracking
with precisely aligned muon chambers in a large magnetic volume, should be preserved.

To improve the momentum resolution in the forward regions,we will consider variations of the
design by shaping the field with iron poles or additional coils, and will explore the optimum
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placement of chambers inside and outside the field regions. Initial studies indicate that
redistribution of chambers to take advantage of available external lever anm can provide improved
resolution. A more radical departure is the employment of a high field compact solenoid.

Several detector technologies are being considered by this group. We intend to narrow the
choices in the near future to husband the limited resources—financial, engineering and intellectual.
Sclection will be based on performance, viability, cost effectiveness and R&D progress. The
system chosen will be affordable, will measure momentum precisely and reliably over a wide 1
range, will have sufficient pattern recognition and z-coordinate determination capabilities, and will
provide a fast trigger which can tag beam crossings reliably.

Representative technologies include the baseline L* system; a system based on high precision
drift tubes augmented with streamer tubes; a system utilizing streamer tubes with wire and strip
readout; and a system of high precision interpolating pad chamber which provide unambiguous

space points.

The baseline system rests on proven technology already developed. Our confidence in this
system is based on the experience of costing algorithms, and of performance (both in terms of

alignment and resolution per wire).

The hybrid drift tube/streamer tube system builds on extensive experience in drift tubes for
high precision measurements. Drift tubes are robust, inexpensive and relatively insensitive 1o
magnetic field strength. Systems employing drift tubes have demonstrated high-resolution
performance in both muon and central tracking systems even under the hostile conditions of space
and varying magnetic ficlds. A system is proposed t0 measure sagittas utilizing 24 layers of
pressurized 4 cm diameter stainless steel tubes providing 100 um resolution per tube layer. The
drift tubes would be augmented by larocci tubes with wires providing a fast trigger, and stereo
strips providing the z-coordinate and resolving ambiguities to enable good pattern recognition.

A slight variation of this system would use only Iarocci tubes. R&D efforts have demonstrated
‘high intrinsic resolution for streamer tubes utilizing either wires or cathode strips. Reading wires
and strips in the same gas gap provides strong correlations for sorting multiple hits with either
charge or time measurements. These tubes have been produced inexpensively and reliably in large
quantities while providing large fast pulses impervious to ambient noise. An SSC supported test
beam effort is ready to take data at FNAL now, to study performance with high energy muons.

A different approach proposes using interpolating pad chambers, originally developed for the
high multiplicity environment of heavy ion physics. These chambers provide high resolution space
points (less than 100 um), and can also provide fast pickoffs for trigger purposes. They are robust
and relatively insensitive to magnetic field, but are sensitive in the wire direction to angle of
incidence, which therefore requires a high multiplicity of wire segments in azimuth. The aim of this
scheme is to reduce the number of detector planes by providing high resolution and granularity in
each plane. The readout lends itself to a high degree of multiplexing.

Independent of the final technology choice, uniform requirements will be imposed for
alignment and support of the chamber superlayers and will utilize the extensive work atready done.
Simulation efforts are now underway to provide an objective comparison between technologies, as
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well as between magnet and detector deployment options. Given the limited funding, we expect to
prioritize our choices before the beginning of the fiscal year.
In summary, the original design provides a strong base for our muon chamber system that has

been demonstrated to meet the necessary physics goals. In light of the strengths available in the
new collaboration, we are reevaluating the design considerations. This reevaluation is aimed at

providing a lower cost and a technically superior system.
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3.3 Calorimetry

The calorimeter is a crucial element of the proposed detector. Calorimetry identifies and
measures the energy of photons, electrons, muons, jets, and neutwrinos (by missing pr). The
calorimeter also provides fast triggering capability in response to energetic particles. The
performance specifications of the calorimeter are driven by the requirement that this detector be
complementary to the SDC detector. Consequently, the calorimeter must be hermetic and have
excellent energy resolution for electrons and photons, as well as good resolution and linearity for
hadrons through either real or effective compensation. The calorimeter must be capable of fast
response, have adequate segmentation for good position resolution and for isolation cuts, provide
precision over a large dynamic range, determine single-photon vertex, provide two-Y separation to
high energy, and be capable of surving in the high radiation environment of the SSC. These
requirements are summarized in Table 3.3-1.

The energy resolution of the electromagnetic (EM) portion of the calorimeter is an important
issue. Superior resolution is required for the scarch for the Higgs in the low mass range (80 to 180

GeV) through its ¥y or ZZ* decay modes. The resolution is characterized by og = A/VE @ B,

where the “@" indicates that the terms add in quadrature. For a viabie Higgs discovery in a two-
year period at £= 1033 cm-2 s, simulations show that (A) needs to be smaller than 7.5% and (B)
about 0.5%. This performance can probably be achieved with fine-sampling calorimeters, but it is
near the limit of what can reasonably be expected from these devices. Significantly better energy
resolution (A~1.3%) might be possible with total absorption homogeneous calorimeters, such as
BaF» or liquid xenon. In addition to enhancing the discovery potental for the Higgs, such high
resolution may add substantially to our capability to discover unpredicted phenomena ¢.g. narrow
resonances. On the other hand, a homogeneous EM calorimeter combined with a sampling hadron
calorimeter may not be sufficiently compensating since the first ~ 1.7 absorption lengths are in the
non-compensating EM section. Furthermore, homogeneous calorimeters have been costed to be
more expensive than sampling calorimeters.

A high-resolution calorimeter system requires uniformity, precise in situ calibration and
monitoring, stability to < 0.5% in a strong magnetic field, and a high degree of resistance to
radiation damage. For the physics goals of a high-energy, high-py detector, it is the constant term
(B) in the energy resolution which dominates the calorimeter performance. This is particularly true
for electromagnetic calorimetry for which the desired precision is high and the sampling term is
small. To choose between competing calorimeter technologies, demonstration of radiation
hardness, calibration, robustness and uniformity with an existing tested system will be very
important.

As a high-energy, high-luminosity hadron collider, the SSC places extreme demands on the speed,
dynamic range, segmentation, and tota! depth (absorption lengths) of elecoromagnetic and hadronic
calorimetry. Speed is particularly important for the identification and precise measurement of
isolated electrons and muons, which is essential for our physics goals. Speed is also essential for
the first-level trigger systems. A dynamic range extending from minimum-ionizing muons through
the decay products of multi-Tev Z' bosons is very challenging for calorimeter system response.

Lateral and longitudinal segmentation has important consequences for particle identification and
precision measurement, and will be optimized as part of the overalldetector design. As with

Page 3-18



resolution and calibration, we place a premium on demonstrated system performance in rate
capability, dynamic range, particle identification, and limitation of punch-through.

Table 3.3-1 Calorimeter Requirements

Physics Requirements
Survivability 103 cm-2 sec-! year!

EM <10 Mrad
HAD <1 Mrad
Forward <3 Grad
Dynamic Range
EM  Low-50 MeV Shower Tails 105
High-5TeV Z’
HAD  Low-3.5 GeV pt 104
High-135 TeV Jets
Energy Resolution EM H - vy E@ 0.5% or
vE
7.5%
— @ 0.5%
5
z m 4
HAD Zjj 0% ® 2%
0%
Compositeness 22 o 2,
VvE
Time Resolution
EM e, Y, MU <16 ns
HAD et p <16 ns
Noise
EM  ¢fyIsolation T Er<5GeV
inAR=02
Depth
EM  Resolution 25-30 Xo
HAD  Punchthrough 12-15 A
Hermeticity H - livy A py <v Bkgnd
n-—55
Segmentation
EM A x~1mm,ntyOverlap An = Ap< 0.05
HAD zo5j An = Agps 0.1
muon energy correction
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Another important issue is hermeticity. Its specification is set by the magnitude of the missing
Ey from neutrinos; the calorimeter must cover out to |'q | =5.5. Many of the physics signatures
relying on v detection require a hermetic calorimeter throughout this range. While the need for
forward calorimetry with 3 < |11 | < 5.5 is clear, the forward region presents some formidable

rate and radiation problems.

The forward calorimeter has the largest rapidity coverage per unit area and per shower size. It
must withstand a radiation dose of ~ 1 Grad/year and measure energies approaching the 20 TeV
beam energy. Our calorimetry choice is also guided by the overall requirement to provide fast
response time and good energy resolution.

A high resolution preradiator in front of the calorimeter adds considerably to identification and
position and angle measurement for electrons and photons. A preradiator determines the point of
initiation of an electromagnetic shower within one radiation length in radial position and 0.5 mm in
both transverse coordinates. Up to ~ 100 GeV it can discriminate between single ¥'s and n¥s by
observing the origin of both gamma showers from a 70, This discrimination, calculated to be
about a factor of ~ 20 on the basis of beam tests at FNAL, is essential to the trigger for H — vy

and the elimination of %0 background. The preradiator measurement of the initiation point of ¥
induced showers, in conjunction with the shower centroid location from the calorimeter,

determines the direction of the y. This y “pointing” is essential. (A calorimeter with longitudial
segmentation may also provide this “pointing”). A preradiator also unambiguously associates a
shower with an interaction point, a feature that is valuable if the calorimeter is slow. By

discrimination against charged tracks which deposit very little energy in the preradiator, the x0
contamination in the electron sample can be reduced by at least a factor of 10 below that achieved
by slower-shape or timing cuts in the calorimeter. Contamination of the electron sample by
accidental overlap of charged tracks with ¥’s can be suppressed by detecting the displacement

between the charged track and the origin of the shower of the ¥. The tagging of b-quark jets by
electrons is also enhanced; electron showers are resolvabic even when they are comparatively close
to the jet axis.

The number of calorimeter technologies for the SSC under development by collaborators on
this Expression of Interest is rather large. These technologies, with their main attributes,
disadvantages, and R&D programs, are succinctly described in Table 3.3-2. The tabulation
displays the breadth of calorimetry experience within the group. No set of technologies
immediately emerges as the obvious choice. Therefore we have made no selection in the few
weeks since the formation of this collaboration. Nevertheless, a process for narrowing the options
to two or three systems by the submission of the LOI has been put into place.

First, an intense review over the next few months will determine whether homogeneous
electromagnetic calorimetry is necessary for the physics of this proposal. This decision will drive
the R&D program for FY92. The next branch point, completion of the Technical Design Report at
the end of FY92, will see the definition of one or two systems for final R&D work in FY93. The
primary goal will be the westing of the chosen EM section in front of a hadronic compartment that
completely contains a hadronic shower. For the baseline costing exercise in this document, three
possible calorimerry configurations have been evaluated. The first consists of a BaF2 or Liquid
Xenon EM section followed by a liquid scintillator hadronic calorimeter read out by wave shifting
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fibers. The other two configurations are fully integrated (combined EM and hadronic); one is based
on liquid argon and the other on scintillating fiber. Figures 3.3-1, 3.3-2 and 3.3-3 show these

systems respectively.

Table 3.3-2 Calorimetry Techniques

TECHNIQUE ATTRIBUTES DISADVANTAGES | R&D EFFORTS | REF.
HOMOGENEQUS ELECTROMAGNETIC
BaF Crystals Ultra-high resolution- Untested technology Calibration & 1
) stochastic term ~ 1.3% monitoring
Fast - 3 ns peaking Radiation damage unless Refining materials
tail <104 after 35 ns pure to ppb level
Suppression of slow, Photocathodes under
dominant light-K-Cs-Te | development
Photocathodes necessary
Low density high Moliere
radius =2 - 4.7 cm
degrades isolation cut
Expensive
Piping of 220 mm UV UV prisms
light to PM’s axial 10 B-
Field
Requires extemal
preradiator
Liguid Xenon 3 depth segmentation- Untested technology Large area 2
angular resolution photodiodes
Very high light production | Expensive
107 ¥GeV Availability- 8 yrs. of
¥ U.S. supply
Ultra-high resolution- Cryogenic dewar
stochastic term ~1%
Fast Low density high Moliere { Light attenuation
radius = 2.7-5.6 cm length
degrades isolation cut Wall reflectivity
Potential ¥/10 ; VUV Light - 170 nm -
cntial YT separation | " o lective wall quality
b
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Table 3.3-2 Calorimetry Techniques (cont)

TECHNIQUE ATTRIBUTES DISADVANTAGES | R&D EFFORTS | REF. I

EM/HADRONIC
Silicon Ultra-high spatial/angular Very expensive New production 3
resolution techniques
Liquid Argon Mature technology Dewar walls, supports etc.- | Detailed design 4
degrade hermeticity
Experience with construction | Speed/noise tradeofT-
of large systems isolation cuts
Uniform response Integration time- Fast shaping
240ns; pileup preamps
105 dynamic range Preamps inside dewar- Under test
reliability/maintenance/
hardness
Gain= 1 Cryogenic system Detailed design
Simple calibration Large sampling fraction 1 mm Pb plate o be
eh-15 tested
Positive ion buildup at
high luminosity
EM only: 7%1"/;3 ®05% “Accordion™ mechanics Needs detailed design | 5
. nontrivial for projective
resolution for plate come
geometry E Ty .
Large sampling fraction-
long Lrad
Scintillating Fiber | paq; - G and ¢/TC in 16 ns 10 Mrad sensitivity i.c., | Oz influence 6
. . . lives Rate dependence
trigger, 32 ns integration
time 2 years @ 1034 @ Ni<
3
Hermetic - no No intrinsic depth Fiber hardening
walis/supports/cracks segmentation
Short Lygd and Lybe
TUe rejection Construction
s m - techniques, cost
10% via clectronic effectiveness
scgmentation
Demonstrated performance
Simple construction, Calibration/monitoring Detailed design
modular, inexpensive
Uniform response ~ 0.5%
over face
EM only: 6%V E demonstrated Compensating 0.5 mm Under test 7
(JETSET) resolution fiber
for 50% fiber
Must tilt fibers at 3°

e ————————— e ———— e ]
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Table 3.3-2 Calorimetry Techniques (cont)

HADRONIC
Liquid Scintillator- | Fast, 2ns peaking time Leaks Leak proof design 9
Wavelength- Easy to replace liquid if Radiation resistance of Improves radiation
shifting radiation damage occurs fibers (> 10 Mrad) resistance of fibers
Fiber readout Fine segmentation New, unitested light Demonstration
10° dynamic range collection technology prototypes and
Inexpensive technology beam tests
Simple modular construction Chemical compati-
bility of liquid
fiber
Scintillator Plates Similar to liquid scintillator, | 10-Mrad sensitivity = 2 Improve radiation 8
Wavelength- but not replaceable years @ 1034 @ n =3 resisiance of fibers
shifting Production technique and scintillator
Fiber readout not yet established Demonstration
Untesied light collection prototypes and
technology beam tests
FORWARD CALORIMETRY
Liquid scinlfator Fast Circulate and filter for Rad hardness 10
capillaries > 10 Mrad dosage
Hermetic Not proven in a large Liquid monitoring
experiment and recycling
Good resolution
Inexpensive Leaks Engineering of leak-
proof design
Uniform response Readout dynamic range Calibration
Compensating
Small Moliere radius in
tungsien version
Safe
Liquid Argon See Liquid Argon entry 11
above A
Small Moliere radiys in
tungsten version
Rad hard
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Table 3.3-2 Calorimetry Techniques (cont)

FORWARD CALORIMETRY (cont.)

[ TECHNIQUE |  ATTRIBUTES | DISADVANTAGES | R&D EFFORTS | REF. |

Page 3-24

High Pressure Gas Faster than liquid Argon /% not measured Performance 12
Rad hard Leaks Engineering design
Small Moliere radius Not proven in a large
experiment
Inexpensive Untested technology
Robust Safety
- Long term gain stability
Wamm Liquid - TMS | Fast Purity mainienance 1o Test of a prototype | 13
ppb/materials
compatibility
Rad hard Calibration unproven
Not proven in a large Electronics
experiment development
Large dynamic range Complete engineer-
ing workup
Small Moliere radius - Expensive
uranium/tungsien
Electronics embedded in
the detector - rad hard
Compensated Safety-flammability
Radiolysis production of | R&D on radiolysis
gas and long lived products
isotopes
PRERADIATOR
Scintillating Fiber | High spatial resolution ~ 0.3 | Stereo - ambiguities Light yieid 14
mm - can veto T°'s improvement
Readout undeveloped
Inexpensive Readout systems
Matches tower geometry in
one dimension
Silicon Pads/strips | Pad/strip structure - no Specialized readout (3/4 Electronics and 15
ghosts or shadowing bits/ch) to be developed detector
development and
testing
Projective in 2-D Demaonstration
device with readout
Spatial resolution < 0.5mm | Two wack resolution 4.5
mm (10 veto for <50
GeVat im)
Fast {single bunch response)
Only 15k readout channels
mw




TECHNIQUE ATTRIBUTES DISADVANTAGES | R&D EFFORTS | REF.

PRERADIATOR (cont.)

Silicon Drift <1 mm precision for Readout undeveloped Demonstration 16
excellent 7/1:0 separation Cost unknown i%lgzlwnh
a1 4Xp depth
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3.4 Tracking

The baseline central tracker makes use of an inner silicon microstrip subsystem, and an outer
straw tube and scintillating fiber subsystem. Similar to the design of the L* central tracker{1], this
baseline has been altered by several significant simplifications. Our goal has been to maintain the
basic performance of the L* design, but to take advantage of possible reductions in cost. We are
also considering several technologies which have been recently suggested as design options.

Figure 3.4-1 is an eclevation view which displays the central tracker layout. Figure 3.4-2
displays the racker end view. The total radial lever arm for momentum measurements is the same
as the L* case, with the innermost silicon detectors at 12,75 cm and the outermost scintillating
fibers at 74.5 cm. Thus, the momentum resolution is not significantly changed. The wacker length
is nominally the same, as well. However, several significant design simplifications have been

made to reduce cost. The primary changes are:

» The outer silicon subsystem diameter has been reduced from 90 cm to 70 cm, maintaining
the same number of silicon microstrip layers, but reducing the total area insgumented by

silicon.

 The inner radial position of the forward silicon planes has been increased to 12.75 ¢m, from
10 cm, and the most forward planes have been tapered back to larger inner radii. This
change provides more efficient coverage of the detector acceptance, and reflects results of
recent simulations of the radiation doses in the forward direction,

* The reduction in the outer silicon subsystem radius, and the tapering of the forward planes
permits us to reduce, from two to one, the number of detector wafers required to span the
radial thickness of each of the forward planes. This reduces the number of microstrip
readout channels sharply, lowering the cost with no significant decrease in performance.

* The three sraw tube superlayers have 16 tube layers, reduced from 20 in the L* design.
This results in a modest loss of pattern recognition efficiency which is being carefully
studied. In previous studies it was found that 12 layers were required to resolve lefi-right
ambiguities, providing confidence that 16 layers is adequate.

* Optoelectronic readout of the straw tube system has been simplified by multiplexing the
straws in groups of 8.

3.4.1 Physics Performance
The principal functions of the central tracker are:
+ Determination of the event vertex to separate pileup events from real events;
« Separation of photons from clectrons;
» Measurement of charged particle multiplicity;
« Idendfication of secondary vertices of long-lived particies;

* Measurement of charged particle momenta and charge sign to identify leptons, photons and
hadronic jets.
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The general features and performance of the central tracker, except insofar as noted above, are
the same as those presented in the L* LOI (pages 38-39).

3.4.2 Additonal Options

The use of silicon pixel detectors, silicon drift detectors, and interpolating resistive pad
chambers have been suggested as possible substitute technological options to the baseline design.

Pixels offer the possibility of point measurement, as opposed to projective measurement with
silicon microstrips. They have been the subject of an SSCL supported subsystern R&D program,
though this technology is less mature than silicon microstrips.

Similarly, silicon drift detectors have been suggested as nonprojective silicon detectors which
offer the promise of several micron precision with orders of magnitude fewer readout channelsf2,
They provide a signal pipeline several microseconds long within the very volume of the detector.
They permit reduced power consumption within the detector volume, mitigating the severe cooling
challenge already under study in the silicon microstrip R&D program. Solutions to the precision
support of silicon microstrips are only indirectly applicable to the silicon drift detector option, so
that the program of mechanical studies should be extended for this option. These devices have
never been produced on a commercial scale, nor have they been studied for radiation resistance in
an SSC environment. This may increase the vulnerability to signal loss due to radiation induced
charge trapping along the drift path. With an aggressive program of radiation damage studies,
commercialization of the devices, and development of precision radiation resistant support and
cooling technology, these detectors may provide an attractive option for the central tracker inner
layers.

Gas proportional chambers with interpolating segmented cathodes(?] may provide a
nonprojective solution for robust outer tracker layers. These devices provide a space point
measurement of the track position which can significantly simplify the pattern recognition problem
and eliminate the need for many layers of straws or fibers. The high degree of segmentation and
parallel readout make these chambers attractive for operation in high rate, high multiplicity
environments. The information they provide can be used in the on-line trigger. Studies of chamber
gases, radiation resistance, precision mechanical design options, and low cost analog readout
electronics with radiation resistant components are needed to advance this option to comparable
developmental maturity as that reached in the straw tube and scintillating fiber R&D programs.

3.4.3 Baseline R&D Issues

In order to advance upon the achievements of the relevant major subsystems R&D programs
for central tracking, studices of the remaining detector specific issues are required. During FY 1992,
the demonstration of stable mechanical prototypes of single-sided microstrip bridges, bonding of
single-sided wafers back-to-back, prototype optoelectronic modulators with sufficient radiation
resistance and of extremely compact form are required for the silicon subsystem design to be
advanced. Stable mechanical straw and fiber subassemblies must be fabricated and tested. Endplate
solutions should be prototyped. Optical mating of the scintillating fibers, light pipe fibers and
multichannel photomultipliers should be demonstrated. The photomultipliers produced for this
application by industry should be tested. VLPC's must become available for testing and evaluation
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as an alternate readout for fibers. Assembly, placement and alignment technologies must be
demonstrated.

We propose to carry out the necessary R&D activities for the baseline and alternate
technologies so that a downselection can be made in late FY1992 to define our central tracker

configuration for a technical design report.

Page 3-33



Fig 3.4-1 Elevation view of the baseline central tracker

Fig 3.4-2 End view of the baseline central tracker
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3.5. Triggering and Data Acquisition

A trigger and data acquisition (DAQ) group met for the first time at the June 11-13 2nd
Detector Workshop. Several institutions (BNL, Boston, Columbia, LANL, LLNL, Michigan
State, Mississippi, ORNL, Princeton, SSCL, Temple, and Yale) expressed an interest in this
aspect of the detector design.

There has not been time to specify a trigger/DAQ design in any detail. Initial studies, however,
will assume a conventional three-level trigger {1 2). In that approach Level 1 is assumed to be
synchronous (i.c. a decision occurs a fixed number of bunch crossings after the interaction); Level
2 is asynchronous, but monotonic (decision times vary, but occur in the same order as the events
survived Level 1); and Level 3 consists of an event builder plus a massively parallel “processor
ranch”.

At the workshop we identified a number of issues in need of immediate study. These include:

= Definition of a trigger and DAQ architecture. This work will depend on the results of the
studies outlined below.

* Level 1 Monte Carlo studies. We will develop a table of Level 1 trigger rates as a function
of pr and the number of ¢'s, i's, ¥'s, and/or jets required. The required calculations will
be performed using realistic detector geometries and will include as much of the relevant
detector-response physics as possible. Where more than one detector option exists, ease-
of-triggering considerations will provide input to the selection process.

» Level 1 muon trigger deveiopment. This is especially challenging since the typical drift times
for muon detectors are too long to permit straightforward tagging of the bunch crossing in
the first level trigger. Morcover, unlike calorimeter triggers, where raising the energy
threshold provides a solution of last resort, a muon trigger can malfunction in such a way
that high pp (very stiff) tracks and low-to-moderate py (fairly stiff) tracks are rendered
indistinguishable. One possibility for the muon trigger is the resistive plate chamber(3]
(RPC), which offers the possibility of suitable spatial segmentation in combination with
good timing resolution. The choice of muon trigger will likely depend on the choice of
muon detector; and once again case-of-triggering will be a criterion in the design of the
muon system.

*» Level 2 mriggers. Study is needed to develop strategies for refined identification of leptons,
photons, and jets. The Level 2 electron trigger is of particular importance since it may have
an impact on the design of the calorimeter and the central tracker. Whatever the choice of
detector, extracting and rapidly processing the relevant signals presents an interesting
technical challenge.

+ Front-end electronics. Although impressive progress has been made on techniques for the
Level 1 pipeline delayl4), the importance of this problem calls for additional effort. We
intend to consider fully digital and electro-optic modulator!3-6] schemes as well as switched-
capacitor arrays.

Page 3-38



« DAQ and simulation. As the design of the trigger and DAQ system evolves, extensive
simulation efforts will be needed to detect dataflow bostlenecks and other design flaws at an
carly stage in the system's development.

We plan to address the above issues through a vigorous R&D effort. To ensure that financial
and manpower resources are optimally applied, we will meet as a group in the very near future. At
that time we will review the list of tasks and the lines of resecarch proposed by the interested

institutions.
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4.0 DETECTOR HALL AND SURFACE FACILITIES

In developing our baseline design and in considering variations, we have paid close attention to
the constraints imposed by the design possibilities for the detector hall. The underground hall at
IR-1 currently under study by the SSCL, and by the architect/engineer PB/MKI!!] appears to be
consistent with all currently conceived detector variations. Furthermore, use of the current hall
design avoids the schedule delay entailed in any major redesign of the hall,

Figure 4-1 shows the isometric view of the hall concept. Plan, elevation and end views are
shown in Figures 4-2 through 4-4 respectively, The architect/engineer proposes use of the
caverning technique for the underground construction at IR-1. This alternative is preferred over the
cut-and-cover technique due to the local geology. It permits a maximum rock-to rock transverse
width of 28m and a finished wall-to-wall clearance of 26.2m. For both the double-coil L* type
superconducting magnet, and our baseline single coil design, this clearance is adequate. There may
be a modest schedule advantage associated with this construction technique.

The single shaft shown for major installation can accommodate all proposed subsystems and
large components. The hall length is adequate for installation and maintenance activities, and
provides clearance for opening forward magnet doors, withdrawal of magnet end plugs, placement
of forward muon and calorimetry modules, or placement of muon systems external to the magnet.
Placement of emergency sumps and cryogenics facilities required for liquid argon calorimeter

systems can be included in this design.

Due to the serial nature of the underground construction operations, the design of the hall must
proceed in an uninterrupted manner lest the occupancy date be delayed. This would result in a
shortening of the time available for detector installation. Design of the hall and detector should be
carried out in parallel with continuous and effective communication maintained between the design
teams. Indeed, review of the technical design report for the second detector is a major milestone in
the underground hall construction schedule.

Figure 4-5 shows the conceptual layout of the surface facilities proposed at IR-1. The large
halls are adequate to accommodate construction of the magnet designs under consideration, the
muon chambers and modules, and the calorimeters, including the liquid argon option.

REFERENCES

1 Canceptual Design of Detector Hall Finish Sysiems Phase B-1, The PB/MK Team, 15 May 1991



Fig 4.1 Isometric view of the second detector hall concept at IR-1

Fig 4.2 Plan view of the hall concept

Fig 4.3 Elevation view of the hall concept

Fig 4.4 End view of the hall concept

Fig 4.5 Layout of the surface facilities at the IR-1 location
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5.0 DESIGNING TO COST AND SCHEDULE

We are committed to achieving our principal physics goals within the cost and schedule
constraints. This can be achieved by being sclective in our physics goals, paying close attention to
staging options, and exercising discipline at every stage of our design process. No option can be
pursued without cognizance of the cost and schedule impacts.

We have carried out a study in order to establish the plausibility of a design which meets our
physics goals within the cost guidelines previously stated by the Program Advisory Committee,
ramely, a total cost less than $500 million. This exercisc has been carried out over the limited time
period during which we formed the new collaboration. The work in progress has been
summarized in presentations at the Pasadena (May 16-17) and SSCL (June 11-13) meetings, and
it should be viewed as a preliminary study and as a guide to future detailed stdies of the many
options which are currently being considered by the collaboration.

In order to maintain complementary physics goals to those of a general purpose detector, and to
design to cost and schedule, we have made use of the architecture of the L* design, and the design
and costing efforts carried out for the L* Lenter of Intent and for several EMPACT and TEXAS
subdetectors. We have built upon the extensive work of the physics and engineering teams from
those collaborations and the work described here has been adapted for this study by the original
team members. Thus, our design toolkit is the open solenoidal magnetic geometry of L* and the
subdetectors of L*, EMPACT, and TEXAS.

In order to maintain the credibility of the cost estimate, we base all of the costs taken from the
L* case upon the full costs described in the Report of the L* Cost Review Panel, D. Theriot,
chairman, March 4, 1991(1], We refer hereafter to this report as the Theriot panel report. For the
EMPACT and TEXAS subdetectors which we consider, we have made usc of the internal
engineering and cost estimates prepared by those collaborations but together with the L* Theriot
panel report, several internal SSCL staff cost reviews and the Report of the SDC Cost Review
Panel prepared by the Theriot panel as well, we have attempted to upgrade the EMPACT/TEXAS
costs in a manner similar to the process that we believe would have taken place had that proposal
been subject to the additional review steps. For example, the internal EMPACT cost estimate for
the liquid argon calorimeter option has been revised by us to reflect the comments made by the
Theriot panel in their review of the SDC liquid argon calorimeter option.

We have not made use of any technological options which were not carefully included in the L*
or EMPACT/TEXAS designs, in order to avoid the common cycle in which initial estimates made
by physicists incur large cost growth as the designs are detziled and upgraded. This process has
already taken place to a large extent in the subsystems which we have considered.

In reducing the scope of some of the systems, we have tried to carry out the cost scaling with
some caution in order to maintain the plausibility of the estimate. Thus, some attention has been
paid to those components of the costs which do not scale (basic engineering and design, major
R&D program eclements) and to scale those components which lend themselves to this action
(materials, assembly labor, inspection). With additional effort, part of this exercise may result in
some changes to the estimate, however, we believe that the costs presented here are plausible and
generally consistent with the level of confidence resulting from the Theriot panel reviews.



As explained in our earlier discussion of the experimental hall design, our design exercise must
be cognizant of the limitations imposed by the hall and the local geology. The principal constraints
are the transverse dimensions of the hall, the hall length, and the construction access, which affect
the cost and schedule. As stated earlier, the current hall concept does not limit our design in any
significant way. The most significant interaction between our design and cost, and the hall design,
is illustrated by Figure 5-1 which is taken from Figure II1.6 of the L* Letter of Intent. The curves
indicate the strong dependence of the L* double coil superconducting magnet cost on the outside
diameter due to the very high magnetic pressures which must be resisted by the coil support
structures. The hall clearance at 26m is an acceptable compromise between the civil engineering
limits, magnet costs and space requircments for cryostat support. This figure was produced by a
parametric cost model of the L* magnet and muon systems developed at Lawrence Livermore
National Laboratory and has been used to guide several major steps in the design exercise
discussed in this report.

The hall design and the integrated cost model of the L* magnet and muon systems provide the
guidance for the three most significant steps in this design to cost and schedule exercise. First, we
retain the caverned hall and the surface facilities studied by the SSCL and the architect/engineer
firm, Second, we adopt the L* superconducting magnet option as our starting point. This option is
superior to the resistive magnet in meeting our physics goals and appears to permit a significantly
shorter facility and magnet construction schedule. Third, we choose to relax the muon momentum
resolution to 5% for muons at 90 degrees and 500 GeV/c, from that chosen by the L*
collaboration. Our choice meets our principal physics goals and makes possible very large
reductions in cost.

In order to facilitate the use of the Theriot panel cost resuits in a rapid turnaround exercise, we
have chosen to use the L* base costs published in Table 4 of the Theriot panel report to account for
the direct costs of materials and labor. The Theriot panel recommended only a $2 million change in
the $507 million resistive option base costs and no change in the superconducting option costs.

We have taken the higher contingency and EDI&A estimates derived by the Theriot panel and
- spread them evenly over all of the L* subsystems. Thus, from Table 1 of the Theriot report, the
total direct costs are $507 million. The contingency and EDI&A applied by the Theriot panel raise
the estimate to $714 million. The ratio of these numbers is 1.41. We have used this ratio uniformly
for all of the L* subsystems considered. While this raises the apparent total costs of some systems
(BaF; calorimeter) and slightly lowers other systems (central tracker, forward calorimeter) the
cumnulative costs for the entire detector are not altered and the individual subsystem errors are
within the confidence limits of the conceptual design costs at this stage. The impact of our design
changes is properly reflected and that is the aim of this exercise. It should be noted that Table 1
was constructed to summarize the resistive magnet option for L*, an option which we have not
included in our design. However, the superconducting option was costed to be only $6 million

lower.

To the base costs and the sum reached by applying the Theriot contingency and EDI&A, we
add the $50 million identified by Theriot for R&D for the L* design, resuiting in a total detector
cost of $758 million. This sum is our point of departure for the design to cost exercise. As an
additional guide to maintaining the credibility associated with the Theriot panel costs, we note that
the EDI&A was 25% of the detector base costs (materials and labor), contingency was similarly
25%, and R&D was 11%. For the SDC estimate, the cost review resulied in fractions for these
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Cost versus outside diameter of the L* double coil superconducting magnet
option. Numbers at the curves indicate the central field in the detector. The
curves indicate the strong dependence of the magnet cost on the outside
diameter due to the very high magnetic pressures which must be resisted by
the coil support structures. The hall clearance at 26 m is an acceptable
compromise between the civil engineering limits and magnet costs.
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which were 32%, 37% and 11%, respectively. In reducing the scope of L* subdetectors, our rates
fall within ranges consistent with these reviews. For the EMPACT/TEXAS systems, we have

explicitly insured the L* or SDC fractions.

We present the results of the design exercise by identifying three stages in the estimate with the
goal of defining three price points for the detector with varying capabilities. This provides a basis
for estimating the sensitivity of the total detector cost to variations in performance goals and to
possible future cost growth or reduction as the design might be modified. In the first stage, the
toolkit is taken entirely from L* design elements. In the second stage, a major reduction in the cost
and complexity of the solenoidal magnet is considered. In the third stage, two calorimeter options
from the EMPACT and TEXAS proposals are included in the design. For each of these stages, the
system cost, performance and the confidence in the cost estimate are reduced. However, the cost
reductions are large compared to the performance compromises.

For the first stage, the following changes are made to the basic architecture and subsystems
used in the L* design. The largest cost variations are made in the combined magnet and muon
systems.

+ The Theriot panel base costs for the L* double coil superconducting magnet and muon
systems are $127 million and $158 million, respectively. This total base cost of $285 million
is raised to $402 million with the factor of 1.41 for contingency and EDI&A. We
eliminate the forward/backward magnets and muon systems reducing the base
cost to $252 million, and the total cost to $355 million. The physics impact of this step is the
loss of muon physics beyond rapidity of 2.7.

+ We relax the muon resolution to 5% at 90° and 500 GeV/c and we reduce the
chamber wires from 32 to 16 planes per chamber. The base costs are reduced
from $252 million to $198 million, or as the figure indicates, the-total costs are reduced from
$355 million to $279 million.

This step is supported by Figure 5-2 which is a plot of the combined magnet and muon
system costs (with the factor of 1.41 included) for various muon resolution assumptions
(3.2% which is our current understanding of the L* Letter of Intent resolution and differs
from the 2.8% presented by the L* collaboration, and 5% and 7%), central magnetic fields
(0.8 to 1.1 T), and muon chamber designs (32 or 16 wire planes per chamber for L* type
muon chambers). The plot was produced by the Livermore integrated cost model. It
accounts for such effects as the contribution to resolution due to the number of muon
chamber wires offset by the measurement lever arm. The model was based upon several
deuailed and specific point designs for the two systems which were then used to guide a
parameterization. Use of such a model is appropriate for the kind of wadeoff exercise
described here, but the final costs must be validated for any specific choice by a detailed
point design. The L* Letter of Intent design at 0.83T, 3.2% resolution, and 32 wire planes
per chamber is indicated by the large black triangle. This point is the $355 million cost
referred to in the previous paragraph.

The loss of physics performance is modest and is documented in the L* Letter of Intent
which considered 5% muon resolution for the resistive coil option. Thus many of the
benchmark physics processes and backgrounds have already been simulated and described.
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This performance is no worse than that already proposed by L* and is consistent with the
core EMPACT/TEXAS physics goals as well.

The Theriot panel base costs for the L* calorimeters (BaF7 and scintillator hadronic section)
are $72.3 million and $65.3 million, respectively, or $101.9 and $92.1 million total cost.
We propose to reduce the coverage of the electromagnetic calorimeter to
rapidity 2.5 from 2.8 and to alter the envelope of the system about the
central tracker. This reduces the base cost by $6.6 million, and the total cost becomes
$93 million. We further propose to reduce the longitudinal segmentation of the
hadron calorimeter from 5 to 4 segments. This lowers the readout costs by 20%, so
that the system base cost becomes $61.8 million, and the system total cost becomes $87.1
million.

The base cost for the L* forward calorimeter was $28.7 million, with a total cost of $40.5
million using the factor 1.41. We propose to consider a forward calorimeter placed
much closer to the interaction point at approximately 5§ m. Careful studies are
required to justify the segmentation and to validate the performance at this location, and
these studies were not inciuded in the L* design. However, scaling the L* Theriot panel
costs to this location reduces the base cost to $8.2 million and the total cost to $11.6 million.
We will assume this reduction is plausible, though this step is a significant departure from
the confidence level of the other steps we have taken. We note that should further study not
support this step, the forward calorimeter can be most easily postponed to an
upgrade stage and we could eliminate this cost item entirely.

The base cost of the L* central tracker was $40.1 million, and the application of the factor
1.41 raises this to $56.5 million. We have already noted that the uniform application of this
factor slightly lowers some subsystem costs and the central tracker is an example since the
uniform treatment does not include all of the 100% contingency applied by the review panel
to the advanced technology of this system. This small error does not mischaracterize the
impact of the reduction in scope that we consider here, and it is offset by other systems. The
central tracker design changes we adopt in this study are described elsewhere in this report
as the baseline central tracker design. Briefly, we reduce the outer silicon subsystem
radius to 26 cm, trim the inner boundary of the forward silicon planes,
reduce the number of straw tube layers to 16 per superlayer from 20, and
multiplex the straw system of optoelectronics by a factor of 8, The base cost is
reduced to $26.5 million and the total cost to $37.4 million.

These steps are the first stage in the design to cost exercise. They are summarized in Table 5-1.
Note that we have maintained the R&D as an approximate constant 11% fraction of the material

and labor costs, as both Theriot panel reviews did.

In the second stage of our design to cost study, we consider a major simplification of the

superconducting solenoid. The magnet and muon system at this point are estimated to cost
$279 million. This system provides 5% muon resolution at our nominal condition, with L* style
chambers constructed with 16 wire planes per chamber. The magnet is a double coil solenoid in
which the outer coil serves to return the external flux. The outer coil diameter is nominally 24 m
and the inner coil diameter is nominally 18 m. We consider two simplifications.
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Table S8-1

Stage 1 Design
L* Panel Base L* Theriot Panel Stage 1 Design  Cost with
Item Cost Cost Base Cost Theriot Panel
($ millions) ($ millions) ($ millions) Additions
($ millions)
Magnet + Muon 285 402 198 279
Hadron Calorimeter 65 92 62 87
EM Calorimeter 72 102 65 93
F/B Calorimeter 29 41 8 12
Central Tracker 40 57 27 37
Computer 14 14 10 10
Total 505 708 370 518
R&D 25 50 37 37
Total with R&D 530 758 407 555

* We eliminate the outer flux return coil and freeze the inner coil diameter at
18 m, retaining the 5% resolution and chamber type. Figure 5-3 is a parametric
plot of the magnet cost with this simplification. Costs have been studied for a variety of
single coil diameters as a function of system resolution. For the 5% resolution choice, the
system cost is reduced from $279 million to $235 million. Note that relaxing the system
resolution would not effectively reduce the cost.

We have taken no credit for the cost savings that reducing the detector hall transverse
dimensions might afford. Nor have we added the costs required 10 mitigate the operational and
safety impact of the stray flux. It has been noted earlier in this report that the flux at the carth
surface would be approximately 50 gauss, which can be easily shielded for any counting houses at
grade. The cost of counting house shielding in the vertical shafts at the 120 gauss point would be
about $300K for an average enclosure. The magnetic fusion community has a long record
operating large unshielded experimental magnets surrounded by technical components. Given the
very large cost reductions promised by removing the flux retumn of this magnet, we request that the
SSCL conduct a thorough study as soon as possible of the technical, safety and operational
impacts of this design.

+ We have considered one other significant simplification of the magnet. The iron end poles of
the solenoid in both the double coil and single coil variants are of quite conservative design.
We have carried out a study of the minimum iron pole volume adequate to control
the flux at the magnet apertures. The cost of the combined magnet and muon system
with a minimum pole is reduced by an additional $8.5 million, based upon a specific point
design.
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Following this second stage in our study, the costs are summarized in Table 5-2.

Table 5-2
Stage 2 Design
L* Panel Base L* Theriot Panel Stage 2 Design  Cost with Theriot
Item Cost Cost Base Cost Panel Additions
($ millions) ($ millions) ($ millions) ($ millions)

Magnet + Muon 285 402 160 226
Hadron Calorimeter 65 92 62 87
EM Calorimeter 72 102 65 93
F/B Calorimeter 29 41 8 12
Central Tracker 40 57 27 37
Computer 14 14 10 10
Total 505 708 332 465
R&D 25 50 33 33
Total with R&D 530 758 365 498

It should be noted that at this stage we are considering a detector design that is consistent with
the March, 1991 Program Advisory Committee guidelines. This design is our baseline design for
this report. It has physics performance parameters which retain the precision muon, electron and
photon goals, and hermetic calorimetry, of both the L* and EMPACT/TEXAS Letters of Intent,
and the magnetic tracking of L*. Indeed, the only significant performance compromises that we
have made have been the relaxation to 5% of the central muon resolution, and the elimination of the
forward and backward muon systems. The basic parameters of our baseline design are described in

Table 5-3:
Table §-3
Item Rapidity Range Performance
Muon resolution 0-1.25 5%—4%
(% at 500 GeV) 1.25-2.7 4%—-10%
e/ resolution 0-2.5 1.5%/VE ® 0.5%
Hadron resolution 0-3 50%/VE & 2%

This set of performance parameters is the basis for the complementarity of our physics goals o0
those of a general purpose detector. The muon and electron/photon resolutions are very
significantly better than those described in the SDC Letter of Intent. The muon performance is
achieved without reliance on the central tracking, providing a robust system at even the highest

conceivable SSC luminosities.
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In the third stage of our design to cost study, we have expanded our toolkit to include two
calorimeter options considered by the EMPACT and TEXAS collaborations, namely, integrated
liquid argon or lead-scintillating fiber electromagnetic and hadronic calorimeters. The primary
physics impact of this stage is the relaxation of the resolution of the electromagnetic calorimeter
from that promised by the BaF> or liquid xenon homogeneous electromagnetic calorimeters to the
performance anticipated for the sampling calorimeters such as liquid argon or lead-scintillating
fiber. The cost reduction made possible by selecting the sampling option would be possible
intrinsic cost reductions particular to the technology (BaFs system costs vs. lead-scintillating fiber
electromagnetic calorimeter costs) and the cost savings made possible by choosing a single
technology (liquid argon or lead-scintillating fiber) for both the elecromagnetic and hadronic
calorimeter sections. The latter includes reduction in R&D and simplification of structures,
services, readout, etc. We have explicitly considered only the technology specific savings, but the
savings due to system simplification are partially included by maintaining the constant R&D
fraction in our estimate.

Accounting for the costs of the two EMPACT/TEXAS calorimeters is complicated by several
factors. First, the EMPACT/TEXAS costs were not subject to review by the Theriot panel. We
have attempted to upgrade the EMPACT/TEXAS estimates to include such factors as the Theriot
panel contingency rates, assembly labor, subsystem management, etc. Second, the volumes
available in the EMPACT/TEXAS and L* designs for the calorimeters were different so that the
EMPACT/TEXAS costs must be reduced to unit cost bases and rescaled to the dimensions of our
baseline design which uses the L* calorimeter dimensions. Even if the L* dimensions are not used
in subsequent design exercises, we must use a common set of dimensions in order to fairly

compare the costs.

In order to maintain the 11.7 interaction lengths that the L* calorimeter system had at 90°, the
liquid argon or lead-fiber technologies require an additional approximate 40 cm radial thickness.
This can be included by increasing the dimensions of the muon and magnet systems (with an
approximate $10-$15 million cost increase) or by adding up to 10% tungsten powder to the lead

_absorber plates to decrease the interaction length. The cost of the tungsten powder loading appears
to be roughly offset by the reduction in lead costs at the calorimeter outer radius. We choose to
adopt this option, but provide the cost of the other option to indicate the sensitivity. For this stage
of the study we costed two cases. Replace the L* BaF; and hadron calorimeters with an
integrated liquid argon calorimeter that serves both functions following the
EMPACT/TEXAS design concept. Our revision of the EMPACT/TEXAS cost estimate
indicates that the combined calorimeter costs are reduced by $24 million from $93 + $87 million =
$180 million to $156 million. The total detector cost is reduced to $472 million. We have not
added the approximate $5 million addition to the conventional facilities required to accommodate
liquid argon as this appears outside the detector budget.

The other case makes the calorimeter replacement with an integrated lead—
scintillating fiber calorimeter that serves both functions. We estimate this cost to be
lower by $55 million for a total calorimeter cost $180 million - $55 million = $125 million. The
total detector cost is reduced to 3439 million.

We summarize the three stages of the exercise in Table 5-4, which shows three major price
points which will guide future design studies. We view the requirement that the total cost of the
detector be below $500 million as a principal constraint in future design exercises. While several
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technological options not included in this cost study are discussed elsewhere in this report, cost
constraints will be adhered to.

Table 5-4
L* Theriot cost STAGE 1 STAGE 2 STAGE 3
double coil single coil Liquid argon
5% muons minimum or
16 wires iron pole fiber
F/B muons out integrated
: calorimeter
$472 million
or
$758 million $555 million $498 million $439 million

REFERENCES

1 Report of the L* Cost Review
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6.0 COLLABORATION ORGANIZATION

Many institutions have shown great interest in conceiving, designing, building and using a
second large detector at the SSCL. These include many groups from L*, EMPACT/TEXAS and
others with more expected. In preparation many small and several large meetings/workshops have
taken place, at Cal Tech and at the SSCL Lab, to organize and prepare for the many tasks that have
to be accomplished for a successful proposal. To this end an interim organization has been set up
whose task it is to iead the effort until a permanent organization is agreed to and established. This
interim organization consists of a Collaboration Council consisting of members from all the
participating institutions. This group has formally met and veted that B. Barish and W. Willis
serve as co-leaders for the preparation of the EOI and towards the submission of an LOI and until
such time as a permanent organization is approved. These two individuals have been also
empowered to form a small steering group to help them in this task, this group also to dissolve
with them when a permanent organization is established.

The permanent organization that will design, build and use this large detector has to be such as
1o assure the success of its mission. As such, it must lend itself to a close and positive relationship
with the SSC Lab, its management and staff, attract the best physicists and engineers in the U.S.
and abroad, and construct the detector on cost and schedule. Figure 6-1 depicts a draft proposal of
such an organizational structure. In effect there are three major bodies—the Steering Committee,
the International Committee and the Collaboration Council—all are essential but with different
functions.

The Collaboration Council is the representative body, whose membership consists of
individuals, approximately one per institution, whose responsibility is to recommend new
institutions, concern itself with publications and talks, theses, and any other matters of interest to
the whole collaboration. Its chairman, Chair 1, should be elected by this group and serve for a
fixed term.  The Steering Committee is the scientific, technical and budgetary center of the
collaboration. Its chairman, Chair 2, is essentially the spokesman of the group and he/she should
choose the members of this committee in consultation with the Collaboration Council. Chair 1,
Chair 3 (of the International Committee), and the Project Manager (to be discussed later) should be
ex-officio members of this committee. This group would be responsible for the scientific
priorities, technical decisions, budget priorities and detector organization and integration, in effect
the forum where all the tradeoffs are made. This group should also initiate all ad hoc task forces
for gathering input from all the knowledgeable people in the collaboration to address particular
issues. Due to the magnitude and complexity of this effort exemplified by the $500M cost, Chair 2
has to have the confidence and respect of the SSC Lab management and as such should be chosen
by the SSCL Director, in consultation with the Collaboration Council. It follows that he/she
should report directly to the SSCL Director. It is expected that the members of this Steering
Committee, numbering ~ 12, will be chosen on the basis of their acknowledged leadership,
expertise and reputation in those arcas which are deemed important for the successful
implementation and operation of this detector.

The International Committee explicitly demonstrates that this is indeed an international
endeavor and will have as its responsibility the drafting of institutional and financial agreements
and securing international participation. Its membership should comprise of several individuals
(with international reputations) from the various geographical regions involved in this
collaboration. Again due to its intricate connections with funding agencies and foreign government
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and/or institutions, the chairman of this committee, Chair 3, should be appointed by the SSC Lab
Director in consultation with the Collaboration Council.

One of the most important individuals in this organization is the Project Manager. This
individual will be responsible for the actual building of the detector. All subsystems, calorimetry,
magnets, ctc., will report directly to this Manager, and as such, the day by day, detailed
responsibility will rest with this individual. The concept, scope, budget aliocation for the detector
subsystems will be decided by the Steering Committee, but the execution will be the responsibility
of the Project Manager—properly audited. 1t is also through this position that the tight connection is
made to the SSCL infrastructure—engineers, contracts, procurement, etc. As such the Project
Manager, should report to Chair 2, is expected to be an SSCL empioyee and must be acceptable to
both the SSCL Director and Chair 2. It is suggested that he be appointed by Chair 2 and approved
by the SSCL Director, but this delicate issue should be open for discussion. The leader of the
subsystems should be appointed by Chair 2 upon recommendation of the Steering Committee in

consultation with the Project Manager.
Again because of the importance and magnitude of this effort, we suggest that the SSCL
Director appoint an oversight committee, which reports to him, that will apprise him of the

progress on all phases of the project. Appended to the draft organization chart as Appendix B are a
scries of bullets that attempt to summarize the responsibilities and mechanics of implementing this

draft organization plan.
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7.0 PROPOSED PLAN AND FUNDING REQUESTS

It is our intent, assuming a favorable response to this EOI, to move aggressively tow§rd an
Engineering/Design report for this new major SSC experiment. This will be necessary to insure
that we will have a powerful detector ready to exploit the SSC at turn-on.

We believe we can produce an LOI by late fall (1991) with the project \_vell enough defined
to move from that directly into the engineering design phase. That process will take one year and
we will submit the Enginecring/Design report in late fall of 1992.

Below we outline the elements of that process as we now see them and, the support fpr R&D
and Engineering that will be necessary 1o attain our goals.

7.1 Preparing the LOI (July-November 1991)

Over the coming months we will organize the collaboration into working groups toward the
LOL We expect the collaboration to grow significantly during this period, both from within the
present set of institutions, plus the addition of new ones. Already the collaboration is quite
strong and we are confident that we will be able to do the work necessary to produce a well
conceived LOI. We expect to aggressively seek non-U.S. collaborators during this period, but
feel we need strong encouragement from the PAC and SSCL management 10 succeed.

During this period of preparing the LOI, our most important task is to define the detector as
well as possible. We are committed to proposing a detector that will cost no more than the
$500M PAC guideline. We intend to study options well below that cost, in order to best
determine what is really needed and to set the final detector proposed around financial
requirements that are realistically attainable.

We will organize the collaboration during this effort, into groups around subsystems,
enginecring, simulations. OQur internal organization during this period will all be considered
interim, however we hope to work both inside the coliaboration and with the laboratory
management toward a smooth evolution into a permanent management.

The most important tasks during this period will be to define the detector to be proposed. Our
physics goals are well established and we believe this EOI demonstrates our abilities to conceive
of a realistic detector that can address these goals within the PAC guidelines. Now, our aim is to
‘design to cost' the best detector we can with the same goals. This will involve many basic
decisions. First, we will need to define the magnet which will form the basis of the detector.
That magnet will contain an initial array of detectors that must be capable of addressing most
early physics goals. At the same time, we must define possible strategies for staging the detector
and provide as much flexibility as possible for future upgrades and additions, as a result of the
findings of the initial physics program.

We foresee making a number of important decisions before submission of the LOI:

* Magnet. We present in this EOI a baseline magnet at a reasonable cost level. We plan to

evolve from this magnet to the final magnet in a process of optimizing the cost-

performance of the detector. This will involve determining the dimensions, the operating
field, field shaping, etc. We expect to do this in a systematic process over the coming



months. In addition, we have agreed with Kycia and Atiya to investigate their high ficld
alternative, presented by them in the following appendix. These analyses will involve
considerable engineering studies over the coming months.

+ Muons. We intend to study both the L* type muon subsystem and alternatives, such as
fewer planes of high pressure drift tubes, streamer tubes or pads, all being investigated
within our group. We hope to soon define the performance criteria for this system and
from that determine which of these possible options to pursue in FY92 toward the
engineering design. These studies will be coupled with the magnet optimization. In
addition, we will investigate the possibilities of enhancing the performance with

measurements outside the magnet.

» Calorimeters. The most important fundamental decision facing us over the coming
months involves the calorimetry. We would like to strive for both simplicity and, as much
as possible, uniform technologies. However, the physics performance demands much of
the calorimeters. For the central calorimeter, there is a fundamental decision to be made as
to whether we propose to build a high precision (BaF2 or Liquid Xenon) separate,
homogencous clectromagnetic calorimeter. This will require a large amount of thought and
discussion as it involves our basic physics goals. The advantages of this solution will have
to be understood, compared to the possible disadvantages from either cost or reduced
performance of other elements of the detector. We fully expect to make this decision
before the LOI and then to only pursue technologies consistent with that decision.
Whether we decide to build the homogeneous electromagnetic calorimeter or not, we
expect to pursue R&D on only two or three technologies in FY92. In addition, we will
need to define the requirements for the forward calorimeter and how to achieve them.
Both the high rates and the desire to keep the costs down may constrain the solutions. For
the purpose of this EOI we have included a forward calorimeter in the initial detector. Qur
final decisions on the forward calorimeter and whether it might be staged or included will
depend on our evaluation of the physics, technologies and cost.

» Central Tracker. The tracker as presented in this EOI will be pursued and optimized. In
addition, we need to better understand the role of the central tracker in our detector and
what is required to meet those goals. We pian to both question whether three technologies
are necessary in this tracker and also, to investigate alternate technologies for tracking
(c.g. pads). We will determine an R&D and Engineering plan that will enable us to design

our tracker for the engineering/design report

72 Preparation of Engineering Design Report (Nov 91 - Nov 92)

We have tricd to determine the support that will be necessary during the engineering/design
phase. Table 7-1 shows our current request for R&D on the various subsystems being
considered during FY92. It is our intent to focus our R&D around systems that we are directly
developing toward use in the detector after narrowing the choices.

It is our prescnt estimate that the R&D that will be necessary during FY92 will be
approximately $10M. In addition, the engineering needs will be approximately $4M to do the
engineering design on both the magnet and detector subsystems.
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Lastly, we would like to do everything possible to keep the detector hall on schedule. We
will work with the laboratory to make sure all necessary work is done to go into the Title II phase
after April 1992. This will be necessary in order to have a completed hall ready for the detector
assembly.

Table 7-1 Engineering and R&D Profile for FY92 ($Smillion)

Item Engineering R&D

Integration,Coordination,Costing 125

Magnet 125 L5
Muon System 3 20
Calorimetry S 30
Tracking 5 2.0
Trigger/ACQ 0.5
Reserve 1.0
Total 4.0 10.0
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APPENDIX A
THE HIGH FIELD OPTION

The high field option is an attempt 1o achieve the physics performance of the November 1990
L* LOI, but at a considerable cost saving. The bending power is kept at least as large as the
baseline L* by raising the field and shrinking the radius of the solenoidal magnet. Measurements of
the muon momentum can be made both inside the coil and calorimeter by the sagitta method, and
outside the coil by the line-point method. The more compact size of the detector allows a reduction
of cost and simplicity of design while achicving a larger it acceptance than the baseline L*. We
keep all the clectromagnetic calorimetry and a significant part of the hadronic calorimetry inside the
coil. We will emphasize precision electromagnetic calorimetry. In addition the electron momentum
measurement is equal in precision to that of muons. This is a departure from the baseline L* design
which allows better electron identification and on-line calibration of the precision elecromagnetic
calorimetry using physics signals. We also anticipate that this option will offer a flexible and robust
approach to SSC physics for a range of luminosities up to 1034 cm2/sec or beyond.

Figure A-1 shows a schematic of one possible implementation of the high field option. A
magnetic field ot ST is generated by a solenoidal coil of 3.5m radius and 13m length. The inner
tracking volume extends to a radius of 2m for a total bending power of 20 Tm2. The calorimetry
occupies a 1.5m annulus just inside the coil. This allows for a precision electromagnetic
calorimeter and an inner hadron calorimeter. The inner calorimetry represents about 6 absorption
lengths. We have a coil thickness of 50 cm followed by a hadronic calorimeter "tail catcher” and
outer muon measurement stations. An iron flux return of 3m thickness serves the dual purposes of
reducing the field outside the detector to a negligible level and providing a muon py filter for

triggers. Simple muon trigger counters reside outside the iron,

For an initial choice of a racker we assume three super layers at radii 0.5m, 1.22m, 1.95m.
Each super layer has 8 layers of 4mm diameter, 5Sm long straw tubes. The Z measurement is
provided by 1mm scintillating fibers wrapped around each super layer. We have assumed 4 fiber
layers per superlayer. Figure A-2 shows the resolution as a function of 1} for a 0.5 TeV p particle.
For comparison we plot both the baseline L* and the recently descoped L* resolutions. The larger
1t coverage of the high field option should provide both a larger acceptance and a betier
measurement of asymmetries for various physics processes.

As mentioned earlier the inner tracking allows equal muon and electron magnetic measurement.
The momentum resolution is a factor of 25 better than the bascline L*, Figure A-3 shows the
magnetic and calorimetric resolution for the baseline L* and the high field option at n = 0.
Assuming Liquid Argon-type resolutions, this option has a cross-over point at about 150 GeV/c
(versus about 5 GeV/c for the baseline L* design with BaF3). This significantly extends the
electron identification using E/p, allows for sign determination of the electrons into the TeV
electron energy region, and provides an on-line calibration of the calorimeter using copious physics
signals (e.g., Z0 — e+ e—) with electron momenta below 150 GeV/e.

The choice of a sampling electromagnetic calorimeter such as liquid Argon has both drawbacks
and advantages. The main drawback is the larger sampling term in the energy resolution (7.5% for
LAr vs 1.3% for BaF,). However the importance of this term diminishes as a function of
increasing electron or photon energy. At high energy the dominant contribution is from the
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Figure A-2 Tracker Resolution as a Function of n for a 0.5 TeV particle.
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constant term which depends almost entirely on systematics and calibration. A 0.5% constant term
is thought achievable in both technologies with varying degrees of difficulty. In physics processes
such as H — vy, resolution is essential to enhance the signal. However, equally important is the
ability to reject the copious n0 background. In the baseline L* the y/n0 discrimination relies
entirely on isolation cuts. In the high field option it may be possible to measure the shower widths
after a few radiation lengths in the sampling calorimeter. This should give a positive hardware
separation of y/n0. That the calorimeter is at a larger radius than the baseline L* design (2m vs.
0.75m) should aid in this regard. This option has not been costed.

In the high field option the inner hadronic calorimetry need not serve as a muon filter. The
hadron calorimeter is not burdened with the need to measure catastrophic muon energy loss for
correction of muon momentum measurement. This allows for an independent cost/performance
optimization of both the calorimeter thickness and the number of necessary depth samples. While
the issue is still under study, we belicve a combined electromagnetic/inner fine-sampling hadronic
calorimetry of 6 absorption lengths maybe optimal. To study physics signals with missing encrgy
we will want to implement a coarser "tail catcher" calorimeter outside the coil.

The high field coil will have a roughly 50% higher stored energy than the baseline L*
arrangement, However reliable estimaies of the cost range from $80 million using scaling from L*
design to $90 million using an independent European estimate. It is believed that there are no
fundamental technological limits to obtaining fields as high as 5T. In addition the smaller size of
the coil reduces many of the mechanical and engineering constraints in comparison to the baseline
L* coil. The size of the coil and flux return is significantly smaller than the interaction hatl and
imposes no additional constraints on its design.

A important consideration is the robustness of the detector at high luminosities (> 1033). The
high field option allows for a graceful evolution to high luminosity running. The inner tracking
volume can be filled with either iron or iron calorimetry. There is enough space to pack sufficient
thickness to absorb virtually all hadrons. The penetrating muons can be measured at, at least one
point inside the coil and at the outer muon station outside the tail caicher calorimeter and the coil.
The effective field in the inner 3.5m is about 7T. Even with the increased multiple scattering the
muon resolution should be of order 5-7%, almost independent of pp up to py of about 1.5 TeV. To
improve the resolution in the multi-TeV muon momentum region one will need to measure the
muons cither inside the flux return, or just outside it. This would require a more precise device
than the assumed trigger counters outside the iron. A current CERN R&D program (Compact
Muon Solenoid) will examine the details of muon measurement in iron at high fields in a test beam.

Various components of this option have been subjected 1o a serious cost estimate study (Theriot
Panel). We will attempt a cost estimate for the high ficld option with the provision that further and
more serious engineering work needs to be done. The cost of the inner tracker can be scaled from
SDC 1w be about $35 million. The cost of the calorimetry can be scaled from EMPACT/TEXAS to
be about $135 million. We have assumed the high figure of $90 million for the coil. The cost of the
flux return is about $35 million using the standard SSC figure of $2/kg. In addition the trigger
systems, data acquisition and computing will probably be similar to the SDC figure of
$50 million. The rough total of less than $350 million represents a considerable saving over the
baseline L* option.
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While the study of the high field option revealed many of its attractive features it also
-uncovered some important physics and detector questions. Prominent among them are the pattern
recognition and reconstruction efficiency for tracks in a high field, the ability to reconstruct jet
momentum and direction and the associated missing energy resolution. The thickness of the inner
hadronic calorimetry needs to be seriously addressed. We intend to proceed with these studies,
along with more substantial engineering designs in the next few months.
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