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Abstract

The conceptual design for an SSC detector that focuses on calorimetry is presented. The
physics goals include searches for elementary scalars of low mass (M,, < 2M,,) and high
mass (M, > 600GeV), for heavy supersymmetric matter, for compositeness and for strong
vector-boson interactions. Examples of the relevant signatures are H — vyv; H — Z 2%
H — lvqg, llvy, llqG; GG — E;"‘“+ > 2jets; and a jet excess at high p,. These goals may be
achieved with high precision, fast, compensated, and truly hermetic calorimetry, optimized
for electrons, photons, jets, and missing energy. All the goals require operation at high
luminosity. The additional concerns of -y and jet-jet separation, as well as survival in a
high radiation environment, are solved by an unusually large inner radius of the detector.
The detector concept consists of the following few and well defined components:

e a scintillating fiber tracking system incorporating an imaging pre-radiator,
e a projective, finely segmented, thick scintillator calorimeter, and

¢ a muon TRD trigger and spectrometer.

The design allows for total hermeticity to n = 5.5. The trigger response to electrons,
muons, jets and missing energy is well-matched to the SSC crossing time. High speed,
fine segmentation and a large inner radius imply that early operation at a luminosity of
1034 cm~2s5~1 should be possible. This allows one to address the small cross-sections and
branching ratios associated with the subset of our goals that are complementary to those of
the large multi-purpose detectors. Basing this design on existing technology ensures timely
construction at a reasonable cost. The physics capability and justification for this approach,
as well as the details of an initial design, are presented.






Table of Contents

Introduction

Physics Goals

Detector Conceptual Design

Anticipated Detector Performance and Physics Reach
Milestones to Define Detailed Design

Request for Funds

Preliminary Cost Estimate

TEXAS Management Scheme

Conclusions

Acknowledgements

References

Figure Captions

Preliminary Mechanical Engineering Design by Draper Laboratory
Engineering Program on Muon TRD Spectrometer
Proposals for Engineering Design and Systems Integration

Bicron Corp.

The Charles Stark Draper Laboratory Inc.
Hamamatsu Corp.

LeCroy Corp.

Oak Ridge National Laboratory’
Optectron

Quantum Research Services
RCA/General Electric

Teledyne Brown Engineering
Thinking Machines Corp.

Union Carbide Industrial Gases Inc.

23
28
33
36
38
39
39
41
43
Al
A8

P1

P6

P9

P12
P15
P16
P18
P19
P21
P23
P24






Introduction

We propose a simple and hermetic SSC detector that optimizes fast calorimetry for
electrons and the measurement of jets and missing energy. Figures [1-8] show the detector
conceptual design. A fiber calorimeter is complemented by a central scintillating fiber tracker
pre-radiator and an outer muon spectrometer. The muon system uses TRD and dE/dx for
fast triggering and momentum analysis. The three components and their few subsystems
are assembled in a geometry that provides easy access and repair. The detector incorpo-
rates proven technology, or techniques currently at the prototype stage, to assure on-time
construction at a predictable and limited cost.

The signatures for anticipated new physics at the SSC have been well documented and
provide a basis for optimizing the design of a focussed detector. Higgs searches require lepton
and jet reconstruction over the widest possible rapidity range. Signatures for supersymme-
try demand excellent missing transverse energy sensitivity, and therefore truly hermetic
calorimetry. Technicolor and substructure searches require fine calorimeter segmentation
and compensation for good dijet invariant mass resolution. Some of the distinctive goals of
the TEXAS detector, such as the search at high luminosity for an intermediate mass Higgs
in the 4+ and ZZ* channels, or a heavy Higgs at the extreme of the SSC reach, pose specific
problems. We address them by letting the inner radius R of the calorimeter be large (2
meters). The yv and jet-jet separation increase as R, while the radiation dose diminishes as
R~2. The calorimeter proper is preceded only by a beryllium pipe and a low-Z fiber tracker.
At high luminosity and with a good jet-jet mass-resolution, we can search for rare but clean
signatures of supersymmetry. We can also measure high p,. jets with the precision required
to search at high mass for technicolor and substructure.

The precision of calorimetry increases with energy E as 1/vE + a constant. A calorime-
ter with no dead space for services or structural elements can yield high resolution in the TeV
regime for electrons, missing E,. and jets, provided sources of systematic error are properly
minimized. A very fast detector has obvious advantages in triggering and pile-up rejection,
particularly at a luminosity £ = 103 cm~2s~1.

For the measurement of muon energies we propose the use of transition radiation tech-
niques sensitive to ¥ = E,/m (an unsaturated observable at SSC energies). Transition
radiation devices offer a unique alternative with broad n acceptance at a fraction of the cost
of a magnetic device. There is indeed a compromise in resolution, but this is compensated
by the superior resolution for electrons and the presumption of e — x4 universality.

Preceding the calorimeter is a tracker and imaging pre-radiator. The pre-radiator con-
sists of alternate superlayers (z,u,v) of scintillating fibers and lead sheets. The tracker
includes three scintillating fiber superlayers. Fiber readout will be either by pixellated Sili-
con Intensified Target tubes or by avalanche photodiode arrays. Both are being investigated.
The tracker/pre-radiator system occupies a cylindrical region between radii of 1 m and 2 m.
The innermost cylindrical volume is not instrumented, leaving space for a high resolution
vertex detector which could be added later if the physics so dictates.
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We propose to use cast lead eutectic scintillator fiber calorimetry. It is electronically
fast, simple and easily manufactured. It has excellent energy resolution, can be arbitrarily
segmented, and is naturally projective and hermetic. It is structurally designed to avoid
inactive boundaries and supports. The specific optimization and tower structure we propose
provides radiation hardness, homogeneity, hermeticity, electron/hadron compensation and
easy in-situ access and calibration. The towers are monolithic, projective, self-supporting
and modular. The imaging pre-radiator gives superior position resolution on e and 4 and
excellent e/hadron separation. Spatial segmentation in 7 and ¢ is 0.025 in the electro-
magnetic and 0.05 in the hadronic compartment. Calorimetric coverage is continuous to
n = 5.5. We use recirculable, radiation-hard liquid scintillator and tungsten absorber in the
forward region for n > 3. Here, capillary tubes replace fibers allowing us to extend the fiber
manufacturing technique to a liquid scintillator. The tungsten absorption length (one half
that of lead) prevents shower size from dominating the segmentation. The energy resolu-
tions (6.5%/VE and 30%/VE for electromagnetic and hadronic components) are saturated
by energy-independent terms which reach 0.5% for electrons and 1% for hadrons at high
energy. With the pre-radiator, the electron/hadron separation is better than 5 x 10™%.

The TRD muon-momentum analysis borrows its detailed implementation from that of
large-area muon detector of similar size (MACRO). Liquid scintillator slabs would provide
prompt signals with good timing resolution for associating streamer tube tracks in (¢, #) and
TRD hits with calorimeter hits in a 2 us trigger pipeline. The TRD spectrometer gives better
~ than 10% resolution at 200 GeV (as seen in Fig. 9), providing a level-1 high-p,. trigger. The
TRD spectrometer information can then be used in conjunction with the scintillating fiber
calorimeter to give a high-level missing E,. trigger.

In optimizing calorimetry (and avoiding cracks, solenoid support structures, etc.) we
have eliminated a central magnetic field, thereby giving up the measurement of charge for
[n] < 1.5. A narrow non-projective readout path at n = 0 remains. The entire detector is in
two self-supporting mirror-image halves. The overall performance, simplicity and economy
of the TEXAS detector, with only three basic components, outweighs, in our opinion, the
limited benefits of measuring lepton charges (generally a two-fold suppression of background).
Furthermore, our non-magnetic design preserves the narrow spatial structure of jets at the
SSC, providing good jet triggering and reconstruction efficiency.

With the basic choices on the detector design and technology already made, we concen-
trate on the specific technical issues concerning a timely and final design. The experiment
can accommodate the large luminosities required to search for a variety of rare fundamental
processes. This detector is a natural complement to the larger multipurpose experiments,
both technologically and from the point of view of the physics goals.



Physics Goals

The search for new physics signals at the highest possible mass scale (1 TeV and above)
and for the evasive “light” Higgs necessitates the highest possible luminosity, £ = 103 cm 25!
and justifies a specialized detector optimizing the calorimetry. The signatures for new physics
at the SSC have been well-documented by many authors” ™" and are only briefly outlined
here.

Y

The most mysterious features of the standard model are the origin of particle masses, and
the properties of the postulated Higgs particle. Its mass is unpredictable, but the natural
scale lies between the weak scale (M, ~ O(M,) or the eventual lower limit from LEP-II),
and the “unitarity-limit”; the energy at which the interactions between intermediate vector
bosons become strong (M,, ~ 1TeV). Full coverage of this domain ought to be a major goal
for the SSC. The TEXAS detector is designed to excel in the evasive high and low ends of
the anticipated mass domain. The design choices necessary for this capability are also useful
for many other important physics goals.

Heavy Scalars

Consider a heavy Higgs (M, > 600GeV), with its low rate of production. To detect
it, one must use the channels H — ZZ — jet jet ll and H — WW — jet jet lv, since
they have branching ratios some 22 and 160 times that of the decays of the ZZ pair into
charged leptons. An energy resolution better than 35% /VE + 1% is necessary for jet-jet
reconstruction of the W’s, as shown in Fig. 10. The backgrounds to these modes can be
reduced by tagging the scattered-quark jets that accompany the process of Higgs production
by IVB fusion!'"! as can be seen in Fig. 11. The figure shows that the rapidity required to
tag the spectator jets must reach n ~ 5.

The same technique of background reduction by jet-tagging helps in the channel H —
ZZ — Uy which has 6 times the rate of the four-charged-lepton mode. This is shown i m

Fig. 12, in terms of pb“" the total scalar p, in the half plane opposite to the Z- direction™
The figure also shows that random calorimetric gaps of 2% of 4r, or coverage ton < 5
severely degrade the signal. The signal over background for M,,=800 GeV is 24/7 events for
an integrated luminosity of 10* pb~1, a mere one tenth of an SSC year at £ = 103 cm~—2s~!
(Cuts E;.""’ >120 GeV, n < 5 and p, > 20 GeV for the tagging jets have been applied in
estimating these event rates” ). In Fig. 13, one can see how fast the signal decreases as
M,, climbs the range from 400 to 800 MeV. Clearly, it is crucial to operate at the highest
possible luminosity to investigate the upper end of the anticipated Higgs-mass domain.

In the H — WW — jet jet lv channel the principal difficulty is the tf — bbWTW ™~
background. With an assumed calorimetry resolution and segmentation worse than the
TEXAS goals and lepton isolation plus other cuts!' the background is found to be drastically
reduced leading to a signal-to-noise ratio of 200/100 events for M,, = 1 TeV, m; = 150 GeV
. and an integrated luminosity of 1049 cm—2.

None of the above channels is accessible without calorimetry excelling in energy resolution
and dynamic range, in angular resolution, and in rapidity coverage. These characteristics
are needed both to minimize the QCD background and to avoid false missing E.,. signals.
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Intermediate-Mass Scalars

We focus next on Higgs detection in the M, < 2 M,, regime, and in particular on the
notoriously difficult H — v mode. Detection of a signal in this channel is made possible by
a large inner-radius calorimeter design, with good energy resolution, inherent v+ separation,
and large-luminosity reach. In Fig. 14 one can see how meager the signal/background is for
M,, =150 GeV with one year of running at £ = 10%3cm™2s~! and an excellent [extraordi-
nary] mass resolution of 1.9 [0.8] GeV/c2. The TEXAS mass resolution of 1.3 GeV/c?, and
operation at 10 times the quoted luminosity, appear to make this decay accessible.

The H — Z Z* channel followed by Z — ee, uu decays is rate-limited, but copious
enough"™ at £ = 103 cm~2s~1 to find the Higgs in the range 130 GeV< M, < 2M,.
An intermediate-mass Higgs is a very narrow resonance, so that with excellent electron
energy resolution, the same range can be covered in the all-e channel, with a luminosity of
1034 cm—2s~1.

Supersymmetry

Consensus has it that supersymmetry is one of the most attractive extensions of the
standard model, and its “minimal, low-energy” version a likely target for discovery at SSC

energies. The crucial signature is missing transverse energy'® Emiss_ At the modest energies

of the LHC!" Fig. 15 shows that the signals protrude over the background only by a factor
of two, for all explorable values of the gluino or squark masses. A linear response and a gap-
less calorimetric coverage are obvious requirements. The same message' is conveyed at SSC
energies by Fig. 16 in terms of p2*, the missing momentum transverse to the plane of the
beam and the highest p, jet. The figureis for mz = 750 GeV, a hadron-calorimeter resolution
of 70%/VE (two times less precise than our goal), (¢ x 8) segmentation of (0.05 x 0.05), and
coverage to 7 = 6. The signal is not rate-limited, but would rapidly become so™ with a
modest increase in mj. As my is decreased the problem is no longer the counting rate, but
the hermeticity of the device. A crude estimate™” indicates that a 5 cm crack at = 3 more
than trebles the inescapable neutrino background. Supersymmetry is an ideal advocate of a
precise and hermetic calorimeter that can operate at high luminosity.

Technicolor

An obvious goal for SSC experimentation is to determine whether or not intermediate
vector bosons (IVBs) interact strongly at subprocess energies of order 1 TeV. This will
happen if M,, > 1TeV, or if the breakdown of electroweak symmetry has a dynamical origin.
Technicolor is an explicit example of a consistent theory of dynamical symmetry breaking
and strongly interacting IVBs. In the simplest technicolor model, the only technihadrons
accessible at the SSC are likely to be the spin-one technirhos, p;".: and pg.. The p, mass
is estimated to be 2 1/(3/N,) TeV, where N, > 2 is the number of technicolors. The
discovery modes are pf — ZW<* and pJ — W+ W~. We show the expected number"*
of events in the WZ channel in Fig. 17 as a function of M,,,, with |5, ,| < 1.5, and one
year of running at £ = 1033 cm—2s~1. The dotted-dashed line is the standard-model result,
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and the expectations for Np = 2,4,6 are also shown. The estimated number of events in ,
the range M(p;) + I'(p,) is total (background) = 400 (220), 1400 (200), 3100 (180), for
Nt = 2,4, 6, respectively. For specific IVB-decay channels, these numbers must be reduced
by the corresponding branching ratios,e.g., W — lv (11%) and Z — ee (3%). Once more,
high luminosity and the capability to reconstruct high p, IVBs from jets are both called for.

Substructure

History teaches us that a new level of substructure is found every time that we are
satisfied with a complete list of “elementary” entities. At the SSC, substructure down to
distances d = A~!, A ~ 20 TeV is explorable. Quite generally, the new physics would first
manifest itself*” as new “Fermi” (four-fermion) interactions that modify the high p, jet
or lepton yields, relative to QCD expectations updated by HERA results. The example in
Fig. 18 shows the predicted deviations at 7 = 0, for one year of running at £ = 103 cm 257!,
A =10 and 20 TeV, and with § = £1 the sign of the (§qgdq) contact interaction. An obvious
requirement is a linear calorimetric response over a large dynamic range. To estimate a total
number of events, multiply Ap, do/dp,dn|,., by ~ 6, the extent of the flat rapidity range.
The reach in A is clearly related to the ability to operate at high luminosity: depending on the
details of the new physics, £ = 1034 cm~2s~1 may be needed to unveil a quark substructure
characterized by a scale as high as A ~ 20 TeV.

Conclusions

The search for elementary scalars in a broad mass domain requires good sensitivity in
the measurement of multiple charged leptons, missing transverse energy, jet energy, and
single photons. Supersymmetric particle searches need a detector emphasizing missing E,.
and multiple jet reconstruction (nj¢ > 2). The search for technicolor necessitates good W
and Z identification in leptonic and hadronic decay modes. The search for quark and lepton
substructure calls for accurate jet E,.-measurement, highly segmented jet calorimetry, and
linearity over a broad energy range. In addition, searches for a new neutral gauge boson, Z',
involve high resolution di-lepton or di-jet mass reconstruction. A search for a new W’ in the
channel W' — ev requires good measurement of electron, jet and missing energies.

All of the above “new-physics” signatures of high-mass and/or low-rate have large frac-
tions of their modes in channels which would most naturally use calorimetry for detection,
triggering and background reduction. We have thus designed a specialized detector, focussed
on signatures that demand excellent calorimetry. We push it to the highest attainable energy
resolution, segmentation, rate capability and hermeticity. We make no compromises to acco-
modate other detector components. In searching for new physics, our detector capitalizes on
the measurement of electron, photon and jet energies, and on an angular resolution compa-
rable to the inherent size and opening angles of the two types of showers. These calorimetric
features are complemented by fast muon triggering and a fast missing-E, measurement.

We have seen, in a variety of physics examples, that excellence in electron and hadron
calorimetry, as well as the ability to run at high luminosity, are essential goals for an SSC
detector.



Detector Conceptual Design

The conceptual design of the TEXAS detector gives priority to the calorimeter, since
optimal calorimeter performance is essential for our physics goals. In our opinion the SSC
will be better served by several detectors, each of which is optimized for specific physics goals
rather than by compromising their individual performance in an attempt to do everything.
TEXAS is optimized for high efficiency, high luminosity operation with maximum mass reach,
with an emphasis on electron identification and energy measurement. With our physics
goals guiding our detector decisions, we have achieved a high degree of specificity in our
conceptual design. Those options which we retain are implementation options which will
not fundamentally alter the system design, e.g. photomultipliers vs. vacuum photodiodes
for scintillating calorimeter readout, rather than scintillating calorimetry vs. liquid argon
calorimetry. Whenever possible, we rely upon conceptually simple and proven techniques
which will yield a detector that is relatively inexpensive and easy to construct.

The first fundamental design decision has been to eliminate magnetic fields. By design-
ing a completely non-magnetic detector, we have freed the calorimetric systems from the
constraints that a central or muon detection magnetic field and associated coils place on:

¢ calorimeter hermeticity and uniformity;

¢ the inner and outer radius, rapidity coverage, segmentation, density and geometry of the
calorimeter;

e jet spatial and energy resolution (magnetic spreading of low-momentum or showering
particles);

e the operational characteristics of readout devices (PMTs) and calibration systems; and
¢ the readout complexity and triggering capability of the tracking system.

A second fundamental design decision has been to require that the detector and all
its subsystems be operational and survivable at luminosity of 103 cm~2sec™!. For the
calorimeter, this requires signal integration times be on the order of the bunch-crossing
time, along with a large inner radius and a high degree of segmentation. SSC calorimeters
must operate at 3 orders of magnitude more luminosity and at an order of magnitude more
energy and event complexity than existing large 47 calorimeters. This has driven us to select
scintillator as our active element and scintillating fibers as our preferred implementation.
For the tracking and pre-radiator system also, we need the speed of scintillator and the
flexibility of fibers. For the muon system, we require triggering speed and adequate resolution
both to reconstruct intermediate vector bosons from their muonic decays and to measure
missing energy. We do not, however, allow the muon system to impact negatively upon
the calorimeter performance, and we focus upon electrons rather than muons in our high-
luminosity operation.



Calorimeter

The physics goals of the TEXAS detector require fast, high-resolution calorimetry with an
emphasis on electron identification and precision measurement of electrons, photons, jets and
missing energy. Detector response speed is particularly important for lepton isolation cuts,
especially when exploiting the full physics reach of the SSC at luminosity of 1034 cm~?sec™!.
We thus have chosen scintillator as the active element of our calorimeter system. Electron
identification in the presence of a formidable QCD jet background requires fine lateral seg-
mentation, longitudinal segmentation with preradiator and electromagnetic calorimeter com-
partments, and fast concerted operation with tracking and pre-radiator imaging. Operation
at luminosity of 1034 cm=2s~! also incurs very substantial radiation damage, in particular
in the forward regions. We address this with our large inner radius and with the use of
radiation-hard plastic scintillator throughout the central detector, and with the use of liquid
scintillator in the forward regions.

We aim to achieve rapidity coverage to 7| = 5.5 in a smooth manner, preserving detec-
tor hermeticity and providing a fast signal for missing transverse energy. For the hadronic
calorimeter, plastic scintillating fibers provide a fast, compensated and high-resolution de-
vice. The large inner radius of the calorimeter allows for flexibility and easy installation of
the fiber tracker, imaging pre-radiator, and electromagnetic calorimeter sections, while pre-
serving possibilities for upgrading the central region with vertex chambers or other future
technology. The TEXAS calorimeter is easily scaled in size and in segmentation without
major design changes or disruption of system integration. Its final parameters will be de-
termined by physics potential studies over the next year, and will accommodate a range of
costs and capabilities.

Electromagnetic Calorimeter:

Separate electromagnetic and hadronic calorimeters can give important information for
electron identification while decoupling the calorimeter design for each type of shower. This
allows for different segmentation and mechanical support for the two sections, facilitates
triggering, and provides for different transitions at tower boundaries as appropriate for the
different shower sizes. For a scintillating fiber calorimeter, narrow electromagnetic showers
sample many fewer fibers than do hadronic showers, with consequently greater demands
upon uniformity of response between fibers and across module boundaries. The choice of
fiber diameter and other properties involve trade-offs between calorimeter cost and perfor-
mance which benefit from a separate optimization for the electromagnetic and hadronic
sections. Radiation damage is also much greater near the electromagnetic shower maximum,
while the effect of fiber attenuation length upon energy resolution (from longitudinal shower
fluctuations) is much less.

Requiring lateral and longitudinal shower containment gives a fast signal for electron
identification. We are also encouraged by recent results from the SPACAL collaboration
which have demonstrated an e/r separation from a single longitudinal scintillating fiber
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calorimeter alone of better than 10~3, using pulse shapes. Fast constant fraction discrimi-
nators and simple analog circuitry are used to produce a “Full Width One Fifth Max” fast
discriminator giving a direct e/x signal®™”

Our current design calls for a scintillating fiber electromagnetic calorimeter with the
fibers spliced at a mass-coupling connector to clear optical fibers for readout as indicated in
Fig. 19. We are developing a prototype of this device within the context of the SSCintCal
SSC subsystem. We couple 1 mm scintillating fibers with the EM calorimeter to bundles
of clear fibers with less than the 1 mm diameter for readout through non-projective cracks
in the hadronic calorimeter. The diameter mismatch decreases the fiber-to-fiber variation
in coupling efficiency while minimizing the size of the gaps between hadronic calorimeter
towers. The possibility of distributing readout fibers through the body of the downstream
hadron calorimeter tower is also under study. Outside the hadron calorimeter, each EM
fiber bundle will pass through an optical mixer (to minimize the effect of PMT efficiency
variation across the photocathode) for readout by a single photomultiplier. Electromagnetic
calorimeter modules will have their axes several degrees offset from pointing, in a pinwheel
arrangement, to avoid “channelling” of electrons along individual fibers. The use of a thick
pre-radiator to spread showers before entering the calorimeter may eliminate the need for
such an angular offset, but this will require further study.

The calorimeter’s potential for high energy resolution, scaling like 1/vE, depends at
low energy upon minimizing sampling fluctuations and at high energy upon minimizing
systematic errors from nonuniformity or nonlinearity. The SPACAL collaboration has built
and tested an electromagnetic calorimeter prototype with energy resolution of 13%/VE +
0.5%""! with the first term determined by sampling fluctuations. The sampling fraction (20%
fibers by volume) for this calorimeter was determined by the requirement of “compensation”
or an equal response for electromagnetic and hadronic showers, as discussed in more detail
in the next section. The JETSET collaboration has built and tested an electromagnetic
calorimeter prototype which has been optimized for energy resolution (50% fibers by volume)
and achieved 6.5%/VE"" .

For our conceptual design we anticipate a higher packing fraction within the electro-
magnetic section than would be allowed in a completely compensating device to emphasize
our priority of measuring electrons and gammas, in particular for reconstructing light Higgs
decays. The performance of a calorimeter which is compensating only within its hadronic
region, with separate readout of its electromagnetic region, is poorly understood at present.
We are performing simulations and constructing modules to test this arrangement within
the SSCintCal subsystem effort. The choice of absorber/scintillator packing fraction and the
tradeoff between resolution at lower energies and degradation of compensation will clearly
require detailed study in advance of the proposal.

An attractive method of calorimeter construction would be to cast fibers within low-
melting point eutectic lead alloy, as has been done at Boston University. Small electromag-
netic calorimeters which have been constructed by this method are shown in Fig. 20, and
have been measured to provide 16%/vE resolution with a compensating packing fraction.
Casting can minimize construction costs by eliminating the need for machining of tower
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surfaces. A keystoned structure of such modules has been found by finite-element analysis
tc be self-supporting and to withstand creep, even for hadronic modules formed entirely
of this material. A separate electromagnetic calorimeter, being much less massive, would
bear a much smaller mechanical load and could be bound together with aluminum hoops
like a barrel. The mechanical load of the EM calorimeter could then be transferred to the
hadronic calorimeter, supported as described in the next section. Alternative methods using
grooved or punched lead as pioneered by SPACAL are also amenable to automation, and
will compete with the casting process described above in the comparison of prototypes for
low-cost construction.

We are also considering techniques which would combine the electromagnetic and hadronic
calorimeter sections into monolithic towers. To preserve compensation, the ratio of fiber to
lead must be constant, and several possible variations of having parallel fibers of varying
lengths in the keystone towers are presented in the SSCintCal Subsystem proposal. One
advantage of this design is some natural longitudinal segmentation. A disadvantage is the
spatial non-uniformity introduced across towers. Another way to preserve compensation in
a tapered tower would be with stepped-diameter fibers which are oriented and stepped lon-
gitudinally along the tapered tower from front to back. For a 2-2.5 m radius calorimeter, the
diameter growth of the fiber needed to preserve compensation is about a factor of 2.5 from
the front to the back. This design is attractive because: a) the fibers can be calibrated more
easily from end to end without the introduction of cracks, b) it may be simpler to construct
than two-section devices, ¢) it introduces no dead areas from structural supports or cou-
pling regions, and d) it is inherently more uniform across castings. Such a device might be
combined with the method of e/7 separation from pulse shape as explored by the SPACAL
collaboration. Stepped fibers would require an automated splicing machine to create splices
with uniform efficiency at the few percent level. This is simplified by the light being launched
into successively larger and larger fiber segments. Another option under investigation is the
use of “dichromatic” fibers for longitudinal segmentation, with red EM front ends spliced to
green hadronic back ends and the output light split and filtered.

The relative merits of monolithic and two-section calorimeters will be carefully ex-
plored in subsystem work leading up to a detector proposal. The possibility of embedding
radiation-hard quartz-window PMTs within the boundary between separate electromagnetic
and hadronic scintillating fiber sections also bears study as it would eliminate any need
for non-projective hadronic calorimeter cracks. A separate electromagnetic section would
provide the possibility of an extremely high-resolution electromagnetic calorimeter. For
example, one could construct the electromagnetic calorimeter entirely from BaF3 crystals.
Readout might be performed by filtering out the BaF; slow component and measuring the
fast component with UV-sensitive PMTs.

Three important issues which must be addressed in establishing the viability of scin-
tillating fiber calorimetry for the SSC are radiation damage, energy calibration, and the
linearity and dynamic range of readout devices. There has been substantial recent progress
in the development of radiation-hard plastic scintillating fibers with existing materials show-
ing slight damage after exposure to several MegaRad doses. Effects of dose rate and dose
conditions (particularly the surrounding atmosphere), annealing behavior, and varying fluor
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and substrate chemistry upon fiber light yield and attenuation are under vigorous study by
SSCintCal collaborators and other groups. We anticipate that these efforts will yield fibers
with at least an order of magnitude more radiation resistance within the next year or two.
The large inner radius of the TEXAS calorimeter helps decrease the radiation dose rate, and
just using currently available plastic scintillator we would expect minimal difficulty to at least
[n] = 2 at luminosity of 103 (i.e. 1 MRad/yr). This estimate is subject to some uncertainty
with regard to dose rate dependence and annealing behavior, but it is conservative in its as-
sessment of both effects. Note that the radiation dose in the hadron calorimeter is an order
of magnitude below that in the electromagnetic calorimeter. In the forward regions, where
the radiation levels are highest, we expect to use liquid scintillator instead of plastic scintil-
lating fibers as described below. A separate electromagnetic calorimeter (which receives the
most intense and localized dose) could if necessary be replaced while leaving the hadronic
calorimeter intact, since it would constitute only a small part of the total calorimeter cost.

Calibration of a scintillating fiber calorimeter can be carried out through a combination
of laser light injection, fixed and moveable radioactive sources, compact accelerator radiation
sources, and physics signals such as Z — ete™ (2 Hz rate at 1033 luminosity). Optical laser
or low noise arc-lamp optical calibration of scintillator systems have achieved better than
0.5% long-term stability in large systems. Light injection on a quartz fiber into scintilla-
tor tests the entire system response, exciting the scintillator secondary fluors to emit the
correct scintillator spectral distribution and time response. Light could be injected both
from the inner and outer part of the calorimeter to separate scintillator and photodetector
effects. Careful timing and spectral filtering can help resolve damage along a fiber. Ra-
dioactive sources, connected to flexible wire which could be moved along “sheaths” within
the calorimeter, could be used for absolute energy measurement, to test detector response
uniformity and to provide cross-calibration between detector modules. An interesting option
is the use of compact accelerators for calibration, providing either gamma rays (10-20 MeV
radionuclide line sources and 25 MeV high flux bremmstrahlung spectra) or neutrons (dd,
dt, pBe etc. at 0.5-14 MeV) for absolute calibration and calibration in depth. Finally, the
implementation of a low-threshold, two-electron calibration trigger is under careful study
for the use of Z — ete™ events to help calibrate EM calorimetry. Minimum-bias and even
cosmic-ray events may also have some usefulness in cross-calibrating detector channels and
monitoring detector stability.

Another technical difficulty with scintillation systems is finding pulse-mode photodetec-
tors capable of linear conversion of light to electrons over 4-5 orders of magnitude (say 50
MeV to 5 TeV) with a reasonable gain (at least 103 — 10*). Most existing photomultipliers
begin to show substantial non-linearities over a dynamic range of a few 103, along with rate
and recent pulse history-dependent gain shifts. The use of two PMTs per channel could
help solve this problem by effectively extending the dynamic range. One alternative would
exploit recent progress in developing diode-anode photoelectron target tubes. In these de-
vice, photoelectrons are accelerated to high voltage so that they create ionization pairs in a
simple solid-state diode 1 cm? target. The diode might be Si, GaAs, diamond film, or might
be replaced by an ion-chamber integrated circuit. The developers of this technology include
Burle, D.E.P., Phillips and Hamamatsu. Vacuum photomultiplier devices are very radiation
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hard when equipped with quartz windows, so that these IC-multipliers should survive as
well.

Hadronic Calorimeter:

The key reasons to choose scintillating fiber technology for the hadron calorimeter are
its speed, ease of lateral segmentation, potential for 35%/vE + 1% energy resolution in a
compensated device, hermeticity and uniformity out to large values of rapidity, and negligible
readout noise with external active devices. In our conceptual design, photomultiplier readout
is distributed about the outer surface of the device, with no active devices within the body
of the calorimeter. Drawings of the device and an engineering conceptual design for its
mechanical support are given in Appendix A, provided by Draper Laboratory. Projective
towers of scintillating fibers and lead alloy are combined into two hermetically sealed halves
(-2.5<n7<0,0<7n < 2.5) which are smoothly integrated with forward liquid scintillator-
based calorimetry. Readout is through photomultipliers distributed on the outer surface of
the hadronic calorimeter. A narrow gap at n = 0 allows for readout of the tracking and
imaging preradiator systems, while electromagnetic calorimeter towers are read out through
non-projective cracks between hadronic calorimeter towers.

The strictest requirements for integration speed of hadronic calorimetry come from the
need for lepton isolation cuts to reduce backgrounds from ¢ and b quarks. At 10** luminosity,
we expect & 16 minimum bias interactions per bunch crossing. Fig. 21 shows a 1% probability
of generating E; > 5GeV within a cone AR= 0.4 for 10 piled-up minimum bias events.
Pileup of soft interactions as a background to hard interactions is often manageable because
the event topologies and P; spectra of the particles are very different. The pileup of a rare
event plus one or more fairly common events requires careful study, but is clearly much less
of a problem for a faster device. Pileup also degrades the jet energy resolution. Studies
have shown that the dijet mass resolution of a 1 TeV object decaying into 2 jets degrades by
factors of 2 or more for 10 minimum bias events piled up, for jet cone half-opening angles
greater than 45 degrees.[231

Scintillation techniques are the best presently available for high speed calorimetry, even
in the face of longer times for shower development. Scintillators can have an integral pulse
risetime (to 90% of the full pulse integral) of less than 5 ns. The full energy of a shower can be
measured to 1% within 10 ns after the shower is fully absorbed. Fig. 22 shows the phototube
pulses from a test of the SPACAL scintillating fiber calorimeter prototypes with 150 GeV
pions, demonstrating a 4 ns risetime and a 30 ns integration time. This prototype device did
not however fully contain hadron showers, so that the time required by a scintillating fiber
calorimeter to collect all the neutron signal required for a completely compensating device
awaits future measurement. It is nonetheless evident from these preliminary measurements
that it will not greatly exceed 30 ns. In addition, lepton isolation cuts do not require precision
hadronic measurement and thus can probably be performed with a 16 ns integration over
one bunch crossing.

Calorimetry performance improves with larger radius and increased transverse segmen-
tation, as illustrated in Fig. 23. For the TEXAS calorimeter, our conceptual design has an
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inner radius of 2 meters and segmentation to 0.057x0.05¢ in the hadronic and 0.0257 x 0.025¢
in the electromagnetic regions. This implies 40,000 hadronic towers and 160,000 electromag-
netic channels. Both jet energy resolution and dijet mass resolution benefit as we increase
these parameters. A 2-meter radius calorimeter (R/A = 10) could reconstruct a 500 GeV W
dijet mass with a o of 3-4 GeV when segmented to 0.03 x 0.03, compared to 6-8 GeV when
segmented to 0.05 x 0.05 at 1-meter radius. One of our design goals will be to optimize the
calorimeter price and performance as a function of the segmentation and radius. The elec-
tromagnetic segmentation must also be strongly coupled with the pre-radiator segmentation
and performance. With a scintillating fiber calorimeter, segmentation can be modified just
by bundling output fibers in different ways, so that an upgrade could be achieved by merely
increasing the number of readout channels.

While optimal segmentation requires further detailed study, it is clear that high R/A
and high segmentation are necessary for extracting the jet-jet and multijet signals of new
physics and IVB decays from standard model QCD (particularly top quark) backgrounds.
A high degree of transverse segmentation allows:

e better resolution of individual particle energies for electron isolation cuts,
e better jet-cone angle fitting,
e better centroid fitting to unfold or identify overlapping jet cbnes, and

o lower singles rate in individual towers for unfolding of overlapping minimum bias events
and better tagging of multiple events in the same beam crossing.

Finally, fine transverse segmentation with longitudinal separation into electromagnetic
and hadronic compartments provides redundant information for electron identification, since
shower width and length are highly correlated.

Compensated calorimetry, with an equal response to electrons and to hadrons, is essential
for high-resolution jet energy measurements over an extended dynamic range. Compensa-
tion in a lead/plastic scintillator system is predicted in Monte Carlo studies and has been
demonstrated with prototypes in test beams. Because of the importance of low-energy neu-
trons and recoil protons to the compensation signal, precise compensation is impossible in a
non-hydrogenous calorimeter. Lack of compensation gives rise to a constant energy resolu-
tion term degrading calorimeter performance at high energy, since the fraction of jet energy
going into electromagnetic particles varies between jets at the same energy. Good jet energy
resolution is essential for reconstruction of the hadronic decays of intermediate vector bosons
in the presence of vicious QCD jet backgrounds. Compensation and calorimeter linearity
are also important in reconstructing a compositeness signal from high P, jet cross section
as a function of p,. Light attenuation in scintillating fiber calorimeters can also degrade
calorimeter linearity and energy resolution (through longitudinal shower fluctuations). This
effect can be minimized with long fiber attenuation lengths, such as may be obtained at
longer wavelengths.
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Physics needs for missing F; triggering and measurement require a uniform and hermetic
calorimeter, extending to large values of rapidity. Cracks or dead regions can give both a loss
of resolution and a shift in the overall energy scale. Such energy shifts, inefficiencies, and dead
regions can fake a missing E; signal. TEXAS uses projective calorimeter towers to minimize
cracks and nonuniformities, with the effects of residual readout cracks and thin support
structures under careful study. Large rapidity range coverage is also necessary in order
to keep backgrounds to missing E; signatures below the irreducible neutrino limit. Fig. 24
shows the cross-section vs. p, missing for beam holes from 7 = 3 to n = 6. Comparison
with the missing p, signal from neutrinos indicates the need for rapidity coverage to at least
n = 5.5. In the very forward regions (n = 3 to n = 5.5) transverse energy flow measurements
are performed by liquid scintillator-based calorimetry as described in the next section.

The TEXAS calorimeter uses projective geometry throughout, with the front faces of
the calorimeter as normal as possible to the particle directions, to avoid feedthrough to
adjacent towers and to minimize albedo. The thickness of the calorimeter is dictated by
containment: more is better. For precision calorimetry, we require 99% containment. This
implies a minimum of 11 absorption lengths at 90° growing to 14 interaction lengths below
30°. Together with the large inner radius, this forces the muon system to be very large
indeed, which has contributed to our choice of a somewhat novel TRD muon system. Our
choice of large calorimeter thickness also lowers punchthrough into this muon system.

The primary readout requirements for the TEXAS calorimeter are speed (digitization
at the crossing rate) and dynamic range (10 MeV — 10 TeV). Presently available photo-
multipliers have no problem with the former requirement, but the latter is something of a
challenge. Similarly, an ADC which can accomplish an effective 20-bit dynamic range with
16 ns digitization is a challenge. The physics requirement for this extended dynamic range
needs more study, as does the possibility of separating fast and high-resolution digitizing
functions.

Several ADC options are possible and are being investigated by LeCroy Research. We
forsee at least three possible schemes:

(1) Multiple flash encoders with a digital decoder. This is a brute-force approach using
today’s technology. The required dynamic range would be obtained using 3 10-bit flash
ADC’s offset in gain by 3 bits each. Such an approach is uneconomical at this time but
may be feasible in the future.

(2) Z—-A ADC’s, as used currently in telecommunications. These devices obtain high resolu-
tion from relatively simple ADC’s using sampling rates well above the signal frequencies
and digital filtering. They are quite attractive because the data stream is inherently
serial (single-bit) and could easily be transmitted on a single (digital) optical fiber to off-
detector electronics. However, much R&D is required to develop a device which operates
at the required speed.

(3) A “floating-point” ADC being developed at FNAL by G.W. Foster, C. Newman-Holmes
and others is likely to meet our requirements. Its specifications include the following:
(a) a 60 MHz digitization rate, (b) a floating-point result with 9-bit accuracy and 19-bit
dynamic range, and (c) a low cost of $60/channel. The ADC/digital trigger is shown
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in Fig. 25. The ADC requires development of an analog ASIC (Application-Specific
Integrated Circuit) as in Fig. 26, which uses fast current switching and binary-weighted
capacitors to digitize a 4-bit exponent. A normalized analog mantissa is digitized with a
conventional FADC to 8-bit precision. The conceptual design for the TEXAS calorimeter
trigger is discussed in a later section.

Forward Calorimeter:

The forward calorimeter regions, from n = 3 to n = 5.5 suffer the most intense radiation
dose, have the largest rapidity range coverage per unit area (and per unit of shower size
cross-sectional area), and have the least demands for high-resolution energy measurement.
These regions all form a small part of the total calorimeter volume, and thus of the total
cost. It is therefore appropriate to consider a separate radiation-hard technology for these
areas. We retain our physics motivation of fast calorimetry for fast trigger decisions and for
pileup rejection, leading us to the choice of replaceable liquid scintillator. This plug might
be constructed of heavimet or tungsten, to contain shower feedthrough to adjacent cells and
across the beampipe. Such a device would have an absorption length much smaller than
a lead device with similar geometry. Fig. 27 shows a schematic novel liquid approach by
our Texas A&M collaborators. It features non-projective channels for the liquid scintillator
lined with radiation-hard total internal reflection films for light trapping. Fig. 28 shows
photographs of a liquid scintillator electromagnetic calorimeter test module constructed with
capillary tubes cast within a low melting-point eutectic lead alloy. The cast block is encased
in a stainless-steel filling tank with acrylic windows for testing, and was filled with liquid
scintillator under vacuum. The light yields have been shown to be equal to plastic fiber
calorimeters with the same geometry. '

The forward calorimeter is smoothly joined to the electromagnetic and hadronic calorime-
ters at n = 3. Simulations have shown that a 5 cm crack at 3 m from the interaction at n = 3
(the typical "corner” in calorimeter designs) increases the irreducible missing p, (7 = 6 hole
+ neutrino) background by a factor of 5-10 for missing E; out of 500 GeV. We are aware of
the consequences of our closed geometry for neutron albedo and for “splash-over” of shower
particles from one side of the beampipe to the other, and both effects are under study. If
necessary, the endplug calorimeters could be moved forward along the beampipe to mitigate
these effects. Fig. 29 shows the consequence of limiting calorimeter rapidity, from which we
can see that the beamhole beyond || < 5.5 adds little to the irreducible neutrino missing p,.
background. For our conceptual design, we retain our “closed egg” geometry to emphasize
our commitment to hermetic containment and missing E; measurement.

Tracker and Imaging Pre-Radiator

The innermost section of the TEXAS detector consists of a scintillating fiber tracker and
imaging pre-radiator system. Fig. 6 gives a conceptual diagram of the device. The tracker
is composed of 3 zuvzuv plastic scintillating fiber (PSF) superlayers. At n = 0, the first
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superlayer is at a radius of 1.0m, the second at 1.4m and the third at 1.8m. At the outer
radius of the tracker there are 9 zuv PSF layers separated by thin (= 2mm) lead sheets so
that the early part of the shower development can be measured and tracked accurately. The
tracker therefore merges into the first part of the calorimeter to form an imaging pre-radiator.

Signals from the tracking system are extracted along a narrow non-projective readout
path in the calorimeter at 7 = 0. The tracking detector, and per force the whole detector,
will be constructed in two mirror sections. Signals are read out either optically, in which
case scintillating fibers will be spliced to optical fibers and the electro-optical devices will be
outside the calorimeter and in a relatively low radiation region, or electrically, in which case
the electro-optical devices will be on the inside of the calorimeter.

It should be emphasized that the requirements placed on a tracking system inside a
' non-magnetic detector are much less stringent than those for a tracker in a magnetic field.
In the case of a magnetic tracker, the need for an accurate determination of the abscissa
of a curving track requires the best possible resolution. In a non-magnetic detector it is
sufficient to identify straight tracks. We are presently assuming that lmm diameter fibers
are adequate for this system. With the above stated dimensions, the tracker section has
~ 2 x 150,000 channels and the pre-radiator has =~ 2 x 300,000 channels.

The imaging pre-radiator is approximately 2.5 L,,4 thick and provides fine grained trans-
verse and longitudinal electromagnetic shower sampling in 9 super-layers. The transverse
resolution is determined by the size of the fibers used. Neighboring layers will be offset by
half a fiber spacing. The longitudinal sampling must be sufficient to separate electrons from
hadrons to better than 1% and deep enough to allow, for approximately 95% of cases, both
photons from a #° to have converted. The exact pre-radiator lead and fiber thicknesses will
be determined during subsystem R&D work and will be chosen so as to preserve the com-
pensation of the entire calorimeter; in any case, a =100 GeV electron loses only =0.1-0.3%
of its energy in the first 3 L;,q. Fig. 30 illustrates the rejection power and electron effi-
ciency that has been achieved by a pre-radiator in conjunction with a prototype scintillating
fiber calorimeter by the SPACAL group.”™ The fine longitudinal segmentation together
with the fine transverse segmentation provides a detailed picture of shower development and
therefore of shower measurement. Furthermore, the initial development of the shower in
the pre-radiator will lessen the effect of channeling in the fiber calorimeter, especially with
thicker pre-radiators.

There are three major challenges associated with a PSF tracker/pre-radiator system, all

of which are being actively researched via our sub-system R&D (for example®™ and our
industrial affiliates:

e the first involves the ability of the PSF to have a good light yield after significant doses
of radiation;

e the second involves the PSF readout;
o the third involves the support structure.

The question of the radiation hardness of the scintillating fibers becomes even more
important when the SSC runs at the highest luminosity. The technology of scintillating
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fibers is rapidly advancing at this time. In particular radiation resistance and light yields of
fibers have both greatly improved in the past few years as the chemistry of plastic scintillators
and their optical properties have been better understood. One of our industrial affiliates is
Bicron and another is Optectron of France (see Appendix II) and we intend to cooperate
closely with both of these in the development of suitable fibers. We also have good ties with
Kyowa Gas of Japan who also manufacture high quality PSF.

The different possible readout elements have also seen much progress in recent years.
However, suitable devices for operating in the exacting environment of the SSC have yet to
be demonstrated. There are several very promising techniques but at this stage the complex
decision based on the criteria of cost, simplicity of use and radiation resistance, among
others, cannot yet be made. The list of possible readout solutions includes: a) the Avalanche
Photo-diode being developed by one of our industrial affiliates, RCA/GE (see Appendix II)
as a PSF readout device in a multidiode array format, b) the Rockwell SSPM (solid state
photomultiplier) presently being investigated in another subsystem R&D program” c¢) the
Teledyne-Brown SDL (solid state diode laser), and d) the Burle SIT (Silicon Intensified
Tube) which uses a pixel detector as photoelectron target in a standard image intensifier
geometry.

For the support structure we are planning to work closely with ORNL as industrial
affiliate (see Appendix II) in the development of lightweight carbon-fiber/epoxy support
cylinders. Most of the details of this R&D work are described elsewhere™ . Since it would

- be advantageous for the shape of the pre-radiator to match as closely as possible the inner

calorimeter surface and the tracker super layers to match the pre-radiator, we shall investigate
in some detail the feasibility of variable radius support cylinders. Fig. 6 illustrates the shape
of the tracker pre-radiator.

The primary motivation for a pre-radiator detector is to provide good identification of

- electrons and photons, and to help measure their positions, energies and angles with high pre-

- cision, while rejecting pions and fake electron signals. Electron identification in calorimeters
is based on differences in em-hadron shower development. The lateral, longitudinal and time
development of the showers differ for electrons and hadrons; with methods based on these
differences, rejections of 102 — 10° can be achieved. However, different calorimeter signals
are highly correlated since the major source of misidentification comes from electromagnetic
fluctuations in the hadron signal. A pre-radiator that samples early shower development
will provide uncorrelated information. Furthermore, when an electron is accompanied by a
hadron, calorimetric methods fail, restricting electron identification to isolated tracks only.
An imaging pre-radiator does not suffer from these limitations as it can separate electrons
from other particles at distances as small as a few mm, enabling some electron identification
inside jets.

The imaging pre-radiator can be considered as a highly longitudinally and transversely
segmented lead-PSF calorimeter, with the fibers transverse to the particle directions. It
is a natural intermediary or link between a tracker and the electromagnetic front-end of a
compensated calorimeter. Recently the UA2 experiment at CERN has demonstrated that-
an imaging pre-radiator can greatly enhance the quality of data in a non-magnetic tracking
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detector™ An imaging pre-radiator provides redundant and detailed structural information
which is important for untangling complex jet events and which is normally unavailable with
presently conceived trackers and calorimeters together.

We are also considering the necessity of having a straw-tube TRD system (inside the
tracker) to complete the electron identification. Such a system, which is applicable only
for low energy electrons (< 100 GeV) would compliment our good electron identification
supplied by the pre-radiator and our ability to do so close to and even inside jets. Besides
this, it provides redundant information for the tracking system which would simplify the task
of understanding complex events. Whether or not we propose such a complementary system

will depend on the results of experience with tracker/pre-radiator systems and sub-system
R&D.

So, to summarise, at the SSC a tracker/pre-radiator is essential for:

e tagging photons and electrons with high efficiency and electron/hadron rejection of at
least 10% even in complex events where isolation cuts cannot be applied,

e measuring the starting point of an electromagnetic shower with high spatial accuracy
(1mm or better),

¢ identifying fake electrons formed by the overlap of a charged hadron with a photon. This
is especially important in a non-magnetic detector where an E/p cut cannot be made,

e separating direct single photons from 7°’s on an event-by-event basis. The photons from
a 100 GeV 7° separate by at most 2.6 mm/m; in TEXAS they have a separation of
~ S5mm at the calorimeter inner surface.

¢ unambiguously assigning electromagnetic showers with a bunch crossing.

The tracker/pre-radiator is an effective component of a precision calorimeter system,
providing redundant and essential information for electron/photon physics. It uses a proven
technique with very good potential to work at the speed needed for SSC experiments. The
smooth transition between a pure scintillating fiber tracker and the full calorimeter is a
unique and powerful concept.

Muon Spectrometer

Muon detection and measurement are essential for confirming the universality of lepton
decay channels of the Higgs, for a missing energy calculation in the fast trigger and for new
physics signatures in general. Normally the electron channels observed with the exceptional
calorimetric resolution will always have equivalent muon channels. Because muon identifica-
tion has such a large confidence level, confirmation of electron modes in the muon channel is
essential. The muon energy range of interest is from 60-600 GeV (gamma of ~600 - 6,000)
for most heavy mass physics, a very modest dynamic range, as shown, for example, by the
acceptance curves for 400 and 800 GeV Higgs in Fig. 31 . Essentially 90% of all muons from
the Higgs are found between 100 GeV and 600 GeV for M, between 400-800 GeV.
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At the SSC, practically all muons below 60 GeV are from ¢ and b decay. Their rate (
~ 10* Hz for pr < 10 GeV, see Fig. 32 ) exiting the calorimeter is a serious problem for
large muon systems with long drift times and high spatial resolution. Furthermore, charge
discrimination is useful, but not overwhelmingly so (see Fig. 33 ) for the Higgs signal. Above
400 GeV masses, only a factor of 2-3 reduction in the diboson mass background is achieved
by knowing the sign of the charge of a particle (before any lepton discrimination cuts).
Most magnetic systems only cover a limited range (|| < 1.5, p < 200 GeV). Muon energy
resolutions of 10-20% can find the Higgs for M,, >400 GeV (Fig. 9.). Even in the “marginal”
case of the 20% muon energy resolution, the Higgs signal is &~ 2—3 standard deviations above
background with no other cuts for M,, = 400 GeV. For the very heavy Higgs with a 200 GeV
top quark, the 4 lepton mass bump is so wide that the modest resolution that we achieve
for the muons will suffice (see Fig. 13).

An optimized calorimeter design should be unconstrained by typical magnetic solutions
for muon energy measurement— solid iron toroids are heavy, expensive and create large
radiative losses. Air-core magnets are expensive and cumbersome; furthermore, the chamber
areas are large relative to the required precision of 1004 or better.

In contrast to the sagitta which decreases with energy, the TRD yield increases with
gamma. With sufficient radiator a TRD provides a natural way to measure momentum at
high gamma. The TRD yield at saturation achieved in recent systems is about 25-30 X-rays
above a 4 KeV threshold per meter of detector thickness. Fig. 34 shows typical TRD yields
as a function of gamma. The detector sets are typically = 9 cm radiator, either polyethylene
foam or embossed polypropylene films, to 1 cm of Xe-proportional gas detector. Recently
foams with very uniform cell and wall sizes have been used, achieving 85% of the ideal
TRD yield®" . The maximum quasi-linear response range for a TRD is 20:1, corresponding
typically to s of 500 to 10,000. This fortuitously corresponds to muon momenta from
50-1,000 GeV.

Further, a dE/dx measurement in the relativistic rise region is sensitive over a muon
energy range of ~ 10—100 GeV, as shown for a typical TRD X-ray detector in Fig. 35

The motivations to use TRD and dE/dx to measure the muon momenta are the following:

a) Low cost for a large system - The large calorimeter with a large outer radius forces
us to be conscious of the costs of a muon system. TRD and dE/dz do not require
ultra-high mechanical precision, and therefore have a much reduced cost per area of
chamber. Furthermore 10’s of ktonnes of iron or a large superconducting magnet yoke
is not necessary. The cost per m? of the MACRO prototype, which should achieve 30%
momentum resolution is only $100/m?2.

b) Trigger and speed - TRDs can generate a rapid muon energy trigger by thresholds alone
- unlike precision wire systems. Coupled with position, a first level pr trigger is formed.
Also a rapid missing transverse energy calculation can be made.

c) Modularity and access - the lightweight foam radiator and chamber modules are easily
assembled inside a lightweight spaceframe which moves easily for calorimeter access.
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d) Negligible radiative muon losses - energy fluctuations are small compared with iron
toroids.

e) Insensitivity to muons with energies less than ~ 50 GeV. The TRD threshold can be set
to ignore the low energy muon “background”.

The MACRO experiment is currently making plans to install large (2 x 2.6 x 6 m3) TRD
modules to measure muons deep underground of the same energy as at the SSC. The total
MACRO system will be a similar size to TEXAS. The MACRO expenditures can be scaled
to give a cost of about $1,000/m? at the SSC.

We have scaled the MACRO experience to the SSC. We consider a 60 layer polyfoam
and Xe+CF4 150 ns X-ray drift tube system with a total thickness of 6 m, as contrasted with
a 2.6m Ar system. Limited streamer tubes provide tracking and liquid scintillator counters
trigger. The system construction cost is $30-$60 million. Figures [3, 4] show details of the
TRD system as implemented for the SSC experiment. The resolution can be optimized to the
gamma range of physics interest as shown in Fig. 36 . The optimization procedure requires
choosing the proper foam wall thickness and bubble size and the proper X-ray chamber
thicknesses. Fiig. 37 shows initial calculated resolutions as scaled from the D0 collaboration
at FNAL. The TRD system provides a resolution of better than 30% at 50 GeV, 6% at 200
GeV, +50% and -20% at 600 GeV. A dE/dz measurement for low momenta could provide
a =~ 30% resolution from 10-100 GeV.

The muon TRD-dE/dz provides a modest cost solution to the muon detection problem
with a large calorimeter. The resolution is sufficient for the high mass physics goals. Fur-
thermore, it allows the generation of a high momentum trigger in the first stage of event
readout. It is inherently transparent to low energy muons which are uninteresting for many
high mass physics signals.

The TEXAS trigger

Our conceptual design for the TEXAS trigger will have three levels: a fast analog trigger
(approx 200 nsec decision time), a pipelined digital second level trigger (approx 10 usec
decision time 700 ns including propagation delay), and a processor-based third level trigger.
The third level trigger will be implemented by an on-line processor farm, after readout of
the entire event. The fast analog trigger is necessary to reduce the amount of data that
must be stored while waiting for the second level trigger to complete. It has inputs from the
calorimeter (for electrons and jets) and the muon scintillator.

The calorimeter triggers are based on supertowers (4 x 4 arrays of towers). To ensure
complete coverage, the supertowers are overlapping such that the point where 4 super towers
meet is the center of another supertower. The overlap is used to reduce losses from jets and
electrons in the cracks between towers. To find jets, the energy in a supertower is summed.
This energy is then compared to a number of (programmable) thresholds, for example, 50
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GeV, 100 GeV and 200 GeV. A count is made over the entire detector to determine the
number of jets above each of these thresholds. This can be done with simple analog busses:
each supertower above a given threshold injects a current pulse into the appropriate bus.
Equalizing the timing will require delay cables in various places on the bus structure. An
early conversion of signals from electronic to optical (with fiber optic buses) may be necessary
to avoid synchronous noise problems.

The electron trigger is similar. The electron energy is found by summing the electro-
magnetic energy in the central four towers only. If enough energy goes into the hadronic
section behind it, the electron will be vetoed. It may also be vetoed if there is enough
electromagnetic energy in the outer 12 towers.

The fast muon trigger is found by requiring a time coincidence in the liquid scintillator
boxes. All of the trigger signals are brought together at = 0. A programmable logic unit
makes the decision, allowing for triggers such as: 2 electrons above 50 GeV, 1 jet above 100
GeV and at least 1 muon. Because of potential problems with synchronous noise, we may
need optical couplings to obtain signals for total E and E,. This first level trigger should
appear in about 700 nsec. It can be used to trigger zero suppression and data storage where
needed. It is anticipated that the first level trigger rate would be less than 100 kHz.

The second level trigger uses digital hardware. It has somewhat more sophisticated
electron, jet, and muon identification. In addition, the total energy and missing energy are
calculated. The most likely candidate is a digital pipeline on the calorimeter. Electronics at
calorimeter tower (or supertower) will yield the total energy, Er, jet energy (assuming that a
jet hit the tower) and electron energy (if the energy deposition matches that of an electron).
This information is passed down the detector in a pipeline, which advances one step each
beam crossing. At each stage, the pipeline contains the total energy summed so far and a
list of the highest energy electrons and jets encountered up to that stage. At each step, a
tower adds its energy to the running energy sum and compares its jet and electron energy
to the lists. High energy candidates are added to the list, replacing lower energy events.

The pipelines run parallel to the beampipe, originating at high 7, and flowing toward
n=0. At the detector waist, the energy is weighted by cosf and sinf and summed to
find the missing energy. The jet lists are combined to produce a final list. The electron
significance is refined by integrating tracking and preshower information. Muon triggers
include information from scintillator timing and tracking by using lookup table pattern
recognition and TRD data. This data is presented to a programmable logic unit to make a
second level trigger. The second level trigger rate should be of the order 100 Hz.

A second level trigger initiates data read-out. Each tower stores an event “history”
in a memory equal in depth to the trigger pipeline. Triggered events are read out either
through a dedicated digital port (dead-time-less) or through the trigger pipeline (incurring
some dead-time).

Because of the simplicity of the TEXAS tracking, and the matching of calorimeter towers
to hadronic jet sizes, the event size is much smaller than with multipurpose SSC detectors.
The anticipated data size is less than 200 kBytes, comparable with the CDF event size. At
100 Hz, the data flow rate is 20 MB/sec, also comparable to CDF.
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During readout, the data is loaded into the memory of one of a farm of processors which
handle both the third level trigger and on-line reconstruction. Dual ported memory is used;
the data is dumped on one bus and the memory is then switched to the processor. Because
of the small event size and the simplicity of the tracking, the CPU requirements are minimal
by SSC standards. CDF planned on 400 mips of CPU power; 2000 mips seems adequate for
TEXAS. This is easily satisfied by 50 RISC CPU'’s, each with 40 mips of processing power.

This CPU farm will filter the events and write out at a maximum event rate of a few
Hz, probably supplemented by exhaustive histogramming of data from rejected events. This
data rate could be handled by a single 6250 bpi tape drive, while a number of more mod-
ern technologies could be used to reduce the required effort in handling the gigabyte/hour
produced.
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Computation for TEXAS

The computing power needed to design, %=3% control and analyse the different phases of

an SSC experiment dwarfs all of our previous efforts.

So far, there has been only limited activity in the use of supercomputers for high en-
ergy physics. Almost all of it has been associated with the “vector processor” type of
supercomputer.® In this approach computations are performed simultaneously on collec-
tions of data arranged into a vector array, rather than operating on each individual data
element one at a time in sequence (“scalar processing”). This vector-parallel technique is
the basis of traditional supercomputers, particularly those of Cray Research Inc. Powerful
as these machines are, they are most efficient for those problems which can be cast into the
vector format. There is a great deal of debate as to whether the typical problems of high
energy physics are well suited to this approach. Another approach to supercomputing has
only recently become commercially available: “massively parallel processors”. In its simplest
form the idea is to have many processors all available to work on a problem simultaneously.
An arrangement where these processors are the nodes of a matrix lends itself quite naturally
to many problems in theoretical physics, a good example is the computation required for
Lattice Gauge Theories. Their application to high energy physics has only recently been
begun.

Our collaboration is fortunate to have access to a 32,000 processor supercomputer at
Boston University, the CM-2 “Connection Machine”. It also has aresident “SSC Experiments
Computation Group” lead by Richard Brower and Robert Wilson. This group, supported by
an SSC sub-systems R&D award, is investigating the application of fine-grained parallelism
to high enery physics problems and it is currently focusing on two aspects of interest to us.
The first is an implementation of the widely used electromagnetic shower simulation code,
EGS4. The group has agreed to use the TEXAS scintillating fiber calorimeter geometry as
one of the first realistic production runs of the new code. This capability should allow us
to run much more detailed simulations of our calorimeter designs than would be possible on
less powerful machines.

The second project, pattern recognition in tracking and calorimetry at the SSC and
possibly also triggering, has even greater potential for the analysis of experiments. These
very CPU-intensive tasks are inherently parallel and should find a natural solution on a
CM-style architecture. With assistance from computer scientists at the university and at
Thinking Machines Corporation, the CM group is exploring a range of algorithms that are
in current use. For example, a parallel implementation of the Hough transformation, a
common technique for identifying straight tracks, as in a non-magnetic detector, is already
operational.

Our goal is to support the efforts of the Connection Machine group whilst at the same
time making use of the more traditional computing facilities available to us.
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Anticipated Detector Performance and Physics Reach

In our discussion below we have characterized the TEXAS detector in the following
manner:
Tracking System and Imaging Preradiator:

Spatial Resolution = < 1mm

Speed = < 15ns
Coverage = |n| < 3

e/n rejection = 30

~/e rejection = 100
v/ 70 rejection = 10

Electron efficiency = 0.99
Electromagnetic Calorimeter:

¢ Resolution = 7%/VE + 0.5%
e Speed = < 15ns

Coverage = |n| < 3

Segmentation = 0.03n x 0.03¢

e/n rejection = 300

o Electron efficiency = 0.95
Hadronic Calorimeter:

e Resolution = 30%/VE + 1%
e Speed = 20ns

e Coverage = |n| < 3

o Segmentation = 0.05n x 0.05¢
e e/h =1.0%£0.05

Forward Calorimeter:
e Resolution = 30%/VE + 2%
e Speed = 20ns

e Coverage = |n| < 5.5
Muon Spectrometer:

¢ Resolution = 15% for p > 0.1TeV /¢, = 0.15%/p? for 0.05 < p < 0.1
e Speed = 100ns
e Coverage = |n| < 3
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Higgs Physics

The physics of electroweak symmetry breaking is fundamental to the SSC. The TEXAS
detector particularly targets intermediate-mass (M, /2 < M,, < 2M,) and very high mass
Higgs bosons (M, > 600 GeV). The standard Higgs boson provides a useful benchmark for
detector performance and it should be confirmed or eliminated from 100 < M, < 1000 GeV
at the SSC. For the intermediate mass case, where one must rely upon rare decays to obtain a
clean signal, TEXAS excels in electromagnetic energy resolution, electron efficiency, electron
identification, /e and v/#° discrimination, and high-rate capability for increased statistics
and hence better single-to-noise. In the very high mass range, TEXAS uses its high-rate
capability to extend the physics reach of gold-plated 4-lepton channels, combined with the
use of more difficult (but better statistics) intermediate vector boson decays to neutrinos or
jets.

Standard model Higgs production rates (as a function of the top quark mass) and
intermediate-mass decay rates are illustrated in fig. 38 ." A Higgs lighter than 90 GeV
is accessible at LEP II, while recent CDF results indicate that m; > M, so that H —
decays are disallowed for M, < 2M,. Backgrounds for H — bb and H — 77 swamp the
signal, both for H and (W + H) production. ®l We therefore consider the decays H — 7,
H — ZZ* and H - WW?*, where the asterisk indicates virtual particle production.

Higgs — vy

The rare decay H — v+ has branching ratio ~ 10~3, yielding around 500 events per SSC
year and more with increasing top mass. ®8 This channel is useful for 110GeV< M a < 2M,,
with the lower limit dependent upon luminosity and detector resolution. The signature
is a pair of isolated high-p, photons, with no missing p, and minimal hadronic activity.
Irreducible continuum background arises from the QCD direct production of photon pairs
via q¢ — vy and gg — 4. In addition, QCD jet-jet events where both jets fluctuate
to mimic photons must be rejected at the 10® level, and jet-y events must be rejected at
the 10% level. Detection of the Higgs to 4y decay in the presence of these backgrounds
thus provides a useful benchmark for the capabilities of the electromagnetic calorimeter and
imaging preradiator.

Excellent electromagnetic energy resolution is necessary to distinguish the H — v+ signal
from the qg — v background. (see fig. 14.) The fine EM calorimeter segmentation of the
TEXAS detector should permit triggering on isolated photons with transverse energy of > 10
GeV for |ny| < 5. As stated earlier, the TEXAS electromagnetic resolution is in between the
two cases shown in fig. 14; in addition, one year of operation at £ = 10%*cm™2s~1 will
triple the statistical significance of the signal. In addition to having high luminosity and
good energy resolution for extracting a 2y signal, the detector must preserve this sample
through high photon efficiency while rejecting QCD jet-jet and Z° — e*e~ backgrounds. The
principle background comes from jets where a leading #° converts most of the jet energy into
an electromagnetic shower. In a Monte Carlo study™ using parameters similar to that of the
TEXAS calorimeter (but with segmentation of An = A¢ = 0.1), one QCD jet in 10 faked
an isolated photon. Half of these fake photons may be rejected as having E, < 20 GeV, and
we expect to further improve background rejection with our greater segmentation and with
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our imaging preradiator. The preradiator distinguishes energetic neutral pions from direct
photons, by resolving separate electromagnetic showers from 7#° — v+. Photon conversions
in the tracker are not a problem with < 0.10Lg for |n4| < 3. Tracking efficiency of 99% is
sufficient to reduce 2 x 10°Z — e*e™ decays per SSC year to a negligible background.

Higgs — ZZ*, WW*

For 130 GeV < M,, < 2M,, the Higgs can be sought as a narrow resonance in the channel
H — ZZ* — eeee. The production cross section for Higgs by gg fusion is about 100 pb in this
mass range (for m: = 90 GeV), falling slightly for increasing top quark mass.”” This gives
an event rate of ~ 60 events/SSC year for M,, = 160GeV, m: = 90GeV, M,. > 25GeV.
The cut on the invariant mass of the reconstructed Z* is needed to remove the background
from ¢§ — Z~v*. Further background arises from gg — Ztt or Zbb, with several times the
signal strength at the Higgs peak.® Requiring isolation cuts on the electrons and further
reducing the event statistics. This channel therefore necessitates high electron efficiency at
high luminosity to obtain a statistically significant sample. In addition, the energy resolution
of the EM calorimeter should be better than og/E = 1% + 15%/VE.

If an intermediate mass standard Higgs exists, measurements in both the vy and ZZ*
channels would give important information about the physics of the Higgs sector through the
relative couplings to gauge bosons. Another channel which might be experimentally acces-
sible is H - WW™* — veve. Although a Higgs mass peak cannot be directly reconstructed,
there may be a Jacobian peak above the background from continuum W W pairs.®® This
channel requires cuts on missing transverse momentum (> 20 GeV), the transverse momen-
tum of the electrons (p,.(e) > 20GeV), and the angle in the transverse plane between the
electrons (A¢ > 160°). This last cut is to reduce the background from Z — 77. Backgrounds
from heavy-quark pair production followed by semileptonic decays need further study, as does
the background from ¢ — Wb decays for a heavy top. The channel H — WW* — veve
requires further study with a detailed detector simulation, but the high-luminosity capabil-
ity, electron efficiency, and hermiticity (as discussed below) of the TEXAS detector ought to
permit this measurement.

H—-2Z -1

The Higgs to 4 electron signature is gold-plated. The background arises not only from
continuum Z-Z production, but also from Z + jets, dominated by gg — Ztf and ¢ decays
where the #f decays produce leptons. These backgrounds are removed by a combination
of lepton isolation cuts (to remove leptons from light quark jets), rapidity cuts, transverse
momentum cuts on the leptons, lack of missing E.,., and reconstructed Z invariant mass. We
have included these cuts in a Monte Carlo simulation of the TEXAS detector, with the results
shown in Fig. 39 for m¢ = 120GeV and M,=300, 400, 600, and 800 GeV. As expected, the
signal is well-resolved from the background, so that we are only statistics-limited at high
energy. For M, > 600 GeV, electron efficiency and the ability to operate at high luminosity
determine the physics reach of the apparatus in this channel. Further detailed studies of the
detector performance at high luminosity will be needed to establish the upper M,, limit in
this channel, but our preliminary results show good sensitivity to My > 800 GeV after one
year at £ = 10%cm™2s~1L.
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By including the channel H — eeuu, we triple our statistics over that available from H —
eeee alone. The TEXAS muon spectrometer has a somewhat different response from a more
conventional muon magnetic spectrometer or toroid, as discussed earlier in the Conceptual
Design section. We have included this response function in our Monte Carlo study of the
TEXAS detector sensitivity to this channel. The results are shown in Fig. 40 , again for
my = 120GeV and M, =300, 400, 600, and 800 GeV. The momentum resolution function
for the TEXAS muon spectrometer is below 10% for much of the relevant momentum range.
As with the 4-electron channel described above, a firm upper limit on the physics reach
of the apparatus requires more work clarifying lepton efficiency and background sensitivity
as a function. of machine luminosity. Again as for the 4-electrons, however, by designing
for fast and simple detector operation we anticipate reaching beyond M,, > 800GeV in
high-luminosity SSC operation.

The TEXAS detector has limited capability for measuring the H — ZZ — pupuu channel,
as shown in Fig. 41. This is because one of the four muons frequently has momentum of
< 50 GeV/c, where the TEXAS muon spectrometer has poor resolution. This channel only
contributes 1/2 the statistics of the H — eeuu channel, so we may neglect it. In this way,
TEXAS is complementary to large multiple-purpose detectors with magnetic muon systems,
magnetic tracking, and slower calorimeters. While they choose H — 4u and abandon H — 4e
at high luminosity, we do the opposite.

H—2ZZ = llvy

Another way to extend the reach in M,, is to use the channel H — ZZ — eevv. This
gives us a factor of 6 increase in statistics over the 4-electron mode, but at the cost of an
invariant mass constraint on the Z which decays to neutrinos. Background arises from the ZZ
continuum and from the WZ continuum with W — [y, if the lepton is undetected. The most
important source of background, however, is from Z + jet where much of the jet energy fails
to be detected. This background is removed through a transverse momentum cut on the Z,
and on the quantity p%°* = T;|psf|, with the sum running over all particles in the transverse
half-plane opposite the Z. A distribution of the latter quantity for signal and background is
shown in Fig. 13. The resolution on p:’* degrades rapidly if one loses detector hermeticity
through cracks, or through poor rapidity coverage. A detailed study of this channel for the
TEXAS detector is not yet complete, but the detector simplicity and large rapidity range
naturally yield a very hermetic device.

There may be a further capability to extract this signal from the Z jet background by
using spectator quark jet information. These jets are produced at large rapidity (3 < |n| < 5)
and typically have p; of order Mw."" The forward calorimeter for the TEXAS detector is
designed to perform high-resolution compensated hadron calorimetry at high rapidity, using
radiation-hard liquid scintillator within an absorber with very short interaction length. The
totally hermetic geometry is designed to preserve p%9¢* resolution to |n| = 5, although
definitive proof of its efficacy awaits further detailed Monte Carlo work.

H— ZZ — lljetjet

If they can be resolved from backgrounds, the mixed hadronic-leptonic decays of the ZZ
channel provide 20 times the statistics of the 4-lepton mode. Background arises from QCD
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processes giving Z plus jets, where the jets combine to form the invariant mass of the Z within
datector resolution.*" Hadronic energy resolution and the spectator jet triggering that we
discussed earlier are clearly critical in limiting this background. The TEXAS calorimeter
provides hermetic containment and precision hadronic calorimetry to high rapidity. The
hadronic segmentation may easily be augmented to improve the hadronic resolution of our
scintillating fiber calorimeter; the optimization of this hadronic segmentation awaits detailed
study of signal and background in this and similar channels.

Another method which has been studied to increase the signal-to-noise in this channel is
to cut on the charged multiplicity of the events. Jets from Z’s from the decay of Higgs bosons
have much lower charged multiplicity on average than do jets from the QCD backgrounds. "
With the TEXAS detector, the scintillating fiber tracking system/imaging pre-radiator sys-
tem is designed to measure charged multiplicity fast enough to resolve multiple interactions
within a beam crossing by the reconstruction of distinct interaction vertices.

H - WW — lvjetjet

The mixed hadronic-leptonic decays of the WW system have larger statistics and may be
more amenable to background suppression than the analogous ZZ decays described above.""
A recent study has analyzed backgrounds including g7 — WW — lvjetjet for a heavy top
quark."! A set of cuts that includes lepton isolation and high transverse momentum for
the lepton and jets gave 200 signal events on a 100-event background for Mg = 1TeV and
m=175 GeV. Spectator jet tagging and charged multiplicity measurements are similarly
effective in removing backgrounds in this channel. Measurement of longitudinal WW and
ZZ production at very high energies is fundamental to understanding the dynamics of elec-
troweak symmetry breaking. For a non-resonant Higgs sector, this relatively high-statistics
channel may be essential.

Beyond the Standard Model

We have previously examined several signatures of physics beyond the Standard Model in
our discussion of Physics Goals. Generally, the same virtues of speed, high electromagnetic
and hadronic resolution, large rapidity coverage, total hermiticity from seamless construction,
large inner radius, and simplicity of design reap benefits in these physics pursuits as well.
Supersymmetry places an emphasis on linearity and the measurement of missing pr, as
does detection of H — ZZ — eevv. The search for new gauge vector bosons emphasizes
electron efficiency and jet resolution, in order to extend the physics reach to the highest
possible masses. A detector design for H — ZZ — ececee and H — eejetjet capability
will naturally excel in these measurements. Evidence for technicolor interactions could be
obtained by measuring W W and W Z scattering at extremely high energy, as discussed under
H - WW — evjetjet and H — ZZ — eejetjet earlier. Sensitivity to quark substructure
is a consequence of a linear and well-compensated calorimeter, which will also be necessary
for reconstructing W and Z masses from high pr jets. In each case our strategy of fast
operation gives us access to rare events by exploiting high luminosity, and our strategy of
uncompromised calorimetry gives us access to difficult deca.y modes through high resolution
and good hermeticity.
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Milestones to Defilne Detailed Design

We propose a highly focussed 12-18 month program to produce: a) an accurate estimate
of the cost and time to build the TEXAS detector; b) a full assessment of the physics
potential; c) high level of confidence in the technology; d) a complete proposal.

This process is essential for a project which may require about $180 million £ 20% to
complete. We have budgeted about 4% of $180 million to proceed with this one-year plan,
about 33% of the average yearly cost over an 8-year comstruction cycle. We would intend
this development funding to proceed past the deadline for proposals, up until the decision on
the proposals is made by the PAC, in order to keep the group working at full speed through
an approval.

We have identified several areas where the technological and cost confidence should be
improved and have budgeted considerable funding. These are: a) radiation hard scintillating
fibers; b) low cost high pulse linearity pmts; c) pixel detectors at a few $/pixel; d) muon
TRD performance.

In order to make this short-term plan a reality, we have also budgeted funds for temporary
engineering and technical help and the managerial and secondary help needed to launch this
plan. Many of these personnel will be hired immediately through Draper Labs working at
the Universities, through specialty technical help agencies or by the TEXAS staff. Physicists
will be relieved as much as possible from administrative duties and paper work by this plan.
TEXAS Simulation Milestones:

Calorimeter Response Simulation Milestones (June, 1991)

These studies of generic scintillating fiber tower geometries are designed to investigate
various configurations of the basic spaghetti concept in order to find one or two arrangemem-
nts to build in hardware in the tapered tower geometry required of a 4 = detector. These
studies will examine the various questions outlined previously in the section on calorimeter
concept. By January, 1991 all alternatives will have been investigated and answers found
from the computer studies. These will address: :

e compensation, energy resolution and linearity determination for alternate longitudinal
fiber arrangements and fiber diameters;

o longitudinal segmentation studies;

e non-compensated em section studies;

¢ transverse segmentation and uniformity studies across towers;
e radiation dose studies inside towers;

e energy deposition time studies;

e single particle e/ 7 separation;

. projective angle energy resolution.
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Physics Simulation Milestones (Sept, 1991)

Once the detector fiber geometries are specified from the outcome of the fiber geometry
studies (input from A above, and from hardware design studies), the basic physies bench-
marks to optimize the overall calorimeter schematic system design can be fully studied,
although these studies will begin in parallel with A above on a more idealized tower.

o Dielectron mass resolution for Z° as a function of p;, with backgrounds
¢ Dijet mass resolution for W as a function of p;, with backgrounds

e H — ~+ mass resolution with continuum background

¢ Higgs mass resolution to ZZ to eevv

¢ Higgs mass resolution to ZZ to jetjetee

These calorimetric benchmarks will be run while varying the basic schematic detec-
tor system parameters, to be then integrated with the tracker and pre-radiator responses.
(calorimeter radii, calorimeter segmentation, y coverage, etc.)

Full Detector Simulation (1992-3)

A complete and realistic simulation can occur after a more detailed engineering design
is in place, specifying where potential readout equipment, structural materials etc. will be
positioned as nearly as possible to the final experimetal design.

Calorimeter Milestones

A major advantage of our approach to arriving at an SSC proposal is that we have already
chosen the basic configuration and technology of the calorimeter. Since the only technologies
that we are considering are the technical variations of a scintillating fiber calorimeter system
designed to operate in the SSC environment, we can concentrate on its design optimization
by specifying some physics signal and background benchmarks, and by studying them with
the variation of both the basic calorimeter parameters and the implementation technology
details.

At the end of the EOI/EDIA cycle the collaboration will be in a position to present to
the PAC the physics benefits of our detector design as a function of cost and complexity for
a baseline design and reasonable extensions.

Mechanical and Electrical Design Engineering Milestones

e Calorimeter Structural/System Engineering (Jan-March, 1991) This includes the basic
details and information needed to demonstrate the structural integrity of both cast-in-
place and grooved projective lead-fiber calorimeter options, that they can be assembled,
and the initial cost scaling estimates for the following variations: radius at 90° from 2m
to 3m; maximum y coverage of plastic fiber calorimeter from y=4 to y=2; depth from
11 to 16 interaction lengths; variation in length and inner contour along the beam from
+/- 10 m to +/-25 m; variation in transverse segmentation from 0.02-0.05; longitudinal
segmentation from 1-4 pieces.
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At the end of this process, a realistic price should emerge for the basic material and
structural assembly, except for the cost of the fiber itself. There will be some cost uncertainty
due to the exact technique for fiber insertion into the lead matrix not having been determined
(a basic automated grooved lead technique would be assumed as a baseline estimate).

o Calorimeter Readout Engineering Estimate (March, 1991) As mentioned previously, the
readout of the proposed scintillater based calorimeter requires the development of a num-
ber of new readout designs. The engineering requirements include: PMT specifications;
HV system; PMT calibration; front end electronics; mechanical support system.

Calorimeter Prototype and Hardware Engineering Test Milestones

The successful implementation of the detector concept requires the development of several
new materials for detector construction as well as the detectors themselves. Our group
will be working closely with our industrial affiliates to assist in the timely development
of the following items: radiation hard scintillation fibers, Bicron; PMT prototypes from
Hamamatsu, Phillips, Burle, DEP and EMI for a high linearity PMT with a cost between
$50-150 each in 50K lots. In parallel with these development projects, our group will also
be actively engaged in a vigorous prototype construction program aimed at investigating
the problems associated with constructing both cast and laminated lead scintillating fiber
calorimeters and the industrialization of the fabrication of the modules. These studies should

be well under way by the end of 1991.

Note that the physics prototypes for extensive test beam studies follow at least one
engineering prototype. Some milestones will probably be soft staged (3 month periods) to
accomodate minor feedback modifications. Time is allotted for iteration cycles after the
most critical first milestones.

Calorimeter System Design Integration Milestones

By the 4th quarter of 1993, a calorimeter design concept should be complete, having
considered installation, repair, systems integration factors and 2 physics testing iteration
cycles, ready for final prototype prints, construction and test during 1994.

By mid-1994, complete electro-optic/electronic readout systems should be ready for man-
ufacture.

A partially-automated tower factory should be able to come on-line in mid-1995 capable
of manufacturing (after a 6 month ramp-up) 10 towers per hour over 2 shifts at 250 days/year.
It would probably have compact accelerators (25 MeV electrons, 14 MeV neutrons typical)
for energy calibration tests and an optical test facility to ensure quality of delivered towers
by mid 1997 or early 1998.

Tracker/Pre-radiator Milestones

As has been pointed out earlier, there are only three major study areas involving the
tracker/pre-radiator system. These involve:
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e the development of plastic scintillating fibers sufficiently radiation hard to function for
ten years without appreciable deterioration in the demanding environment of the SSC
with a luminosity of 10%4cm~2s~1;

o the identification of suitable electro-optical readout devices and their interface with the
fibers. This will also include studies of scintillating fiber/optical fiber splicing techniques;

¢ theinvestigation of carbon fiber/epoxy support structures for the scintillating fiber super-
layers.

The first area will be investigated in cooperation with both Bicron and Optectron and
also as part of an SSC subsystem study™ . The second area will be investigated with
RCA, Teledyne Brown, Burle Industries, etc. The third will be studied in collaboration with
ORNL.

By the time that we write the full TEXAS proposal, we intend to have already chosen
the appropriate radiation hard scintillating fibers and to have built a prototype carbon fiber
support structure. We will have tested several readout options, but anticipate that a final
readout decision will not yet have been made.

The following milestones should keep us on schedule:

¢ By November 1990 Choose fiber samples for radiation tests. Identify plausible read-
out options. Choose appropriate readout devices for radiation tests. Identify needed
radiation tests. Identify support structure prototype needs.

e By March 1991 Radiation tests completed. Identify any necessary second-round radi-
ation tests. First tests of readout devices complete (eg. sensitivity, linearity, stability,
etc). First tests of fiber splicing tests complete. First readout interface options under
study.

¢ By July 1991 Based on the radiation test results, splicing tests and other fiber mechan-
ical properties, preliminary final choice of plastic scintillating fiber made. First round
readout device feasibility tests completed. Identify second round tests. Prototype carbon
fiber support structure built and tests identified.

Muon Spectrometer Milestones

The muon TRD system is attractive because of its: a) low mass compared with iron
toroids (=~ 8 kg/m3 vs 8,000 kg/m3) allowing access and construction around our very large
calorimeter; b) potential for lower cost; c) high speed triggering, with sufficient resolution
and speed to find the heavy Higgs and to calculate a fast missing transverse energy trigger.

The milestones for the first 1-2 years, must be such as to give a high degree of confidence
in these assessments. The beam tests will use existing or planned TRD’s for studies in muon
beams to provide design data. Participants from outside the TEXAS collaboration will be
funded for help with these tests. '

‘ As pointed out earlier, there are seven major areas of study involving the development
and optimization of the muon spectrometer. These include the following:
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Carrying out a detailed Monte Carlo and design study to investigate the effects of the
choice of radiator materials, radiator geometry, chamber configuration, electronics im-
plementation, background rates and physics signatures on the physics performance of
this spectrometer(Sept. 1991);

Carrying out TRD hardware and data studies using existing TRD systems from MACRO
and/or other available chambers in order to develop a prototype design for TEXAS(Jan.
1992);

Development of TRD electronics including preamp and ADC systems(Sept. 1991);

Design of the TRD mechanical support structure and system integration into the TEXAS
detector(Nov. 1991);

Design of the Xe gas delivery and recycling system(Nov. 1991);
Development of a Muon tracker and trigger system(Nov. 1991);
Design of a backup solid iron toroid muon spectrometer for comparision(Dec. 1991).
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Pre-Proposal Engineering and R&D Request 1990 - Q1,1992

We propose a higﬁly focussed 12-18 month program to produce: a) an accurate estimate
of the cost and time to build the TEXAS detector, b) a full assessment of the physics
potential, c) high level of confidence in the technology, and d) a complete proposal.

This process is essential for a project which may require about $150 million 1 20% to
complete. We have budgeted about 5% of $150 million to proceed with this one year plan,
about 40an 8 year construction cycle. We would intend this development funding to proceed
past the deadline for proposals, up until the decision on the proposals is made by the PAC,
in order to keep the group working at full speed through an approval.

We have identified several areas where the technological and cost confidence should be
improved, and have budgeted considerable funding. These are: a) rad hard scintillating
fibers, b) low cost high pulse linearity pmt, c) pixel detectors at a few §/pixel, d) Muon
TRD performance.

In order to make this one year plan a reality, we have also budgeted funds for temporary
engineering and technical help, and the managerial and secondary help needed to do this one
year plan quickly. Many of these personnel will be hired immediately through Draper Labs
working at the Universities, through specialty technical helop agencies, or by the TEXAS
staff. Physicists will be relieved as much as possible from administrative duties and paper
work by this plan.

I- TEXAS Concept

(1) Monte Carlo: Texas A&M, B.U., Northeastern

- 1 1-year temp. systems programmer @ $150K ea.

- 4 1-year temp. computer techs/shift ops @ $80k ea.

- 3 physicist 1 year leave-of-absence/visitors @ $100K ea.
- 6 work stations (Apollo or equiv.) @ $25K ea.

- computer time, $150K

(2) System Integration (EDIA /WBS): Draper Labs
- Main Contractor: Draper Labs, $1,000K
- System Integration Subcontracts, $250K

(3) TEXAS Group Operations: Draper, B.U.

- TEXAS scientific sec. @ $90K
- TEXAS communications/reports exec. sec. @ $60K
- TEXAS business and contracts officer @ $90K
. - TEXAS travel /group meetings/communications @ §140K
- TEXAS manager of temporary technical personnel @ §100K

SUB-TOTAL: $2,600K
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II - Fiber Tracker/Preradiator

(1) Physics Performance/Design Input: Northeastern

- Monte Carlo - 1/2 1-year temp. computer tech @ $40k ea.
- 1 Physicist Leave-of-Absence/visitor @ $100K ea.

(2) Mech. Engineering/Costing: Northeastern, Oak Ridge, Draper

- Composite barrels and mechanical alignment: Oak Ridge, $400K
- 1-year temp. mech engineers @ $150K
- 1 CAD workstation @ $60K

(3) Fiber Tracker/Preradiator Fiber Tests: Bicron, Northeastern, B.U.

- Fiber materials: Bicron, $100K
- Fiber splicing: $100K, t.b.d.
- 1-year temp.Tech/junior engineer @ $80K
- Equipment: $30K
(4) Electro-Optics: Northeastern, Fairfield, RCA, Hamamatsu (others to be determined)

- A.P.D. development: RCA, $300K (N.U.)
- Vacuum Photocathode Pixel Detector: Hamamatsu, or t.b.d, $300K (F.U.)
- Test hardware:-$50K

SUBTOTAL: $1,700K

III Calorimeter
(1) Radiation-Hard Fibers: Bicron, $300K

(2) Cast Pb Ma.trix’prototype: Bicron, B.U.

- 1 temp. techs @ $80K ea.

- 1 temp. mech eng. @ $§125K ea.
- 1 temp. machinist @ $100K ea.
- equipment: $100K

- M&S, consumables: $100K

(3) Grooved/Holed Pb Matrix prototype: t.b.d.
- $500K (new collaborators/SCCINTCAL collab)

(4) Forward Liquid Calorimeter Prototypes: TAMU, Fairfield, BU

- 1 temp.tech @ $80K

- 1 temp. mech. eng. @ $125K ea.
- equipment: $50K

- M&S, consumables: $100K

(4) Calorimeter Electronics: BU, LeCroy



- OV oalu taub, ALC LeCroy, 320U

- Trigger: 1 temp. EE @ §125K

(5) Photodetector Development: Hamamatsu, B.U., Fairfield, t.b.d.

- 4-5 decade linear low cost pmt: Hamamatsu, $250K
: other contract, $250K

(6) Calorimeter Cell Manufacturing Engineering: Bicron, Draper - §100KK
SUBTOTAL: $2,650K

IV Muon System:

(1) Monte Carlo: N.U. + t.b.d. $50K
(2) Experimental Test Collaboration: $400K
(3) Trigger counters: Drexel, $50K
(4) Mech. Design: NU, $100K
(5) Gas: Union Carbide $150K
(6) Foam: t.b.d. $100K
(7) TRD electronics: LeCroy: $150K
SUBTOTAL: $1,000K
TOTAL: $7,950K

PRELIMINARY COST ESTIMATE

The central tracker design and cost was made by S. Reucroft and members of the SSC
Subsystem R&D task for which he is spokesman. The pre-radiator costing was the work of
P. Cushman (Yale) and R. Rusack (Rockefeller).

The fiber calorimeter is also the subject of an SSC subsystem task (SSCINTCAL). The
costing stems from experience in construction of electromagnetic detectors for the new muon
g-2 experiment at Brookhaven. These estimates were compared with actual costs of a large
experiment by D. Hertzog (Illinios). He extrapolated the “Jetset” experience at LEAR
to obtain similar costs for the TEXAS fiber calorimeter. The calibration system cost was
contributed by V. Barnes (Purdue). Anticipated fiber costs are due to C. Hurlbut (Bicron).
R. Webb extrapolated his experince with prototype liquid scintillator modules to estimate
the cost of the forward tungsten endcap. Initial costing for the mechanical support structure
was done by L. Wilk and J. Paradiso and their team at Draper Laboratory, extrapolating
their experience in designing the L3 superstructure at CERN. The calorimeter electronics
costs were derived from the experience at CDF of G.W. Foster (FNAL) and E. Hazen for
the SSCINTCAL subsystem project. LeCroy Research Systems also provided numbers for
the preliminary costing of the electronics.

The muon spectrometer is an extrapolation of MACRO technology and manufacturing
experience. B. Barish (CIT) suggested design changes for the TEXAS application and costed
the large liquid scintillator trigger counters. E. Iarocci (Frascati) made cost estimates for
the fast limited streamer tube trackers and electronics. Cost estimates for the Xenon gas

Emd ém)riﬁcation system were provided by A.J. Westendorf (Union Carbide) and S. Saupp
Linde). :
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TEXAS Detector

PRELIMINARY COST ESTIMATE
Central Tracker/Preradiator

Mechanics
lmm fibers 900K @ $15 3 layers (Tracker)
9 layers (Pre-Radiator)
Construction + leadsheet

Electronics
Channels 300K @ $20 (Tracker)
Channels 600K @ $20 (Pre-Radiator)
Cables '

Calorimeter Mechanics
200K Calorimeter channels

lmm Scintillating fiber @ $200/km, 150,000km
Lead @ ($2k/T x 5kT)

Bonding, weaving
Construction and labor

Photo multipliers and lightguides (200K @ $100)
Calibration system
Forward Calorimeter

Calorimeter Electronics
200K Electronics channels
Analog “exponent” digitizer 20 bit @ $10
100MHz FADC 8 bit @ $25/chip Sony
Trigger gate array @ $25
PC Boards, cables, connectors @ $15
High voltage @ $50/multiplexed 8PMs + Bases @ $15

Muon Trigger Counters

900 Liquid scintillator boxes

PVC Boxes + mirrors

Liquid scintillator

Labor

Photomultipliers + bases (3600 channels)
Electronics trigger and ADC + HV
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Muon Tracking
56K Limited streamer tubes + 56K strips

8-tube chambers (7K) 2
Transverse strips, gas system, HV 1
Digital readout electronics, 100K channels 1
$4
uon ’s Mechanics
Foam and extruded tubes (300K channels) 5
Xenon 6
Gas System 1
Assembly 1
$13
Muon TRD Flectronics
30K Multiplexed Channels
Preamps @ $10 and shapers @ $20/pc board components 1
FADC’s @ $80/pc board and components 2
Labor 2
$5
Data Acquisition
Trigger (level 2 & 3) 3
50 RISC Processors (40 MIPS each) 1
$4
All Mechanical Support Structures
Design, engineering, and analysis 2
Calorimeter support piers 1
Bridges 1
Moving structure 1
Muon C-Tanks 4
Muon End Cap Tanks 2
$11
Project Cost . 8178
Contingency @ 10% 18
Total Project Cost $196
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TEXAS Management Scheme

The TEXAS detector is relatively simple. It has only three hardware subsystems, and
it is anticipated that the eventual TEXAS collaboration will be small by SSC standards.
Consequently, a straightforward management scheme is envisioned.

Until the formal proposal is approved by the SSC laboratory, overall coordination of the
collaboration is in the hands of three project spokespersons: Reucroft (Northeastern U.),
Sulak (Boston U.), and Webb (Texas A & M). They are responsible for formal communication
with the SSC laboratory. Two standing committees manage the technical and financial
operations of the project. The technical committee is empowered to make all decisions
necessary to ensure a fully operational detector at SSC turn-on. The financial committee is
responsible for developing the budget and for fiscal oversight of the project. A project director
nominated by the spokespersons and approved by vote of the collaboration membership
coordinates technical operations and serves as chief financial administrator. A contract
manager appointed by the director manages the day-to-day fiscal operations of the project.

Meetings of the collaboration, where all members with or without Ph. D. have one vote, take
place three or four times a year. Collaboration meetings are chaired by one of the project
spokespersons on a rotating basis. The meetings represent an open forum where progress
will be reviewed. Members of the technical committee, including its chairman, are elected
and new collaboration members are accepted in the course of these proceedings. Decisions
are by majority vote.

The financial committee is chaired by one of the project spokespersons. Its members include
the principal investigator from each collaborating institution, the chairman of the technical
committee, and the project director. The principal investigators have the authority to make
financial commitments on behalf of their home institutions and are responsible for admin-
istrating their individual budgets. The financial committee presents recommendations at
collaboration meetings for approval by the membership.

The technical committee consists of seven members elected by the collaboration and a chair-
man who is one of the spokespersons. Five members are responsible for the specific detector
subsystems: tracker/pre-radiator, calorimeter, muon spectrometer, on-line software, and off-
line software. A consulting engineer and the project director complete this group.

Both committees meet immediately prior to collaboration meetings and at any other appro-
priate times called by the respective chairmen. Both groups establish ad hoc subcommittees
and working groups as deemed necessary.

A request to join the collaboration should be made in writing, stating the number of collab-
orators involved and their areas of expertise. The request will be considered at the following
collaboration meeting, to which the applicant may be invited. A decision will be made by
majority vote.

The structure of the collaboration after approval, including the election procedure for spokesper-
sons, will be determined by the entire collaboration at that time.
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Conclusion

We propose an SSC detector concept with precision calorimetry as the guiding aspect of
the design. Its performance is not compromised by the constraints imposed by a mag-
netic spectrometer. TEXAS offers the possibility of operation at high luminosity amd has
precise calorimetry, both essential for full coverage of the natural range of Higgs masses.
The features demanded by the physics: speed, energy resolution, segmentation, full rapid-
ity coverage, uniformity, stability and hermeticity make this specialized detector concept
attractive, and complementary to other designs. The conceptual simplicity of our three-
basic-component detector facilitates construction, access and design. This specialized and
cost-effective detector will be sensitive to most of the new physics anticipated at the SSC,
and can be ready at start-up time.
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FIGURE CAPTIONS

The TEXAS SSC Detector within its Experimental Hall

Cross-Sectional View of One-Half the TEXAS SSC Detector

Axial View of the TEXAS SSC Detector

Detailed Axial View of the TEXAS Muon Spectrometer

Cross-Sectional Side View of one-quarter of the TEXAS Scintillating Fiber Calorimeter
Scintillating Fiber Tracker and Imaging Preradiator for the TEXAS Detector

Plan View of the TEXAS Detector in Open Mode for Assembly and Maintenance
Axial View of the TEXAS Detector in Open Mode for Assembly and Maintenance

. TRD Muon Spectrometer Resolution as a Function of Momentum.

. Reconstructed dijet mass from a 600 GeV Higgs decay at two calorimeter energy resolutions: 35%/vE +

2% (dashed) and 50%/VE + 5% (solid) histograms. Ideal curve is also shown. UA2 Montecarlo results
from D. Froidevaux in Ref. 7.

Potential of triggering on two high-n jets in heavy Higgs searches""! . The decay chainis H — WW —
jet jet lv. (a) is the rapidity distribution of the jet-jet pair, (b) is that of the two tagging jets. The need
for coverage to |n| > 5 is apparent.

(a) Distribution of p?3¢* (defined in the text) for a detector hermetic to |p| = 5, with perfect efficiency

and resolution. (b) Same as (2) with 15%[40%]/VE electromagnetic [hadronic] calorimeter resolution,
and segmentation (¢ x 1) = (0.05 x 0.05). (c) Same as (b) with 2% random dead calorimetric cells.
From R.N. Cahn et al. in Ref. 4.

Signal of H — ZZ — llll, and the standard model background (from ¢¢ annihilation), to be increased
by ~ 1.7 to include the gg channel. PYTHIA results for the ZZ invariant mass distribution (from Ref. 6)
for a standard SSC year at £ = 1033 cm~32s~!. Coverage is only to |n,| = 1.5, efficiency and resolution
for e’s and u’s are assumed to be ideal.

Results of C. Barter et alin Ref. 5 on the signal and background in one year of running at £ =
103 cm=2s~! for an M, = 150 GeV Higgs in the vy channel. Cuts are applied at |n| < 3, E,. > 10
GeV and | cos8*| < 0.8 on both 4’s, with 8* the photon scattering angle in the c.m.s. frame. (a) is for
a mass resolution of 1.9 GeV, (b) for 0.8 GeV.

Distribution of true missing transverse energy for (a) squark and (b) gluino pair production (solid curves
and histograms), for several values of § and § masses. The dots are standard-model backgrounds, with

m, = 40 GeV. Results for m; = 200 GeV differ appreciably“" only for E;,""' < 0.5 TeV.

Distribution of events in p2** (as defined in the texi;), for my = 750 GeV. The filled dots show the signal

and the background is the sum of the other symbols. A variety of cuts™® have been applied to enhance
the signal/noise ratio.

Signal and background for charged technirho production and decay el showing the event distribution
as a function of M,, ;. The dotted-dashed line is the standard model background. Dashed, dotted and
full lines are for Ny = 6,4, 2, respectively.

Substructure effects on the p, distribution of events at = 0. Solid line is the standard background, § =
+1 is the sign of the extra four-q contact interaction, A is the substructure scale (private communication
of Marcello Campari).

Longitudinally Segmented Scintillating Fiber Calorimeter.

Electromagnetic Calorimeter Modules Constructed from Scintillating Fibers Cast within a Eutectic Lead
Alloy Matrix. (a) Fibers before Casting. (b) 9 Cast Calorimeter Blocks.

Background E; from Piled-up Minimum Bias Interactions in a Highly Segmented Calorimeter.
Phototube Pulses from the SPACAL Calorimeter.
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Effect of Calorimeter Radius on Dijet Mass Resolution.

Cross Section for p, as a Function of Rapidity Coverage.

ADC and Second Level Trigger for One Calorimeter Tower.

Floating-Point ADC Prescaler Application-Specific Integrated Circuit (ASIC).
TEXAS Liquid Scintillator Forward Calorimeter Design.

Photo of Liquid Scintillator Electromagnetic Module.

Missing p,. as a Function of Rapidity Coverage.

The Measured ¢/x Rejection Power and Electron Efficiency of a SPACAL Test Calorimeter with Pre-
radiator

Lepton acceptance vs. energy of the most energetic lepton for 400 and 800 GeV/c? H — 4¢4. (From Ref.
5

Rate of muons from b and ¢ decay exiting the calorimeter vs. pr taken from Ref. 4.

Di-boson mass at levels three levels of charge discrimination. Curve b shows continuum Z2Z mass with
no neutrals. Curve c shows background suppression of a factor of four if lepton charge is known, as
expected from combinatorics.(Taken from E. Wang et al. in Ref. 5)

(s3]

Typical TRD yields as a function of ¥ from

dE/dx for a typical TRD x-ray chamber as a function of ¥ from
The calculated energy resolution for five alternative TRD systems for TEXAS (from P. Spinelli)
Momentum resolution for TEXAS TRD System calculated by J.R. Hubbard and M. Pansart.
Production and Decay of Intermediate Mass Higgs Bosons '™

Signaland Backgroundfor H — eeee in TEXAS

SignalandBackgroundforH — eeuy in TEXAS

TEXAS Resolution for H — ZZ — ppup
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SCINTILLATOR CALORIMETER SUPPORT STRUCTURAL DESIGN AND EVALUATION

1 Introduction & Approach

The objective of this study performed by the Charles Stark Draper Laboratory in
Cambridge, MA (May 1990) is to assess the feasibility of a structural system to support the
scintillator calorimeter of the Superconducting Supercollider (SSC) as proposed by a Texas
collaboration. To address this feasibility study we have designed, modeled, analyzed and
evaluated a preliminary structural system capable of maintaining various elements of the
calorimeter within required tolerances when exposed to operational environments.

The outcome of this evaluation provides a first-cut design for the calorimeter
structural support with dimensions of shell, shapes of rings, reinforcements and frame
members. Special attention is given to many dimensional constraints imposed by the physics
of the experiment as well the assembly procedures of the calorimeter since they are expected
to have a significant impact on structural support design decisions.

The analysis of a finite element model was used to identify the deformations of the
structure under the enormous mass of the supertowers, establish stress levels throughout the
support structure and provide force and moment components necessary for the evaluation of
structural stability.

- The proposed structural support system was evaluated to show that it can carry the
2200 tons of supertowers (half the calorimeter) with acceptable deformations and tolerable
stress levels. In addition overall and local stability checks exhibit generous factors of safety. It
should be emphasized that this is only a first cut design for the overall support system and
many localized problems need to be addressed that could ultimately alter this design.

The total weight of the structure for one half of the calorimeter is ~150 tons of steel so
that the entire calorimeter support will require approximately 300 tons of steel.

2. Design Concept Considerations

The choice of a structural support system for the calorimeter is subordinated to many
design parameters associated with various phases and modes of construction, supertower
erection sequences and available space dictated by detector physics requirements. These
parameters are expected to play a major role in the design approach and impact design
decisions.

The assembly of the structural system and the supertowers is recognized as the most
critical issue because it affects not only delicate construction procedures with tight tolerances
but has a primordial influence on the final design concept. Section 3 addresses these issues
and suggests possible erection procedures. Alignment and tolerance problems are discussed
within the context of the erection suggested. While different assembly techniques will create
many intermediate structural configurations that need to be investigated, the present study
focuses on the evaluation of the final structural system. Note that this system can be adapted
to the demands of many construction techniques and modified to reflect special conditions
and splices associated with a particular erection mode.






The primary function of the structure is to support the very heavy and dense mass of
the supertowers contained between two ellipsoids (6436 Kips for half the calorimeter). Since
the structure must offer a continuous surface to the supertowers' bases for support, a ring
stiffened ellipsoidal shell was selected as a logical solution. The shell behaves as a very deep
beam and its overall depth (9.4 m diameter maximum at the center) offers significant stiffness
capable of delivering reaction loads to end support frames approximately 10 m apart. Note
that the center line of the calorimeter is 10 m above ground thus placing special demands on
the tall end frames design to insure adequate stability.

In order to secure overall stability of the ellipsoidal shell sitting on the 2 end frames a
longitudinal central wall was designed that provides the necessary bracing. This 10.17 m long
wall framing into the end frames offers additional vertical support to the ellipsoidal shell.
The amount of gravity load picked up by this wall is a function of relative stiffness between
the shell itself and the wall. Note that it is not desirable to carry a significant portion of the
ellipsoidal shell mass by the central wall, because it could distort the calorimeter circularity.
Further analysis iterations are expected to lead to an ideal "balanced" situation.

The design of these frames must respect many physics driven dimensional constraints
and yet provide the necessary stiffness to insure acceptable deformations, stress levels and
stability. The following limitations have been placed on the width of each frame:

Center Frame 25 cm
End Frame 25 cm
Longitudinal Frame 20 cm (10 cm preferably)

One must realize also that the shell plate is pierced by a large number of holes on a
defined grid to accommodate the passage of the tower fibers thus reducing the plate carrying
capacity and imposing restrictions on structural reinforcements size and locations. It is
important to limit the structures complexity in order to minimize possible interference with
the arrangements of a vast electronics network.

3. Calorimeter Assembly Procedure

Each half of the calorimeter consists of an assembly of 7,680 pyramidal towers. One
hundred and twenty-eight towers are arranged in a group to form the shape of a hollow
truncated cone. Sixty of these hollow cones nest to form a stack that completes the
calorimeter half.

The towers are cast in sheet metal sheaths for strength, protection, and most
importantly, for joining the towers together at the small end of the formed cone. Threaded
steel inserts are cast into the large end of the towers to fix that end to the tower support
structure.

Two methods of assembly of the calorimeter have been explored, the "Modular Ring
Method" and the "Shell-Sector Method". In the "modular ring" method of calorimeter
assembly, each cone (made up of 128 towers) is attached to a separate steel supporting ring.
The 60 rings are then bolted, surface-to-surface, to form the nested stack of cones which
completes the calorimeter and structural assembly (see Figures 1, 2 and 3).
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Figure 1. Modular ring calorimeter enclosure.
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The modular ring method of assembly is outlined as follows:

1

b))

k)

@

(5

The first modular ring to be assembled is the largest diameter ring (and cone).
This module is located at the inboard end of the calorimeter half; the end
where the two halves of the calorimeter come together.

With the first ring horizontal, the towers are installed to form the cone. After
alignment of the towers, their inner ends are fastened together to make the
cone rigid.

The ring is lowered into the hall and bolted, axis horizontal, to the end support
frames.

The next ring in the stack, the second ring, is assembled, aligned, lowered into
the hall and bolted to the first ring. Temporary rails help support the second
and subsequent rings until calorimeter assembly is finished.

Successive ring modules are added using the same assembly sequence until the
calorimeter is complete. When the forward calorimeter towers are added and
the outboard end support frames are attached, the temporary rails for ring
support are removed.

The second concept explored for assembling the calorimeter is the "Shell & Sector
Method". This method involves fabricating a reinforced shell structure that holds the lower
50% (3,840 towers) of the 7,680 towers that make up one half of the calorimeter. The upper
50% of the towers are held in place by 180° structural sectors, or half rings similar to the full
rings used in the modular ring method of assembly.
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Both the "modular ring" and "shell & sector” techniques appear to be viable methods
of assembly. Further study may reveal other, more attractive, options.

4. Structural Support Design Description

The structural support for the calorimeter includes two identical halves (mirror
images) that must be capable of moving away from each other to gain access to the inside
tracker and the calorimeter interior space. Figure 4 shows the two separate structures models
in an open position. Design, modelling and evaluation are therefore presented here for one
independent half portion of the calorimeter.

The main structural system is a ring stiffened ellipsoidal shell with radii a = 10.7 m
and b = ¢ = 4.7 m. The shell truncated 10.17 m from the center offers an opening of 3.14 m
diameter for the calorimeter end plug. The 2 cm thick shell is reinforced by 10 outside rings
disposed 1.00 meter on center. A larger ring is provided at the center of the shell as well as
the end face. The center ring is a tube intentionally stiff (36 X 36 X 4 cm) because it is
anticipated to provide support for half of the center tracker as a cantilever. Eight
reinforcements (same properties as the rings) run the length the ellipsoid 45° apart, around
the circumference. Longitudinal reinforcements are added also every 22.5° for the first 4 m of
the shell near the center where additional stiffness is required.

Figure 4: Calorimeter Halves in Open Position Finite Element Model Discretization
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The ellipsoidal shell acts as beam with reactions picked up by two vertical end frames.
The center frame has a width of 25 cm and uses rectangular tubes (25 X 40 X 4 for vertical
members) disposed in a truss like configuration for better material efficiency. This frame is
designed and configured to help preserve shell circularity in an area of very large reaction
loads. The end frame of trapezoidal shape and 25 cm wide supports a lesser reaction load but
this advantage is somewhat lost because of the 10 m unsupported length of its members. Out
of plane stability of the frame main members require relatively large stiffness properties to
insure acceptable slenderness.

A longitudinal frame, provided under the shell, connects the two end frames thus
insuring longitudinal overall stability. The width of this frame must be minimized at all cost
since the radiation along the vertical center plane of the calorimeter is more intense and
cannot trade extremely valuable space for the structural support. The vertical frame includes
4 interior posts (20 X 40 X 3 tube) with width limited to 20 cm. A revised design will increase
the number of posts to 8 while reducing their width to 10 cm. Table 1 summarized the shape
and dimension of the main elements of the structural support system.

The material proposed for the shell and the frames is a high strength steel of
Fy = 50 ksi (yield stress).

Table 1 Structural Components Description

Element Configuration & Dimension
Shell Plate 2 cm thick
Circular Rings T Section: 22 cm X 1.5 cm web
& Longitudinal 16 cm X 2 cm flange
Reinforcements
Center Ring Tubes: 36 X36X4
End Ring 30X30X2
Center Frame Tubes: 25 X 40 X 4 Vertical
25 X 25 X 3 Diagonal &
Horizontal
End Frame Tubes: 25 X 40 X 3 Vertical
& Diagonal
25 X 25 X 3 Horizontal
& Diagonal
Longitudinal Frame Tubes: 20 X 40 X 3 Vertical
20 X 20 X 2 Horizontal
& Diagonal
5. Finite Element Model and Analysis Results

By invoking symmetry about a vertical plane the finite-element model of only half
the structure can be considered. Figure 4 is a view of the model where relative dimensions
and elements can be identified. The finite-element model of half of the structural support
contains: 528 shell elements and 618 beams for a total of 4326 DoF's.

The mass of the supertowers was assumed to be distributed uniformly along the

circumference at each station of the shell axis. The loading is computed from the volume
enclosed between two ellipsoids at each station x and assigned as body loading to the shell.
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The structural steel mass is computed automatically by the program and assigned to the
appropriate nodes.

Our first design exhibited large deformations and required modifications. With (a)
additional shell stiffening near the center of the calorimeter, (b) a significant increase in the
edge ring and (c) broadening of the center wall, the deformations of the structure now remain
very small with a maximum of 3 mm. Figure 5 shows views of the undeformed and
deformed (grossly exaggerated) structural system for comparison. Most of the deformations
occur in the highly stressed supporting frames while the shell itself remains very close to its
original configuration but undergoes rigid body motions. The maximum distortion of 3 mm
is expected to increase somewhat when many construction details, joints and interference
constraints will be taken into consideration and will affect flexibility.

The 2 cm thick shell is stressed both circumferentially (hoop stresses) and
longitudinally as it acts as a deep beam in bending. The stress reported in the color coded plot
of Figure 5 refer to a stress state expressed by von Mises criterion. The maximum stresses
recorded must be increased to allow for loss of material due to holes in the shell plate (factor
of 1.25) and stress concentration estimated at 2. Under these conditions shell stresses

associated with the overall support structure remain under 5 Ksi. (Note that 6.894 106 N/ M2
= 1 ksi). It should be emphasized that local bending stresses will be significant (estimated at 12
ksi) in comparison but they will depend on the attachment mode of the supertowers to the
plate.

The supporting frames are the most stressed elements of the structural system and
since the frame members are mostly in compression their allowable stresses must decrease to
insure stability. Actual load have been compared to the critical allowable load as defined by
the AISC Steel Code. Conservative assumptions have been used for the stability check
although no allowance was made for bending which is however small. Generous factors of
safety between 1.5 and 4.0 have been identified above and beyond the one already included in
the critical allowable load. Results show that the end frame could be stiffened in order to
even out the deflections along the center line of the calorimeter. It is evident that many
iterations also could optimize the design and use material more efficiently.

The breakdown of the tonnage of structural steel requlred for the support system of
one half calorimeter is as follows:

Shell Plate 40.0 Tons
Shell Reinforcements 31.8
Frames 87

Total 158.8 Tons

With another iteration the weight of the center frame is expected to decrease without
affecting deformations and stresses appreciably. In summary the structures of the support
system of the entire calorimeter will require approximately 300 tons of steel.
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Figure 5: Finite-element Deformations and Shell Stresses (gravity load)






Muon TRD Spectrometer
Engineering Program

B. Dolgoshein (Moscow Physics Engineering Institutg), C. Lane, S. Reucroft, M. Sheaff
Wisconsin), A. Schmeleva %ebedev University), L. Sulak, E. von Goeler*, A. Vorobyov
Leningrad University), and D. Winn

Apparatus: E769, FNAL, Beam line TRD with =, 4, in 250 GeV positive beam (Sheaff)
E761 FNAL, experiment with momentum analyzed =, i, e (Vorobyov)

At least three of the anticipated proposals for first round SSC detectors include Transition
Radiation Detectors (TRD’s). The TR technique has matured considerably over the past
decade; however, there are still some questions that need to be answered in a systematic way
if TRD’s are to be most effectively used in the SSC environment. Some of these questions
can be answered using existing detectors now operating in beamlines at Fermilab and at
CERN. Others will require R and D efforts of a rather modest scope for which technical
support and a small amount of equipment are needed.

The anticipated use of large volume TRD’s filled with gas mixtures composed predom-
inantly of Xenon (and therefore expensive) presupposes the ability to build a recirculating
gas system which 1s stable in time. The table and figure indicate requirements of a suitable
gas recirculation system. Industrial support is expected to be necessary for its development.

Relatively compact TRD’s (total depth 30-50cm) built for the innermost region of SSC
detectors offer the attractive possibility of efficient electron identification with large pion
rejection for pion momenta below 100 Gev/c. (Monte-Carlo calculations indicate a rejection
factor ~ 100 for a typical 25 module system). Such devices provide the ability to identify
both isolated electrons and electrons in jets.

Unique to the TEXAS detector, we propose to develop the TRD technique to deter-
mine muon momenta in the region appropriate for the SSC (60 GeV < p < 600 GeV). This
momentum range is larger than that covered by the usual excitation curve of a convential,
simple TRD system. We shall attempt to optimize the construction of the TRD prototypes
we study in order to extend this dynamic range. We shall study not only the yield of X-ray
photons but also their spectral shape since it is anticipated that this shape may vary with in-
cident momentum, at least for irregularly spaced radiators as found in foam. Different foam
geometries give slightly different excitation curves and it may be necessary to use several
different types of foam in the same detector to give coverage over the entire desired dynamic
range. We shall also attempt to maximize the signal relative to the noise presented by delta
rays.

We will be able to carry out some of these studies in two existing experimental ar-
rangements. In the E791 beam-line TRD, we plan to modify the radiator of a few TRD
modules vis-a-vis wall thickness and cell size as a test of our optimizations. Different gas
mixtures containing small admixtures of ‘fast’ gases such as CF, and C,Fs will be studied
to see whether we can reduce the collection time from the present ~120ns for 3mm drifts
by as much as a factor 2. In the E761 TRD, radiator studies using various foam radiator
combinations will be performed to determine the shape of the excitation curve for different
foam alternatives. In both experiments we will obtain waveform information to confirm that
the relative pulse shape is independent of the position of the localized X-ray deposition. If
so, simple time over threshold multihit TDC’s may be used to measure the spectrum. SSC
applications require 100K’s of channels. We will develop maximum likelihood techniques to
measure vy by measuring pulse height information in addition to X-ray counting.



We are also considering the Bates Linac (Littleton, MA) as a source of electrons with v
in the range 200 < v < 1800 for some of the detector development tests.

Construction issues will be studied in an attempt to develop a design that is simple to
construct and to maintain. Designs being considered include planar chambers with RO-
HACELL walls, straw tube chambers, or carbon coated plastic extrusions with glued or
aluminized mylar cathodes. Monte-Carlo studies will be used to define which design strate-
gies are the most promising, and small prototypes of each will be built.

Several large scale implementation issues will also be probed. For large scale construction,
we will verify the low outgassing rate of reverse osmosis quality polyethylene and carbon
fiber materials. With Union Carbide engineers, we will investigate the large-scale recycling
of xenon gas. The following detailed design questions will be addressed:

1) Do activated Cu filters for O, scavenging reduce the CO, gas buffer to CO? Does the
resulting CO remain in the system? ‘

2) Can a simple CH, monitor be designed which will function in the presence of isopropyl
alcohol, CO,, H;0 and CH, radicals produced by radiation damage?

3) What is the best method to remove CH, radicals?

4) How can TRD gas composition be monitored both at the high pressure input to the
chamber as well as at the low pressure output?

5) Which safety issues must be addressed to employ 10% C,Hs because of its potential
flammability?

6) What is the best way to monitor CF,?

Budget:

Engineering support (1 man-year) $150K
Prototype Liquid scintillator trigger counter $ 50K
Union Carbide sub-contract $139K
Travel to FNAL for beam tests (20 man trips) $ 20K
Gas ' $ 30K
Test Radiators ‘ $ 5K
Test Detectors $ 10K
Equipment ‘

Test Electronics $ 20K
Gas Flow Meters $ 10K
1 Apollo (or equivalent) for simulation and analysis $ 15K

TOTAL $449K
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Bicron Corporation

12345 Kinsman Road
Newbury, OH 44065
Telephone: (216) 564-8000
20th Anniversary 1969 - 1969 Telex: 980474 BICRON NWBY

Costs of A 16-Month Engineering Program Performed
by Bicron for the
Texas Calorimeter Cnllaboration

The cost elements are presented in the same sequence as the
Statement of Work tasks.

I. Produce and test radiation-resistant plastics and liquid
scintlillators.

A. Supply approximately S5km of Bicron's latest .
rad-resigtant fibers preesently identified by
the "RH" designation. RH-1 and RH-2
materials are planned at this time. '$10,100

B. Provide several liquids samples of the best
formulag. Encapsulate in special ampules.
Work on capillary structures. Summary report.
Materials $ 9,200
Labor, 40 hrs. 312,600 $21,800

II. Develop techniques for casting fiber calorimeter
modules .
A, Design and Construct Fixtures
-Array Fixtures
-Fibver Alignment Fixtures
-Assembly Fixtures

-Casting Molds ) $118,800
-Concept and Project Engineering,
nine man-monthe $ 90,000 $208,800

B. Construct projective tower assemblies,
1 each 2 meterms long and 1 each 3 meters long.
Modules made with developmental fibers Type A,
RH-1, and RH-2 as available,
Anticipate casting several practice units
4 sach demountable PMT assemblies.
Materials and Outside Services: ¢ 37,000
Labor: 2,310 hours $138,800 $175,600

C. Design and Coet Production Facilities
Engineering: 4 months $ 51,800

Pl



III. Develop Simple Optical Interfaces
A. Design and construct fiber mass-coupling

splices.
Equipment and Fixtures: $ 14,240
Labor and Engineering: 486 hrs. $ 29,760 $ 44,000
B. Mechanical light coupling for fibers
Matmrials and Hardware: $ 2,000
Labor and Engineering: 2 man-months:
$ 20,760 $ 22,780

C. Optical coupling to liquids
Materials and hardware: $ 12,000

Labor and Engineering: 20 weeks
$.48,000 % 60,000
Grand Total $5684,960

We estimate that the addition of an extra local
contract engineer would enable the work to be

completed in 12 monthe instead of the estimated
16 monthse. ' Comst.: $150,000

Bicron Rad-Hard Scintillation Development
We: are in the process of developing scintillation fibers based on

novel new materials. Our first formulation, type RH-1, exhibited
improved resistance to discoloration when tested by S. Majewekl in
December, 1989, That confirmed we were on the right track.

We are presently working on Lypes RH-Z and RH-3. We strong expect
that both of these will be improvements over the first material.

Bicron will continue to bear all development costs of the RH-
plastics. As we achieve the ability to make fibers of these
materiale, we will incorporate them in the testing phase of the
TEXAS program.
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Engineering Development
of Cast Scintillating Fiber Calorimetry

Blcron Corporation

Backaground:

This statement of work defines an effort to develop materials and construction techniques for
scintillating fiber calorimeter production. Specifically, we propose to develop new radiation-hard
plastic and liquid scintillators suitable for use in scintillating fibers, to incorporate these materials
into cast prototype projective towers for an SSC calorimeter, and to develop techniques for optical
coupling of fiber outputs. The specification of requirements for this integrated system will be derived
from the needs of scintillating calorimetry within the TEXAS detector, but its application will be more
general. A coordinated system-level approach is necessary to design and evaluate radiation-hard
materials in their appropriate physical context, to construct and characterize prototype structures
with the appropriate component materials, and to compatibly couple calorimeter modules to readout
systems.

The SSC will require massive calorimeters with excellent spatial, temporal, and energetic resolution.
These devices should be uniform in response, very radiation-tolerant, compact, able to be calibrated,
easy to construct, and cost-effective for tens of thousands of channeis. We propose to cast a prototype
"supertower” (4 towers) of a scintillating fiber calorimeter using lead alloy and scintillating fibers.
Vertical casting of plastic fibers within a low-melting point eutectic alloy promises to minimize
construction costs by eliminating the need for machining projective towers. The resulting towers will
be monolithic, self-supporting, and modular.

In recent months, groups at Bicron and elsewhere have made great progress in developing intrinsically
radiation-hard scintillators which are amenable to use in scintillating plastic fibers. Radiation damage
to plastic scintillator is a complex physical and chemical phenomenon, as is "annealing" of this damage
over time. Both effects are strong functions of fiber material properties, scintillator primary and
secondary fluors, radiation dose rates and irradiation environments. Optimization for radiation
hardness will be facilitated by specification of several of these variables in the context of a cast fiber
calorimeter.

The radiation dose for an SSC calorimeter is most intense in the forward regions near the beampipe.
For these regions, which form a small fraction of the total calorimeter volume, a liquid scintillator
alternative to plastic scintillating fibers is appropriate. Liquid scintillator has the advantage that it
can be circulated past the region of maximal radiation damage (near the electromagnetic shower
maximum), or can be removed from the calorimeter and replaced at regular intervais. Light-piping
can be accomplished as with scintiliating fibers, by piping the liquid through smooth tubes with low
refractic index. This method requires radiation hard liquids and especlally radiation-hard materials to
provide the tubing through which this liquid will flow.

Optical fiber bonding and interfacing to readout devices is extremely important for maintaining the
uniformity and resolution of scintillating fiber calorimeters. At SSC energies, systematic errors from
these effects will dominate over sampling fluctuations, giving rise to energy-independent limits to the
energy resolution. [t is thus essential that the fiber coupling and readout techniques be integrated into
the overall calorimeter design. Simple and cost-effective manufacturing techniques will be vital for a
system involving the readout of many millions of plastic scintillating fibers.
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* Develop new radiation-hard plastic and liquid scintillator systems suitable for use in cast
fiber calorimeters.

* Construct and test several prototype projective towers of cast fiber calorimeters, designed for
compatibility with the mechanical requirements of a full-scale SSC calorimeter.

* Design and implement efficient and cost-effective methods for coupling of plastic fibers to
output fibers and readout devices.

* Develop manufacturing techniques for large-scale calorimeter module production, including
automated assembly and quality control techniques.

Statement of work:
* Produce and test radiation-resistant materials for use in the TEXAS calorimeter.
* Provide radiation-hard plastic fibers as appropriate for electromagnetic and hadronic

calorimeter sections.
* Provide radiation-hard liquid scintillators and low-index light pipes for use in
forward EM and hadronic calorimeters.
* Develop production techniques for cast scintiliating fiber calorimeter modules.

* Design systems and construct prototype fixtures for automated cast fiber calorimeter
assembly and quality control.

* Construct and test prototype projective towers of cast fiber calorimeters, including
provisions for device calibration, readout, and mechanical support.

* Design and cost production facilities for construction of
40,000 cast fiber calorimeter projective towers.

* Develop simple and robust optical interfaces for fiber calorimeter components.
* Design and construct prototypes of fiber mass-coupling splices.
* Design and construct prototypes for fiber coupling to light mixers and
photomultipliers.
. r?;zigln and construct prototypes for optical coupling to liquid scintillator calorimeter
ules.
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DReliverable:

* The results of this work will be presented in summary report form. The report shall contain
graphic, schematic, and written description of calorimeter materials and manufacturing
designs, the basis of design decisions, an assessment of future radiation-hard materials
developments which might affect the design, and recommendations for materials-related
detector design issues.

* Samples of radiation-hard plastic fibers and other materials will be made available in
sufficient quantity for comprehensive tests of their radiation damage susceptibility and other
relevant properties.

* A full-scale prototype cast projective calorimeter supertower will be produced, and its
performance evaluated in high-energy test beams by TEXAS coliaborators.

* An engineering and production cost estimate for the module manufacture of the entire TEXAS
calorimeter will be provided, broken down by each major material and labor component and
with the basis for each cost estimate indicated.



D)

The Charles Stark Draper Laboratory, Inc.

555 Technology Square, Cambridge, Massachusetts 02139 Telephone (617) 258-3846

IEXAS DETECTOR ENGINEERING DEVELOPMENT

To provide sufficient understanding of the issues involved in the
mechanical/structural design of the TEXAS Detector at proposal
submission and to assess its viability, a preliminary engineering
development study is proposed. Four regions of the detector

design would be explored. They include: 1. the structural
support of the central tracker, 2. the construction and support
of the scintillating calorimeter, 3. the construction and support
of the muon tracker system and 4. the integration of all these

systems. An assesment will be made of the engineering viability
of the detector concept and a plan will be outlined for a
following full scale development phase.

1. The central scintillating fiber tracker, would be studied
primarily from the point of view of its support inside the
calorimeter. The study would lead to a basic mounting and support
design consistent with deflection and leadout requirements. A
trade-off as to whether the tracker should be built as one unit
for optimum alignment or separated at the center for simplicity of
access will be performed. Several support system configurations
will be evaluated. Some options to be included are: a cantilever
support from the central plane of the detector, a cantilever
support combined with simple supports at the ends, and suspending
the tracker along its 1length from the inner ends of the

calorimeter towers. Details of the interface between the
structure and tracker would be finalized. Loads and deflection at
the supporting structure would be investigated. Loads and

deflections at the structure-tracker interface would also be
determined. :

2. The scintillating fiber calorimeter, would be studied broadly.
A conceptual design would be developed which would maximize
performance and optimize issues of assembly, installation,
maintenance, cost and safety. Specific issues to be addressed
would be: the locating of the scintillating fibers within the
towers, the routing of fibers from the towers through the
structure to collection points, ¢the interfacing of the
lead/bismuth alloy to the sheathing, the attachment of the towers
to the support structure and the structural support system. Prime
concerns will be structural integrity and the maintenance of the
1/2 cm translational and 2 degree angular stability requirements.
Areas of higher technical risk would be identified early and
pursued to their resolution. An assembly procedure, with tooling
requirements defined, would be developed.
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2. (Cont'd) The design of the supporting structure would also be
investigated in detail. This study would include stress analysis
and optimization for performance safety and cost. Suitable
materials for the environment would be selected.

As part of this effort, in cooperation with the tower casting
manufacturer, a method will be developed to fabricate the towers.
Tooling will be designed to build at least one super tower.

3. The conceptual design of the central muon system (C tanks) and
the muon end caps would be supported by extensive stress analysis.
As with the calorimeter, problem areas would be isolated early to
allow time for in-depth investigation. The design would take into
consideration parameters such as materials, inner to outer wall
supports, internal gas pressure, maintenance and electronics
access. The internal module assemblies would be designed with
decisions made on degree of modularity, number of modules and
techniques for assembly of the modules between the inner and outer
walls. -Designs would also be developed for the muon system
components such as trigger and tracker and their attachment. The
problem of Xenon and CO2 seals, supply and distribution to the muon
system will be addressed.

4. The last area would be a comprehensive study of the complete
system and how it can be most effectively integrated. This would
include engineering development of the technique for separating
and remating the calorimeter halves and the muon system including
roller and winch requirements.

Specific issues important to the actual construction of the TEXAS
detector would be studied and specifications finalized. The issue
of where various components of the TEXAS detector and their
support structures would be constructed will receive detailed
attention. These issues include decisions on which assemblies or
subassemblies would be built remotely and shipped to SSC, which
would be built on-site above ground, which on site in the hall and
which would be built in place.

Related to where equipment is built is the matter of facility
requirements, and services available. Studies would lead to
definition of hall size, hall access .size (from the surface) and
location, hall floor 1loading requirements, floor level
specifications, and floor and wall anchor bolt pull-out
requirements. Storage requirements for uninstalled equipment
would also be determined.
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Truck and rail services from the port of Galveston will be
investigated. This study will yield maximum shipable 1length,
width, height and weight parameters. Maximum crane loads would be
indentified and service requirements such as electrical power and
compressed air will be estimated.

An appropriate vendor list will be started for sources of supply
for currently manufactured goods, items to be developed and
services.

‘Estimates of total cost and the cost profile to complete the
procurement, transportation, build, and installation of the
mechanical assemblies of the TEXAS Detector will be provided.
Flow charts will be drawn for the entire system to give managers
tools to track schedules, budgets and critical paths of the entire
project. The proposed study would last 12 months. The costs of
the four studies plus program management are shown below.

TEXAS DETECTOR ENGINEERING DEVELOPMENT
WORK BREAKDOWN STRUCTURE
COSsT
$130K
Configuration Tradeoffs
Structural Analysis .
Interface/Mount ing Definition
Scintillating.Calorimeter $425K
Tower Design Studies
Support Structure Design and Analysis
Tooling Design
$375K
Gas Containment Tanks Design
X-ray detector and Radiator Foam Module Design
Xenon Gas distribution system design
Design and Attachment of the Liquid Scintillator
Tanks and Limited Streamer Tubes
Structural Support Analysis
System Integration $190K
Subsystem Interface Control
Build, Test, Transportation, Handling and Facility
Requirements Definition
System Cost and Assembly Schedule Definition
Program Management $115K
Total $1,235K

Contact: Francois Ayer (617) 258-3846
‘ P 8



HAMAMATSU
AD, 6910, . -
CORPORATION TELEPHONE: 201/231-0960, FACSIMILE-G3 201/231-1635 TELEX 695403
7 Whispering Way

Brookfield, CT 06804
May 24, 1990

Prof. David R. Winn
Dept. Physics

Fairfield University

N. Benson RD

Fairfield, CT 06430~-7524

Dear Professor Winn:

Hamamatsu Photonlcs K. K. and Hamamatsu Corporation offer a

strong commitment to collaborate with the TEXAS COLLABORATION.
Hamamatsu will work toward development of both the "Fast High Pulse
Linearity Photodetectors with Gain" and the "Multi-Pixel
Photodetectors with Gain for Scintillating Fibers". Hamamatsu
will proceed with developing these detectors at its own risk. We
ldok forward to your further negotiation on these subjects.

Sincerely,
HAMAMATSU CORPORATION

e A7

Joseph G. Murray
Sales Engineer

:jgm

PRODUCTION FACILITY AND SHIPPING/RECEIVING DEPY, LOCAY!D AT:
420 SOUTH AVENUE, MIDDLESEX, NEW JERSEY 08844-0826
TELEPHONE: 201/489-6840, FACSIMILE-Q) 201/520-0822

Western O"}co: 2444 MoOIpark Avenue, Suite 312, San Joss. Californie 95128 U.S.A., Telephone: 408/292.8803
Chwcago Otfice: 1410 Migging Road, Suite 202, Park Ridge, Hinois 80068 U.S.A., Telephone: 312/825-6046
Asia: Hamamaisu Photonics, K.K. 1126 ichino-cho, Hamamatsu City, Japan, Teiephone. 0534/34-3311, Telex: 04225-185

’ Ph Europa GmbH, Positach 1163, MuhibachsiraBe 20, D-8031 Seeleld 3. W. Germany, Telephone: 08152/7705-08, Telex: 827 731
Aftitiate: 8.H.K., Inc., Montovia. Calforra




Engineering Development
of
Fast High Pulse Linearity Photodetectors with Gain

Scintillator Calorimetry at the SSC may require of order 100k-250k ~5 cm diameter bi-
alkali photomultiplier-equivalent channels. The demands on these detectors are
extreme. These detectors must be linear from ~50-100 MeV equivalent minimum
ionizing deposition to ~5-10 TeV deposition, or five decades, with sufficient gain-
bandwidth to operate at the 60 MHz beam crossing frequency. Because of the very
large number involved, a low unit cost is essential. For some applications radiation
hardness at the 10 MRad level may be essential. Stability is also important.

We therefore solicit brief letters indicating a strong Corporate Interest in being further
considered for a contract for the following Statement of Work, starting at or near Dec,
1990, and thereby being a member of the TEXAS SSC team.

Statement of Work

(1) “Best Effort” development contract of at least one deliverable prototype high pulse
linearity fast low cost photoelectron amplifier with the following target characteristics:

- gain of at least 1,000

- risetime at most 2 ns

- photocathode diameter at least 4 cm

- cathode sensitivity: above 5% Q.E. between 400-600 nm

- rep rate independent gain £1%, 1,000 p.e. impulses up to at least 10 MHz
- impulse linearity 1% from 50 p.e. to at least 1,000,000 p.e.

- gain stability £1% over 1 hour (24 hour warm-up, V50 ppm power supply)
- Rad hard at 1 MRad

The technology development must keep (2) below as a target cost of less than $150
each in 50k quantity.

Phase | would take one year from award of contract. We expect a cost equivalent toc at
minimum 2 engineering man-years and at maximum 5 engineering man-years, over 1
year. In the USA, these figures might range from ~$300k - $1,000,000. A report
accompanying the prototype work should estimate the success of the technology in
meeting the above goals, and propose Phase IIR&D iterations to achieve them if
unsuccessful

(2) “Best Effort® Manufacturing Engineering Design Cost Study Contract leading to an
Estimated Quote, with at most 15% errors, for the above prototype(s) with the following
characteristics:

- Cost in 50k lots of $150 each (or less)
- 50K deliverable in 2 years from order
- 150K deliverable in 3 years from order

The Phase | deliverable Report supporting and detailing a Best Effort Estimated Quote
will also include information detailing the estimates of the manpower, resource and
time-scales (EDIA/WBS) needed to generate a firm Quote during Phase il.

Phase Il, negotiated after the approval of the TEXAS detector, would result in a Quote
good for 6 months.

We are impressed by the attention of industry to this problem. We weicome your
collaboration as part of our broad industrial team. We are available for Confidential
discussions of technology.
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Engineering Development
of
Muiti-Pixel Photodetectors with Gain for Scintillating Fibers

SciFi tracking and Pre-radiator detectors at the SSC may require of order 2 million
channels of photodetector with sufficient gain to detect signals from 1 mm thick
scintiliating fibers. We aiso would like to have a cost below $3 per channel.

We therefore solicit brief Letters indicating a strong Corporate Interest in being further
considered for a contract for the following Statement of Work, starting at or near Dec,
1990, and thereby being a member of the TEXAS SSC team.

Statement of Work

(1) “Best Effort” development contract of at least one deliverable pixel detector
prototype with the following target characteristics:

- sufficient sensitivity/GainBW to have a S/N level of 10/1 for 5 incident photons
on 1 pixel (or pixel cluster) per fiber, crossing a voltage threshold on 50 Ohms of
20 mV (after amplification), or for 2,000 electrons of signal.

- readout time per pixel channel struck of 50 ns, or paraliel readout

- cost per channel in mega channel quantity of less than $3.

- rad hard at 1 MRad

- minimum of 1K channels per device for 1 mm diameter fibers

Phase | would take one year from award of contract. We expect a cost equivalent to at
minimum. 2 engineering man-years and at maximum 5 engineering man-years, over 1
year. In the USA, these figures might range from ~$300k - $1,000,000. A report
accompanying the prototype work should estimate the success of the technology in
meeting the above goals, and propose Phase. ||IR&D iterations to achieve them if
unsuccessful

Phase Il prototype iteration would be negotiated following approval of an SSC
proposal.

(2) “Best Effort” Manutfacturing Engineering Design Cost Study Contract leading to an
Estimated Quote, with at most 15% errors, for the above prototype(s) with the following

characteristics:
- 10K channels deliverable in 2 years from order
- 2 Mega channels deliverable in 3 years from order

The Phase | deliverable Report supporting and detailing a Best Effort Estimated Quote
will also include information detailing the estimates of the manpower, resource and
time-scales (EDIA/WBS) needed to generate a firm Quote during Phase |l.

Phase I, negotiated after the approval of the TEXAS detector, would result in a Quote
good for 6 months.

We are impressed by the attention of industry to this problem. We welcome your
collaboration as part of our broad industrial team. We are available for Confidential
discussions of technology.

The TEXAS SSC Collaboration
P11



LeCroy

Innovators in Instrumentation

Background: May 24, 1990

This statement of work defines an effort to develop the
necessary electronics for a photomultiplier and
proportional tube readout system at the SSC as proposed by
the TEXAS collaboration. The specification of requirements
for this integrated system are derived-from the needs of
scintillating calorimetry and a muon transition radiation
detector spectrometer. A vigorous electronics effort will
pays dividends by providing a stable, low power, reliable,
and cost effective system. In addition it provides a basis
for cost comparison of alternative calorimetry and muon
systems. This statement addresses the needs of the first
two years of a development program. A careful costing of
the actual daetector is dependent upon the results of this
work. Establishing the technical and financial feasibility
to an 80% confidence level is the major goal of the first
year's effort.

gcopa:

* Estimate and plan for complete electronic systems
development, including work breakdown structure,
scheduling, manpower and resource allocation, and costing.

* Detailed assessment of the needs of individual detector
elements, including electronic performance, system
integration, and cost analysis.

* Preliminary design efforts to ascertain optimal
electronics techniques for each detector element including
the trigger apparatus. This would include simulated
designs and prototype circuits to demonstrate feasibility.

Statement of Work:

* A complete analysis of the development project for the
data acquisition electronics must be done in order to
ascertain the cost, manpower, and scheduling for several
years of development. This is also necessary to anticipate
large scale manufacturing and assembly of the detector.

* A data acquisition system for a set of 50,000
photomultiplier gubes with 8 bits of resolution and
approximately 10° dynamic range must be defined. The
feasibility of such a system must be carefully studied

LeCROY CORPORATION TWX: 710.677.2832
700 CHESTNUT RIDGE ROAD * 710.877-

CHESTNUT RIDGE, NY 10977-6499, USA , CABLE: LERESCO
TELEPHONE: (914) 425-2000 P 12 FAX: (914) 425-8967



using extensive simulation techniques and prototype
circuits.

* A data acquisition system for 250,000 channels of
transition radiation detector must be conceived and
modelled. This detector is required to provide timing as
well as amplitude information. Extensive simulation and
circuit prototyping must be done to ensure its utility for
the TEXAS detector.

* For the central tracker a system must be created to
provide timing information only. The choice of straw tubes
or scintillating fibers will be influenced by the
necessary electronics. It is thus essential to investigate
the aelectronics options at an early stage. This will be
done by the end of the first year so as to finalize the
central detector design.

* A triggering system must be conceived which will reject
the necessary 10’ events per second. This key element in
the detactor must be extensively modelled to characterize
its function.

* Develop a preliminary design of a high voltage supply
system with integrated calibration and control for
photomultiplier tubes. A similar but distinct effort for
proportional wire tubes will parallel that for PMTs.

Deliverables

* The results of this work will be presented in summary
report form at tha end of the first year of work. The
report shall contain graphic,. schematic, and textual
descriptions of electronics systems designs, the basis of
design decisions, and recommendations of electronics
related detactor design issues. It shall also point the
way for the second year's effort. Thaese results are
necessary to achieve an 80% confidence in the technical
and financial assessment at the time of proposal
submission in the fall of 1991. A similar report will be
presented at the end of the second year of work which will
further specify a development schedule through the
manufacturing phase of the various systems.

* Prototype circuits necessary to verify the feasibility
in all areas will be specified by the end of the first
year, and these shall be designed and produced in the
second year.

contact: John Hofteizer, LeCroy Corp.

LeCROY CORPORATION

700 CHESTNUT RIDGE ROAD P 13 TCVAng 20':2;75-?&%
. NY 10977.6499, :

CHESTNUT RIDGE, NY 10977 USA S

TELEPHONE: (914) 425-2000
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1991 1992
Detector E:lene W Task Manpower  Caphal Task Manpower Capital
1. SystemIrtegration » Development Plan * Plan
’ « Manage/Liason « Manage/Llason
2. PMT LataAcjuisliion « Evaluate Alternatives $0K « Finalize ADC Strategy 75K
« ADC Dynamic Range « First Prototype ICs
« Non-finear ADC « nitial ADC Design
» Define Concept .
3. Muon Chimters » Concept 50K = Design Prototype System 75K
- 4-Bit ADC
«100 ns Drift
« Evaiuate Allernatives
4. HVfor PNT 8 Wlies « System Definltion « Prototype HV Circuliry 75K
« Generation S0K + Design ASICs
 Power Distribuilon » Design Control & Monitor
» Monitor & Control
» ASICs, pcb .
« Modaling & Simulation
5. Tilgger « Define Concept 50K « Demonstrate Feasibllity 75K
« Model & Simuiate « Initfate Design
6. Central Tracher « Explose Scintlifating Fiber Option 50K « Finalize Design 75K
« Explore Straw Tube Opllon » Continue ASIC Deslign
« Define Concepts « Prototype
« Define ASICs

Budget ($V)

tal Equipniert
g’;thea::lzlﬂ).muduﬂdan,

support, haw, etc.) 30%
TOTAL

750 (6 people at .125)
250
225

1.225

1.430 (11 people at .130)
350
429

2.059
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MECHANICAL DESIGN OF A SCINTILLATING FIBER TRACKER
FOR THE TEXAS EXPRESSION OF INTEREST

Background

This statement of work defines an engineering effort to design and evaluate a structural base for
the TEXAS Central Tracking System. The engineering effort will be based on the use of
conventional technologies which can be implemented cost effectively. A conservative concept based
on carbon composite cylinders will be used as the starting point for the structural design.

Carbon composite structures are widely used for lightweight, yet rigid assemblies such as that
required for the Scintillating Fiber Tracker. High radiation tolerance, low nuclear interaction mass
and excellent stability also point to the use of this material. High quality composite cylinders are
available from several domestic vendors using proven winding and lay-up techniques.

Our work within the tracking subsystem collaboration will be coordinated with Northeastern
University (A. Grimes).

Scope
ide a detailed conceptual design for a Scintillating Fiber Tracking Chamber structural assembly.

Skatempent of Work

1. Develop a conceptual design for a Scintillating Fiber Tracking Chamber support
- structure;

2 Provide supporting structural analysis for the support structure;

3. Evaluate the use of alternative structural materials, and propose test models for
tfuture design, construction, and testing.

This work will be coordinated with an electrical engineer and simulation expert to ensure overall
system compatibility and performance requircements.

udget

The total budget required is listed below:

FY91
Mechanical Engineer and a Designer $310K
Electrical Engineer and Simulation Expert 225K
TOTAL ORNL BUDGET $535K

The work will be administered at ORNL through the ,981: Ridge Detector Center.

Jmufsﬁn&ﬁ/% gy (oalne O

Head Engineer Duec:?;pf Oak Ridge Detector Center
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OPTECTRON
91946 Les Ulis

France

SUBJECT: TOPICS QF RESEARCH ON SCINTILLATING FIBERS FOR THE TRACKER AND THE
CALORIMETER OF THE FUTURE S.S.C.

As one of the. Targest manufacturers of scintillating fibers, Optectron has
been involved in the major projects of calorimetry and crack1nu such as UAZ,
DELPHI-SAT, NA38, CLEQ II and in experiments at Brookhaven National Laboratery
and Berke]ey.

Sttt tedededriciede

The characteristics of the-scintillating Tibers which are required in order.
to be used in the tracker and in the calorimeter of the future S.S.C can be
obtained; nevertheless, it would be necessary to carry out studies in order to
improve some of the actual characteristics and to Optxmxze the manufacturing
process.

We propose the following research program: °

study of a new process far manufacturing the modules of scintillating fibers
which will be used in the tracker and in the calorimeter. The aim is to be

§ able to manufacture modules having identical characteristics and to reduce
the manufacturing cost.

- improvement of the scintillating fibers behaviour under very high radfation
by using, for example, a 3HF dgpant and another dye.

- improvement of the coupling between the scintillating fibers and the avalanche
photodiode (APD) by using an interface with fluorescent fibers. The goal is
to abtain an optical wavelength at the output of the flueorescent fibers which
wauld be glose to the wavelength corresponding to the maximum of efficiency
of the APD.

- development of new tooling equipments used during the drawing phase of the
‘manufacturing process 'of the fiber; these-new-equipments would pérmit to - -~
control very. precisely the diameter of the fibers in order to obtain a standard
deviation of +/- 4%.

- study of a new process for the metalization of the fibers to avoid the cross-
talk between fibers.
A method using a thin layer of aluminium 1s possible; another method using
a carbon loaded black paint could be developed. An investigation is necessary
to decide which one will give the best results.

budgetary cost of this complete program: $300,000.
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QUANTUM

RESEARCH ASNVICES, NNC.

Use of Inverse Monte Carlo in Detector Design Optimization

Quantum Research Services proposes to investigate the use of the powerful Inverse Monte Carlo
(IMC) method for detector design optimization studies in support of the TEXAS proposal. The IMC
method was developed in 1981 by one of the Quantum investgators; it grew out of the realization that
the standard Monte Carlo problem (of estimating a definite integral by a suitable summation) becomes
an inverse problem (of the form of a Fredholm integral equation of the first kind) if one or more
parameters within the integrand of the definite integral are unknown and if the integral values are
known or can be specified. Using a single simulation that carries the unknown parameters in the
Monte Carlo scores, the inverse problem can be converted into a simpler form that can be solved for
the desired set of parameters by standard procedures, such as matrix inversion or least squares.
Design and optimization problems can often be posed in the Fredholm form and can thus be solved by
IM@ which has been successfully applied to remote sensing, design of photon beam modifiers,
singfe photon emission computed tomography , and X-ray fluorescence analysis.

In a physical sense, IMC estimates the response of the process being simulated (e.g., detector
response) for an arbitrary weighting of the design parameters (e.g., size and composition); the design
problem then reduces to finding the parameter weighting that best marches the known, desired, or
optimum system response. The desirable features of IMC include: the simulation is noniterative, thus
saving immense simulation time; and the method applies, in principle, regardless of the dimensionality
or complexity of the problem, in the same sense that direct Monte Carlo applics to multidimensional,
energy- and time-dependent transport, etc. On the other hand, IMC requires that the Monte Carlo

summation operator decompose into a manageable form for numerical inversion, which is not always
guaranteed.

As part of the TEXAS collaboration, Quantum will investigate the application of IMC to the
design of the detector, first to determine which design variables are amenable 1o solution by IMC and
then to demonstrate its application to design optimization for those variables, Candidate variables will
include the number of layers in the tracker, calorimeter material composition (e.g., the optimum
fractions of fiber and lead, or lead eutectic), hermeticity (i.e., locations of support structures to
minimize information loss), and subsystem dimensions. Since simulation studies for detectors are
very computation intensive, use of the IMC approach — which allows smdy over ranges of design
variables in a single (i.e., noniterative) simulation procedure — could dramatically improve overall
design efforts. IMC may also allow an efficient means to test novel design concepts.

.. Quantum's first-year budget for this study is $120,000, which will include direct labor for Drs.
William L. Dunn and A.M. Yacout, fringe and indirect expenses, travel, and other direct expenses.

Beta Building, Suite 340
2222 £. Chape Hill-Neison Hwy.
Ourham, NC 27713-2208

PO Box 52391
Durham, NC 27717-23901
919-544-4952
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AVALANCHE PHOTODIODE DEVELOPMENTS FOR

. SSC TRACKING DETECTORS
General Electric Canada Inc., Electro Optics Operations

Vaudreuil, Quebec, Canada

PROGRAM OF RESEARCH FOR PHASE II

BACKGROUND

While the suitability of avalanche photodiodes (APD's) as the detector of choice for
use with scintillating fibers for an SSC tracking detector still has to be confirmed, GE
is confident that such confirmation will be forthcoming during the present feasibility
program (Phase I). However, the best (most cost effective) way of using them in this
role is still not clear. The object of Phase I is to show that an array of APD's used
in the Geiger mode, witk periodic and parallel resets, will prove to be an inexpensive
and satisfactory approach. A second objective is to determine the radiation
$ensitivity of an APD used in a photon counting mode.

The main advantage of the Geiger mode is that it eliminates the need for any
amplifiers, since the magnitude of the Geiger discharge pulse is more than adequate
to directly drive all subsequent signal processing electronics. Other advantages are
potentially high (> 50%) single photon detection efficiencies, the need for only

moderate (~ +2°C?) temperature regulation, and high detector-to-detector detection
efficiency uniformity. -

The main disadvantage of this approach is that detectors operating in the Geiger
mode emit light. Thus monolithic arrays of Geiger mode APD's are not practical
unless the arrays can be designed with adequate light absorbing regions between the
individual elements. While it is too early to rule out the feasibility of this approach,
it is probably better to assume for now that the array will consist of individual chips
which are carefully optically isolated from one another. Another disadvantage is that
each "fired” channel will remain “dead” until the next reset, likely to be in the 100-200
ns range. However, since it is understood that the expected fiber utilization rate is
at most about 10%/s, the miss rate due to dead time will be a2 maximum of 10-20%.

If the Geiger mode of operation proves to be unsatisfactory, because of unavoidable
crosstalk or for other reasons, a fall-back position is an array of APD's operating in
the normal mode, in conjunction with an array of low-noise preamplifiers. The
problem with this approach is the cost of the preamplifiers. While suitable low-noise
preamps (Equivalent Noise Charge (ENC) of 100-200 electrons rms) having
adequately fast time constants (a few ns) have been fabricated in this laboratory, they
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are hybrid amplifiers with a GaAs FET as an input stage. It is difficult to see how
these could be manufactured at an affordable price for this project. Monolithic
InGaAs preamp arrays are a possibility, but these have not yet, to the author's
knowledge, been demonstrated. The inexpensive monolithic preamp arrays
developed for use with straw tubes (ENC ~ 1000 electrons) are too noisy for use
with APD's for photon counting in the normal mode.

PHASE II PROGRAM OUTLINE

The work to be carried out during the next phase of this program will depend on the
results obtained during Phase I, but is likely to contain at least some or all of the
following tasks:

1. Design and fabricate a linear array of APD's with properties optimized for this
application (element size and spacing TBD; number of elements: 32 or TBD)
with light barriers between the elements. Evaluate for crosstalk as a
monolithic array, photon detection efficiency, element-to-element uniformity,
yield, etc. If acceptable, use as an array. If not, cut into individual elements.

2. Develop an inexpensive packaging technique for a linear array of, for example,
32 monolithic or separate detectors and associated electronics. (Center-to-
center spacing likely to be about 1-2 mm.) Investigate also inexpensive
approaches to making fiber-to-detector couplers.

3. Characterize this array for photon detection efficiency, crosstalk, uniformity,
temperature coefficient, etc. With fiber array attached, characterize for MIP
detection efficiency as a function of fiber length. Note: This last task could
be done by, or in cooperation with, Northeastern University.

4, Consider the feasibility and desirability of a design in which the Geiger
discharge is used to directly drive a low-threshold laser so that the module
output would be an optical, rather than an electrical pulse. Such an approach
appears possible (anticipated optical gain of greater than 107) and could be
desirable, due to the compactness of fiber cables, if the signal processing
electronics is very distant from the detector arrays. An array of low-threshold
lasers could be purchased externally or fabricated in-house by GE using a
recently-installed AlGaAs/GaAs MOCVD system.

5. Prepare a summary report, indicating remaining problems to be solved,
recommended form of the final package, possible further cost reductions,
achievable through integration of the remaining circuit elements, etc.

Probable Phase II cost (not including Task 4): about U.S. $300,000.
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EXPRESSION OF INTEREST
TEXAS DETECTOR for the

SUPERCONDUCTING
SUPERCOLLIDER

TELEDYNE BROWN
ENGINEERING
Cummings Research Park
P.Q. Box 070007
Huntsville, AL 35807-7007

Teledyne Brown Engineering
(TBE) is pleased to submit this
gxpression of interest in the TEXAS
Petector Collaboration for the
Superconducting Supercollider.

1. Statement of Work

'I'BE proposes to use its expertise
in the following areas for the
development of integrated solutions to the
design of the scintillating fibre tracking
subsystem, the scintillating fibre
calorimetry readout system, and the
trigger processor for the TEXAS detector:

Oproelectronic readouts. TBE
will use its experience in developing

tic data communications networks
to develop an optical reader and fibre-
optic connection for direct optical readout
of the scintillating fibres in the tracking
and calorimetry subsystems. ‘The use of
optoelectroic connections instead of
traditional electromics in these subsystems
is expected to significantly enhance
radiation hardness and signal processing
times. As part of this process, TBE will
evaluate the use of this optical repeater for
signal preprocessing and timing.
Evaluation of a variety of candidate
soludons is contemplated.

Opiical processors and neural
networks. TBE will evaluaie the use of
the optical readout directly as input to an
optical processor, one which uses a

Teledyne Brown Engineering in TEXAS. p. 1

peural network algorithm as a high-speed
pretrigger. The use of optical computing
techniques and neural network algorithms
will enhance signal processing times,
enabling the TEXAS detector to operate at
higher luminosities.

Lasing detection media. TBE
will perform further analytic |and
experimental .validation..of . the use of
semiconductor diode, crystalline,| and
gaseous laser media as primary laser
detectors. TBE will determine primary
signal strength vs. detector characteristics
(bias current, thickmess, opcral:ipnal
wavelength) and identify signal
processing techniques to extract the
maximum possible position and particle
energy information from the radiation
pulse from the ionizing particle interation.
Sensitivity studies for both stimulated
emission and stimulated absorption
detection concepts will be performed.

Detector Design and
Developmen:. TBE will perform:
design and demonstration of an optical
readout system for scintillating fibres;
design of single-cvent threshold optical
wrigger; design of coincident threshold
optical trigger; laboratory-scale
demonstration of the candidate trigger
systems; and, laboratory scale
demonstration of the laser detection media
tracking concepts.

2. Facilities and Personnel

Teledyne Brown Engineering, a
division of Teledyme, Inc., is an
integration and aerospace services
company located in Cummings Research
Park, in Huntsville, AL. Our 3,000
employees provide a wide variety of
services for the Marshall Space Flight
Center, U. S. Army Missile Command,
and U. S. Army Strategic Defense
Command, as well as a vanety of other
customers. Among ouf current Contracts
are:

Payload Missions Integration
Contract (PMIC). Responsibility for the
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integration of Spacelab missions for the
Space Transportation System; the most
recent Spacelab mission supported is the
ASTRO I high-energy astronomy
observatory mission.

Space Station FREEDOM. TBE
is responsible for integradon and
communications of the Crew Module.

Systems Engineering and

Technical Assistance (SETAC). As
SETAC to Army Stategic Defense
Command in Huntsvillle since 1972,
TBE has performed work in virtually
every arca of defense-related technology.
Of particular interest are activities related
to the radiation hardness of
optoelectronics and electronic systems;
optical and infrared detection;
"~ communications systems; and, large
. software systews.

TBE possesses an cx:cnswe

mndam nptcan Toeb amans -

collaborating on optical computcr
develOpmcnt with the University of
. Alabama in Huntsville. TBE also has
extensive effort devoted the use of neural
network algorithms to problems of
- pattern recognition, classification and
target resolution in a high-signal
eavironment. TBE plans to augment this
optics facility with a radiation source
storage and test facility to support SSC-
related activities.

TBE proposes to devote the
following personnell to the TEXAS
Detector System development effort

(resumes/vitas provided on request):

C. E. Kaylor, Ph.D. Program
Manager. @

J. K. Woosley, Ph.D. Technical
manager; event physics, ecvent
characteristics, dectector and wigger
requirements, radiation detection and
hardness, signal analysis.

TBD. Deputy Technical Manager;
optical system design and test.

Teledyne Brown Engineering in TEXAS, p. 2

A. J. Fennelly, Ph.D. Radiation
detection and hardness; signal analysis,

M. B. Johnson. Radiation-hard
optical data systems and readouts.

TBD. Optical communications
design, test and operation.

TBD. Optical Computers; neural
nerworks.

TBD, Laser systems,
3. Costs o

TBE proposes the following cost
schedule for supporting research, deszgn,
and development on the TEXAS Detector
in Fiscal Year 1991.

Government funding. TBE
requests funding from the government at

dee 1.l $500,8088 Jul..a TS L assay
funding estimate should be regarded as
prehmmary' a detailed cost will be
provided on request. This funding|will
be distoibuted as follows (all values

include overhead, G&A, etc.):

Engineering Labor ,

. -~ 13,000 hours $520,000

Administrative Labor l,
2,000 bours 40,000

Materials 15,000

Travel 25,000

Internal funding. TBE will
devote’ $100,000 of internal capml
expenditure and equiptment resources to
the upgrade of its optical laboratory| for
performance of radiation testing, and will
devote an additional $50,000 of mtemal-
funding to labor.. Expendinure of somc
of these funds is contingent on recenpt of
funding above. Ongoing efforts in ncnral
network and optical computing
technology will contribute approximately
$300,000 (FY90/91) to the technology
base in these areas through indirect
support of the TEXAS effort.
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Thinking Machines Corporation

May 23, 1990

Professor Lawrence R. Sulak
Chairman, Physics Department
Boston University

Boston, MA 02215

Dear Larry:

We have followed with great interest your proposal of using massive
parallelism as an integral component of the computational effort
required by the TEXAS detector.

We at Thinking Machines Corporation are firmly convinced that
massive parallel computations are viable for a large range of
applications in experimental particle physics, from the simulation
of detector performance to, potentially, the reconstruction and
analysis of events. The possibility of using a Connection Machine
system in situ for the on line analysis of events after the first
levels of triggering may also be envisaged.

As you know, we are providing technical support to several projects
in advanced computation at Boston University, including parallel
algorithms for the SSC. We will be very pleased to assist you and
your group in the application of massively parallel computation to
your proposed detector design within the framework of the excellent
relationship we have developed with your University.

We wish you the best success for your proposal.

Sincerely,

ice President

245 FIRST STREET

CAMBRIDGE, MA 02142.1214

TELEPHONE: (61718761111 P 23
FAX: 617-876-1823 :



Union Carbide Industrial Gases Inc.
Linde Division v

Post Cffice Box 44

‘onawanda, N. Y. 141510044

falex 754632

Gas Supply and Recirculation System for the Texas Detector at the SSC
Engineering Design Proposal
iay 21, 1950
Prepared by Union Carbide Industrial Gases Inc.

L. Introduction..

This document defines the work required to develop a definitive design and cost estimate for the Texas
Datastor (TD) gas supply and racizonlation system. The TD uses w acuvn-hydwocarhon gas miznme inside
the dewcctor tubcs, and a carbon dioxide gas steam a5 a buffer gas suuvunding ihe tubes, The buifer gas
is nsed to shield the xenon from air contamination during normal operation. Alsg, the buffer gasis used
during initial starte and forlong-term shutdown 0 purge airconteminants fom the systom aad to fus
the xenon gas mixmre inte surface storage facilities, A carhon dioxide buffer gas has been selecied

a - - 1 RN | -
1.:..;:."”' toantbs ’3“"""’"‘" alntivel ”""-1":’-:1“ aS KUl s«uu.l.uu.ua.u Thc EaN; \uz:luy AW TEG LI

system consists of storage, supply, recirculadon, and purification subsysisuss {or ihe xcnon-nydrocarbon
mixture and for the carbon dioxide buffer gas.

2. System Description

A conceptual flow diagram for the gas supply and recirculation system is shown in Figure 1. The
overall system consists of separate recirculation loops for the xenon gas mixtnre and for the carbon
dioxide buffer gas. Makeup gas for each loop is provided from on-site high-pressure tube trailers. Both
gas sireamns pass through particuiate fiters, prcssm contol equipment, and temperature control
equipment prior 10 being fed to the distribution manifolds. The specifications for the TD feed streams
are as follows:

TD Feed Specifications
Xenon Gas Mixture
Input pressure 3 to 7 millibar
Maximum Flow Rate 75,000 V/br
Composition ‘
Xenon --20 molc %
Hydrocarbon ~10 mole %
Stabilizer Trace
Oxygen ' <100 ppm
Carbon Dioxide <1000 ppm
Water <1000 ppm
Temperature Control +2°F
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Carbon Dioxide Buffer Gas

Input Pressure 3 to 7 woillibar
Maximum Flow Rate 7,500 I/hr
Purity Requirements
Water <1000 ppm
Oxygen <100 ppm
Temperature Control 22F

The carbon dioxide and xenon recovery headers are operated under a slight vacuum (-100 millibar).
Gas from each header is compressed prior to being recycled back to the supply systems. Xenon recovery
may be provided downstream of the carbon dioxide compressor for xenon that has permeated into the
buffer gas. A small CO2 vent located downstream of xenon recovery is used to limit the buildup of
impurities in the buffer gas.

The compressed xenon mixture passes through various stages of purification for removal of CO2,
H20, and Oz. These purification stages will likely consist of canstic scrubbing (COz removal), physical
adsorption (20 removal), and chemical adsorption (O2 removal). A small proportional-counter test
system located downstream of the purification stages is used to test the quality of the recycled gas. A gas
analysis system is provided to monitor impurity levels at various points'in the process.

" A small high-pressure compression system is provided for recovery of xenon prior to shutdown and
meintenance of the TD. This is accomplished by Qusinng the system with CO2 and collecting the
xepnon—-CO2 mixture in high-pressure wbe trailers for subsequent purification..

3. Scope of Work

The TD gas supply and recirculation system includes the aboveground supply, recirculation, and
pwrificatdon equipment and controls as shown in Fgure 1-.Theboundary1imitfofthis system is the
eatrance to and exit from the distribution and recovery manifolds, respectively. This document defines
the work required to develop a process and system design in sufficient detail to develop a definitive cost
estimate (:10%) for the gas supply and recirculation system. This design effort will not include
generation of detailed equipment and construction specifications, construction drawings, or operating
procedures,

4. Statement of Work :

All activities necessary to provide the scope of work are identified on the Work Breakdown Structure
(WBS) presented in Figure 2. This effort will focus on optimizing purification system components while
minimizing Xenon losses. Specialty components that could have a major impact on cost and operability
will be defined as part of this effort.
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1. Project Definition 2. Process Design

LI Finallzs Scope
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Figure 2: TD Gas Supply & Recirculation System— Work Breakdown Structure

5. Deliverables

The results of this work will be presented in a design report that includes the following:

—Process flow diagram
- Process description

—Hear and mass balance

— Process and instrumentation diagram

—Layout diagram
— Cost estimate

6. Cost

The total cost to complete the scope of work is as follows:

Engineering (140 man days)
Technical Support (50 man days)

Travel
Computer Support

Subtotal
General and Administration (25%)
Total

Union Carbide Contact

75,000
20,000
10,000
—6.000
$111,000
—21.75Q
$138,750

Sharon L. Saupp

Union Carbide Industrial Gases Inc.
Linde Division

P.O. Box 6744

200 Cottontail Lane

Somerset, NJ 08875

Phone: 201-271-2613
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Preface

We answer in this document the questions that the SSC Program Advisory Committee
(PAC) addressed to the TEXAS collaboration.

We first present an update on the baseline TEXAS detector concept, a necessary frame-
work to answer the questions in detail. The three most relevant items of progress since our
EOI was submitted are the following:

e The O(a,) corrections to the H — bb decay have been calculated.”’ They decrease
the total width of an intermediate-mass Higgs by a factor of two. Thus, the calculated
branching ratio for H — <7 increases by a factor of two: good news for anybody
attempting to exploit this difficult decay channel. TCpp=H20T) 20.2p)

e The calculated ionizing radiation dose has decreased by a factor of three.”! This
means that current scintillating fibers would survive — in their TEXAS locations -
for ten years of running at £ = 1034cm—2s~1.

e SPACAL has demonstrated in prototype test beams the outstanding performance of
fiber calorimetry in terms of resolution, speed and e/h separation.

The TEXAS Expression of Interest was conceived to bring to the attention of the SSC
PAC, and of the physics community, an alternative detector concept. Alternative, that is, to
the expensive, large magnetic field, lower luminosity, generalized detector concepts espoused
by SDC, EMPACT, and L*. The TEXAS EOI was intended as an expression of interest in
the construction of a high-rate, fast, calorimeter-based detector. The TEXAS collaboration
was only formed in January 1990; and its details have yet to be fully frozen. That task
awaits engineering studies to be performed over the next year. The TEXAS EOI is not yet a
proposal for an experiment. Our intention is to attract collaborators and work together over
the next few months to develop a complete, detailed, exhaustive proposal. For this we need
the support (both verbal and financial) of the SSC management and its advisory bodies.

Compared with the general purpose detectors, TEXAS has the fewest number of major
design decisions to be settled prior to the submission of a detailed proposal. This makes
it easy for us to provide estimates not only of detailed costs; but also of the physics reach,
by using measured resolutions or by employing performances based on Monte Carlos which
have successfully modeled real devices. TEXAS has no separate tracking, magnet system,
or calorimeter options around which to design the experiment.

The clarity, specificity, simplicity and proven technology of the TEXAS specialized
detector-concept makes it easy to envision each of its three major subsystems in a way
that is not possible with detector concepts presented as a list of choices, or with untested
technology. Each of the three major components has been tested in a major experiment or is
being implemented in full scale prototypes. For example, the pre-radiator/tracker has been
proven by UA-2, the calorimeter by the SPACAL and SSCINTCAL collaborations and the
muon TRD by MACRO.

We must admit that our presently small collaboration could not — in spite of considerable
effort — answer in a period of three weeks, and to our own full satisfaction, a long series of
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well-taken questions whose fully detailed and complete answers, at the EOI stage, might
have normally taken a year of work and simulation. We hope to be able, however, to
demonstrate a measure of progress and to convey our conviction that the TEXAS design is
not fundamentally flawed, and that our physics and technical claims are entirely tenable.

REFERENCES

1. C.P. Yuan and G. Kane et al. private communication.

2. D. Groom et al. Draft SSCL-285, June 19' , 1990.



Detector Concept Update

We briefly discuss aspecis of the detector concept necessary to answer the
questions from the PAC. The limited scope of the EOI, both in format and n
intent, did not permit the level of detail we present here.

Central Tracker and Imaging/Prevadiator Triggering

Two layers of scintillating tiles precede the imaging preradiator and have ~.3
mm thick segmentation to match the calorimeter (0.05 x 0.05, offset by half a
cell in both dimensions to achieve 0.025 x 0.025). Fig. 1 shows this in detail.
The tiles are read out by a wave-shifting fiber in the manner developed by the
SCCINTCAL Subsystem R&D collaboration for calorimetry (see Fig. 1 i. These
trigger pads constitute about 15% of the pixel chaunels of the tracker/imaging
pre-radiator. The tiles

(1) eliminate ghosts in the track reconstruction by constraining the combi-
natorics;

(2) provide fast (within a crossing) multiplicity information to the trigger;

(3) tag neutrnls entering the pre-radiator and calorimeter, when combined
with the calorimeter response.

The stereo angles of the fibers in the tracker and preradiator have been in-
creased to 45° to provide more resolution ou the track coordinates along the heam
direction. (JA-2, for example, has 45° stereo). A combinaiion of uv at different
angles is used in adjacent layers to ruppress ghosts.

The 6m long tracker module is read out by fibers no more than 3m in lengih.
Since 1mm fibers provided more resolution than needed, the fiber thickness has
been increased to 2 mm to give more light and minimize the channel count. In
addition, Monte Carle work shows that a 2 mm grid provides suificient resolution.

A new option for a support structure without radiaticn-sensitive epoxy resing
has Dbeen identified. The tracker/preradiator could be supported by a spun alu-
minum skin (like a Boeing 747 nose-cone) if radiation damage studies of cachon
fiber indicate this is necessary.

‘Tracking with 2 mm fibers on siraight tracks is considersbly casier than with
the sub-mm fibers propnsed for precisiou tracking in a mapgnetic field. Light
outpul is greaier and the reeconstruction hypotheses ave limited. Members of
the TEXAS collaboration participating in an SSC R&D) subsystem task on fiber
tracking have developed a design for the central detector and inraging preradiator.

i



They have built upon the operation of pre-radiators and fiber trackers in existing
experiments in designing the fiber orientation, the number of layers, ihe fiber
thickness, etc. This design is being optimized with the aid of Monte Carlo studies.

Preliminary analysis yields a resolution on the vertex in a single event of
4 1nm along the beam direction using tracks from minimum bias events. The
puosition of conversion in the pre-radiator of 85% of the gaminas above 10 GeV
can be determined to + 1 mm. Over 90% of the ganminas convert in the pre-
radiator. Using the SPACAL resulis on the best fit to the renter of gravity of
isolated electromagnetic showers (+ 1mm), the ganuna direction is determined
to aboui 0.5 degrees independent of charged track information for the vertex. We
shall see that this plays an important role in our search for H-» y~.

Calorimeter Segmentation

A conservative baseline calorimeter design was discussed in the EOI. It used
separate longitndinal electromagnetic and hndron compartments. This concept is
further discussed in Generic Quesiion 5. Since the submission of the TEXAS EOI,
the SPACAL collaboration has proven the anticipated performance of a mono-
lithic tower design with combined electromagnetic and hadron compartments.
Simplicity and uniformity result {rom this implementation of fiber calorimetry.

In addition, SPACAL results provide convincing ¢/n separation available in

]

real time' (see Fig. 3) using the following two methods:

In the first method, the pulse shapes for elecirons and hadrons are sufficiently
different that a full width fifth maximum (FWFM) timme measurement of the pulse
separates hadrons from electrons (see Fig. 2). When applied to a Jocal cluster of
towers large enough to contain hadronic showers, a simple FWI'M digeriminator
gives a dircet logic pulse distinguishing eleciromagunetic from hodronic showers.
The cluster must be 30-35 cm in diameter, as shown in Figure 3. From the tem-
poral structure of the phototube signals alone the e/ separation is 10~3 without
longitudinal segmentation, Improverzents on this simple trigger are expected to
further enhance this remarkable result.

Secondly, the SPACAL collaboration has also proven the value of fine tran-
verse segmentation when combined with a prevadiator. The signal from a simple
(non-imaging) 1.5 Lpap pre-radiator was independently recorded in front of the
SPACAL prototype. Because eleciron showers have n much narrower core than
do hadron showers, transverse shower size also separates shower types. An energy
cut on the deposition in the preradiator applied simulianeousiy with a simple cut
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on transverse containment achieved a separation of 4 x16%, between test beam
electrons and pions, as shown Fig. 4.

Fine transverse segmentation achieves much of the same goal as longitudinal
segmentation, because showers are correlated in their transverse and longitudinal
shapes. While these two methods of e/n separation are not fully independent,
the combined e/ separation is 10~4. This is close to the ultimate limil imposed
by pion charge exchange scatiering in a monolithic caloritneter, and was achieved
in preliminary results presented by the SPACAL group at Snowmass '90.

With a monolithic design, the proposed TEXAS calorimeter would be capable
of finer hadronic segmentation at a reasonable cost. A segmentation of 0.0256 x
0.025 (half that in the EOI) is useful at the 2 meter inner radius when limited
by the 22 cm interaction length. 1t is then comparable to » 1 meter radius
calorimeter segmented at 0.05 x 0.05. A design with monolithic Jead-fiber towers
would require about 160,000 PMTs, 20% fewer than the 200,000 PMTs of the
EOI with separate em and hadron compartments.

On the scale of a Moliere length (1.9 cm), a fiber spaghetti calorimeter can he
treated as a homogeneous mixture of fiber and lead. The degree of homogeneity
is dictated by the size of the fibers and the (compensated) ratio of Pb to fiber;
this is why this calorimeter is so uniform. Thus, the fineness of the transverse
segmentation in the calorimeter is dictated by the shower sizes and the large inner
radius and not by physical design considerations. On the other hand, the physical
size of the spaghetti calorimeter super-modules is dictated by manufacturing
and inlegralion engineering considerations. By simply undoing a fiber bundle
and rebundling it into smaller bundles, a spaghetti calorimeter can increase its
transverse tower segmentation down to “imaging” dimensions.

Triggering

Following the SPACAL experience, the triggers to separate hadrons from
electromagnetic showers are straightiorward, As discussed in the TEXAS EOI,
signals in adjacent cells are added electronically Lo form overlepping calorimeter
cells. Thus events which cross the boundaries hetween cells are handled uniformly
by the trigger, as in Fig. 5. Triggers have been devised Lo find hadrons, isolated
olectrons, and isolated gammas. These use hardwired analysis of the calorimeter
pulse shapes, the signal cluster size, and the preradiator trigger information as in
Fig. 6. and Fig. 7, from the SPACAL and LAA groups at CERN. These results
arc due in particular {o research by R. DeSalvo. '

To give an example, an isolated gamma trigger would require no hit in a
iracker tile, hite in the pre-radiator, and an isolated deposition in the tower
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cluster aligned with the tile, The cluster trigger ie formed from simple puise
height ratios formed elecironically with neighboring towers. Indeed. SPACAL
beam tests have shown that the overlap of an electron and a hadron separated
by only 45 min can be unfolded, offering a powerful technique for finding electrons
even ip jetsm

Imayging Calorimeter Potential

Recent work using neural networks™ and image recognition techniques™ has
direct implications for spaghetti calorimetry with fine transversc segmentation.
Jsing neural-net algorithms operating on the tower “pixels” of a calorimeter,
it may even be possible to diseriminate between jets originating from gluons
and those originating from quarks. This analysis benefits from fine transverse
segmentation, as discussed in the Stroug interaetions group at SNOWMASS
1990™ . Using a fit on adjacent electromagnetic calorimeter cells to find a
gamma ray position is an early indieation of transverse segmentation being used
to derive additional physics information from the shower devc]opmcnt""

Radiation Damage

Recent recalculation of the ioniziug radiation dose expected at the SSC has
lowered the previously quoted figure by a factor of 3. At an n of 3, the dose is
expected to be nbout 50 MRad at shower maximum for 10 years of SSC oper-
ation at £ = 10**cm~2s~!. Since fibers available today rceover from 30 MR
exposures, towers that could be built now can be expected to survive for at least
8 years at high luminosity without further development, even at n of 3.

The boundary between the solid and liquid segments at TEXAS is undecided
prior to further studies. In the present EOI, the tungsten absorber matrix for
the liguid-calorimeter regicn of TEXAS starts at 7 = 3 to reduce the shower
width (from a hadron absorption Jength of 22 cm to 11 em). This enhances the
jet separation in the forward region to permit triggers from gquark spectators in
the production of heavy Higgs by WW fusion.

Because of the increased neutron density from a relatively nearby forward
calorimeter, the n >3 region may need about 20 cin of polystvrene in front of
the calorimeter'® | However, this mfay he unnecessary sinee peutrons have little
effect on plastic scintillators. For 5i calorimetry, the neutrons at the SSC could

be fatal, especially at 19** cin~%zec™!.

In the answer to (Generic Question 5, we discuss a staged implementation of
the calorimeter. In stage 1 we would build oniy the electromagnetic calorimeter,
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dedicated to H— v+ and li— ZZ*. Later, ihis detachable front =nd could be
added to the hadronic tower using the low-cost fiber conpling plates we have
developed. See Generic Question 5 for a detailed disenssion of this option for
construeling the calorimeter.

Enhanced Resolution

The SPACAL collaboration” has demonstrated that the Monte Carlo simu-
lation of scintillation calorimetry is fully predictive, having resched 29% //E for
hadrons with a 1% constant term, and 13%/vE with a constant term close to
1/2% for electrons. Usiug the same Monte Carlo prediction as shown in Figure
9, it is possible to scale to an electromagnetic resolntion of 6%/V'E with a 1/2%
constant term by simply reducing the fiber diameter to 0.5 mm, instead of 1 mni,
while maintaining the 20% compeunsation ratio of lead to fiber. This provides a
realistic calorimeter for Higgs — vy at the SSC and other physics. With 0.8 mm
fibers, 1 he hadron resolution would reach about 25%/\/E. (With 4 times the
number of fibers, the sampling finctnations decrease since the mixture becomes
more homogeneous. )

To make such high electromagnetic resolution for TEXAS technically possi-
ble, fiber technology must improve its dimensional tolernnce by a facter of abont
3, to 0.5% in the fiber diameter (3-5 microns). This would decrease the atten-
uation length contribution caused by wavepgnide non-uniformity. The TEXAS
collaboration has heen sssured by several manufactsrers in the US, Furope and
Japan as well as by an industrial partner, Bicron, that this is well within the state
of the art. For example, common 82.5 micron plastic fibers used in local area
networks have a dimensional tolerance of 0.5 microns. More gualily controi in
the pre-form and pulling processing, and installation of the latest fiber equipment
manufacturing machinery, is required. The cost of the smaller 0.5 mm fibers is
estimated by Bicron to be 30% per meter of the 1 mun fibers. With four times
the linear length, the smaller diameter fibers would cost roughly 1.2 times the
esiimates in the EOI for fiber.

Increasing the number of fibers embedded in the tower is estimated to merease
the manufactured cost of a completed tower by about 10-12%. The servos must
have a gentler pull and more sensitive feedback mechanism to handle the thinner
and more delicate fibers. The matrix insertion (either machine laid-dewn or caet-
in-place)} is & major subject of our proposed engineering studies over the next 1.5
years. The factory need not be staried for 5 years.  We are assi:red that tooling
is relatively straightforward by onr industrial atliliates.



An alternative calorimeter impleinentailion uses & separabic slectromagnetic
section, as userd by the JETSET collaboration, to achieve 6.5%/ v E"" . This op-
tion would allow staged operation before insiallation of the full hadronic calorime-
ter,

Muon TRD Detasls

Many proportional wires (about 1,000,000) are required for the mvon TRD
to reduce drift times to about 150 ns. The wires are not indijviduslly read out,
but are ORed in projection clusters of about 20-30 for a secondary TR1) readout.
The 10,000 1n? of chamber are only about twice the area of the chambers being

constructed for MACRO.

The pad readout is segmented at a level equivalent to a tower segmentation
of about 0.1 x 0.1, yielding 300,000 TRD channels in 80 layers. The 6000 mmon
towers thus forined give a direci energy signal without any track fitting. Fine po-
sition: resolution on muons is provided by the limited streamer tubes and ganged
TRD wires. I'he 60 layers of TRD wires are offset staggered from layer to layer
to generale a fast saturation trigger tag in about 25 ns. Muons pass within 26
ns of 1/6 of the wires.

Each layer of xenon TRD detector-wires is backed by about 2-10 mm of
structural material for strength and also to scattier and absorb clectrons or low
energy particles accompanying the muons as they exit the calorimeter. The low-7Z
layers of liquid scintillator used for triggering reduce the electromagaetic showers
exiling the calorimeter. These showers arc essentially nmuted to about 80 MeV
for lead, far below the TRD electron threshold of about 250 MeV. In contrast,
these showers are a problem for precision trackers with magnetic fields.™"

A possibility for the TRD “wires” heing pursued by the collaboration is a
recent development in printed wires - 10 miecron lines deposited on an insulating
substrate. 1f this proves to be a low-cost and easily assembled alternative to the
existing Jow-cost techniques used in MACROQ, it could be adopted.

Trigger Detaitls

The TEXAS trigger uses “fuzzy” logic to weight the inconiing iformsaiion
from the tracker pads, calorimeter, main trigger, e¢te. For example, if the an
Er deposition is large enough, it may override a veto or the absence of other
trigger requirements. In the electron trigger, the isolation requirement may be
softened; for a hard muon trigger, +6 logic may over-ride a muoun signal in the
calorimeter. The first level trigger will omput numerical values corresponding
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to the robustness of the irigger. Custom fuzzy logic chips will evaluate that
information in the second level.

The details for implementing the imaging reconstruction of the cells of the
calorimeter to find electromagnetic or hadronic energy were deccribed earlier in
the calorimeter update section. Each cell of the calorimeter is connected logically
to its nearest neighbors to form these quantities and to avoid bias on the basis
of the physical segmentation of the calorimeter.

The basic first level trigger signals are the following:

(1) high transverse hadronic cluster energyv: the calorimeter cluster ASIC
fires above threshold;

(2) high pr eleciron trigger: pulse shape discriminator tracker tile pre radiator-
tile angle-scaled energy isolation override, ASIC/ROM on calorimeter
cluster;

(3) gamma trigger: same as electron trigger but with tracker tiles in veto,
and a different pr threshold;

(4) high pr muon trigger: TRD 4 calorimeter tower ASIC + Tracker tile
central detector isolation evaluation.

The basic second level trigger signals are the following:

(1) Global total Er and global missing Er: an ASIC looking at the globai
pipeline;

(2) Lepton multiplicity, Er, and patterns: an ASIC looking at the global
pipeline;

(3) Trigger clusters: evaluation of the total trigger patteras.

FOOTNOTE: Many results used here were presented by Michele Livan at
BU on 6/18/90, and by Ricardo DeSalve st Snowmass 1990, for the SPACAL
collaboration. Note that e/h is slightly larger than 1.0 in these preliminary
results; Monte Carlo predictione indicate that a slighi shift downward in the fiber
diameter, or a slight shift upward in the fiber spacing will be able to tune e/h to
1.004+ 0.01.The results were taken in the first week of June without calibration
data; the phototubes were simply balanced to about 3% with a source, and
these calibration errors gave rise to an effective constant term of 2.6% iu these

preliminary results.
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Figure C'aptions

PFig. 1 TEXAS tracker/preradiator with trigger pads.

Fig. 2a Pulses from the SPACAL spaghetti calorimeter. Note the differences between ¢~ and

no.
Fig. 2b Pulse width (Full width at one fifth maximum) distribution (fixed offset of 8 hs).
Fig. 3a, 3b (SPACAL) /7 separation clectronies for pulse shape discrimination.
Fig. 4a (SPACAL) Containment definitions.
Fig. 4b (SPACAL) e/ separation with containment vs pre-radiator signal.
Fig. 5 Flectronic overlapping towers for trigger. (From SPACAL).-
Fig. 6a-g SPACAL concept for fiber calorimeter electronics (courtesy of R. DeSalvo).

Fig. 7 lonizing dose at electromagnetic shower maximnm al SSC* design luminosity for one
year and (in parenthesis) at £ — 103cm~2s~7,

Fig. 8 TEXAS projecied resolutions with 0.5mm fiher ontion.

Fig. 9 TEXAS potential energy resolution, but with 1% constant term. (Data from 8/90
without calibrution).
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G1: Higgs Searches

Describe the capabilities of TEXAS for searching for a standard model Higgs from 90 to 800
GeV/c2

A: Intermediate Mass Higgs (80 GeV/c? to 180 GeV/c?)

H— vy

The decay H — <y appears to be the most promising channel in the intermediate
mass region. The measurement of the H — «y branching ratio is widely recognized” as a
fundamental tool to elucidate electroweak symmetry breaking no matter what the underlying
mechanism is. The signal is clean: a pair of isolated high pr photons and no missing ET.
However, excellent energy resolution for photons is required for this channel. Also, due to
the low signal to noise ratio, high luminosity (1034 cm—2sec~!) may indeed be helpful.

Recent theoretical calculations, including QCD . a, corrections,'zl show I'(H — bZ) to be
half the value we used in the calculations for the TEXAS EOI. This implies that the cross
section for Higgs decaying into two 4’s is two times larger than anticipated. This extends
the sensitivity of the TEXAS search for the Higgs down to a mass of 100 to 120 GeV/c2.

An important aspect of the TEXAS detector for the H — 4+ search is its rejection
power against QCD jets that fragment into #%’s. Typically the background to a single 7 is
a jet of several lower energy 7%’s that overlap. These are easily identified in the imaging
preradiator. A problematic background for other detectors is fragmentation to a single =°.
A simulation of a typical event is shown in Fig. G1-1.”) The conversion of the two gammas
is quite distinct due to the large radius of the TEXAS calorimeter and the fine granularity
of the preradiator. The separation of the photon conversion points is 1 cm transverse to the

70 direction.

The cross-section for Gq to 7%x° reconstructing into the invariant mass range of the light
Higgs is about 1 mB (a 1MHz rate). The cuts and the trigger must therefore reduce this rate
by six orders of magnitude. The preradiator tiles and the electromagnetic energy signal allow
an isolation cut of R<0.6. This rejects the background by a factor of 10~* to 105 at level
2 of the trigger. (Unfortunately, the real SSC fragmentation function needed to determine
this rejection to better precision in hadron collisions with initial state gluon bremsstrahlung
is not known). The resulting 10-100 Hz trigger rate is still high compared with the required
rate of 1 Hz. However, the gammas from a 7° are separated by 0.3-1.2 cm at the imaging
preradiator. The third level trigger will lower the rate by at least a factor of 25.

Another performance specification of TEXAS is its ability to identify the vertex asso-
ciated with a H — v event. As discussed in the Detector Update section, the TEXAS
detector has two methods of determining the vertex:

1) central tracker pointing back to the vertex, using the underlying charged particles of the
event, and



2) calorimeter/preradiator pointing, using the center-of-gravity of the em shower (¢ =
1mm)™ and the photon conversion point in the preradiator (¢ = 0.6mm).

The first technique determines a vertex, at both low and high luminosity, to < 1 mm, the
second to 0.6 cm. Both of these numbers are smaller than the typical vertex separation, the
interaction diamond length (¢ = 5 cm) divided by the number of overlapping events, even
at high luminosity (10cm/15 ~ lcm). The second technique is crucial for 1034 cm~2 sec™!
operation where typically 15 minimum bias vertices could be confused with the H — v

vertex. It insures that a H — 4+ candidate is a “quiet” event.

Two instrumental effects contribute to the width of the mass peak, energy resolution and
vertex uncertainty. Without any vertex fitting, the mass resolution smearing from the size
of the interaction diamond is comparable to that due to the energy resolution. With either
of the pointing techniques, the energy resolution dominates the error. This is summarized
in Table 1.

Table 1: Mass Resolution for H— vy

\x

Higgs Mass | Diamond smearing | 0/ E + Diamond smearing | 0 /E smearing + Vertex pointing
100 99.98+1.03  99.93+1.33 99.9410.89
120 120.00+1.25 120.00+1.58 120.00+1.02
130 130.00+1.34 130.00+1.71 130.00+1.09¢
140 140.00+1.45 140.00+1.86 140.00+1.18
150 150.00+1.57 150.00+1.95 150.00+1.22

1.22 .
The mass resolution for a 150 GeV/c? mass Higgs is (1.95) GeV/c? at 1033 (1034)
cm—2sec—! luminosity as shown in Fig. G1-2. A worse resolution™ |, 1.91 GeV/c?, is
sufficient to see the mass peak with 7.6 o of statistical significance.

Based Q’I‘l an ISAJET (V6.31) Monte Carlo and a TEXAS detector simulation with Z
vertex pomtn we have studied the decay H — v and gg, g7 — vv. The total cross sections
for signal and background are about 0.15 pb and 3.6 x 103 pb with pr(v) > 10 GeV/c. We
have generated 5000 events for each Higgs mass and 1.1 x 10° events for background. Figure
G1.3, for example, shows the distribution in Er for signal (a) and the QCD to two photon
background (b). These distributions have motivated the following selection criteria:

Er(y) 2 20 GeV

| n(y) | < 3.0
| cos8? | < 0.8

| M(y7) = M(Higgs) | < 2.5GeV/c?
Here 67, is the polar angle of photons in the v rest frame. These cuts reduced the signal to

~ 0.075 pb and background to ~ 3.6 pb. Thus the signal-to-background ratio is estimated
2




to be around 0.02 for the intermediate mass Higgs in a £2.5 GeV/c? mass window. To
obtain the background for 1 and 10 standard SSC year equivalents we fit the mass spectrum
from the background sample (1.1 x 10° events) to a single exponential function. Then the
equivalent number of background events is generated using the fitted slope. Figure G1-4
shows the background subtracted 2 photon invariant mass spectrum with signals for a Higgs
mass of 100, 120, 130, 140, and 150 GeV/c2 for 1 SSC year of operation. The vertex pointing
accuracy 1s 0.5 cm.

An independent evaluation of the TEXAS detector response has been carried out by
R. Partridge."” Figure G1-5 shows the signal on top of the background for Higgs masses of
80, 100, 120, and 150 GeV/c?. The histogram is fit with an exponential and four Gaussians.
In this independent analysis the statistical significance of the signal is determined to be 3.6¢0
at 80 GeV/c?, 6.20 at 100 GeV/c?, 9.50 120 GeV/c? and 10.20 at 150 GeV/c?. Figure G1-
5a shows (clockwise from upper left) the accepted transverse energy, gamma pseudorapidity,
digamma pseudorapidity, and c.m. opening angle spectra.

In our analysis, the statistical significance for discovery is simply expressed as

N-B
S5 = —v |
vB

where N is the total number of events in the mass bin with B background events fitted under
it. A summary of this study is given in Table 2.

Table 2: Significance of H — 4 Detection

Higgs Mass | N — B/SSC Yr|B/SSC Yr| Discovery Branching Ratio
Significance/SSC Yr | Precision at High £
100 677 9.7 x 10* 2.1 46%
120 877 5.0 x 10% 3.9 25%
140 952 4.3 x 10* 6.0 22%
150 712 4.0 x 104 3.6 28%

Here one standard (high £) SSC year is equivalent to an integrated luminosity of 10%°
(104!) cm—2. At a luminosity of 10%® cm~2sec!, we will be able to discover a Higgs in the
mass region between 120 and 150 GeV/c2. At high luminosity, the reach extends down to
100 GeV/c? (where the discovery significance is S5=6.6).

After discovery of the H — <+, it will be important to measure the branching ratio to
verify the model, independent of the Higgs mechanism.[!] The error in measuring the rate of
the signals for H — 7 is given by

os VN

S S

This is also shown in Table 2. Clearly, high luminosity is necessary to make even a relatively
modest 30% measurement of the branching ratio.

3



A potential difficulty at high luminosity is the pile-up of 15 minimum bias events. Fig-
ure G1-6 shows the transverse energy flow in cones of 0.1 and 0.2 around each v in the
environment expected at a luminosity of 10%¢ cm—2sec—1.

Table 3: Underlying event energy flow within a cone

# of pile-up events | Er(cone=0.1) | ET(cone=0.2)
0 0.6 +08G¢| 08 +21
15 21+33 8.0 £ 8.0

Table 3 shows that the summed Er within a cone of 0.1 around the photon is 2 GeV.
Since the TEXAS calorimeter has high segmentation (0.025 x 0.025), we can require such
a stringent isolation cut. Most of the electromagnetic shower is contained in one tower
(5cm 2). The underlying event energy in the signal toweris 0.2 GeV % 0.3 GeV, in addition to
the real signal energy. This underlying energy and its fluctuation shift the mass measurement
by 400 MeV and broaden the mass resolution by 0.7 GeV. The mass shift will be resolved by
subtracting the average underlying event energy. The mass resolution worsens, for example,
from 1.22 GeV/c? to 1.95 GeV/c? for 150 GeV/c? Higgs.

The isolation cut around the gamma directions is superior in TEXAS because of the fine
segmentation and large radius. This allows us to operate at high luminosity more easily.
Because a tower is only 0.025 wide, an energy cut of & GeV electromagnetic energy per
crossing (17 events) in an annulus of R=0.1 to 0.2 about the gamma direction 1s easily
made. Since this sets the baseline for the electromagnetic energy measurement, a tighter
annular cut of R from 0.05 to 0.1 would be preferable. In TEXAS this is possible because
the towers for  <2.5 are at least 3 radiation lengths across, reducing the energy cut to 3.5
GeV. The ability to lower this isolation energy cut is essential to preserve the electromagnetic
energy resolution for the H — v+ search. ‘

Because the Higgs events are reasonably high q2 events, there will be initial gluon radi-
ation. In principle, these events will therefore have different multiplicity and topology from
the minimum bias ones, or low jet ET events. Cuts are being devised to attempt to enhance
the Higgs signal using a multiplicity cut. This depends on a complete knowledge of the
fragmentation function, and ISAJET and Pythia give substantially different answers. We
are exploring this cut, but are still wary of its effectiveness.

H—Z2Z*

Another decay mode, H — ZZ*, also has a narrow mass width. The mass resolution for
.2 150 GeV/c? Higgs is 1.16 GeV/c? in the TEXAS detector for the four electron mode. The

4



cross section for H — ZZ* — eeee is 4.2 fb. The event selection criteria are

Er(e) > 20GeV for two leading electrons,
Er(e) > 10GeV for other non — leading electrons
| n(e) | < 3.0,
| M(ee) — M(Z) | < 5.0GeV /c? for a pair of electrons,
20GeV/c? < M(Z* — ee) < 80GeV/c? for another pair of electrons.

Half of the events pass these cuts. We expect 21 events for a standard SSC year. Clearly,
higher luminosity, such as 1034 cm~—2sec~! would be helpful. The potential problem is again a
pile-up of up to 15 events at high luminosity. As mentioned above, it is important to require
isolation within a AR cone of 0.1 or smaller. This isolation cut is also powerful for reducing
Z+bb events, since leptons from b quark decays are not well isolated. Detailed simulation
studies are in progress.

B: Heavy Higgs (300 GeV/c? to 800 GeV/c?)

We consider here the cleanest signature for Higgs hunting: H—ZZ— 4 leptons. The
energy resolution of the TEXAS detector is 6.5%/vVE + 0.5% for the EM calorimeter.
Figure G1-7 shows the muon momentum resolution. :

A study has been made of the trigger acceptance. Optimized geometrical/kinematic cuts
for four leptons appear to be: :

| n(lepton) | < 3
Br(l) > 20 GeV
Prota1(p) 2 40 GeV/c and Pr(Z) > 25GeV/c.

The efficiency of these cuts is summarized in Table 4.

Table 4: Geometrical/Kinematic Cut Efficiency for Higgs Events

Higgs Mass | o- BR[fb]| eeee eepp Bppp
300 67.0 |0.4610.013 |0.2420.008 | 0.14:0.009
400 34.7 |0.53+0.013|0.370.009 | 0.2940.012
600 16.4 |0.64:0.012|0.57+0.009 | 0.51+0.013
800 7.6  |0.724+0.012|0.66+0.009 | 0.61+0.013

For the standard SSC luminosity, the total number of events produced and the number

of events that trigger the detector are shown in Table 5.




Table 5: Number of Events Triggering Detector in Standard Year

Higgs Mass | Nygzai Nirigger
eeee | eeup | pppu
300 670 | 76 | 82 26
400 347 | 46 | 64 25
600 164 | 26 | 46 21
800 77 14 | 25 13

Table 6 shows the detection efficiency for Z’s for a reconstructed mass cut of + 15 GeV/c?
(76 to 106 GeV/c?). No other kinematic or geometrical cuts are applied. The errors are
statistical.
Table 6: Detection Efficiency for Z’s in Higgs Events

Physics Z—oee| Z—opp

H=300 1.00 |0.6710.006
400 1.00 }0.71+0.006
600 1.00 {0.70+0.006
800 1.00 |0.67+0.006

ZZ continuum| 1.00 |0.53+0.003

Clearly, at this stage of our simulations we should make a tighter cut on the Higgs
mass for the 4e mode, and perhaps a loosercut on the 4u mode. The reconstructed mass
distribution for Z—ee and for the 400 GeV/c? Higgs is shown in Figure G1-8. The total
momentum distribution for the 4x mode is shown in Figure G1-9; it is important for the
optimization of the design of the muon TRD.

The statistical significance (SS) of a fluctuation of the total number N (=B + S) of
events above the fitted background (B) to give a signal (S) is defined as

$S=(N-B)/VN.

N, B and SS values for each decay mode and mass are tabulated below:



Table 7: Expected Number of Higgs Events

| Higgs Mass eeee eepp - I Combined

N| B |SSIN|B|SSIN|B|SS| N | B |SS
300 47113.7|4.8143(9.3|5.1|12(2.3|2.5|100|25.3|7.5
400 271 5.8 |4.0135|6.214.8|12]2.0}2.9| 74 |14.0]|6.9
600 171 4.1 13.2|23|3.4|4.0( 8 |0.9}2.4| 47 | 8.3 |5.6
800 12| 44 |2.0]|13]3.6}2.6| 5 11.3]|1.6[29.5] 9.4 |3.7

The results shown in the above table include a uniform lepton identification efficiency
due to cuts on isolation, hadronic to electromagnetic ratio, position matching, etc. Using the
experience of CDF, we assume an efficiency of 85% per lepton to make a realistic decision.
The efficiency for all four leptons has therefore been taken to be 0.52 (= 0.85*) in the results
of Table 7.

From the table, we conclude the following:

1. A heavy Higgs, up to a mass of 600 GeV/c?, can be seen independently in two four-lepton
modes, eeee and eeupu.

2. For the 4p mode, the current high Proie threshold degrades the Higgs detection efficien-
cy; conversely, the background reduction power is large. We are therefore simulating the
dE/dy measurements in both the calorimeter and in the muon TRD to exploit a lower
PTotal cut. Nevertheless, after two standard years of integrated luminosity: of 2 x 10%°
cm™2, the 4u signal would be significant for the full mass range between 300 and 600
GeV/c2.

3. A heavy Higgs with a mass of 800 GeV/c? could be found by combining all three modes
at £ = 10%*9 cm~?2 to obtain 30 signal events.

The expected mass distribution for a 400 GeV/c? Higgs decaying to 4e (2e 2u) after all
cuts is given in Figures G1-10(11) for M(top) = 120 GeV/c2. In conclusion, in one standard
SSC year a Higgs with mass between 300 and 800 GeV/c? could be discovered using the
TEXAS detector. With a luminosity of £ = 10**cm~2s~! the measurement of the H — ZZ
branching ratio would become significant.

For a very massive Higgs, we run out of rate (especially at £ = 1033 cm~2 s~!) into the
4-lepton channels. For this reason, we must turn to the larger branching fractions available
in H— ZZ — eevv and H — ZZ — eejj. The signal-to-noise ratio in each of these
channels is a strong function of detector performance parameters, with an emphasis on
hermeticity for the neutrinos and hadronic energy resolution and fine segmentation for the
jets. Our simulation work on these channels is still in its preliminary stages, and we still
must do careful studies of backgrounds with high statistics. All the tools are now in place
for this work, but we have been limited by the time and computer power available since EOI
submission.



Our preliminary studies of the signals in these channels are nonetheless promising. Figure
G1.12 shows the invariant mass reconstruction of an ISAJET Z (generated with zero width,
so that the displayed width is entirely from reconstruction errors) from H — ZZ — eejj for
an 800-GeV Higgs. The cluster-finding algorithm used R < 0.5 and the fine segmentation at
large radius of the TEXAS calorimeter to resolve the narrow opening angle between the jets
from the decay of high-Pr Z’s. This study will explore the sensitivity of the Z reconstruction
from 2 jets as a function of calorimeter segmentation, radius, resolution and speed.

For both the neutrino and the jet decays of Z’s from very massive Higgs bosons, there
are several other experimentally accessible cuts which can improve the signal-to-noise ratio.
One is to use the quark-jet tagging signature which is discussed in section T5. Another is
illustrated in Figure G1.13. The Z’s which are produced in the decays of a very massive
Higgs tend to be nearly equal in Pr, since they are produced back-to-back in the Higgs
rest frame. This is in contrast to continuum production of pairs of Z bosons, where the
production cross section is heavily skewed toward smaller Pr. (One high-Pr Z is required
to produce a large invariant mass for the ZZ system.) This points out the need for precise
measurement of missing Pr in the neutrino channel, and we will exploit this characteristic
in our simulations of the hermetic TEXAS calorimeter.
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FIGURE CAPTIONS

G1.1 Potential for separation of the 2 ¥’s of a 75 GeV #% in the TEXAS imaging preradiator, shown in actual
size.

G1.2 Effects of detector smearing on the invariant mass peak in the vy decay of a 150 GeV Higgs. The dots
reflect the size of the interaction diamond. The dashed line is the actual expectation that exploits the
TEXAS capability to reconstruct the v direction.

G1.3a Transverse energy distribution of the QCD direct-photon background.

G1.3b Transverse energy distribution of photons from the H — v signal, for Mg = 150GeV/c2.
G1.4 Background-subtracted M(vv) signal for various indicated Higgs masses.
G1.5 Partridge’s resuits for the H — «v hunt in TEXAS, for a standard 1 year running at the SSC.

G1.5a Partridge’s results for various characteristics of the accepted v signals. Clockwise from upper left: Trans-
verse energy, gamma pseudorapidity, digamma pseudorapidity and center of mass opening angle.

G1.6 Sensitivity to the cut in AR around the observed photons, as a function of transverse energy.
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G1.7 Muon momentum resolution, discussed in the TEXAS EOI.

G1.8 Effect of calorimetric resolution on the reconstruction of a Z — ee peak in the H — ZZ decays of a Higgs
of mass 400 GeV/c2.

G1.9 Total momentum distribution for muons in the H — ZZ — 4u decay chain of a 400 GeV/c? Higgs.

G1.10 Reconstruction of the invariant mass of an 800 GeV/c? Higgs in its H — 4@ decay, for a one year run at
high luminosity.

G1.11 Same as G1.10 in the H — 2¢2u channel.
G1.12 Invariant mass reconstruction for Z — jj, from H — ZZ — eejj, for an 800 GeV/c® Higgs.

G1.13 Momentum balance for the two Z’s in the decay H — ZZ of an 800 GeV/c? Higgs. The abscissa is the
ratio of the reconstructed transverse momentum of the lower-pr Z to that of the higher-pr Z.
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G2: Quark Compositeness and Er Measurements

With a view to studies of quark compositeness, what are the systematic errors on the mea-
surements of the inclusive jet cross section as a function of Er?

The limits on compositeness are given by the ability to generate a perfectly linear and
Gaussian response to jet energy deposition. The SPACAL group has shown that e/h can
be tuned to 1.00 within 1%, which essentially guarantees the Gaussian response of the
calorimeter. A study by Geoffrey Fiorden, U. of Arizona,(reported at the Tucson Meeting
on SSC Detectors in Feb., 1990) showed the systematics of e/h on jet energy resolution up to
5 TeV. If e/ is 1.0, there is essentially no systematic error in the jet resolution up to 5 TeV
Er from the calorimeter response. Fig. G2.1 shows the linear single particle response for
e/ = 1, giving %:T:E:’: = 1, independent of energy. This single particle response is folded
into a jet energy Monte Carlo. A compensating calorimeter response is linear in jet energy,
as shown in Fig. G2.2. The systematic error on the jet energy from calorimeter physics is
therefore negligible, and less than 0.2% for a calorimeter with Je/7 — 1| < 0.01,

The systematic effects will therefore be limited by statistics, and by instrumental effects
such as phototube and electronic linearity and fiber attenuation (each of which may give
an energy-dependent effect). Since the effective fiber attenuation will be greater than 5
m, and the showers grow only like log E, this effect is less than 1%. The effect from the
photomultiplier linearity is serious but can be controlled. The recent results from a test of
a hybrid diode anode phototomultiplier tubos'_(_Fi% 09‘.3)'?:13515& DEP for R. DeSalvo and
the LAA project at CERN have shown linea.rit);h see Fig. G2.4. The costs of this type of
tube will be no more than for normal PMTkin quantity, because the dynode cost in a typical
PMT is about 20% of the cost of the tube, or $20-$30. Typical large area fast Schottky
diodes with a depletion region thickness of 10 microns cost about $10 a piece in the quantity
we would need.

Compared with the SDC detector group, which accepts non-Gaussian tails, the limita-
tions on compositeness in TEXAS may reach A = 50 TeV, at a luminosity of 103*cm—2s~1,

producing 100 events in excess of the QCD background at an ET of 5 TeV.



There are a number of non-standard top decays one can look for. One possibility involves
flavor-changing neutral currents, a possible signature of walking technicolor. A 250 GeV
top quark may decay into ¢ and a real Z, which can as usual be detected via its decay to
lepton pairs. The signature is then a 91 GeV lepton pair plus a jet, adding up to the top
quark mass, opposite a top tag. The major background is Z plus jets, with a negligible 50 pb
cross section. With the constraint of the top quark mass, and suitable cuts, the accidental
backgrounds could be reduced to a very low level, and a signal of a few 10’s of events could
be detected in a year’s running, giving an accessible branching ratio of

BR(t — Zc) ~ 0.1%.
There is no known background that would produce a peak at the top quark mass for the Z

plus one jet combination. Again, because this signal produces a mass peak, a luminosity of
1034cm~25~! would triple our sensitivity.



Figure Captions
G3.1. P, spectrum for leptons from top quark decays.

G3.2. Mass .spectrum of dijet masses reconstructed opposite a lepton tag in the top
events. The UA.1 jet finding algorithm is used; jets are required to have 15 GeV of energy
in a AR cone of 0.7. All combinations of the three highest energy jets in the opposite
hemisphere are used. This reconstruction clearly gives less than the W mass.

G3.3. Mass spectrum of W candidates (in a 40-100 GeV mass range) combined with the
third jet in an event. The combination is required to have a momentum of at least 30 GeV.
The broad peak from 100-200 GeV is from the top.

G3.4. Mass spectrum of dijet masses reconstructed opposite a lepton tag in events of the
form pp = #f, t — evb, T — H*b, H* — 3, using the same analysis as in Figure G3.2.
Only the two highest jets in this event are selected here.

G3.5. Mass spectrum of top candidates reconstructed using the Higgs in Figure G3.3,
and adding a third highest energy jet opposite the lepton tag.
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G4: Missing ET Searches

The commattee 13 interested in better understanding the missing ET capability of the
detector. Please address the discovery capability for:

o A 400 GeV fburth generation quark decaying into W+b.

Our strategy in a search for a t quark decaying to Wb is the same as for the top
quark search described in the answer to an earlier question; the main differences are the
higher mass and the ¢-induced backgrounds. At 400 GeV, the cross section is about 300 pb,
corresponding at £ = 1033 to about 3x10° #'t' pairs per SSC year. The (m;= 150 GeV)
top quark production rate is 10 times higher. To reduce the t-background, stringent lepton-
momentum cuts must be used. For a pr > 400 GeV lepton cut, the signal to noise ratio is
about 1:4. Adding a missing energy cut of Episs > 200 GeV will raise this S/N to roughly
1:1. At this stage, we would proceed along the lines of the top analysis, looking for a W plus
a third jet to reconstruct the 400 GeV object.

The missing energy spectrum expected for TEXAS is shown in Figure G4.1. For this
analysis, the detector smearing plays a minor role. The major backgroundis fromt — ¢ W(—
lv). The missing energy carried by these neutrinos smears out the detector-resolution effects.

As with the 250 GeV top quark, rare decays of the new quark could be detected by
tagging one side of the event, and looking for a rare decay on the other.

o A 300 GeV gluino

Since supersymmetry has such a large parameter space, we have had to make some
assumptions in answering this question. To begin with, we have assumed that the gluino
is lighter than the squark; otherwise we would presumably be asked to look for the lighter
squark. With this proviso, the gluino decays to any of a number of charged SUSY states,
which then decay through any of a variety of cascades. The major salient feature is that
these decays will eventually end with the production of the lightest supersymmetric particle
(LSP), most likely the photino. Since this LSP is non-interacting, the major signature is
missing energy, with the average amounts depending on the exact masses and branching
ratios.

To detect this missing energy, an extremely hermetic detector is needed. TEXAS has
two holes in it. The major one is for the beampipe; those regions with || > 5.5. This
hole is unavoidable; at larger n, the energy deposited by the beam becomes immense, and
radiation damage becomes intolerable. The other hole is a crack at n = 0, with width less
than +0.05. This hole is needed to bring out the signals from the inner tracker. It will
likely be lightly instrumented to detect the presence of jets, even if their energy cannot be
measured. In any case, this crack is narrow enough that a jet passing through the middle
will deposit significant energy on both sides of the crack. Although the energy would not be
accurately known, these events could be easily vetoed in missing energy searches. Since the
muon system will also cover this crack, the only possible problem is with electrons. Since
these elecrons are likely to be detectable through the simple counters mentioned above, and
since most high pr electrons are from W’s, the event is likely to already have significant
missing energy, and we do not view this crack as a significant problem.
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Since our simulations of these processes have been done on a parton level (with calcu-
lations kindly provided by M. Barnett) we have not simulated the crack at n = 0. Instead,
we have concentrated on the beam-pipe hole. The simulation results are shown in Figure
G4.1. The curve in G4.1(a) shows the losses due to the beam hole; the solid histogram in
G4.1(b) gives the expected signal from the chosen gluino model seen towering over the major
physics background (from the semileptonic decay of a 150 GeV top). The other significant
physics background is from the process pp — Z + 35,Z — vv; it is the lowest histogram,
shown with a dot-dashed line in G4.1(b). A cut on event sphericity is applied to reduce
the background from top events; otherwise top decays would dominate the plot and hide
possible new physics. Since the plot begins at 100 GeV of missing energy, the detector res-
olution plus hole contribution is not even visible on the plot. The major point to be made
here is that above 100 GeV missing energy, physics backgrounds are dominant over detector
contributions.

Figure Captions

G4.1 (a) Missing energy due exclusively to the holes in the endcaps. Notice that the
effect vanishes before 100 GeV. Losses due to the crack at n = 0 are not simulated; events
with energy spread across the crack would be vetoed, leaving the missing energy spectrum
unaffected. (b) Missing energy distributions above 100 GeV. The solid histogram shows the
expected gluino signal and the dotted and dashed curves are backgrounds.
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G5: Detector Staging

o It is unlikely that there will be enough money to meet all requests initially. How can this
detector be staged? What costs can be deferred? What are the physics capabilities at each
stage?

The physics of the TEXAS detector lends itself to a two staged approach. The focus on
H— ~v at standard luminosity requires an excellent electromagnetic calorimeter with a good
charged particle veto at the front. This can be achieved in Stage 1 by the tracking tagger,
the imaging preradiator, and the electromagnetic compartment of the calorimeter. These
elements can also search for high mass Higgs to four electrons and other physics. They can
be installed independent of the rest of the detector with little extra cost, by utilizing the
final structural system.

It is important to veto on hadrons that exit the em section. This can be achieved by an
extra element: scintillator veto pads located after the em section. These pads would not be
utilized in the final detector; however, the phototubes, light diffusers, electronics, etc. would
be eventually used on the final hadron calorimeter. The final calorimeter support structure
would be installed in Stage 1. Figures G5-1 and 2 show this Stage 1 implementation of
TEXAS.

Stage 2 of the detector would be the mounting of the hadron calorimeter for jet physics.
Lastly the physics of missing Fr and muons would require the installation of the muon TRD.
This approach requires a calorimeter that is constructed in two physical depths. The front
20-25 Lrap electromagnetic section can be separated from the hadronic compartment by
using a precision matching plate technique. The matching plates align the fibers in the two
compartments. Members of the TEXAS collaboration have successfully demonstrated this
technique at BNL for the G-2 experiment. A detachable front end is part of our SSCINTCAL
subsystems studies.

Matching plate prototypes for the G-2 experiment (see Figure G5.4) connect an electro-
magnetic module to a clear fiber light-guide readout, as would be done in Stage 1 of TEXAS.
These plates and light pipes were displayed to the PAC during the June presentation at the
SSC laboratory. They add less than 1% fiber-fiber non-uniformity to the light-transmission,
similar to the 1/2 dB insertion loss quoted in typical optical fiber connectors. In addition, a
potential advantage of a detachable front end is that the towers could be replaced if radiation
damaged, at a cost of about 10% of the calorimeter bulk cost. The 30cm detachable elec-
tromagnetic towers serve as a radiation shield for the remaining 2.2 meters of calorimeter.
Fig. G5.4 shows prototypes of the detachable towers with a removable optical light-guider
in place. ,

The cost of the materials of the em lead fiber shell is 8% of the full calorimeter. We
estimate that the assembly cost will be one quarter that of the full calorimeter because of
the short fibers and the size-to-weight ratio of a tower. The assembly task could easily be
handled by a single worker. Estimates by Bicron indicate that a worker in a team of 4
with the appropriate tooling can assemble 1,000 full hadron towers/year. Under the same
conditions, a team worker should be able to assemble 4,000 of the 30-Lrap towers per year.
We estimate that the total cost to assemble and stage the e-m shell mechanics to be $20
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million. This would include much of the special automation to build the full detector. The
Pb/fiber/lightguide cost would be $5.2 million. This includes an upward change of 25% for
increased costs per fiber length because of the lower volume. The increased cost of the hadron
veto tiles would be about 10% of the pre-radiator cost, or about $2.5 million. The mechanical
support structure would be reduced by about a factor of 0.6. It would be upgradable to the
full support. The data acquisition system is less expensive by a factor of 0.6. The total cost
of the Stage I detector is the following;:

E-M Calorimeter Mechanics: $25.3M
Hadron Veto: $2.5M
Imaging Preradiator/Tracker: $24.4M
Mechanical Support: $8.0M
Data Acquisition: $4.0M
Lightguide, PM’s Electronics, Calibration etc. $394/channel
(A) Calorimeter Electronics without (0.025)segmentation  $63.0M
(B) Calorimeter Electronics with (0.05) segmentation $17.0M
Total Low Segmentation $81.7M
Total High Segmentation ' $123.7M

The staged detector cost would range between $82 and $124 million, depending on the
segmentation used for the electromagnetic calorimeter. The light guides at the end of the
fiber towers would be designed so that the segmentation could be upgraded simply by imple-
menting additional electronic readout channels (symmetrically) as down-time permits. The
pmt, HV, electronic, and calibration channels of the electromagnetic shell would be retained
and mounted on the monolithic hadronic towers during the staging.

We have considered making a smaller radius calorimeter. As can be seen, that results
in only modest savings in Pb and fiber (total is $5-6 million, so saving a factor of 4 would
save only $3-4 million), at a large compromise in radiation damage probability, the imaging
pre-radiator performance, and #° separation.

In conclusion, while staging TEXAS is not one of our goals, we have the flexibility to do
it, if necessary.

FIGURE CAPTIONS

G5.1 Side view of Stage 1 TEXAS detector.
G5.2 Beam view of Stage 1 TEXAS detector.
G5.3 Prototype fibers alignment matching-plate.

G5.4 Prototype calorimeter tower.
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G6: Funds Requested for Subsystem Integration

o The total funds requested in the EQIs for FY91 ezceed the total funds available. It is
assumed that most of the funds to be provided for detector RED will follow through the
subsystem RED program. For those funds requested in your EOI for systems integration
and proposal preparation, please give a plan including a list of tasks in order of priority
and with a detailed justification for each.

Subsystem Research and Development Tasks

Members of this collaboration play major roles in two subsystem research and develop-
ment programs, one on scintillation calorimetry (SSCINTCAL) and one on fiber tracking
and preradiators. Currently neither have funds allocated for the work explicitly needed to
develop the TEXAS proposal. Without a budget dedicated to this task, the proposal cannot
be prepared. Even if the level of the funding currently allocated to our institutions for SSC
research and development in fiscal year 90 for other tasks were diverted ($220,000 for 26
active Ph.D.’s, an average of $8,500 per person) the value is grossly inadequate.

New Subsystem Proposal for Muon TRD Spectrometer

The TEXAS EOI contains an explicit proposal in the Appendix (page A8) to pursue
engineering studies on the underdeveloped concept of a muon TRD spectrometer. There is
currently no SSC system task on this subject. This request for a prototype and beam test
work ($449,000) is a high priority for a final decision before proposal submission.

System Integration/Proposal Preparation Costs

Table I summarizes by task and by institution the TEXAS request for FY91 made in the
EOIL The fourth column shows the breakdown of the Systems Integration request, a total
of $1.25 million. The engineering design by Draper Lab necessary for proposal preparation
for each subsystem is tabulated as the following: Calorimeter ($495 k), Tracker ($130 k)
and Muon TRD (8375 k). These requests for Integration and for Proposal Preparation are
our highest priority. Without them the SSC Lab request for “90% confidence level that the
detector can be built,” and that “the costing is accurate to 90%” cannot be met.

The plan for the projected disbursement of these funds appears in the chapter on “Re-
quest for Funds for Engineering Studies” of the TEXAS EOI. Explicit proposals for the use
of these funds by each of our industrial affiliates are included in the eleven Appendices of
the EOL The detailed justification of each task is indeed expressed throughout the EOI and
this set of Answers to the PAC.



Table I: Engineering Studies and Integration

Funding Request FY91

Calorimeter  Tracker Muon  Integration Total
TRD gd%mnt
Boston 750 - 210 200 - 1160
Drexel - - 100 - 100
Fairfield 30 95 - - 125
Northeastern - 550 265 150 965
Texas A&M 400 - - 150 550
Subtotal 1180 645 575 .‘.';00 2900
LeCroy 450 225 225 (325 =D 1225
Quantum Research - - - 120 120
/3) Bicron 495 100 - - 595
/—> Draper 425 130 375 305 1235
Hamamatsu - - - - 0
Oak Ridge - 535 - - 535
6ptectron 150 150 - - 300
RCA/GE 150 150 - - 300
Teledyne 300, 300 - - 600
Thinking Machines - - - - 0
Union Carbide - - 140 - 140
Subtotal 1970 1590 740 750 5050
Total 3150 2285 1315 1250 7950
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G7: Collaboration Responsibilities

o How would your collaboration deal with the circumstances that would arise if a major
collaborator could not fulfill its planned obligations?

Once more the key to the answer to this question lies in the inherent simplicity of the
TEXAS concept. Each of the TEXAS sub-systems uses well understood technology and is
built of materials that are all available in the United States. Our list of US industrial affiliates
testifies to this. None of the TEXAS sub-systems uses particularly unusual know-how and
therefore several groups will be able to effectively participate to a given sub-system. Thus
no single group is indispensable.

It goes without saying that we are anticipating the TEXAS collaboration to eventually
involve non-US collaborators. However, we are not dependent upon the participation of
foreign groups or upon unreliable foreign sources of expensive or rare materials.

To summarize: we wish this was our main problem!



T1: Capabilities at 10%* luminosity
o Why is your experiment better than the other ezperiments at 1034 luminosity?

This rather blunt question forces us into giving a blunt answer, an uncomfortable position
that we would not otherwise have spontaneously taken; we apologize in advance for our
criticism of the work of others, honi soit qui mal y pense.

Broadly speaking, the characteristics of the TEXAS detector that make high luminosity
operation a realistic goal, are the following: tracking and calorimetry based on scintillator
techniques; large calorimeter inner radius; very fine calorimeter segmentation; radiation
hardness; no magnetic field and therefore straight tracks.

It is important to emphasize that the TEXAS design, which permits running at £ =
10%4cm~25—1, is also a valuable research tool for operation at lower luminosity. Indeed,
operating a non-magnetic detector from day one, in parallel with a magnetic detector, is
desirable on physics grounds (remember the UA2, UA1l experience at CERN). It also en-
sures that the non-magnetic device is fully operational and debugged when high luminosity
becomes available. '

In the following we expand on the high £ TEXAS characteristics and wherever possible
we compare with other Expressions of Interest.

¢ Calorimeter Integration Time

We use the measured scintillating spaghetti calorimeter integration times recently report-
ed by the SPACAL collaboration for the expected temporal response in the TEXAS detector
at the SSC (see Appendix). To achieve an energy dependent resolution term of 29%/VE,
with e/h of 1.00+0.05, the pion integration time in a spaghetti calorimeter only needs to be
35-40ns (see figs. T1.1 and T1.2. These were presented by Michele Livan at BU on 6/18/90,
and by Riccardo DeSalvo at Snowmass 1990, for the SPACAL collaboration. Note that e/h
is slightly larger than 1.0 in these preliminary results; Monte Carlo predictions indicate that
a slight shift downward in the fiber diameter, or a slight shift upward in the fiber spacing
will result in a tuning of e/h to 1.00£0.01. The results were taken in the first week of June
without calibration data; the phototubes were simply balanced to about 3% with a source,
and this is the origin of the large constant term of 2.6%)

The peaking time appropriate for a jet trigger is about 6-8ns. Furthermore, as can be
seen from the above figures, at a 16ns integration time SPACAL has achieved a 40%/ VE
resolution, with e/h of ~1.25 in 16ns, comparable to or better than competing proposed
calorimeters with integration times of ~ a few hundred ns.

The myth of long compensation time comes from the use of liquid Argon, or Uranium,
or both. Moderation is longer by a factor of § in liquid Argon than in plastic, and Uranium
produces 3 times the neutrons of lead, and has a 1us time-scale and a y-capture cross-section
about 30 times that of lead. According to estimates by SPACAL colleagues, the integration
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time may be improved by about 5ns with improved electronics and the slightly faster plastic
scintillator produced by Bicron. (The cables in the SPACAL tests were about 100m long
- adding to the dispersion and to the time to discharge the cables into the ADC). In the
forward liquid scintillator calorimeter plugs planned for TEXAS, the light pulse decay time
may be made as short as 0.9ns with marginal loss of energy resolution.

At the highest luminosity TEXAS will be able to integrate over a single beam crossing,
with only 20-30% of the deposited energy of a crossing contributing to the following crossing,
with a somewhat degraded energy resolution of 40%/vE. At the standard luminosity, the
TEXAS calorimeter will be a precision device, measuring a 500GeV pion to better than
2.5%. It is very doubtful that any technology may beat either this temporal response or this
energy resolution.

We emphasize that the temporal performance of the calorimeter we are proposing is
measured, and that the TEXAS design for the SSC is a straightforward, practical and minimal
extrapolation of this proven technology. It also capitalizes on our own experience with
electromagnetic spaghetti (both liquid and plastic) modules for the G-2 experiment at BNL,
and our generic and subsystem R&D work on spaghetti and liquid scintillator calorimeters.

At the SSC starting luminosity of 1033cm~25~! the strategy to find a heavy Higgs is
to use the calorimeter both for missing ET (neutrino decays of the vector bosons) and for
dijet reconstructions of the vector bosons, in order to have enough signal events. As an
example of how important it is to have clean events without overlap even at a luminosity
of 10%3cm~2s~1, fig. T1.3 shows a potential degradation by a factor of 1.5 in the W— jj
mass resolution even with only 3 minimum bias overlapping events (the Monte Carlo was
for a calorimeter with cruder segmentation - 0.05 x 0.05- and lower energy resolution than
the TEXAS design). CERN LHC studies show similar dijet mass signal degradation effects
due to event overlaps; 10 minimun bias event pile-up produces a factor of 2 degradation in
the dijet mass resolution.

At 103 cm—2s—1, it is difficult for liquid Argon calorimetry or even Si calorimetry (with
its 30ns charge collection time and much longer compensation integration time) to avoid a
significant event overlap, with resulting noise in the jet-jet mass signal. For a heavy Higgs
search using H— ZZ — lljj, or H» WW — jjlv, our ability to avoid event overlaps
will lower background and enhance the signal in the dijet mass reconstruction. This yields a
factor ~2 reduction in the mass cut necessary at the W or Z mass as compared to calorimeters
integrating over 10 or so events. At 1034cm~—2s~!, TEXAS will have a dijet mass resolution
degraded by a similar factor because of event overlaps. In other words, at 103tcm™2s~1, the
TEXAS peaking time of about 6-8ns compares to the 80 ns peaking time in liquid Argon at
1033cm~25~!, and the 40ns integration time compares to the 400ns integration time of liquid
Argon at 1033cm=—2s~1.

The strategy to find technicolor and compositeness also requires minimal overlap noise
in order to preserve the linearity of the jet energy signals.

Lastly, the monolithic calorimeter allows fast trigger decisions at an early level on elec-
trons, v’s (when combined with the pre-radiator) and hadrons.
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e Segmentation and Inner Radius

Because the TEXAS calorimeter has a large (2m) inner radius (twice as large as that of
EMPACT and 2.7 times as large as that proposed for L*), a segmentation of 0.05x0.05 at
1m in alternative proposed calorimeters is equivalent to a segmentation of 0.025x0.025 at 2m
in TEXAS (for the same number of cells), in terms of shower spreading to adjacent cells for
calorimeters of the same effective absorption length. TEXAS has chosen a segmentation of
0.025x0.025 for its monolithic spaghetti calorimeter, therefore consisting of ~160,000 towers.
The singles rate in each tower is reduced by about a factor of 4, compared with most of the
other proposed SSC calorimeters. This is better for operation at higher luminosity. The
activity per tower at 4 x 1033cm~—2s~! in TEXAS is roughly equivalent to most of the other
EOI’s at 10%3cm™—2s™1,

The large radius also allows survival at high luminosity operation. Compared with a
calorimeter starting at 75cm (L*) or 1m (EMPACT), the TEXAS calorimeter has a radiation

dose 7 or 4 times lower, respectively.

Fine segmentation is also important for operation at the standard luminosity of £ =
1033¢cm=2s~1, In order to understand the QCD backgrounds to new physics, the stability of
jet algorithms needs to be checked. One crucial check is to plot F = Et(r)/ET(R) as r—0,
with the limit F=-ln2R/r. Finer segmentation allows a complete check of this limit as long
as the segmentation is effective and not blurred by the physics of shower spreading. Fur-
thermore, the large inner radius and fine segmentation allows finer separation of overlapping
jets.

The ability to use this fine segmentation is preserved in the TEXAS detector partially
because of the absense of a magnetic field. Monte Carlo results from UA2 indicate that 1GeV
particles, which may be eliminated from a calorimetric jet reconstruction by the sweeping
in a magnetic field, contribute substantially to the energy resolution of a jet. Fig. T1.4
demonstrates this effect. Similarly, fig. T1.5 shows the magnetic field broadening effect on
W= j;; a 30kG-m field broadens the W signal by about a factor of 1.5 (the pt of the W is
500 GeV/c).

¢ Radiation Damage

Because the TEXAS calorimeter starts at a radius of 2m, and has a design for the forward
region that uses liquid scintillator, the radiation dose from electromagnetic sources to the
scintillating fibers is less than for competing designs. For example, EMPACT is proposing
a spaghetti design with a lm radius, at 4 times the radiation dose of TEXAS, without a
clearly proposed plan in the forward regions, with considerably more cracks and with half
the segmentation. Furthemore, the Bicron fibers which recover from 30MRad are part of a
TEXAS development program which will continue to improve the radiation potential of this
design.

Neutron doses are not problematic for scintillator at the levels predicted for the SSC.
Compared with liquid Argon, where recent results indicate serious neutron damage to the
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pre-amp electronics buried in the detector, the absence of active devices inside the spaghetti
calorimeter offers the possibility of long term operation at standard and high luminosity
running. Silicon hadron calorimeters (as proposed by L*) will have a survival problem at
10%4cm—2s~! resulting from the neutrons produced in them by the event rate alone.

In the very unlikely circumstance that radiation damage were to prove to be an obstacle
to plastic spaghetti, the forward liquid canelloni would simply be extended to the entire
calorimeter, with some slight increase in complexity. (Note that modern scintillating liquids
have optical attenuation lengths of some 20m, and preliminary work by us indicates that the
light yield from a capillary spaghetti calorimeter is equa.l to or exceeds that of the normal
plastic spaghetti).

Lastly, we note that in the baseline design, no active components are inside the calorime-
ter, and there is therefore no possibility of radiation damage to the electro-optical readout.

e Leptons

As shown by SPACAL with high energy electrons (see fig. T1.1), the full integration time
for an electromagnetic signal is 15ns, completely consistent with high luminosity operation.
Liquid Argon devices cannot compete with this. Furthermore, the TEXAS electromagnetic
segmentation (0.025x0.025) is superior to that proposed for BaF; by L* (0.04x0.04). The
singles rates and overlapping event occupancy per tower in TEXAS will be lower than L*
by a factor of 2.6 in the 16 event per beam crossing environment at 1034cm—2s~1.

The scintillating fiber tracker/preradiator signal is also fast in the intrinsic response,
about 15ns, merely requiring a sufficiently deep pipeline to collect the data. Using the
scintillating tiles in the tracker/preradiator for isolation reduces the higher-level trigger-
pipeline depth necessary for pixel readout. The scintillator tiles have an integration time of
a few ns at most. Unlike straw tracker tubes proposed for other experiments, such as SDC,
EMPACT, and L*, with drift times typically in the 30-40ns range, the electron (or muon)
isolation signals necessary for lepton definition are availablein 1 beam crossing, and integrate
over the minimum possible number of event overlaps. Using tiles at the segmentation level,
it would even be possible to abandon the tracking at very high luminosity, and simply use
the tile system to set electron isolation trigger requirements without track finding.

Without an imaging pre-radiator, it is likely that an experiment like L* with crude
electromagnetic segmentation at the calorimeter level (and with a tracker integrating over
several beam crossings) will have trouble isolating (identifying) electrons with high efficiency
at 1034cm 251 because of the difficulty of isolating a single track into a calorimeter cell. The
probability of finding an isolated electron tower cell (no surrounding towers with charged
tracks identified by the tracker) integrated over 2 beam crossings in L* is only 75%. (Loopers,
which we have not considered, will be an additional problem).

The muon TRD is designed to be a fast-trigger muon device and to operate where other
systems would be confused by punchthrough and by the flux of low energy muons at the
luminosity extreme of the SSC. At a luminosity of 103cm—2s~1, the muon/punchthrough
rate after 12 interaction lengths into 0< n <3 is 180MHz, not counting the extra electrons
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and v’s accompanying the particles exiting the calorimeter (energies limited to about 80-
100MeV) which further cloud chambers. It is relatively easy to mismeasure a track point
and move a low energy muon on the steeply falling muon distribution to high energy in a
precision chamber system. It is difficult to imagine how that could happen to tracks below
40-50GeV in a TRD system.

e Calorimeter Calibration

Using the simulated annealing or global entropy surface techniques to perform relative
calibration actually becomes easier at high luminosity. In this technique, the symmetry of the
calorimeter system and the deposited energy are used to calibrate. In a zero*® approximation,
with N identical cells, N-1 are used to form an average, and the N*! is adjusted to the average.
The process is then iterated over every cell. Remarkably, statistical mechanics shows that
this process converges quickly. It would first be used on every ring in constant 5. Then the
cells would be redefined as the difference in adjacent 7 towers at constant ¢. (The profile in
n should be identical for every stripe in constant ¢). More sophisticated adaptive algorithms
of a similar nature can be designed to do this globally (simulated annealing) much more
rapidly, with many towers adjusted simultaneously.

Long-term absolute energy calibration, tied to global calibration, would be performed
continuously using event signals (such as electron decays of the T and Z). Periodically,
compact accelerators and radiosource wires would be used off-line. The phototube average
currents, voltages, and temperatures would be recorded by a h.lghly multiplexed low rate spy
system integrated into the phototube electronics.

For short term calibration, high stability ring dye lasers phase-locked to the accelerator
RF serve as a precision light-source (with the intensity monitored by radiosources and cryo-
genic negative electron affinity photodiodes - typical cost about $150-250k/laser). A sub-ns
laser pulse would be periodically delivered into the calorimeter towers on quartz injection
fibers (4 per tower, embedded with the other fibers, injected into Silica diffusers at the front
and back of each tower - note the front mirrors on the fibers are 85% reflective/15% trans-
missive) about 1 ns before a beam crossing, creating a prepulse in the quietest time before an
event. The normal event pipeline would be used to look backwards and accept only towers
which had least count energy for at least 3-4 beam crossings.

The laser pulse wavelength and intensity are tunable. By injecting in the near UV (330-
390 nm) some of the the scintillator energy transfer mechanisms can be monitored. By
tuning the laser to longer wavelengths the transmission properties of the fiber base can be
monitored (radiation damage is often wavelength dependent). By injecting in the back just
in front of the photodetector, the photodetector can be separately monitored from the fibers.
By detecting the reflected pulse during back-injection, and comparing that pulse with the
front pulse at several wavelengths, the fiber properties along the length of the fiber can be
unfolded. The laser intensity can be precisely varied by electro-mechanical cavity tuning and
by mechanically switchable sets of metallized neutral density filters. It is therefore possible
to measure the linearity of the calorimeter system over 6 orders of magnitude with an error
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of 0.1%. The capability of near UV-visible light injection to simulate the properties of energy
deposition is unique to visible light scintillators.

e Central Tracker

The all-scintillating fiber central tracker in TEXAS integrates over just one beam cross-
ing, unlike most drift detectors. Since curved tracks are not an issue, the track fitting and
finding are rapid and simple, with far fewer pixels necessary to buffer than in L* or SDC,
which must use high precision tracking. While the absence of a magnetic field is shared by
EMPACT, the radiation dose will draw too much current from the drift tubes in the TRD
system inside. The inner TRD is likely to be lit up by the low energy 4’s from neutron
captures. Furthermore, the pre-amps neccessary on the drift tubes in all the other proposals
will suffer neutron damage at 103cm~2s~1, within 1m of the beam pipe. The absence of
active devices close to the beam pipe is a major advantage of the TEXAS detector for high
luminosity operation.

The scintillating tiles matched to the finely divided calorimeter segmentation are a fast
method to determine isolation for electron and v triggers, unique to TEXAS for high rate
operation. :

Generally speaking, wire gas and Silicon tracker systems at 1034cm=2s~! will not operate
effectively. Detectors such as L* which may rely on them for electron isolation will cease to

operate at high luminosity.
¢ Conclusion

We conclude this discussion by emphasizing that for TEXAS to operate sucessfully,
at 10%4cm~2s~! it must also operate at 1033cm~—2s5~! more cleanly than the calorimeters
proposed for the other large experiments. It is not likely that the other experiments could
fully utilize the advantages of a homogeneous lead-scintillator (spaghetti) calorimeter because
of design restrictions. Liquid Argon calorimeters will have difficulty avoiding integrating
over less than ~10 events and Si calorimeters will not be able to integrate over fewer than
~4-5 beam crossings (because of a raw collection time of ~30ns, and a longer time to
compensation), at the standard luminosity. The bipolar proposed shaping is dangerous;
a given pulse contributes both positively and negatively to the following.

The SDC and L* calorimeter designs, both in a large solenoidal magnetic field, are not
conducive to scintillator-calorimeter readout. The phototubes in these EOI’s must operate
linearly over a very large dynamic range in a magnetic field, most efficiently at large angles to
the field direction, with the potential for decreased jet energy resolution from the magnetic
field effects. Typical high magnetic field mesh dynode phototubes are intrinsically less linear
than other photomultipliers. Systematic effects over the full jet dynamic range are likely.

In the EMPACT design, minimal calorimeter space is imposed by the price of the muon
toroid coil and dewar, whose size is made as small as possible to reduce costs, resulting in a
compromise on the calorimetry in several respects: shower containment, access, hermeticity
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and projectiveness. No optimization has occurred for what would follow from this choice.
The dimensions for the EMPACT calorimeter were designed for a liquid Argon device, and a
spaghetti design was fit into the same volume. The considerable space needed for phototube
readout, cables and thermal dissipation make it difficult to fit a thick spaghetti calorimeter
inside the support tube space provided in EMPACT, and lower the potential hermeticity
of the spaghetti design, one of its major potential features. Furthermore, it will be almost
impossible to change phototubes or phototube/jet trigger electronics over the course of the
experiment. Perhaps most difficult for the EMPACT spaghetti requirements is to find the
$3 million worth of adhesives budgeted in their design which will hold the calorimeter super-
rings together under the radiation dose. The TEXAS support is specifically designed to
avoid this problem and is feasible because of the open space around the calorimeter. It
is not unlikely that EMPACT will choose non-projective liquid Argon calorimetry around
which the toroids and support tube were originally designed (a choice which will make the
best possible energy resolution/compensation and high rate operation very unlikely).

L* is proposing an unproven silicon hadron calorimeter, likely to have inhomogeneities,
both in the light collection and in the complex construction. Waveshifter calorimeter designs
provide inhomogeneous responses unless considerable tuning is performed on the modules.
Furthermore, the shifter fibers proposed are no more inherently radiation hard than other
fibers, and some of the huge number of individual glue joints required for assembly and
sealing of the individual fiber shifters may prove to fail in the radiation environment at the
small proposed inner radius (there is essentially no difference in the hardness of shifter and
scintillating fibers). Most problematic is the very high precision or uniformity required of
an individual readout fiber, as contrasted to a spaghetti design where typically hundreds of
fibers contribute to the hadronic energy, averaging out individual variations in fiber thickness
or composition. The L* alternative hadron calorimeter is an untested Silicon design, fraught
with uncertainty in almost every aspect of its performance; survival, price and ability to
be delivered. Both L* calorimeter designs have relatively low expected performance and
compensation, especially with the BaF; front end (which is also problematic in its advertised
performance - see Higgs— v+ discussion in the answer to question T4).

In terms of a combination of energy resolution, segmentation, speed, and radiation resis-
tance, none of the current proposals offers in our opinion a realistic calorimeter that favorably
compares with TEXAS. In terms of hermeticity, none of the other designs matches TEXAS.
They are not as simple to construct or maintain, particularly for the local readout and trig-
ger electronics. TEXAS is the only design where repairs can be contemplated, or where the
trigger electronics on the calorimeter shell can be changed or upgraded. We are confident
at this juncture of the TEXAS calorimeter performance at 1033cm~2s~!, and that it can
approach 1034cm~2s~! much more comfortably than other EOI’s, with only the noise of 1
or 2 beam crossings. We note that.even a luminosity 4 x 103cm~2s~! accumulates a large
statistical advantage very quickly.

Furthermore, the TEXAS systems which must operate in concert with the calorimeter
are all designed with the high rate in mind. All of the systems inside the muon TRD operate
with electro-optic technology, and with active devices shielded by the calorimeter. This
rapidly advancing technology is at the forefront of high rate-signal detection and generation.
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Lastly, the TEXAS technology and design chosen are to lower the risk of radiation
damage to any component.

The very heavy Higgs searches use calorimetric measurements or high luminosity or both,
to provide enough statistical power to extract a signal. The TEXAS detector is uniquely
suited to this role, when compared with the other detectors. However, TEXAS is committed
to the notion that the standard model Higgs is hopefully not all there is to look for. Indeed,
one might speculate about the end of high energy physics if the only discovery of the SSC is
a 400 GeV Higgs, which would leave more questions than answers about the nature of the
fundamental forces, the origin of the particle spectra, and the ultimate simplicity of nature.
We must therefore be prepared for SUSY or Technicolor or Compositeness or Something
Else, with most of the important signals exploiting the potential of calorimeters. At least
one SSC detector should therefore provide an optimal calorimeter, and be prepared for high
luminosity operation, in order to cover the maximun ground in the search for new physics

at the SSC.



Figure Captions
T1.1 SPACAL Compensation Time Structure; e/ ratio.
T1.2 SPACAL Time Structure; resolution.
T1.3 W mass resolution vs. number of superimposed background events.
T1.4 Effect of B-field on dijet reconstruction (after P. Jenni).
T1.5 Effect of B-field on W — jj (after Freeman and Newman-Holmes).
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T2: Fiber Calorimetry Performance at High Luminosity

e How is the high-L performance of the hadron calorimeter consistent with the collection
time needed for compensation?

The internal consistency of the answer to a previous question (T1) required that we
answer there the present question (T2) en passant. To simplify the PAC’s effort in dealing
with our answers, we take the liberty of repeating here the relevant paragraphs verbatim.

We use the measured scintillating spaghetti calorimeter integration times recently report-
ed by the SPACAL collaboration for the expected temporal response in the TEXAS detector
at the SSC (see Appendix). To achieve an energy dependent resolution term of 29%/VE,
with e/h of 1.0040.05, the pion integration time in a spaghetti calorimeter only needs to be
35-40ns (see figs. T2.1 and T2.2. These were presented by Michele Livan at BU on 6/18/90,
and by Riccardo DeSalvo at Snowmass 1990, for the SPACAL collaboration. Note that e/h
is slightly larger than 1.0 in these preliminary results; Monte Carlo predictions indicate that
a slight shift downward in the fiber diameter, or a slight shift upward in the fiber spacing
will result in a tuning of e/h to 1.00£0.01. The results were taken in the first week of June
without calibration data; the phototubes were simply balanced to about 3% with a source,
and this is the origin of the large constant term of 2.6%)

The peaking time appropriate for a jet trigger is about 6-8ns. Furthermore, as can be
seen from the above figures, at a 16ns integration time SPACAL has achieved a 40%/VE
resolution, with e/h of ~1.25 in 16ns, comparable to or better than competing proposed
calorimeters with integration times of ~ a few hundred ns.

The myth of long compensation time comes from the use of liquid Argon, or Uranium,
or both. Moderation is longer by a factor of 5 in liquid Argon than in plastic, and Uranium
produces 3 times the neutrons of lead, and has a 1us time-scale and a y-capture cross-section
about 30 times that of lead. According to estimates by SPACAL colleagues, the integration
time may be improved by about 5ns with improved electronics and the slightly faster plastic
scintillator produced by Bicron. (The cables in the SPACAL tests were about 100m long
- adding to the dispersion and to the time to discharge the cables into the ADC). In the
forward liquid scintillator calorimeter plugs planned for TEXAS, the light pulse decay time
may be made as short as 0.9ns with marginal loss of energy resolution.

At the highest luminosity TEXAS will be able to integrate over a single beam crossing,
with only 20-30% of the deposited energy of a crossing contributing to the following crossing,
with a somewhat degraded energy resolution of 40%/vE. At the standard luminosity, the
TEXAS calorimeter will be a precision device, measuring a 500GeV pion to better than
2.5%. It is very doubtful that any technology may beat either this temporal response o r
this energy resolution.

We emphasize that the temporal performance of the calorimeter we are proposing is
measured, and that the TEXAS design for the SSC is a straightforward, practical and
minimal extrapolation of this proven technology. It also capitalizes on our own experience-
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with electromagnetic spaghetti (both liquid and plastic) modules for the G-2 experiment
at BNL, and our generic and subsystem R&D work on spaghetti and liquid scintillator
calorimeters.

At the SSC starting luminosity of 1033cm~2s~! the strategy to find a heavy Higgs is
to use the calorimeter both for missing ET (neutrino decays of the vector bosons) and for
dijet reconstructions of the vector bosons, in order to have enough signal events. As an
example of how important it is to have clean events without overlap even at a luminosity
of 103cm~2s~!, fig. T2.3 shows a potential degradation by a factor of 1.5 in the W— j;
mass resolution even with only 3 minimum bias overlapping events (the Monte Carlo was
for a calorimeter with cruder segmentation - 0.05 x 0.05- and lower energy resolution than
the TEXAS design). CERN LHC studies show similar dijet mass signal degradation effects
due to event overlaps; 10 minimun bias event pile-up produces a factor of 2 degradation in
the dijet mass resolution.

At 1033cm—2s71, it is difficult for liquid Argon calorimetry or even Si calorimetry (with
its 30ns charge collection time and much longer compensation integration time) to avoid a
significant event overlap, with resulting noise in the jet-jet mass signal. For a heavy Higgs
search using H— ZZ — lljj, or H—» WW — jjlv, our ability to avoid event overlaps
will lower background and enhance the signal in the dijet mass reconstruction. This yields a
factor ~2 reduction in the mass cut necessary at the W or Z mass as compared to calorimeters
integrating over 10 or so events. At 1034cm—2s—1, TEXAS will have a dijet mass resolution
degraded by a similar factor because of event overlaps. In other words, at 103¢cm~2s~!, the
TEXAS peaking time of about 6-8ns compares to the 80 ns peaking time in liquid Argon at
1033cm—2s—1, and the 40ns integration time compares to the 400ns integration time of liquid
Argon at 10%3cm—2s—1.

The strategy to find technicolor and compositeness also requires minimal overlap noise
in order to preserve the linearity of the jet energy signals. :

Lastly, the monolithic calorimeter allows fast trigger decisions at an early level on elec-
trons, 4’s (when combined with the pre-radiator) and hadrons.



Figure Captions
T2.1 SPACAL Compensation Time Structure; e/ ratio
T2.2 SPACAL Time Structure; resolution

T2.3 W mass resolution vs. number of superimposed background events
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T3: Current Detector Simulation Program
Outline the simulations you are doing to complete the analysis of your detector’s capabilities

The overall TEXAS simulation scheme is summarized in the box/flow diagram. All of
the simulation sections exist in one form or another. Of course, there is still a large amount
of optimization and fine-tuning to perform before we have a full and detailed analysis of the
TEXAS detector capabilities. One of the more important features of the TEXAS simulation
involves the ability to incorporate new results from test-beam work, etc. wherever necessary
to update individual detector element performance characteristics.

Event generators include ISAJET, HERWIG and PYTHIA. In all cases, files of generated
signals and backgrounds are saved before sending the events through the detector simula-
tion. ISAJET provides a very flexible user interface for a wide variety of physics processes.
HERWIG (Hadron Emission Reactions with Interfacing Gluons) is especially well-suited to
process and signatures which are sensitive to QCD jet production and fragmentation.

Each of the TEXAS subsystems has its own simulation package. These are the central
calorimeter, forward calorimeter, tracker/imaging pre-radiator and muon transition radiation
detector. Examples of the results of using these packages are contained in many of the other
answers to the PAC questions that are included in this document.

The calorimeter simulation is handled at several different levels of detail. Parameter-
izations are included for energy resolution effects (including the constant term and tails),
lateral shower spreading and both lateral and longitudinal shower development. Naturally
enough, the present version of the central calorimeter simulation contains many simplifica-
tions. Monolithic towers are assumed for jet studies. We use a simplified version of the
CDF/UA1 parameterizations which thereby incorporates optimal longitudinal developmen-
t/fluctuation. We treat the calorimeter as a uniform mixture of materials. We assume no
angular dependence (as is confirmed by the experience of the SPACAL group, for hadron-
ic showers at least). We assume a linear calorimetric response (except with some explicit
longitudinal development). We assume e/h=1. Wherever possible we make detailed com-
parisons with the SPACAL test-beam results. On-going central calorimeter work includes a
detailed study of the effect of speed and event pile-up on the high luminosity operation (in-
cluding shower spreading) with particular emphasis on electron isolation cuts. The forward
calorimeter simulation includes a full GEANT shower generation into segmented tungsten
and liquid scintillator. Present studies include missing ET versus n and the effect of e/h=1.
Spectator quark jet tagging work is being performed to establish the forward calorimeter
response parameterization, to determine granularity effects and to optimize jet-finding and
clustering algorithms to yield efficient separation of signal from background.

The tracker/imaging pre-radiator simulation uses both GEANT and EGS. Ray tracing
has given valuable pattern recognition information and allowed a computation of track finding
and vertex finding efficiencies. On-going studies include conversion rate versus n, pre-radiator
rejection of low energy conversions and Dalitz pairs, pre-radiator identification of e/h and
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70/~ overlaps, event vertex resolution, high-luminosity track-finding capability and trigger
pad performance.

The muon transition radiation detector simulation incorporates a parameterization of
the muon momentum resolution versus momentum based on test-beam results and theoret-
ical calculations. Studies include the effect of the muon system response on Higgs search
capabilities and on missing pt determinations.
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T4: H — vv: Vertex Sensitivity, energy calibration, etc.

e You emphasize searching for intermediate-mass H — . Please simulate the response
of your detector to this process, including effects of vertez resolution along the beam.

For a Standard Model Higgs with mass between ~100-110GeV and 2Mw, H — vy is a
signal that TEXAS has the unique capability to detect. This signal is very important because
the coupling to 47 is the only channel not available to the Z. Regardless of the initial Higgs
discovery method, the branching ratio of the H — ¥+ is an important figure which probes
the existence of new particles in the quantum loop that mediates this decay.

This signal consists of 2 v rays roughly back-to-back in ¢, separated by about 1 unit of
rapidity. The average opening angle is typically larger than 135°. The energies are such that
the E1(y) >20-30GeV.

The origins of the dominant backgrounds are the processes qq— v7v, gg— 77, ga— Y+q-
jet(— leading #°), and qq— v+g-jet(— leading 7%). A cut on Et of 20-30 GeV reduces the
qq and gg background. A cut on the vy rapidity of n <2.5-3 reduces the qq background by
a factor of ~2. A cut on the v rapidity of <2-3 also enhances the signal. A cut on the polar
angle of the 2 photons in the v rest frame of §*>35° is also of help.

To eliminate the serious backgrounds from accompanying jets that produce a leading =,
an isolation cut about the v direction is imposed in a cone of radius R of 0.4-0.8, requiring less
than 10% of the E1(v) in cells surrounding the v in the cone. Unfortunately this cut is very
uncertain, because of the uncertainty in jet fragmentation into isolated 7#%’s at SSC energies.
Estimates from ISAJET suggest that a rejection of about 10~ per v can be achieved with
the isolation cut, but this is merely preliminary.

To study and eliminate this #° contamination from a jet that fragments into a single hard
neutral pion, the pre-radiator is used to measure a single #°. The minimum opening angle
for a 70 is given by Omin=2My/Px. Thus, for a 100(50)GeV neutral pion, the two decay
photons are separated by more than 2.6(5.2)mm per m of flight path. In TEXAS, they
are separated at minimum by 5(10)mm at the pre-radiator, easily detected in our imaging
pre-radiator. This is demonstrated in fig. T4.1 which shows a simulation of the showers
from the two 4’s of a #° decay. Furthermore, as mentioned previously, SPACAL has shown
that it is possible with a spaghetti calorimeter to detect the presence of an electromagnetic
shower and a hadron separated by as little as 45mm in the calorimeier. TEXAS is thereby
able to measure in detail the fragmentation of a jet into 7’s, electrons and ultimately, by
extrapolation, into isolated #%’s. TEXAS will be able to directly measure 7% background
fakes to the H — - signal.

Even after the above cuts, a mass resolution of at worst ~1% is necessary over this mass
range to reject the single photon background. Therefore the energy resolution for a ~50GeV
~ must be ~1% or better. A resolution of 6%/vE+0.5% is adequate for this channel provided
that the calibration can be held. This is the design goal for TEXAS (with two methods in
the spaghetti calorimeter to achieve this goal).
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The mass resolution also has a contribution from angular errors given by dM/M =
df/2 for approximately back-to-back photons. The v position resolution is at most +1mm
in the pre-radiator. SPACAL has measured a resolution on the position of electromagnetic
showers of less than 1mm using centroid fits in towers larger than those proposed for TEXAS.
Therefore, in TEXAS, with 2m inner radius, the crudest angular error is given roughly by
the size of the interaction diamond. In this case, d would be 5cm/200cm, giving a 1.25%
contribution to dM/M. At a luminosity of 103cm~2s~! the other tracks in the event can
be used to improve this vertex determination by at least a factor of 10. Using the tracker
system for vertexing therefore implies that the angular error contributes a negligible amount
to the mass error.

At high luminosity with overlapping events, the photon direction given by the combina-
tion of the pre-radiator and the calorimeter may be used to constrain the possible vertex.
For a 4 conversion in the pre-radiator, the position of 85% of the 4’s above 10GeV can be
determined to better than +1mm. Over 90% of the 4’s convert in the pre-radiator. Taking
the calorimeter and the pre-radiator together (and using the SPACAL result of a position
determination of + <1lmm for isolated 4’s), the typical v direction can be determined to
~5mrad without using any event vertex information. Each v then projects back to the beam
axis with resolution along the beam direction of ~+lcm. This can be used to constrain 7’s
(and pairs of 4’s) to specific vertices. It should thereby be possible for TEXAS to explore
this channel at luminosities exceeding 1033cm—2s-! .

We have simulated the response of TEXAS to the H— <+ process and the results are given
below. In the guideline example with 5cm vertex resolution along the beam (the length of the
beam crossing diamond) we assume the worst-case scenario of no vertex reconstruction. The
0.5cm vertex resolution assumes excellent shower position determination in both calorimeter
and pre-radiator and, as can be seen below, is unnecessarily good since the energy smearing
term dominates at all Higgs masses.

H— 49 events were generated with ISAJET and selected according to the following
criteria: '
Er(v) > 20 GeV

(v} <3
|cosby| < 0.8,

with the following detector parameters assumed in the event simulation:

EM calorimeter energy resolution : 6.5%/ VE+ 0.5%
Position resolution for showers in the preradiator : 0.6 mm
Z vertex smearing : 5.0 (0.5) cm

Figure T4.2 shows the v mass distributions for 150 GeV Higgs generation (solid line) and
g +0,,..... sSmearing. The dotted curve is computed under the assumption that the vertex
resolution is +5cm and the dashed curve with the assumption that the vertex resolution is
+0.5cm. The rms widths for dashed and dotted curves are 0.8% and 1.3%, respectively. The

2



table below is a summary of the mass resolutions for different assumed Higgs masses. All
quantities are given in GeV. The last two columns give the computed error on M(vyv) with
the assumption of 5 (0.5)cm vertex error. The total mass smearing is ~1.3% (0.8%) in the

mass region between 100 and 150 GeV/c? for the 5.0 (0.5) cm vertex resolution.

Higgs Mass| Generated oF smearing | Vertex smearing | op + Vertex smearing
100 100.00 + 0.006 | 99.94 + 0.88 | + 1.03 (0.25) + 1.33 (0.89)
120 120.00 £ 0.007 | 120.00 + 1.00| =+ 1.25 (0.27) + 1.58 (1.02)
130 130.00 + 0.007 [ 130.00 + 1.08 | + 1.34 (0.27) + 1.71 (1.09)
140 140.00 £ 0.008 | 140.00 £ 1.13| =+ 1.45 (0.28) + 1.86 (1.18)
150 150.00 + 0.008 { 150.00 £ 1.20 | <+ 1.57 (0.38) + 1.95 (1.22)

More details on the Higgs — 7+ channel are given in the answer to generic question

number 1.



Also it seems that ezcellent v energy resolution is needed for H — vv. How does one calibrate
the calorimeter sufficiently well?

The energy resolution possible with a spaghetti calorimeter has been measured as 6.5%/VE
by the JETSET collaboration, with a double fiber loading. The Monte Carlo which complete-
ly predicts the resolution in SPACAL shows that a 6%/vE resolution is easily obtainable
with 0.5 mm fibers in a spaghetti calorimeter, as shown previously in the introductory sec-
tion on the calorimeter design. On the basis of the SPACAL results, a constant term of 0.5%
is also a realistic goal, provided the availability of proper calibration, a crucial item that we
proceed to discuss. '

A basic technique for calibrating a homogeneous compensated tower is to use the sim-
ulated annealing or global entropy surface. This technique for relative calibration actually
becomes easier at high luminosity. In this technique, the symmetry of the calorimeter system
and the energy deposited is used to calibrate. In a zero® approximation, with N identical
cells, N-1 are used to form an average, and the N*! is adjusted to the average. The process
is then iterated over every cell. Remarkably, statistical mechanics shows that this process
converges quickly. It would first be used on every ring in constant 5. Then the cells would
be redefined as the difference in adjacent n towers at constant ¢. (The profile in 5 should be
identical for every stripe in constant ¢). More sophisticated adaptive algorithms of a similar
nature can be designed to do this globally (simulated annealing) much more rapidly, where
many towers are adjusted simultaneously.

Long-term absolute energy calibration, tied to the global calibration, would be performed
continuously using event signals (such as electron decays of the T and Z). Periodically,
compact accelerators and radiosource wires would be used off-line. The phototube average
currents, voltages, and temperatures would be recorded by a highly multiplexed low rate spy
system integrated into the phototube electronics.

For short term calibration and linearity calibration, high stability ring dye lasers phase-
locked to the accelerator RF serve as a precision light-source (with the intensity compared to
radiosources and cryogenic negative electron affinity photodiodes - typical cost about $150-
250k /laser). A sub-ns laser pulse would be periodically delivered into the calorimeter towers
on quartz injection fibers (4 per tower, embedded with the other fibers, injected into Silica
diffusers at the front and back of each tower - note the front mirrors on the fibers are 85%
reflective/15% transmissive) about 1 ns before a beam crossing, creating a prepulse in the
quietest time before an event. The normal event pipeline would be used to look backwards
and accept only towers which had least count energy for at least 3-4 beam crossings.

The laser pulse wavelength and intensity are tunable. By injecting in the near UV
(330-390nm) some of the scintillator energy transfer mechanisms can be monitored. By
tuning the laser to longer wavelengths the transmission properties of the fiber base can be
monitored. (Radiation damage is often wavelength dependent). By injecting in the back just
in front of the photodetector, the photodetector can be separately monitored from the fibers.
By detecting the reflected pulse during back-injection, and comparing that pulse with the
front pulse at several wavelengths, the fiber properties along the length of the fiber can be
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unfolded. The laser intensity can be precisely varied by electro-mechanical cavity tuning and
by mechanically switchable sets of metallized neutral density filters. It is therefore possible
to measure the linearity of the calorimeter system over 6 orders of magnitude with an error
of 0.1%. The capability of near UV-visible light injection to simulate the properties of energy
deposition is unique to visible light scintillators.

e Comparison of H — vy with other EOI’s: Barium Fluoride Critique

We now contrast our electromagnetic system with that of L*, the only competition in
this important Higgs channel.

L* has no Imaging Pre-radiator device, and therefore no formal way to _measure 70

conta.mma.txon in the isolation cut. Furthermore, the only constraint on the - direction is
given by the it to the position of the v by the BaF, crystal, whereas TEXAS has 2 contraints.
The BaF; crystals are relatively large for an electromagnetic calorimeter, covering 0.04 x
0.04 in segmentation, and therefore are more subject to stray ba.ckgrounds than the towers
in TEXAS. '

For example, because the BaF; crystals are slightly larger than the Moliére radius,
background energy in neighboring crystals will degrade the 4 point resolution (only 2-3
crystals participate in a coordinate fit in each direction). The large segmentation of 3
crystals together (0.12 in each dn'ectlon) has a larger probability of extra tracks, only 75cm
from the beam, compared with TEXAS. A single looper in the magnetic field through a
crystal degrades the point resolution by about a factor of 2.

The larger electromagnetic segmentation makes it harder to study and identify electrons
in jets in L*. This is important to fully understand the potential backgrounds to this Higgs
channel, as well as for other SSC physics.

Furthermore, it is more difficult for L* than for TEXAS to trigger on an isolate d «y
without interrogating all of the tracker system pixels. Because TEXAS has tile sections
in the tracker/preradiator system matched to the cell-size of the calorimeter and a fast
electromagnetic identification in a more highly segmented monolithic calorimeter, it is easier
to trigger on isolated 4’s.

The BaF, resolution claimed by L* has never been obtained in beam tests. The best
resolutions obtained have used both the long and the short wavelength components (the
long component has about 5 times the light output at a much more tractable wavelength).
One group obtained 4.2%/E!/4, and another group obtained 1.8%/E!/3 on electrons up to
40GeV. (R-Y Zhu, CALT-68-1566 (1979)). With low energy electrons (1-4GeV) and using
mainly the short wavelength component, the G-2 group (BNL AGS E821) never achieved

better than 6%/VE.
The number of photoelectrons per GeV quoted by L* was obtained using 0.662MeV 7’s

from Cs!37 on crystals of a maximum size of 14 x 3 x 3cm? (62 photoelectrons/MeV) with
80-90 photoelectrons/MeV obtained on small (2-5cm diameter, 2-7cm long) crystals and with

5



a 55 ns gate. It is probably worthy of note that a GEANT calculation quoted in the L*
proposal simply generates the energy deposited in the crystal (with no assumed loss from
leakage, etc.) which is then converted into photoelectrons by a multiplicative constant (80K
photoelectrons/GeV) without the correct Birk’s constant. This estimate does not properly
include photon propagation, spectral reflection, spectral absorption in a 50cm long crystal,
coupling properties, etc., especially as a function of energy. These are the most important
factors dominating the energy resolution of a large shower counter detector, and also the ones
that will contribute to a constant term. We note that the Crystal Ball collaboration obtained
a best resolution of 2.7%/E'/4 using Nal (operating at 410nm peak light output wavelength),
with more than 15 times the detected photoelectrons than in the fast component of BaFs.
Despite the superb photon statistics, the best resolution obtained with a large Nal crystal
(20 radiation lengths) is 2%/E/4 in a test cell. (The best resolution obtained in a small Nal
crystal with + rays is about 1%/VE effective.)

If we use the two experimentally measured resolutions for BaF2 (which used both wave-
length components) and include a constant term of 0.5%, to bracket the potential respone
of the BaF3, then for the 2 energy resolutions, 1.8%/EY340.5% and 4.2%/EY4+0.5%, we
obtain resolutions of 0.96% and 2.0% at 60 GeV for the BaF,. and if we use 6%/vE+0.5%
for the TEXAS spaghetti, we obtain an energy resolution of 1.27%. These energy resolutions
are similar enough that the price of the BalF'; surely cannot be justified.

In addition, several other factors mitigate against BaF'2, especially when used only with
the fast component for the best energy resolution, and which may make even the experimen-
tally obtained resolutions using smaller crystals and the long component overly optimistic,
especially in a large system close to the beam at the SSC: -

(1) Far UV emission: The 180-220nm light in the fast component is very difficult to work
with and to exploit uniformly, for several reasons. Optical Coupling is difficult - even a
fingerprint will absorb a large fraction of the light. Very accurate dimensional control
must be maintained to preserve uniform UV transmission. Furthermore, the silicone
optical fluids proposed are known to suffer radiation damage. UV photocathodes seem
to be notoriously spatially non-uniform in their response.- Reflectors are necessary to
smooth out the response of a 50cm long crystal. Teflon film would be ideal for this
purpose, but suffers severe radiation damage at 75cm from the SSC beam. Unfortunately,
Aluminium coating on the BaF'2 crystal has been shown not to be sufficient to reflect this
short wavelength light effectively enough. The surface quality and polish at 200nm is also
more critical than at longer wavelengths (Nal - 410nm - blue, BGO - 480nm - green). It
will be a difficult job to perfect a uniformly responding BaF; crystal and reflector system
to the level claimed by the proposal, and maintain the small inter-crystal gap claimed to
be possible in L*. This is contrasted to the good results obtainable in BGO, where the
light emission (480nm) can be easily reflected at tunable levels of reflectivity in a low
radiation damage environment with very thin materials (as shown by the results in tests
by the L3 group). The far UV properties of the fast component will almost certainly
contribute to a decrease in the energy resolution than might be predicted from photon
statistics alone.



(2)

(3)

(4)

(5)

(6)

Crystal Size and Quality: In the past, BaF; crystals have been very difficult to grow
water-clear in large sizes, without wave or film imperfections. We have seen no data on
crystals longer than 14 cm; in the tests by the Caltech group, the largest crystal was the
poorest performer. Data on the large crystal (22cm long - 44% of the size needed in L*)
recently delivered to Caltech has not been provided. While SIC may be able to solve the
large crystal problem, it is a risky claim indeed for 26,000 crystals, despite the success
of BGO; UV transmission is much more susceptible to a small amount of impurities.

Radiation Damage: Both the coupling fluids and the reflectors normally used with BaFa
damage easily; since L* would be in a radiation environment 7 times higher than the
TEXAS calorimeter, this may a be a problem. Furthermore, the Carbon fiber/epoxy
support structure proposed will not hold up the 50tonnes of crystal after a year of expo-
sure at 75cm from the beam. While the BaF'; is radiation hard, the system components
necessary to allow it to operate are not; these will not only reduce the energy resolu-
tion, but may physically give way. Other solutions may introduce inhomogeneities in
the system which are not desirable. Already in the existing L* design there are 1% dead
regions.

Magnetic Field Readout: There is no good solution at the present time for the phototubes
which would be most naturally oriented transverse to the magnetic field direction. No
existing phototube operates with reasonable gain in this mode at 7.5kG; furthermore,
the tubes that operate at low gain up to 45° to the field are not noted for high linearity.
These tubes will also receive the dubious benefits of hadron showers; the crystals provide
1.7 interaction lengths.

Low Segmentation and Short Inner Radius: As previously noted, the ionization rates
in these crystals will be high not only because they are 75cm from the beam (again,
compare with the TEXAS inner radius of 200cm), but also because the 26,000 Towers
in L* subtend 0.04 x 0.04 (as contrasted with TEXAS at 0.025 x .025 with ~160,000
towers). The background radiation and minimum bias event noise will be higher in L*
by a factor of 7 or more.

Calibration: Most importantly, short-term and linearity calibration of the BaFs will
be very difficult if not impossible. It is not practical to provide a light pulse with
a wavelength of ~220nm to crystals/phototubes in a tight array sandwiched between a
tracker and a hadron calorimeter (the phototube has to be blind to light with wavelength
longer than 220nm to avoid the slow component). This is contrasted to the spaghetti
design, where tunable optical pulses can calibrate both the dynamic range response and °
the full operation of the calorimeter.

The calibration methods proposed by L* have serious short-comings for on-line, linearity,

and short-term stability calibration. Whether the method to use minimum ionizing hadrons
will work for BaF, as suggested by L* is not clear. We point out that 81% of the hadrons
will undergo an inelastic interaction, and 93% will undergo some type of a nuclear collision
(including elastic and quasi-elastic collisions), in the 50cm long BaF; crystals. While this
may give a relative calibration, there will be a widening of the 0.33GeV MIP deposition
by quasielastics, elastics, low-q inelastics, charge exchange etc. and will require a larger

7 i



sample and therefore much longer than the 12 hours claimed in the L* EOI. Even multiple
scattering on the 25 radiation length crystals will widen the MIP distribution by ~1%. The
use of accelerator and radiosources in off-line running is important, but does not fully solve
the on-line and large dynamic range problems.

The ease of calibration together with the quiet operation of the large inner radius and
finely segmented calorimeter that is proposed by TEXAS is therefore a good compromise
solution to the problem of detecting H — +v, with an energy resolution fully adequate for
Higgs masses larger than ~100-110GeV. Indeed, it may be argued that the difficulty of
operation, calibration, and production of BaF; in the UV in a large magnetic field is not
solved, and is not a prudent solution at this time. Moreover, the lack of fine electromagnetic
segmentation, the short radius, and the absence of an imaging preradiator in L* detract from
the capability to measure and/or reduce background.

Figure Captions

T4.1 Tracker/Preradiator simulation of the two ¥ showers from a 50GeV 7 decay 2m
from the detector. The figure shows a 10cm section of the imaging preradiator; the horizontal
lines represent plastic scintillating fiber layers and lead sheets. (Private communication, P.

T4.2 M(v) distributions for a 150GeV Higgs. The explanation of the symbols and
plotting characters is given in the text. '



Figure T4.1
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T5: Quark-Jet Tagging

e Describe in detail the role of quark-jet tagging for your Higgs searches. Your simulation
should include effects of resolutions, cracks, initial-state gluon radiation, clustering, and
pileup. In particular, can this method be used given the QCD background of high-p: Z
production?

The TEXAS calorimeter provides high-resolution hadronic energy measurement over a
large rapidity range (|n| < 5). Preliminary studies, both at the parton and QCD jet level,
have indicated that high-p; processes which are mediated by W-W fusion (which dominates
Higgs production at high energies) are much more likely to give energetic jets in forward
calorimetry than are background processes mediated by g-g fusion. Detection of these for-
ward jets (typically with 3 < |n]| < 5) can thus complement other cuts in providing signal-
to-background discrimination for such processes as H — ZZ — eevv, H — ZZ — eejj, and
H — WW — evjj. Each of these processes has a signal to QCD background ratio of order
1:100, with the H — ZZ — eevv having the benefit of a missing p; signature in addition to
two electrons reconstructing to the Z mass. Accessing these modes increases the statistics
over that available in the 4-lepton final state by accessing larger branching ratios in the Z
decays.

For our studies of quark-jet tagging in high-mass Higgs searches, we have used the HER-
WIG event generator program and our TEXAS-SIM detector simulation program. HERWIG
(Hadron Emission Reactions With Interfering Gluons) performs a detailed QCD interaction
and fragmentation simulation, including the effects of initial-state gluon radiation."”! The
TEXAS-SIM detector simulation includes the hadronic energy resolutions (including the con-
stant term) appropriate to both the central and forward calorimetry, the effect of our material
transition at n = 3, the effect of the hole at 7 = 5 (with shower spreading and cross-over),
hadronic shower profiles matched with test-beam data and GEANT calculations, pileup of
minimum-bias events, and a modified UA1l-type clustering algorithm.

Figure T5.1 illustrates typical quark-jet tags in the TEXAS forward calorimeter, with
and without the effects of shower spreading. As is evident in the figure, shower spreading
has a small effect on jet-finding and jet energy measurement for 7| < 4.5. This is because
of the relatively large distance of the forward calorimeter from the interaction point (> 7
meters) and the relatively short interaction length (< 12 centimeters) of the tungsten-liquid
scintillator composite. More than 90% of the hadronic shower energy is deposited within
15 centimeters of the shower axis in this material. For the TEXAS forward calorimeter
geometry, this corresponds to the following rapidity and azimuthal spread _as a function_ of
jet rapidity:



n|dn | do
3.0].12 | .15
3.5] .21 | .28
4.0} .37 | .50
45] .63 | .87
5.0 | 1.04 | 1.46]

Because of limited statistics and computer time, our results thus far are only preliminary
(but quite promising). We place rapidity constraints of 3 < || < 4.5 (1.3 to 5.7 degrees)
and an energy requirement of Eje: > 1TeV. Of the WW signal events, 35% had at least a
quark-jet tag, while 4% had two tags. For the gg background, 8% of the events had one tag,
with 0.25% of the background events generating two tags. The signal-to-background ratio
is thus improved by a factor of 4.5 for the single-tag and a factor of 15 for the double-tag
requirements. Information from the central calorimeter has not yet been correlated with
that from the forward calorimeters. The effects of pile-up from minimum bias events at high
luminosity have not yet been studied with sufficient care, although preliminary indications
are that the spectator-quark jet tags are sufficiently prominent to stand out well above this
background. In combination with our central calorimeter studies of H — ZZ — eevv, and
H — ZZ — eejj, these quark-jet tagging results indicate both channels can yield signals
significantly above background in the TEXAS detector.



Figure Captions

T5.1 Quark-jet tags in the TEXAS forward calorimeter with and without the effects of trans-
verse shower spreading.
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T6: High-Mass Higgs and TRD Muon Resolution

In looking for a high-mass Higgs, how does the uncertainty in measuring muon momenta
affect the backgrounds from uncorrelated muons?

We have investigated Higgs discovery by the 4-lepton channel in TEXAS. Table 1 below
shows the lepton energy resolution necessary to match the Higgs width.

Higgs mass 200 GeV | 400 GeV | 600 GeV | 800 GeV]
Higgs width (T') | 4 GeV | 32 GeV | 108 GeV | 256 GeV]
Lepton resolution| 1.8% 6.3% 13.5% 26%

In TEXAS, for the 200 GeV Higgs, the electron energy resolution, 6.5%VE + 0.5%,
matches or exceeds the Higgs natural width for electrons with energies greater than 20 GeV
(this provides nearly 100% acceptance). Since the production rate is high for the 200 GeV
Higgs even at standard luminosity, the muon mode is not needed in this case.

For a 400 GeV Higgs, the muon TRD momentum resolution is optimal, (7% at 200 GeV
momentum) as in Fig. T6.1 and the electron resolution is more than adequate, so all 4-
lepton modes are easily detectable. For a 600 GeV Higgs, we rely on the 4e and 2e2yx modes.
The 4u mode would be used only to check the consistency of the other measurements;
this represents at most a 25% loss in the four lepton modes. Muon energy resolution is
important in rejecting background from continuum ZZ production, by requiring that muon
pairs reconstruct to give the Z invariant mass. The results of our signal and background
simulations including TEXAS electron and muon resolution functions were given earlier, but
we repeat them here to simplify the reader’s task.

A study has been made of the trigger acceptance. Optimized geometrical/kinematic cuts
for four leptons appear to be:

| n(lepton) | < 3

Er(l) > 20 GeV . i

Proai(p) 2> 40 GeV/c and Pr(Z) > 25GeV Jc.

The efficiency of these cuts is summarized in Table 2.



Table 2: Geometrical/Kinematic Cut Efficiency for Higgs Events

Higgs Mass|o BR [fb] |  eeee eepys Jr
© 300 67.0 0.46+£0.013 | 0.24+0.008 | 0.14+0.009
400 34.7 0.53+0.013 | 0.37£0.009 | 0.294+0.012
600 16.4 0.64+0.012]0.57+£0.009 | 0.51+0.013
800 7.6 0.72+0.012]0.66+0.009 | 0.61+0.013

For the standard SSC luminosity, the total number of events produced and the number
of events that trigger the detector are shown in Table 3.

Table 3: Number of Events Triggering the Detector in a Standard Year

Higgs Mass | Nyotal Ntrigger
eeee |eepp | pppp
300 670 | 76 | 82 26
200 | 347 (46| 64 | 25
600 164 | 26 | 46 | 21
800 77 | 14| 25 | 13

Table 4 shows the detection efficiency for Z’s for a reconstructed mass cut of + 15 GeV /c?
(76 to 106 GeV/c?). No other kinematic or geometrical cuts are applied. The errors are
statistical. ' : '
Table 4: Detection Efficiency for Z’s in Higgs Events

Physics Z—ee| Z-—pup
Mg=300 1.00 |0.67+0.006
Mpg=400 1.00 |0.71+0.006
Mp=600 1.00 }0.70+0.006
Mp=800 1.00 }0.67+0.006

ZZ continuum|{ 1.00 |0.53+0.003

Clearly, at this stage of our simulations we should make a tighter cut on the Higgs
mass for the 4e mode, and perhaps a loose cut on the 44 mode. The reconstructed mass
distribution for Z—ee and for the 400 GeV/c? Higgs is shown in Figures T6.2. The total
momentum distribution for the 4u mode is shown in Figure T6.3; it is important for the
optimization of the design of the muon TRD. B
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The statistical significance (SS) of a fluctuation of the total number N (=B + §) of
events above the fitted background (B) to give a signal (S) is defined as

$S = (N - B)/VN |

N, B and SS values for each decay mode and mass are tabulated below:

Table 5: Expected Number of Higgs Events

Higgs Mass eeee eepp [ Combined

N| B |ss{n|B|ss|n|B|ss] N | B |ss
300 |47]13.7]4.8]439.3[5.1|12[2.3]2.5] 100 | 25.3 7.5
400 |27| 5.8 |4.0{35|6.2]|48|12]|20|29] 74 |140]6.9
600 [17|41|3.2|23|3.4[40(8 [09]24] 47 | 83 |56
800 |12| 4.4 |2.0]13|36]26| 5 |1.3[1.6]|20.5] 9.4 |3.7

The results shown in the above table do not include any lepton selection efficiency due
to cuts on the isolation, HAD/EM cut, position matching cut, etc. Using the experience
of CDF, we take an efficiency of 85% to make a realistic decision on any one lepton. The
efficiency for four leptons is expected to be 0.52 (= 0.85%).

We could classify several grades for potential discovery
A :SS>T7and S > 20 : Discovery at £ =1 x 1040 cm—2

B :SS>5andS > 10 : Discovery at £ = 2 x 104 cm—2
C :SS>35andS > 5: Discovery at £ = 4 x 104% cm—2

The grade for the each mode is summarized in the following table:

Table 6: Summary of Higgs Hunting Capability

Higgs Mass | eece | eepu | pppp | Combine
300 Al A B A
400 Al A A A
600 Al A B A
800 B B C A

From the above table, we see the following:
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1. The maximum sensitivity for hunting the Higgs is around 400 GeV/c?.

2. A heavy Higgs up to a mass of 600 GeV/c? can be studied with each four-lepton mode,
l.e. eeee, eefuft, OT [U/LjL[L.

3. For the 4u mode, the high Pr threshold largely degrades the Higgs detection efficiency,
while the background reduction power is very large. If the SSC can achieve an integrated
luminosity of 4 x 10*%m~2, the 4u mode would be given an “A”, for the mass range
between 300 and 800 GeV/c2.

4. A heavy Higgs with a mass of 800 GeV/c? could be found by combining the three four-
lepton modes at £ = 1040 cm—2.

Finally, an expected mass distribution for each Higgs mass and each decay mode after
the final cut is given in Figs. T6.4 for M; = 120 GeV/c2.

For standard model Higgs masses above 600 GeV, the TEXAS detector would begin to
use the jetjet and vv decay modes at standard luminosity, and the lepton modes at higher
luminosity, because the rate of production is becoming marginal. (The following sections
include a more detailed discussion of the TEXAS detector’s high-luminosity capability, its
ability to find missing Er as in the gluino search, and to reconstruct W,Z masses from jets.

Since the Higgs width grows as the cube of the mass, at 800 GeV, the muon resolution
becomes much less important. Because of the increased Higgs width, the TEXAS TRD
resolution contribution is smaller than the Higgs natural width. At the same time, the
production rate drops. After acceptance cuts on lepton ID efficiency of 90% (80%) and
isolation efficiency of 85% (75%), typically only 22(11) 4-lepton events remain per SSC year
at the standard luminosity in a bump 30% wide. Thus, the 4-lepton mode search at My >800
GeV/c? is marginal at £ = 1033cm—2s~!; higher luminosity is needed.

Because the TEXAS muon system can operate in the TRD threshold mode, the fog from
low energy showers and punch-through entering large area precision muon drift
chambers following a calorimeter is reduced. The electron identification and energy mea-
surement continues to operate in this environment. With a scintillating calorimeter, the
full electromagnetic energy in a tower cluster is collected in less than 15 ns. Even at
L = 10*cm~2s—1 (16 events per crossing), the occupancy in a monolithic 0.025 x 0.025
tower is 1.8%. Electron isolation also continues to function in the pileup. On the average,
only 2 GeV of electromagnetic energy is deposited in a ring cone around the electron direc-
tion between R=0.1 to 0.2. This band is chosen because the electron will occupy the region
below R=0.1; the region from 0.1 to 0.2 can be used as a veto. Isolation and triggering uses
the tile tracker/preradiator electron tag together with the electromagnetic energy trigger
from the spaghetti calorimeter.
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