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Abstract 

The conceptual design for an sse detector that focuses on calorimetry is presented. The 
physics goals include searches for elementary scalars of low mass (M H < 2M w) and high 
mass (MH > 600 GeV), for heavy supersymmetric matter, for compositeness and for strong 
vector-boson interactions. Examples of the relevant signatures are H ~ "; H ~ Z Z*; 
H ~ Ivqq, Ilvv, Ilqqj 99 ~ E;'illll+ > 2jetsj and a jet excess at high PT. 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 ,-, 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: 

• a scintillating fiber tracking system incorporating an imaging pre-radiator, 

• a projective, finely segmented, -thick scintillator calorimeter, and 

• a muon TRD trigger and spectrometer. 

The design allows for total hermeticity to '7 = 5.5. The trigger response to electrons, 
muons, jets and missing energy is well-matched to the sse crossing time. High speed, 
fine segmentation and a large inner radius imply that early operation at a luminosity of 
1034 cm-2s-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. 
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Introduction 

We propose a simple and hermetic sse 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 sse 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 II and Z Z· channels, or a heavy Higgs at the extreme of the sse reach, pose specific 
problems. We address them by letting the inner radius R of the calorimeter be large (2 
meters). The II 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 PT jets with the precision required 
to search at high mass for technicolor and substructure. 

The precision of calorimetry increases with energy E as l/VE + a constant. A calorime­
ter with no dead space for services or structural elements can yield high resolution in the Te V 
regime for electrons, missing ET 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 .c = 1034 cm-2s-1• 

For the measurement of muon energies we propose the use of transition radiation tech­
niques sensitive to I = EIJ/m (an unsaturated observable at sse energies). Transition 
radiation devices offer a unique alternative with broad ." 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 - J.l. 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 'Y and 
excellent e/hadron separation. Spatial segmentation in TJ and 4> is 0.025 in the electro­
magnetic and 0.05 in the hadronic compartment. Calorimetric coverage is continuous to 
TJ = 5.5. We use recirculable, radiation-hard liquid scintillator and tungsten absorber in the 
forward region for TJ > 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%/..fE and 30%/..fE 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 10-4 . 

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 ( 4>, 9) and 
TRD hits with calorimeter hits in a 2 JJS trigger pipeline. The TRD spectrometer gives better 
than 10% resolution at 200GeV (as seen in Fig. 9), providing a level-1 high-Pr trigger. The 
TRD spectrometer information can then be used in conjunction with the scintillating fiber 
calorimeter to give a high-level missing Er 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 
ITJI < 1.5. A narrow non-projective readout path at TJ = 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 
limi ted benefits of measuring lepton chai-ges (generally a two-fold suppression of background). 
Furthermore, our non-magnetic design preserves the narrow spatial structure of jets at the 
sse, 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. 
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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, C '1034 cm-2s-1, 

and justifies a specialized detector optimizing the calorimetry. The signatures for new physics 
at the sse have been well-documented by many authors!l-lO) and are only briefly outlined 
here. 

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 (MH '" O(Mz ) or the eventual lower limit from LEP-II), 
and the "unitarity-limit"j the eneI'gy at which the interactions between intermediate vector 
bosons become strong (M H '" 1 Te V). Full coverage of this domain ought to be a major goal 
for the sse. 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 (MH > 600 GeV), with its low rate of production. To detect 
it, one must use the channels H -+ ZZ -+ jet jet II and H -+ WW -+ jet jet lv, since 
they have branching ratios some 22 and 160 times that of the decays of the Z Z 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!l1) as can be seen in Fig. 11. The figure shows that the rapidity required to 
tag the spectator jets must reach '1 '" 5. 

The same technique of background reduction by jet-tagging helps in the channel H -+ 
ZZ -+ llvv!12) which has 6 times the rate of the four-charged-Iepton mode. This is shown in 

Fig. 12, in terms of p~a.clc, the total scalar PT in the half plane opposite to the Z-direction~13) 
The figure also shows that random calorimetric gaps of 2% of 47r, or coverage to ." < 5 
severely degrade the signal. The signal over background for M H =800 GeV is 24/7 events for 
an integrated luminosity of 10" pb-1, a mere one tenth of an sse year at C = 1034 cm-2s-1. 

(Cuts E;:,i .. >120 GeV, '1 < 5 and PT > 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 
MH 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 Iv channel the principal difficulty is the tt -+ bb W+W-
background. With an assumed calorimetry resolution and segmentation worse than the 
TEXAS goals and lepton isolation plus other cuts!1t) the background is found to be drastically 
reduced leading to a signal-to-noise ratio of 200/100 events for MH = 1 TeV, mt = 150 GeV 
and an integrated luminosity of 1040 cm-2• 

N one 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 ET signals. 
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Interr,nediate-Alass Scalars 

We focus next on Higgs detection in the MH < 2 Mw regime, and in particular on the 
notoriously difficult H ~ 'Y'Y mode. Detection of a signal in this channel is made possible by 
a large inner-radius calorimeter design, with good energy resolution, inherent 'Y'Y separation, 
and large-luminosity reach. In Fig. 14 one can see how meager the signal/background is for 
M H =150 GeV with one year of running at C. = 1033 cm-2s-1 and an excellent [extraordi­
nary] mass resolution of 1.9 [0.8] GeV/c2 • The TEXAS mass resolution of 1.3 GeV/c2 , and 
operation at 10 times the quoted luminosity, appear to make this decay accessible. 

The H ~ Z Z· channel followed by Z ~ ee, IJIJ decays is rate-limited, but copious 
enough[U) at C. = 1033 cm-2s-1 to find the Higgs in the range 130 GeV < MH < 2Mz . 
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. 

Supersyr,nr,netry 

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!1S) E;aiu. At the modest energies 
of the LHC!17) 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(13) is conveyed at SSC 
energies by Fig. 16 in terms of p~.', the missing momentum transverse to the plane of the 
beam and the highest PT jet. The figure is for mj = 750 Ge V, a hadron-calorimeter resolution 
of 70%/v'E (two times less precise than our goal), (t/J x 8) segmentation of (0.05 x 0.05), and 
coverage to "l = 6. The signal is not rate-limited, but would rapidly become SO(17) with a 
modest increase in mj. As mj is decreased the problem is no longer the counting rate, but 
the hermeticity of the device. A crude estimate(13) indicates that a 5 cm crack at "l = 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 sse experimentation is to determine whether or not intermediate 
vector bosons (IVBs) interact strongly at subprocess energies of order 1 Te V. This will 
happen if M H > 1 Te V, 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 sse are likely to be the spin-one technirhos, P~ and p~. The PT mass 
is estimated to be 2 J(3/NT) TeV, where NT > 2 is the number of technicolors. The 
discovery modes are P~ ~ Z W= and P~ ~ W+ W- . We show the expected number(18) 
of events in the W Z channel in Fig. 17 as a function of M wz , with l"lw,z I < 1.5, and one 
year of running at C. = 1033 cm-2s-1• The dotted-dashed line is the standard-model result, 
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and the expectations for NT = 2,4,6 are also shown. The estimated number of events in • 
the range M(PT) ± r(PT) is total (background) = 400 (220), 1400 (200), 3100 (ISO), for 
NT = 2,4,6, respectively. For specific IVB-decay channels, these numbers must be reduced 
by the corresponding branching ratios,e.g., W --+ III (11%) and Z --+ ee (3%). Once more, 
high luminosity and the capability to reconstruct high PT IVBs from jets are both called for. 

S u.bstructu.re 

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 -I, A", 20 TeV is explorable. Quite generally, the new physics would first 
manifest itself'll) as new "Fermi" (four-fermion) interactions that modify the high PT jet 
or lepton yields, relative to QeD expectations updated by HERA results. The example in 
Fig. 18 shows the predicted deviations at" = 0, for one year of running at C, = 1033 cm-2s-1, 

A =10 and 20 TeV, and with S = ±1 the sign of the (qqqq) contact interaction. An obvious 
requirement is a linear calorimetric response over a large dynamic range. To estimate a total 
number of events, multiply 6PT dtT/dpTd"l".o 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, C, = 1034 cm-2s-1 may be needed to unveil a quark substructure 
characterized by a scale as high as A '" 20 Te V. 

C onclu.sion3 

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 ET 
and multiple jet reconstruction (njet > 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 ET-measurement, highly segmented jet calorimetry, and 
linearity over a broad energy range. In addition, searches for a new neutral gauge boson, ZI, 
involve high resolution di-Iepton or di-jet mass reconstruction. A search for a new W' in the 
channel W' --+ ell 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-ET 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. 
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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 sse 
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; 

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

• 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 1034 cm-2sec-1. 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. sse calorimeters 
must operate at 3 orders of magnitude more luminosity and at an order of magnitude more 
energy and event complexity than existing large 41r 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. 
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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-2sec-1. 

We thus have chosen scintillator as the active element of our calorimeter system. Electron 
identification in the presence of a formidable QeD 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-1 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 I'll = 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 diff'erent 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-off's 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/7r separation from a single longitudinal scintillating fiber 

7 



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/1r signal!20) 

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/.../E, 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%(21) with thenrst term determined by sampling fluctuations. The sampling fraction (20% 
fibers by volwpe) 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%/v'E(22) . 

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. Alterna.tive methods using 
grooved or punched lead as pioneered by SP ACAL 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, c) 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/7r 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 BaF2 crystals. 
Readout might be performed by filtering out the BaF2 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 
lineari ty 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 MegaRa.d doses. Effects of dose rate and dose 
condi"tions (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 
1171 = 2 at luminosity of 1033 (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 loc8.uzed 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 -+ e+e- (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 -+ e+e- 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 
Me V to 5 Te V) with a reasonable gain (at least 103 - 104). 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 cm2 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 
wp.ll. 

Hadronic Calorimeter: 

The key reasons to choose scintillating fiber technology for the hadron calorimeter are 
its speed, ease of lateral segmentation, potential for 35%/..fE + 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 deviceJ 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 < TJ < 0 , 0 < TJ < 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 TJ = 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 c and b quarks. At 1034 luminosity, 
we expect::::: 16 minimum bias interactions per bunch crossing. Fig. 21 shows a 1% probability 
of generating E t > 5 Ge V within a cone tl.R= 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 t 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. (23) 

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 integra.tion 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 proba.bly 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 0.057] x 0.054> in the hadronic and 0.0257] x 0.0254> 
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 (RIA = 10) could reconstruct a 500 GeV W 
dijet mass with a u 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 di1ferent 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 !VB decays from standard model QCD (particularly top quark) backgrounds. 
A high degree of transverse segmentation allows: 

• better resolution of individual particle energies for electron isolation cuts, 

• better jet-cone angle fitting, 

-

• better centroid fitting to unfold or identify overlapping jet cones, and 

• 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'I' jet cross section 
as a function of PT' 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 E t 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 Et 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 Et signatures below the irreducible neutrino limit. Fig. 24 
shows the cross-section vs. Pr missing for beam holes from 17 = 3 to 17 = 6. Comparison 
with the missing Pr signal from neutrinos indicates the need for rapidity coverage to at least 
17 = 5.5. In the very forward regions (17 = 3 to 17 = 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) E - ~ ADC's, as used currently in telecommunications. These devices obtain high resolu­
tio~ 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 S60jchannel. The ADCjdigital 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 11 = 3 to 11 = 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 b~pipe. 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 fj])jng 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 11 = 3. Simulations have shown that a 5 em crack at 3 m from the interaction at 11 = 3 
(the typical "corner" in calorimeter designs) increases the. irreducible missing PT (11 = 6 hole 
+ neutrino) background by a factor of 5-10 for missing Et 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 I'll < 5.5 adds little to the irreducible neutrino missing PT 
background. For our conceptual design, we retain our "closed egg" geometry to emphasize 
our commitment to hermetic containment and missing Et 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 11 = 0, the first 
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superlayer is at a radius of 1.0m, the second at 104m 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 17 = O. 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 1mm 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 Lrad 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 1r0 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 Lrad. 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. (21) 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 [2t) and our 
industrial a.ffiliates: 

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

• the second involves the PSF readout; 

• the third involves the support structure. 

The question of the radiation hardness of the scintillating fibers becomes even more 
important when the sse 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!25) c) the 
Teledyne-Brown SDt (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 ORNt 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(24J • 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 - 103 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 nun, 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~l6) 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 sse a tracker/pre-radiator is essential for: 

• tagging photons and electrons with high efficiency and electron/hadron rejection of at 
least 102 even in complex events where isolation cuts cannot be applied, 

• measuring the starting point of an electromagnetic shower with high spatial accuracy 
(1 mm 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, 

• separating direct single photons from 1r°'S on an event-by-event basis. The photons from 
a 100 Ge V 1r0 separate by at most 2.6 mm/m; in TEXAS they have a separation of 
~ 5 mm 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 sse 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 MH between 400-800 GeV. 
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At the SSC, p~actically all muons below 60 GeV are from c and b decay. Their rate ( 
,..., 104 Hz for PT < 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 Ge V 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 (1'11 < 1.5, p < 200 GeV). Muon energy 
resolutions of 10-20% can find the Higgs for MN >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 MN = 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 1001' 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 Ke V threshold per meter of detector thickness. Fig. 34 shows typical TRD yields 
as a function of gamma. The detector sets are typically ~ 9 em radiator, either polyethylene 
foam or embossed polypropylene films, to 1 em of Xe-proportional gas detector. Recently 
foams with very uniform cell and wall sizes have been used, achieving 85% of the ideal 
TRD yield[27] . The maximum quasi-linear response range for a TRD is 20:1, corresponding 
typically to "yS of 500 to 10,000. This fortuitously corresponcls 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 Ge V, 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 / dx 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 m2 of the MACRO prototype, which should achieve 30% 
momentum resolution is only S100/m2• 

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 PT trigger is formed. 
Also a rapid missing transverse energy calculation ~ 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 fiuctuations 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/m2 at the SSC. 

We have scaled the MACRO experience to the SSC. We consider a 60 layer polyfoam 
and Xe+CF" 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. Fig. 37 shows initial calculated resolutions as scaled from the DO collaboration 
at FN AL. The TRD system provides a resolution of better than 30% at 50 Ge V, 6% at 200 
Ge V, +50% and -20% at 600 Ge V. 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 J1.sec 
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 Tf = o. 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 ET • 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, ET, jet energy (assuming that a 
jet hit the tower) and electron energy (~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 Tf, and flowing toward 
Tf=O. At the detector waist, the energy is weighted by cos fJ and sin fJ 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 
rec'?gnition 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-Iess) 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
em technologies could be used to reduce the required effort in handling the gigabyte/hour 
produced. 
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Computation (or TEXAS 

The computing power needed to design, [28-32) 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. (33) 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 a resident "ssc Experiments 
Computation Group" lead by ffichard 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 SY$tem and Imaging Preradiator: 

• Spatial Resolution = < 1 mm 

• Speed = < 15ns 

• Coverage = 1'71 < 3 

• el'lr rejection = 30 

• 'Y I e rejection = 100 

• 'Y I 'lr0 rejection = 10 

• Electron efficiency = 0.99 
Electromagnetic Calorimeter: 

• Resolution = 7%IVE + 0.5% 

• Speed = < 15ns 

• Coverage = 1'71 < 3 

• Segmentation = 0.03'7 x 0.03<p 
• e I 'Ir rejection = 300 

• Electron efficiency = 0.95 
H adronic Calorimeter: 

• Resolution = 30%IVE + 1% 

• Speed = 20 ns 

• Coverage = 1'71 < 3 

• Segmentation = 0.05'7 x 0.05<p 
• e/h = 1.0 ± 0.05 

Forward Calorimeter: 

• Resolution = 30%1 VE + 2% 
• Speed = 20 ns 

• Coverage = 1'71 < 5.5 
Muon Spectrometer: 

• Resolution = 15% for p > 0.1 TeV Ie, ~ 0.15%lp2 for 0.05 < p < 0.1 

• Speed = lOOns 

• Coverage = 1'71 < 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 (Mz/2 < MH < 2Mz ) and very high mass 
Higgs bosons (MH > 600 GeV). The standard Higgs boson provides a useful benchmark for 
detector performance and it should be confirmed or eliminated from 100 < M H < 1000 Ge V 
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, 'Y / e and 'Y /'lr0 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 . (3t) A Higgs lighter than 90 Ge V 
is accessible at LEP II, while recent CDF results indicate that mt > M z so that H ~ tl 
decays are disallowed for M H < 2M z. Backgrounds for H ~ bb and H ~ TT swamp the 
signal, both for H and (W + H) production. III) We therefore consider the decays H ~ '"'rY, 
H ~ Z Z·, and H ~ WW·, where the asterisk indicates virtual particle production. 

Higgs ~ 'Y'Y 

The rare decay H ~ 'Y'Y has branching ratio,..., 10-3 , yielding around 500 events per SSC 
year and more with increasing top mass. (35) This channel is useful for 110GeV < MH < 2Mz, 
with the lower limit dependent upon luminosity and detector .resolution. The signature 
is a pair of isolated high-PT photons, with no missing PT and minimal hadronic activity. 
Irreducible continuum background arises from the QCD direct production of photon pairs 
via qq ~ 'Y'Y and gg ~ 'Y'Y. In addition, QCD jet-jet events where both jets fluctuate 
to mimic photons must be rejected at the 108 level, and jet-'Y events must be rejected at 
the 104 level. Detection of the Higgs to 'Y'Y 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 ~ 'Y'Y signal 
from the qq ~ 'Y'Y 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 1771'1 < 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 C, = 1034cm-2s-1 will 
triple the statistical significance of the signal. In addition to having high luminosity and 
good energy resolution for extracting a 2'Y signal, the detector must preserve this sample 
through high photon efficiency while rejecting QCD jet-jet and ZO ~ e+ e- backgrounds. The 
principle background comes from jets where a leading 'lr0 converts most of the jet energy into 
an electromagnetic shower. In a Monte Carlo study(38) using parameters similar to that of the 
TEXAS calorimeter (but with segmentation of t1"1 = t1t/> = 0.1), one QCD jet in 103 faked 
an isolated photon. Half of these fake photons may be rejected as having ET < 20 GeV, and 
we expect to further improve background rejection with our greater segmentation and with 

24 



our imaging preradiator. The preradiator distinguishes energetic neutral pions from direct 
photons, by resolving separate electromagnetic showers from 7("0 -+ 11' Photon conversions 
in the tracker are not a problem with < 0.10LR for 1771'1 < 3. Tracking efficiency of 99% is 
sufficient to reduce 2 x 107 Z -+ e+e- decays per sse year to a negligible background. 

Higgs -+ Z Z·, WW· 

For 130 GeV < Mg < 2Mz , 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 mt ~ 90 GeV), falling slightly for increasing top quark mass. (37) This gives 
an event rate of ~ 60 events/SSC year for Mg = 160 GeV, mt = 90 GeV, M z• > 25 GeV. 
The cut on the invariant mass of the reconstructed Z· is needed to remove the background 
from qq -+ Z'Y·. Further background arises from 99 -+ Ztt or Zbb, with several times the 
signal strength at the Higgs peak. {38J 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 (TE/E = 1% + 15%/VE. 

If an intermediate mass standard Higgs exists, measurements in both the 11 and Z Z· 
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· -+ lIelle. Although a Higgs mass peak cannot be directly reconstructed, 
there may be a Jacobian peak above the background from continuum W W pairs. (311) This 
channel requires cuts on missing transverse momentUIIi (> 20 GeV), the transverse momen­
tum of the electrons (PT ( e) > 20 Ge V), and the angle in the transverse plane between the 
electrons (6.4> > 160°). This last cut is to reduce the background from Z -+ TT. Backgrounds 
from heavy-quark pair production followed by semileptonic decays need further study, as does 
the background from t -+ Wb decays for a heavy top. The channel H -+ WW· -+ lIelle 
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 
permi t this measurement. 

H -+ ZZ -+ Illl 

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 99 -+ Ztf and tt decays 
where the it 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 ET , and rec.onstructed 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 mt = 120GeV and M g =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 Mg > 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 MH limit in 
this channel, but our preliminary results show good sensitivity to MH > 800 Ge V after one 
year at C, = 1034cm-2s-1• 

25 



By including the channel H -+ ee~~, 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 
mt = 120GeV and M H =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 H > 800 Ge V in 
high-luminosity SSC operation. 

The TEXAS detector has limited capability for measuring the H -+ Z Z -+ ~~~~ channel, 
as shown in Fig. 41. This is because one of the four muons frequently has momentum of 
< 50 GeV Ic, where the TEXAS muon spectrometer has poor resolution. This channel only 
contributes 1/2 the statistics of the H -+ ee~~ 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 -+ 4~ and abandon H -+ 4e 
at high luminosity, .we do the opposite. 

H -+ Z Z -+ 111111 
Another way to extend the reach in M H is to use the channel H -+ Z Z -+ eellll. 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 WZcontinuum with W -+ 111, 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,6oci = EilPtil, 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 Pt6aclc 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 < 1171 < 5) 
and typically have Pt of order Mw. (to) 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 Pt6aclc resolution to 1171 = 5, although 
definitive proof of its efficacy awaits further detailed Monte Carlo work. 

H -+ ZZ -+ Iljetjet 

If they can be resolved from backgrounds, the mixed hadronic-Ieptonic 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 
cl~tector resolution. [U) 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 QeD backgrounds. [.2) 

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 
wi thin a beam crossing by the reconstruction of distinct interaction vertices. 

H -. WW -. Ivjetjet 
The mixed hadronic-Ieptonic decays of the WW system have larger statistics and may be 

more amenable to background suppression than the analogous ZZ decays described above. [.3) 

A recent study has analyzed backgrounds including qij -. WW -+ Ivjetjet for a heavy top 
quark. [U) 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 MH = ITeV and 
mt=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. 
Supersyinmetry places an emphasis on linearity and the measurement of missing PT, as 
does detection of H -. Z Z -. 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 -. eeee 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 PT 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 decay modes through high resolution 
and good hermeticity. 
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Milestones to Define 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 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) radiation hard scintillating 
fibers; b) low cost high pulse linearity pmts; c) pixel detectors at a few $/pixe1j 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 Resporue 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 7r 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: 

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

• longitudinal segmentation studies; 

• non-compensated em section studies; 

• transverse segmentation and uniformity studies across towers; 

• radiation dose studies inside towers; 

• energy deposition time studies; 

• single particle e/ 7r separation; 

• projective angle energy resolution. 
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Physics Simulation Milestone.! (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 physics 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. 

• Dielectron mass resolution for ZO as a function of Pt, with backgrounds 

• Dijet mass resolution for W as a function of Pt, with backgrounds 

• H -+ "'rr 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 (199!-9) 

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. 

M echaniC41 and Electrical Design Engineering Milestone" 

• 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 900 from 2m 
to 3mj maximum y coverage of plastic fiber calorimeter from y=4 to y=2j depth from 
11 to 16 interaction lengths; variation in length ~d inner contour along the beam from 
+/- 10 m to +/-25 mj 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) . 

• 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 Te$t Mile$tone$ 

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 EM! 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 SY$tem De$ign Integro.tion Mile$tone$ 

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 a,reas involving the 
tracker/pre-radiator system. These involve: 
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• 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 1034cm-2s-1 j 

• 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; 

• the investigation 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!2.). 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. 

• 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 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, 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 I-year temp. systems programmer @ $150K ea. 
- 4 I-year temp. computer techs/shift ops @ $80k ea. 
- 3 physicist 1 yeat 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, $l,OOOK 
- 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 @ S90K 
- TEXAS travel/group meetings/communications @ $140K 
- TEXAS manager of temporary technical personnel @ S100K 

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

(1) Physics Performance/Design Input: Northeastern 

- Monte Carlo - 1/2 I-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 
- I-year temp. mech engineers @ $150K 
- 1 CAD workstation @ $60K 

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

- Fiber materials: Bicron, $looK 
- Fiber splicing: $IOOK, t.b.d. 
- I-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: Harnamatsu, or t.b.d, $300K (F.U.) 
- Test hardware:· $SOK 

SUBTOTAL: $1,700K 

III Calorimeter 

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

(2) Cast Pb Matrix prototype: Bicron, B. U. 

- 1 temp. techs @ $80K ea. 
- I temp. mech eng. @ $12SK ea. 
- 1 temp. machinist @ $looK ea. 
- equipment: $IOOK 
- M&S, consumables: $IOOK 

(3) Grooved/Holed Pb Matrix prototype: t.b.d. 

- $SOOK (new collaborators/SCCINTCAL collab) 

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

- I temp. tech @ $80K 
- 1 temp. mech. eng. @ $12SK ea. 
- equipment: $SOK 
- M&S, consumables: $looK 

( 4) Calorimeter Electronics: BU, leCroy 
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- n y Cl.Uu. l.Cl.UU, r\.,U\..,,: Le\.,.,roy, ~~\)U.l:\. 

- Trigger: I temp. EE @ $125K 

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

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

(6) Calorimeter Cell Manufacturing Engineering: Bicron, Draper - $100I< 

SUBTOTAL: S2,650K 

IV Muon System: 

(1) Monte Carlo: N.U. + t.b.d. 
(2) Experimental Test Collaboration: 
(3) Trigger counters: Drexel, 
( 4) Mech. Design: NU, 
(5) Cas: Union Carbide 
(6) Foam: t.b.d. 
(7) TRD electronics: LeCroy: 

SUBTOTAL: 

TOTAL: 

PRELIMINARY COST ESTIMATE 

$50K 
$400K 
$50K 

$loOK 
$150K 
$100I< 
$150K 

$l,OOOK 

$7,950K 

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 LEAH. 
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 C.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 
and purification system were provided by A.J. Westendorf (Union Carbide) and S. Saupp 
(Linde). . 
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Mechanics 
1mm fibers 900K @ $15 

Construction + leadsheet 

Electronics 

TEXAS Detector 
PRELIMINARY COST ESTIMATE 

Central Tracker I Preradiator 

3 layers (Tracker) 
9 layers (Pre-Radiator) 

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

Calorimeter Mechanics 

200K Calorimeter channels 

1mm Scintillating fiber @ '200/km, 150,OOOkm 
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 @ S15 
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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14 
3 
1 

6 
12 
1 

$37 

30 
10 

3 
6 

20 
1 
8 

$78 

2 
5 
5 
3 

! 
$19 

2 
1 
2 
1 

1 
$7 



Muon Trackin, 

56K Limited streamer tubes + 56K strips 

8-tube chambers (7K) 
Transverse strips, gas system, HV 
Digital readout electronics, lOOK channels 

Muon TRD's Mechanics 

Foam and extruded tubes (300K channels) 
Xenon 
Gas System 
Assembly 

Muon TRD Electronics 

30K Multiplexed Channels 

Preamps @ $10 and shapers @ $20/pc board components 
FADC's @ $BO/pc board and components 
Labor 

Data Acquisition 

Trigger (level 2 & 3) 
50 RISC Processors (40 MIPS each) 

All Mechanical Support Structures 

Design, engineering, and analysis 
Calorimeter support piers 

Bridges 
Moving structure 

Muon C-Tanks 
Muon End Cap Tanks 

Project Cost 
Contingency @ 10% 
Total Project Cost 
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2 
1 
1 

$4 

5 
6 
1 
1 

$13 

1 
2 

2. 
$5 

3 

1 
$4 

2 
1 
1 
1 
4 

2. 
ill 

$178 

~ 
$196 



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 ~he 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 sUQcommittees 
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 and 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 

1. The TEXAS SSC Detector within its Experimental Hall 

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

3. Axial View of the TEXAS SSC Detector 

4. Detailed Axial View of the TEXAS Muon Spectrometer 

5. Cross-Sectional Side View of one-quarter of the TEXAS Scintillating Fiber Calorimeter 

6. Scintillating Fiber Tracker and Imaging Preradiator for the TEXAS Detector 

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

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

9. TRD Muon Spectrometer Resolution as a Function of Momentum. 

10. 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. 

11. Potential of triggering on two high-'7 jets in heavy Higgs searches Inl • The decay chain is H - WW -
jet jet 111. (a) is the rapidity distribution of the jet-jet pair, (b) is that of the two tagging jets. The need 
for coverage to 1'71 > 5 is apparent. 

12. (a) Distribution of p~GcA: (defined in the text) for a detector hermetic ~o 1'71 = 5, with perfect efficiency 

and resolution. (b) Same as (a) with 15%[40%J/VE electromagnetic [hadronie] calorimeter resolution, 
and segmentation (4J x. '7) = (0.05 X 0.05). (c) Same as (b) with 2% random dead calorimetric cells. 
From R.N. Cabn et al. in Ref. 4. 

13. Signal of H - ZZ - Illl, and the standard model background (from qij 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 C. = 1()33 cm-2s- 1• Coverage is only to 1'72: I = 1.5, efficiency and resolution 
for e's and I"S are assumed to be ideal. 

14. Results of C. Barter et /ltin Ref: 5 on the signal and background in one year of running at C. = 
l()33cm- 2s- 1 for an MH = 150 GeV Higgs in the If channel. Cuts are applied at 1'71 < 3, ET > 10 
Ge V and I cos 0*1 < 0.8 on both 'Y's, with (J* 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. 

15. Distribution of true missing transverse energy for (a) &quark and (b) gluino pair production (solid curves 
and histograms), for several values of q and 9 masses. The dots are standard-model backgrounds, with 

- IITI' m, = 40 GeV. Results for me = 200GeV differ appreciably only for E'.;:IU < 0.5 TeV. 

16. Distribution of events in p;:" (as defined in the text), for m, = 750 GeV. The filled dots show the signal 

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

17. Signal and background for charged technirho production and decay 1181 showing the event distribution 
as a function of Mw.' The dotted-dashed line is the standard model background. Dashed, dotted and 
full lines are for NT = 6,4,2, respectively. 

18. Substructure effects on the PT distribution of events at '7 = O. Splid line is the standard background, 6 = 
±1 is the sign of the extra four-q contact interaction, A is the substructure scale (private cpmmunieation 
of Marcello Campari). 

19. Longitudinally Segmented Scintillating Fiber Calorimeter. 

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

21. Background Et from Piled-up Minimum Bias Interactions in a Highly Segmented Calorimeter. 

22. Phototube Pulses from the SPACAL Calorimeter. 
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23. Effect of Calorimeter Radius on Dijet Mass Resolution. 

24. Cross Section for PT as a Function of Rapidity Coverage. 

25. ADC and Second Level Trigger for One Calorimeter Tower. 

26. Floating-Point ADC Prescaler Application-Specific Integrated Circuit (ASIC). 

27. TEXAS Liquid Scintillator Forward Calorimeter Design. 

28. Photo of Liquid Scintillator Electromagnetic Module. 

29. Missing PT as a Function of Rapidity Coverage. 

30. The Measured e/7t Rejection Power and Electron Efficiency of a SPACAL Test Calorimeter with Pre­
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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 supert~wers, 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 playa 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. 
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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 irtterference 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 structur~l assembly (see Figures 1,2 and 3). 
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Ring Sbllener(s) 

Figure 1. Modular ring calorimeter enclosure. 
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Figure 2. Two ring modules and tower attachment detail. 
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Figure 3. Rail layout. 

The modular ring method of assembly is outlined as follows: 

(1) 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. 

(2) 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. 

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

(4) 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. 

(5) 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 cSt sector" techniques appear to be viable methods 
of assembly. Further study may reveal other, more attractive, options. 

4. Structural Support Design Desaiption 

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 = c = 4.7 m. The shell truncated 10.17 m from the center offers an opening of 3.14 m 
diameter for t~e calorimeter end plug. The 2 em 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 em) 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 drcumference. Longitudinal reinforcements are added also every 22.5 - for the first 4 m of 
the shell near the center where additional stiffness is required. 

:J 
y 

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 em. 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 em thick 
Circular Rings T Section: 22 em X 1.5 cm web 
& Longitudinal 16 cm X 2 em flange 
Reinforcements 
Center Ring Tubes: 36 X 36 X 4 
End Ring 3OX30X2 
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 unifonnly 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. 

A-5 





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 
ksD 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 required for the support system of 
one half calorimeter is as follows: 

Shell Plate 
Shell Reinforcements 
Frames 

Total 

40.0 
31.8 
87 

158.8 

Tons 

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) 
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Muon TRD Spectrometer 

Engineering Program 

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

Apparatus: E769, FNAL, Beam line TRD with '/r,I', in 250 GeV positive beam (Sheaff) 
E761 FNAL, experiment with momentum analyzed 7C',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 IS 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 CF4 and C2F 6 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 multi hit TDC's may be used to measure the spectrum. SSC 
applications require lOOK's of channels. We will develop maximum likelihood techniques to 
measure r by measuring pulse height information in addition to X-ray counting. 
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We are also considering the Bates Linac (Littleton, MA) as a source of electrons with i 
in the range 200 ~ i ~ 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 O2 scavenging reduce the CO2 gas buffer to CO? Does the 

resulting CO remain in the system? . 
2) Can a simple CH4 monitor be designed which will function in the presence of isopropyl 

alcohol, CO2 , H20 and CH4 radicals produced by radiation damage? 

4
3) What is the best method to remove CR. radicals? . 

) 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% C2He because of its potential 
flammability? 

6) What is the best way to monitor CF4? 

Bud~et: 
Operations 
Engineering support (1 man-year) 
Prototype Liquid scintillator trigger counter 
Union Carbide sub-contract 
Travel to FN AL for beam tests (20 man trips) 
Gas 
Test Radiators 
Test Detectors 
Equipment 
Test Electronics 
Gas Flow Meters 
1 Apollo (or equivalent) for simulation and analysis 

TOTAL 
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$150K 
$ 50K 
$139K 
$ 20K 
$ 30K 
$ 5K 
$ 10K 

$ 20K 
$ 10K 
$ 15K 

$449K 



• Bicron Corporation 
12345 Kinsman Road 

20th Anniversary 1969· 1989 

Newbury, OH 44065 
Telephone: (21 S) 564·8000 
Telex: 980474 BICRON NWBY 

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

Texas Calorimeter r.nllaboration 

The coat elements are preeented in the eame sequence aB the 
Statement of Work tAske. 

I. Produce and test radiation-resiBtant plastics and liquid 
scint1llators. 

A. Supply approximately Skm of Bicron's latest. 
rad-reeistant fibers presently identified by 
the "RH" designation. RH-l and RH-2 
materiAls are planned at this time. 

B. Provide several liquids samples of the best 
formulas. Encapsulate in special ampules. 
Work on capillary structures. Summary report. 
Materials $ 9,200 
Labor, 40 hrs. $12,600 

tIt Develop techniques for castina fiber calorimeter 
modulee:. 
A. Desisn and Construot Fixtures 

-Array Fixturee 
-Fiber Alignment Fixtu~es 
-Assembly rixturee 
-Cast1n~ Molds $118,800 
-Concept and Project EngineerIng, 
nine man-months $ 90,000 

R. ~on8truct projective tower 8esemblies, 
1 each 2 MaterA 1nna and 1 each 3 meters long. 
Modules made with developmental fibers Type A, 
RH-l, and RH-2 as available. 
Antioipate oasting several praotice units 
4 each demountable PMT aesemblies. 
Materials and Outside Services: $ 37,000 

$10,100 

$21,800 

$208,800 

Labor: 2,310 houre $138,600 $175,600 

C. Design and Coet Produotion Facilities 
Ensineering: 4 monthe $ 51,900 
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III. Develop Simple Optical Interfaces 
A. Design and construct fiber maese-coupling 

splices. 
Equipment and Fixtures: $ 14.240 
Labor and Enaineering~ 496 hre. $ 29.760 

B. Meohanical light coupling 
Materia18 and Hardware: 

for fibers 

Labor and Engineering: 2 
$ 2.000 

man-months: 

C. Optical coupling to liquids 
Materials and hardware: 
Labor and Engineering: 20 weeks 

$ 20,760 

$ 12,000 

$ 44,000 

$ 22,780 

$-48.,0.0D. ... $ _fin, COo. 

Grand Total $594,960 

We estimate that the addition of an extra local 
contraot engineer would enable the work to be 
oompleted in 12 months instead of the estimated 
16· months. . Coet.: 

B..i.c.r..Q.n ...... Rad...-..H.a.x:!i._ac.1n.:t.i.ll.a.t ign ..D.r.t.v.e.lamDen:t. 

$150,000 

We-:. are in the process of developing scintillation fibers based on 
nONel new materiale. Our first formulation, type RH-1, exhibited 
improved resistance to d1ecoloration when tested by S. Majewski in 
Dec6mber, 1989. Th~t confirmed we were on the right track. 

We are presently working on types RH-2 and RH-3, We strong expeot 
that both of these ~ill b~ improvements over the first material. 

Bicron will oontinue to bear all development coste of the RH­
plastics. As we achieve the ability to make fibers of these 
materials. we will incorporat~ them in the testina phase of the 
'!'b;XAS program. 
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Engineering Development 
of Cast Scintillating Fiber Calorimetry 

Sicron Corporation 

Backgrouad; 

This st~tement 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 sse 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 sse 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 channels. 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 Sicron 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 sse 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 intervals. Light-piping 
can be accomplished as with scintillating fibers, by piping the liquid through smooth tubes with low 
refractic index. This method requires radiation hard liquids and especially 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 sse energies, systematic errors from 
these effects will dominate over sampling fluctuations, giving rise to energy-Independent limits to the 
energy resolution. It 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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SCape; 

* 

* 

* 

* 

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 at wprk: 

* 

* 

• 

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 scintillating fiber calorimeter modul$s. 

• 

* 

• 

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. 

Design and construct prototypes for optical coupling to liquid scintillator calorimeter 
modules. 
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* 

* 

* 

* 

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 collaborators. 

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. 
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"' The Charles Stark Draper Laboratory, Inc. 
555 Technology Square. Cambridge. Massachusetts 02139 Telephone (617) 258-3846 

TEXAS 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 d~velopment 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 length 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 C02 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 loading 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 length, 
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. 

'l'IUCAS DS'l'SC'l'Oa SlfGIlfSSaIIIG DSWLOPNZlf'l' 
WOD BJ\DJa)On S'l'aOC'l'OU 

Centtal Itacka~ SURRg~t 
Configuration Tradeoffs 
Structural Analysis 
Interface/Mounting Definition 

ScintillatinQ Calg'1meta~ 
Tower Design Studies 
Support Structure Design and Analysis 
Tooling Design 

MUQQ I~ack8~ S~ltall 
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 

S~ltam Iot8Q,atlco 
Subsystem Interface Control 
Build, Test, Transportation, Handling and Facility 

Requirements Definition 
System Cost and Assembly Schedule Definition 

Program Management 

Total 

Contact: Francois Ayer (617) 258-3846 
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Prof. David R. Winn 
Dept. Physics 
Fairfield University 
N. Benson RD 
Fairfield, CT 06430-7e24 

Dear Professor Winn: 

CORPORATE OFFICES 
360 FOOTHILL ROAD. BOX 6910. BRIDGeWATER. NEW JERSEY 08807-0910 
TELEPHONE: 201/231-0960. FACSIMILE-G3 201/231·1539 TELEX 833-403 

7 Whispering Way 
Brookfield, CT 06804 
May 24, 1990 

Hamamatsu Photonics 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 
w~ll proceed with developing these detectors at its own risk. We 
ldok forward to your further negotiation on these subjects. 

Sincerely, 
HAMAMATSU CORPORATION 

Joseph G. ~urray 
Sales Engineer 

:jgm 

PRODUCTION PACILITY AND .HIP .... GI".caIVlNQ DIPT. ~OCATmAT: 
420 SOUTH AVINUI. MIODUSIX. HlW .lIMn 0II41oOf2t 
TELEPHONE: 20" ....... 0. 'ACSIMI\.IoGS 201112 .... 22 

Wealern OfIIctI: 24" MooICllfk Avenue. Sulle 312. Sen JoN. c.ulornle 1'12' U.S.A .• T.eeor-e: 4011212-1101 
Clloc:-VO OHk:.: ''''0 Hlog;"1 AoIcI. SuM. 202. Park AielI'. IIlInllll eoou U.S.A .. T ... pIIone: 312/'25-1041 
All.: H ..... m ..... PIIOIOIlic:I. K.K. I 1211c1tifto.cllO. H .... lftlll8u CiIy. Japan. T.ItP/IOn •. 0534134·33' I. T .... : 04225.115 
EutoDt: Htmam •• IU PhOton1C1 Europe GmDH. POtIItcI\ 1113. MuIIIDtcII .. ,. .. 20. 0-1031 Sttltld I. W. G«m.ny. T.Ie!I/ION: oa'6ZI17OS.oI. T .... : 527 731 
AIIUitlt: B.H.K .• Inc .• Mon,.,., ... CtI"_ 



Engineering Development 
of 

Fast High Pulse linearity Photodetectors with Gain 
Scintillator Calorimetry at the SSC may require of order 100k-2S0k -S 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, V±50 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 I 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 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 
characte risties: 

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

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

Phase II, 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. 
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Engineering Development 
of 

Multi-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 
sCintillating fibers. We also 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 SIN 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 parallel readout 
- cost per channel in mega channel quantity of less than $3. 
- rad hard at 1 MRad 
- minimum of 11< channels per device for 1 mm diameter fibers 

Phase I would take ona 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.IIR&D iterations to achieve them if 
unsuccessful 

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

(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: 

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

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

Phase II, 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 
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leCroy 
Innovators in Instrumentation 

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 sse as proposed by 
the TEXAS collaboration. The specification of requirements 
for this inteqrated system are cleriyed·~·frOln- the- needs of 
scintillatinq calorimetry and a muon transition radiation 
detector spectrometer. A vigorous electronics effort will 
pays dividend. by providing a stable, low power, reliable, 
and cost effective system. In addition it provide. 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 detector is dependent upon the results of this 
work. Establishinq the technical and financial feasibility 
to an 80% confidence level is the major qoal of the first 
year's effort. 

* Estimate and plan for complete electronic'systems 
development, including work breakdown structure, 
scheduling, manpower and resourCe allocation, and costinq. 

* Detailed assessment ot the needs of individual detector 
elements, includinq electronic performance, system 
inteqration, and cost analysis. 

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

81;&1; .. eD1; Of !Ork: 

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

* A data acquisition system for a set of 50,000 
photomultiplier iubes with 8 bits of resolution and 
approximately 10 dynamic rang. must be defined. The 
feasibility ot such a system must be caretully studied 

LeCROY CORPORATION 
700 CHESTNUT FUDGE ROAD 
CHESTNUT RIDGE. NY 10977-6499, USA 
TELEPHONE: (914) 425-2000 P 12 

TWX: 710·577-2832 
CABLE: LERESCO 

FAX: (914) 425s8967 



usinq extensive simu~ation 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 prototypinq must be done to ensure its utility for 
the TEXAS detector. 

* For the central tracker a system must be created to 
provide timinq information only. The Choice o~ straw tubes 
or scintillating tibers will b. influenced by the 
necessary electronics. It ia thus essential to investigate 
the electronics 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 triqqerinq s~st.m must be conceived which will reject 
the necessary 10 events per second. This key element in 
the detector 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 tor PMTs. 

p.liyaraJ)l •• 

* The results of this work will be presented in summary 
report torm at the 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 detector design issues. It shall also point the 
way for the second year's effort. ThQse results are 
necessary to achieve an 80' confidence in the technical 
and tinancial assessment at the time of proposal 
sUbmission in the fall of'1991. A similar report will be 
presentad at the end of the second year of work which will 
further specify a development schedule throuqh the 
manufacturing phase of the various systems. 

* prototype oircuits necessary to verify the feaSibility 
in all areas will be specified by the end of the first 
year, and these shall be desiqned and produced in the 
second year. 

contact: John Hofteizer, LeCroy Corp. 

LeCROY CORPORAnON 
700 CHESTNUT RIDGE ROAD 
CHESTNUT RIDGE. NY 109n.s499. USA 
TELEPHONE: (914) 425-2000 
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Detector E:letne 11 

1. Syat'lldrteg rallon 

2. PUT t'alaAc lulsldon 

3. Muon ellnnt .r. 

4. HVforPMr. 

5. Trigger 

6. Centra I Tno 

BUdget ($1\1) 

MInpo-, 
Capital Equlpn., 
OVedlead f rIC Ill) 

support. bY! 

TOTAL 

WI ••• 

Ir 

t 
• NRE. tachnIcIan. 
If, Itc.) 30% 

1991 

Task Manpower 

• Development Plan 1 
-lIaNgellJason 

• Evalual. Alte,nallvea 1 
• ADC DynamIc Range 
• Hon-Inear ADC 

• Define Concept 

.CGncept 1 
-4-BlaADC 
-100 n. DrIft 

• EvaIuat. Alternative. 

• S,st8'" Definition 1 
• Generation 
• Power DfstrllMltlon 
• Monitor It Control 
.~pcb 

• ModeJIng & SImulatIOn 

- Delm. Concept 1 
-1IocItI & SImulate 

• Explor' SclntlfatJng Rber Option 1 
- Explore Straw Tube Option 
• Define Concepts 
- Define ASlCa 

.750 (6 people at .125) 

.2!0 

.225 

1.225 

1992 

capllal Task Manpower capital 

• Plan 1 
.1Ianage/Uason 

!OK - Flnalze ADO Strategy 2 75K 
• firat Prototype lCa 
-Inttlal AOC DesIgn 

SDK • DesIgn Prototype System 2 75K 

• Prototype HV Clrcullry 2 75K 
50K • Deslgn ASiCa 

• DesIgn Control & Monitor 

501( • Detnonatrale fastbDIl, 2 75K 
.Init&ale Design 

50K • Frnanz. DesIgn 2 75K 
• Contrnue ASIC Design 
• Prototype 

1.430 (11 people at .130) 
.350 
.429 

2.059 

I.eCrQy 
/nnoralors In Instrumentation . 



MECHANICAL DESIGN OF A SCINm.LATING FIBER TRACKER 
FOR THE 1EXAS EXPRESSION OF INTEREST 

Back&round 

This statement of work defines an engineering effort to design and evaluate a structural base for 
the TEXAS Central Trackina System. The en&ineering 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 startina 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). 

~ r a detailed conceptual design for a Scintillating FIbct Tracking Chamber structural assembly. 

statement of Work: 

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

2 Provide supporting structural analysis for the support structure; 

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

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

Budget 

The total budget required is listed below: 

Mechanical Engineer and a Designer 
Electrical Engineer and Simulation Expert 
TOTAL ORNL BUDGET 

FY91 

S310K 
22SK 

$S3SK 

The work will be administered at ORNL through th~~ak Ridge Detector ~nter. 

-d-~w.~/ "I. ~ 
Headiligineer. ,/771 G Direct , Oak Ridge Detector Center 
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D:.". Reuc!"oft 
Ner~h.astern University 
"iSh Endr,y Physics 
BOSTON. MASS. 02115 

Wa have learned trom Com?o~1x Cor~. Mr. Jaquet that you are 
st.ill very fntere$~Qd by the k.1nd o! ricbcn sampies -;';8 hav& 
t:ied ~o :.a!ise !or yuur departmen~ in col!abcr~tlQn with 
Mr. Dave Kaplan last year. 

I .. h~:e.a: Cpt.ctr~n ar~ mer. &~d ~C~. :nvO!ved w1eh 
Qln~li~a_in~ f1be~5 ~nQ .e b~l~ev~ vhA~ the quality of eu~ 

iioers ha~ de~in~telt im?~Ovad sinc& the l~st ~amp!Q$ W8r9 

lent. 

~e do ~.aliss hO~Q~~r that YOUr ?rcblam 13 diffic~lt and 
certain improvements are nec.s5a~y. 

rn tn. Ann&x t= this !.tta~ you ~ill find the principal 
points of research already under atuay or feres •• n by 
O?tect:en ! n the ~ccp. of ~cint ill a. ti n, 1'0:8:-8 a:'to ~h! ch 
:ould ::. usa:~l in your a~):Ilieation. 

r since~ely hop. to renew the :a!a~1o~5hlp and centaot 
Qat.w.~n yeur taCo.:a'tor1as .. :nc:! Opteot.!"cn cy the interm.cii~.r:Y Qf 

M:. Jaq~at and vary ?~ecably i~ a .hart time by OPTECTRON 
INCORPQRAT£D in the U.S. 

z.A. COURTAiCEUF 
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Oe:,naTQ Ch1~on 
?rasidant 

OPTeCTRON, $Qc:iete Anonyme at.! Ca::ital d8 2.292.250 Frs 
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OPUCTRON 
91946 Les U1 is 
France 

SUBJECT: TOPICS OF RES~~CH ON SCINTILLATING FIBERS FOR THE TRACKER AND THE 
CALORIMETS~ OF THE FUTURE S.S.C. 

As one of the.largest manufacturers of scintillating fibers, Optectron has 
been involved in ·the major projects of calorimetry and tracking such as UA2, 
DELPHI-SAT, NA38, CLEO II and in experiments at Brookhaven National Laboratory 
and Berkeley. 

******** •••• 
The characteristics of the··scintillatingfibers 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 optimize the manufacturing 
process. 

We propose the following research program: . 

J. 

studY.Of a new process for 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 ve~ high radiation 
by using, for example, a 3HF dopant 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 obtain an optical wavelength at the output of the fluorescent fibers which 
would be close 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 woul d 'pennit 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 is possible; another method using 
a carbon loaded black paint could be developed. An investigation is necessary 
to de.~icie which one will give the best re.sul ts. . 

budgetarY cost of this complete program: $300,000. 
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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 suppon of the TEXAS proposal. The IMe 
method was developed in 1981 by one of the Quantum investigatorS; it grew out of the realization that 
the standard Monte Carlo problem (of estimating a definite irucgral by a suitable snmmation) 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 u.nknown parameters in the 
Monte Carlo scores, the invtrSe problem can be convened into a simpler form that can be solved for 
the desired set of parameters by standard procedures, such as matrix inversion or least squares. 
D~' and optimization problems can often be posed in the Fredholm form and can thus be solved. by 
tM which has been successfully applied to remote sensin,. design of photon beam modifiers. 
sing photon enrission computed tomography, and X·ray fluorescence analysis. 

In a physical scnse, IMe 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 responsc. The desirable features of IMC include: the simulation is noniterati.ve, 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 applies to multidimensional. 
energy- and time·dcpendent transport, etc. On the other hand, !Me reqUlI'es 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!MC to the 
design of the detector. first to determine which design variables are amenable to solution by !Me and 
then to demonstrarc irs 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 (Le., locations of support structures to 
minimi:ze information loss), and subsystem dimensions. Since simulation studies for detectOrS arc 
very computation intensive. use of the lMe approach - which allows study over ranges of design 
variables in a single (i.c., nonitcrativc) simulanon procedure - could dramatiCally improve overall 
design elfons. !MC may also allow an efficient means to test novel design concepts. 

Quantum's iU'St-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. 

8e1a Buik1ing. Suite 340 
2222 E. Chapel HiIl·NeIson H~ 
Cuttwn, NC 27713-2208 

PO 8c»c 52391 
Oul'llam. NC 2"'7·239, 
919-544-4952 
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• 
AVALANCHE PHOTODIODE DEVELOPMENTS FOR 

SSC TRACKING DETECI'ORS 

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 fonhcoming 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 ~ed 
in the Geiger mode, with 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 0 C?) temperature regulation, and high detector-to-detector detection 
efficiency uniformity. 

The main disadvantage 9£ 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 approac~ 
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 1<r Is, the miss rate due to dead time will be a maximum o~ 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 mode9 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 nns) 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 
foUowing 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. Evaiuate for crosstalk as a 
monolithic array. photon detection efficiency. element-to-e1ement uniformity, 
yield, etc. If acceptable, use as an array. If not, cut into individual elements. 

z. 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 MlP 
detection efficiency as a function of fiber length. Note: This last task could 
be done by, or in cooperation wi~ 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 10') 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-bouse 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 clements, etc. 

Probable Phase II cost (not including Task 4): about U.S. 5300,000. 
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EXPRESSION OF INTEREST 

TEXAS DETECTOR for the 

SUPERCONDUCTING 
SUPERCOLLIDER 

TELEDYNE· BROWN· 
ENGINEERING 

Ounmings Research Parle 
P.o. Box 070007 

Huntsville, AL 358C11-7007 

Teledyne Brown Engineering 
(T BE) is pleased to submit this 
cr.xpression of interest in the TEXAS 
Detector Collaboration for the 
$uperconducting Supercollider. 

1. Statement of Work 

THE proposes to use irs expc:nise 
in the following areas for the 
development ofimegr.uc:d solutions to ~e 
design of the scinrilIaring fibre tra~king 
subsystem, the scintillating fibre 
calorimetry readout syst~ and the 
trigger processor for the TEXAS detector: 

Optoelectronic readouts. TBE 
will use its experience in developing 
fibIe..optic dal:a. communications nctwotks 
to develop ~ opti~ reader. and fibre­
optic connection for ~ optical read?ut 
of the scintillating fibres in the tracking 
and calorimetry subsystems. The use of 
optoelectroic connections instead of 
traditional electIOmcs in these subsysrcms 
is expected to significantly enh~ce 
radjation hardness and· signal. proceSSIng 
times. As part of this process, TBE will 
evaluate the usc of this optical repeater for 
signal preprocessiJ!-i and ~ng. 
Evaluation of a vanety of candidate 
solutions is contemplated. 

Optical processors and ~UTal 
networks. TBE will evaluate the use of 
the optical readout directly ~ input to an 
optical processor, one which uses a 

Teledyne Brown Engineering in TEXAS~ D.1 

neural network: algorithm as a high-speed 
pretrigger. The use of optical computing 
techniques and neural network ~go~ 
will enhance signal processmg tiples, 
enabling the TEXAS detector to opcrare at 
higher luminosities. 

Lasing detection media. TBE 
will perform funher analytic I and 
exp.erimental .. validation .. of. the use of 
semiconductor diode, crystalline, I and 
gaseous laser media as primary laser 
detectors. THE will determine prlinary 
signal. strength vs. detector cllaract:eqstics 
(bias cmrent, thickness, opera~ona1 
wavelength) and identify signal 
processini techniqu~ .to extrac~ .the 
maximum possi~1e poSltIon and p~.cle 
energy informanon from the radi~~on 
puIS: from the ionizing particle in~tlon. 
Sensitivity studies for both stim~ed 
emission and stimulated absoI'l'ltlon 
detection Concepts will be peaarmed! 

Detector Design pnd 
Development. THE will perf<;>rm: 
design and demonstration of an op~cal 
readout system for scintillating fi~~s; 
design of single-event threshold Optical 
trigger; design of coincident tbres~old 
optical trigger; labor!ltory-~rale 
.demon.stIati.on of the candidate tngger 
systems; and, laboratorr s~a~e 
demonstration of the laser dctcctlOn media 
ttacking conceptS. 

2. Facilities and Personnel 

Teledyne Brown Engin~g, a 
division of Teledyne, Inc., ~ an 
integration and aerospace se~ces 
company located in Cummings R~ch 
Park in Huntsville, AL. Our 3.000 
empioyees provide a wide varlet}: of 
services for the Marshall Space Flight 
Center, U. S. Army Mi.ssi1e. Comm~nd, 
and U. S. Army Strateglc Def~nse 
Command, as well as a variety of qther 
customers. Among our cmrent conttacts 
arc: 

Payload Missions Inregrapon 
Contract (PMIC). Responsibility for the 

P 21 



integration of Spacelab missions for the 
Space Transportation System; the most 
recent Spacelab mission sappotted is the 
ASTRO I high-energy astronomy 
observarory mission. 

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

Systems Engineering and 
Technical Assistance (SETAe): As 
SETAe to Army Strategic Defense 
Command in Hnntsvillle since 1972, 
TBE has performed work in virtually 
every area. of defc.ase-re1atrrl technology. 
Of particular intereSt m:c activities related 
to the radiation hardness of 
optoelectronics and electronic systems; 
qptical and infrared detection; 
~ommunications systCms; and., large 
software systems. . 

TB E possesses an extensive, 
n"nnn..,.., n •• :..... 1.1. _._ •• _ 1·. 

collaborating on optical computer 
development with the University of 

. Alabama in Huntsville. TBE also has 
extensive effort devoted the use of nemal 
network algorithms to problems of 
pattem recognition, ciassiflca.tiOD and 
target resolution in a high-signal 
enviromnent. TBE plans to augment this 
optics facility with a radiation source 
storage and test facili1;y to suppon SSC­
IClated activities. 

TB E proposes to devote the 
following personnell to the TEXAS 
Detector System development effort 
(resumeslvitas provided on request): 

C. E. Kaylor, PhD. Program 
Manager. 

J. K. Woosley, Ph.D. Technical 
manager; event physics. event 
characteristics, detector and trigger 
requirements, radiation' detecdon and 
hardness. signal analysis. 

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

Teledyne Brown Engineering in. TEXAS. D. 2 

A. J. Fennelly, Ph.D. Radiation 
detection and haniness; signal analy~~ 

M. B. Johnson. Radiation~hard 
optical da1a systemS and teadoUlS. 

TBD. Optical communications 
design. test and operation. 

TBD. Optical ComputerS; nemaJ. 
networks. 

TBD. Laser systems. 

3. Costs 

TBE proposes the followinil cost 
schedule for suPponini Iesca.ICb.., de~is;n. 
and development on the TEXAS D~r 
in Escal Year 1991. 

Government funding. TBE 
requests funding from the government at 
..1.._ J._. _I .'&00, ••• "_&"tt P!o.!'" 4.. ' ... --.., 

funding estimate should be regarded as 
preliminary; a detailed cost will be 
provided On rcquCSL This funding i will 
be distributed as follows (all v~ues 
include ovcmcad, G&A, etc.): 

Engineerln, Labor 
13,000 hoUlS 

Adnritristrative Labor 
2,000 hours 

Materials 
Travel 

SS20,OPO 
I 

40,000 
15,000 
25,OPO 

Internal funding. TBE ~ 
devote' $100,000 of internal cap'ital 
expenditme and cquiptalent resources to 
the uppadc of its opticallaborato~ for 
perfonnance of radiation tcstinl, and ~ 
devote an additional $50,000 of internal· 
funding to labor.. Expenditure of sOme 
of these funds is contingent on receip,t of 
funding above. Ongoing eff9rtS in nc~ 
network and optical computing 
technology will contnDute approxima~ely 
$300,000 (FY90/91) to the tcchnology 
base in these areas through ind#'ect 
support of the TEXAS effort. 
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Thinking Machines (orpordtioll 

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 v'ery 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, 

n Mucci 
Ice President 

245 FIRSTSTREET 

CAM8RIOGE.MA02142·1214 

TELEPHONE: (617)87(0.1111 
FAX: 617-176-1823 
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UnIon Carbide IndusUial Gala Inc. 
Untie DIvIsion 
Fost Offlc. SOx 44 
"gnawanda. N. Y. 141B1-tJlU4 
~/u 754632. 

Gas Supply and Reclrc:uIation System for the Texas Detector at the sse 
Engineerinl Desip. Proposal 

1'vIay 21, 1990 
Prepared by Union Carbide Industrial Gases Inc. 

L IntroductioD...· 
This docmnentdefinestheworlc:rcquiredto develop a definitive d.esignandcostestimatc forthe Texas 

Dete-:tor (,1'D) gas s.u~plyandr~cuIatk;n£Yf!..em. The '!D ~ iotJUmun-hydrucmr"on ga" miAin~. mbid&!-
the detector tubes. and a carbon dioxi.;e idS stream as a buffer,gas SUUUWlWuK ihc wiles. Tm: buffer gas 
is 1J~ to shield the x~.Jlonfrom mconram;na!ion. dll1ing1lO1'Ula1 operati.on. Also, the buffer r..s is used 

dllri.nginiriA1 stLrtup andfor long-te!lllshutdov.'!l topurg: alrCClltaITrim:m:; from the 3j'StCm and tofiusb 

the; xenon gas mi'tt!l1'e into surface stOraJe f~..!ities. A carbon dio~1: buffer • ..$ has been :;e~~ .. 
~.=:.~,.,.~*;+.-~," '""- r_.,....,'!"l~ ...... ~ -:-&1"'.,.;.,...&T...,. ... ~a-il ... ~.-.,~-.• T, .. v.-•. · .. • ......... --.! •• ~.-- I'!'W __ -.::- ""l'l-".V,.- ." ... :1 • • ··P, .. .-: •••• i .... i;JUU --l---.".· ............. v ........... ~ ...... -.....,..,. ............ ..,..-' 'tIIItt6M"'.' ... w-......... v~ .... ....,~""'w .... ' ..... e-........ · ,J - •• ~ ........... .,..".".,.,.",.. 

SjStem con siitS ofstoragc, .,"'~ply,:rcclI~ation, andpurlfj;ation.subsys~ CUI: wcAe.t1un-hydrocaIbon 
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 xeciIcu1a.tion loops for the xenon gas mixtrrrPJ and for the carbon 

dioxide buffer gas. Makeup gas for each loop is provided from on-siu: high-preSSI.1l:C tube trailen. Both. 

1f~ streams pass rhtough paniculau: filters, presSure control equipment. and tem.peIatUre control . . 
equipment prior to being fed to the distribution manifolds. The specifications for the In feed sacams 

axe as follows: 

TD Feed Speclfications 

Xenon Gas Mixture 
InpUt pre$StIIC 
Maximum Flow Rate 
Composition 

Xennn 
Hydrocarbon 
S~.J:izer 
Oxygen 
Carbon Dioxide 
WaJI:r 

Tempe.ratme Control 
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3 to 7 millibar 
75,OOO]Jhr 

--90 Tj,.-jc % 
-10 mole % 
Trnce 
<100 ppm 
<1000 ppm 
<1000 ppm 
±2-F 



Xenon Mlxturo 

Level 

~ 02 H2O'" CO! 
Removn1 Romoval Romoval 

COaPurga 

CO2 Recycle 
Compressor 

Xa 
RecycJa Xo-
Ballast Rocovery 
Tank Compressor 

CO2 
Recyclo 
Balla" 
Tank 

Supply 
& 

RecIr. 
Sy618tn 
Scope 

_,_~""".~/////I~////;"////;/"/P //,l.i'/////"'''.I///;1';;'';J';,..~ .... ;//.,//////. .. //,f;.;!:r/////~.,;;x _t 
~~w#~~~~p~m~~~~~~w~~ 

TEXAS 
DateGlOr 

Figure 1 Xenon SuppJy and Recirculation System Conceptual Flow Diagram 



Carbon Dioxide Buffer Gas 
Input Pressure 
Maximum Plow Rate 
Purity-Requirements 

Water 
Oxygen 

Tempetat:al'e Control 

3 to 7 millibar 
7,500 l/hr 

<1000 ppm 
<100 ppm 
±2-P 

The carbon dioxide and xenon IeCOVety headers are operated under a slight vacuum (-100 millibar). 
Gas from each header is compressed priortD being recycled back to the supply syBtems.Xcnon zecovctY 

may be provided doWustleam of the carbon dioxide comp:cessor for xenon that has permeated into the 
btrffcr gas. A small CO2 vent located downs=am. of xenon mcovery is used to limit the buildIIp of 
impurities in the buffer gas. 

The com:prcsscd XCllOn mixtuIe passes through various staJCs of pmi:fication for removal of COl, 

H2O, and 02. These pmffication stages will likely consist of caustic scrubbing (CO2 xemoval), physical. 

adsozption (H2O removal), and chemical adsorption (02 removal). A small proportional-counter test 

systemlocateddoWD..StICamofthe purification stages is used to tcstthe quality of the recycled gas. A gas 
analysis system is provided to monitor impurity levels ~t various points'in the process. 

, A small high-pressure cowpteSsion system is provided for recovery of xenon prior to shutdown aud 

rr'~1nten:mce of the 1'0. 'Ibis is accomplished by l1wWiDg the system with. CO2 and. collecting the 

xenon-C02. mixtuIe in high-pIeSstIl'C tube trailers for subsequentpm:i:fication .. 

3. Scope of Work 

The TD gas supply and:rccircuIal:ion system includes the aboveground. supply, recirculation, and 

pmi£ication equipmcm and contrOls as shown in FigaR; 1·. The boundary limit for this system is 1hc 
entrance to and oxitfrom the disuibuti.on and l'CCOvery manifolds, tespectively. This doctrmc.ntdcfincs 
the work:xeqtIin:d to develop a process and system design in sufBcientdetail to develop a definitive COst 

estimate (±10%) for the gas sapply and ~citcula.tion system. This design effort will not include 

generation of detailed equipment and constrUction specifications" CODSUUction drawinp, or opcmting 
procedures. 

4. Statement of Work 

All activities DCCCSsmy to provide tho scope ofworkaxe identified on the WorkBmakdown. Stnlctw:e 
(WBS) presented.inFigure2. This effortwillfocus on oprimizjngpurificarion systemcomponenrs while 

minimizing xenonlossos. Specialty components that could have a major impact on cost and opexability 

will be defined as part of this effort. 
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1. prgjec:t Definidan 3. Sy$Iem Design 

Ll I1-naSoopo 

:t.: r ...... O"specllca ... 

1.3 ~SlleP ___ 
2.U a-~.~BIIIIIco ].:J D •• O'.&IIIIJlitS,..... 

:z.2 E.-.PufIicdaft OpCfoal 3.3 u.nIDp S,...IAJ08l 
2.:U tm.~(w.ScraIIbIaa DnrwiDI 

w..l>If ScntH-&) 
3.4 ])6a~CoII&nI 

~ B201tteIMl~ t:SIq! ... 

Adaapllw) 3. .. 1 .Pr-.0IIII:0l~ 
3~ o. • ..-r.oPtatmfaqS,.. 

2.U 1n'R-'(QaioIl 3~ ~S!mr1 •• 
ItdIaIpSoII) 

lo2.A. ~7.~~ 

1.2.S X.~!nmC01 

2.3 I'IaUa~D.Ii .. 
2.U bwilaPlaw ~ 

1:12 11pIIU II1II&.6"... BI/ID:Ie 

2.33 J)duc..alS,-. 

l,1.S ,... .. tuaVtD;rR.ili ....... 

Figure 2: TD Gas Supply & Recirculation System- Work BreaJaJown Structure 

S. Deliverables 
The results of this work will be p:resentcd in a design report that includes thefollowing: 

- Process flow diagram 
- Process description 
- Heat and mass balance 
- Process and instrumentation cfiagram. 
- Layout diagram 
- Cost estimate 

6. Cost 
The total cost to complete the scope of WOIk: is as follows: 

EnlPneerin, (140 man days) 
Technical Support (SO man days) 
Travel 
Computer Support 

Subtotal 
General and Administration (25%) 

Total 

Union Carbide Contact Sharon L. Saupp 

75,000 
20,000 
10,000 
6·000 

$111,000 
27,75,Q 

$138,750 

Union Carbide Industrial Gases Inc. 
Linde Division 
P.O. Box 6744 
200 Cottontail Lane 
Somerset. Nl 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: 

• The O( Q,,) corrections to the H -+ bb decay have been calculated. [1) They decrease 
the total width of an intermediate-mass Higgs by a factor of two. Thus, the calculated 
branching ratio for H -+ "Y"Y increa3es by a factor of two: good news for anybody 
attempting to exploit this difficult decay channel. tr(?'~/I-t6/J ~". zf'? 

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

• 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 ~o s~arate tracking, magnet system, 
or ~orimeter op~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 EO! 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. 
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Detector Concept U pdat~ 

We hriefly dis~UM Mpf\c:"b nf the tip.tector ~oncept nl!cessar~' to answ~r tht> 
questions from thE' PAC. The limited ~cope of t.hp. EOI, hoth ill format and ;11 
intent, did not permit. the level 1)£ rietail we present hert'!. 

Central Tf'acker (mel /magitlgj Pf'f:~m.d;ator Triggering 

Two layers of scintilla.ting t.iles prec.ede t.he imaging. prerlLdiai.of a.nd hav#:' ~v:J 
tUm thick HegmeJ1tatioJl to match the calorimf"ter (0.05 x 0.f)5~ offse1. hy half a 
cell in bot.h dimensions to a('hieve 0.025 x 0.025). Fig. 1 Rhow~ this in detail. 
The tiles are read out hy a wave~shit'tillg fiber in ihe ml\nner dt'veloped hy '.he 
SOCIN'l'CAL Sl1bsyst.em R&D coUft,horft,tioJ) f<)J' (~a.l(".jJ)lr:try (sc,~ Fig. 1 ... These 
trigger pads c:onstiiute about. 15% of the pixd ("hllollIlds of t.1, .. t1'a~k('r /imaging 
pre-radiator. Tbe tiles 

(1) eliminate ghosts in the t.rack reconstru.ction by c.onst.n.ining t.he combi­
na.toric,,; 

(2) provid~ fast (within a ("rossing) mulhplic::it.y lnfoTlUlltirlTl io the trigger; 

(3) tag neutrals entering thf!' pre-radiator nml cnlorimet.er. whp.Jl c'omhineo 
with the calorimeter respOllse. 

The fltereo angles ,')f the fibers in the t.rack~r n.nd preracliator have been in. 
("rea.qeCl to 1.15° to provid~ more resolution on the track {'oorrlilll\t~s along t.he ht"am 
direc.tion. (UA~2, for example, hils 45() !4'.~rt'(»). A combina.tion of ttV at rljfferellt 
angles is used in adjacent layers to fmppress ghosts. 

The 6m long t.racker module is read out. by fibers no more thfl.n 3m in lengf.h. 
Sill~e lmm fibers provided more 1'esolutiun t.haJl net'!ded, the fiber t.hicknes8 ha.s 
bet'n increased t(l 2 mm to give more light a:tld millimj~e the duumel count.. In 
addition, Mont~ Carlo work shows that a 2 mm grid provide" st\md~nt ff."s()ll1t.ion. 

A new option for al.'Illpport structure wit.hout rlldi8t.ion-tclP:n~itjve epoxy J"~Qin8 
has been identifi~d. The t.rar.-ker/prf'racliator could b~ !'l .. mport.ert by a spun a.lu­
mjnl1lll ~kiJl (like a Boeing 747 nOf>e-Collc) jf radiatiol' damngf" studies oi carbon 

fiber indicate this is necessary. 

Tra.ckiIlg wHh 2 mm fihf":rs 011 5it".ight tnH:k~, h c.'·,I1:ildprahly cRsie! than with 
t.he flub-mm fibers J>rop • ..,~ed for prp.f.·isl011 l.ra<·killg in a lJ)hen€'tic Ileld. Light 
(.,ui-put is greaif'l' And tbe rc~onRtrudi()n hypotheses an~' lim.ited. Memhf'rs of 
t.llt" TEXAS ·('.oJJahorati.m pA.TtidpA.tjJl~ in Elll C;;S(, R&D .,::uhsydem t.ask on fiber 
t.rncking have developed 8. desi~n for the cen1ral d~t~rtor and imaging pferadiat.or. 



They hrwe built. Up Oil the operation of pre-radiZlt.f)ra 311<1 i1 h~r trackers in existing 
experiment~ in designing the fiber orientation. the llUmbel' of layers, th~ tiber 
t.llkkJlf'sF>, etc. This design is heillg opt.imj1.ed with the n.ic1 nf Mont,. Carl,., studies. 

Preliminary analysis yields 8. resolution on the v~rf,ex in a ~iJlgle ev~nt of 
4 mm along the beam direction u5ing tr8.ckq from nlillim1.lm bias ev~t1t.s. The 
pURition of conversion in t.he pre-radiator of ~5% of the galluufUI above 10 GeV 
call be determined lc. ± 1 film. Over 90'70 of tbe gamUlsu; convert in the pre­
l'tvJjat(,r. Using the SPA CAL r~tdtlJ on the best fit to thp r:enter of gravity of 
isolated electromagnetic showers (+ hnm), the gamma direction is determined 
to aboui 0.5 degrees indel)endent of charged tra('"k information for the vertex. "Ve 
shllll see that this plays an important role in our Jleart".h for H-o'-r-r. 

Calort.mdf~r .'it!gmentation 

A conservative baseline calorimeter det.ign ,vas discusseti in ibe BOI. It used 
sepn.r ... te longitudinal electromagnetiC' B;nd laH.{lroJl (~Omp8rtmellts. This concept. is 
further discussed in Generi('" Que"iinn 5: Since the suhmission oftb~ TEXAS EOI, 
thl" SPACAL collaboration has provt"n tbe anticipated perfot'manr.:~ of a. mono­
lit. hie tower design with combined electromftgneti(" 8.11<1 hadron compartments, 
SimpHcity and uniformity result from this implementation of fiber caillrimet.ry. 

In addit.ion~ SPACAL resuIt.s IlTovidc ('.ollvincing c/rr 8ep~rft.i.it)n available in 
real time!ll (see Fig, 3) l.lt'11ng the following two I'uethods: 

In •. he first. method, the pulse shapes for electrons and hadrons are sufficient.ly 
different t.hat a full width fiftb maximum (FWFM) time measurement or t.he pulse 
separates hadrons from eled.rot1~ (R~ Fig. 2). WOhen applied to a local cluster of 
t.owers large enough to ('ontain hadrollic showers, a siml;>le FWFM discriminator 
giveR A. direct logic pulse distinguishing eledl'omagne.tic from hodronic Bhowers. 
The duster must be 30.35 em in diameter, ft·!'! shown ill Figure 3. From t.he tem­
poral "trl1cture of the photohtbe signalr; alone th~ p/'1r s~pnration is 10-3 without 
longihldina.l segmentation, lmproven"!ents on thi~ simple trigg~r are expected to 
further enhance this rema.rka.ble re~mlt. 

Seeond1y, the SPACAL ("ol!aborllt.ion btl~ al~o pl'oven t.he value of fine t.rall­
vera;e segment.a.t.ion when combined with a pl'e\'a.-lintor. The signa.) f1'om a simple 
(non-ima.ging) 1.5 J..RAP pre-radiator WM h}(l<.-pendentl)r rt"cordp.d in front of the 
SPACAL prot.otype. BeCfLUlJe de('trou "lwwcTs have a much llftTrOWp.r ("'.ore i.hall 

do hadron showers. transverse shower !'liz*" aIR.., 9p.parB.t~s ShOWf'"f t~rp~8. An energy 
cut on th~ del>ngition ill th,- prern.diator appJied simuli8.11Cf>1ls1y with a 5implt~ cut 
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flll tra.nsverse ~ontNnmellt. ILchieved £L sepftrR.tion l\f 4 xlO·-4 , bet.ween t.~st. beam 
electrons and pions, as shown Fig. 4. 

Fine transverse segm.ent,ation achieves much of th~ same goo.l 8.8 longitudinal 
segmenh,tion, be('Quse showers are ~()rre)ated in their t.rtu18verse and lonJ;itudin~1 
shapf'!s. While t.hese two methods of e:!1r s~para.tion are not, f\tJJy independent, 
the comhined e/,rr ~e}>aratjoll is 10-4 . This is d(tse to tile ultimate limit imposed 
by piOll charge exchange scaU~rillg in a monolithic calorimet.er, and was ft.chieved 
ill preliminary rel.lu}t.R presented by the SPACAL group at Snowma.!ils 'no. 

With a lllC)nolit·hic design, the proposed TEXAS calorimet.er would be capable 
of finer hadronic segmentation at a reasonable rost. A segmentation of 0.02& x 
0.025 (half t.ll~t in the EOI) 1S useful a\ U)(~ 2 meter inner r"ditls when limited 
by the 22 em interaction lengt.h, 1t is then comparable to ~ 1 meter radius 
("alorilneter 5f'!gmented at 0.05 x o.os. A design with monolithic: Jph.ClMfiber towers 
would require about. 160,000 PMTs, 20% ff'!wer t.han the 200,000 P MTs of the 
EOI with s(!parate em ancl hadron compartments. 

On the scale of 8 Moliere length (1.9 em), ft. fiber ,paghetti cn.lorimeter call he 
treat.eel M II homogeneous mixture of fiber a.nd lead. Tbe degree I)f homogeneity 
is (Betated hy the size (Jf the fih~"R 8,nd the (cQmp~nsa.ted) ratio of' Ph t.o fiber; 
this is why t.his calorimeter is ~o 'uniform. Thus, the fineness of •. he t,S'allsverse 
segulentation in the c~l()rimeter is dictated by th~ shower sizes and t,he huge inner 
radius and not by physic.lll design considerat.ions. OIl the other lumd, the physical 
!lize of Ul(~ 6paghet.ti cn.lorimeter super· modules is didated by mauufacturing 
".nd integration engineering r:onsiderlitioll!>. My simply undoing Et. fiber b\1Udle 
and rebundHng it into smaller bundles, It spaghetti calorimetel' call increase its 
transverse t.ower s~gmenta.tiol1 down to l'imagingt' dimensions. 

Triggeriflg 

FvUowjng the SPACAL ext>~rieJlc~, the trig~ers t.o separate hadrons from 
ele("irolllagllf.'tic showers are straight.t.'orwft.l'd, As discussed ill t.lle TEXAS EOl, 
signals in adjacent cella fU'C added electronically t,o form over]e.pping calorimeter 
c;el1s. Thus events which CTO"'l5 t.he hC)l11\dades hetwe~n cells a.re handled uniformly 
by the trigger, as in Fig, 5. Trjggcrs have been dt'vised 10 find hadrons, i8o.latp.d 
dcctrons, and jsola.t.ed ganl111ILS. These use hnrdwirt':"d analysis of t.he ~aiorimet.er 
pulse shapes~ the signal cluster size, find the prerl'\diat.or trigger informat;on as in 
Fig. 6. nnd Fig. i, frorn H,p. SPACAL anrl LAA gl'Ol1PS at CERN. The8~ reB\tlts 

arc due in pl.\ft.icult\l" to re:~(~a.rdl by R. DeSalvo. . 

To give an example, an is~l&ted ganuna. triggf.'l· 'Would l'equire no hit ill a 
t.rRck(>t' t.iJe, hth in the pre-fa.dint.or. (i-nd Ron isolated dep05Hiotl in t.he tower 



dusier a.lignetl wit.h th~ HIe. 'fht> ('ll1ster trigger if. formed from simpl~ pl1iliJp. 
height ratios formed elect.ronically with ne:i~hh ... rjng towP.J'S. Indeed, SPACAL 
bef\.m t.~st.s havf» shown that the ov~rlap of an elect.ron ftn.i a lut.drt)J) sE'pal'ateci 
by only 45 mm ('an hp. unfolded, offerinp: a oowerful technique for finding p.l~ctrons 

• • Illt 
t!Vt~n JJl Jets 

bn(lying Calorimeter Potential 

R k · 0.1 k I~) d . . 4' l' r4j, .e('~nt WOJ' usmg neur networ s nIl 1IDftse reeognhlon tc~ mlfi\1t.~8· bas 

dirf'ct implicat.ioJls for spaghetti calorimet.ry with fiIle lrJl.UAve,·sc Eiegmellf.n.t.ioll. 

Using ueul'a.!·IlP.t. algorithms ollerating Oll the tower "pbc.dsu of a. t.'aJorimeter, 
it mlly even be possible to dhl(~rjmina.t.p h~twecil jets originating from gtU01l8 

aud those origiuatillg from quarks. 'I hi8 analYHis bell~fih from tine transverse 
segmentation, as discl1ssed in tbe Strong jnt.~rlt.C"t.iot1~ group at SNOWMASS 
199011>1 URi11~ 9. fit on adjacent electroJnagnet.it- cft}orim'Hf'!r e~n!ll to find a 

gammft ray pOfJitlon 18 an early judie-at.inn of trallSVel"6e segmentation bdllg u",ecl 
to derive additional physics information from t.h~ :sht)Wf':f tieve1<'pmellt , .• , 

Radiatiof! Damage 

Re-("ent recakulation of the iOllizing ftt.diatioJ) dose e1Cpcct.ed at the sse has 
l()",p.,.~(l the prev;ously quot~d ·figure by a iac.-tor of 3. At lU1 71 of 3, the clORe is 
t"xl' ... ct.~l to he ahollt. 50 MRad at shower maximum (or 10 years of ~S(: opel'· 
a.t.ion n.t C. = l034cm-2s-1, Since ilher:; tt.vtt.il",hJe today tet'over from 30 MRI71 

exposures, towers t.hat. could be built. now Ctt.ll be expe('ted to tlurvive for at least. 
6 years at high luminosity without further dev~l,)pIllent, even at '1 of 3. 

'rhe boundary behfeen the solid and liquid $egments at TEXAS is unrtecided 
prior tr) fm·ther studies. III the present EOI, the tungsten absorber ma.trix for 
t.he liquid-colorimeter region of TEXAS st.art." ft.t 'I = 3 tc) rf>r1uce the shower 
widt.h (froUl ft. badl'OIl a.bsorption length of 22 em to 11. em). This enh".n~e$ "he 
jet separn.t.ion in t.he forward rf"gion to pf"rmii. f.rjgger1i frum quark speetatoT5 in 
the production of heav:r Higgs by \V\'" fusion. 

Bt:!c~a\tse of the illcreMed neuh'Oll density from a rdahvf"iy llearhy furwa.rtl 
("alonmeter, the 11 > 3 region ll1a.y ,lt~pd ahout 20 ("111 of polY5t.yr~ne in froni of 
the calorimeter!e} . Howev~l", t.hi~ ll;"Y "''-'" lmnf:'n'ssary ::;iul't" nt>tlt.J'ons ha.ve little 
effet"t OIl plastic Rcintillat.ot"s. Fl"r Si ("aiorimetry, the ncut.r.-ms at the sse cC)uJ.i 
be fft.t.a.l, espedally at 1!):i4 ('m-~\ip.c-l. 

In t.he answer to GP.ll<;'l·ic Question 5, we rliSCUf;S n. stngf"d implf"mentat.lon (\f 
thf:' chlo:rilllet.er. 1n st.age 1 We would hui1d oniy Ow elect:romllgnet.ic t'alorime.t.er, 



clerlka.t~d to H-,. ""(, and Ii- ZZ·, Ll'\t.er, l,hi::! d,.hlcha.hlf> front e-nd could b(" 

added to the ba.dronic tower usinJ!: the low-~~nst fiber c"()Ilplinr.: plJl •. e~ Wf": have 

developed. See Gellerk Quest,i(ln 5 for n det.aiJf"d disetJ~sj • .,n of thj~ ('pt.ion for 
condrttding the calorimeter, 

En.hanf·r.cl Rt!J{)lution 

The SPACAI, collaboration lt
) htl.s demonstrated that t.h ... Mnnt('" ('J\rJ.., simu­

lation of scintiIJatioll cAlorimet.ry is fully predidjv(', ha.· .. ing retu·hf::"d 29%/ ... /'E fOT 

hacirons with a 1% c.onstant tenu, ft.nll 13%/v'E wit.h ft ('{"Instnnt. t.erm dose to 
1/2% for electrons. Using the same Monte Carlo pr~di<"1-jpll 6$ sh.)wn in Fis;urf!' 

9, it is posAible 10 !Scale to nn electronuLgne1.ic resoJniion of 6~1c,,I v' E with a 1/2% 
C'OJlS1."jlt term by simply reducing the fiber diameter to O.U mm, instf'!a.d or 1 mDl. 

while maintaining t.he 20% compeusat;on rat.ioof l("u.d to tille-t". This provides a 
realistic calorimeter for Higgs ---t ,..,.. at the sse and othf:>l' phy!lli,'~' With 0.5 mm 
fibers, t. he ha,c:h'on resolution would teach about 25%/ -/E. (''Vit.h 4 times the 
number of fibers, the sampling nuctlla.f.ion!J de-f.~rt'J\Se since- the- mixture becoJll(,!7. 
more hOlnogene0t16.) 

To make such high E'Jedromagnet.ic resolution f()f TEXAS t.e{·hni<7ftlly possi­
ble, fiber ter.hnoJogy must improve it!> rlimension,,-l tolernut:"e hy ft fade.,' of ahout 
3, to 0.5% in the fiber diameter (3-5 microns). Thi~ would (Je('T~ast' thf!' 3.t.tf!'n· 
ltation )~ngth contribution caused hy wft,vE'J!:uide non-ul\iformit~·. Tlw TEXAS 
«::oll"borntioll has beeJl ltsl'lnred by severnl ll1antJrad.11r"r~ in thf!' US~ Europe ano 
J a1>all as well as by an industrial part.ner, Binon, t.hat this is wen withiu the ~ta.ie 
of tho art. ItOI' example, common 62.5 micron plltStic fibers u6f.'d in )ocal area 
networks have a dimensional toleran«::e of 0.5 microns. More <!uHlity control in 
the pre-form and pulling processing, and installation of the latest. fiber equipment 
mallufa.dllring maehinery. is requil·ecl. The (':osi of th~ sm~lJ,'r 0.5 mm fibers is 
est.jl1lated by Bieroll to be 30% per meter of the 1 tllm fihE'l"l'!. vVith (our t.im'!'8 
th~ linear length, the sma.11r.r dia.meter fibers would cost. roughly 1.2 time/; t.he 
estimates ill the EOI for fiher. 

Illc:"reasing the numher offihpu emh~dd~d in the tOWf"r is estimated t·e) in("fPa.se 

t.he mallufactured cost 1)£ a completed tower hy about 11)-12~f·. 'The ~~rV08 must 
have 8. gentler pull and more S(!llsitivp feedb1l-ck mt"rhnlli6111 t.o handle tlH" thinner 
and J)mre delir.ate fibers. The matt-he insc:artiQD (~itht'r 1118.chinr laid·df:;Wll ()f f::Mt­
in-plac.e) i~ a mf.\jor subject of our propc.sed eUJ;inet'rillg stt1dj(~~ over f.lIe n..-xf. 1.5 
years. The factQl'Y need not he st.arted for fi y(·aJ'~ .. VVP. Me as;:;l: reri that t.ooling 
is relat.ively stra.ightforward by our inriu!;tl'ial I1fiiliat.eR. 



An n.iternative calorimf"t.er impit"men1.a.f.lcm m:es a sepa.ra.ble -:Iect.romasnf"tic 
section, as \ts~(1 by the JETSET collaboration. t.o achieve 6.5%1 vift[J"; . Thjs 01>-
tiOIl would allow st.aged opera.t.ioll hefore iusin.lla.tion of t.hc~ full hadl'onic clllorime­
t.er. 

Muon TRD Delelil .• 

MallY proportional wires (ahout 1,000,000) ftre re<Jujr~d f01' thl.' muon TRD 
to red1J("e drift times to about 150 us. The wire~ arfl' not. in(i;vidu&.lly read out, 
but. are ORf'd in projedion dusters of about 20-30 for a ~ecom18ry THD r(~fI.(Jout. 
l"he 10,000 tn 2 of chamber are only about twit"e t.he area of the r.hamhers being 
constructed for MACRO. 

TllC pa.d rcadout is segmellted at a level e(!uiva!en1. to a. tVWP.l' segmenta.tion 
of a.bout 0.1 x 0.1, yielding 300,000 TRD ChI\JlJlf .. JA in 60 layers. The riOOO muon 
towers thus formed give a dirf.!d ~llergy signa.l without any track tittin~. ~'jlle po­
qjtion· resolution 011 muons is provided by the limjted st.re6·Illtar t'1i>P.R an(l gan~ed 
TltV wb'~s. The 60 layers of TRD wires are oifllet sh.ggered from Ie.yet t.o layer 
to g~lt~r"le a. fast saturation trigger tag in about 25 ns .. M\lol1~ pass wit.hill 2& 
llS of 1/6 of the wires. 

Each' layer of xenon TRD det.edot-wjreR is h.~ckcd by abol:t. 2-10 mm of 
structural material for strength ann &lso to IIIca.Uer ",no I\hRorh cl(.'ctrollS or low 
energy part.ides accolnpanying the muons 8.0 they exit the ca.lorimetpr. Tb~ low-Z 
layers of liquid scintillator used for triggeriIlg redu(~~ the €'lt~(".tTnmag;H::tJc iOhowr."rs 
exiting the ealorimet.er. These showers BJ'C essentially lillut.ed to ",boui 80 M t" V 
for lead, fa.r below the TRD electron threshold of abol,t 250 Mt" V~ In contrast, 
these showers are a problem for precision tra.~Jmr,:; w;t.h magnetic fields. il1~ 

A possibility for the TRD "wires" heing P'lr81.1f!fi hy t.lle ("()l18,b(Jra.tion 18 a. 
recellt df.!velopmf:!l1i ill pl'inted wireR - 10 m;('roll Jines deposited on an in8ulating 
substrat.e. 1£ this proves 1.0 b(!' a )o\,\,-(:O$t a.nd efLClily 8.8!;embled alt.ernn.tive to the 
t"xi~tjng low-cost techniques used in MACHO, it could bf> adnpi.ptl. 

The TEXAS trigger uses '~fuzzy" logic to w~jgh(. t.he lnr.oming iuihr:))aL;on 
from the tracker pad~, ~al()rimpif"r, main t,rip;:gcr, dc. For fOxample. if" t.ht:" a.n 
ET deposit.ion is large enougl1. it tJ'l6-Y cwe''J'idp Ii veto Of t.he abRence of ot.her 
t.rigger requirements. In th,. electron. triggf"r, the isolat.;OH re(!UIl·enlent. ma.y he 
softelled; for a. hllrd muern t.rjgger~ +6 logk IUfLy Iwpr~rjde 8. muun sign",! in t.he 
C'alorimrt,("r. The fir~t. Jevd t.rjggeJ· wj}) O1J1.pnt. ntlmp.rknJ values l~orrf>sp()llding 
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t.o ih(' rohuatnes!; c){ the i.rigge:-r, Custom fuzzy logic ("hips will ~vft,h,~t~ t.hat 
information in the Recond level. 

Til*'! deta.ils for implementing the imaging r~construction ;)f the cells of t.h~ 
c~.lori11let.eT to find elect.romp.gn~tj(" or hadronic energy werf.' d~f:('rjbed earlip.r ,n 
tbe calorimeter update section. Each cell of th(! ca,lorimp.t.("T i~ connectpf\ ]f)gi'~Il!!Y 

to it,s nearest neighbors to form these quantities and to avoid bjf\S OJ) the basis 
of tbe physical segmenta.tion of the calorimeter, 

The basic first level trigger signals are the following: 

(1) high transverse IH~,clrC)ni(: duster ~nergy: th~ ca,lorimetel' duster ASIC 

fires above threshold; 

(2) high PT c-Iedron f.riggp.r: pulse shape discrim.inator traeker til~ pre radiatoT­
i-ilp ft,ngl .. -scft.led energy ;soin.tion override. ASIC/ROM on ('aJorimct(>1' 
clusterj 

(3) gamma trigger: same Il!!l e-lp.ctron trigger but with tracker tiles in veto, 
and a different PT threfJboldj 

(4) high PT muon trigger: TRD + calorimeter tOWt~r AS1C + Trf\.C':kE."r l.jl~ 

~entra.l detector isolation evaluation. 

The basic se~olld levE!l t.rigger signals are the rollowill~: 

(l) Global total ET and global JlJj~8jng ET : a.Il ASIC looking at. 
pipeline; 

(2) Lepton multiplicity, .ET, aod pa.th~l'llS: nIl ASIC looking 8.t. the- global 
pipelillej 

(3) Trigger clusters: evaluation of the tot.al t.riJz;get' pntt.~nl". 

FOOTNOTE: MallY result!; used l)(~r~ wen' presented hy Midu·le Livan fit 
Btl on 6/18/90, 8lld by Ric8.rdo DeSa.lvo ttt Snowma..'l~ 1990, for t.hr SPACAL 
colln.horat.ion. Note that p./h ;~ slightly Iftrb~r tlHm 1,0 in these preliminnry 
result..;; Monte Carlo predictions indicat.*'! t.hllt 6 ~lighi shift downward in ill~ fiber 
diameter, or 8. slight Bhift u "ward in the fiher spacing will be able tn tune ("/ll to 
1.00+ O.01.The t'(;'S1tltFl were taken in the first w"!ek of June without calihraihHl 
clata; the phototubes were simply brJanced to hhout 3 l7t, with f\ ~o\U'ce. H.nd 
these calibr~tion errors gR.ve rise to an p'ff'pct.ive {'nnsb.nt t.~rm of 2.6(/~ in th~s~ 
preliminary r~8ultij, 
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F'igHre Captions 

Pig. 1 TEXAS tracker ipreraciiator with trigger pads. 

Fig. 2~ Pulses from the SPA CAL spaghp.tti (~alorlmptpr. Note the differences hetween c- and 
01f- • 

Fig. 2b Puhlp. widf.l\ (Full width a1. one fifth maJCimum) coJj!>trihution (fixed off&~t of 6 hs). 

Fig. 3a, 3h (SPACAL) e/1r separation eledronit-s for pulse sho.pf' dis(':rimination. 

Fig. 4a (SPACAL) C',ontainment defillit.ions. 

Fig. 4b (SPACAL) f'/"" separation with containment vs pre-rn.dia.toc signal 

F;g. l) R)pd,ronir. overla.pping towet!J [colr toriggp.l·. (From SPACAL). 

Pig. 6"-g SPACAL c-oncept for fiber calorimeter ele("troni("s (cour1.esy of R.. DeSalvo). 

Fig. 7 Ionizing dose at elec-tromaglletk showf'r maximnDl Itt sse dp'!\jgn luminosity for Olle 
year and (in puorenthesis) at C, ..,.... l034crn- 2s-1. 

Fig. R TF.X AS l)fojeded resoh • .,;ous wjth O.5mtn fihp.r opt.ion. 

Fig. g TEXAS potentia) energy T~sohdi(JD, but with 1 % constant term. (Dab. from 6/90 
without. ealibrb.t.ion). 
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Gl: Higgs Searches 

Describe th.e capabilities of TEXAS for search.ing for a standard model Higgs from 90 to 800 
GeV/c2• 

A: Intermediate Mass Higgs (80 GeV Ic2 to 180 GeV Ic2 ) 

H~II 

The decay H ~ II appears to be the most promising channel in the intermediate 
mass region. The measurement of the H ~ II branching ratio is widely recognized (1) 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 PI' photons and no missing E/r. 
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-1) may indeed be helpful. 

Recent theoretical calculations, including QCD. a" corrections, (2) show r( H ~ bb) to be 
half the value we used in the calculations for the TEXAS EO!. This implies that the cross 
section for Higgs decaying into two I'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 ~ II search is its rejection 
power against QeD jets that fragment into 'lr°'s. Typically the background to a single I is 
a jet of several lower energy 'lr°'S that overlap. These are easily identifi~d in the imaging 
preradiator. A problematic background for other detectors is fragmentation to a single 'lr0. 
A simulation of a typical event is shown in Fig. G1-1. [3) 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 
'lr0 direction. 

The cross-section for qq to 'lr0'lr0 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 10-4 to 10-5 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 'lr0 are separated by 0.3-1.2 cm at the imaging 
preraciiator. The third level trigger will lower the rate by at least a factor of 25. 

Another performance specification of TEXAS is its abi~ty to identify the vertex asso­
ciated with a H ~ II 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 

1 



2) calorimeter/preradiator pointing, using the center-of-gravity of the em shower (0' = 
1mm)14) and the photon conversion point in the preradiator (0' = 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 (0' = 5 em) divided by the number of overlapping events, even 
at high luminosity (10em/15 ,..., 1em). The second technique is crucial for 1034 cm-2 sec-1 

operation where typically 15 minimum bias vertices could be confused with the H - "Y"Y 
vertex. It insures that a H - "Y"Y 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- "Y"Y 

Higgs Mass Diamond smearing 0'/ E + Diamond smearing O'/E smearing + Vertex pointing 

100 99.98±1.03 99.93±1.33 99.94±0.89 

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 i 

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.~2. . 
The mass resolution for a 150 GeV/c2 mass Higgs iSI\(1.95) GeV/c2 at 1033 (1034 ) 

em-2sec-1 luminosity as shown in Fig. Gl-2. A worse resolution (5) ,1.91 GeV /c2 , is 
sufficient to see the mass peak with 7.6 0' of statistical significance. 

Based ~ an ISAJET (V6.31) Monte Carlo and a TEXAS detector simulation with Z 
vertex point,.~we have studied the decay H - "Y"Y and 99, qq - "Y"Y. The total cross sections 

u./(. for signal and background are about 0.15 pb and 3.6 x 103 pb with n("Y) > 10 GeV/c. We 
~ have generated 5000 events for each Higgs mass and 1.1 x 105 events for background. Figure 

G 1.3, 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) > 20 GeV 
I 77( "Y) I < 3.0 

I cose; I < 0.8 

I M("Y"Y) - M(Higgs) I < 2.5GeV/c2 

Here e; is the polar angle of photons in the "Y"Y 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 
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to be around 0.02 for the intermediate mass Higgs in a ±2.5 GeV /c2 mass window. To 
obtain the background for 1 and 10 standard sse year equivalen~ we fit the mass spectrum 
from the background sample (1.1 x 105 events) to a single exponential function. Then the 
equivalent number of background events is generated using the fitted slope. Figure Gl-4 
shows the ba~kground subtracted 2 photon invariant mass spectrum with signals for a Higgs 
mass of 100, 120, 130, 140, and 150 GeV /c2 for 1 sse year of operation. The vertex pointing 
accuracy is 0.5 em. 

An independent evaluation of the TEXAS detector response has been carned out by 
R. Partridge. (s) Figure G 1-5 shows the signal on top of the background for Higgs masses of 
80, 100, 120, and 150 GeV /c2• The histogram is fit with an exponential and four Gaussians. 
In this independent analysis the statistical significance of the signal is determined to be 3.60' 
at 80 GeV/c2, 6.20' at 100 GeV/c2, 9.50' 120 GeV/c2 and 10.20' at 150 GeV/c2 • 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 

SS=N~ 
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 -+ 'Y'Y Detection 

Higgs Mass N -B/SSe Yr B/SSe Yr Discovery Branching Ratio 

Significance/SSe Yr Precision at High C 

100 677 9.7 x 104 2.1 46% 

120 877 5.0 x 104 3.9 25% 

140 952 4.3 x 104 6.0 22% 

150 712 4.0 x 104 3.6 28% 

Here one standard (high C) sse year is equivalent to an integrated luminosity of 1040 

(1041 ) cm-2• At a luminosity of 1033 em-2sec-1, we will be able to discover a Higgs in the 
mass region between 120 and 150 Ge V / c2 • At high luminosity, the reach extends down to 
100 GeV /c2 (where the discovery significance is SS=6.6). 

Mter discovery of the H -+ "Y"Y, it will be important to measure the branching ratio to 
verify the model, independent of the Higgs mechanismJ1] The error in measuring the rate of 
the signals for H -+ "Y"Y is given .by 

O'S v'fi 
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. 
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A potential difficulty at high luminosity is the pile-up of 15 minimwn bias events. Fig­
ure Gl-6 shows the transverse energy flow in cones of 0.1 and 0.2 around each I in the 
environment expected at a luminosity of 1034 cm-2sec- l . 

Table 3: Underlying event energy flow within a cone 

# of pile-up events Er(cone=O.l) Er(cone=0.2) 

0 0.6 ± 0.8GtJ/ 0.8 ± 2.1 

15 2.1 ± 3.3 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 tower is 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 0.1 Ge V. The mass shift will be resolved by 
subtracting the average underlying event energy. The mass resolution worsens, for example, 
from 1.22 GeV /c2 to 1.95 GeV /c2 for 150 GeV /c2 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 6 Ge V electromagnetic energy per 
crossing (11 events) in an annulus of R=O.l to 0.2 about the gamma direction is 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 '7 <2.5 are at least 3 radiation lengths across, reducing the energy cut to 1.5 
GeV. The ability to lower this isolation energy cut is essential to preserve the electromagnetic 
energy resolution for the H --+ II 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 minimwn bias ones, or low jet Er 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 --+ ZZ· 

Another decay mode, H --+ ZZ·, also has a narrow mass width. The mass resolution for 
. a 150 GeV /c2 Higgs is 1.16 GeV /c2 in the TEXAS detector for the four electron mode. The 
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cross section for H --+ Z Z· --+ eeee is 4.2 fb. The event selection criteria are 

Er( e) > 20Ge V for two leading electrons, 

Er(e) > 10GeV for other non -leading electrons 

I 71(e) I <3.0, 

I M(ee) - M(Z) I <5.0GeV /c2 for a pair of electrons, 

20GeV /c2 < M(Z· --+ ee) < 80GeV /c2 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-1 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 ~R 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: Heayy Higgs (300 GeV /c2 to 800 GeV /c2) 

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

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

I 71(iepton) I < 3 

Er(i) > 20 GeV 

Frotal(J.') > 40 GeV /c and Fr(Z) > 25GeV /c. 

The efficiency of these cuts is summarized in Table 4. 

Table 4: Geometrical/Kinematic Cut Efficiency for Higgs Events 

Higgs Mass u· BR [fb] eeee eeJ.'J.' J.'J.'J.'J.' 

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 0.29±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 5. 
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Table 5: Number of Events Triggering Detector in Standard Year 

Higgs Mass Ntotal Ntrigger 

eeee eel-'I-' 1-'1-'1-'1-' 

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 Ge V / c2 

(76 to 106 GeV /c2). No other kinematic or geometrical cuts are applied. The errors are 
statistical. 

Table 6: Detection Efficiency for Z's in Higgs Events 

Physics Z--+ee Z --+ 1-'1-' 

H=300 1.00 0.67±0.006 

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 looser cut on the 41-' mode. The reconstructed mass 
distribution for Z--+ee and for the 400 GeV /c2 Higgs is shown in Figure· GI-8. The total 
momentum distribution for the 41-' mode is shown in Figure 01-9; 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 

SS = (N - B)/VN . 

N, B and SS values for each decay mode and mass are tabulated below: 
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Table 7: Expected Number of Higgs Events 

Higgs Mass eeee eep.p. p.p.p.p. Combined 

N B SS N B SS N B SS N B SS 

300 47 13.7 4.8 43 9.3 5.1 12 2.3 2.5 100 25.3 7.5 

400 27 5.8 4.0 35 6.2 4.8 12 2.0 2.9 74 14.0 6.9 

600 17 4.1 3.2 23 3.4 4.0 8 0.9 2.4 47 8.3 5.6 

800 12 4.4 2.0 13 3.6 2.6 5 1.3 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 (= 0.854 ) in the results 
of Table 7. 

From the table, we conclude the following: 

1. A heavy Higgs, up to a mass of 600 GeV /c2 , can be seen independently in two four-lepton 
modes, eeee and eep.p.. 

2. For the 4p. mode, the current high Frot.l threshold degrades the Higgs detection efficien­
cy; conversely, the background reduction power is large. We are therefore simulating the 
dE/dX 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 1040 

cm-2 , the 4p. signal would be significant for the full mass range between 300 and 600 
GeV/c2• 

3. A heavy Higgs with a mass of 800 Ge V / c2 could be found by combining all three modes 
at C. = 1040 cm-2 to obtain 30 signal events. 

The expected mass distribution for a 400 GeV /c2 Higgs decaying to 4e (2e 2p.) after all 
cuts is given in Figures G 1-10(11) for M{ top) = 120 Ge V / c2 • In conclusion, in one standard 
SSC year a Higgs with mass between 300 and 800 GeV /c2 could be discovered using the 
TEXAS detector. With a luminosity of C = 1034cm-2s-1 the measurement of the H -+ ZZ 
branching ratio would become significant. 

For a very massive Higgs, we run out of rate (especially at C. = 1033 cm-2 s-l) 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 s~gmentation 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 EOr 
submission. 
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Our preliminary studies of the signals in these channels are nonetheless promising. Figure 
GL12 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 ~ Z Z ~ eej j 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 GL13. 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 Z Z 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 21's of a 75 GeV 11"0 in the TEXAS imaging preradiator, shown in actual 
size. 

G1.2 Effects of detector smearing on the invariant mass peak in the 11 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 1 direction. 

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

G 1.3b Transverse energy distribution of photons from the H - 11 signal, for MH = 150Ge V / c2 • 

G1.4 Background-subtracted M(n) signal for various indicated Higgs masses. 

G1.5 Partridge's results for the H -11 hunt in TEXAS, for a standard 1 year running at the sse. 
G I.5a Partridge's results for various characteristics of the accepted 11 signals. Clockwise from upper left: Trans­

verse energy, gamma pseudorapidity, digamma pseudorapidity and center of mass opening angle. 

G 1.6 Sensitivity to the cut in 6R around the observed photons, as a function of transverse energy. 
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G1.7 Muon momentum resolution, discussed in the TEXAS EOL 

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 - 4p decay chain of a 400 GeV /c2 Higgs. 

Gl.IO Reconstruction of the invariant mass of an 800 GeV /c2 Higgs in its H - 4,8 decay, for a one year run at 
high luminosity. 

Gl.ll Same as Gl.lO in the H - 2e2p channel. 

Gl.12 Invariant mass reconstruction for Z - jj, from H - ZZ - eejj, for an 800 GeV /c2 Higgs. 

Gl.13 Momentum balance for the two Z's in the decay H - ZZ of an 800 GeV /c2 Higgs. The abscissa is the 
ratio of the reconstructe<l transverse momentum of the lower-PT Z to that of the higher-PT Z. 
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G2: Quark Compositeness and Er Measurements 

With a view to st1l.di&s -of q1l._arA;. compositeness, what are the systematic errors on the mea'-
s1l.rements of the iii.cl~ive 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 SP ACAL 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/7r 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/7r = 1, viving fe.".".u = 1, independent of energy. This single particle response is folded 

0- 'ftCldent 
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 le/7r - 11 < 0.01. 

The systematic effects will th~efore 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 tube fFiJ!:. G2.3) made b~EP for R. DeSalvo and 

CI'It..~ "!~ o~rc'Q. .f- ... a~thi 
the LAA project at CERN have shown linearity~ see .rig. G~.4. he costs of this type of 
tube will be no more than for normal PM'l\in 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 1034cm-2s-1, 

producing 100 events in excess of the QCD background at an Er of 5 TeV. 
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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 Ge V 
top quark may decay into c and a real Z, which can as usual be detected via its decay to 
lepton pairs. The signature is then a 91 Ge V 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) f"'oJ 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-2s-1 would triple our sensitivity. 
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Figure Captions 

G3.1. Pt 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 6R 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 Ge V is from the top. 

G3A. Mass spectrum of dijet masses reconstructed opposite a lepton tag in events of the 
form pp -+ tt, t -+ evb, t -+ H+b, H+ -+ cs, 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 Er Searches 

The committee is interested in better understanding the m%ssmg ET capability of the 
detector. Please address the discovery capability for: 

• A 400 Ge V fourth 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 t-induced backgrounds. At 400 GeV, the cross section is about 300 pb, 
corresponding at .c = 1033 to about 3x106 t't' pairs per sse year. The (mt= 150 GeV) 
top quark production rate is 10 times higher. To reduce the t-background, stringent lepton­
momentum cuts must be used. For aPT> 400 GeV lepton cut, the signal to noise ratio is 
about 1:4. Adding a missing energy cut of Emiss > 200 GeV will raise this SIN 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 Ge V 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 background is from t --+ c W ( --+ 

Iv). 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. 

• A 300 Ge V 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 1"71 > 5.5. This 
hole is unavoidable; at larger '1, the energy deposited by the beam becomes immense, and 
radiation damage becomes intolerable. The other hole is a crack at "7 = 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 sear:ches. 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 PT 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 TJ = o. Instead, 
we have concentr:ated on the beam-pipe hole. The simulation results are shown in Figure 
G4.1. The curve in G4.l(a) shows the losses due to the beam hole; the solid histogram in 
G4.l(b) gives the expected signal from the chosen gluino model seen towering over the major 
physics background (from the semileptonic decay of a 150 Ge V top). The other significant 
physics background is from the process pp -+ Z + 3j ,Z -+ vv; it is the lowest histogram, 
shown with a dot-dashed line in G4.l(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 Ge V missing energy, physics backgrounds are dominant over detector 
contributions. 

Figure Captions 

G4.l (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 TJ = a 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 

• It is unlikely that there will be enough money to meet all requests initially. How can this 
detector be staged9 What costs can be deferred9 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-+ ii 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 E/r 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 LRAD 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-LRAD 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: 
Hadron Veto: 
Imaging Preradiator /Tracker: 
Mechanical Support: 
Data Acquisition: 

$25.3M 
$2.5M 

$24.4M 
$8.0M 
$4.0M 

Lightguide, PM's Electronics, Calibration etc. $394/ channel 

(A) Calorimeter Electronics without (0.025)segmentation 
(B) Calorimeter Electronics with (0.05) segmentation 

Total Low Segmentation 
Total High Segmentation 

$63.0M 
$17.0M 

$81.7M 
$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 1r0 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. 

G5A Prototype calorimeter tower. 
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G6: Funds Requested for Subsystem Integration 

• The total funtL requested in the EOI3 for· FY9l exceed the total funds available. It is 
as3umed that most of the funds to be provided for detector R&D will follow through the 
sub3ystem R&D program. For those funtL requested in your EOI for systems integration 
and proposal preparation, please give a plan including a li3t of tasks in order of priority 
and with a detailed j'U3tijication 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. '5, 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!!2 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 
EOI. 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 ($375 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 EOL Explicit proposals for the use 
of these funds by each of our industrial affiliates are included in the eleven Appendices of 
the EOI. The detailed justification of each task is indeed expressed throu~hout the EOr and 
this set of Answers to the PAC. 
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Table I: Engineering Studies and Integration 

Funding Request FY91 

Calorimeter Tracker Muon Integration Total 

TRD Management 
#I,P~ 

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 645 575 500 2900 

LeCroy 450 225 225 G25'~ 1225 

Quantum Research 120 120 

(V Bicron 495 100 595 

':/~ Draper 425 130 375 305 1235 
~ 

Hamamatsu 0 

Oak Ridge 535 535 

Optectron 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 



G7: Collaboration Responsibilities 

• How would your collaboration deal with the circumstances that would arMe 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 w;as our main problem! 
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T1: Capabilities at 1034 luminosity 

• Why is your experiment better than the other experiments 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 .c = 
1034cm-2s-l , 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 VA2, VAl 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 C 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 BV 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 V ranium, 
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 1Jls 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%/v'E. At the standard luminosity, the 
TEXAS calorimeter will be a precision device, measuring a 500Ge V 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-2s-1 the strategy to find a heavy "Higgs is 
to use the calorimeter both for missing Er (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 1033cm-2s-1, fig. T1.3 shows a potential degradation by a factor of 1.5 in the W ~ j 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 rninirnun bias event pile-up produces a factor of 2 degradation in 
the dijet mass resolution. 

At 1033cm-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-1, TEXAS will have a dijet mass resolution 
degraded by a similar factor because of event overlaps. In other words, at 1034cm-2s-1, 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 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, -y's (when combined with the pre-radiator) and hadrons. 
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• 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 0.05xO.05 at 
1m in alternative proposed calorimeters is equivalent to a segmentation of 0.025xO.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 
0.025xO.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-1 in TEXAS is roughly equivalent to most of the other 
EOI's at 1033cm-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 C, = 
1033cm-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 = Er(r)/ET(R) as r-+O, 
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 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 1m 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 
1034cm-2s-1 resuiting 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 equal 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 . 

• 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 (O.025xO.025) is superior to that proposed for BaF2 by L* (O.04xO.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/prera.diator signal is also fast in the intrinsic response, 
about 15ns, merely requiring a sufficiently deep pipeline to collect the data. U sing 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 available in 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 -2s-1 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 1034cm-2s-1, the muon/punchthrough 
rate after 12 interaction lengths into O~ TJ ~3 is 180MHz, not counting the extra electrons 
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and ,'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 
40-50Ge V in a TRD system . 

• Calorimeter Calibration 

U sing 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 zeroth approximation, 
with N identical cells, N-l are used to form an average, and the Nth 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 'TJ. Then the 
cells would be redefined as the difference in adjacent 'TJ towers at constant ¢. (The profile in 
'TJ 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 highly 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 photo diodes - 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% reHective/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 . 

• 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 ;'s from neutron 
captures. Furthermore, the pre-amps neccessary on the drift tubes in all the other proposals 
will suffer neutron damage at 1034cm-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 el~ctron and ; triggers, unique to TEXAS for high rate 
operation. 

Generally speaking, wire gas and Silicon tracker systems at 1034cm-2 s-1 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 1034cm-2s-1 it must also operate at 1033cm-2s-1 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 EOl'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 phot<?tubes 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 preci~ion 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 BaF2 front end (which is also problematic in its advertised 
performance - see Higgs-+ ii 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 l033cm-2s-:-1, and that it can 
approach l034cm-2s-1 much more comfortably than other EOl's, with only the noise of 1 
or 2 beam crossings. We note that. even a luminosity 4 x l033cm-2s-1 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 Ge V 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. 
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Figure Captions 

T1.1 SPACAL Compensation Time Structure; e/7r ratio. 

T1.2 SP ACAL 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 

• How i3 the high-c' 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 pass ant. 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 SP ACAL 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. 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 Ips 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 SP ACAL 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 pl':1gs planned for TEXAS, the light pulse decay time 
may be made as short as 0.9ns ~th 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 500Ge V pion to better than 
2.5%. It is very doubtful that any technology may beat either this temporal response 0 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 straightf<?rward, practical and 
minimal extrapolation of this proven technoJogy. It also capitalizes on: our own experiencte-
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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-1 the strategy to find a heavy Higgs is 
to use the calorimeter both for missing Er (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 1033cm-2s-1, fig. T2.3 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 1033cm-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-1, TEXAS will have a dijet mass resolution 
degraded by a similar factor because of event overlaps. In other words, at 1034cm-2s-1, 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 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, '"'f'S (when combined with the pre-radiator) and hadrons. 
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Figure Captions 

T2.1 SPACAL Compensation Time Structure; e/,rr ratio 

T2.2 SP ACAL 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 simulq,tion3 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. P arameter­
izations are included for energy resolution effeets (including the const~t 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 /UAI 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 SP ACAL group, for hadron­
ic showers at least). We assume a linear calorimetric response (except with some explicit 
longitudinal development). We assume e/h=l. 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 ~ versus TJ 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 TJ, pre-radiator 
rejection of low energy conversions and Dalitz pairs, pre-radiator identification of e/h and 
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1r0 /'Y 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 -+ II: Vertex Sensitivity, energy calibration, etc . 

• You empha8ize $earching for intermediate-mass H -+ II' Please simulate the response 
of your detector to thi$ proce$S, including effects of vertex resolution along the beam. 

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

This signal consists of 2 I rays roughly back-to-back in 4>, separated by about 1 unit of 
rapidity. The average opening angle is typically larger than 1350

• The energies are such that 
the Er{ I) > 20-30Ge V. 

The origins of the dominant backgrounds are the processes qq-+ II' gg-+ II' gq-+ I+q­
jet{ -+ leading 11"0), and qq-+ I+g-jet{ -+ leading 11"0). A cut on Er of 20-30 GeV reduces the 
qq and gg background. A cut on the II rapidity of '1 <2.5-3 reduces the qq background by 
a factor of "'2. A cut on the I rapidity of <2-3 also enhances the signal. A cut on the polar 
angle of the 2 photons in the II rest frame of 8*>350 is also of help. 

To eliminate the serious backgrounds from accompanying jets that produce a leading 11"0, 

an isolation cut about the I direction is imposed in a cone of radius R of 0.4-0.8, requiring less 
than 10% of the Er{ I) in cells surrounding the I in the cone. Unfortunately this cut is very 
uncertain, because of the uncertainty in jet fragmentation into isolated 1I"°'S at SSC energies. 
Estimates from ISAJET suggest that a rejection of about 10-4 per I can be achieved with 
the isolation cut, but this is merely preliminary. 

To study and eliminate this 11"0 contamination from a jet that fragments into a single hard 
neutral pion, the pre-radiator is used to measure a single 11"0. The minimum opening angle 
for a 11"0 is given by 8min=2Mr /Pr . 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 I'S of a 11"0 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 calorimeter. TEXAS is thereby 
able to measure in detail the fragmentation of a jet into I'S, electrons and ultimately, by 
extrapolation, into isolated 1I"°'s. TEXAS will be able to directly measure 11"0 background 
fakes to the H -+ II 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 ",50Ge V 
I 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 = 
dB/2 for approximately back-to-back photons. The, position resolution is at most ±lmm 
in the pre-radiator. SPACAL has measured a resolution on the position of electromagnetic 
showers of less than lmm 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, dB would be Scm/200cm, giving a 1.25% 
contribution to dM/M. At a luminosity of 1033cm-2s-1 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 , conversion in the pre-radiator, the position of 8S% of the ,'s above 10GeV can be 
determined to better than ±lmm. Over 90% of the ,'s convert in the pre-radiator. Taking 
the calorimeter and the pre-radiator together (and using the SPACAL result of a position 
determination of ± <lmm for isolated ,'s), the typical, direction can be determined to 
I'VSmrad without using any event vertex information. Each, then projects back to the beam 
axis with resolution along the beam direction of l'V±lcm. This can be used to constrain ,'s 
(and pairs of ,'s) to specific vertices. It should thereby be possible for TEXAS to explore 
this channel at luminosities exceeding 1033cm-2s-1 . 

We have simulated the response of TEXAS to the H-+ ii process and the results are given 
below. In the guideline example with Scm vertex resolution along the beam (the length of the 
beam crossing diamond) we assume the worst-case scenario of no vertex reconstruction. The 
O.Scm 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-+ ii events were generated with ISAJET and selected according to the following 
criteria: 

ErCi) > 20 GeV 

I "(i) I < 3 

I cosB-y I <0.8, 

with the following detector parameters assumed in the event simulation: 

EM calorimeter energy resolution 

Position resolution for showers in the preradiator 

Z vertex smearing 

6.S%/ VE+ O.S% 

0.6mm 

5.0 (O.S) cm 

Figure T4.2 shows the ii mass distributions for ISO Ge V Higgs generation (solid line) and 
U E + U Z .. ertu smearing. The dotted curve is computed under the assumption that the vertex 
resolution is ±Scm and the dashed curve with the assumption that the vertex resolution is 
±O.Scm. The rms widths for dashed and dotted curves are 0.8% and 1.3%, respectively. The 
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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(,,) 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 /c2 for the 5.0 (0.5) cm vertex resolution. 

Higgs Mass Generated (jE smeanng Vertex smearing (j E + 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 -+ '"'('"'f channel are given in the answer to generic question 
number 1. 
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Also it seems that e:ccellent / energy resolution is needed for H -+ II' How does one calibrate 
the calorimeter sufficiently well? 

The energy resolution possible with a spaghetti calorimeter has been measured as 6.5% / v'E 
by the JETSET collaboration, with a double fiber loading. The Monte Carlo which complete­
ly predicts the resolution in SPACAL shows that a 6%/~ 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 zeroth approximation, with N identical 
cells, N-l are used to form an average, and the Nth 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 TJ. Then the cells would 
be redefined as the difference in adjacent TJ towers at ~onstant 4>. (The profile in TJ should be 
identical for every stripe in constant 4». 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% 
refiective/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 li~earity 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 . 

• Comparison of H -+ II 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. 

£ has no hn~E~_Pre:E~ator devi~.l an(Lilieref~_.na...1ormaLJYQ.y_t()_m~Mure-1.r° 
contamination in the isolatiQJlsut. Furthermore, the only constraint on the I direction is 
gi~~ii by-Hie-fit -t~-th~-p~-~iti~n of the I by the BaF2 crystal, whereas TEXAS has 2 contraints. 
The BaF2 crystals are relatively large for an electromagnetic calorimeter, covering 0.04 x 
0.04 in segmentation, and therefore are more subject to stray backgrounds than the towers 
in TEXAS. 

For example, because the BaF2 crystals are slightly larger than the Moliere radius, 
background energy in neighboring crystals will degrade the I point resolution (only 2-3 
crystals participate in a coordin~te fit in each direction). The large segmentation of 3 
crystals together (0.12 in each direction) 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 ihis 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 I 
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-caJ.orimeter, it is easier 
to trigger on isolated I's. 

~aF2 resolution claimed by L* has never been obtained in beam ~. 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 obtained4.2%/El/4, and another group obtained 1.8%/El/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 I's 
from Cs137 on crystals of a maximum size of 14 x 3 x 3cm3 (62 photoelectrons/MeV) with 
80-90 photoelectrons/MeV obtained on small (2-5cm diamet~r, 2-7cm long) crystals and with 
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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 of2.7%/El/4 using NaI (operating at 410nm. peak light output wavelength), 
with more than 15 times the detected photoelectrons than in the fast component of BaF2. 
Despite the superb photon statistics, the best resolution obtained with a large NaI crystal 
(20 radiation lengths) is 2%jEl/4 in a test cell. (The best resolution obtained in a small NaI 
crystal with "y rays is about 1%/v'E 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 res pone 
of the BaF2, then for the 2 energy resolutions, 1.8%/El/3+0.5% and 4.2%/El/4+O.5%, we 
obtain resolutions of 0.96% and 2.0% at 60 GeV for the BaF2. and if we use 6%/v'E+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 BaF2 surely cannot be justified. 

In addition, several other factors mitigate against BaF2, 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 sse beam. Unfortunately, 
Aluminium coating on the BaF2 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 (NaI - 410nm - blue, BGO - 480nm - green). It 
will be a difficult job to perfect a uniformly responding BaF2 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. 
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(2) Crystal Size and Quality: In the past, BaF2 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. 

(3) Radiation Damage: Both the coupling fluids and the reflectors normally used with BaF2 
damage easily; since L * would be in a radiation environment 7 times higher than the 
TEXAS calorimeter, this maya 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 BaF2 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. 

(4) 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. 

(5) 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 f'J 160,000 
towers). The background radiation and minimum bias event noise will be higher in L * 
by a factor of 7 or more. 

(6) Calibration: Most importantly, short-term and linearity calibration of the BaF2 will 
be very difficult if not impossible. It is not practical to provide a light pulse with 
a wavelength of f'J220nm 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 BaF2 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 BaF2 crystals. While this 
may give a relative calibration, there will be a widening of the O.33Ge V MIP dep913ition 
by quasielastics, elastics, low:-q _~nelastics, charge exchange etc. and will require- a l~ger 
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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 ~ ", 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 BaF2 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 11"0 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. 
MeIese). 

T4.2 M(,,) distributions for a 150GeV Higgs. The explanation of the symbols and 
plotting characters is given in the text. 
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T5: Quark-Jet Tagging 

• De3cribe in detail the role of quark-jet tagging for your Higg3 3earche3. Your simulation 
3hould include effect3 of re30Iution3, crach, initial-3tate gluon radiation, clu3tering, and 
pileup. In particular, can thi3 method be u3ed given the QeD background of high-pt Z 
production? 

The TEXAS calorimeter provides high-resolution hadronic energy measurement over a 
large rapidity range (1'71 < 5). Preliminary studies, botbat the parton and QCD jet level, 
have indicated that high-pt 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 < 1'71 < 5) can thus complement other cuts in providing signal­
to-background discrimination for such processes as H -+ Z Z -+ eevv, H -+ Z Z -+ eej j, and 
H -+ WW -+ evjj. Each of these processes has a signal to QeD background ratio of order 
1: 100, with the H -+ Z Z -+ eevv having the benefit of a missing Pt 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. (1) 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 '7 = 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 UA1-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 1'71 < 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 rapidjty and azimuthal spr~ad._as ~ function...of 
jet rapidity: 
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3.0 .12 .15 

3.5 .21 .28 

4.0 .37 .50 

4.5 .63 .87 

5.0 1.04 1.4(l 

Because of limited statistics and computer time, our results thus far are only preliminary 
(but quite promising). We place rapidity constraints of 3 < 1.,.,1 < 4.5 (1.3 to 5.7 degrees) 
and an energy requirement of Ejet > 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 calorim~ter 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. 
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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-ma3s 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 (r) 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%v'E + 0.5%, 
matches or exceeds the Higgs natural width for electrons with energies greater than 20 Ge V 
(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 Ge V Higgs, we rely on the 4e and 2e2J.t modes. 
The 4/J 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: 

I 7] (iepton ) I < 3 

Br(l) > 20 GeV 

PTotal(/J) > 40 GeV /c and Pr(Z) > 25GeV /c. 

The efficiency of these cuts is summarized in Table 2. 
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Table 2: Geometrical/Kinematic Cut Efficiency for Higgs Events 

Higgs Mass u BR [fb] eeee eeJ.LJ.L J.LJ.LJ.LJ.L 

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 0.29±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 Ntotal Ntrigger 

eeee eeJ.LJ.L J.LJ.LJ.LJ.L 

300 670 76 82 26 

400 347 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 /c2 

(76 to 106 GeV /c2). 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 -+ J.LJ.L 

Ma=300 1.00 0.67±0.006 

Ma=400 1.00 0.71±0.006 

Ma=600 1.00 0.70±0.006 

Ma=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 4J.L mode. The reconstructed mass 
distribution for Z-+ee and for the 400 GeV /c2 Higgs is shown in Figures T6.2. The total 
momentum distribution for the 4J.L mode is shown in Figure T6.3; it is important for _the 
optimization of the design of the muon TRD. 
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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 

SS = (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 eep.p. p.p.p.p. Combined 

N B SS N B SS N B SS N B SS 

300 47 13.7 4.8 43 9.3 5.1 12 2.3 2.5 100 25.3 7.5 

400 27 5.8 4.0 35 6.2 4.8 12 2.0 2.9 74 14.0 6.9 

600 17 4.1 3.2 23 3.4 4.0 8 0.9 2.4 47 8.3 5.6 

800 12 4.4 2.0 13 3.6 2.6 5 1.3 1.6 29.5 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 anyone lepton. The 
efficiency for four leptons is expected to be 0.52 (= 0.854). 

We could classify several grades for potential discovery 

A : SS > 7 and S > 20 : Discovery at C = 1 X 1040 cm-2 

B : SS > 5 and S > 10 : Discovery at C = 2 X 1040 cm-2 

C : SS > 3.5 and S > 5 : Discovery at C = 4 X 1040 cm-2 

The grade for the each mode is summarized ip. the following table: 

Table 6: Summary of Higgs Hunting Capability 

Higgs Mass eeee eep.p. p.p.p.p. Combine 

300 A A B A 

400 A A A A 

600 A A B A 

800 B B .C A 

From the above table, we see the fo~owing: 
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1. The maximum sensitivity for hunting the Higgs is around 400 Ge V / c2 . 

2. A heavy Higgs up to a mass of 600 GeV /c2 can be studied with each four-lepton mode, 
i.e. eeee, eep.p-, or p.p.p.p.. 

3. For the 4p. mode, the high Pr threshold largely degrades the Higgs detection efficiency, 
while the background reduction power is very large. If the sse can achieve an integrated 
luminosity of 4 x 1040em.-2, the 4p. mode would be given an "A", for the mass range 
between 300 and 800 Ge V / c2 • 

4. A heavy Higgs with a mass of 800 GeV /c2 could be found by combining the three four­
lepton modes at .c = 1040 em. -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 t = 120 Ge V / c2 • 

For standard model Higgs masses above 600 Ge V, the TEXAS detector would begin to 
use the jet jet 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 ET 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 sse year 
at the standard luminosity in a bump 30% wide. Thus, the 4-lepton mode search at MH >800 
GeV /c2 is marginal at .c = 1033em.-2s-1; 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 
C = 1034em.-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=O.l to 0.2. This band is chosen because the electron will occupy the region 
below R=O.l; 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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FIGURE CAPTIONS 

T6.1 Momentum resolution of the TEXAS muon TRD spectrometer. 

T6.2 Effect of calorimetric resolution On the reconstruction of a Z - ee peak in the H - ZZ decays of a higgs 
of mass 400 Ge V / c2 

T6.3 Total momentum distribution for muons in the H - ZZ _ 41' decay chain of a. 400 GeV /c2 Higgs. 

T6.4 Reconstruction of the invariant mass of an 800 GeV /c2 Higgs in its H - 41 decay, for a one year run at 
high luminosity. 
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T7: Hermiticity versus Muon Resolution 

• You 3tre33 the importance of the hermeticity of the TEXAS calorimeter, e3pecially for 
mea3uring mi33ing Pt. At what level i3 thi3 advantage compromised by your uncertainty 
in mea3uring muon energy ~ 

High P t muons are primarily produced in the prompt semileptonic decays of heav­
y quarks. The muon TRD spectrometer is very effective in removing muon backgrounds 
from hadronic punch-through, since the latter will be below the TRD threshold. The 2m 
inner radius of the calorimeter will add slightly to the rate of muons from decays in flight 
over those in a smaller-radius calorimeter, but these muons are dominated by prompt muons 
for Pt >20 GeV. We thus exclusively consider prompt muons in our high Pt background 
discussion below. 

We have followed Green and Hedin [IJ in analytical and ISAJET calculations of the muon 
P t spectrum as a function of rapidity. We have then convoluted this source sprectrum with 
the muon resolution function of the TEXAS muon TRD spectrometer, where this resolution 
function was derived from measurements and Monte Carlo calculations and discussed earlier. 
For comparison, we have also convoluted this source spectrum with the response of a steel 
toroid with resolution qpJPt = 0.2 (1.5 meters thick) and with a magnetic tracking system 
with resolution q pJ Pt = O.54Pt for Pt in Te V I c. The results are illustrated in Figure T7.1 
with the vertical axis indicating the number of events per GeV bin of missing energy per 
unit of rapidity collected in 107 live seconds of SSC operation at 1033 luminosity. For no 
muon system at all, one has 1 event with missing Pt = 1 TeV per GeV of missing P t per 
unit of rapidity in one "live" standard SSC year. 

It is important to note that these missing P t background events have a very distinctive 
signature in the TEXAS detector: they are accompanied by a muon with a very large TRD 
signal. At high Pt , all the "missing Pt background from muons in TEXAS arises from the 
asymmetric errors in the muon TRD system response. Large P t errors arise from the large 
TRD signals obtained for muons which nearly saturate the TRD. The reconstructed azimuth 
of the apparent missing P t vector will be precisely opposite that of the energetic muon. Since 
we anticipate usirig missing P t signatures in conjunction with electromagnetic and hadronic 
calorimetry, rejecting events containing high P t muons opposite apparent missing Pt entails 
no loss of signal. We are not interested in such channels as H ~ Z Z ~ p.p.vv, since they 
afford no advantages over channels like H ~ Z Z ~ eevv in our detector. 

The energy threshold of the muon TRD system, and thus the energy scale of the abrupt 
change in the differential P t spectrum shown in figure T7-1, is entirely determined by the 
choice of TRD parameters. Note that above this threshold the apparent missing Pt back­
ground is less for the TEXAS muon system than for the iron toroid system out to P t > 200 
GeV Ic, beyond which the muon rates are quite small. Similarly, the TEXAS muon system 
is superior in this regard to the magnetic trackin~ system between the TRD thr~hold and 
Pt > 400 GeV Ic. " 
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Figure Captions 

T7.1 Comparison of false missing PT event rate from mis-measured muons in TEXAS 
and other muon systems. 
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T8: Pattern Recognition of the Central Tracker 

• Plea8e 8imulate the pattern recognition efficiency of the tracking system as a function of 
lumin08ity. . 

In this section we make a simple simulation in order to demonstrate the fact that the 
reconstruction of tracks in a highly segmented non-magnetic detector such as TEXAS is 
straightforward even in the high-luminosity sse environment. 

In order to investigate the pattern recognition efficiency as a function of the sse lumi­
nosity we have used GEANT to produce a first order simulation of the tracker/pre-radiator 
system (including pads) and electromagnetic calorimeter. Instead of modelling the actual 
cigar shape of the tracker/pre-radiator system, for the sake of simplicity, we have assumed a 
series of right, concentric cylinders for these detector elements, as shown in fig. TB.l. Since 
we shall not need to exploit here the segmentation in TJ of the pad system, this simplifi­
cation is not misleading. The plastic scintillating fibers (PSF) are circular in cross section 
of 1mm diameter. The tracker layers are at radii of 1m, 104m and l.Bm. The electromag­
netic calorimeter has inner radius 2m and has 250 segments in ¢ and 560 segments in T'J 

(l::t.¢ x l::t.TJ = 0.025 x 0.025). 

ISAJET events can be plotted as either tracks of all particles, of only charged particles, 
etc or as simply a set of space points. Fig. T8.2(a) shows an r - ¢ projection of the full 
set of charged particle tracks from a l50Ge V H ~ II event and fig. T8.2(b) shows the 
corresponding hits. The two Higgs photons are also noted on figure T8.2(b). In order to 
investigate the charged particle traclc pattern recognition efficiency, each electromagnetic 
calorimeter segment plus associated pad is used with the beam crossing vertex to define 
a triangular road· of apex angle 25mr. Each triangular road which has an associated pad 
signal is scanned for hits. For the first iteration the segmentation in T'J is ignored (in other 
words, the entire detector is projected into one r - ¢ plane), and unused hits are passed to 
a second iteration. For the second iteration the TJ range is divided into two halves, for the 
third iteration into quarters, and so on until roads contain isolated tracks. 

Appropriate multiple coulomb scattering, particle decays, etc. are built into the sim­
ulation and, as a first approximation, individual tracker element and pad efficiencies are 
assumed to be 100%. Based on our experience with 1mm plastic scintillating fibers this is a 
realistic assumption. In addition, the tracker is presently assumed to have negligible noise; 
we are presently testing fibers in a reactor environment to evaluate the magnitude of any 
neutron-albedo noise. 

Fig. T8.3 shows a close-up of a road which has just one track in it. A successfully 
recognised track is one which has all three hits in a straight line ± one entire PSF diameter 
at each tracker plane. All tracks such as the one seen in fig. TB.3 have 100% pattern 
recognition efficiency. It is worth emphasising that we have not yet exploited the additional 
track hit provided by the electromagnetic calorimeter pad system. Tracks in the same road 
which are separated by at least 3 PSF diameters also have 100% recognition efficiency. Since 
the outer tracker layer fibers each subtend an angle of ",0.5mr, this means that only tracks 
within'" 1.5mr are potentially mutually confused. 
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Fig. T8.4 shows r - ¢J views of a 150 GeV H -+- 11 event plus 2 minimum bias events 
(thereby simulating one beam crossing at C = 1033cm-2s-1) and fig. T8.5 shows a 150 GeV 
H -+- 11 event pl~s 15 minimum bias events (simulating C = 1034cm-2s- 1). Even at the 
high luminosity the situation is very clean and all charged tracks are easily found. 

Fig T8.6 shows r - ¢J views of a two-jet event. Even this event is clean and tracks are 
easily found. This becomes convincing when we look at the blow-up view of the jet region 
in fig. T8. 7. 

The combination of no magnetic field (and therefore straight, single-pass tracks) and very 
fine segmentation in the tracker and pad system yields unbeatable efficiency for recognising 
and reconstructing charged particle tracks even at the highest possible sse luminosity. 
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Figure Captions 

TB.l Views of the tracker/imaging pre-radiator and electromagnetic calorimeter sectors 
as used in the simulation: (a) Perspective view; (b) r - 4> view. 

TB.2 (a) r - 4> view of all the charged particle tracks of a 150 GeV H-+ II event. After 
all decays, etc. the event contains 547 charged tracks. 

(b) The tracker (points) and calorimeter (crosses) hits corresponding to the H -+ II event 
of fig. TB.2{a). Also shown are the directions of the two I'S from the Higgs decay. 

TB.3 A blow up of a small region of fig. TB.2{b). The small oval at the right shows the 
beam-pipe; it is oval because of a slight. distortion in the blow-up. 

TSA (a) r - 4> view of all the tracks of a 150 GeV H-+ II event superimposed on 2 
minimum bias events. Charged particle tracks appear as solid lines. 

(b) The tracker (points) and calorimeter (crosses) hits corresponding to the H -+ II event 
plus 2 minimum bias events of fig. TB.4{a). 

TB.5 (a) r - 4> view of all the trac~ of a 150 GeV H-+ II event superimposed on 15 
minimum bias events. Charged particle tracks appear as solid lines. 

(b) The tracker (points) and calorimeter (crosses) hits corresponding to the H -+ II event 
plus 15 minimum bias events of fig. TB.5{a). 

TB.6 (a) r - 4> view of all the tracks of a two-jet event. Charged particle tracks appear 
as solid lines. 

(b) The tracker (points) and calorimeter (crosses) hits corresponding to the two-jet event 
of fig. TB.6{a). 

TB.7 A blow up of a small region of fig. TB.6{b). The small oval at the right shows the 
beam-pipe; it is oval because of a slight distortion in the blow-up. 
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VI: Is the TEXAS Cost Estimate Realistic? 

Appended to this document are four Appendices (B to E) directed at this question. The 

numbers in the Eo'I, which appear there in the chapter entitled "Preliminary Cost Estimate", 

derive almost exclusively from current experience. For example, the cost of the TRD system 

is taken directly from the actual costs of the MACRO group. A breakdown of this appears 

in Appendix C, justifying our cost estimate. 

Recently an independent costing of a fiber calorimeter has been performed (SSC Note 

SSCL-N-728, Martin-Marietta, May 30, 1990). The cost of assembly of the TEXAS calorime­

ter is considerably lower than the Martin-Marietta analysis. They assume the equivalent of 

1,000 man-years simply to assemble the calorimeter towers. Furthermore, they assume that 

each of the 40,000 towers is individually engineered. In contrast, the TEXAS design needs 

only 60 individual tower cell designs. Independent estimates by Bicron in Appendix D and 

by Draper Lab in Appendix B arrive at a cost for all design labor and assembly under $30 

M. Appendix B presents a direct critique of the Martin-Marietta costing by Draper Lab. 

The Draper Lab manufacturing technique is summarized in Appendix Al of the EOI. Their 

detailed work appears as an SSC Note, ~SCL-N-727, 31 May, 1990. Draper Lab and Bicron 

reaffirm the cost estimates in the EOI for the calorimeter manufacture. 

A last question on the cost estimate concerns the calorimeter electronics. G. Blanar 

of LeCroy Research Systems has performed a cost estimate risk analysis. You will find a 

summary of this in Appendix E. He concludes that the TEXAS projection of $100/channel 

of calorimeter electronics is realistic. 



V2: Who would manage the TEXAS Construction? 

TEXAS, a University industry consortium, has an industrial affiliate, Draper Lab, with 

extensive experience in project management. Their plan for management appears in Ap­

pendix A, "Project Management for TEXAS." The current management structure of TEXAS 

(see chart) has a technical committee (see table) with a physicist responsible for each subsys­

tem. The decisions of that team. are implemented by several liaison physicists (see Table III) 

each of whom works intimately with one of our industrial partners. Draper Lab, as project 

manager, would form a team of engineers to work with the liaison physics and industry to 

assure the production of each subsystem, on time, on budget, and within its engineering 

envelop. 
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TEXAS Technical Committee 

Central Calorimeter 

Worstell (Boston) 

Forward Liquid Calorimeter 

Webb (Texas A&M) 

Tracker Pre-Radiator 

Reucroft (Northeastern) 

Radiation Hard Scintillator Fiber Q.C./Testing 

Leedom (Northeastern) 

Electro-Optics Q.C./Testing, Power Supplies 

Winn (Fairfield) 

Muon Trigger Counters 

Lane (Drexel) 

Muon Tracking Vector Chambers 

von Goeler (Northeastern) 

Muon TRO's 

Sulak (Boston) 

Test Beams, Calibration Systems and Detector Data Base 

Dye (Boston) 

Data Acquisition and Trigger Electronics 

Klein (Boston) and Hofteizer (LeCroy) 

On-Line Software 

Miller (Boston) and Reardon (Thinking Machines) 

Systems Integration /Manufacturing/ Assembly 

Ayer (Draper) 

SSCL Facilities/Interaction Hall/ Accelerator Liaison 

Webb (Texas A&M) 

Monte Carlo and Off-Line Software 

Kamon (Texas A&M) 



Table III: TEXAS Liaison Physicists 

T~k 

Calorimeter Manufacture 

Scintillating Fiber and Liquid 

Tracker /Preradiator Support 

PMT's/Pixel Readout 

Xenon Gas System 

PM/TRD Electronics 

On-Line/High Level Triggers 

And Industrial Affiliates 

Liai"on 
Phy"ici"t 
Worstell 

Leedom/ 

Jones 

Reucroft 

Winn 

von Goeler 

Klein/Lane 

Miller 

Mechanical Structure/Integration Sulak 

Indu"trial Contact 
Ind'lL-'trial Partner 
Hurlbut /Bicron 

Hurlbut/Bicron 

J acquet/Optectron 

Gabriel/Oak Ridge 

Murray /Hamamatsu 

McIntyre/RCA 

Woosley/Teledyne Brown 

Saupp/Union Carbide 

Hofteizer /LeCroy 

Dunn/Quantum Research 

Reardon/Thinking Machines 

Ayer /Draper 



V3: Why a Muon TRD 

Why not use an iron toroid instead of a muon TRD'I 

The goals of the muon system in our specialized detector are the following: 

1. Find and trigger on high energy muons with high efficiency at high luminosity, 

2. Measure the muon momentum sufficiently well to extract a high-mass Higgs signal, 

3. Allow a missing Et determination at the level required by the discovery of new physics 
at Et > 100 GeV, 

4. Be cost-effective and easily constructed, and 

5. Put minimal constraints (thermal, mechanical, magnetic, operational, etc.) on the 
calorimeter, a precision instrument to be operated with high reliability . 

. In our opinion, the TRD is an effective way to achieve these goals and to do muon physics 
with the best possible calorimeter. 

The TRD was proposed after careful consideration of the alternatives and the conse­
quences of its use. Alas, some dismiss a muon TRD system out of hand simply as an 
attempt at novelty. It is not. TRD's and muon TRD's in particular have been around for 
a long time(1) --operating in outer space, measuring muons underground and under water, 
and in the innards of collider detectors. TEXAS proposes to use TRD's on the outside of a 
collider detector, where we believe they have a more natural application than in the highly 
constrained (in space, LRAD, etc.) environment of the inside of a calorimeter. Unlike those 
necessary to detect electrons, which must struggle to remain below a few percent of a radia­
tion length, a TRD for muons is rugged. The muon TRD will not have a large background 
from neutron and neutron-capture X-rays or from the accelerator-associated radiation that 
is faced by central TRD trackers. The proposal to use the TRD technique to measure muon 
energy is simply an effective compromise with special benefits. 

A "standard" magnetized iron/drift chamber system surrounding the calorimeter with 
resolution between 15-20% over the kinematic region is a clear possibility which the TEXAS 
collaboration has considered. It is simply cumbersome and expensive for what it delivers. 
Using sse laboratory costing(2) for the fabricated iron, and DO costs for.vector-like chambers, 
a system of three overlapped superlayers (1 inside, 2 outside) would cost about $60-75 
million. For high luminosity operation improved electronics or extra planes would be needed, 
as well as fast trigger scintillators. It would take up nearly the same amount of space as a 
muon TRD, assuming the third drift chamber layer were spaced at least 1 meter from the 
second layer. Splitting the iron and adding planes to approach 10% resolution would add 
considerably to the price. We estimate that a high rate iron muon system of this size would 
cost about $80-100 million. 
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The muon TRD, on the other hand, offers considerable advantages. Clearly the ease 
of access to the calorimeter due to the low mass is important. This directly translates 
to ~onvenience and lower cost. Beyond these practical issues, the physics advantages are 
considerable: 

1. Muons of all energies can be found and measured using dE/dx with a resolution of about 
30% between 5 and 50 Ge V, where the TRD threshold turns on. The TRD threshold 
effectively removes from the muon trigger pion punch-through (See Fig V3-I), decay, 
muons, and most muons from b and c decay (See Fig V3-2). Nonetheless, the low 
energy muons remain detected and measured by dE / dx for events triggered otherwise. 
Contrast this with an iron muon chamber system: there, electromagnetic showers exiting 
a calorimeter add confusion to the reconstruction and ultimate resolution. The maximum 
electron energy is about 100 MeV, with the same Lorentz 1 a 20-GeV muon: all electrons 
are invisible in the TRD. Just as a central electron TRD tracker locates all tracks using 
dE / dx but only finds the high energy (high 1) tracks if the TRD threshold is activated, 
a muon TRD trigger system would find only muons with energies above 50 GeV (or 
pions above 70 GeV-a rare punch-through energy). The difference between a central 
electron TRD and an external muon TRD is that the outside of a calorimeter is a much 
cleaner and quieter place to detect X-rays. The X-:rays produced in neutron capture in 
the central tracking region are not negligible. The outside of a calorimeter is the optimal 
place for a TRD system, especially at high luminosity. 

2. The TRD energy measurement can be made as fast as the drift time. The trigger is 
simply the sum of the detected TRD X-rays along a road defined by the projective TRD 
trigger counters. For isolated muons, this trigger is corroborated by the dE/d,x, in the 
preceeding calorimeter module. SPACAL has shown that the calorimeter information 
would be an important addition to the muon measurement, see Fig. V3-I. 

3. The TRD does not contribute to radiative muon losses, as an iron system does. Catas­
trophic interactions can cripple a muon chamber system or create a critical fluctuation 
in the assumed energy of a muon in a given event. 

4. The TRD has superior momentum resolution compared with iron in the region between 
100 and 400 GeV, crucial to the physics at the SCC. 
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Figure Captions 

V3-1 Punchthrough rate as a function of pion momentum 

V3-2 Single lepton .PT distribution from c and b decays in QCD jets 

REFERENCES 

1. M. Castellano et al. NIM A256 (1987) 38. 

2. Workshop on Major SSC Detectors, Tucson, Arizona, Feb, 1990, Page 33 
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APPENDIX A 

Project Management for TEXAS ... 

A Draper Lab Report 



re The Charles Stark Draper Laboratory, Inc. 

PROGRAM MANAGEMENT PLAN FOR TEXAS 

The TEXAS Collaboration proposes an innovative detector which will 
provide the maximum scientific return for the resources invested. 
The basis for this claim is the scientific validity of the 
experimental approach, the fundamental simplicity of the proposed 
'design, and the relative ease with which the calorimetry based 
detector can be constructed, installed, and tested on site at SSC. 
The TEXAS Collaboration will make its detector operational with a 
management team specifically organized to assure that its 
scientific goals are achieved on time and within budget. Draper Lab 
would be the primary contractor for program management. 

ENGINEERING PHASE 

Currently overall coordination of the Collaboration is in the hands of 
three Project Spokespersons. The present Spokespersons are: 
. Reucroft (Northeastern U.), Sulak (Boston U.), and Webb (Texas A & 
M). They are responsible for formal communication with the SSC 
Laboratory. Two standing committees, one technical and the other 
financial, manage the operations of the project. The Technical 
Committee makes all decisions necessary to ensure a fully 
operational detector upon SSC turn-on. The Financial Committee is 
responsible for developing the budget and for fiscal oversight of the 
project. 

A Technical Director, currently Sulak, coordinates technical 
operations. Upon approval, this position would be held by a 
collaborating physicist dedicated to this tasks. The Technical 
Committee consists of members elected by the Collaboration, a 
Chairman who is one of the Spokespersons and the Technical 
Director. Each member is a liaison physicist responsible for a 
specific detector subsystem and its integration. 
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CONSTRUCTION PHASE 

Once the formal proposal is approved by the SSCL, the management 
structure will be expanded to a Program Office and Project Managers 
at Draper responsible for each of the detector's major subsystems 
and their integration. They will interface directly with the liaison 
physicist responsible for each subsystem. The Program Management 
Team is responsible for meeting the goals of the collaboration on 
time and within budget. Because of its successful past experience 
in program management on numerous large system engineering 
efforts, including the Apollo Lunar Lander Guidance System and the 
Trident Missile Guidance System, Draper Laboratory would supply 
the Program Office·. Draper brings an appropriate mix of engineering 
disciplines and experience with scientific endeavors to ensure that 
schedules and cost goals are met, while not stifling the creative 
genius required to make this project a success. The Program 
Management Team will be under the direction of a Program Manager 
assisted by a Project Support Group, Each of the five major 
components (Tracker, Calorimeter, Muon Detector, Signal AcquiSition 



and Processing, and System Integration) will have a Project 
Manager, reporting to the Program Manager. 
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I I L----------'"1 I 
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QUALITY ASSURANCE 

I 
TECHNICAL TEAMS 

TRACKER CALORIMETER MUON SIGNAL SYSTEM 
PRE-RADIATOR SPECTROMETER ACQUISITION & ENGINEERING 

PROCESSING & 
INTEGRATION 

The Program Manager, is responsible to the Technical Director and 
the Spokespersons, for the execution of the Program (design, 
fabrication, integration and testing). The Program Manager, who 
would reside at SSCL during assembly, would preside over monthly 
program and technical reviews. The Program Office would contain 
support functions similar to their counterparts at the SSCL ---
Planning, Administration, Safety, Accounting, Cost Control, 
Procurement, Contracts, Configuration Control, and Data 
Management. The Quality Assurance Manager reports directly to the 
Program Manager and is responsible for independently verifying that 
each component is built, tested and assembled in accordance with 
drawings, specifications and approved procedures. The Quality 
Assurance Manager also assures that all software is documented and 
tested to the agreed upon level. Each support function will work 
closely with their parallels at SSCL to ensure that the Program 
Office is closely coordinated with SSCLs. 

The teams responsible for the components comprising the detector 
will each be run by a Team Manager who will be responsible for 
developing and manufacturing that component. This includes 



engineering, fabrication and testing. In addition, the System 
Engineering and Integration Team will be responsible for integrating 
the components to form the detector, and installing the detector at 
the SSCL. System engineering and integration techniques, pioneered 
by the aerospace industry, will be used extensively to ensure the 
success of the project. The Team will include engineers, physicists, 
and programmers from each of the component departments to insure 
the required communication is taking place between the liaison 
physicist for each component, the component developers, and the 
system integrators. The system integrators will work closely with 
SSCL personnel in developing plans, specification documentation, 
and schedules for installing the detector at SSCL and integrating it 
with the Collider. The responsibilities of the System Engineering 
and Integration Team include components and interface requirements 
definition, the test plan for verifying and validating that 
requirements are met, interface definition and change control, 
procurement and fabrication (parts, materials, and fabrication 
standards), logistics, integration and assembly of the detector, 
system engineering, management planning, work breakdown 
structure definition and development of specification trees. 
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,. ..,rII The Charles Stark Draper Laboratory, Inc. 
555 Technology Square. Cambridge. Massachusetts 02139 Telephone (617) 258-

TO: 

FROM: 

DATE: 

SUBJ: 

DIST: 

EEC-90-683 

L. Sulak 

C. Elder 

11 July 1990 

Critique of Cost Estimate of Spaghetti Calorimeter in 
SSCL-N-728. 

R. Araujo, F. Ayer, J. Deyst, R. Riley, D. Sullivan, 
E. Womble 

The TEXAS ~I and the SPACAL 21 Spaghetti Calorimeter for SSC 
are similar in concept. They both consist of an array of "towers" 
made up of scintillating fibers encased in lead or lead alloy. 
The TEXAS calorimeter has 15,360 towers and the SPACAL has 60,510 
towers; almost four times as many. The TEXAS calorimeter utilizes 
only one tower-to-ring mounting scheme and one basic ring design. 
The SPACAL calorimeter has five different super rings in the 
central barrel and four super rings in the end caps *«19». This 
collection of nine super rings, however, may well reduce to only 
four actual super ring design concepts «4». 

The initial TEXAS calorimeter design has 15,360 towers, 
15,360 tower mounting brackets and 120 rings. Due to the 
commonality of construction there will, however, be only one set 
of three to five tower drawings, one tower bracket drawing and one 
set of three or four ring drawings. Tables with sixty dimensional 
entries will account for the variations in these parts. The TEXAS 
calorimeter drawing inventory will be negligible, the assembly 
procedure will be uniform and there will be only one learning 
curve for fabrication of the parts and one for assembly of the 
unit. 

~/ "Scintillator Calorimeter Support Structural Design Evaluation", 
SSCL-N-727, F. Ayer, and C. Elder, Draper Laboratory, 31 May 1990. 

2J "Final Report for Detector Assembly Cost and Schedule Analysis 
for Liquid Argon and Scintillator Spaghetti Calorimetry", 
SSCL-N-728, Martin Marietta, May 30, 1990. 

* « » Numbers refer to page numbers in reference 2. 
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The TEXAS and SPACAL Spaghetti calorimeters for SSC are in 
the conceptual stage of development. Because detail design and 
fabrication information on the calorimeters has not yet been 
developed, it is possible to make only broad cost comparisons 
between the two. 

It is intuitive that an assembly with four times as many parts as 
another will be the more expensive. It is also true that an 
assembly with a larger number of separate design concepts will 
also be more costly. "More parts and more designs cost more 
money" is valid reasoning but complexity has a more far reaching 
effect on costs than simply parts cost and design time. 

Illustrations of the impact of complexity on cost can be seen 
in the Martin Marietta report. Martin Marietta aptly uses the 
number of drawing sheets required ·to estimate engineering design 
costs «7». Clearly the number of drawing sheets will be greater 
with a more complex design. Martin-Marietta also points out that 
hours of design analysis (stress, dynamic, thermal and mechanical 
analysis) is a direct function of design engineering «8». They 
further observe that test engineering and systems engineering 
costs are directly related to design complexity as well «8». 
Martin Marietta presents the fact that the magnitude of other 
technical services (OTS) (planning, contracts administration, 
procurement and management) is a function of on-site engineering 
fabrication, test and tooling «9». For example, in a simple 
analysis, an assembly with four times the parts would have four 
times the fabrication effort and therefore around four times the 
OTS «19)'. In addition, Martin observes that travel is in 
propoFtion to the increased OTS «9». 

There should be little disagreement with Martin's premise 
that the manufacturing cost for a spaghetti calorimeter would be 
driven by assembly time «11»; one would expect that a 60,000 
tower calorimeter would take considerably more time to assemble 
than a 15,000 tower calorimeter. It is also reasonable to assume 
that if the tower assemblies make up 77% of the calorimeter costs 
as Martin estimates «18», that 60,000 towers are likely to lead 
to a higher total. cost than the 15,000 towers of the TEXAS 
detector. 

A partial list of the overall cost advantages accruing from 
fewer parts in a calorimeter design is the following: 

1. fewer manufactured parts 
2. less inspection and testing cost 
3. fewer reject parts 
4. fewer material review considerations 
5. fewer spares required 
6. less packaging and shipping costs 
7. less handling, warehousing and cataloging 
8. less mounting hardware 
9. less calorimeter assembly time 
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A partial' list of the cost advantages accruing_ from fewer 
basic concepts incorporated in a calorimeter des-ign is the 
following: 

1. less engineering 
2. less analysis 
3. fewer drawings 
4. fewer machine set-ups 
5. less tooling for manufacture and handling 
6. fewer inspection and test procedures 
7. less variety of spares 
8. fewer assembly procedures 
9. fewer learning curves throughout 

It is axiomatic in engineering that "simple is better". 
Simplicity impacts cost, reliability, maintainability and schedule 
compliance. Simplicity of concept requires less engineering 
design and technical support. The goal of simplicity has been a 
major consideration in the TEXAS calor~eter design effort. 

It is fortunate that there is a documented history of 
engineering, assembly, tooling, testing and material costs for 
spaghetti calorimeters used in other programs. This history is a 
major factor in assuring th~. validity of the cost estimates made 
for the TEXAS calorimeter. Based on the expression of interest, 
the SPACAL cost is approximately $118 million «19» while the 
TEXAS calorimeter cost was estimated at $78 million. 

C. Elder 

CSE/hg 



APPENDIX C 
MACRO Prototype Muon TRD Costs 

Foam (DOW Chemical) 
Delivered in 2 em Layers 

Polystyrene Tube, including graphite coating on 
inner wails, and inserting the wires (Polivar Corp.) 

Aluminium Enclosure 

Cables, Connectors, Low and High Voltage Supplies 

Read Out Electronics with Cluster Counting 
(Frascati Lab) 

ADC's 

Total Price Per Super Module 

1 Super Module = 2 m x 6 m x 10 layers 

1 

46ML/SM 

20 ML/SM 

30 ML/SM 

36ML/SM 

57ML/SM 

192ML/SM 

381ML/SM 





APPENDIX D 

TEXAS Calorimeter Tower Assembly Cost Estimate ... 

Bicron Corp. 
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1. 30,720 TOWERS 

"TEXAS" CALORIMETER TOWER 
ASSEHBLY COST ESTIMATE 

A. Precision fiber arrays Cast in die-metal towers 
B. Tower size: 5 em square tapering to 10 em square x 

2 meters long 
C. 60 different shapes, 512 each 
D. Precis10n plates or caps on each tower end~ 
E. Fibers at the large end bundled and potted to form four 

polished groups for interfacing to other opties. 
F. QA certification: 

- Scintillation and optical function 
- Mechan1cal tolerances and form 

G. Crated and shipped to SSC Lab, FOB Newbury, Ohio 

2. MAJOR COST ELEMENTS 
Manufacturing Period: 5.5 to 6.5 years, 

the start 
including 

A. Assembly Labor Estimates 
Program Manasement, Ens. L1ason 
Precision Array Assembly 
Casting 
Clean-up machining 
Fabricate 122,880 fiber bundles 
Testing 
Shipping & misc. support 

B. First Year On-Site Engineering 

c. Materials 
1600 gallons of epoxy 
Crating materials 
Tower hardware 

3,000 
102,960 

42,880 
31,340 
34,320 
68,640 
34.320 

317,460 

2.080 

$ 371,000-
951,000 

_2.041.000 
$ 3.363,000 

engineering 

hours 
hours 
hours 
hours 
hours 
hours 
hours 
hours 

hours 

at 



D. Factory Expenses 
Array equipment and toolIng 
120 Casting molds 
Factory infrastrucLur~ 

$ 773,000 
928,000 

·773.000 
$ 2,474,000 

3. Total Estimated Sale Price of the Above: $ 28.230,000 
This figure includes a 10% contingency 
factor of $ 2.566.000. 

This is not a quotation. The above figur~$ are best estimates at 
this time. Firm numbers would be available after an extensive 
engineering study of the anticipated processes. 

The labor rates and material costs have been estimated for the 
averages expected during the anticipated six-year manufacturing 
period. 

The overhead and proflL raL~s included in the calculation are 
presently accepted by the U.S. Government and are assumed to be 
applicable during the term of the project 

BICRON CORPORATION 12 July 1990 

a-I£M~V-·· 
Charles R. Hurlbut 
Manager, Organic Scintillators. 





APPENDIX E 

Cost Risk Analysis for TEXAS Calorimeter Electronics 

George Blanar, LeCroy Research Systems 

We have reviewed the TEXAS calorimeter electronics budget of $20M ($100 per PMT), 
and compared it with existing systems in terms of cost. We consider here the application 
of some existing systems to TEXAS to determine whether the TEXAS budget is realistic. 

1. LeCroy Charge ADC 

The conversion time of this FASTBUS device is too long, but recent improvements of 
100-fold in the conversion times of LeCroy TOC's suggests that new, fast-conversion ADC 
technology may be available soon. The dynamic range of these devices is 15 bits, which is 
adequate for TEXAS. The cost is about $55 per channel, including power, interface, and 
pre-amplifier . 

2. Struck Flash ADC 

This is a 100MHz flash converter with 6 (8) bit resolution and 8 (10) bit dynamic range. 
The dynamic range is inadequate; a precision log-amp front end would be required for 
application to TEXAS. The cost is about $220 ($600) per channel, including packaging 
and pre-amp. 

3. Fermilab DO Flash ADC System 

This is a 100MHz noncommercial flash converter system with 8 bit resolution. It would also 
require a non-linear front end. This system includes a gate array for zero-suppression. The 
component cost is about $130 per channel in quantity. A rough estimate of the commercial 
cost is $500 per channel. 

Costs for existing AOC systems range from about $55-$600 per channel, depending upon 
whether it uses a charge AOC or a flash technique. All of the above systems are rack­
mounted. Previous experience shows that the cost of a detector-mounted system is about 
1/2 that of an equivalent rack-mounted system. Clearly, TEXAS should pursue an on 
chamber charge ADC technique. This requires the development of a new ASIC, which is 
in line with current development programs, at least in TOC's. In summary, it appears 
that a manufactured cost of $100 per channel in large quantities is realistic for a new, 
fast-conversion charge ADC system for TEXAS. 

1 





APPENDIX F 

Intent to Jointly Develop Fiber Calorimetry with TEXAS ... 

R. DeSalvo, SPACAL 
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Prof. S. Reucroft 
Physics dept. 
Northeastern University 
Boston Mass. 

Prof. L Sulak 
Spokesman TEXAS 
Physics dept. 
Boston University 
Boston Mass. 

Snowmass Co. 4 July 1990 

Dear Steve and Larry. it was a great pleasure to meet you in 
Snowmass. It was particularly comforting for me to find somebody 
tha~, with independent lines of thought, has reached the same. logical 
conclusions as L From this point of view I am very happy that you 
were not aware of my Tuscaloosa and Erica reports. 

I like TEXAS better than the other sse EOls but I will not be . 
able to join it while I am an LAA physicist (lAA is an R&D oriented 
structure dedicated to detector development and explicitly 
independent from experiment collaborations) I might accept your 
invitation in a couple of years when the LAA project will be 
finished. In the meantime it is a pleasure for me to provide TEXAS 
with all my personal support and my endorsement. 

It is clear that most of your and our R&D aims coincide. While 
I cannot speak for SPACAL collaboration (a Spaghetti Caiorimeter R&D 
oriented open collaboration started with the LAA.-SPACAL group and now including ten 
d"Ifferent institutions including a US university with members in Empact and SOC) I 

. think that it would be stupid to duplicate such efforts in face of the 
large challenges and the tight timesca.les that both our groups face. 
I then strongly suggest that one or both of you come to· one of our 
collaboration meeting to present us TEXAS and to discuss resource 
pooling and collaboration options. 

Just to give you an idea on what kind of projects on which we 
can collaborate, I list here our program and our weak points. 

Starting in the fall we are going to make a hadronic containing 
projective prototype, we are Confident that we will get the 
resources to build it but we will not have the strength of building 
for it a trigger structure and data. acquisition system prototype in 
the guidelines described in my Erice paper or in the TEXAS proposal. 



Antonio Ereditato of INFN Napoli has already confirmed that if you 
could pick up' this line of development he would send to Boston one 
of his graduate students to act as a link. 

We need to build a small (2-3 tons) calorimeter prototype with 
3HF fibres and test it with electron and pion beams. We think it is 
important to make this test to measure the effect of slower fibres 
on the longitudinal sensitivity and e/pi rejection. Even if 3HF will 

. not be used in a final detector this data will allow us to evaluate 
the performance of different fibre components without building each 
time a prototype. With our infrastructure we can mount such a 
smail prototype in two or three weeks but we will not have test 
beam facilities for about an year. If you could provide test beam in 
FermHab we could have earlier results and you could start getting 
familiar with our techniques. 

I am certain that our Paris-6 and Nikhef-h engineers "studying 
tfJe detector shape and support structure would like to exchange 
ideas with your engineers. 

The development of the Hybrid Photo Diode into a pixeled 
detector will require fl,Jrtherfunding. Some work will be necessary 
in order to optimiz~ the readout speed and external signal 
a~plification. 

The radiation hardening studies badly need a lot of further 
efforts and in this moment most of the expertise is in the US. 

We need to improve our mass fiber quality control procedures. 

We need to work on lead metallurgy. 

While our knOW-how is quite advanced compared with some 
other calorimeter technologies. I could continue this list of unsolved 
problems for another two or three pages. The point is that we are 

. desperately too few to solve an these problems in the next two 
years. With all these challenges exceeding our resources, both 
human and budgetary. and with the EOI engineering support 
anticipated for TEXAS and for scintillating fibre calorimeters I 
believe that we could both greatly profit from a tight collaboration. 

I will be in vacation from tomorrow to the tenth of August and 
R. Wigmans will be absent all of August I hope you will get in touch 



with me in the second half of August so that we will schedule your 
visit to coincide with one of our collaboration meeting in early 
September when everybody will be back from vacation. 

Your Sincerely 

tf~ 
Dr. Riccardo DeSalvo 
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Engineering and Integration Studies 
]funding Request < FY91 

Highly focussed program to develop manufacturing/cost confidence: 

Rad hard fiber /~anufact~g calorimeter modules 

low cost, pixel detectorsfhigh dynamic range PMT's 

integrated tracker, PMT, TRD electronics 

fast simulation/high level triggering 

mechanical system design/integration 

calorimeter prototype 

tracker/pre-radiator prototype 

muon TRD spectrometer prototype 

Goal: 90% confidence level at proposal submission that .... 

a) detector feasible & manufacturable 

b) within 10% of cost estimate 

Estimated Total Detector Cost. $ 196M 

Engineering Request $ 8M 4% of Total 
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TEXAS Managelnent Structure 

FY91 
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TEXAS Technical Committee 

Technical Experts for each subsystem 

Central Calorimeter 
Worstell (Boston) 

Forward Liquid Calorimeter 
Webb (Texas A&M) 

Tracker Pre-Radiator 
Reucroft (N ortheas tern) 

Radiation Hard Scintillator Fiber Q.C./Testing 
Leedom (Northeastern) 

Electro-Optics Q.C./Testing, Power Supplies 
Winn (Fairfield) 

Muon Trigger Counters 
Lane (Drexel) 
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VOll Goeler (Northeastern) 

Muon TRD's 
Sulak (Boston) 
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Dye (Boston) 

Data Acquisition and Trigger Electronics· 
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On-Line Software 

Miller (Boston) and Reardon (Thinking Machines) 
Systems Integration /Manufacturing/ Assembly 

Ayer (Draper).. c..~ ___ ll.l~) ~ O$~.t"" 
SSCL Facilities/Interaction Hall/Accelerator Liaison 

\Vebb (Texas A&M) 
Monte Carlo and Off-Line Software 

Kamon (Texas A&~1) 





TEXAS LIAISON PHYSICISTS 

AND INDUSTRIAL AFFILIATES 

Task 

Calorimeter Manufacture 

Scintillating Fiber and Liquid 

'Tracker /Preradiator Support 

PMT's/Pixel Readout 

Xenon Gas System 

• 
PM/TRD Electronics 

On-Line/High Level Triggers 

Mechanical Structure/Integration 

Liaison 
Phy&icist 

Worstell 

Leedom/ 

Jones 
'\. 

Industrial Partner 

Hurlbut/Bicron 

Hurlbut/Bicron 

Jacquet / Optectron 
I I \ I 

• '. '... ......... : I .. ' .' t - l .• ..,o. J 

Reucroft 

Winn 

Gabriel/Oak Ridge 

Murray /Hamamatsu 

McIntyre /RCA 

Woosley /Teledyne Brown 

von Goeler Saupp/Union Carbide 

Klein/Lane Hofteizer /LeCroy , ,\ 
--+- . r. ( 
• '~' •• "l .': 

Miller 

Sulak 

Dunn/ Quantum Research 

Reardon/Thinking Machines 

Ayer /Draper 
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TEXAS Detector r 

PRELIMINARY COST ESTIMATE 

Central Tra.cker/Preradiator 

Reucroft, Cushman (Yale), Rusack (Rockefeller), and Winn 

SSC Subsystem R&D 

900K Tracking channels 

Mechanics 
Imm fibers 900K a 115 3 layers (Tracker) 

Construction + leadsheet 
9 layers (Pre-Radiator) 

Electronics 
Channels 300K @ 120 (Tracker) 
Channels 600K @ 120 (Pre-Radiator) 
Cables 

Calorimeter Mechanics 

(1M) 

14 
3 
1 

6 
12 
1 

137 

Barnes (Purdue), Hertzog (Dlinois)/PS2Q2 JET SET, Hurlbut (Bicron), 
Webb, Winn and Worstell/SSC Generic and Substystem R&D 

.200K Calorimeter channels 
Imm Scintillating fiber a 1200/km, 150,OOOkm 

Lead @ (12k/T x 5kT) 
Bonding, weaving 
Construction and labor 
Photo multipliers and light~des (200K a 1100) 
Calibration system 
Forward Calorimeter 

Calorimeter Electronics 

leCroy, Foster (FNAL) and Hazen (Boston)/ sse Subsxstem R&D 

200K Electronics channels 
Analog "exponent" digitizer 20 bit a S10 
l00MHz FADC 8 bit @ $25/chip Sony 
Trigger gate array @ 125 
PC Boards, cables, connectors @ liS 

. 

High voltage @ S50/multiplexed 8PMs + Bases @ liS 

30 
10 
3 
6 

20 
1 
~ 

178 

2 
5 
5 
3 
! 

119 





Barish (Caltech) and Hazen (Boston)lMACRO Extrapolation 
900 Liquid scintillator boxg 

PVC Boxes + mirrors 
Liquid scintillator 
Labor 
Photomultipliers + b~ (3600 channels) 
Electronics trigger and ADC + HV (0 S275/channel) 

Muon 1W;kjPI 

Iarocci (Frascati)/MACRO Extrapolation 
56K Limited streamer tubes + 56K strips -8-tube chambers (7K) 

Transverse strips, gas system, HV 
Digital readout electronics, lOOK channels 

Muon TRP's Meebanics 

2 
1 
2 
1 
1 

S7 

2 
1 
1 

S4 

Union Carbide, Hubbard (Saclay)f.DO and Iarocci (Frascati)/MACRO Extrapolation 

~~ons Foam and extruded tubes (300Kann 5 
Xenon (1600m3 0 USSR value or USA buyback) 6 
Gas System 1 
Assembly 1 

Muon TRD Electronics 

Hubbard (Saclay)/DO Extrapolation 
30K Multiplexea ch~4 

$13 

Preamps @ S10 and shapers @ $20/pc board components 1 
Multihit TDC's 0 S10/pc board and S20/pc board components + packaging 2 
Labor 2 

All Mechanical Support Structures 

Coan (Boston) and Wilk (Draper) 

Design, engineering, and analysis 
Calorimeter support piers 

Bridges 
Moving structure 

Muon C-Tanks 
Muon End Cap Tanks 

Project Cost 
Contingency @ 10% 
Total Project Cost 

Data Acquisition 

Klein and Wilson (Boston)f.SLD Extrapolation 

Trigger (level 2 & 3) 
50 RISe Processors (40 MIPS each) 

$5 

2 
1 
1 
1 
4 
2 

ill 

$178 ' 
~ 

$196 

3 
! 

$4 
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RESOURCE REQUIREMENTS REPORT 
DETECTOR: TEXAS 

. \ , .. .. 
- &' -.. .!I''''' I ,--- - -I ..., , 

TABLE 5 CONSTRUCTION SCHEDULE RE: OtJnJNE PART 1 II 

SUBSYSTEM NoARTDAT~ ~~o.t"J" 1 90 1 91 1/92 1/93 1/94 1/95 I/Y6 

... Protmr/ptt QaIqn 

conceptUIII xxxxxxxxxxx 
prellmlllM}' xxxxxxxxxxxxxxxxxxxxx 
tlnal xxxxxxxxxxxxxxxxxxxxx 
T~'-- vvvvv~yyyyyyyyyyyyyy 

B. Subsd'em DaIgo 

ptellmJ_" xxxxxxxxxxxxxxxxxxxx 
IIIYI xxxxxxxxxxxxxxxxxxxxx 
on SlI. bNmbly xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
On SH. Aaembly 

I. Sub-.utte. xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
Z. Suttac. xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

bNIDbIy 01: 

I. DelllClOT xxxxxxxxxxxxxxxxxxxx 
~pptHt. 

Z. Fix ..... xxxxxxxxxxxxxxxxxxxx 

C. IMIlCo+- xxxxxxxxxxxxxxxxxxx~ 

D. UtIlity IIuIIdIIItI xxxxxxxxxxxxxxxxxxxx 

£ CtyOlJlHllc. 
FeUIII •• 

F. On-site Assembly xxxxxxxxxxx 
fdcllitv 





TEXAS Calorimeter Critical Development Issues 

• ~adiatlon Hard Fibers - Recover from >10 MRad (Corporate Panners) 6.'c,0It1 o,~~) 
- R&D: (1) red fluors, (2) hiah fluor concentration, (3) new base, (4) direct shift ~S 
- R&D: Recovery, Role of Oxygen 

• Photodetectors: High Linear/Dynamic Rang.. Stable, Low Hysteresis (Corp, Partners) 

- R&D: Improved standard pmt, special bases H ),11\1)" ~ k .. 
- R&D: soHd state diode anOde target vacuum photodiode 
• R&D: dual readout - high aain/low gain system 
• R&D: Opdcal calibration systems 

• Fiber Geolnetry · ruclllbcrs Vs radial fibers SilT"'! ~~,.., Ii . 1\ 1. l 
-&0: (1) fiber &>ndiiig. (2)jtepped radius fi~ (Corpomte Panners) 01"('01\ J "fille ,rQl'J 
- R&D: Monte Carlo: compensation, uniformity a calibration Qk~-f-", 

• Electromagnetic Options l~ • ."l~ ~~'VJ , Q~S 
- monolithic with pulse shape discrimination vs separate e-nl companment options 
- enhanced e-m resolution V5 (uUy compensated options 
- R&D: Monte aido 

_.~ - R&D:.fU5rTechniques: bonding. coupJinl, dichromatic readout 

• Forward Liquid Calorimeter DesIgn 

• Perloll1laJlCe: channel rad-hard optiCal c1addina. light yield, opticaJ coupling 
- Matrix material: hevjmcl holes arid channels ~ 
• Liquid containment, circulation 
- Monte Carlo: cell sizes, albedo, compensation, containmenl, rates 

~ • Pb Matrix Fiber Insertion/Manufacture (with Corporate Partners) 

_.T_ 

• Grooved lead and insertion 
• Cast Pb-eu,"tic ~ i l~ I ~~,QY" 

• Photodetector Electronics (~~rate Panners) lo. c."o~ 
- HV mte ted calibration s steIn· 'f~ 
- )ar~e ynamic range: pream s aP:IrDC/unalog trigger pfClcessor segment 
- dignaI pipeline trIgger proc~ssor/r out 

-" l. 'I 
I ~.} ,~ .• ' . .. , \ 

. '. ~ • • it 

\ . ' . .,.~ ... ~ l' , '. .. , . 
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SCINTILLATOR CALORIMETER SUPPORT STRUCrURAL DESIGN 

Charles Stark Draper laboratory 

Element Configuration & Dimension 
Shell PI"te 2 cm thick 
Circular Rings T Section: 22 em X 1.5 em web 
& Longitudinal 16 em X 2 em flange 
Reinforcements 
Center Ring Tubes: 36 X 36X 4 
End Ring 3OX30X2 
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 
, , I I 

'~". : .. •• J ' • . . . " ' ... 

x· 

y 

C"lorimeter Hlllves in Open Position Finite Element rvlodel Discretizlltion 
\ . 1.. I lA , I. I .. 
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MODULAR RING CALORIMETER 

Structural Interface Plate 
,..-..,_- Ring Modules 

_- Ring Stiffener(s) 

.__- Cone Assembly 
of Towers 

--f ----- - --t-oI---- - t--~==:]-~1--





I1bloJ dotS Ohl ~~Wtbl4, ~ 'I\e.lp~c. .!1"ttJ j., i~. fit ~ 
RAIL LAYOUT ..... t· ; " 1 , . , . 

\, . \ . . . 
~ •• ' . I ... f' .' '\. 

I 
I. 

\ ';yl " . .. . 

OUTBOARD 
MODULE 

I 

- --t:::=::1+-----..... 

CENTER WEB 
CENTER 

WEB 
--I 

JACK 

SPRING 

CROSSED 

"-.

HLMAN 
ROlLERS 

TEMPORARY 
IWL 

FLOOR 

NOTE: EACH MODULE CAN 
fNDVleW 

BE ADJUSTED IN SIX 
DEGREES OF FREEDOM 
ATASSEUBLY 

... hrJ" ~~i nt ~Pl't'~ Y~i1j } 'f11~rir:1! etc. 
~ n.1>!, ""' .. ~ (I I,I.t\~OL\ "J D yl9.'d-n'o~ 





STRUCTURAL DEFORMATIONS DUE TO GRAVITY 

• MOST DISTORTIONS OCCUR IN FRAMES (2 MM) 
• SLIGHT OVALIZA TION OF CIRCULAR SHELL (1 MM) 

r-----.. ----_.,. 
./ , 1\ 

~~~' .-r7f1 \ 

v-t 

\ 
\ 

.' \ 





WO'llt tnll Jl\i'l"'" .~"" .. ~ stvokd'to \ (;'~d;t~ ih luJ./f:'"'f to-.,osrlt 
SHELL STRESSES UNDER GRAVITY 

"/11**2 
1.89+87 

1.82+87 

9 ... 7·86 

8.75·86. 

6.894 x 106 NlM 2= 1 ksl 
8.8"·86 

7.32·86 

6.61·86. 

5.89·86. 

5.17·86 . 

..... 6·86 

3.7"·86. 

3.83·86_ 

2.31·86 

1.59+86 

8.78·85 
" I 

1 .62+85 

• OVERALL SHELL ACTION PRODUCES VERY LOW (HOOP + LONGITUDINAL) STRESSES < 5 KSI 
EVEN WITH STRESS CONCENTRATION FACTORS (SCF) 

• LOCAL SHELL PLATE BENDING: EXPECT 12 KSI WITH SCF (ALLOWABLE 30 KSI) 

• STRESSES IN RINGS REMAIN LOW AT < 6 KSI 
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~5B' The Charles Stark Draper Laboratory, Inc. 
,55 Technology Square, Cambridge. Massachu~Hs 02139 Telephone (6171258-3846 

TEXAS DETICTOR ENGINEERING DEVILOPKENT 
WORlt BREAXDOWll S TRUCTUQ 

;cntL~l-IracKe~uPPF~ 
Configuratio~ Tradeoffs 
Structural ~nalysis 
Interface/Mounting Definition 

s~ntl~tlng Calorimeter 
Tower Design Studies 
Support Structure Design and Analysis 
]001 ing Des i9n 

.juon Tracker SY~ 
Gas Ccntainment Tanks Design 
X-ray detector and Radiator Foam Module Design 
Xenon Gas distribution system design 
Design and ~ttachment of the Liquid Scintillator 

Tanks and Limited Streamer Tubes 
St ructu.ra 1 Support Al"a lys is 

COST 

$130K 

S425K 

$375K 

Systcm-Integratigr S190K 
Subsystem Interface Control 
Build, Test, Transportation, Handling and Facility 

Requirements Definition 
System Co~t ~nd Assembly Schedule Definition 

Management rro9 ram 
Total 

Sl15K 

$1,235K 





Muon TRD·dE/dx Critical Development Issues 

• Develop radiator materials for large area and low Xc diffusion ~\It.'~ CJ.;rJ... 
• Optimize basic TRD ~eometry with Monte Carlo for a fixed 6 m thickness 

- Radiator type(Slthickness/spacing/nunlber IN~~ 
- X-Ray Detector gas/thickness/nlaterials/number -, -

-,... 

• Confinn basic Monte Carlo Predictions with Beam Tests. ~"-~~!'t$~~ ~ r 
i,' 'I/f'~; ~ • -1- ' .• 

tA-fah Ca,.~JJt 
• X .. Ray Detector to nlaximize TRD signal and speed 

- materials. wire sizes. cen geonlelry t gasses, gain 

• TRD electronics to maximize TRD signal. using fuJI puls~ shapes lo...Cvo, 
• Study pWlchthrough and low energy muon backgrounds 

• Study efficacy of interspersed absorbers to reduce backgrounds 

SSt .~kt\ 1 If- 0 's "ru I" .. , 
hot ~,,\t "tit' l O~ (.ute. 

,II )I'l~ ~'L~~ 9htt to arl'l~ ~~ ,'S ",,-\s,.J • .fovfl 





t ~ t-tLW ~ OM ('Q,+~~" 10M CO\ XLVI&vt ~ ", ~nl kut' < lOOp,,,, 01. Q..ft 
Xenon Supply System t~ ~ a,~ f~~; ,,+~ 

• 

x...11""e 

yl,~ \ I,S,\ .. H. 
Ulion C8rbidelnduetrlal Gases Inc. --------------------__ • 11lNIP-11IS-1 





Tracker-Imaging Pre·radlator Critical Developluent Issues 

• Pixel Detector RCA/ftl,,.,, ~II I ltl ... ~ .... hlt 
E _ S.ixel . 

- sam greater than 1 ,000 
- radiation hardness 

• Pixel Readout laYo,. 
• easily integrated with pixel detecior with minimal cabling 
- fast zero-skipping 
- fast analog sUlluned outputs 
- speed -20 nsJ1tit 
- radiation hardness 

- Radiation-Hard Fiberc; 6.,c.,,,, J D,lt~ 

• Fiber Bonding ~ ~ .. lJ ~"' ~ ~ O~} t;~ 

• Optimal ,re-radiator b~sic Desi n (Monte Carlo) "."'~;'" P1J,'''J J QRS 
- radJator layer thickness, num r fI 
- fiber diameter, fiber layer number, direction/stereo 
- pixel energy dynamic range 
- contour in calorimeter 
- runbiguity problems 

• Optimal Tracker basic Design (Monte Carlo) 1h,,,-klnll nJ,~Oi ) Q(S 
• fiber diameter, layers, direction/~tereo ~ 
- contour 
- ambisuity 
- pads or cell layers interspersed with fibers 

• Forward Region Radiation Dose 
- lifetime 
- replacement 
- altenlativcs 

• Confirm basic Design with ·Test Data 
, , ~ J . 





Detector Elelne 'I 

1. Syst.1I1 rrlljrallon 

2. PUT t'ataAclulslUon 

3. Muon CNmttr. 

4. HV for P!.IT a WIros 

5. Trlggor 

L Ctnll31 Tr Jd " 

Budget ($M) 

Manpower 
CapHaI EquJpner l 
evt,head t rac Itt,. HAE. technician, 

~ppcr~ lIav",- etc.) 30% 

TOTAL 

• OM41opMft' Pal 
.~ 

• Eyaluate AtWnatJv •• 
• ADC DyftaIII1Ic Range 
--Non-lMat AI>C 

• Deline Coneep' 

• Concept 
- 4-BrtADC 
-10b ns on .. 

• Evaluate AlternatCVe. 

• Sws'", Oollnll.o" 
• G.nerallon 
• Pow ... Distribution 
• MOnier I Control 
• Jlsa; PCD 

• MotfeJlng & SlmubllOn 

• Ddffte Concept 
·Uod ... SIrnuIa., 

1991 

• ~e ScWIfaling Abor Option 
• 5 2 S • , 0,"' • 
• 1W1M eo-.,a 
.M!!6SIC& 

.7~0 (6 people at .125) 

.250 

.225 

1.225 

Manpower 

1 

1 

1 

1 

1 

\ . , It)ll-~ Pio(9.SS -At J~h 
~t",e.tt, CV'f) ss I'~ S 

LeCrQY 
Innoll'ators In Instrumentation 

10 Opw~~ a-t 

capnaJ 

!10K 

SDK 

SDK 

SDK 

SDK 





Engineering Studies and Integration 
Funding RequestCFY91 

Calorimeter Tracker MuOD Integration Total 

TRD Management 

Boston 750 210 200 1160 
Drexel 100 100 
Fairfield 30 95 125 
Northeastern 550 265 150 965 
TexasA&M 400 150 550 

Subtotal 1180 645 575 500 2900 

LeCroy 450 225 225 325 1225 
Quantum Research 120 120 
Bicron 495 100 595 
Draper 425 130 375 305 12~ 
Hamamatsu 
Oak Ridge 535 535 
Optectron 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 

?,(f) Pit'J~J 
(k\JJf)~~ 





SSC PHYSICS 

• Standard Higgs: 

100 

I 
Calorimeter (IE 

........................... 1 TeV 

I \ 
l-u,l-jet L 

. O'l~ 
Detector Test Case: Ends of the mass scale, 00\ tile middle 

• SUSY: - Missing ET and Multiple Je~ (and W -> JetJet) 

- High L for High Mass Spartners 

• Technicolor/Compositeness: - Large Jet· Dynamic RaDle 

• New Higb Mass/Threshold Phenomena: 

- W' ,Z', strong gauge boson interactions, .....• 

Luminosity + Jets + Leptons 





Most Striking Physics Demands on sse Detectors: 

(1) Operation at 10 34 

(2) Optimal Calorimetrl' 

- y-coverage: full, uniform and smooth 
- fine projective segmentation 
- energy resolution at the 1 ~ level 
- large linear dynamic range 

• Impose Natural Con,straints sse Detector Design • 

• Calorimeter .. 

speed 
radius 

.f~t 
I~~ 

size 4Tf 
readout survival 
stability 





TEXAS Baseline High Luminosity Detector 

Energy Flow 

• Large Radius Scintillator Calorimeter Egg 
\ 
4 
I • Fiber Sclntlllator(lO·30 MRad) 
t 
\ 

} $11$ fUk.~ -\-: ...... 
• Liquid Scintiliator(lOO's Mrad) 

• Outside Readout - /I 0 (" ~hj,'n. ~~ ~j..) I'l, 1h fh. 1>I?-1/ r 010>'" rt~ l-s 
.-OJ • Fine ProJective Segments (to 0.025 x 0.025) [Viola., 'j1·'1~~ wk.t I , 

• Uniformly Hermetic and Compensated to 11 of 5.5 t .. r5 JLt btkttl ~ 

Leptons 

• TrackerlImaging Preradiator 
- electron/gamma/Jet discrimination in jets and under pile-up 

• Scintillator (10 ns) and Outside Electro-Optic Readout I 

• Large Radius "91", =t 111'..1 Y"ad Ja..,~~t.) A'J ~I~r~~~ If'' H 
• Level 1 trigger on gammas 

• J1TRD 
· Energetic muons in high rates of punch-through and b,c decay 

• Fast Trigger 1"'((D i~:+;ul- t~ (/)h)~~r,; 1"'1 





Summary 

TEXAS Detector 

Physics Goals: 

Wide Mass Reach • MW Z to 1 TeV and Beyond , . 

ACHIEVED VIA FOCUS ON HIGH LUMINOSITY CALORIMETRY 

• FAST I" 1"- all 3 s,~-t.....s 

• HIGH RESOLUTION 

• HERMETIC and UNIFORM 

• SURVIVABLE 

• SIMPLE 

• MODEST COST 

• READY FOR DATA ON SSC DAY 1 




