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SUMMARY

We propose to develop an integrated transition radiation detector and charged particle
tracker for use in an SSC detector. This detector aims to discriminate between electrons
and hadrons and to identify rare high energy charged particles. A low-mass structure of ra-
diator materials and proportional straws will generate and detect transition radiation x-rays
and will track charged particles. High performance VLSI electronics will be developed for
the readout and processing of the proportional straw signals. A small prototype, sufficient
to contain a high energy jet and followed by a fine-grained calorimeter, will be tested. An
engineering prototype will be constructed to verify the design for a large detector.

* Institutional representative
t Contact person for this proposal



1. Introduction

It is well established that much of the interesting physics to be studied at the S5C

is most accessible through study of leptonic channels. The massive particles that should

occur at or before the TeV scale of electroweak symmetry breaking are expected to have

| significant branching fractions for channels including high energy electrons or muons. These

may be direct decay products, as in the case of a massive Z’' — ete~, or they may arise from

decays of W and Z bosons produced in the primary deca,y.: Efficient lepton identification

over large solid angle and down to low momenta will be essential for good acceptance for

these multileptonic decays. Heavy quark decays can be tagged by the electrons from the

decay cascade; good electron identification in a dense track environment will be necessary
to exploit this signature.

The observation of transition radiation can provide valuable information for particle
identification. The radiation process is a negligible perturbation to the particle, and so
the information is complementary and supplemental to calorimetric measurements. The
practical theory of transition radiation is well understood,[1] and reliable calculations can be
made for the performance of a system design. A number of TRD’s have been proposed [2-10]
and used in accelerator experiments [11,12,13], and a number of studies have considered the
inclusion of transition radiation detectors in SSC detectors.[14,15,16] Adequate performance
of a TRD system requires that the thickness of the detector package be ~50 cm.[13,17] It will
be vital that sufficient space be allocated to a TRD system so that the system performance
is maintained under variations of the SSC operating environment. The usual contention for
detector space that a TRD system must face is with the charged particle tracking system.

We propose to resolve this contention and optimize system performance by combining
the two functions in an integrated transition radiation detector and charged particle tracker.
Proportional straw chambers filled with a xenon-enriched gas will detect x-rays from transi-
tion radiation as well as the ionization of passing charged particles. The radiator materials
will provide mechanical support and rigidity for the straws. This approach has the advan-
tages of very high-rate capability, modular construction, and robust performance.

Experiments at the SSC will require use of as much information in real time as possible,
in order to achieve the large reduction factor necessary between the raw event rate of 10%/sec
and the number of events that can reasonably be expected to be recorded for later study.
Active devices with local reduction of raw data to physically meaningful quantities will be
particularly important in this regard. It is our intention to equip the TRD/tracking device
with local “feature extraction” hardware that will contribute to the formation of a refined

electron trigger.



The development efforts will include: _

o Detailed Monte Carlo studies of the performance of the proposed system in a realistic
representation of the SSC environment;

o studies of mechanical support, gas manifolding, heat flow, and signal routing;

o An extensive effort in VLSI electronics to develop high-sensitivity, low-noise amplifiers
integrated with a pipeline delay structure in the low-power dense packaging required for
this application;

o Detailed studies of proportional straw performance, including pulse shapes and drift
times in various gases, irradiation tolerance, and x-ray response;

o Development and characterization of various materials for the transition radiators;

o An exploratory project to implement, embedded in the electronics and readout system,
the algorithms allowing optimal use of the TRD and tracking information on a timescale
suitable for event iriggering, using massively parallel and/or pipelined processors.

o The construction and test of prototypes, in three stages:

1) Several 100-siraw detectors for single particles in a test beam;

2} A 1500-straw detector for studies of jets produced by 0.45 TeV protons;

3) An engineering prototype representing the smallest symmetry element of a final de-
tector, e.g. half a polygonal sector, with about 15,000 straws, integrated electronics,
and tested in a realistic environment with a detector system including a segmented
pad chamber and a finely-segmented calorimeter.

The proposed program draws on the experience and expertise of groups with well-established
performance records in the technologies under consideration. The effort is expected to re-
quire four years, at the end of which we will have developed fully the designs and technology
to build an SSC detector system and will have built and tested a large engineering-prototype
detector to verify the approach. Milestones for the project are presented later in this docu-
ment.

2. Role of a TRD/Tracker

Our TRD/tracker concept has three functions. In a detector with no central magnetic
field, or with a small magnetic field, it can function as a central tracking system with suffi-
cient resolution to establish event topology and associate tracks with primary events. The
TRD system provides electron identification to augment the calorimetric selection of elec-
tron candidates. The proportional straws determine a track position extrapolated to the
calorimeter face and provide the matchup of particle track and calorimeter shower centroid.



|
Furthermore, the detailed information of TRD response from many independent straw

layers is potentially useful for tagging high momentum muons and hadrons. The TRD
response is a function only of the Lorentz v of the particles passing through it: electrons above
one GeV give a saturated response, and muons and pions above 100 GeV or so are starting to
radiate. The capability to tag high-momentum particles could prove to be extremely useful
in matching muons and in characterizing jet fragmentation.
We have studied the required TRD performance for two cases:
a) the identification of so-called “isolated electrons”. This is the case for decays of heavy
objects such as
~ Higgs decay: H — 22, WW — electrons,
- new quarks: heavy t or heavier D — tW —s electrons,
- SUSY particles,
- new W', Z' and other high-mass particle decays.
We discuss below the validity of the supposition that these electrons are indeed effectively
isolated. _
b) The identification of non-isolated electrons within or near jets. This can be important
— to give a better understanding of background processes,
— in the case of decays of heavy particles with b-quarks in the final state,

— to have a detector capable of recognizing surprises.

We have done extensive Monte Carlo calculations to understand the necessary level of
electron-hadron discrimination. For an example of type (a) above, we have considered the
detection of a 400 GeV Higgs boson in the decay mode # - WW — ev + 2 jets. We have
chosen this reaction because it is a well-defined process leading to one high pr “isolated”
electron. We take a detector geometry corresponding to a TRD extending between rl = 20
cm and 12 = 70 cm. The radiator thickness is 4% of a radiation length. The eleciromagnetic
calorimeter is located at r2 = 70 cm and has a tower structure of 2 cm by 2 cm; we assume
a standard deviation of 1 mm for location of the electromagnetic shower centroid.

Cross-sections for (detected electron plus jets) for the Higgs process and the relevant
backgrounds are plotted versus the size AR of the jet isolation cone in figure (1). The
desired signal is the lowest curve on this figure. The next largest rates shown are due to
pp— W + jets and pp — tf and (bb + ¢Z). These processes have the same final state particle
content as the signal, and must be separated by their kinematical characteristics. Instead of

pursuing these “physics” backgrounds, we have studied the sources of false electrons. Here,

the dominant sources are



A) the overlap of an energetic photon and a charged particle from a jet in a two-jet event
(the highest curve);

B) the overlap of a direct high pr photon with a charged hadron from the underlying event.

In both cases, we have defined overlap as coincidence within + two standard deviations of
the expected particle-shower spatial matching in a calorimeter.

Examining the curves for these two backgrounds, we see that their relative importance
depends on the range of the “isolation cone™ AR that is chosen. A cut AR > 0.15 loses 30% of
the signal; whether that cut brings the two-jet background below the direct photon depends
on (unknown) fragmentation functions. Even for a high cut in AR, the background is at least
500 times the signal. In this sense, we are not confident that it is safe to speak of “isolated”
electrons. Accordingly, we aim for a rejection of false electrons by 10-3, recognizing that
kinematic cuts needed to suppress physical backgrounds may also suppress false electrons.

For electrons inside jets, the backgrounds far exceed the Higgs signal. It happens that
reduction of the background to below the level of real electrons from (b + c) decays also
requires hadron rejection of order 10-2. For this case, the calorimeter offers little further
rejection.

For a process of type (b) above, we studied events with jets of 500 GeV transverse
energy. Jets and electrons were accepted inside 30° < 6 < 150°. A threshold transverse energy
for electron candidates (selected on the basis of calorimeter response) of 25 GeV or 50 GeV
was applied. In Table (1) we show, for the two energy thresholds and for various ranges
for 8, the number of real electrons and the number of false electron candidates from various
sources; no TRD information has yet been used. As can be seen from table (1), hadron
rejection by the TRD inside the jet is required at the level of < 10-2? to assure a background
of < 20% in the real electron sample.

From these two examples and from other studies that we and others have conducted, we
conclude that hadron rejection at the level of 10-2 to 102 (following calorimetric selection of
electron candidates) will be required to study some particularly interesting physics channels
at the SSC. Below, we will describe a TRD/tracker system that will provide this capability.
We note that the hadrons to be rejected are predominantly low energy — a few GeV. In effect,
a TRD replaces one function of a high central magnetic field.

3. The Straw Design

We will pursue several options in the development of the radiators and the proportional
straws, as discussed in more detail below. The basic approach{16] uses the cluster counting

method for transition radiation detection.[13] We have studied several possible concepts.



One “straw design” is shown in figure (2). The proportional siraw chambers are imbedded

in radiator material. Another possibility is shown in figure (3). This approach uses “multi-
straws” which have the radiator material forming concentric cylinders about the proportional
straws. The full detector will be constructed from a number of independent modules, for
which we are considering several different layouts. One possibility is indicated in figures (4).
A module of the multi-straws is shown in figure (5). We are also studying the “pinwheel”
design, figure (6). Positive features of this design are that the radial intermodule gaps are
eliminated and all straws are accessible from the outer circumference. Disadvantages of this
design include increased occupancy for the inner straws and large variation in track obliquity
to the straws. Extensive modeling and engineering studies will be required to evaluate the
relative merits of these alternatives.

In each of these concepts, the straws are oriented perpendicularly to the beam, in an
azimuthal sense. They provide tracking in the » — z plane and constitute the x-ray detector
of the TRD. This configuration has major advantages over axial straws:

a) the straws are shorter, and hence occupancy is low;

b) straws at a fixed distance from the beamline subtend a fixed interval of rapidity and so
have a fixed occupancy independent of their z position along the beamline;

c) the azimuthal straw array gives excellent pointing to the beamline for track association
with the correct primary vertex; _

d) there is reduction in layer-to-layer occupancy correlations due to particles from different
interactions that are separated from the interaction of interest by more than a few
millimeters along the beam line.

e) The ¢/x discrimination depends on the polar angle ¢ as (sin6)-!. It is approximately
constant for particles with a given P, independent of 6.

f) The average response from straws in different parts of the detector varies only at the

10% level, due to the +22.5° variation of azimuthal angle within an octant; there is no
polar angle dependence.

Based on the design shown in figure (4), we determine the typical parameters of such a
system. The proportional straws are 4 mm in diameter. We plan to use a gas mixture of
approximately 50% xenon, 30% COj, and 20% neon, resulting in a maximum drift time of
40 ns. Addition of CF¢ would further reduce the drift time.[18] In the central region there
are 48 layers of straws, distributed from 35 cm to 77 cm from the beamline. The radiators
are slabs of polyethylene foam, 1 cm thick and 5% of bulk density; they form planes parallel
to the beamline and lie between pairs of straw planes. For the region below 30° the straw
structure is similar but the radiator planes are rotated to be perpendicular to the beam line.



A total of 330,000 straws cover the range |n| < 2.5. The thickness through a sector center is
4% of a radiation length. At 1.4 interactions per crossing and 8 charged particles per unit of
rapidity, the mean number of charged particles from beam-beam interactions per straw per
crossing is .016 for the straws at a radius of 35 cm and .007 for straws at 77 cm radius. The
shaped pulses have a duration of 10-20 ns, so the resolving time of 2 straw is three to four
times the 16ns bunch spacing. The occupancy of the straws is expected to be dominated
by event-associated particles[19]; it is .06 for the inner straws and .03 for the straws at the
outer radius. There are ~70 electrons on average for each particle traversal. With gas gain
of 1x 104, standing currents are 0.05 to 0.1 kA, giving acceptably low integrated charge doses

on the wires of < .04 Coulomb/cm per 107 seconds of running at design luminosity.

We have also studied the performance of the radiator arrangement shown in figure (3),
with the detector starting at radius of 20 cm and extending to 70 cm. The rapidity coverage
considered was |g] < 1.3. We recognize that it is important to cover || < 2.5, but we have
not yet studied in detail a possible layout and its performance. The total number of straws
is ~130,000 for |n| < 1.3. The thickness through a sector center is 4% of a radiation length.
The occupancy by charged particles, inside and outside high-energy jets, is shown in figure
(7). The occupancy by TR x-rays is approximately one order of magnitude less.

Measurement of the r — ¢ position of tracks in the TRD/tracker is provided by a system
of interpolating readout gas “pad” chambers. Resistive interpolation between amplifier taps
spaced along an azimuthal cathode strip will give r—¢ resolution of 150 microns. A single layer
of chambers at a radius of 33 cm for the central region and with pad sizes of (A = 2.8°)x (An ~
0.015) will provide better than millimeter precision for the track position extrapolated to the
calorimeter. Several layers of pads might be desirable to assist pattern recognition. For the
forward systems, pad chambers would be mounted on the faces of the modules. The total
thickness of the pad chamber is <0.01 radiation lengths. There are ~50,000 pad channels
per layer. Occupancy per channel (including multiple events and track obliquity) would be
at the percent level. Simulation of such chambers will be included in the MC simulations
of system performance, but the development of these chambers is not a part of the current
proposal. OQur collaboration includes groups at BNL and at CERN that are working to make
large low-mass chambers of this type.

4. Test Beam Measurements of Transition Radiation Yield

Two different radiators were investigated in a 3 GeV/c beam at Serpukhov. A stack of
regularly spaced polypropylene foils (20 pm thick, 280 um spacing) and a polyethylene foam of
unusual structure (figure (8)) were measured. The setup is shown schematically in figure (9).



The results are summarized in table (2). The foam produces 75-80% of the yield obtained
with a periodic foil radiator, Based on these test results we estimate that the detector
structure proposed here will yield 0.27 detected x-rays per centimeter of electron track, te
be compared with the best-yet result of 0.20 as obtained by the Helios Collaboration.{13]
These results were used as input in Monte Carlo performance studies as described below.
We show in figure (10) the calculated pion rejection, at 90% electron efficiency, for isolated
particles as a function of the pion energy and polar angle. A 50 cm thick TRD system was

assumed.

5. Monte Carlo Studies of System Performance

Tracking Performance
We have conducted Monte Carlo studies of several variations of the basic conceptual

design. Figure (11) shows an ISAJET[20] event as it would appear in the detector in figure
(4). The central detector octagon has been unfurled and each octant is viewed from the side.
There are three symbols for hits to the straws, with larger symbols corresponding to higher
energy thresholds. The event is a 500 GeV Higgs particle decaying to 2°2° with each 2°
subsequently decaying to e*e~. The electrons are clearly identifiable. Photon conversions are
readily identified, and the tracking capability of the detector is evident. We calculate that
individual tracks are projected back to the beam line with < 1 mm uncertainty in position
along the beam line.

TRD Performance in Jets

Pion rejection was studied as a function of the angle o between the pion trajectory and
the jet direction, for different values of the jet polar angle 8. ISAJET events were thrown
as above, and combined with “minimum-bias” events to represent pileup. The results are
given in figure (12), where we plot the probability P (per jet and per straw sector) that a
hadron will satisfy electron selection criteria that give 90% electron efficiency; a), b}, and ¢}
correspond to different values of 8. The probability of misidentification is about 10-2 to 102
for angles larger than 5° with respect to the jet axis. At smaller angles, the background level
increases slowly, reaching a few per cent at the jet core. The main reason for this is that the
pions at the jet core are more energetic and start to radiate. Despite difficulties at the jet
core, the overall result is satisfactory: a rejection factor of 10-2 is achieved as close as 5° to
the jet axis.



Recognition of Photon Coversions

We also studied the performance of this detector in identifying photon conversions. Pho-
ton conversions can be recognized in the TRD/tracker by three signatures:

a) except for Dalitz pairs, the conversion will occur at some depth in the system, and straws
along the trajectory and preceeding the conversion point will be hit only at the level of
the random occupancy:

b} straws after the conversion will have energy depositions typically twice minimum ionizing;

c) there will be twice as many TR x-rays detected per radiator along the path after the
conversion compared to the case for electrons. |

These three signatures can be combined to give a very powerful rejection for photon conver-
sions, as will be described below. The pad chamber, of course, will give a precision point on
a charged particle track to provide further rejection of conversion/charged-particle overlap
background.

The spatial size of a TR x-ray ionization cluster is about .5 mm; this corresponds to
about 10 ns drift time. With 20 ns pulse shaping time, we find the pulse-height distributions
shown in figure (13a): shown are the distributions of the energy depositions for one minimum
ionizing particle (x), two pions, and electrons (dE/dx + TR clusters). To study the use of
the energy deposition information in particle identification, we choose three thresholds for
the detection of ionization clusters in each straw. The first threshold level (TH1 at 0.2
keV) gives about 80% efficiency for relativistic particles (this threshold would be used for
tracking). The second threshold level (TH2 at 1.0 keV) is 1ocated between one- and two-
particle energy clusters distribution; it has ~50% efficiency for minimum-ionizing particles
and ~90% efficiency for conversions. The third threshold level (TH3 at 4.5 keV) corresponds
to ~ 80% efficiency for TR x-rays.

The analysis power of this method is demonstrated in figure (13b-f). The abscissa of
each scatterplot indicates for a given particle the number of straws with energy deposition
above TH3; the ordinate exhibits the number of straws with energy deposition between
TH1 and TH2. The criteria for 90% electron acceptance are also indicated. This simple
algorithm then permits not only efficient discrimination between electrons and single pions,
figures (13b) and (13c), but also between multiple overlapping pions, figures (13d) and (13e).
Similarly, photon conversions before the TRD are easily recognized and rejected, figure (13f).

We consider using a slightly more elaborate algorithm to reject photon conversions in
the TRD. In this case, the TRD is subdivided into several parts (e.g.i=1,...5) along the track

and for each part we measure the dispersions



DN, = $(Ni — Ni(e))?
DNy; = T(Nf; - Fii(e))*.

Here N}, and N} are the measured number of threshold crossings in detector part #; N{,(e) and
Ni(e) represent the expected number of hits produced by a single electron in the corresponding
detector part. In figure (14) we show scatterplots for three different cases: single electrons,
conversions anywhere in the TRD, and conversions overlapping with one pion. This algorithm

achieves powerful discrimination between electrons and conversion electrons.

Tagging of Particles with Large Lorentz Factors
With the aid of the TRD it is possible to identify not only electrons but also other charged

particles with 4 > 103. This is possible even inside jets, since the typical pion momentum is

a few GeV. Of particular interest is muon tagging by the TRD, to link up to tracks from
the muon spectrometer. The achievable hadron rejection factor, for 90% muon acceptance,

is shown in figure (15) as a function of the muon energy for two values of the polar angle.

These Monte Carlo results, while not exhaustive, are very encouraging in their demon-
stration of the depth and the flexibility of the integrated TRD/tracker approach in identifying

electrons and in rejecting a variety of potentially troublesome backgrounds.

6. Principal Development Efforts

The technical developments needed to realize the TRD/tracker concept are challenging.
We describe below the principal areas where R&D will be focused.

Electronics Development

The readout electronics and its interface to trigger processors represent the key de-
velopments that will determine the performance of the detector system. State-of-the-art
performance will be necessary in the following areas:

— front end sensitivity, speed, and noise

— data storage (analog or digital) during trigger decision

— channel density

— power dissipation

— an architecture allowing high-speed data processing and communication with the trigger
processor for particle identification purposes (electrons or high pr particles, background

rejection).



A block diagram of one approach is given in figure (16). The éigna.l from a straw is
amplified and shaped. A few-bit FADC (two of three bits) would digitize the signal, syn-
chronized to the 16 ns bunch crossings. The thresholds of the FADC would be optimized
as discussed above in the MC study of electron identification. We plan also to evaluate
the possible performance advantages of an analog pipeline with digitization only after the
Level-1 decision. ,

Once digitized, we envisage to use the information for local feature extraction, forming
a fast-response trigger after ~10 useconds. Detailed architectural studies and simulation are
required. A pipelined approach is possible, using fast global memory modules with a ‘region-
of-interest option’ controlled by calorimetric first-level trigger information. Alternatively, a
massively parallel mesh of simple processors may be used{21] to determine simultaneously
all high-p, tracks, leaving association with calorimeters to a later stage or executing only a
very coarse association.

The performance of the TRD/tracker concept can only be correctly evaluated if systems
tests are carried out with close-to-final readout electronics and trigger capability. For this
reason we wish to start quickly on the system definition and design considerations. We also
wish to provide our engineers with adequate training in new design methodologies including
ASIC implementation of the electronics and systems simulation.

The development of the electronics system is the most challenging part of this detector
project. It will require professional design tools and a commitment of several electronics
engineers over a period of three to four years, by which time a useable circuit could be
available for prototype detectors. A radiation-hard design would be done in a subsequent

step.

Mechanical Developments

Structural supports and stability studies for the straws and radiator must be an engi-
neering priority. Gaps between the modules must be minimized. The modules themselves
are quite light — one hundred kilograms for each octant. Another problem will be in manag-
ing the necessary gas flow and heat flow through the system. Temperature gradients must
be sufficiently small to ensure gas gain uniformity at the level of 10%. In addition, cooling
of the electronics will impose further constraints. The challenge here is to furnish the nec-
essary utilities within a minimal intermodule gap. Study of the systems engineering issues
will be led by the Boston University group; they will direct a subcontract with the Westing-
house Science and Technology Center, which has excellent design resources and an extensive
engineering staff that will be available for consultation.

Development of technology for the multistiraws must be pursued. Extensive tests of



pulse shapes, drift times, irradiation tolerance, and other properties will be required for the
various options in straws and gases. This work will be pursued at Moscow and at Boston
University, drawing upon broad experience in building and operating proportional straw
tracking devices(22],(23],[24].

Continuing study is required on foams for the radiator material. Foams have been used
in some experiments before [25]. Foam is very appealing for the simplicity of the radiator
structure, for the mechanical support and rigidity it can lend to the straw assembly, and
because its TR response is independent of the direction of the incident particle. Foams
are available with a wide variety of physical characteristics{26]; the challenge is to find a
material with sufficiently regular cell size and wall thickness in the sizes appropriate for the
SSC regime. The Moscow groups will continue their work in this area. Open-cell foams for

the radiators could be interesting as a way to address cooling problems.

Simulation of Detector Systems

Complete simulations of the various options in detector configuration, straw operation,
electronics, and triggers will be necessary to evaluate the advantages and disadvantages of
each feature and to assess system performance in the SSC environment. We have already
developed at Moscow and at Boston University some Monte Carlo programs to simulate
the TRD/tracker. These will require further work to provide the accurate performance
evaluation that will be necessary to optimizing the design of the system. Simulation at the
signal level will be an absolute necessity for the development of electronic and triggering

components.

7. Milestones

The milestones of this development project are presented on a page following. For the
first year we have indicated in some detail the specific work to be undertaken and the
institutions that will be mostly involved in each task, although of course there will be broad
involvement by all the collaborators in most stages. Subsequent years are presented in
somewhat less detail.

We anticipate by early 1991 to have a test detector with of order 10% siraws and borrowed,
discrete electronics ready for beam tests in a 450 GeV beam at CERN. The purpose here will
be to verify TRD and tracking performance and to test engineering concepts for manifolding
and support. By mid-1993 we plan to have a full-scale prototype of a trd/tracker half-sector,
with VLSI electronics and associated trigger processors. This will be installed in the test area



together with a pad chamber and the BNL/CERN liquid argon calorimeter and subjected

to full system performance tests,

8. Budgets

Following the list of milestones, we present the first-year budgets for the US groups
participating in this collaborative effort. These budgets represent increments requested to
the normal operating budgets of these groups (the Columbia project is a new activity, and
a separate request will be made for an operations base). After the budgets, we include the
proposal from the Westinghouse Electric Corporation’s Science and Technology Center for a
subcontract (to be directed by Boston University, and included in the BU budget) to provide

mechanical design and analysis assistance.

The CERN and Moscow groups will request funding for their participation through their

respective institutions.

We anticipate that the operations budgets for subsequent years will increase in response
to the need for increased scientific staff for the analysis and design stages. In the case of the
VLSI tools, the equipment costs are being spread over the first two years to reduce front-
loading. Requirements for equipment funds will rise significantly for years three and four

when we are designing and constructing the 15,000-straw engineering prototype system.



Milestones for the TRD/Tracker Development Pfoject

Goals for 1990 (first year):
o Preparation of VLSI design tools necessary for electronics development { Columbia, CERN).
o Assessment of mechanical engineering issues: structural support of the modules, gas
manifolding, heat flow (BU).
o Monte Carlo study of the performance of the system, and refinement of the conceptual
design (BU, Moscow).
o Laboratory tests of straw performance with xenon mixtures, including drift times, and
signal shape (BU, BNL, Moscow).
o Design and tests of different radiators (Moscow).
o Radiation damage studies of straw/radiator assemblies (Moscow, BU).
o Study of readout architecture and triggering requirements, in conjunction with SSC
calorimeter R& D groups (BNL, CERN, Columbia)
o Construction of a pad chamber prototype, and analysis of performance (CERN: this
activity is pursued by members of the CERN group as an independently funded activity)
o Beam tests of 3-threshold algorithm with 100-straw prototype (CERN, Moscow)
Preparation of a 1000-straw test module
» mechanics (BU, Moscow)
= electronics (BNL, Columbia)
» test facilities (CERN)

Goals for 1991 (second year):

Simulation of front-end chip following related designs
Design and simulation of 3-bit pipeline

Start silicon processing

Set up test station for trigger development tests

Set up, run, and analyze 1000-straw test system

Goals for 1992 q:‘hird year):
o Complete silicon processing, for test quantities
o run 1000-straw test with pad chamber and calorimeter
o test VLSI electronics on a (second) 1000-straw system
o Design and start construction of 15,000-straw prototype detector system.
o Engineer trigger processor for 15,000-straw system

Goals for 1993 (fourth year):
o Complete trigger processor for 15,000-straw system
o Test 15,000-straw prototype detector system, with pad chamber and calorimeter
o Analyze 15,000-straw test results and compare with simulations
o Iterate design for final detector

[+]
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BOSTON UNIVERSITY
1 January 1990 through 31 December 1990

1. SALARIES AND WAGES $55.700
Faculty:
S. Ahlent $7,256
J. Beatty! 4,444
Postdoctoral research associate:
J. Shank 32,000
Undergraduate research assistants (3) 12,000
2. FRINGE BENEFITS 10,660
24.4% of professional salaries
TOTAL SALARIES AND BENEFITS 66,360
3. TRAVEL AND SUBSISTENCE _ 31,000
Domestic 19,000
Foreign 12,500
4. SUPPLIES AND SERVICES 32,000
TRD gases 15,000
Materials, supplies 11,000
Computer services 4,000
Telecommunications 2,000
5. SUBCONTRACT 115,680

Subcontract to Westinghouse Science and Technology Center
for systems engineering

TOTAL DIRECT COSTS 245,040

6. INDIRECT COSTS* 69,460
TOTAL OPERATIONS REQUEST $314,500

7. EQUIPMENT (details on following page) 158,500
A. Radiation Damage System $27,000
B. Preprototype Test Bed 37,500
C. Mechanical fabrication & assembly, 70,000

1000-straw prototype

D. Vax workstation for simulations 24,000
TOTAL REQUEST $473,000

1One month summer salary.
*Calculated as a composite of 35% on campus @ 73.0%, 65% off campus @ 47.0% of MTDC, minus underrecovery.



BOSTON UNIVERSITY

Equipment Details

1. Radiation Damage System

gas system
regulators, filters, fittings
flow controllers
fabrication

radioactive sources

data mcquisition system and electronics
computer, printer
CAMAC crate, conttoller
32-ch low-voltage ADC
NIM crate, modules
High voltage power supplies
I, P, T monitors
Test chamber fabrication

2. Preprototype test bed
gas system
oscilloscope
power supplies, modular electronics
readout: 50 channels @ $250/channel for amp, shaper, ADC
stzaws, radiator materials

design and fabrication
engineering
mechanical fabrication
materials
electronics fabrication

3. Prototype 1000-straw system
gas system
engineering

500
2000
500

5,500
5,000
3,000
3,500
2,500
2,000

1,000
3,000
2,000
2,000

mechanical fabrication and assembly: 10® channels @ $60/channel
endplates, manifolds, endplugs, ferrules, stringing, and mechanical
assembly; cost based on per-channel charges of comparable systems

built at BU



BROOKHAVEN NATIONAL LABORATORYI

1 January 1990 through 31 December 1990

1. SALARIES AND WAGES

Electronics engineer
Electronics technician {50%)

2. TRAVEL AND SUBSISTENCE
3. SUPPLIES AND SERVICES
TOTAL OPERATIONS COSTS

4. EQUIPMENT
Test station for trigger processor

TOTAL REQUEST

{Fringe benefits and IDC @ 46.5% included in each item as appropriate.)
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168,000

$228,000
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Westinghouse Science & Technology Center

Electric Corporation
1310 Beulah Road

Pittsburgh, P tvania 15235
September 27, 1989 (4?;) uzrgs mgclhnsy vania 1523

Dr. Scott Whitaker

Physics Department - Boston University
590 Commonwealth Avenue

Boston, Massachusetts 02215

Subject: Westinghouse Proposal 89M844-4
"Mechanical Design and Analysis Assistance for TRD Tracking
Sub-System"

Dear Dr, Whitaker:

The Westinghouse Science and Technology Center is pleased to participate
with Boston University in proposing a collaborative R&D program to the

Department of Energy under the auspicies of its Generic SSC Detector R&D
Program.

The enclosed proposal describes a 12-month research program, entitled
“Mechanical Design and Analysis Assistance for TRD Tracking Sub-System". A
summary of the cost information for this program is as follows:

FY 1990 $ 87,247
FY 1991 $ 28,433
TOTAL PROGRAM . . . $115I680

Westinghouse will provide formal cost information for the FY 1990 estimated
costs in Standard Form 1411 format upon request. Westinghouse submits this
proposal anticipating the negotiation of a cost-type, DOE-funded, Federal
Procurement-Regulated, contract or subcontract containing mutually-
agreeable terms and conditions.

Hopefully this information will aid you in preparing your proposal. If you
need additional information or have any questions, please contact Mr. D.T.
Hackworth (412-256-2296) for technical matters or the undersigned
(412-256-2736) for administrative matters.

Very truly yours,

e g
STC Proposals Group

gt

Enclosures

cc: (W) STC - Mr. D.T. Hackworth, Manager Electromechanics



89M844-4

Proposal to
Physics Department
Boston University

590 Commonwealth Avenue
Boston, Massachusetts

Mechanical Design and Analysis
Assistance for TDR Tracking Subsystem

STATEMENT OF WORK

September 1989

Approved:

F T Tl srppoe—

F. T. Tnompson, General Manager
Engineering Technology Division
Westinghouse Science and Technology Center
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Westinghouse

TRANSITION RADIATION DETECTOR AND
TRACKING CHAMBER FOR THE SSC

— STATEMENT OF WORK —

The Westinghouse Electric Corporation proposes a 12-month
program to perform the preliminary mechanical design and analysis of a
transition radiation detector and tracking chamber (TRD/Tracker) for the
superconducting supercollider (SSC). The work will be carried out at
the Westinghouse Science & Technology Center (STC) in Pittsburgh, Pa.
Upon completion of the proposed program, necessary detail and assembly
drawings for manufacture and testing of the tracking module components
will be delivered to Boston University in Boston, Massachusetts.
The program is divided into three specific areas of performance:
*» Mechanical design '
* Thermal management
» Manufacturability
These three areas have been divided into eight tasks. Each task
is described in the following pages.

8oM844-4 1



TASK 1. TRANSITION RADIATION DETECTOR AND

TRACKING DEFINITION AND SPECIFICATION

In Task 1, Westinghouse STC will work with Boston University to
specify the functional design requirements for the detector. Physical
constraints, such as size, weight, length, and detector geometry, will
be tdentified as well as electrical leads and cooling requirements. In
Figure 1, this effort is shown as lasting most of the first year of the
program. This time frame will be required in order to make
specification modifications as the concept progresses over the first
year,

TASK 2. MECHANICAL DESIGN AND ANALYSIS

In Task 2, the preliminary design of the TRD/tracker assembly
will be performed. Concepts proposed by the working group of STC and
Boston University will be reviewed and evaluated. The final selected
concept will be analyzed for structural adequacy to ensure sufficient
stability and rigidity so that alignment requirements can be maintained
over the design 1ife of the device. Routing and connections of power,
cooling, and instrumentation cabling and hoses will be conceptualized.
Materials selection for construction of the detector will be based on
input from Boston University.

TASK 3. FABRICATION DRAWINGS AND INTERFACES

Layout drawings of concepts proposed and studied in Task 2 will
be prepared. Concept drawings of the selected transition radiation
detector for a 1000 straw tube module configuration will be prepared in
sufficient detail to obtain costing and scheduling information.
Assembly drawings will be developed as necessary to assist in the
fabrication and assembly procedure as well as interfaces with adjacent
subsystems.

BOMBEA4-4 2
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Westinghouse

TASK 4. FABRICATION/ASSEMBLY PROCEDURES

The purpose of this task is to specify in sufficient detail the
fabrication processes and assembly procedures required of the concept
selected. These procedures will include such items as the following:

Straw tube module mounting procedure
Straw tube module assembly procedure
Structural support fabrication method
Module assembly sequence

Electrical cable routing procedure
Cooling hose routing procedure

These procedures wiil be prepared in a form to match the concept
detail and costing estimate requirements for construction of a device.

TASK 5. THERMAL MANAGEMENT

Thermal management will address cooling methodologies for
removing the heat generated within the modules. All1 known sources of
heat, both internal and external to the straw tube, will be determined
and evaluated for the effect on detector performance. A scheme will be
proposed for maintaining the detector modules at a uniform operating
temperature with minimum compromise on the overall performance of the
straw tube drift chamber.

TASK 6. PROGRAM MANAGEMENT

The program management task consists of the preparation of
reports, design reviews, general meetings, and cost reporting to the
overall program manager. Estimates of the Westinghouse effort are based
on the following activities:

¢ Monthly progress and cost letter reports for 12 months

* Group meetings at Boston University every 6 weeks
* Yearly report to DOE describing technical progress

BONIB4A-4 3
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Table (1)

Table (2)

Tables

- Results from Monte Carlo simulation jets with 500 GeV transverse energy as observed
in the TRD/tracker. The numbers of real electrons and of false electron candidates from
various sources are given for two thresholds in electron transverse energy and for several
bins in polar angle.

- Results from beam tests at Serpukhov, comparing transition radiation yield from peri-
odic polyethylene foil radiators and from polyethylene foam.



Table 1. MC study of zeal and false electrons found inside 3847 jets with 500 GeV transverse energy.

Source A B C D E F

E, 25 50 25 50 25 50 25 50 25 50 25 50
total 148 70 715 171 1252 661 75 38 339 123 80 31
70° < B < §0° 58 27 212 40 T2 193 21 11 101 41 25 10

50° < 8 < 70° 44 20 223 72 422 230 24 13 113 46 26 10

30° < 8 < 50° 48 23 280 59 458 238 30 14 125 46 29 11

Sources of detected electron candidates:

Real electrons from c or b decays

Hadrons with energy deposition in the e.m. calorimeter

7% or ¥ matched with track within 4 mm x 4 mm in e.m. calorimeter

Photon conversion in radiator matched with track within 4 mm X 4 mm in e.m. calorimeter
Photon conversions in the radiator

Dalits ete™

mElawr

Table 2. Summary of test results on transition radiation yield from regular foils and foam.

Number of Clusters per straw.
pions electrons
Thr. (KeV) Regular Foils Foam 6.7%
of bulk density
4.0 0.07 0.38 0.30
4.5 0.06 0.35 0.27
5.0 0.05 .32 0.24




(1)

Figure Captions

- Cross sections for different processes for real and false electrons as a function of an
isolation cut AR. False electrons originate from the spatial overlap of 4’s with hadrons,
assuming a spatial accuracy of =1 mm, and using a 2o cut.

- Cross section through a conceptual TRD. Straws are imbedded in radiator material,
e.g. polyethylene foam.

- The “multistraw” concept. Each proportional straw is surrounded by several concentric
radiators. The TRD is assembled in hexagonal close packing.

- Layout of an octagonal structure of TRD modules with layered straws and radiators.
- Conceptual view of a multistraw TRD module.

- The “pinwheel” layout of TRD modules. Electronics and gas manifolding are accessible
from the periphery.

- Occupancy of straws by charged particles as a function of the angular separation from
the jet axis. The occupancy due to TRD clusters is approximately an order of magnitude
less.

- Micrograph of the polyethylene foam that was tested at Serpukhov. The cell diameter
is 200+ 70 pm, and the wall thickness is15+ 5 um. The foam density is ~ 67mg/cm3.

- Layout of the Serpukhov test to measure TR yield from foam and from periodic foil
radiators.

- Rejection factor for charged pions as a function of pion energy in a 50 cm-thick TRD.
This performance estimate is based on test beam measurements.

- Display of a simulation of an ISAJET event as observed in the TRD/tracker. The
event is the decay of a 500 GeV Higgs to ZZ and then to four electrons. Three sizes of
symbols mark three thresholds for straw energy depositions.

- Probability that charged pions may simulate an electron as a function of the angular
separation a between the jet axis and the pion. Jet energy is 500 GeV.

- &) energy deposition in a single straw by one and two pions and by TR photons plus
dE/dx for electrons.
- b-f) acceptance of electrons and rejection of different sources of background.

- Results of an algorithm used to reject photon conversions in the TRD. See text for
explanation.

- Rejection of typical pions as a function of muon energy, for criteria that give 90%
muon acceptance, demonstrating the powerful “muon-tagging” capability of the proposed
TRD/tracker. :

- Conceptual functional diagram of the front-end electronics for the TRD /tracker.
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