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ABSTRACT

We propose to develop a high rate tracking subsystem appropriate for SSC
experiments, based on scintillating fiber technology. The use of scintillating fibers as a
detection medium affords the prospect for tracking particles with high resolution, low
occupancy, and very short resolving time. It is the objective of this proposal to develop a
prototype detector with up to 104 fibers for beam tracking tests to determine the utility of
the technique. The program will establish a strong collaborative effort between university-
based groups, laboratory groups, and research groups in private industry. We expect that
it will take 3 years of intensive effort to complete the tasks of this proposal.
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I. INTRODUCTION

An important challenge for any SSC experiment is the provision of an effective
tracking detector. Because of the high luminosity environment and the short bunch
separation at the SSC, any tracking detector must have fast response, low occupancy,
_good spatial resolution, and good resistance to radiation damage.

A central racking system should be capable of reconstructing low-mass states such
as the ZO with a precision of 1-2%, and should enable cross-checks of the electromagnetic
and hadronic calorimeter calibration over a wide momentum range. Further, expected
topologies such as the Higgs boson, detected via the decay H — Z9Z%— qq 11 and the
decay H — ZOZ%— 4 leptons, should be identifiable, with at least a 30 charge sign
determination for tracks of pp £ 1 TeV/c.

At an SSC detector operating at machine luminosities L = 10 33 cm-2 sec-1, any
viable tracking device must operate reliably in a high radiation environment (typically 105
rad/yr at a radius r = 50 cm from the interaction region due to beam interactions and neutron
albedo). The tracking system, which must have low material thickness, should be capable
of reconstructing all tracks, have good rejection against spurious tracks, and should be
capable of separating tracks resulting from multiple interactions in a bunch crossing. A
number of tracking options are being considered, but so far no technique has been
proven. At small radii (typically r < 50 cm) silicon-strip detectors and/or pixel detectors are
being considered for track reconstruction. At larger radii, the possibility of a stand-alone
scintillating fiber tracker is potentially very attractive. It should be noted that the
advantages of these two detector types are complementary.

Since the first successful use of fiber tracking in a collider environment [1],
significant progress has been made [2]. Fiber trackers have the following attractive
features:

[i] good tracking precision: multilayer structures of S00um diameter fibers can

result in a measurement resolution of 150pm per layer and provide good two track

resolution.

(ii] fine granularity: for fibers of 500ytm diameter placed at radii r 2 50cm, the

occupancy from all sources is expected to be < 1% per fiber, per bunch crossing;

fiii] good time resolution: an intrinsically prompt response;

fiv] insensitivity to magnetic fields and to RF noise;



fv} simple electronics if a binary (yes/no) readout is used;
and  [vi) no power dissipation in the racking volume.

However, several technological developments are required before a realistic
scintillating fiber central tracker for SSC detectors can be claimed. Figures 1 and 2 show
hypothetical central tracking systems which cover the kinematic rangen < 3. Forn< 1.5
the geometry is cylindrical. For 1.5 <1 <3, various configurations of forward detectors
are planned. The basic detection element is an active scintillator fiber of < 4m length,
coupled by a 4m-to-6m long, clear fiber waveguide to a high-rate photodetector. The
performance goals are: the detection of minimum ionizing particles resulting from a beam-
beam collision with an efficiency exceeding 95% per layer; the determination of the
longitudinal coordinate and impact parameter to lmm for each track; unambiguous
asignment of each track to a beam crossing (16 nsec spacing); momentum resolution
sufficient to reconstruct the mass of the Z0 to < 2% in a leptonic decay; momentum
resolution sufficient to make a 3¢ determination of the charge of a 1 TeV/c particle; and
radiation resistance adequate for all components to survive for several years of beam
without significant degradation of capabilities. As discussed in Appendix A below, the
major initial effort of this proposal will be the development of:

(i] a fast scintillator having a peak emission wavelength in the spectral range 530 <
A < 650nm, having an acceptably long attenuation length and insensitivity to

radiation damage;

[ii] clear fiber waveguides of good collection efficiency, adequate radiation
hardness and long attenuation length, and good coupling techniques between
scintillator and waveguide;

[iii} photo-detectors that have good quantum efficiency in the spectral region in [i]
above (for example the solid-state photomultiplier (SSPM) being developed by the
Rockwell International Science Center and avalanche photodiodes (APD) from
companies such as RCA and Hamamatsu) ;

and  [iv] fast, low-noise preamplifiers and discriminators followed by a pipelined
readout and a pT - sensitive track capability in the trigger.



As shown in Figure 1, some superlayers of the detector could include a large-area
pad device to make the task of pattern recognition easier. This technique has been used
successfully by the UA2 Collaboration [1]. We propose to investigate, through simulation,
the mechanical and electronic readout implications of including pad layers and to study the
potential advantages of such structures for fast pattern recognition.

Lastly, during the course of this subsystem development, we will investigate
different aspects of mechanical support, alignment accuracy, and optimal fiber
configuration for good pattern recognition while striving to maintain minimal material
thickness. Such studies are essential for the design of a final detector. Successful
completion of development work on scintillating fibers, waveguide fibers, and
photodetectors will demonstrate the feasibility of a realistic fiber tracking detector for the
SSC.

References
[1] J. Allitt, et al, IEEE Transactions on Nuclear Science, Vol. 36, No. 1(1989)
[2] For a comprehensive review of the field and recent progress see: The Proceedings of

the Workshop on Scintillating Fiber Detectors for the SSC, Fermilab, November 14-16,
1988, S. Reucroft and R. Ruchti, eds.
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II. SCOPE OF WORK

In order to develop a prototype tracking detector a large number of tasks must be
addressed, requiring a strong collaborative effort between university groups, national and
international Jaboratory groups, and private industry. These tasks are enumerated below.
Supporting information for each task is provided in Appendix A.

A. Fibers

1. Scintillating fiber: the development of fluors for operation at
wavelengths in the range 530 < A < 650nm; the development and

optimization of claddings for scintillating fibers; and cross section profile
studies for optimal performance.

2. Clear optical waveguide: the development of claddings, cross-section
profiles and coupling techniques, with the aim of achieving high coupling
efficiency and long attenuation length,

B. Photodetectors

1. Solid state photomultipliers (SSPM): the optimization of this device for
high-rate, single photon counting in the spectral range of interest.

2. Avalanche photodiodes (APD): the development of pixel arrays with
high quantum efficiency and adequate rate capability.

3. Vacuum photomultipliers: study of prismatic photocathodes, cathode
materials, and amplification structures for improved quantum efficiency and
spatial resolution for use in applications where light levels are not too low
(such as in shower preconversion detectors) or where magnetic field effects
are sufficiently controlled that a vacuum electron amplifier can be made

to operate successfully. '



C. Electronics

1. Front end electronics: the study of amplifier and discriminator
technology capable of low-noise and high-frequency operation at 77 K.

2. Data acquisition and trigger: the design of architectures for data latching,
pipeline storage, and vector trigger pattern recognition.

3. Integrated circuits: an investigation of the feasibility of integrated
pixel structures which incorporate photodetection, amplification, and
discrimination for single photon counting at high rates.

D. Radiation Hardness

1. Fibers: a measurement of the radiation damage characteristics (using
charged particles, gammas, and neutrons) for candidate scintillating fibers
and waveguides.

2. Photodetectors: a determination of the radiation damage characteristics
of photodetectors and of the associated electronics.

E. Simulation

1. Tracking Structures: optimization of the fiber configuration for pattern
recognition, good track resolution and two track separation, for acceptance,
and for fast trigger decisions.

2. Pad layers: study of the use of Si pad layers to facilitate track
reconstruction algorithms and provide sufficient granularity for complete
pattern recognition.

3. Backgrounds: a study of neutron-albedo hit rates, conversions in
superlayers, low momentum spirals, and effects of Cerenkov light in
waveguides.



F. Cryogenics Systems

1. The construction of small cryostats for initial studies of devices and
fibers at LHe and LN; temperatures.

2. The design of optical penetrations to minimize heat transfer via thermal
conduction through waveguide and conductor materials, and to minimize the
effects of thermal transfer through photons (infrared component) generated
in the waveguides at the ambient temperature of the fiber detector.

3. The design of electrical connections between photodetectors, preamps,
and external circuitry to minimize heat transfer and heat loads.

3. The design and construction of large scale distributed cryostats for the
prototype detector.

G. Mechanical Engineering

1. Fiber Support Structure: the design and fabrication of low mass
cylindrical supports for superlayers of scintillating fibers with couplings to
clear fiber waveguides.

2. Fiber Layers: a study of techniques for the fabrication of axial and
stereo superlayers with adequate mechanical precision and interlayer

registry.

3. Cryostat Support Structure: the design of supports for photodetector
cryostats taking account of the need for waveguide penetrations and strain
relief.

A brief description of the work to be performed in each of these tasks is presented
in Appendix A below.



HI. MILESTONES

YEAR 1

1. Construction of several optical cryostats capable of supporting the operation of
SSPMs and/or APDs at a level of several hundred channels.

2. ldentify and survey:
(i) radiation hard scintillators having good quantum efficiency and long
attenuation length;
(ii) coupling techniques between scintillating and waveguide fibers;
(iii) other options for optical imaging, including multianode PMTs and
other technologies.

3. Design of a preamplifier/discriminator capable of operating at liquid nitrogen
temperature.

4. Development of a simulation package to optimize the geometry of the prototype
detector for fast pattern recognition and rapid trigger decisions.

5. Development of DAQ and vector/trigger processing algorithms and formulation
of an electronics design strategy.

YEAR 11

1. Working SSPMs (several hundred channels) coupled to scintillating fibers and
preliminary tests with sources and cosmic rays.

2. Working APDs (several hundred channels) coupled to scintillating fibers and
preliminary tests with sources and cosmic rays.

3. The production of radiation resistant scintillating fibers, and the initiation of
procurement procedures necessary for prototype construction.

12



4. The completion of a conceptual design study for a prototype detector suitable for
beam tests.

5. Prototype DAQ circuits fabricated and tested initially with simulated inputs and
later with real signals from the photodetectors and associated ancillary

electronics.

6. The initiation of a conceptual design study for a distributed cryostat system.

YEAR 11

1. Construction of the prototype scintillating fiber tracking with 103 - 104
channels and full data acquisition system.

2. Cosmic ray tests followed by beam tests.

3. Completion of the conceptual design study of a distributed cryostat system.

13



IV. DISTRIBUTION OF RESPONSIBILITIES

This collaboration represents a merger of two strong groups, one an association of
universities and ORNL, the other from Fermilab and Japan, each of which originally had
independent interests in developing a scintillating fiber tracker for the Supercollider and

each of which has proponents who made fundamental contributions to the field of
scintillation fiber detectors. We list below the distribution of responsibilities among the

participating institutions.
A. Fibers
1. Scintillators

2. Waveguides and splicing

B. Photodetectors
1. SSPMs*
2. APDs
3. Vacuum photomultipliers

C. Electronics
1. Front End Preamps
2. DAQ and Front-end triggering

D. Radiation Damage Studies
1. Fiber Detectors
2. Photomultipliers and Electronics

E. Simulation:
F. Cryogenics:
1. Small Cryostats

2. Large Distributed Cryostats

G. Mechanical Engineering
Designs:

Notre Dame, Fermilab, Tsukuba
Notre Dame, Fermilab, UCL.A, Purdue,
Tsukuba

UCLA, Rockwell, Notre Dame, UT Dallas
Rice, Fermilab, UI Urbana, Osaka, Tsukuba
Fermilab, UCLA, Notre Dame, Tsukuba

UT Dallas, ORNL
Penn State, ORNL, Fermilab, UI Urbana

Purdue, UI Chicago, Tsukuba
ORNL, Purdue, UI Chicago

UCLA, Penn State, Rice, Purdue, Fermilab,
Tsukuba, Notre Dame

UCLA, Notre Dame, UI Chicago, Fermilab
UI Chicago, Fermilab, Industry

ORNL

14



*See Section X1 for regulations on SSPM developmeni.
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V. MANPOWER

In this section we list the manpower contributed to the program from the
participating institutions. Further documentation of this participation by institution is
included in Appendix B.

INSTITUTION PERSONNEL FTE
A. UCLA M. Atac 0.25
Post Doc 1.0
Technician 0.5
Students 1.0
B. Notre Dame R. Rucht 0.3
V. P. Kenney 0.25
N. Biswas 0.25
Faculty Fellow 0.25
Post Doc 0.5
Engineer 1.0
Technician 0.5
Students 2.5
C. UT Dallas E. Fenyves 0.1
R. Chaney 0.25
H. Hammack 0.25
Students 0.25
D. Rice D. Adams 0.25
Post Doc 1.0
Students 2.0
E. UI Chicago H. Goldberg 0.25
S. Margulies 0.25
J. Solomon 0.25
Post Doc 1.0

Students 2.0



G.

INSTITUTION

ORNL

Penn State

Purdue

Fermilab

Ul Urbana

PERSONNEL

Engineering

G. Smith

R. Lewis

B. Oh

W. Toothacker

S. Heppelmann

J. Whitmore

Post Doc
Electrical Engineer
Technician

D. Koltick
E. Shibata
Post Doc
Students

M. Atac

P. Berge

M. Binkley

A. Bross

A. Clark (FNAL visitor)
J. Elias

G. Foster

J-M Gaillard (FNAL visitor)
R. Kephart

S. Tkaczyk

R. Wagner

Technicians

S. Errede
J. Thaler
Electronic Engineer

7

1.5

0.25
0.25
0.2
0.1
0.1
0.1
1.0
0.5
1.0

0.25
0.25
0.5
1.0

0.25
0.2
0.2
0.2
0.3
0.3
0.2
0.3
0.2
0.2
0.2
1.0

0.25
0.25
0.5



Programmer

TOTAL FTE FOR SENIOR AND PROFESSIONAL STAFF
TOTAL FTE FOR STUDENTS

TOTAL FTE ALL PERSONNEL

I8

0.6

19.8
8.8

28.6



V1. BUDGET REQUEST

Scintillating fibers constitute a principal candidate technology for use in a central
tracker at the SSC. Since a central tracker is an important component of most proposed
SSC detectors, it is important that the development work discussed in this proposal be
adequately funded so that the feasibility of the technology is determined sufficiently early
to be useful in SSC detector design.

This program is expected to require three years for completion. We request funds
in the amount of $1969K in the first year and estimate that the project will require $2500K
in the second year and $3000K in the third year. The first year budget request is
presented in Sections VII, VIII, and IX below and individual itemized budgets for
participating institutions are presented in Appendix B.

Finally we note that, pending successful funding of this proposal, substantial
matching funds ($294K) will be contributed by several universities in support of their
participation, and important facilities will made available at ORNL and Fermilab in support
of this SSC subsystem program.



VII. SUMMARY FIRST YEAR BUDGET *
(By Task, in US Dollars)

Task

A. Fibers

B. Photomultipliers

C. Electronics

D. Radiation Damage

E. Simulation

F. Cryogenics

G. Mechanical Engineering

Total

* Funding request for the first year of a three year program.

Total

330K
670K
401K
169K
214K
126K

59K

1969K

20



VIII. SUMMARY FIRST YEAR BUDGET" #
(By Institution, in U.S.Dollars)

Institution Request Matching Net
Funds@ Request

UCLA 270K 37K 233K
Notre Dame 310K 65K 245K
UT Dallas 96K 30K 66K
Rice 142K 36K 106K
UI Chicago 186K 31K 155K
Ul Urbana 110K 110K
Penn State 245K 45K 200K
ORNL 178K b 178K
Purdue 185K 50K 135K
Fermilab 178K e 178K
Tsukuba™**

Osaka City***

Group subcontracts 363K 363K
Totals 2263K 294K 1969K

* Funding request for the first year of a three year program.

# Individual budgets from participating institutions are included in Appendix B below.

@ Matching funds in the amount of $294K will be available to the various University
groups contingent upon successful funding of this proposal.

** Fermilab and ORNL are making significant contribution to this program by making a
number of essential facilities available to this program. See Appendices B and C.

*** Tsukuba University and Osaka City University will request funds for this project
separately from the U.S. - Japan accord.

(1!



IX. BUDGET TABLE

On the next two pages are a table, breaking down the costs for the first year of the
program by project and institution. All entries are in thousands of US Dollars. The
budgets listed in Sections VI and VII above represent the vertical and horizontal
projections of this table respectively.

An important column in the table is Column 1. which shows expenses which are not
necessarily specific to a given collaboration group but are to be subcontracted by the
collaboration. These include:

14 Order for scintillation fiber from which the prototype detector will be made.
($10K. To be implemented in Year 2 of the program.)
L5 Order for waveguide fiber from which the prototype detector will be made.
($10K. To be implemented in Year 2 of the program.)
L8 Subcontract through UCLA to Rockwell for SSPMs.
($183K to be spentin Year 1, $258 to be spent in Year 2. See Appendix B)
LY Subcontract(s) through the collaboration for APDs.
($80K. Vendor(s) to be determined in Year 1.)
L10 Subcontract(s) through the collaboration for Vacuum PMTs.
($50K Vendor(s) to be determined in Year 1.)
L12  Subcontract through UT Dallas and ORNL for liquid nitrogen temperature
VLSI preamplifier chip with 128 channels.
($50K. Vendor(s) to be determined in Year 1.)
L23  Subcontract through UI Chicago for conceptual design study for a
distributed cyogenics system.

($50K. Vendor to be determined in Year 2.)

22
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X. REQUEST FOR SSC LABORATORY SUPPORT

In the third year of this program we will require access to test beam facilities (for
example at Fermilab) in order to study high-rate tracking properties of the prototype
scintillating fiber tracker. At that time, we intend to request assistance from the SSC
laboratory for installation of equipment in an appropriate test beam, for assistance in
obtaining the necessary test beam time and for the usual necessary support associated with
beam operation required to carry out our studies.

For initial demonstration of the effectiveness of scintillating fiber tracking
techniques, any beam capable of several GeV/c of momentum would be sufficient.
However tests of two track (and multitrack) resolution and momentum measurement
would be most usefully performed in a high energy beam and with magnetic fields up to 2
Tesla. Since Fermilab is making a significant contribution to this program in manpower
and resources, a logical choice of site for beam tests would be one of the fixed-target beam
lines or test beams at Fermilab. However this choice depends critically on scheduling for
the Tevatron and hence careful coordination is required. It is essential that SSC testing
requests such as ours be presented to Fermilab through the SSC laboratory, so that a
coherent plan for scheduling and support can be developed.



26

XI. REGULATIONS AND RESTRICTIONS

This collaboration agrees to respect the ITAR restrictions governing the use of and
dissemination of information about SSPM devices to be developed by Rockwell in
collaboration with UCLA, Notre Dame and UT Dallas groups. These groups have
separately submitted letters to Rockwell and DOE formally agreeing to ITAR policy.

The implications of this policy and its restrictions should be reviewed and/or
amended once new, high-speed, infrared-insensitive (IRI) devices are fabricated under
funding provided through this program.



APPENDIX A
DISCUSSION OF THE TASKS IN THE SCOPE OF WORK

A, FIBERS

The utilization of fiber detectors for tracking applications depends critically on
several factors:
[i] the quantum efficiency of the scintillator within given critical dimensions;
[ii] the optical self-absorption properties of the scintillation material, and in
particular the Stokes' shift between absorption and emission spectra;
[iii] the properties of the scintillation waveguide for light trapping (total internal
reflection), light transmission (reflection coefficient and optical absorption), and
cross talk;
[iv] the radiation resistance of the scintillator material and optical waveguides;
and  [v] the coupling efficiency to, and the quantum efficiency of the photodetector for
wavelengths of interest.

We examine each of these in turn:

[i] The quantum efficiency of the scintillator. For a variety of reasons, organic
plastics and liquids are the most desirable materials for the construction of a tracking
detector. Firstly, fluorescence yields in the order of 70%-80% of anthracene are routinely
obtained. Secondly, the materials have low density, 1 g cm-3, a radiation length of 42cm
and an absorption length of 79cm. Such properties are well matched for tracking
applicatdons. The scintillation efficiency does depend, however, on a critical dimension -
the distance scale over which the scintillation process occurs. For binary scintillators, this
critical scale is given by the range of Forster Transfer which is tens of Angstroms. For
ternary and quaternary scintillators, the scale is set by the mean free path for wave shifting
between dyes and is typically 250):m or greater, depending upon dye concentration. This
has the consequence of a minimal radial dimension for scintillating fibers which is set by
this critical scale.

[ii] The self-absorption process. In conventional ternary and quaternary
scintillators, self absorption is reduced by using a very low concentration (0.01%-0.1%) of
final dye. In binary scintillators, a large Stokes' shift is an essential property required of
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the dye material, since 1% concentrations of the dye are necessary for Forster Transfer
between the solvent (for example polystyrene) and solute (dye). Measurements of
polystyrene indicate that optical transmission is best for wavelengths 530 < A < 650 nm
(see Figure A1). Hence it is important to select a scintillator with fast fluorescence in this
region.

[iii] Waveguide properties: For plastic fibers, typical refractive indices n =1.59
and n=1.49 are obtainable for the core and cladding respectively. There are also claddings
of lower refractive index (down to n=1.40) which warrant study. These indices provide
for 6% light trapping in a fiber guide (3% of the light trapped in each direction in the
guide). Reflection coefficients of 0.999 have been achieved with plastic materials, having
polystyrene core and acrylic cladding). It would be of great benefit if this could be
improved.

The physical properties described in [ii] and [iii] above dictate the attenuation length
for light in fibers. For fiber diameters of 0.5mm - 1mm, this is typically in the Im-2m
range. This situation can be improved by careful work on dye materials and dye purity, on
the purity and optimization of core and cladding materials of a fiber (a chemistry issue) and
by improvements in the interface between core and cladding materials (a mechanical issue).

[iv] Radiation Resistance: Measurements have been reported on polystyrene-based
plastic scintillator and non-scintillator samples which indicate that optical transmission
properties, for wavelengths A 2 500nm, survive for gamma doses of 10Mrad administered
over short time intervals [see Figure A2]. The effects of long-term damage to core
materials, cladding materials, and fiber structures are not yet well understood. However it
is clear that scintillation fluorescence at wavelengths greater than 500nm is desirable.
Conventional bialkali photocathodes are inefficient at these wavelengths. Hence it is
essential to develop photodetectors with high quantum efficiency at long wavelengths.
Appendix A, Sections B and D, outlines our plans for photodetection and radiation damage
studies.

[v] Coupling to the detector readout. There will always be a coupling loss between
the fiber detector and the imaging system, because of mismatches in alignment of fiber
scintillators to fiber light guides, and of fiber light guides to the pixel elements of the
imaging system. These result from cladding mismatches, interstices between fibers,
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refractive index mismatches, and diffractive effects. After careful alignment and bonding,
one has to live with the resuit.

There are several options for fiber splicing. An obvious choice is to couple a
scintillating fiber of a given diameter to a waveguide fiber of slightly larger diameter, thus
avoiding a cladding misalignment. There are several possibilities for optical coupling
including optical grease or oil, gluing, dissolving/melting, UV polymerization, and
ultrasonic bonding. The latter method is a particularly promising option.

Amazingly, it has been observed that polystyrene fibers may be cycled to cryogenic
temperatures (7 K) numerous times without apparent damage to the fibers. We intend to
study this systematically for fibers of various cladding thicknesses and cladding materials,
in order to select an optimal configuration for light transmission from ambient temperature
to the 7 K environment for SSPM operation and the 77 K environment for APD operation.

Goals: We will continue our program of dye development for fibers which has
thus far been very productive [ref] and more recently has included the development of
syntheses for the large Stokes dye bipyridine diol (BPD) at Aldrich and Bicron and several
new large Stokes primaries MOPOM and di-t-butyl- MOPOM synthesized by Philadelphia
College of Pharmacy and Medicine (J. Kauffman). BPD has properties similar to the dye
3HF with fluorescence in the green, but is potentially a more stable molecule. The
MOPOM structures have the high molar extinction coefficient characteristic of the familiar
PQOPOP, but have substantially larger Stokes' Shift and improved solubility. They may be
a good bridge to longer wavelength ternary and quaternary scintillators.

Additionally we will in collaboration with industry:

[i] work on polymer and cladding purity as well as dye purity to improve light
efficiency and optical transmission in the produced fibers;

[ii] study effects of the molecular weight of polystyrene on boule preparation, and
the nature of the core cladding interface;

[iii] investigate cladding materials and cladding thickness for acrylics,
polyvinylacetate, and fluoridated hydrocarbons for compatability with polystyrene
core material, and for good visible wavelength and infrared poor transmission;



and
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[iv] investigate extramural absorbers (overcoatings) for fibers such as
aluminization, TiO7 and opaque materials to minimize crosstalk;

[v] investigate the systematics of fiber drawing in single strands, ribbons, and
multifibers;

[vi] investigate radiation resistant adhesives to bond fibers into ribbons and onto
support structure, so that degraded adhesives will not damage fibers or their
alignment. Polysiloxane based adhesives are one of the possibilities;

[vii] investigate coupling techniques for fiber splicing and coupling to
photodetectors as discussed above;

[viii] investigate the behavior of polystyrene fibers in a cryogenic environment and
under temperature cycling;

[ix] investigate coupling strategies for fibers to solid state photodetectors which will
work reliably under temperature cycling.
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B. PHOTODETECTORS

Since a high detection efficiency per fiber is essential for good pattern recognition
and for minimizing the amount of material in the tracking volume, the principal readout
requirement of the scintillating fiber tracking technique is that of photodetection with single
photon counting at high rate. Additional important requirements for any photodetector
include fast time response, low dark current, high quantum efficiency in the wavelength
region of light output from the fibers, and low per channel cost. Our proposed
development of long wavelength fibers with emission in the range 530 S A £ 670 nm as
needed for radiation hardness and attenuation length reasons is also advantageous for solid
state photodetection. In such devices, quantum efficiencies exceeding 0.5 have already
been achieved in this spectral range.

Although no fully acceptable photodetector presently exists, there are several
possibilities. Our intention is to explore and develop as thoroughly as possible the most
promising options. These options include:

[i] The solid state photomultiplier (SSPM) under development by the Rockwell
International Science Center [see Appendix C];

(ii] Avalanche photodiodes (APD) being developed by RCA and Hamamatsu, and
others;

and [iii] Position sensitive vacuum photocathode devices available from a variety of
manufacturers or under development.

The solid state photomultiplier development is described in detail in Appendix C.
Quantum efficiencies as high as 60% have been demonstrated within a broad spectral range
400nm < A < 28um, and devices have been fabricated with pixel structures of 250pm x
250pm size and smaller. Single photon counting studies have been carried out at rates
approaching 108 cm -2 sec-1. To achieve these levels of performance, the devices must be

operated at cryogenic (7 K) temperatures.

To make these devices useful for SSC applications with scintillating fibers, we
intend to work in collaboration with Rockwell to optimize the spectral response in the
visible region and blind the infrared sensitivity. Along with this optimization we expect
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that the speed of the device will be improved still further, since hole collection times will be
substantially reduced as the infrared sensitive region of the detector is made much thinner.
The nature of the SSPM structure is discussed in Appendix C. Important subsidiary
cryogenic developments are planned (Appendix A, Section F) for making optical
connections to these devices for performance studies.

Existing avalanche photodiodes manufactured by RCA and Hamamatsu have
quantum efficiencies exceeding 40% at a wavelength of 600nm and can be operated in
either avalanche or breakdown mode by varying the applied voltage. When cooled to liquid
nitrogen temperature, these devices have very low dark current, enabling practical single
photon counting. For a practical APD fiber photodetector, improvements are desirable in
the quantum efficiency and essential in the gain/rate capability. We have recently learned
that the quantum efficiency of optical CCD devices can be improved by a factor of 1.5
through the addition of an anti-reflection coating. We intend to investigate this possibility
for APDs. When operated in the avalanche region, gains ranging from 300 to a few
thousand are achievable. However, the recovery time depends on the gain and may limit
the rate capability. Together with industry, we propose to explore in detail the gain versus
rate limitations and search for a solution. In particular, it may be possible to reduce the
APD pixel size so that a number of cells view each fiber, and thus achieve both adequate
gain and rate performance.

Vacuum photodetectors with transmission or absorption photocathodes are an
existing mature technology that could also form the basis for fiber readout. High rate
position sensitive structures already exist for a limited subset of these devices. Hamamatsu
and Phillips each manufacture position sensitive photomultiplier tubes with either anode
pads or crossed, multiwire anodes. These tubes provide position resolution in the range 1
to 3 mm. Another possible vacuum photodetector candidate makes use of proximity-
focussed solid state (pixel) anode structures. Several approaches are currently under study
using arrays of APDs, silicon pad detectors, CCDs or CIDs as the focal plane detector.
We propose to encourage and participate in ongoing developments in industry, and to
cooperate in tests using scintillating fibers whenever practicable.

For all vacuum photocathodes, a crucial restriction of their use results from the low
(0.1-0.15) photocathode quantum efficiency at wavelengths 530 € A < 670 nm. To
overcome this limitation, we intend to investigate alternate photoemitter materials (such as
GaAs) and to develop new photocathode mechanical structures (for example prismatic



photocathodes) which exploit the highly collimated nature of the light from fiber
waveguides.



C. ELECTRONICS

[i] Front End Preamplifiers: We will pursue the development of front end
electronics for both SSPM and APD structures. This includes the characterization of low
temperature preamplifiers, capable of operation at liquid nitrogen temperatures. The
primary thrust of this work will be the development of multichannel, low temperature
electronics which are compatible with SSPMs and/or APDs. The first phase will be the
development of a data acquisition and storage system using discrete electronics operating at
room temperature. Parallel to this effort will be the development of devices to operate at
liquid nitrogen temperatures. The low temperature technology already exists in connection
with infrared detectors. Once the requirements of the devices and the cryogenic technology
are understood, a major emphasis on this project will be the development of a VLSI chip
which will collect data from multiple photomultipliers and which will operate at LNy
temperatures. State of the art VLSI design systems are available at several of our
participating institutions and can be used in the design of this chip.

[ii] Data Acquisition Electronics: The high granularity and speed of the scintillating
fibers and solid state photomultipliers requires careful design of a high-rate data acquisition
system, yet also affords opportunities for pattern recognition and triggering.

The key element in the electronics is the storage device. Only low-power devices
have been considered thus far since heat dissipation will be a problem for a large number of
readout channels. An attractive device for use in the prototype detector is the LRS
MLLA00, largely because of its track record in a TDC pipeline system. The redundancy
afforded by its 250MHz capability would be useful in data compaction. Data on the input
lines can be sampled once every 4 nsec. Since a 4 meter length of fiber corresponds to a
time spread of 20 nsec, hence a 4 nsec time slice corresponds to 1/5 of the length of a fiber.
This redundant information will be useful in matching the x, u, and v segments of a track.
[The x coordinate refers to an r¢ measurement, while u and v refer to narrow-angle stereo.)

We also plan to test an inexpensive variation of the shift register concept. In this
application a RAM memory is used as a FIFO, by indexing a shift register rather than by
shifting data from register to register. This scheme places the burden of high speed
(16nsec) on the address register only rather than on the individual data registers. Details of
this prototypical system are presented in Appendix C.
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Lastly, it should be emphasized that the speed of the readout and the excellent two-
track resolution of a scintillating fiber tracker provide opportunities for developing
hardware tracking capability at the front end. This could include using fast electronics to
form vector segments in a given superlayer - effectively measuring the angle of the segment
relative to the intersection region. Such a strategy could permit the rejection of large angle
tracks - corresponding to low momenta - at a first level trigger. By exploiting the vector-in-
superlayer concept, we intend to develop the design of a fast rigger system to identify high
P tracks in the central region, 1 < 1.5. A CAD/CAE system will be developed by the
collaboration to design and simulate candidate architectures. Such work will be initiated in
the first year of the program and is expected to be intensified in the second year when we
have gained some understanding of the photodetectors and associated front end electronics.
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D. RADIATION DAMAGE STUDIES

The elements of a central tracker at the SSC will be subjected to charged particle
fluences ranging from 103 cm2 s-1 at 20 cm from the beam axis to 103 cm25-1 at 2 m.
A fairly uniform neutron albedo of 2 x 1012 cm 2 yr-1 with an average energy of about 1
MeV is also expected. Gammas from #© decays and charged-particle bremsstrahlung will
also be present. Thus a comprehensive examination of the radiation sensitivity of
scintillating fiber assemblies requires exposures to all three types of particles.

Of particular interest are the radiation damage to the scintillation waveguides (core,
scintillation components, cladding, and interface), the non-scintillating fiber guides (similar
issues as well as optical coupling materials), adhesives and backing materials used to form
the fibers into ribbons and layers, and damage to the the photomultiplier structures and
associated electronics. Although the radiation level in the vicinity of the photomultipliers is
expected to be low (in an actual experiment these are likely to be located in the region
between the outer walls of the calorimetry and the inner walls of a muon detector),
nevertheless radiation damage issues must be carefully investigated.

We intend to make measurements with neutrons, electrons, and gammas which are
available at Argonne National Laboratory, Oak Ridge National Laboratory, and various
university facilities, as well as under more realistic collider conditions - for example tests
in the Q0 region at the Tevatron might be a possibility.
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E. SIMULATION

The design of an SSC tracking system must rely on the development of accurate
simulation software at many different levels. With the exception of a few "gold-plated”
events, the signature for most SSC physics will require detailed comparison with Monte
Carlo predictions. The extent to which tracking can aid in uncovering physics processes
must be studied within the context of a simulation program. Different geometries can be
tested to optimize the detailed design of the tracking system. We plan to carry out such
studies as part of this subsystem proposal.

The benefits of a tracking system include measurements of direction, momentum,
multiplicity, and charge. These must be weighed against conversions, bremsstrahlung,
and multiple scattering in materials as well as overall costs for construction of the tracking
system. The parameters to vary include the size, number, and location of the fibers, the
fiber cross sectional profile, the magnetic field, and the extent of the information to be read
out and saved. We will vary these parameters in our simulations to achieve an optimal
design.

We will also develop software appropriate for reconstructing the tracks in our
detector. This requires that we be able to do pattern recognition to associate the individual
hits with tracks and then use those hits to calculate direction, momentum and vertex (or
impact parameter) for each reconstructed track. We will develop algorithms for quickly
using a subset of the tracking information for triggering. The design of the hardware must
be such that all the above can be performed in a rapid and accurate manner. One avenue of
investigation in simulation will be the addition of one or more layers of pad detectors to
enhance the speed and accuracy of the pattern recognition.

As the basis of our simulation program, we intend to make use of the CERN
simulation package GEANT interfaced to the ISAJET or PYTHIA event generators. There
is of course considerable effort required to incorporate a description of our tracking
designs into the GEANT framework and to turn the GEANT output into hits in the
simulated detector. Initial work is already underway at several institutions using standard
VAX/VMS machines. In the near term we will want to study large event samples, for
which the VMS machines are inadequate. Unix based RISC VAX workstations can
provide this enhanced capability with an order of magnitude improvement in computing



power. Further increases in CPU capability might come from additional RISC processors,
mainframe computers or an ACP farm.

39



40

F. CRYOGENIC SYSTEMS

[i] SSPM Cryogenics: To limit thermal electron noise to an acceptable level,
SSPMs must be maintained near 7 K (see Appendix C). Thus development of a cryogenic
system is an essential task.

For a central tracker having between 106 and 107 fibers, one possible plan is to
distribute the SSPMs among a hundred or so cryostats located in the space between the
detector's calorimeter and flux-return yoke. Because the SSPMs are quite small, the 7 K
volume would not be very large. For example, an 128-channel array is approximately
3cm long with a 0.5mm x 0.25mm cross section. Hence at 104 channel system could be
imaged in a detector volume of approximately 3cm x 10cm x 0.25mm.

Scintillation light would enter each cryostat via an assembly of transition optical
fibers connected to the tracker's non-scintillating optical fibers at ambient (room)
temperature. Within the cryostats, the transition fibers would first be grounded at liquid
nitrogen temperature and then would be optically coupled to an SSPM array maintained at
7 K. The SSPM signal outputs would, in turn, be connected to the front-end electronics
contained within the same cryostat, but at liquid nitrogen temperature. Amplified outputs
would then emerge from the cryostat into a room-temperature environment. Among the
important parameters to be investigated are:

[a] heat load due to thermal conductivity of the optical fibers.

[b] heat load due to transmission of infrared light into the cryostat via the optical
fibers. Polystyrene transmits poorly in the infrared and the cladding thicknesses are
unfavorable for infrared transmission. Nevertheless this issue must be understood.

[c¢] thermal loading due to the SSPMs themselves.

[d} heat transfer due to wire bonding to preamps at liquid nitrogen temperature.

During the first two years of this proposal, initial testing of SSPMs will be
performed first in units of 1-10 elements and then with a 192 channel device. During this

period and in collaboration with industry, a design of a prototype cryostat will be
undertaken, capable of supporting the operation of 103 - 104 SSPM channels and
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associated front-end electronics. This prototype unit will serve to test the cryogenic design
concepts and is intended to be used with the prototype fiber tracker in beam tests. In
addition, the cryogenics system required for a full-scale tracker of 106 - 107 elements will
be investigated during the third year.

The design and construction of the prototype cryostat and the study of a full-scale
cryogenics system will be performed with engineering assistance from national laboratories
and industry. At this time, both Alabama Cryogenics (Huntsville) and Grumman
Acrospace (Bethpage NY) have expressed interest in this project, and other companies will
be contacted.

{ii] APD Cryogenics: Development of appropriate cryogenic systems for APD
devices parallels that of the SSPM cryogenics discussed above, except that APD devices
require liquid nitrogen temperature for noise-improved operation. This poses less difficulty
and complexity in cryostat design. Nevertheless design of a prototype cryostat to support
the operation of such devices will also be explored. Several small cryostats will be put into
operation within the group capable of accomodating either APDs or SSPM devices.



G. MECHANICAL ENGINEERING

We will develop a detailed conceptual design for support of a central tracking
system with a cylindrical central region, n < 1.5, and for forward tracking, 1.5 <1 < 3.
Additionally a conceptual design for a support of distributed cryostats for the
photodetectors will also be implemented. To this end a careful evaluation of the state-of-
the-art, light-weight, composite materials will be made, drawing on the expertise at the Oak
Ridge facilities where vast amounts of DOE dollars have been spent on such structures.
Very large structures that are extremely rigid, yet light weight (and of low mass) and which
have exceptional dimensional tolerance and creep factors can be designed. In addition,
alignment techniques will be developed that will permit accurate positioning of the detector
elements in layers, accurate registry of different superlayers, and subsequent monitoring of
that alignment.

Consider the central portion of a fiber tracker. Here superlayers of scintillating
fibers will be supported by a cylindrical structure that could, for example, be made of
carbon filament - Rohacell or Kevlar-Rohacell composite material. The composite is
formed by adhering very thin layers of cross-fiber carbon material to Rohafoam 31
cylindrical tube on the inner and outer surfaces. A thickness of Rohafoam of 0.6cm and
75pum thick filament can be formed into a tube having only 0.12% radiation lengths of
material, yet having more than adequate rigidity to support a uniformly distributed load of
scintillating fibers of 65.3 kg mass. Such a mass is based on a cylindrical superlayer of
500um thick fibers arranged in 12 individual layers of fiber of 4 meter length and at a mean
radius of 50cm. For outer layers one would increase the thickness of the Rohacell
appropriately.

The fibers will most likely be made in the form of ribbons. Each ribbon may be

made of several hundred fibers which are glued together precisely. These ribbons can be
positioned and glued to the cylindrical support tube while using a laser beam for alignment,
- The scintillating fiber ribbons will be optically conpled to non-scintillating optical fibers at
the end of the structural cylinder. These optical fibers will be of slightly larger diameter to
improve optical coupling by avoiding cladding mismatches. The optical fibers then
transport the photons to the photodetectors. Coupling fixtures to support joints between
scintillating fibers and non-scintillating fibers must be designed as well as for interfacing
the non-scintillating fibers to the optical cryostats.
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The mechanical engineering challenge lies in producing a rigid, stable and light
weight structure that can be easily aligned and that serves both as the mandrel for optical
fiber assembly as well as the support structure of the complete tracking system within the
confines of space allotted to the tracker and the optical coupling assemblies.
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APPENDIX B
ITEMIZED BUDGETS FROM PARTICIPATING INSTITUTIONS



ITEMIZED PROPOSAL BUDGET FOR UCLA

YEAR 1 YEAR 2
1.) Salaries & Wages

Scientific Persomnnel

M. Atac, Task Manager
Adjunct Professor (proposed) :
50% time for 12 months -0- -0-

Assistant Research Physicist I

100% time for 12 months

Base salary 6/01/89: § 3,142/month $§ 37,704

Anticipated 7/01/90: § 3,299/month $ 39,588

Graduate Student Researcher II
50% time academic year, 100% time summer

Base salary 6/01/89: § 2,256/month $ 16,920
Anticipaced 7/01/90: § 2,369/monch _ - § 17,768

Support Personnel
F. Chase, Senior Engineering Technician
25% time for 12 months
Base salary 6/01/89: § 3,880/month ) $ 11,640
Anticipated 7/01/90: § 4,074/month $ 12,222
J. Kolonko, Academic Specialist '
5% time for 12 months

Base salary 6/01/89: $§ 5,838/month $ 3,503
aAnticipated 7/01/89: $ 6,130/month S 3,678

Total Salaries: $ 69,787 $ 73,256

2.) Employee Benefits
Academic @ 24% - 1989, 25% - 1990, $ 9,890 § 10,817

Graduate Student Researcher @ 1.75%
academic year and 3.47% summer $ 413 $ 434

Scaff @ 30% - 1989, 31y - 1990 $ 3,492 $ 3,789

Total Benefits: § 13,795 $ 15,040
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ITEMIZED PROPOSAL BUDGET FOR UCLA

3.) Supplies and Services

Laboratory Tools: Test Supplies

Liquid Helium/ Liquid Nitrogen
Magnetic Tapes: Diskettes

’ Computer Maintenance -
Freight & Postage
Telephone Expense

Tocal Supplies/ Services:

4.) Travel:
Domestic Travel:

Airfare = 15 RI/YR batween UCLA, FNAL and
and Notre Dame @ $500 each

Per Diem: .

120 days/year @ $100/day

Car Rentals:

17 weeks @ $150/week

Total Travel:

5.) Equipment
Electronic Instrumentation
Less: UCLA Contribution

Total Equipment:

6.) Fabricacion

High Rate Scintillating Fiber
Test System to include amplifiers,
cabling, comnectors, coupling fixtures

Total Fabrication:

19
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YEAR 1

1,500
2,000
500
500
300
900

5,700

7,500
12,000
2,550

22,050

44,000
(36, 500)

7,500

20,000

20,000
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‘YEAR 2

1,000
2,000
550
550
300
1,000

5,400

7,500
12,000
2,550

22,050

10,000
-0-

10,000

20,000

20,000
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ITEMIZED PROPOSAL BUDGET FOR UCLA

YEAR 1 YEAR 2
7.) Subcontracts
Rockwall Science Center $ 182,645* $ 258,174+
Univ. of Texas at Dallas § 56,000+ $ 59,000+
Total Subcontracts § 238,645 $ 317,174
Total Direct Costs $§ 375,457 $ 462,920
8.) Indirect Costs:
Overhead @ 27.8 % on MIDC Qff-Campus $ 44,845 $ 32,1717
Total Budget , $ 420,302 $ 495,097

A —————————
—————————

) 1
* See Page 7 of Appendix A '
/‘\

- + .e Appendix B t
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ITEMIZED PROPOSAL BUDGET
for the
UNIVERSITY OF NOTRE DAME

(First Year of a Three Year Program)
A i. SENIOR PERSONNEL
R. Ruchti (30% of time)
V. Kenney (25% of time)
N. Biswas (25% of time)
N. Cason (10% of time)
W. Shephard  (10% of time)
2. OTHER PERSONNEL

Research Engineer (100% of time)

Faculty Fellow (25% of time)
Post Doctoral Fellow  (50% of time)
Technician (50% of time)
Graduate Students (2 @ full year)
Undergraduates

B. FRINGE BENEFITS

C. PERMANENT EQUIPMENT (See Itemized List)

D. MATERIALS AND SUPPLIES

E. TRAVEL

TOTAL DIRECT COSTS

INDIRECT COSTS

(28.9% of total direct costs less permanent equipment under D)
TOTAL PROJECT COST

NOTRE DAME MATCHING FUNDS FOR PERMANENT
EQUIPMENT

TOTAL REQUEST FROM SSC/DOE

$270,277
$ 39,723
$310,000
$ 65,000

$245,000
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TOTAL

ITEMIZED LIST OF PERMANENT EQUIPMENT

for the

UNIVERSITY OF NOTRE DAME
(First Year of a Three Year Program)

FIBERS

a. Dye Synthesis and purification

b. Fiber cladding tooling and fabrication

c. Fiber Manufacture (Ribbons, Strips, Multis)
d. Boule Preparation Studies

e. Splicing Hardware

VACUUM PMTS

a. High strip current MCP structures
b. Cathode faceplate fabrication

CRYOSTAT CONSTRUCTION FOR SSPM AND
APD TESTS WITH FIBERS

a. Small test cryostat
b. Ancillary hardware

LABORATORY TEST EQUIPMENT

$ 589

$130,896
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ITEMIZED FIRST YEAR BUDGET
UNIVERSITY OF TEXAS AT DALLAS

1. DIRECT COSTS
A. SALARIES AND WAGES
Dr. E.J.Fenyves (10%)
Dr. R.C. Chaney (10%)
Hilton Hammack (25%)
Research Assistant (25%)
Total Wages and Salaries
B. FRINGE BENEFITS (25%)
C. TRAVEL
D. MANDO

E. PERMANENT EQUIPMENT

II.  INDIRECT COSTS (44%)
TOTAL COST

MATCHING FUNDS FROM UT DALLAS
ON PERMANENT EQUIPMENT

TOTAL REQUEST (FIRST YEAR)

$17,111
$ 96,000
$ 30,000

$ 66,000

B6



Rica 1990 Budget fur 35C Tracking Subsystcm Proposal

SALARIES
! Postdoc
2 Students

FRINGE RENEFTTS
1 Postdoe (85 moa € 197 and 6 @ 202Q)
2 Students (6 mos @ 24 and & ¢ 262)

EQUTPMENT
1 VAX/YMS 3100 Vaxeotation
1 HP plotter
Flbers, readout devicey and electronica

TRAVEL
1V round trips group meetinge € $500 ea

INDIRECT

Salary (6 mus @ 47.57 and 6 @ A9I)
Travel (6 moa € 27.57 and 6 & 291)

Univerwity Contribution (257)

TOTAL

Cost

$30,000
21,600

5,850
5,400

17,389
4,700
20,000

3,000

30,325
1,413

Total

§51,600

11,25¢

42,088

3,000

- 31,738

141,676

-3%,419

106,257
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UNIVERSITY OF ILLINOIS AT CHICAGO

Budget Summary
28 Sept. 1989

Principal investigators: . Goldberg
S. Margulies
J. Solomen

A, SENIOR PERSONNEL 000

B, OTHER PERSONNEL
1 postdoctoral assoclate $ 34,000,
(100% for 12 months)

. 2 undergraduate students
(15 hrs/wk for academic yr., plus

40 hrs/wk for summer) $ 11,500.
$ 45,500.
c. FRINGE BENEFITS
(6.45% for postdoc, 0.2% for undergrads) 2,216.
TOTAL SALARIES, WAGES, & FRINGE BENEFITS $ 47,716.
D. EQUIPMENT
Spectrophotometer 15,000.
LeCroy p.h.a. system, accessories, &
interfaces 9,715,
MacIIx data acquisition system &
interfaces 11,540,
Picoammetar 1,980,
38,235,
E. TRAVEL
Domastic 18,000,
F. OTHER DIRECT COSTS
1. Materials and suppliaes
materials and supplies 10,000.
radicactive sources 500.
MacIl software, including LabVIEW 3,000.
13,500.
2, Contracts
sample irradiation fees 5,000,
cryogenic study _10,000.
15,000.
B4 QS5 ) SJI5AHA DIN 6F:aT 88, &2 435



G,

TOTAL DIRECT COSTS

INDIRECT CQSTS
(37% of A,B,C,E, and F1;
57T of first $25,000 of F2)

TOTAL DIRECT & INDIRECT COSTS

(G plus H)

UNIVERSITY COST SHARING

To assist the proposd work, the University of Illinois

at Chicago has agreed to reduce its indirect cost

charge, normally 37% as- indicated i{n H, to 24%.

1. INDIRECT COSTS @ 24% 22,612,

2. NET UNIVERSITY COST SHARING
(H less J1)

TOTAL AMOUNT OF REQUEST
(I lesas J2)

$132,451.

53,703.

186,154,

(31,091)

. $155,063.

£0d 955 S013AHg 1IN ©9S:57 83, BT 435
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B10O

ORNL Involvement In Tracking Detector Subsystem
for the SSC Using Scintlilating Fibers

CAPITAL EQUIPMENT - Most of the needed equipment such as
CAD/CAE workstations are already in place, so no money is
needed for major purchases.

PERSONNEL - Assicnment of engineers to these tasks are
expected to be .. e

3 Electrical Engineers at 50% time

1 Mechanical Engineer 50% time.

BUDGET Year #1.
(Man months and $K)

Front End Electronics 8 mm $56K
"DAQ & Patern Analysis ' 3 mm $28K
Do edimdime r\nm-.-.e O oy ¢28K
1 VERWAICIUINA Uﬂlllﬂu WO W
Mech, Enginegering & mm $56K
Travel - $10K
18 mm $178K

BUDGET Year #2
(Man months and $K)

DAQ 6 mm .$58K
Pattern analysis 6 mm $58K
Mechanical Engineering 6 mm ~ $58K
Harris Semiconductor runs " $50K
Machine shop time $75K
Matarials (Carbon fibar re-enforced) $25K
Travel —_ $10K
18 mm $276K

BUDGET Year #3 (To be determined)



PENN STATE UNIVERSITY

DATA ACQUISITION & IJIMULATION AGTIVITIES - FY90
(0fficial University approved budget will be providsd upon raquest)

a) labkor

b)
&)

d)

1)

2)
3)

Electrical anginaer fromz Pean State
EE Departument and/ox industry (DAQ)
Technician (DAQ)

Besaarch Associate (SIM)

Ixavel

Iringa and Indixect Costa on a)-B)

Equignent

1

Diagnostics (DAQ)

1) LaCroy Model 9450 dual charmel digital scope

2) Hewlett.Packard Model 1651A Multi-channel
legic analyzer scopes

2) YME Svaten (DAQ)

3

4)

5)

1) Motorola MVMEl47 Momcboard Microcomputer

2) Motorola MUME712M Tranmition Module

3) Motoxola MVMES451Al crate

4) SCSI disc system

5) 08-9/146 Developmsnt Pak DEV.4700.30EL-38W7

6) VME-buss diagnostic hardware

Exototrype Boarda (BAQ)

1) XVME-085 prototype module (2)

2} XVME-081 INTEL protetype moduls

3) XVME-090 axtender board

Elgecronic Cogponenty (DAQ)

1) 74F194 ahift regiaster, 74F289 RAM,
MCM10470%15 RAM, pre-amps, discriminators,
shapers, etc.

Sogputationg (SIM)

‘1) RISC VAX Workstation

Total
Lass Dept. of Physics (Laborarory for
Blemeutary Particle Sclenca)} Contributiom

Total Raqueatad

$50,000
15,000
30,000

12,000

74,000

817,000
7,000

4 3,000
1,000
1,800
1,000
2,000
1,600

§ 800
800
509

§ 2,500

£25.090
$245,000
«45 000
$200,000
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III.

Purdue 2§§versity
Project Budget

Scientific Personnel

a. Senior Personnel:
David S. Xoltick
Edward I. Shibata

b. Research Associate
50% for 12 menths

¢, Graduate Researcher
¢ man months

d. Undergraduate Physics Majors
6 man months

Total salaries and wages
Grad fee remission

Total compensation

Fringe Benefits
Total fringe benefits
Tbtaircompensation and fringe benefits

Travel: Domestic ®

a. Between Purdue, Fermilab and
Notre Dame
60 @ $100 per trip

b, Company Visits
10 trips € $1000 per trip

Equipnent

a. GPIB NuBus Card for Mac II
b. GPIB CAMAC Create Controller
¢. BNC Pulsar

d. Multichannel Analyzer

&, Laser

$15,000
12,120

5,000

32,120
810
32,930

6,000

4,000

695
2,100
1,295
3,500
5,000



I

VI.

. VII.
VIII.
VIIII.

£. Tek DSA 602

Supplies

a, Software, including Lab View
‘for Mac II

b. Radiation Sources
e. Materials

Total direct costs
Indirect cost 0.490 of MID cost
Total cost

Purdue Contribution (Physics)

a. Equipment
Total (Purdue)

38,000

2,500
1,000

10,000
13,500

106,861

28,139
135,000

50,000
50,000

B13



FERMILAB PARTICIPATION IN FIBER TRACKING SUBSYSTEM PROPOSAL

Namaes:

Resources:

M. Atac Vigitors:

P. Berge

M. Binkley A. Clark
A. Bross J.M. Gaillard
J. Elias

G. Foster

R. Kephart

S. Tkaczyk

R. Wagner

® Physics Department plastics shop

° Laboratory and test areas
High rise chemistry lab
14th floor west lab area
Lab & scintillator fabrication facility
CDF fiber test equipment - move to lab 6

° Computer time
* PREP electronics e

° Existing equipment
Cordax measuring machine
Lab 6 winding and placement machines
Spectrophotometer
G C mass spectrograph
"~ Dye laser

° Technician time (request funding in proposal)
3 man-months ET for assembly
3 man-months MT for cryo and mechanical
& man-months MT for plastic operations

® Shop time (request funding in proposal)
6 ta 7 machinist months

Bl4



ltem

Fibers

Waveguides

Avalanch
Photodiodes

Vacuum
Photodetectors

Simulation

Travel

Totals:

tech.
shop

tech.

shop

tech.

tech.

FIRST YEAR BUDGET
Salary Oparating

20 K$ mat'ls 25 K$
5 K$ drawing 5K$
20 K$ mat'ls 15K3$
5 K$ drawing 5K3$
splicing 5K$
10 K$ cryogens 1K$
10 K$ cryogehs 1 K$
tapes 1K$
20 K$
70 K3 78 K$

Equipment

5 K$
10 K$

devices
elactronics

deyices 15K$

30 K$

Note: acquisition of new photodetector devices per specifications
developed during this work, estimated at 150 K$ to 200 K$, is a
collaboration-wide cost item. .

B15
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SSC Scintillating Fiber Tracker Subsystem Proposal - UL Participation

— o qgre—- - 2 Ay e . e g e

VI Personnsl (6):

iobert Downing, Steven Errede, Michael Haney, Inga Karliner,
Vaidss Simaitis, Jon Thaler

N.B. Additional Ul faculty and other personnel may join as time
progresses.

The Ul HEP group proposes to carry out the following research activities
for the SSC Scintillsting Fiber Tracker SubSystem Proposal:

1st Year UL Research Activities for SSC SciFi Tracker Subsystem:

1.) Development of CAD/CAE system to be used by collaboration to
design/simulate candidate architectures for fast track vector
processing trigger pattern recognition schemes and candidate data
acquisition systems (latching, pipeline storage) for the SciFi
tracker.

2.) Development of high quantum efficiency avalancﬁc photodiode pixe!
arrays with adequate rate capsbilities and radiation hardness.

3.) Simulation studies of various aspects of SSC SciFi Tracker, e.g.
pattern recognition algorithms for track triggering and offline
tracking, momentum resolution, track linking with e.g. external
muon subsystem, EM calorimeter and electrons, etc.

e = . - - < =s - AAN A s E (] B I
Wik MMM IV ) I WY TWMmE B Www wwes s s mmanes .. g

e

Electronic Engineer(s) (1/2 FTE) $50K
Programmer (9 mos 1/2 FTE + FTE summer)  $25K
Materials and Supplies $35K

TOTAL (Includes 49% Overhead) $110K
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Science Canter
Rockweli internationat Corporation
1049 Camino Dos Rios
P.0. Box 1085 ROCkwe"
Thousana Oaks. Califormia 91360 International

In reply refer to SC61047
-~ January 30, 1989

Fermi National Laboratory
Pine Street at Kirk Road
Batavia, Illinois 60510

Attention: Dr. M. Atac
(312) 840-4775

Subject: Science Center Proposal No. SC61047
High Rate Scintillating Fiber Tracking Experiment

Reference: Technical discussions between M. Atac, Fermi National
Laboratory, and R. Florence/M. Petroff, Rockwell
Science Center, on November 30, 1988

As the result of referenced discussions, Rockwell International
Corporation, through its Science Center, is pleased to submit
herewith its proposal for the subject program for your:
consideration.

Questions of a technical nature should be directed te Dr. Paul J.
Besser at (714) 762-8751. Inquiries of a pricing or contractual

nature should be directed to the undersigned or R. A. Johnson at
(805) 373-4202 and 373-4415 respectively.

Rockwell International Corporation
Science Center

J. N. Ferrenberg, MaHager

Contracts and Proposals
JNF/mds

Enclosures: 4 copies
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COST PROPOSAL SC61047
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Offer i1 - 2
Standard Form 1411 3
Supporting Data 4 - 6
a. Cost Breakdowns 7 - 8
b. Cost of Money including Form
' 1861-2 and Weighted Guidelines
Profit Factors 9 - 18

Rockwell Science Center - Forward
Pricing Rates 19
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‘l Rockweli International

Science Center
Proposal SC61047

Statement of Work

Rockwell International Corporation, Science Center, proposes to
,furnish the necessary personnel, facilities, materials and
services to conduct The High Rate Scintillating Fiber Tracking
Experiment Program in accordance with the Statement of Work
contained in Technical Proposal SC61047T.

Type of Contract

Contractor proposes a CPFF contract.
Estimated Cost $408,997
Fixed Fee 31,822
Total Estimated Price $440,819%

Terms

As mutually agreed.

Schedule
01 May 1989 through 30 September 1990.

Propesal Validity
This proposal is valid through 01 May 1989.

Government-Owned Facilities

The contractor does not intend to use Government-owned facilities,
industrial ecquipment or special tooling in performance of a
.contract resulting from this proposal. Our DUNS number is
00-825-5523.

Administrative offices

Government contracts are administered by DCASMA-Van Nuys, 6230 Van
7 Nuys Boulevard, Van Nuys, California 91401-2713, telephone (818)
904-6311. '

The cognizant DCAA is located at 6633 Canocga Avenue, Canoga Park,
California, 91304. Contact Mr. Kenneth Solso, DCAA. He may be
reached at (818) 710-2405.

AMATION CONTAINED HEREIN IS PRIVILEGED OR
L%:%&DENTIAL INENRMATION 7 ROCKWELL INTERMATIONAL
CORPORATION WITw. = -~ 23NG: OF - USC 837 1M AS SUCH

IS EXEMPT FRON HE 1|||:|_. ~1 1 USUKE FROVSICNE THEREOF
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‘l Rockwell International
Science Center
Proposal SCE1047

Authorized Negotjaters

, Contract negotiations may be conducted by either J. N. Ferrenberg
or R. A. Johnsen, both of whom may be reached at the Science
Center, 1049 Caminoc Dos Rios, Thousand Oaks, California 91360,
telephone (805) 373-4202 and 373-4415 respectively.

ROCKWELL INTERNATIONAL CORPORATION
Science Center

Johnson, Director
racts and Pricing

INF

-':GNCI):IRI';;:J‘:'.:ON CONTAINED HEREIN 1§ PRIVILEGED

CORPORATID A:tw II}IF'_}RMA Ting .f R0CKWELL INTERNAT!ONOR

“ o oo rl::.-. tHE MEAWING GF 5 USC 552 ann 4 sua:
EXEM| E PUBLIC QISCLCSURE FROVISICNS THEREQF

o
<



TR AIGNATG

SC61047
1. SOLICI TATION/CO! 1 N?FET.MEEI;!EA_Tlon W
CONTRACT PRICING PROPOSAL COVER SHEET "Unsolicited o011
NOTE This form n used in nl war gi OBt OF PHOING dITH 15 MeRIUN]. fSGl' FAﬂ 15.004-6¢01)
. NAME AN

ROCKWELL INTERNATIONAL CORPGRATICN
Science Center

1049 Camino Dos Rios; P.Q. Box 1085

. Thousand Qaks, CA 91360

A, NAM [}
QF ONTACT

J. errenberq, Managelx
&

4. TYPE OF CONTRAGCT ACTION iCheen)

X a. NEW CONTRACT D. LETTER CONTRACT
8. CHANGE ORDER E. UNPRICED OMOERA

C. PRICE REVISION/ 17 OTREN Eaeatyi

REDETEAMINATION
T.IVEE OF CONTHACT 1CReenT 4. PROPOSED COST 1ar8+C)

2FP cPFE CPIF [Jcrar T 3 Je— 7101 5 T ETAC

P OTHER tSpverrr) s 408,997 (g 31,822 |¢ 440,819
. PLACE(S) AMD PERICO(S) O AFQAMANCE

Science Center,

B21

See Attachec

Thousand Oaks, CA 05/01/89% through 09/30/90
8. List and reterence ™Te wentification, Quantity snd totl DNce tor ascn ting item. A ling item COLE Sreakdawn sUODAMtNG This recsD i re-
Quired unises Otherwmm soectfieg Dy the Contracting Otficer. (Continue an reverse, snd IAGA on sisin saper, if Aecvassry. Use serne headings )
A. LINE iTEM NQ. B I0ENTIFICATION C. QUANTITY D. TOTAL PRICE E. REF,
High Rate Scintillating Fiber
Tracking Experiment Lot $440,819 Cost Break-
downs
9. PROVIDE NAME, ADDRESS, AND TELEPHONE NUMBERA FOR THE FOLLOWING (I aveilaiie }
A CONTRACT ADMINISTRATION GFFICE 8. AUDIT OFPIGE
DCASHMA-Yan Nuys DCAA-Rocketdyne
6230 Van Nuys Boulevard 6633 Canoga Avenue
Van Nuys, California 91401-2713 Canoga Park, California 91304
1a. I"N. TH: .EIFOIM:NCE ar THIOI WOIK' {If"Yfl. Iﬂlllfr} M HA. “Q‘Psler go:;::sfslg"srg;:g i ADV‘NC;‘“ ':H:G:
N TRRCT I "Yee." compiase PAYMENTS PAYMENTS
ves (Mwo ves [X] NO GUARANTEED LoANS
12. [¥) WA [ 14 13. ¢
'OI ?H‘ SAME O. Simt AR I‘I’IM$ WI?HIN e ’AST k § V(AR‘?

If Yo, ennsfy itemis), cnstomaris) and contract Rumberiel)

[Jves Xno

m-ﬂna AND Accouu'rmc -nnc'rlcs.s Ann Dnocguulu Al'lD
FAR PART 31 COST PRINCIPLES? {If “No.™ ¢expinn}

(A ves [Jno

14, COST ACCOUNTING STANDARDS BOARD ICASH) DATA (Pubiie u- n .ru as amrnded and FAR PART 30)

ATWILL TR CONTRAZY ACTi0N BT SULEET T CASe [vJar m
THONS? (If "Ne,” sxpinn in propesel)

g YES

CMIAHCI \m'ru VOUR OISCLOSUHI !TAT—(M!NT oR cos‘r -
ACCOUNTING ATANOAROS! (If ** Yer. " sxpiswn v propesel )

(] ves Kno

. MY

rs
CASE OS.1 .' 8" m “Yor. " amenrfy v Prodeeal the sifice 1o which

ngss []no OCASMA- Van Nuys, CA

ucscs..us(n InAc'rlcts on Auucnlq_: cos'r Acﬂouﬂflnq
STANDAMOS? (If “Yea,' espiam in propossi)

[Jves [X]~o

This Srooom: m submitted m remdonse 10 tha AEP conrract, mogiication ere
T3, NAME ARG FITLT Trpe)

in iTem 1 and fehects Our DIt eTtvmetes and/Or actuar Couts ae of the date,

R. A. Johnson, Director

T OCKNETL INTERNATIONAL CORPORATION

Contracts and Pricing

Science Center

. 2
NEN PSAO-ITressd it PR s § e A1

6, OATE OF SUBMISSION

o c .-..-..‘,.o-p—n pn

LRS- -4

COMFNEN 1Ay

uFonMAHnP'°'«ccmeLL|erﬁmAnoNAL

STANDARD FORM 1411 (10-83)
Pravcrioed by GSA

CORFORATION “vITHIN THE MEAMIMEG DF ~ 1JSC 387 aMi; A8 SUCH
1S EYEMBT EEMM Me SURLIE DISLLCSURE EROVISICIS FTHEREQF

FAR (a0 CFAj 3121521

o



Science Center

Proposal SC61047

ATTACHMENT TO STANDARD FORM 1411

Supporting Data

-~ Materials

FY1989

1. Photomask - 5 layers 1 Lot P.O. $ 7,850

2. Ligquid Helium 50L 2.95 P.O. 148

FY1990 .

3. Liquid Helium 800L 2.95 P.O. 2,360

4. Misc. Material Lot Lot E.E. 3,000
Total Materials $13,358

P.0. = Purchase Order .

E.E. = Engineering Estimate

Supporting data relative to the material and/or subcontract
prices resides in the contractor’s Purchasing Department and will
be made available to the DCAA during proposal audit or to the
Government price/cost analysts upon request from the contracting
officer. :

P 2 - ect Lahor = Engineeri

The engineering direct labor rate is a weighted composite using
the actual salaries of specific persons together with current
projections during the planned period of performance. Data
supporting actual labor rates of technical personnel comprising
the weighted composite resides in the Accounting Department
(Payroll Office). Data supporting projections of the weighted
composite rate over the planned periocd of performance resides in
the Contracts and Pricing Department. Upon recuest, this
information will be made available to the Defense Contract Audit
Agency.

The contractor has used 5% per annum for direct labor
escalation. This escalation factor is based on our forecast of
competitor salary increases and what we as an organization will
be required to do to recruit as well as retain senior research
managers and scientists. The information and data relative to
our forecast resides in the Human Resources Department and will
be made available to the DCAA upon regquest.

INFORMATION CONTAINED HEREIN IS PRIVILEGED OR
CONFIDENTIAL INFORMATION IF R0CKWELL INTERNATIONAL
CORPORATION WiIiHIv THE MEANING OF & USC 552 AMi AS SUCH
IS EXEMPT FROM /HE PUBLIC D:SCLCSURE SROVISICNS THEREOF

*

‘l‘ Rockwell International

B22



Science Center
Proposal SC61047

EY1089 Y330

Indirect Cost 184.0%  184.0%
g D/L Fringe 38.0% 40.0%
General & Adminis. 13.0% 12.8%

A copy of the contractor’s forward pricing rate letter reflecting
the projected overheads is attached as supporting pricing data.
The projected overhead rates, which have been used in this
proposal, have been reviewed and accepted for use in proposal
forward pricing and for provisional billing purposes by the
resident DCAA located at the contractor’s Rocketdyne Division.
The local ACO has made a copy of the audit report available to

the contractor and, if requested, will make it avaijilable to the
PCO.

Part 4 - Travel and Subsistence

Trip A: Two persons, four trips to Chicago, IL for program
review, one day at destination each trip.

2 R/T Air Fare @ $480/trip $ 960
*Subsistence - 1 day @ $117/day X 2 234
Auto rental - 1 day @ $35/day 35
Personal auto - LAY, $23/trip X 2 46

Parking - LAX, 1 day @ $5/day X 2 10

$1,285 X 4 trips = $5,140

Trip B: Two persons, two trips to Washington D.C. for technical
conference, three days at destination each trip.

2 R/T Air Fare @ $529/trip $1,058
*Subsistence - 3 days € $121/day X 2 726
Auto rental - 3 days € $35/day 108
Personal auto -~ LAX, $23/trip X 2 46

Parking - LAX, 3 days @ $5/day X 2 30

$1,965 X 2 trips = $3,930
*Per Federal Travel Requlations

ave

Trip A $5,140
Trip B 3,930

Total $9,070

INFORMATION NONTAINEF SRFIN IS PRI

A 3 MET -2 VILEGE
CONFIDENTIAL INFOHAMATION - ACCXWELL rNTERNAT%NgE
CORPORATION WITHIN THE MEANING 37 3 USC 552 AMD AS SUCH

IS EXEMPT FROM THE PUBLIC DI@LGSUHE PROVISIONS THEREQF.

B
‘l‘ Rockwell Internafional

23
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Science Center
Proposal SC61047

a 5 = Cost o ita

Contractor has provided <the following forms under the current
DOD Profit Policy which reflects contractor’s calculations of
the contract facilities capital cost of money and the weighted
guidelines program profit.

CASB-CHF and its attachments (prepared by Accounting)
DD Form 1861-1 (prepared by Accounting)
DD Form 1861-2 (prepared by Pricing)

Contract Profit Calculation Format (prepared by Pricing)

The calculations provided show an entitlement to cost of money of
$19,722 and a weighted guideline profit entitlement of $72,172
(18%). However, cecntractor does not feel that it is in the best
interest of the Government under the circumstances of the ongoing
budget constraints to propose the total cost of money or the fee
as reflected above and instead proposes cost of money at
approximately 50% of the entitlement and a fixed fee at 8%,
offering the residual cost of money and fixed fee as a

- contribution to the proposed effort.

Contractor has provided the data and information required under the
new FAR Profit Policy in support of the precposed cost of money and
fee. It is recognized that the treasury rate used in the calculation
of the above data had recently changed from .09250 to .09750. We are
however unable to integrate the new rate in our pricing system in time
for use in this proposal. It is planned that the new rate will be
reflected in any required update prior to negotiation.

INFORMATION CONTAINED HEREIN 1S PRIVILEGED 0R
TONFINENTIAL INFORMATION JF ROCKWELL INTERNATIONAL
CORPORATION WITHIN THE MEANING GF 5 USC 552 AND AS SUCH
IS EXEMPT FROM THE PUBLIC DISCLOSURE PROVISIONS THEREDF.

H
v
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S Lest Hreakdownos:
4

Engineering
Direct Labor Fringe
Subtotal

ndirect Cost
Subcontracts
Mater:ial
ImBVE L
Consultant
Subtotal

Jeneral & saministirative

Zubtotal

CAS 414
Interdivizion Cost
Estimated Total Cost
Fixed Fee

Total Frice

FY 1990

EnaLneeaering
Direct Labor =~rinae
Subtotal

Indirect Cost
Subcontracts
Material
Travel
onsultant
Subtaotal

General = &dministrative

sSupntotal

LRSS 414
iNntErcivigion La3st
Eciimated Tota! Cust
FLABC ras

fotal Frice

Hrs./¥%
1324

$4%, 408

42, 408

Hrs, s &

180G
59 .588

Rate

e
v e RS

2g. Q0L

184.00Q%

13, GO%

Rate
A P Y

40.00%

184,

[a]
=]

1Z2.80%

Science Cencer
Froposal SCs1047

Amaunt

£42, 408
16.115

58,523

78,631
[ ]

7.998
L, 2an

)
145,837
18.959
164,796

4,665
. 5
169 .46t
13,154
$182.645

Amount

£37 . 688
3T.875

83,3583

206.534
26.4346
232.970

8.5&6

]
236,536
ig.638
£056.174

B25



Cost Srzakdownis:

r

Total Froorai

Znainagring
irect Labor Fringe
Subtotal

ndirect Cost
Subeontracts
rlaterial
Travel

Consul tant
Subtotai

Genersl % fdministrative

Subtotal

£Aas 414
Interdivision Cost
Estimated Total Cost

F10U2,096

Bcisnece Center
Froposal 3EC&31047

(A1;:]=10¥a% 4

F102,.096
39,990
142.086

1

i

T.897
%
13,3258
TFL.QF0
0
232,371
43.39%

I97.7466

11,23

0
408,997

Fixed Fee ' 31.822
Total Frice F440,817

LMEORMAT TN CONTAIMED RERIM 12 PRIVILEGED O QG oL 8 L
SHFORMATTION OF ROCEWELL [oTERRMm 1 TOMNAL CGiRFUNATTLH Wi

THE MESNING OF 3 UbLE SED a0 swllin B OFEHUERST TR0 LA
FUBLLL DISCLOBURE HR0V L Tuias

~
4
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FACILITIES CAPITAL COST OF MONEY

forrm 4830 e
O wer 2rou 2287

OISTRIBUTION OF ASSET TYPES e o St
1 LONIAATIOL Masi 1. CORTRATISA ADDALS]
ROCKWEIL INTFRNATIONAL CORPORAT!QN 1049 Camino Dos Rios
I it Thousand Oaks, CA 91360
SCIENCE CENTER OIVISION
w L5 alCSumivms FELRDD L APPUCAA. ] TRLASJRTY RATL
FY 1989 9.375%
Y - DL TRIBSTION OF $AOTILS CAMTAL FT ALSLT TTPES
FASUTIES CAFTAL ’ Nt ln‘c:ml Vet \.a-;c luﬂ(c_::ﬁw El:’-u(:;f-ncr:
¢ RECooT | 13,435 463 836 226 3,020,233 9,579,004
& LFEASED }
¢ CORPORLTE /GROUP I 660,000 10,000 230,Q00 420,000
d. TOTALS i 14,095,463 846,226 3,250,233 9,999,004
1. DI TRIRLUTION STATUS 1O OVERMELS AKD GR A EXPENSE POOLS
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Total Weighted Guidelines Profit
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19

$19,488

$29, 648
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Anaheim FY 1990

WEIGHTED GUIDELINES FROFIT FACTORS

l. Performance Risk
£206.534 X ave 4.50%
Z2.Facilities Capital Emploved
a. Buildings
£34,795 X 15.00%

b. Equipment

80,032 - 35.00%

L
n

Total Weighted Guidelines Frofit

$5,294
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Science Center ” &_ ™

Rockwaell Intarnational Corporation

1049 Camma Dos Rios -
PO, Box 1085 ROC!\W‘:'-‘:_"
Thousand Oaks, Calilomia 91360 internzational

November 1, 1988

Ms. Rita Bush

Administrative Contracting Officer
Defense Logistics Agency

Oxnard Multi-Functional Field Office
500 Esplanade Drive

Suite 990

Oxnard, California 93030 2119

Dear Ms. Bush:

The purpose of this letter is to request approval of the
following Rockwell Science Center forward pricing rates.

The following rates have been developed by the Science Center for
quoting effort with the Corporation and to outside customers:

1989 1390 1991 1292

Common Overhead 44% 44% 44% 44%
Engineering Overhead 161% 158% 157% 157%
Plant Overhead 140% 140% 140% 140%
Palo Alto Research Lab 134% 130% 130% 130%
Fringe Benefits 38% 40% 42% 45%
General & Administrative 13.0% 12.8% 13.23% 13.1%

These rates are effective immediately and supersede all
previously quoted rates. Attached are summary data supporting
‘the above rates. Upon completion of government review, please
contact me teo discuss any questions.

ROCKWELL INTERNATIONAL
Science Center

@ZL/’?//%
. I. McDonald '
Controller

Attachments
cc: K. Solso, DCAA
CUMPARY Urriveae

19 T0 BE OPENED BY
AUDRESSEE ONLY
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EIGH-RATE SCINTILLATING PIBER TRACKING EXPERIMENT
UNSOLICITED PROPOSAL

Ssubmitted to

Fermi Natiocnal Laboratory
P.O0. Box 500
Batavia, Illinois 60510

Prepared by

Rockwell International Science Cantar-
P.O. Box 3105
Anaheim, California 92802-310%

Technical data containaed in this proposal shall not be used or
disclosad, except for evaluation purposes, provided that if a
contract or grant is awarded to this submitter, the Government
shall have the right to use or discleose this tachnical data to
the extent provided in the contract or grant. This restriction
doas not limit the Government’s right to use or disclose tech-
nical data obtained from another source without restriction.

January 1989

Approved py:

R. Bharat, Diractor
8ilicen Deavices




B39

SC61047T

STATEMENT OF WORK FOR

HIGH-RATE S8CINTILLATING FIBER TRACKING EXPERIMENT

INTRODUCTION

Fermi National Laboratory (FNL) proposes to utilize Rockwell’s
Solid state Photomultiplier (SSPM) with scintillating fibers in
particle tracking systems. Although tests have shown that, on
the average, one photon is detectable from a normal incident
minimum-ionizing particle at the end of a 180 uym thick, meter-
long fiber, further demonstrations are required to establish the
SSPM can provide time resolution of a few (<10) nanoseconds.

There are two indicated design changes for optimization of SSFMs
for use in scintillating fiber tracking systems: 1) reduce
contact resistance and 2) eliminate as much of the optically-
-active layer thickness as possible without affecting the quantum
efficiency for visible light. The equivalent circuit of an SSFM
consists of a contact resistance (between 2 and 5 kn for present
designs) in series with a capacitance of about 0.2 pF with a
current source in parallel. The current source is a short pulse
of about 2.5%10-5 A for a period of about 5x10~11 s (~104 elec-
trons) followed by a 107 to 106 s current tail containing
about 4x104 electron charges. Such a circuit is not matched to
a wideband (100 MHz) amplifier with a 50 0 input impedance. The
shortest rise time with typically 10 to 20 pF at the input of a
transimpedance amplifier is between 20 and 80 ns, consistent
with the 2 to 4 kn contact resistance.

Reduction of the contact resistance to a value below 100 0 is
therefore indicated if nanosecond risetimes are to be obtained.
Even if this is successfuly accomplished, however, the pulses
(104 electrons) will barely exceed frequently-occcuring noise
excursion amplitudes of about five times the rms kTC noise
charge of about 1000 electrons for an ideal 100 MHz amplifier at
300 K connected to an SSPM with a 50 0 transmission line. In
order to provide a larger signal-to-noise margin, the fast por-
tion of the current pulse can be increased to contain about
3x104 electrons by thinning the SSPM’s optically-active region
to about 6 uym, which is the theoretical minimum thickness al-
lowing unimpaired visible light SSPM response.
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+ This statement of work describes a program in which Rockwells’

~ Science Center, Anaheinm, California, fabricates and evaluates
SSPMs designed to provide the required response times. Rockwell
will also conduct an experiment, using scintillating fibers
excited by a beta source, to demonstrate this capability. A
schedule for this proposed work is shown on Page 3.

DEBIGN

Rockwell shall design a photomask set which will provide linear
SSPM arrays suitable for mating with scintillating fiber tape
provided by FNL. The arrays shall have the following character-
istics: :

No. of elements 50

Element area 9%x9 sg mils
Element pitch 10 mils
Dies per wafer 80 (approx)

- The photomasks will then be procured for use in array proces-
sing. '

FABRICATION

Arrays will be fabricated with several variations in optically-
active layer thickness and top contact process parameters in
order to optimize the SSFM for particle tracking. Process de-
velopment experiments will be performed as required to reduce
the number of variations used in device processing. Epitaxy
growth parameters (i.e.; thickness, donor and acceptor profiles)
will be specified and the optically~active and blocking layers
deposited on silicon wafers prepared for front-illumination.

The grown material will be evaluated by visual, spreading resis-

tance, and cryogenic capacitance vs voltage techniques prior to
device processing.

An existing SSPM process lot follower will be modified to incor-
porate the desired top contact fabrication steps and a lot com-
prising at least three wafers of each variation (epitaxy and top
contact) will be initiated. The processed wafers will be visu-
ally screened to generate a map of defect-free dies and arrays
will be selected (2 from each variation) for dicing, mounting,
and wire bonding.

t2
ba
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* Following evaluation of lot 1, epitaxy will be grown and wafers
selected for a second lot which will be precessed to further
optimize SSPM performance.

EVALUATION

Evauation of the devices will include quantum efficiency for
visible light detection, dark count rate density, saturation
count rate density, avalanche gain, and gain dispersion as func-
tions of bias at several temperatures. Selected devices will be
measured using wideband amplifiers with 50 0 input impedance
supplied by Fermilab for evaluation of pulse rise time and
width. Devices meeting time resoclution requirements for Super-
conducting Supercollider (SSC) vertex particle tracking will be
packaged for beta and accelerator particle scintillation experi-
ments at Fermilab or other facilities.

DELIVERABLES

Rockwell will select for delivery to FNL four S0-element SSPM
arrays which will be located adjacent or in close proximity to
tested dies on the wafer. The selection will be made to provide
arrays which are optimal for particle tracking experiments
planned by FNL.

BCINTILLATION EXPERIMENTS

Several arrays will be selected for beta particle scintillation
experiments using a strontium-90 source. Several detectors of a
linear array will be coupled to scintillating fibers as in the
initial feasibility test reported and demonstrated at the 1988
IEEE Nuclear Science Symposium held in Orlando, FA. Coincident
photons from adjacent fibers traversed by beta particles will be
detected. The experiments will emphasize time resolution and
rate capability of the improved SSPMs for detection of such
avents.

TECHNICAL SUPPORT

Rockwell shall provide technical support to FNL in the form of
analysis of SSPM performance, assistance in the design of FNL
experiments, and preparation of technical papers.

o
-
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Development of High Rate Tracking Detectors for the SSC
Using Scintillating Fibers and Solid State Photomultipliers

M. Atacl?, C. Anway?, C. Buchanan?,
D. Chrisman?, D. Cline?, J. Kolonko?

1 Fermilab, Batavia, Illinois
2 UCLA, Los Angeles, California

B. Baumbaugh, V.P. Kenney and R. Ruchti
University Notre Dame, Notre Dame, Indiana

R. Florence and M. Petroff

Rockwell Science Center, Rockwell International
Anaheim, California

R.C. Chaney, E.J. Fenyves and H.D. Hammack

University of Texas at Dallas
Dallas, Texas

ABSTRACT

The Solid State Photomultiplier (SSPM)? recently developed by Rockwell
International Science Center, coupled with fast scintillating fibers, can have
a rate capability of higher than 10® tracks per cm? per second. The SSPM’s,
with gains approaching 5 x 10% are capable of single-photon counting with
quantum efficiencies of =2 80 % for visible wavelengths. Using polystyrene
with 3HF or Butyl PBD di-methyl POPOP scintillating fibers, a time resolu-,
tion of better than 5 ns has been obtained with a SSPM. Scintillators having
peak emission wavelength of 2 530 nm are known to be highly radiation
resistant, and the spectral response of the SSPM is a good match for such
wavelengths. The high rate capability, very good time resolution, and high
quantum efficiency, suggest that scintillating fiber/SSPM detectors could be
powerful components of a SSC tracking system. It is the objective of this
proposal to develop a prototype detector with 192 SSPM/fiber channels for
beam tracking tests to determine the utility of the technique. The program
will establish a strong collaborative effort between University based physics
groups and research groups in private industry in the development of these
devices.



1.) Intr tion

Using scintillating fibers for tracking is desirable especially to obtain
fast timing with fine resolution. This is very much needed to cover the
collision regions for high luminosity colliders like the SSC, which is being
designed to operate at a luminosity of 10®* cm~2s™! with a bunch spacing
of 16 ns. Fibers with good time resolution can relate tracks to the bunch
crossing. This was attempted earlier using avalanche photodiodes (APD’s)?
with disappointing results because the APD’s went into breakdown before
producing stable operating gains. Although scintillating fibers have been
successfully used as active targets coupled to an image intensifier with CCD
readout?, the phosphor memory time and slow readout speed of CCD’s (fast
cameras are capable of 500 frames per second) make such an arrangement
impractical at high rates.

Scintillating fibers have also been used for tracking in the UA2 experi-
ment®. About 30 photons per mm were produced for a minimum ionizing
particle with a step index fiber with scintillation flucrescence at A = 420 nm.
An attenuation length of 1.7 m was achieved through 1 mm diameter fibers.
Photons were image-intensified and read out using CCD’s, providing a track
resolution of ¢ = (.35 mm.

A solid-state device which is capable of counting single photons has
recently been developed by researchers at the Rockwell International Science
Center’. The device produces gains of 5 x 104 via impurity impact ionization
in a solid-state photomultiplier that is sensitive to photons in the range from
400 nm to 28 um. Square 50 x 50 um? diode elements in both linear and
area arrays have been fabricated and tested with success. A rate capability of
more than 10% counts per cm? per second was measured using a 50 x 50 um?
device with a quantum efficiency exceeding 50 %. The device is appropriately
called a Solid State Photomultiplier (SSPM). Figure 1 shows how well the
single-, double-, and triple-photon pulses are resolved. Because the device is
sensitive from visible wavelengths to infrared wavelengths of 28 ym (hv =
0.05 eV), thermal electrons could result in a very large background unless
the SSPM is operated at a sufficiently low temperature (< 10° K). Figure 2
shows the SSPM’s background rate and count rate capability as a function
of temperature.

Scintillating fibers made from 3HF (3-hydroxyflavone) in polystyrene,
Bipyridyl-diol (BPD) and other new dyes, would provide a good spectral
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match for the SSPM’s because the fluorescence emission maxima in the range
300 £ A < 600 nm correspond to an SSPM quantum efficiency of greater than
60% (Figure 3). For example, the 3HF fiber has a good light yield with a
rise time of < 1 ns and a decay time of 3 ns. A fiber diameter of 250 um may
be sufficient to produce four detected photons in the SSPM for wavelengths
of ~ 530 nm. The attenuation length for such a wavelength is expected to be
long with a thin acrylic cladding. The refractive indices of polystyrene and
acrylic are n = 1.59 and 1.49, respectively. Polystrene based scintillators can
be highly radiation resistant® when appropriate dyes are used. An example
is illustrated in Figure 4.

Why is the SSPM important for fiber tracking detectors?

1) The high quantum efficiency of the SSPM allows the use of fluorescent
dyes with large Stokes’ Shifts. These dyes, particularly those such as
3-HF and BPD which utilize intramolecular proton transfer, have lower
fluorescence efficiency, ~ -;- to :— that of NE110. The high QE of the
SSPM helps to compensate for the lower scintillation efficiency.

- 2) The ability to use large Stokes dyes with emission in the 500 — 600
nm range, where the SSPM quantum efficiency is high, allows several
additional advantages:

a) radiation resistance of the overall system is greatly improved for
A > 500 nm;

b) optical self-absorption problems are reduced substantially with the
large Stokes materials;

c) small diameter fibers (d << 250 ym) may be used as efficient scin-
tillation detectors because secondary dyes are not needed.

3) The use of the SSPM obviates the need for high resolution image tubes
utilizing phosphor screens. This point deserves emphasis: there are

no fast and efficient phosphors with time constants below 50 -

ns (the speed of P-47). Phosphor persistance has been a recognized
difficulty associated with high-resolution, fast imaging.

Caviat: The SSPM must be operated cryogenically at 7°K for successful
performance. Hence these devices must be contained in a cryostat. Ulti-
mately we will have to address the problem of the design of a thin cryostat
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carefully placed to interfere minimally with other detectors - this is a prob-
lem for overall design for an experiment. However, in this proposal we are
taking the initial step: the development of a working SSPM/Scintillating
fiber tracking detector to demonstrate the utility of the technique for SSC
tracking applications.

2.) Recent Tests with Scintillating Fibers .gnd Results

A preliminary test of the SSPM's effectiveness as a light detector for
scintillating fibers was performed using square 0.225 x 0.225 mm? step-index-
of-refraction fibers with a 0.18 x 0.18 mm? core. Two fibers® having different
wavelengths, A = 440 and A = 530 nm, were investigated. The experiment”,
illustrated schematically in Figure 5, involved the exposure of two adjacent
fibers to a partially-collimated beam of electrons from a strontium-90 beta
source (2.25 MeV maximum energy). Coincident photon detection pulses
were pulse-height-analyzed to obtain data which is plotted in Figure 6 for one
of the fibers. The distributions are for two different lengths of fiber between
the point irradiated and the SSPM. Because the amplitude of each SSPM
pulse is proportional to the number of simultaneously-detected photons, with

‘very little amplitude dispersion, such distributions allow determination of
the average number of photons detected per electron hit (i.e., penetration
through the fiber). The first n peaks correspond to 1, 2, .., n detected
photons per hit, and their areas A(n) are expected to approximately follow
the Poisson distribution,

g exp(—p)

p(n, p) = o

The average number of electrons detected per hit, u, is therefore equal to the

ratio
_(@m+1A(n+1)
- A(n) '
It is noted that the distribution for photon numbers greater than three may

deviate from Poisson statistics due to a substantial contribution from elec-
trons scattered through large angles, resulting in long paths in the fiber.

The first five columns of Table 1 give the parameters for two fibers
of different wavelength coupled to an SSPM with no special provisions to
reduce reflection losses. The parameter n, is the core index of refraction,
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n; that of the cladding, and F is the percentage of isotropically-emitted
photons that are within the angle for total internal reflection in one direction.
The other columns give the average number of detected photons and the
photon attenuation length from the pulse height data and expected number
of detectable photons assuming that, on the average, about 400 eV of particle
energy is consumed in a typical plastic scintillator while creating one photon.
Some of the scattered electrons and the low energy (< 0.5 meV) part of the
beta electron distribution may produce somewhat larger scintillations than
those of minimum ioizing particles (MIP’s) created in a collider.

TABLE 1
A =440 (nm) | A = 530 (nm)
SSPM Q.E. at A 0.4 0.6
n 1.60 1.56
17 1.48 1.48
F (%) 3.5 2.6
Average Photons/e from Data 0.9 0.95
Measured Attenuation Length (m) 1.8 1.06
Calculated Detection Photons/MIP 1.08 0.90

These results may therefore exceed the average number of photons that
would be detected if MIP’s were used in the same experiment. Nevertheless,
the photon yields in Table 1 are probably quite close to the yield per collider
MIP in a system where the fibers would be aluminized, terminated with a
reflecting surface, and optically matched to an SSPM. It should be noted that
none of these provisions were employed in the experiment reported here.

The data for two scintillating fibers of different wavelengths indicates
that meter-long fibers of this type, optimally coupled to SSPM'’s, can be
effective in detecting minimum ionizing particles. The present SSPM’'s are
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not optimized for very high rates and for the wavelength of the scintillating
plastics we would like to use for tracking. It is necessary that this work
be performed jointly with the Rockwell International Science Center for op-
timizing SSPM’s and scintillating fibers in order to provide more efficient
tracking systems for future high-energy particle physics research.

3.) Proposed Research a evelopment

A joint research and development effort is being proposed between
UCLA, Notre Dame, University of Texas at Dallas, and the Rockwell In-
ternational Science Center to accomplish the following:

a) Optimize ohmic contact resistance of SSPM’s to improve pulse rise
time, and to reduce device thickness to minimize infrared response
and improve device speed. _

b) Search for ways to obtain good optical coupling between scintillating
fibers and SSPM's.

c) Develop and incorporate high quantum efficiency long attenuation
length scintillating fibers with the SSPM’s

Tests using B-sources and high-energy particles are needed to find an-
swers to such questions as: (1) How many photo-electrons are produced in
the developed SSPM and the scintillating fibers? (2) What are the radiation
resistance properties of these fibers and the attenuation length of the fibers?

4.) The Proposed Beam Test Device

A device will be constructed with 192 SSPM channels coupled to
the same number of polystyrene scintillating fibers with step index acrylic
cladding. Figure 7 shows a test apparatus for measuring scintillating
fibers/SSPM properties. A small liquid helium cryostat maintains the SSPM
at a temperature of 7° K. Rockwell will provide the SSPM devices to carry
out the tests. Photons can be brought to the photosensitive surface or can
be produced inside the dewar using a #-source. The scintillating fibers can
be placed in a high-energy particle beam to study tracking.
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OPTICAL ATTENUATION LENGTH FOR A KYOWA SCINTILLATING
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High Energy Particle Tracking Using
Scintillating Fibers and Solid State Photomultipliers

M. D. Petroff
Rockwell International Science Center
Anaheim, California 92803

M. Atac
Fermi National Accelerator Laboratory?
Batavia, IL 60510
and
University of California at Los Angeles, California 90024

Abstract

The Solid State Photormitiplier (SSPM)? recently developed at the Rockwell Inter-
national Science Center, coupled with fast scintillating fibers can have a rz;te capacity
of 10® tracks per second per cmn? of fiber cross section in systems for tracking of high en-
ergy ionizing particles. Relative to other approaches the SSPM can provide substantial
imprﬁvunents in spatial and temporal tracking accuracy. Results of preliminary ex-
periments with 0.225 x 0.225 mm? cross section step-index-of-refraction fibers exposéd
to electrons from a beta source are presented. The experiments involved pulse height
analysis of SSPM photon detection pulses induced by coincident scintillations in two
adjacent fibers traversed by the same electron. The data for two different scintillating
fibers tested indicate that meter long fibers of this type, optimally coupled to SSPMs,
will be effective in detecting minimmm ionizing particles.

Scintillating fibers provide fast timing with impressive spatial resolution for the track-
ing of particles produced in collision regions of high-luminosity colliders. A key component
of such tracking systems is the means for detection of the small number of photons guided
~ to the end of each fiber penctrated by a particle. The Solid State Photomultiplier? (SSPM)

developed at Rockwell International is well suited for this purpose. For example, a tracking

YThis work was supported by the Department of Energy Contract No. DE-AM03-765SF00010, Project
Agreement No. DE-AT03-38ER40384
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system using scintillation fibers and SSPMs implemented around the Fenm National Ac-
celerator CDF collision region could provide spatial accuracies better than 0.08 mm. The
system would also be suitable for Superconducting Supercollider vertex tracking due to the
SSPM’s capability of high detection rates and very good time resolution. Such performance
is based on the nanosecond pulse risetime of SSPMs and achievable 90% SSPM quantum
efficiency at scintillation light wavelengths near 500 nm, allowing use of fibers having a cross
section less than 0.25 x 0.25 mm?. Fig. 1 shows a possible vertex tracking scheme using one
group of straight and two groups of stereo layers of scintillating fibers at 3 30°. The amount
of materials in the way of the tracks normal to a total of 12 layers of fibers would be about
0.8% of the radiation length of the particle. Four layers of fibers in each group would provide
a high probability of detecting several photons per particle track.
Other devices, such as avalanche photodiodes (APDs)?, considered as scintillating
fiber photon detectors have given disappointing results in experimental tests. The use of
scintillation fibers as an active target coupled to an image intensifier with CCD readout has
been successful®. However, the slow readout speed of the CCD precludes the use of such
an arrangement at high rates. Furthermore, the relatively low quantom efficiency of image
intensifiers (less than 25%) limits this approach to fibers about 1 mm in diameter with a
corresponding spatial accuracy of only 0.35 mm.

A preliminary test of the SSPM’s effectiveness as a lipht detector for scintillating fibers
was performed using step-index-of-refraction square 0.225 x 0.225 mm? fibers with a 0.18 x
0.18 mm? coret. Two fibers having different emission wavelengths, A = 440 and 530 nm, were
investigated. The experiment, illustrated schematically in Fig. 2, involved exposure of two
adjacent fibers to a partially collimated beam of electrons, with a 2.25 MeV maximum energy,
from 2 strontium-90 beta source. Coincident photon detection pulses were pulse height

analyzed to obtain distributions such as those plotted in Fig. 3 for one of the fibers. The
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distributions are for two fiber lengths hetween the point irradiated and the SSPM. Because
the amplitude of SSPM pulses is proportional to the number of simultaneously-detected
photons with very little amplitude dispersion, such distributions allow determination of the
average number of photons detected per electron that passes through the fiber. The first
n peaks correspond to 1.2...n detected photons per electron through the fiber, and their
areas A(n) are expected to approximately follow the Poisson distribution, p(n,< n >) =
< n >® exp(~ < n >)/nl. The average number of electrons detected per electroz.t passing
through the fiber, < n >, is therefore equal to the ratio (n+1)A(n+1)/A(n). It is noted that
the distribution for photon numbers greater than three may contain enough events from
electrons scattered through large angles, resulting in long paths in the fiber and therefore
may deviate from Poisson statistics.

The first five columns of Table 1 give the parameters for two fibers of different wave-

‘length coupled to an SSPM with no special provisions to reduce reflection losses. A is the
peak wavelength of the fiber emission band. The A = 440 nm fiber cores are polystyrene
containing Butyl PBD and POPOP and the A = 530 nm fibers use 3HF (3-hydroxy flavone)
in polystyrene. The parameter ny is the core index of refraction, n; that of the cladding,
and f is the percentage of isotropically-emitted photons that are within the angle for total
internal reflection in one direction along a fiber. The actual values of f may be smaller if the
fibers have small radius bends of deviate otherwise from the perfect geometry assumed in
the estimates. .

The last three columns of Table 1 give the average number of detected photons and
photon attenuation length from the pulse height data and the expected number of detectable
photons assuming that for minimum ionizing particles (MIPs), in plastic scintillators, on the
average, about 400 ¢V of particle energy is consumed in creating one photon. Some of the

scattered electrons and the low energy (< 0.5 MeV) part of the beta electron distribution

c18



may produce somewhat larger scintillations than those of MIPs created in a collider. The
calculated photon yield may therefore exceed the average number of photons that would be
detected if heavy MIPs were used in the same experiment. Nevertheless, the photon yields
in ‘Table 1 are probably quite close to the yield pcr- collider MIP in 2 system where the
fibers would be aluminized, terminated with a reflecting surface, and optically matched to
an SSPM. [t should be noted that none of these provisions were employed in the experiments
reported here, and several 1.5 cm radius 60° bends in the fibers could not be avoided inside
the dewar. Further experiments using MIPs in a set-up with improved SSPM-ﬁbcr'coupling

and with no fiber bends of radius less than 2.5 cm are indicated.
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Table 1
A SSPM Average  Measured Calculated
Q.E. f DPhotons/e Attenuation Detectable
nm atd 1n; n; % fromdata Length (m) Photons/MIP
440 04 1.60 1.48 3.5 0.9 1.8 1.08
530 0.6 156 1.48 2.6 0.95 1.06 0.90 -
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ORNL involvement In Tracklng Detector Subsystem c24
for the SSC Using Scintillating Flbers -

ELECTRONICS
Front End Preamp - Collaborate with UT Dallas on designing a
preamp for the SSPM that operates ai cryogenic tamperatures.

This collaboration will consist of design optimizaiion wilh
emphasis on low noise high speed systems drawing on ORNL's
experience in nuclear instrumentation and in particularly recent
work in VLSI CMOS analog high speed preamplifiers. Subsequent
work is expected to include chip fabrication of prototype
guantities utilizing MOSIS or other appropriate silicon
foundries.

DAQ and Pattern Analysis - Data system design input
structure will be predicated on the cooled preamplifier
characteristics. This part of the system, however, is not
planned to be in a cryostat but will operate at ambient
temperatures. The architecture will be predicated on the
ability to serve a "quick look" pattern system and a data
storags system that can ‘be extended until the third lavel
trigger completion is accomplished for the entire detector
system. While there is no plans for this profotype to
experience a wait time equivalent to the third level trigger, the
archecture should be able to eventually accept such a time wait
with data integrity. A slaved sub-clock system will be
synchronized with the system clock to provide the ability to
separate distances along the fibers to approximately one meter
or less to provide additional information to the "quick Iook”
system. System clock for bunch crossing identification will be
integrated in to this portion of the data system and wiil be
provided into data storage in addition to each fiber's unique
identification. Issues such as data sparsification and trigger
generation will be addressed during this first phase of the
project. The highest degree of Integration practicable will be
pursued for the data system for the purposes of speed,
reliability and cost. Radiation hardening of the elactronics
maybe an issue in the final tracking system but will not be
impiemented in this test version. However, this issug &
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radiation hardening will be part of the overall philosophy such
that future iterations in rad. hard processes will not cause major
rethinking of the design philosophy.

Development of algorithms and circuit architectures for "in the
neighborhood” or "in ths vicinity of" track recognition to
compact multiple fiber scintillations into localized track
vectors within each superlayer will be accomplished for the
"quick look" system. Strategies will be aimed at least course
pattern recognition within the beam crossing times of 16 ns.
Once established, these track vectors can be combined to
provide a first-level trigger based on coincident local vectors
created along a high momentum trajectory. The “neighborhood”
chip architecture will be such that it operates on any location
along the detector circumference combining a fixed matrix of
processed fiber signals. These algorithms will be developed
and impiemented using MOSIS CMOS technology. The final design
=~zap0|ogy may ve impiemenied using a fastsr technclogy such as
1 micron or less in CMOS,

RADIATION DAMAGE STUDIES

Photomultipllers and Electronlcs - ORNL has several
facilities that could be used for neutron damage studies.
Probably the most suitable for achieving very high flux and MeV
energies would be the HFIR facillty. There are also a number of
neutron sources in the Laboratory wiih a suitabie energy
spectrum, although they would have a lower dose rate.
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MECHANICAL DESIGN

ORNL participation in the mechanical aspects of this tracking
system may embrace two or more logical parts. As you saw, the
dimensional metrology via machine vision is a logical aspect. A
sscond logical part is the composite materials development
that has had 100s of Millions of DOE dollars poured in to already
and is available. This material technology was developed for
the ultra-centrifuge program for uranium separation. Very
large structures that are extremely rigid and light weight (low
Mass) certainly looks like an ideal candidate for the structural
portion of this tracking system. We have looked at the
dimensional tolerance and creep factors and it appears that a
suitable support could be manufactured for this system. If this
appeais v you, we wouid have io up the budget or put some of
the other thing off perhaps for a year. The third aspect of this
section would be the actual construction of one or more

- superlayers here at Oak Ridge.

Dimenslional Metrology via Machine Vision Inspection

Our macnine vision expertise is focused on image acquisition,
processing, and system calibration techniques in demanding
applications. A relevant application area has been systams for
automated inspection during security document production. In
these systems, imags features must be spatially located to
better than 20 microns. This requirement has been met through
a careful application of optical and electro-optical components
as weii as innovaiive image processing aigorithms. The reai-
time (production) nature of the inspection also requires the use
of state-of-the-art pipelined image processing hardware. We
proposs o build on this technology io determine the positions
within detector assemblies of small diameter (250 um) fibers.
This will require an extension of the measurement from 2D to

- » + l
3D, An understanding of the manufacturing procoss is alsc

necessary 1o determine an appropriate design: in-process
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- e

processing, or off-line -inspection.

ingnection, in-process acquisition nf Images with off-line

CAPITAL EQUIPMENT - Most of the needed equi‘pmam such as
CAD/CAE workstations are already in place, so no. money is
needed for major purchases.

PERSONNEL - Assignment of engineers to these tasks are
axpected to be .. :
3 Elactrical Engineers at §0% time

1 Mechanical Engineer 50% time.

-ORNL staff member would be:
-Hugh Brashear, EE

Hans Cohn, Physics

Mike Emery, EE

Mark Rennich, ME

Dick Todd, EE

Bill Zebrisie, Metrology



APPERDIX C

Rats Acquisicion Electronics for Sci{Fi Tracking

T.A. Armstrong, A. Hasan, S. Heppelmann, R.A. Lewis,
B.Y. Oh, J. Passaneau, G.A. Smith, W. Toothacker and J. Whitmore

Laboratory for Elemsntary Particla Science
Department of Physica
303 Osuond Laborazory
Penneylvanis Stata Univerairy
University Park, PA 16802

Contact Person: G.A, Smith (815) 863-3076

This proposal outlines an R&D program for converting signals from §eiFt
tracking detectors inte digital information in & format needed in & multi-
level trigger schema.

I. Outline of J5C Detector
Figure 1 is the FAST SSC detector, showing the central tracker (SciFi),
-.calorimeter, and muon chambers. Forming a first level trigger from the above
eslemants will requirs about 1000 nsec {1). Each of the elements irvolves >
100,000 channels of information., Issues concerning the tracker which require
further RAD include:
a) power dissipation and space requirements of front end amplifiers and
digitizing devices;
b) storage of information for 1000 nsec, whila remaining senaitive to new
information every 16 nsec; and
c) cost,

II. Cantral Tracker

Possible detactors for the central tracker include straw tubes {2], sili-
com atrips [3] and seintillacing fibers (4). This proposal focuses on a scin-
tillating fiber system, including up te 10 millien fibezxas, sach viewed by a
SSPM [5] .a.nd.yicldi.ns 10 million yea/ne bita of informacion. We propose te
develop the digeriminator aystem which determines the presence and time of
eignals from the detactor.

-1-
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III. Jignal Relay and Sforsge

Several possible schemes for delaying the daca from the tracker havs been
discusaed: -

a), lumped delay lines on & chip;

b) a 67 MHz ahift reglater [3]:

e) gas/vacuum inmage dalay tube using cold emission tunnel dicdes to Im-

Ject electrons into the gas/vacuum tube [5]; and

d) Pleasy SAW (surface acoustic wava) dalay.
Optlona which we consider viable for further R&D include:

a) design of 96-pin chip layouts of delay lines, shift registers, ete,

with subsequent procurement in industry;

b) same as item 1), except collaborating with industry on initial layout

work; and

¢) congtruction ¢f an imaga delay tubae.

For purposes of tha proposed R&D program, a& variation of the ghift reg-
iscar concept is usad, In this applicacion, a RAM memory is used as a FIFO,
by indexing an addreas reglstar, rathar than shifting data from register to
reglatar. This scheme places the burden of high speed (16 nsec) on the ad-
dresa register only, rather than the individual data registers. This RAM/FIFO
~ is a candidate for the item labelled "Lavel 1 Storage™ in Figure 2.

Tha propogead setup for testing data delay alactronics {s shown in Figuxa
3. Signals from several phototubas are used tc generats pulses with realistic
tima fluctuacions. The data are stored in the VME card labelled "RAN" in the
figure, The MVMEl47 microcomputer tests the accuracy of the storage systenm,
by comparing with the time sequence of hits In the phototubes. The VME equip-
ment prototype boards and components required for instrumenting the VME crate
are requasted in the attached budget,

Figurs 4 ahows the concept of the RAM astorage., An address register,
clocked evary 16 nsec by a beam crossing signal, indicates the RAM address for
the next set of data. A trigger iz formed by delaying the aignals from one of
the phototubes for 16%60 = 960 nsec., The address for the event containing the
trigger should be found by subtracting 60 from the address register.

Figure 5 shows part of a VME card layout for 12 of the 96 data channala.
The ECL aignals are converted to TTL, and buffered to a data buss. Four RAM's
share a common data buss so that each RAM samples data at only 1/4 of the 60
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MHz rate. A digital scope and multichannel logic analyzer scope ars required
to solve problams expectsd dus to propagation delays in both the-data buss and
address lines. Thess devicas ara listed in the attached budget raquasc,

Figure § shows an alternative FIFO aystem, based on the LaCrey MLLAQO.
Data on ‘the input lines are sampled ar a rate of once every & nsec. The &
meter langth of a fiber corresponds to a time spread of 24 nasc, so0 a 4 nsec
tima sample c\o:'ruponds to 1/6 of the length of a fiber. m; redundant in-
formation is useful in matching the x, u and v segments of z track.

IV. Data Storags Hardware

The kay element in the alaectronics i{s the storage device. Only low-power
TTL devicas have baan considarad since heat dissipation will ba a problexm with
10 million channels of data.

The most attractive device is the leCroy MLI400, largely because of its
track record in the TDC pipeline system. The redundancy affordad by its 250
MHz capability would be uwseful in tha data compaction. These chips are dif-
ficule to manufacture, am the 508 (silicon on sapphire) technology is labor
intansive. The Fairchild 74F213 RAM, depicted in Figure 5, no longer appears
in catalogs. For testing purposes, the 74F21% with 4 inputs will be used as a
substitute to sample the Schottky fast TIL electronics. '

For initial tests wa plan to use exfsting technolegy with standard connec-
tors, VME crates and relay racka., A complete systam for 10 million fibers
would regquire 1000 relay racks to house the 100,000 VME cards required.

V. Data Cowmpaction
At the time a level 1 trigger is formed, the data from the SciFi datector

are in the form of N*10 million bits, where N is the number (2 or 6) of sam-
plas par evant usad in the FIFO memories. Since the data are sparse (<< l%
occupancy), & system based on the multiplicity of zeroces is used for data
compaction [6]. Figure 7 showa a schematic of the wiring pattern, which 1s
wmost efficient for the data compaction schema. The 257,280 axial fibers in
the fourth superlayer lie between the two clrcles. The largs annular aegmants
each contain ths ~ 9600 fibers which can be stored in one relay rack contain-
ihg_S VME cratea. Tha arrow indicated the size of a segment which corresponds
to one VME crate, For an avarage event with 50 tracks crossing the downatream
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half of superlayer &4, the cccupation density is 50/134 = 0.4 tracks per VME
crate. Most VME cards will contain zero hits,

Figure 8 shows thas hit pattern for tha axial wire hits of a track segment.
The 96 circles represent the 96 fibers on one VME card. The 8 crossas repre-
sent hits from the track sagmenz. The hits do not appear perfectly aligned,
since the fibers are laid out in a staggersd pattern, In this example, tha
track has been deflected through 30 degrees, so that i{ts hits are sharsd among
4 columns of fibers.

The informaction ﬁhich must be passed on to the VME crata contzoller/micra-
processor are indicated in Figure §. The data can be compressed as follows:

a) a byte containing the flag information, 011110, which indicate the

pattern of zers multiplicity words and data words;

b) two half bytes, containing the numbers "2* and "6", indicating the

multiplicities of zaro bytes; and

¢) four bytes of data.

For the system employing the MLIA00, an additional 2 bits are needad to indi-
cate on which phass of the cycle the hits occurfed.

The microprocessor needs to scan all 20 VME cards in fts crats. The in-
formation which the microprocessor has to send to a central procaaser 1s com-
pressed as followa:

a) the four data bytes;

b) £our bytes, containing the subaddress (5 bits each) and time phase (2

bita) for each of the data bytas.

For a system of 5000 VME crates, with an average of 0.4 track seg-
ments/crate, the number of bytes which must be transmitted to a central pro-

ceaaor is as follows:

# VME crates in 8ciFi systea 5000

# track segments/VME crate 0.4

# bytes/track segment 8
product: 16000 bytes,

or 128,000 bits.

For comparison, the FIFO memories contained 6#10,000,000 bits of informa-
tion from each avent. Tha compaction scheme reducas tha number of bits by a
factor of 60,000,000/128,000 = 469, eo that only 1§ kilobytes hava to be
trangmitted from the local VME crates to a central processor,

-4-
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