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A Hybrid CentralTrackingChamberfor the SSC

Abstract

We propose the construction and testing of a prototype hybrid central tracking
chamberCC, which will be composedof both straw drift tubesand plastic sdntillating
fibers. This prototypewill be of a size comparableto that neededfor part of a CC in an
SSC detector. The main thrust of our investigationwill be to establisha construction
techniqueto producea detectorof low densitythat will be capableof measuringpoints on

the trajectoriesof charged particles to precisions of a transverse 200 p.m and a
longitudinal s a few mm. Our collaborationhas the ability and resolve to carryout the
mechanicaldesignand fabrication, the electronicsinstrumentation,the radiationdamage

studies,and the complementaryMonte Carlo simulationsof the prototypedetector. If this
prototypedesignis successful,this effort could evolve into the constructionof a complete

CC for an SSCdetector.
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L ExecutiveSnmntary

A. Introduction

This report desaibesa proposalfor the constructionof a cylindrical chargedparticle
tracking module that is large enough to be used as part of the central tracking chamber

CC for an SSC detector. The prototypesuperlayer,1.4 m in diameterand 2.5 m in
length, will usebothstraw drift tubes 4 mm in diameterand plasticscintillating fibers 0.5
mm in diameteras the detection elements. A major aspect of our researchwill be the
determination of a construction technique that minimizes the density of the detector
while attaining long term >5 year precision placement of the wires and fibers. Our
collaboration has the manpower and fabrication facilities neededto constructand fully test
the prototype detector. This will include the instrumentation of about 1,000 channelsof
readout electronicsfront-end and digital storage and an evaluation of the radiation
hardness of the detector.

In addition to producing a prototype CC superlayer, we will identify the fabrication
facilities, coninrcial.vendorsand mass production techniquesneededto constructa CC
containing many such superlayers. This aspect of our proposal will require detailed
simulation of the detector’s response to SSCeventsand a cooperative interaction with the
designstudiesof completeSSC detectors.

B. Summary of ProjectScopeand Goals

Our proposal consists of a rigorous study of one important component of an SSC
detector a cylindrical superlayerfor the central portion of a CC I I 1.5; 03 r 2.0 m.
A completeCTC would likely include additional end cap disks and a high resolution inner
tracker. We specificallydecidedto limit the scopeof our project,since the R&D neededfor
a complete evaluation of a cylindrical superlayer module is extensive. Our research
program will make maximum use of ongoing generic R&D and will cooperate where
possiblewith other SSC sub-systemefforts. In particular,our detector will make use of
readout electronicsbeing developedat the University of Pennsylvania contact person, R.
Van Berg and the designwill be guided by extensiveSSCdetector simulationbeing carried
out at the Supercomputer Computations Research Institute contact person, M. Corden.
We sunimarize below the major goals of the researchwe propose to carry out over the
next 2 years January1990 to January1992.
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First Year 1990

Straw Tubes

* Selecttube andcathodematerial,anodewire, and candidate gases.

* Studyelectrostaticstability and fix required mechanicaltolerances.

* Finalize end plate construction and feed through engineeringmodels.

* Study sensewire support techniques; finalize with engineeringmodels.

* Constructengineeringmodel with 100 tubes.

* Measureresolution,gasdrift speeds.

* Studyheatmanagementvia gas flow.

MechanicalDesign. Fabrication

* Engineeringevaluationof possiblesupport structuresfor superlayer.

* Materialsstudies,selectionfor end platesandcylinder support.

* Study technique for fabricating carbon composite/scintillating fiber
supportstructureengineeringmodel,d =60cm.

* Incorporatestraw tube/scintillating fiber design results into prototype
design.

* IncorporateMonte Carlo detector simulation into prototype design.

* Begin prototypemechanicalconstruction.

Plastic Scintillating Fibers

* Investigateand optimize detector design and construction details. This is
especiallyrelevant in deciding betweencircular or square cross-section
fibers and whether the detector planesare assembledfrom individual
fibers or premanufacturedfiber ribbon arrays.

* Invent and develop detailed quality control tests of fiber cross-section
tolerance,photonyield, attenuationlength and alignmentprecision.

* Demonstrate both the technical aM economic feasibility of using
avalanche photodiodes as the electro-optical link between the fiber
detectionand downstreamelectronics. Single channeltests.

* Investigateneutron and gamma radiation characteristicsof fibers.

Electronics

* Design,fabricationand test of front end chip for straw tubes.
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* Electricaldesignof straw tube endplates,PCboardassemblies.

* Evaluation of single-element avalanche photo diodes APD’s with
scintillating fibers.

Radiation Damage

* Study ageingcharacteristicsof candidatecomponentmaterials.

* Conduct straw tube outgassingtests.

* Measureneutronspectrumin reactorbeam tube and design irradiation
cannister,with appropriate filters.

* Conduct series of neutron irradiations of individual components;
componentswill be performancetestedbeforeand after irradiations.

* ConductCo60 irradiationtestof front endchips.

Simulation

* Study track-finding performanceof proposedand alternative CTC designs.
The final prototype superlayer design will be highly influenced by this
simulation study.

* Study momentum and angularresolution for the reconstructedtracks.

* Evaluatehadrorticbackgroundin CTC due to calorimeteralbedo.

* Investigatethe effects of structural materials and the materials in the
straws and fibers themselves.

* Developa simple CAD packageto enter andcheckdataand to create input
files for the simulationcodes.

2. SecondYear 1991

StrawTube

* Instrument lots of channels of the engineering model with front end
analogelectronics;

* Measuredetectorresolution.

* Measureeffects of magnetic fields on performance.

* Compareandexchangeresultswith Monte Carlo simulation.

* Install and testdigital electronicswhen available.

* Install andstring1,000straw tubeson full scaleprototype.

* Beamtestsof prototypesuperlayer resolution, pileup, cross talk.
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MechanicalDesign.Fabrication

* Completeprototypemechanicalconstuction.

* Measurementsof mechanicalprecisionand stability including full sense
wire load, simulation.

* Design of multi-superlayer construction; use Monte Carlo simulation to
optimize design;introduceconstraintsimposedby other subsystemsof an
SSCdetector.

* Identify commercial vendors, design a mass production program and
estimate the cost and time table for the construction of a complete
cylindrical CrC detector.

Plastic Scintillating Fibers

* Continue APD feasibility tests for multi-channelarrays, both linear and
two-dimensional. -

* Investigate readout systempackaging and interface with fiber arrays in the
prototypedetector.

* Begin beam testsof entireprototype detector system. Investigate stability
and precision.

Electronics

* Design, fabricationand. test of straw tube readout chip.

* Assemblyandtestof electronicsfor Crc prototype.

* Design and constructionof instrumentationfor beam testing.

* Design,fabricationand testof MD arrays.

* Constructionand.testof APD-basedfiber readout prototype.

Radiation Damage

* Complete ageing studies of individual materials.

* Conduct integrated X-ray and electron effects studieson radiation testing
model.

* Complete neutron irradiations of individual components; both flux rate
and fluence total effects will be investigated.

* Irradiate radiation testing model to -io’ neutrons/cm2.

* Conduct neutron and Co60 irradiations of final electronicschips.
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Simulation

* Studyvertex resolutionandmultiple beamcrossingeffects.

* Integrate calorimeteralbedo effects into GEANT simulation code, and
evaluate effects on tracking sensitivity and resolution.

* Incorporatesimple CAD data input andcheckingpackage.

* Use various performance measures to evaluate final design; determine
and monitor calibration constants.

C Organization of Proposal

This Executive Summaryand Section II conceptual designof the prototype module
provide a conciseoverview of our proposal’s scopeand goals. Section III presentsa review
of some previous R&D relevantto the construction of our prototype module. Rather than
reproducing a complete survey of the literature, we concentrate on R&D work done by
membersof our collaboration.

The more technical details of the hybrid ac’s construction and evaluation are
presented in Sectionslv through VU. These are divided so that a reader interestedin a
particularsubject can read one section in a fairly self-contained manner. The mechanical
design and fabrication studies are intimately connected with the straw drift tube and
scintillating fiber installation. Theseare all described in Section IV. The electronicsdesign
and fabrication is describedin SectionV. Radiation hardnessmeasurementsare discussed
in SectionVI. The Monte Carlo simulations that are neededto guide the prototype design
are summarized in Section VU. - Finally, we briefly describe anticipated test beam needsin
Section VIII.

D. Overview of Collaboration

Our collaboration was formed with the intent of making useof ongoing generic R&D
and where desirable, forming cooperative liaison with other groups that will be submitting
subsystemproposals. This allows us to make maximum use of the manpower that will be
committed to this proposal. In the summary given below, cooperative liaisons are
contained within brackets ]. Only senior collaboration members are listed here. For more
details seeAppendix A.
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Research Area CollaborationMembers

Straw tubes Duke; A. Coshaw, S. Oh, W. Robertson
SLAC; J Va’vra]

Scintillating Fibers NV; S. Reucroft,C. Alverson, B. Faissler,
D. Carelick,M. Glaubman,I. Leedom

Electronics NCStJ; 3. Paulos
ORNL; H. Brashear,M. Bauer
RCA; It Mcintyre
[U- of Penn;It Van Bergi

MechanicalDesignand ORNL; M. Rennich
Fabrication Duke; A. Goshaw,S. Oh, W. Robertson

Radiation Hardness UF; S. Majewslci, C. Zorn
QRS; B. Dunn, F. O’Foghludha

FSU; V. Hagopian
[LBL; 3. Kadykl

Monte Carlo Simulation Sal; M. Corden.
QRS; B. Dunn, A.M. Yacout
GENt; T. Gabriel, C.?. Pu

The project will be coordinated by Drs. Goshaw Director and Reucroft Deputy
Director through an Executive Committee that has representation from each institution.
All of the participatingorganizationsare committed to the proposedresearchand will
actively participatein performingthe R4cD. Eachorganizationbrings unique capabilities
to the project, and the collaborationwas carefully structured not only to incorporate all
relevant technicalareasbut also to assureefficient and constructive coordination of effort.
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IL. ConceptualDesignof a Hybtid CentralTrackingChatnber

In this section we present an overview of ourproposedtracking chambermodule and

discussits application to a completecentral tracking chamberCTC for an SSC experiment.

Key elements in this design include attempts to optimize the advantagesoffered by straw
tube drift cells and plastic scintillating fibers with the ultimate goal of constructing a
complete CTC that is both reliable and affordable. To set the stage for this discussion, we
summarizein Table U-I somegeneralrequirementsof a CC that would be partof a large,
general-purposeSSCexperiment. Details will depend on the particulardetector, but it is
clearly necessaryto establish overall designparameters even at the stage of constructinga

FototYPe.

A complete description of the mechanicalfabrication, electronic instrumentation,
radiation damagemeasurementsandMonte Carlo tracking/pattern-recognitionstudiesare
given in SectionsIV to VIII. An overview of previous relevant R&D work performed by
members of this collaboration is given in Section III. The discussionbelow gives a brief
description of the proposedprototype module, describesthe rationale for combining straw
drift tubes and scintillating fibers and comments- on the potential of this module for
meetingthe CrC designgoals described in Table U-i.

A. Overviewof ProposedHybrid CTC Module

We propose the construction of one cylindrical straw drift tube/plastic scintillating
fiber superlayer of a suitable size for useas a component for the Cit of an SSC experimeifl.
Figure 11-1 shows the dimensionsand basic componentsof the superlayer module. The
inner cylinder hasa diameter of 1.4 meters and the module’s active length will be at least
2.5 meters. Our design integrates scintillating fiber layers into the cylindrical structure
needed to support the end plates for the straw tubes. This construction uses an inner
carbon-fibercylinder to support six layers of scintillating fibers 0.5 mm diameter. These
layers would provide both structuralstrengthand u-v-z planes for high resolution point
measurementsas describedbelow. A secondcarbon-fiber cylinder will be wound on top of
the scintillating fibers.
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Table 114.

Overview of DesignGoals for an SSCCentralTrackingDetector

* Spatial region to be covered

r1 from -0.3 m to -2 m

ItI 0 to-15cylindricalshells

1.5 to -3.0 end caps

* Point measurementresolution a,, 0y 200 pm

S few mm

* Sensitive to all beam crossings 16 ns hit resolution

* Good pattern recognition capability 510% cell occupancy

* Radiation hard up to a few Mrad for rj 30 cm

* Low density construction minimize secondary interactions, photon
conversions,and multiple scattering

* Simplicity of mechanical and electrical construction

* Fail-safe operation

* Affordable cost 510% of full SSC detector cost

* SeeSectionUC for a discussionof momentum measurementcapabilities
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electronics outer straw tube layer

carbon composite
cylinders

end plat1e ring

Figure11-1. Overview of PrototypeSuperlayerShowing Cross-SectionConstruction

I

10 cm

0.7 m
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12 layers

scintillating fiber
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The straw tubes, 4 mm in diameter, will be stacked into twelve interlocking
cylindrical layerswhich use the carbon-fibercylinder as a base. This layerwould provide
the ability to measure charged particle track segmentsaccurately in the r, ip plane as
required for momentum measurementsusing an axial magneticfield. The line segments
would be 4 an long and allow extrapolationto adjacent superlayers as an aid in global track
patternrecognition. The inherentaccuracyof the straw tubepoint measurementsis better

than 100 p.m. A major thrust of our proposal is to determine if this precision can be
maintainedin the fabrication of a large module.

Figure11-1 alsoshowsa crosssectionof the detector superlayer detailing the straw drift
tube and scintillating fiber structure. The details of our designwill be optimizedby Monte
Carlo simulation and may changefrom thosedescribedhere.

The complete superlayer would contain 13,700 straw tubes and 53,000 scintillating
fibers. The scintillating fibers may be groupedin triplets making the numberof electronic
readout channelscomparablefor straw tubes and scintillating fibers. In our prototype,we
propose to install and fully instrumentelectronicsand gas 1,000 straw tube cells dustered
in two groups positioned180° apart. The effects of the missing sensewire load will be
simulatedby an array of tensioncables. All 53,000 scintillating fibers will be installedin
the support cylinder, although only about 1,000 channels will be instrumented for
electronicreadout

In order to obtain high precisionwire location,our module usessingleend plate rings
which will contain holes for the sensewire feed throughs. The plate is slotted to allow
access to the scintillating fibers. The gas manifold and readout electronics will be
integratedinto the end plate support structureseeFigure 11-2. We mention here that the
problem of sensewire sagand other ntisalignments causing electrostaticinstability within
straw tubesrequirescarefulstudy. We will usegeneric R&D results from work beingdone
at Duke, by Va’vra at SLAC andby Ogrenat Indiana Univenity to guide our prototype
design seeSection III for more details. One option is to include thin, precision drilled
mid-plates to fix eachwire location to the sameaccuracyas that provided by the endplates.
This solution has the potential for attaining higher accuracyin sensewire location than
one which relies upon the straw tubes for support. As describedin Section 111, we plan to
use a small model to study supporttechniquesand will select the solution which is the
bestcompromisebetweenwire locationaccuracyand detectormass.
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Figure11-i SuperlayerEnd-PlateStructure

We have considered several methods for z measurementof track trajectories. The
first, chargedivision along the sensewire, will not be usedin our prototype. Having made
this decision, we can usenon-resistivesensewires - gold plated tungsten Au-W - and
place all the readout electronics on one end of the detector. This has three advantages:
Au-W wire has good strengthandwire agingproperties;the TDC readoutelectronicsare
simple and relatively inexpensive;and a module with readout on only one end offers the
possibility of assembling a long CrC -6 m by placing two adjacent cylindrical modules
back to back.

Anotheroption for z measurementis to usesmall anglestereostraw tubestangentto
the outer surface of the superlayer midway along its length. In this geometry,the straw
tubesno longer have a simple packinggeometry,since the stereo tubes fan out to the end
of the module. Althoughthis methodof z measurementhas someattractivefeatureslow
density, simplicity of readout electronics, we have decided to propose for our prototype
module a scintillating fiber uv:z layer.

INSULATOR/CLAMP
END FITTING
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The scintillating fibers would be 0.5 mm in diameter and layered within the
cylindrical support structureas describedabove. The u-v layers each two deepwill be
wound in helices with dose packing of the fibers. The z resolution is controlled by the
pitch of the helix. For example, a ±6° pitch would result in a z measurementto a - 1.5
mm. This method of z determination is geometrically compact and hermetic, and has the
potential for relatively high z-measurementprecision. We propose to add a third z layer

two deep of fibers to help with calibration of the superlayer.

B. Advantagesof a Hybrid Straw Drift Tube-ScintillatingFiber Detector

The construction of a CTC superlayer from both straw drift tubes and plastic
scintillating fibers provides the opportunity to emphasizethe strengths and minimize the
weaknessesof each detection method. A disadvantageof long, small diameterstraw tubes
is the tedious mechanical construction required to insure accurate wire location. A
practical disadvantage of using scintillating fibers for a large volume detector is the
requirement of a prohibitively large numberof readout channels. Our hybrid detector uses
straw tubes in the simplest geometry axial straws to minimize construction difficulties
andmaximize their potential for preciser-cp measurements.The 12 deep layers we propose
will define 4 . line segments.This is not possible,with acceptablecost, using scintillating
fibers. On the other hand, scintillating fibers are ideal for providing stereo u-v
measurementssince they can be helically wound onto a cylinder. In addition, scintillating
fiberscan be positioned in the detector to high absolute precision <1 mU. We propose to
usea layer of axial fibers to provide a calibration for the straw tube sensewires.

The common advantagesof straw drift tubes and scintillating fibers are preserved in
our hybrid detector. The inherent point measurementaccuracy of the 4 mm diameter
straw tubesand 0.5 mm diameter scintillating fibers is fairly well matched 100 to 150 ktm.
Both detectors have good single-cell hit isolation. Although the scintillating fibers require
a photon-electron transducer, we propose to use the same subsequentreadout electronics
seeSection SO. This will simplify the detector electronicsand lower the per channelcost.

C Application of the Hybrid Tracking Module to an SSC Experiment

The crc of an SSCdetector could be constructed from a setof hybrid modulessimilar
to our prototype. A set of 10 superlayers covering a radial distance from 0.5 to 2.0 meters
would be capableof measuring momentum to an accuracy Cp/ of about 0.30 p TeV. This
uses a 2 Tesla axial magnetic field and assumes that we can a&ieve a point setting
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precisionof -150 p.m. It doesnot use vertexconstraintsor the benefits of a high resolution
inner trackingchamber. Two modules, each of length 2.5 meters, in series,would cover a
rapidity range r <1.05 outer ring, 2.3 inner ring. Tracking at higher rapidities would
requirethe useof endcap disks.

It may not be necessaryto instrument all 10 superlayers with 12 layersof straw tubes
and6 layersof plasticscintillating fibers as will be done for our prototype. Lower density
modulescould be constructedby replacingthe scintillating fibers with syntacticfoam or an
aluminumhoneycombbetweenthe carbon-fibercylindrical shells. This would reducethe
thicknessof a superlayerfrom 2.4% to about 1.9% of a radiation length. The radiation
length quoted above is an upper limit of our design i.e., conservative. The radiation
length will likely get smalleronce we understandthe mechanicalstrengthof straw tubes,
which can provide somestructuralsupportseeSection ll.A. Any further reductionin
the densityof a superlayerwould require externalsupportfor the end cap plates rather
than the self supporting structureincorporated in our design.

As a part of this proposal we will simulate SSC events and determine the optimum
configuration of superlayers to be used in a crc. This will include a study of the
compromise betweena low mass density detector and one which provides a high point
measurementdensity for good pattern recognition seeSection VU for more details. In
the secondyear of this R&D work we would anticipate an interaction with specific SSC
detectorproposals in order to optimize the CTC designfor a particularexperiment.

11-7



IlL Reviewof PreviousR&D

Straw drift tubes have been used for charged-particle tracking for many years.

Scintillating fiber technology is more recent, but has recently been implemented in major

detector systems. Although the unique characteristics of the SSC environment call for
significant advances in central-tracking technology, there is no a priori reason to believe
that these advances cannot be accommodated through the use of straw tubes and
scintillating fibers. In the following, we review recent work in straw chambers,
scintillating fibers, read-out electronics, and radiation damage testing; for the sake of
brevity, we concentrateon work in which the applicants have been involved.

A. Straw Drift Chambers

The high energy physics group at Duke has been working with chambersmade of
straw tubessince 1984. The project started in order to construct drift chambersfor the
spectrometer arm of experiment E735, one of the collider experiments at Fermilab. The
chamberswere constructed from 5-cm diameter straw tubeswhose wall thiclcnesseswere
0.2 mm. The chambers were successfully constructed, tested, and installed at the
experimental area. We took data for two different runningperiods in 1987 and in 1988-89
without any problems. In this section, we will discuss ongoing research on straw drift
chambersusing both large-diameter tubes and the small-diameter 4 mm tubes that will
be used for the proposedchamber [111-1,111-2].

1. Study of Tube Material

The selection tube material is very important. The thicknessesof both the tube
wall and its inner conducting layer have to be minimized becausea track is expected to
traverse at least 100 straw tubes. In order to keep the total radiation length of the straw
tubes in a complete crc below 10%, the wall thickness should be less than a few mils, if
mylar or a similar material is used. Presently, two materials, mylar and polycarbonplastic,
are being considered. Tubes made from each material will be subjected to various tests,
such as pressure, compression load, and radiation hardness,before the final decision on
tube material is made.

As an inner conductor material, we are* testing aluminum and copper of different
thicknesses. In the Fermilab detector, we have used aluminum with 15 pm thickness.
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Although we did not encounter any problems,we would like to try optimized thinner

coatings,down to a few thousand angstromsof copper or aluminum. The effect of ion

bombardmenton sucha thin coatingwas found to be important in paststudies,in some

casesleadingto disappearanceof the conductivelayer. Extensivetestsof this effectwill be
performedin di.fferêrtt working gases.

2. Wire Support

Since it is expected that the full size detectorwill be severalmetersin length, the
sensewires have to be supported for mechanicaland electricalstability, calculationshows
that 1.5 meter long, 25 p.m diametertungstenwire sagsabout 100 p.m at the center. The
wire sag causestwo problems: first, position measurementerror increasesalthough it can
be corrected by off-line software,and second,electrical instability can move the sensewire
towardthe cathodeand causearcing.

Although the final wire displacement can be calculated for a given initial
displacement, tension and electric field, we decidedto verify the calculationby settingup
an experiment. We measuredthe final sensewire position as a function of high voltage
applied to the sensewire for a given initial displacementand wire tension. The initial

displacementcould be dueto wire saggingfrom gravity or due to misplacementof the tube
with respectto the sensewire.

In order to measure the displacement, we set up three long parallel wires, which
approximatethe electrostaticproblemof a wire inside a tube. In this setup, the wire in the
center is the sensewire, and the outside wires simulatethe image charge in the tube. We
measured the final wire position for a different initial wire displacement from the center
as a function of the tension in the sensewire and the applied voltage. The data were
obtained using wires with 1.2 m length and a simulated tube diameter of 5 mm; the
tension in the wire was 50 gm. We plot in Figure rn-i the displacementas a function of
the potential difference betweenthe sensewire and the image wires for a preliminary test.

Another test is being performedusing two aluminum tubes. One has a length of
1.25 m and the other of 2.1 m; the diameterof the tubes is 4 mm. The straightness of the
tubes and their uniformity of diameter are better than 100 p.m. 50 p.m sensewires are
centered inside the tubes. For a given tension in the sense wire, we measure the
maximum voltage on the sensewire when the tube. is in a vertical position and a
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horizontalposition. This test and the test with three parallelwires shouldtell us the effect

of sagging and how often wire support is necessary.

3. MechanicalStrengthof Tubes

One of the advantagesof using straw tubes is that the tubes can provide some
structural support. The larger diameterstraw tubesused in the E735 detectorcan support

about 10 kg of load at the end, even with a wall thicknessless than 0.2 mm. Presently,we
are systematicallytesting the effect of bunching many straws together to find out, for
example,the inceasedend-loadsthat can be supported by gluing 10 or 100 tubes together,

as a function of tube diameter,wall thicknessand length. We shall alsostudy the bending
of small-radiustubesas a function of their length and wall thickness,andof the numberof
tubesglued together. The findings from this study will be incorporatedin the mechanical
designof the chamber. For this test, we havepurchased180 an long tubeswith 4 mm
diameter,made of 50 p.m thick mylar.

4. Drift Velocity and Dispersion Measurement

Due to the short bunch length in SSC, the gas used in the chambershould
producea fast electrondrift velocity, somethingover 100 jim per nsec. We have madea
simple setupFigure 111-2 to measurethe drift velocity of any gas. It consists of two slits
1 mm wide and 1 cm long and a straw tube drift chambersandwiched betweenthe two
slits. A Sr90 beta sourceis used for the beam. We measurethe relationshipbetween
the drift distanceand the drift time, and from it, we calculatethe electrondrift velocity as a
function of electric field. Someof the resultsare shown in Figure Ifl-3. Mixtures of CF4
with CR4 produce a desirable drift velocity. Studiesby other groups have shown that
mixtures of CF4 with isobutaneand DME combine excellent diffusion and quenching
propertiesnecessaryin small-diameter tubes with a high electrondrift velocity.

Using this setup, not only the drift velocity, but also the relative dispersion due to
the slit size and the multiple scattering of electrons, can be measured for different gases.
In Figure 111-4, the dispersion is plotted as a function of drift distance for different gas
mixtures. The slit size is 1 mm, so the expected dispersion is about 0.5 mm. Figure 111-4
shows that the dispersion of pure CF4 is poor. Mixing with CR4 improves the dispersion.
It may be necessaryto mix more than 50% of rnethae to obtain an adequate resolution.
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We shall continue to study different mixturesof gasesto discover the greatestelectrondrift

velocity with leastdispersion.

Another area we are investigatingis the effectof an external magnetic field on drift
velocity, which is importantbecausethe final chamberwill be operatinginside a solenoid.

This measurementwill be performed with the setup shown in Figure rn-2; a powerful

pulsedlaser will be usedinsteadof an electronsourceto simulatetracks. A small chamber
with a 6 mm diametertube is being constructed. This chamberwill be placed in a high
magneticfield up to 2 Tesla along the perpendicularto the field. We will measure the
electrondrift velocity as a function of magneticand electricfields.

5. Resolution Study

We also constructeda one-tubechamberusing a 4 mm diametertube with a 25
sm sensewire. We obtained plateaus at severaldifferent pressuresusing pure methane.
The result is shown in Figure 111-5. The signal amplitudeis about 25 mV on 50 ohm at the
center of the plateau,with a rise time of about 4 ns.

In order to study the intrinsic resolution of the chamber,we have just constructeda
small chamberwhich consistsof 8 tubes each 4 mm in diameter and 10 an long. Due to its
small size, this chambercan be constructedwith high precision. The chamber is being
instrumentedwith the sameelectronicsusedfor the E735 chambers. Using Lecoy TDC
with 50 psecresolution, we plan to measure the intrinsic resolution using cosmic rays.
The chamberwili be testedusing different gasmixtures, including the fast gaswhosedrift
velocity we measured. Earlier studiesusing large diametertubes show that there is a
degradationof the resolutionvery near the sensewire within 300 miaons for somegas
mixtures.

B. PlasticScintillatinç Fibers

Most of the work reportedin this sectionhasbeensupportedby DoE Grant DE-FGO2-
85ER40233. In particular, theseDoE monies were provided via the Generic Detector
Development Program- a forerunner of the present SSC Sub-SystemSupport Program.
Our research started with some theoretical investigations into the principles behind
scintillating fiber techniques,continued through scintillator manufacturing details and
into the optical propertiesof plastic scintillating fibers. In order to determinethe detector
characteristics of scintillating fiber arrays, we have installed a radioactive source/cosmic
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ray testing station in our laboratoryat NortheasternUniversity. This facility hasbeenused
in initial quality control studiesof individual fibers andof fiber arrays. Thesestudieshave
included not only optical properties but also geometrical precision and alignment
characteristics. In addition, we have just begunto investigate fiber readout options. All
these points are briefly discussedin the following.

1. Theoretical Aspects

Before embarking upon a researchprogram involving the use of small diameter
plastic scintillating fibers PSF, we wanted to fully understandthe principles behind the
techniquein order to seethe naturallimitations andidentify potential development areas.
Our study is summarizedin a Northeastern University preprint 111-3; manyhundredsof
copiesof this paper have been circulatedto researchcolleaguesaroundthe world andit has
had a significant influence on the chosenresearchdirections. It, of course,underlinedthe
importance of optimizing the scintillating material to maximize the Stokes shift the
wavelength separation between characteristic emission and absorption spectra, to
minimize self-absorptionand to maximize the attenuationlength. It also pointed out the
importanceof a low-index cladding material with good interface to maximize the
attenuation length. An interesting prediction that came out of this work was that the
attenuation length should increaseas the ambient fiber temperature decreases. This we
confirmed experimentally and it is being summarizedin a forthcoming publication
ffl-4fl1-5].

2. Fiber ManufactureandCladding Investigations

Our early work was concerned with the actualmanufactureof PSF. We learned
how to add the appropriate amountsof fluorescentdye, wavelengthshifter, etc., to the
styrene and we learned how to polymerize the styrene and make a ‘boule’ of doped
polystyrene. We learnedhow to add an acrylic ‘sleeve’ which would eventuallybecome
the fiber claddingmaterial. All of this work was done in collaborationwith, andunderthe
expert guidanceof, W.R. Binns and his collaboratorsat WashingtonUniversity in St.
Louis. We took our boules to H. Watts and his company,PODS, in SantaBarbara and
learnedthe techniquesto pull fibersout of the boule. We learnedhow to control the fiber
size via the oventemperatureand fiber wheel speed. We researched alternative cladding
techniquesin order to use plasticswith lower refraction indices than acrylic. One very
hopeful material that we researchedis a DuPont proprietary plastic referred to as HM1.
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This materialhasa refractiveindex of 135 the index is 1.59 for polystyreneand 1.49 for
typical acrylic clad. Unfortunatelyit hasthenna.landmechanicalpropertiesvery different
to those of polystyreneandso cannotbe addedto the boule asa sleeve. HM1 is solublein
Freon and so we tried dipping uncladfibers in an HM1 solution. Even thoughwe finally
gave up this technique,the things we learned could have an important bearingon future
fiber manufacture. By the time we had learned everything we could about fiber
manufacture, several companies, such as Kyowa Japan, Bicron U.S. and Optectron
France, hadstartedmarketingtop quality PSFandso we moved on to the rigorous testing
of fiber characteristicsand the designof particledetectors.

3. Installation of a Fiber PhotonCounting Facility

In order to be able to test the optical characteristicsof fibers, we have installeda
testingstation in our researchlaboratoriesat NortheasternUniversity. As a first step, we
equipped a long coffin-shaped dark-box with photomu.ltiplier and all the necessary
electronics,built a triple scintillator coincidencetrigger and measuredthe light outputof
selectedfibers. After learninghow to work with the very low light yields intrinsic to the
PSF business,we found the ‘coffin’ approach to be somewhatclumsy and so we built a
dark-room. The darkroom has the advantagesthat it allows us to test full-size prototype
PSF detectorsunderreasonablynormal conditions,allows a good separationof the optical
detectorsand their associatedsignals from the readoutelectronics,and it provides an
environmentfree of optical and electrical noise. The systemis now on-line to a Zenith 286
PC with interfacesto both CAMAC DSP controller and FASTBUS LeCroy controller.
Our DAQ softwareis available for both data-takingand/or display purposeswith both
interactive and hard copy features. Our photon counting standardis an RCA 8850
Quantaconwith a fully calibratedbi-ailcali photocathode. We use eithera Sr9° sourceor
hardenedcosmic rays. Our systemis still fully humanizedand a full person-dayis needed
to accumulatea sensiblelight curve to determinea given fiber attenuationlength. Some
of the resultswe have obtained with this systemare reported in [111-6,111-7]. Our entire
systemis reasonablyuserfriendly and,for example,was recently usedby the Rockefeller
University group to checksomemysteriousresults111-8].

4. Fiber Quality ControlStudies

In order to build a precision, fully calibrateddetector,one needsgeometrically
precise,optically reliable fibers. Our early fibers were of questionablequality and we
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thereforeput a significant amount of effort into fiber quality control. Optical quality is

relatively straightforward to monitor; a bad fiber can always be identified by an
anomalously low attenuation length. For example, the Kyowa 500 micro fibers that we
haveworkedwith recently have a typical attenuationlengthof between150 and 200 cm.
An attenuationlength below 150 cm usually,and below 100 cm always,signalsa badfiber.

Geometrical precision is more difficult to monitor. We have researchedboth optical and

mechanicalmethodsof measuringfiber size at various points along their length. Neither
give totally satisfactoryresults.

5. GeometricalPrecisionand Alignment

Our approach to date has been to align individual fibers into ribbons which can
thenbe assembledinto an entiredetector. We have tried two different techniquesfor this.
The first was to buy the fiber in a continuous reel and assemblethe ribbon in our
laboratory. This has the advantage that, if we can select lengthsof fiber with dimensions
well within our specifications,then we can use only in-spec fibers to make ribbons. As
noted above, however, making the fiber selectionis not trivial. Gluing the fibers in a
precisemanneronto a rigid structurethat defines the ribbon is difficult. The second,better
way was to buy a fully assembledribbon from the PSFcompanyICyowa, in this case. This
has the disadvantagethat the individual fibers are not necessarilyin-specand thereforethe
entire ribbon itself has precision and alignment problems. We have just recently
purchaseda precisionmotor-driven2-dimensionalstagewith 150 cm throw in the long
direction as a prototype device to determine the individual fiber alignment precision
within a ribbon. Current plans involve the useof a 2 mCi Ru106 source to scan across a
ribbon and investigatethe PSFsensitiveregions as a function of position. We usea pair of
fibers at right angles to the ribbon vds as trigger to define the edgesand effective area of
each fiber. The source and trigger precision movement is PC controlled thus obviating the
needfor any operator action.

6. Readout

As noted above, we usean RCA 8850 Quantacon as photon counting standard for
single fiber readout We also have HamamatsuR647-04 finger tubes,which can be used for
single fiber readout Both these devicesare ‘standard’ photomultiplier tubes in that the
output singlesare about 10-100 mV high. The RCA gain is more stable that that of the
finger tube and so it is more reliable for single photon counting. Just recently we
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purchaseda Philips XP4072 8x8 multianode phototube. This also puts out typical
photomultiplier signals for each of the output channels. iTT have loaned us an ITT

F4149 MCP lOxlO multi-anodetube. The gain of this device is about 10-100 times less than

the photomultiplier gain and so the signal is typically a few my. The M amplification

gives a narroweroutputpulse. All thesedevicesare fine for R&D and laboratorywork, or

for applications involving no more thana few thousandchannels,but at typically $100 per

channel, some other readout method has to be found for detectors involving 100,000 or
more channels as in the present case.

C Electronics

The proposed hybrid CTC presents several significant challengesin the design of
electronicsubsystemsfor signal acquisitionand readout. Given hundredsof thousandsof
channelsof drift tubesand scintillating fibers, considerationsof size, power,and cost force
the aggressiveuseof customintegratedcircuits and solid-statephoto-conversiondevices.
Moreover, as somecomponentsof the electronic subsystemsmust be placed within the
crc itself, the integrated circuit technologies to be used must be carefully selectedfor
radiation hardness. This program will exploit substantial prior work in electronic design
for drift tube and scintillation detectors, in radiation hardened integrated circuit
technology, and in solid-state devicesfor photo-conversion. Several critical areas of prior
work are highlighted below.

The use of custom integrated circuits for drift tubes, silicon strip detectors, and
scintillating fiber systems is currently being explored under several Generic Detector
Researchand Developmentgrants. The electronics used in each caseare quite similar and
generally include front-end circuits for signal acquisition and signal conditioning and
readout circuits that typically involve some tvve of analog memory. The analog memory
is provided to store output signals until a trigger is produced, and to facilitate multiplexing
of the post-trigger readout Using custom integrated circuits it is possible to pack several
channelsof electronicson a single chip with power dissipation of only a few milliwatts per
channel. This program will directly exploit circuits developedfor DOE at the University of
Pennsylvania Penn. The Penn group has designed and demonstrated a two-chip system
for drift tube readouts which could be modified to process data from scintillating fibers
[111-9]. The two-chip approach consistsof a bipolar front-end chip and a CMOS analogstore
and readout chip. These circuits will be usedas a starting point for the development of a
second generation chip set that packs several channels on each chip. Drs. Van Berg and
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Newcomer from the University of Pennsylvania will participate in the development of
theseintegrated circuits for the hybrid crc.

The custom integrated circuits usedfor straw tube signal acquisition and readout
mustbe placed in doseproximity to the ends of the tubes, and therefore, will experiencea
severe radiation environment. It is estimated [rn-b that these chips must be able to
withstand a lifetime 5-10 years ionizing dose of 0.5-5 MradSi and a lifetime neutron
fluence of io-i0’ cm-2 at the inner radius of the proposedcrc. Radiationtolerance of
integratedcircuits is primarily a matter of process technology, although design practice
doesplay an important role. Significant advanceshave been made in the developmentof
radiation-hardened ic technologies over the past several years, and many of these
technologiesare capable of meeting the estimated radiation requirements [Ifl-ii,lfl-12].
These specializedprocessesare intended primarily for strategic defenseapplications, but
are also frequently used in commercial satellites and in controls for nuclear reactors.
Radiation-hardened bipolar and CMOS processesare available from several companies
including Harris, Texas Instruments, United Technologies, AT&T, and Orbit. Further
work is neededto determine the actual radiation requirementsand to selectmanufacturers
who canmeet theserequirements.

At the present time, the only readily available photo-conversiondevicessuitable for
usewith long, small diameter scintillating fibers are photo-multiplier tubes, micochannel
plates, and avalanchephoto diodes. Although thesedevicesare available in a variety of
types and configurations number of elements,they share the common characteristic that
they are extremelyexpensive,on the order of hundreds of dollars per channel. Recently,
two solid state photo-conversiondeviceshave been developedwhich ultimately may be
low enough in cost to realize systemswith tens of thousandsof channels [uI-13,IU-14]. The
RCA device is particularly interestingin that it may be able to operate at or near rocm
temperatures [V-2]. Although one of these devicesmay ultimately find application in an
SSC detector, these technologies are not ready for use in a near term demonstration
project. Therefore, the scintillating fibers in the hybrid detector prototype will be
instrumented using conventional multi-anode photo-multiplier tubes. However, as a
parallel effort, RCA will participate in the development of a scintillating fiber readout
based on their latest avalanche photo diode APD technology. This will include device
design and characterization for usewith plastic-scintillating fibers, as well as packaghg and
preampli.fIcation for either linear or mosaic arrays.
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D. Radiation DamageStudies

1. Straw Tube

Previousageing studies [ffl-15,rn-b6] indicate that wire chamber "lifetimes" in
excessof one C/cm-length-of-wire are feasible, provided that certain conditions are met.
The first and the most important is choice of appropriate gas, with controlled levels of
impurities. Impurities are well known to cause deterioration in gas detectors, and are

responsiblefor many contradictoryresultsof different ageing studies,sometimes even if
performedin the same laboratory. Appropriate purification systemsshould be installed,
when necessary,to convert commercially available gasesto sufficiently pure materials. Of
course, the selected type of gas must also fulfill other requirements, such as stable
proportional gas amplification no sparking at high rates, speedof operation which is
especially important at the expected high SSC particle fluxes, safety, availability, and
reasonablecost There is a rather long list of possible choices[III-13,m-14], with some
candidateshaving superior properties, but further research to identify the optimum gasfor
SSCapplication is warranted.

The next important step is the right choice of chamberconstruction materials. A
selectionmustbe made on the basis of chemical compatibility of these materials with the
selectedgases. Also, information on outgassingproperties should be available and/or
special tests should be performed to minimize risks of gas contamination. Glues, frame
materials, cleaningsolvents,solder flux, feedthroughs, tubing, etc., should all be carefully
selected. There han been many unfortunate experienceswith damageto wire chambers
due to improper choice of constructional materials; these have ranged from
pollution/poisoning to outright mechanical destruction, such as in the caseof ageing
controlling gas additives alcohols, methylal, etc. dissolving glues used in chamber
production. A long batteryof appropriate tests therefore seemsto be unavoidable.

Finally, in order to achievestraw tubeswith lifetimes in excessof one C/cm, previous
researchindicates that carefulageingtests will have to be performed in order to study the
effects of many parameters on longevity. These parameters include fresh gas flow rate,
counting rate averagecurrent flowing in the chamber per cm-length-of-wire per sec,gas
composition or mixture ratio, kind and amount of additives preventing ageing, gas
amplification factor, gas temperature and pressure, etc. The collaborating group at the
University of Florida has performed preliminary tests of specially selected very pure
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Figure rn-s. Experimental Apparatus Usedto Study StainlessSteel Tubes

constructionmaterials,in order to separate effects of gas from effects of practical materials
preselectedfor usein the real detector; these materials include glues, composite frames,
potentially chemically reactive oxidizing eletrodes, such as resistive wires, etc. For

example,Jibaly, et al. ffl-17] studied stainlesssteel cylindrical tubes with carefully selected
epoxy and 0-rings seeFigure 111-6. Severalother groups have gained experiencein ageing
studies and collaborative efforts with them will be arranged. For example, the groupof Dr.
John Icadyk from LBL is spedaliiing in a generic R&D study of wire chamber gas ageing,
and systematic tests with different gasesof interest for the SSC and different wire materials
are being performedwith a unique experimental setup and analytical equipment. Also,
the TRIIJMF Group 111-18] is studyingageing with very fast important for SSC CF4-based
gasesin small-cell multiwire chambers.

The collaborating groups at NCSTJ and Quantum Research Services also have
experience in relevant irradiation studies, although not on materials or components
specifically designedfor the SSC. Dr. Paulos NCSTJ has performed gamma-ray radiation
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testingof electronicsin a CoóO irradiation facility at NCSU, whoseuse is proposed for this

study seeSectionVLB, and Dr. Dunn Quantumhasextensiveexperiencewith neutron

irradiations for radioisotope production, neutron activation analysis, prompt gamma-ray

analysis, and neutron gauging applications. The one MW PULSTAB. reactor at NCSU,
whose research applications Dr. Dunn oversaw for over two years, offers an ideal facility

for the requisite neutron studies seeSection VI.B.

2. Plastic Scintillating Fibers

The University of Florida UP group has been involved in a generic SSCR&D
study to develop radiation resistant organic scintillators suitable for use in the SSC
environment. This work has been reported in a number of publications. A good
representation of the work is found in Refs. 111-19 and tIi-20. A key result hasbeen the
developmentof a radiation hard plastic scintillator basedon a polystyrene baseand doped
with PT? and 3HF, the latter a large Stokesshift fluor resulting in an emissionspectrum in
the yellow-green region 500-500 nm. With the current interest in plastic scintillating
fibers, the TiP group has measured the performance of several commercially available
scintillating fibers in order to gauge their performance in terms of radiation resistance.

Figure 111-7 displays the measurementsetup. A continuous, collimated X-ray source
8 key is used to excite the fiber, with the resultant DC current read out from the
phototube by an electrometer. The result is an attenuation curve for the fiber Figure fl-B.
The key problem is the loss of transmission in the blue endof the spectrum by the plastic
base after irradiation. Many of the commonly used fluors such as p-terphenyl are
essentially radiation hard. Hence, greatly enhanced radiation resistance is achieved by
shifting the emission spectrumof the scintillator to longer wavelengths i.e., >500 nm.
This is illustrated most succinctly by Figures 111-8a and 111-8b. Figure 111-8ashows the
complete recovery in attenuation of a 3HF-doped i.e., green-emitting fiber after a 10
Mrad irradiation at the 3 MeV electronbeam facility of FSU. In contrast, Figure rn-&b
displays the performance of a standard blue-emitting fiber, SCSP-38. All the curves are

normalized to the current reading one inch from the PMT. The intrinsic light loss was

measured to be 10% for SCSF-38 and 15% for the 3HF fiber. One concludes that the
attenuation characteristicsof the two fibers will dominate their performance under severe
irradiation. Both fibers are 1 mm in diameter, and use a PMMA cladding on a PS base.
Someof the current resultshave been published ffl-20], and the rest have been reported at
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Radiation Shielding Blackbox

Figure 111-7. FiberTestingSetup
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Figure In-B. Resultsof RadiationDamageStudiesto Plastic Scintillating Fibers
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the recent EPCA Study Weekon Instrumentation for High Luminosity Hadron Colliders
Barcelona,Spain,September1421, 1989.

The UP groupwill carryout research appropriate to optimizing radiationresistanceof
plastic scintillating fibers. This includesthe following:

* Using appropriate radiation resistant, large Stokes shift fluors eventually
shifting to above650 nm,

* Utilizing more radiationhard basese.g., PVT and polvinyixylene are known to
be more radiation resistant than polystyrene,

* Investigating the effect of different claddingsPMMA is the standard - however
an Optectronfiber with a fluorinated acrylic claddingwas found by the UP group
to have an enhancedradiation resistivity over those clad with PMMA.

Of course, the optimization in radiation resistivity will also be done with light output
and speedtaken into consideration. The irradiations can be done with the electron and
neutron sourcesoutlined elsewherein the proposal.
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IV. MechanicalFabrication of the Prototype Detector

A. ProposedConstructionTechniques

The objective of the mechanical fabrication developmentprogram is to demonstrate,
through constructionof a series of increasingly elaborate engineering models, that the
final hybrid detector designis feasible and can be efficiently and economicallyconstructed.

The ultimate model in the development serieswill be a full-scale 1.4 m diameter by 2.5 m
length prototypical superlayer section. An overview of the superlayer’s construction was
given in Section11 and the basic structureis shown in Figure11-1.

In order to provide a sound basis for the proposed engineering development
program,we have evaluated the mechanical design, fabrication, and assemblyof a hybrid
crc for the SSC. The mechanicaldesign for this detector is based on existing technology,

materials and assemblytechniques; there are however, severalareas in which we intend to
extend knOwn technologyin order to achieve the bestdimensionaland structuralstability.
In addition, design details such as the wire damps and tube fittings will be refined to
simplify installation and insure reliability. The cost effectivenessof the design will be
improved through the use of commercial vendors to the maximum extent possible. This
will be particularly important during the fabrication of a full scalecrc due to the large
numberof componentsin that assembly.

1. Mechanical Engineering Requirements

The analysisof the design for an SSC hybrid detector resulted in a compilation of
significant development issues that will be addressedin the proposed program. Specific
design issues will first be resolved in single-component studies., such as the tube tests
currentlyunderwayat Duke. Thesetestswill be followed by a series of engineeringmodels

that will analyzesubsystemdesigns,such as the methods used to install tubes,wires, and
electrical connectors. it is our goal for the subsystemtest program to resolvemost of the
known engineeringissuesin preparation for the construction of the prototype. The full-
scalesuperlayer prototype is expected to serve three purposes. First, it will confirm the
component assemblydesign developedearlier in the program. Second, it will provide a
model which can be used to evaluate dimensional and structuralstability. And, lastly, it
can be usedin beam tests to measure the particle detection capabilities of the superlayer.
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The major development issuesto be addressedin the proposedprogramarediscussed

below.

a. TolerancingRequirements

Knowledge of the precise location of individual straw tube wires and
scintillating fibers within the assembly is critical to the performance of the detector.
Consequently, the most significant engineeringproblem anticipated during the fabrication
and assemblyof the componentswill be the determination and maintenanceof the best
achievable tolerances. Two approaches will be used to solve the problem. First, the
structure of the assembly will be constructed as precisely and rigidly as possible,and

second,locating features will be included in the assembly to permit the determination of
the final positions of the wires and scintillating fibers. The developmentteam may at this

point rely on the large precision inspection machines at the Martin Marietta Energy
Systems MMES weapons production plant ‘1-12. That operation has over 40 years
experienceworking with the inspection of machined assembliesat the sub-mil tolerance
level. Additional steps may be taken to determine the alignment of the detector using
cosmicrays and testbeams.

b. Structural Stability

Preservationof the initial detector alignment for the 5 year designlife of
the detector will have to be weighed against the requirements for minimizing the
radiation length of the detector. Material type, creep rate, radiation resistance,and age
deteriorationwill all be evaluatedto accumulatesufficient data to insure the detector will
remain effective throughout its working life.

Three approaches are being taken to enhance the structural stability of the SSC
detector. First, the superlayers will be directly connected. This linking will provide load
sharing and stress distribution. Second,compositeassembliesusing foam, honeycombor
scintillating fiber cores will also be evaluated as methods of increasing the rigidity of the
individual superlayers. Third, we will evaluate the added structural strength provided by
the straw tubesin the superlayer. As a world leader in the design and fabrication of carbon

compositecylindersORNL is expectedto bring a unique expertiseand fabrication capability
to the development program. ORNL is currently involved in several similar
development programs with the Departments of Energy and Defense which should
provide further support and experience.
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The prototype assemblywill be the primary vehicle for evaluatingsfructuralstabffity

The model will be calibratedwith indicatormarksand tooling balls to permit dimensional

inspectionsto be performedafter assemblyis complete at intervals over an extended

period.

c. Materials Evaluation

Materials will be evaluated in both the engineeringdevelopment models
and the full-scale prototype. Of particular interest are the carboncompositecylinders,core
materials such as syntactic foam and honeycomb,and the aluminum or carbonend plates.
Radiation effects on theseand the other structural materials are considered in SectionVI.

d. Vendor Development

Commercial vendors will be developedfor many of the componentsused
in the engineeringmodels and the full-scale prototype. The straw tubes, wires, tube end
fixtures, and scintillating fiber ribbons will all be procured items. Commercial vendors
will be used to the maximum extent possible for component assembly. ORNL
engineering has a tradition of establishing contact with commercial enterprises to
exchange technology and reduce the cost of fabrication. Virtually all significant
development projects having the involvement of OENL mandate the transfer of
technology to commercialvendors. This will insure that the SSC hybrid detector is built
by the most efficientmeans at the lowest cost.

- e. Wire and Tube End Connection Development

Due to the large number 350,000+ of wire and tube end connections, a
significant portion of the development program will be dedicated to reducing the
complexity and cost of these elements Figure rV-l. Mass production techniqueswill be
developed through commercial vendors while simplified installation procedures will be
testedon the engineeringmodels. Past experience on wire type detectors has shown that
wire breakage during assemblyis a particularly complex problem which places a premium
on the inclusion of features in the assembly to simplify the threading of the wires. Note,
that either in-tube wire supports or a fixed center plate complicate this task significantly.
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Figure P/-I. Typical Straw Tube End Connection
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f. Scintillating Fiber Installation

There are severalissuesassociatedwith the installationof the scintillating

fibers. First, practical techniquesfor the alignmentof the fibers will be developed;second,

containment of the fibers betweenlayers of carbon-graphite cylinders will be tested; and

lastly, an efficient method of connecting the fibers to readouts will be accomplished.
Through the Y-12 production plant, ORNL hasdirect accessto state-of-the-art bondingand

adhesives technology. This source will be particularly useful in the design of the
scintillating fiber assembly.

2. EngineerinzStudies

A three-stage program of engineering studies will be used to achieve the
objective of developing a valid designfor an SSChybrid detector. Starting with the single
tube tests now underway, the proposed program moves through a series of subsystem
engineering models and concludeswith the full-scale prototype. The engineering models
will be built in a progressive series of assemblies,in order to efficiently incorporate the
lessonsleanedat each stagein the program.

a. Single Tube Models

As discussed in Ifl.A, we have constructed various models to study
mechanical and electrical stability. We will continue to work on this project and the
resultswill be compared to the studiesbeing conducted by J. Vavra at SLAC and H. Ogren
at IndianaUniversity.

The necessity to provide internal support to 2.5 m long sense wires to maintain
stability is one of the principal difficulties to be overcome in assembling a full scale
detector. We will investigatethe possibility of using support insertswhich center the wire
in the straw tube as hasbeensuggestedin previous detectordesignstudiesas part of our
single tubemodel test.

We will also test the feasibility of using low mass intermediate support planes to align
the sensewises and maintainelectrostatic stability in the cells. Both methods would result
in a small fraction of each cell being insensitive to tracking.
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b. Small-ScaleEngineeringModels

Four small-scaletest models will be built to evaluate known subsystem

designissuesof the hybrid detector. Most of the details of the component designs are
expectedto be finalized at this stage of the proposed program. The engineeringmodels
may also be used to train prototype assemblypersonnel at the completion of the testing
program.

* RadiationTesting Model: The radiation test apparatuswill include prototypical
materials in an assembly that can be handledin the available radiation testing
facilities. Scintillating fiber tests will be performed both independently and
concurrently with this apparatus in a prototypical configuration.

* End Connection Test Assembly: The end connection test apparatus, shown in
Figure IV-2, will be constructed. It will provide a prototypical model of end
rings. The connection rings will be designed for interchangability to permit a
wide range of tests to be performed with relative ease. Although the model will
have a capacity of up to 100 tubes, a majority of testswill require only a few.
Verification tests prior to the design and procurement of the full scaleprototype
will use the larger number of tubes.

* Tube Test Assembly: The tube test apparatus, shown in Figure IV-3, will be
designed for the installation of various lengths of straw tubes and wires. It will
be used to evaluate a wide range of detailed designissuesassociatedwith tubes,
such as tolerancing, gas flow, wire sag, tube installation methods arid wire
insertion techniques. The apparatus will be extertdable from 100 to 300 an and
will hold up to 100 tubes.

* Scintlilating Fiber installation Test Assembly Figure LV-4: The scintillating
fiber installation test assemblywill be used to evaluate practical techniques for
the preciseinstallation of fibers in the hybrid detector. To reduce cost, it will be
fabricated using art existing ORNL mandrel 60 cm diameter and will not
incorporate endconnectionsor tube assemblies. Of particularconcern will be the
evaluation of alignment techniques, bonding agents, and carbon composite
winding pressures.
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3. Full-ScalePrototype

The. constructionof the full-scale prototype,shownin Figures11-1 and IV-5, will

provide the final validation of the engineeringdesignconceptfor the SSChybrid central

trackingdetector. The prototypeassemblywill also be used in physics testsseeSection

Viii. The prototype assembly represents one full-scale superlayer with respect to

materials,dimensions, fabrication techniquesand instrumentation. Non-prototypical

features of the assemblywill be the reduced numberof instrumentedscintillating fibers,
due to the relatively high cost of photo-sensingdevicesand electronics,and the reduced
number of straw tubes 1,000 instead of 13,700,due to the cost of installation. Spring-
loaded tie-rods will be used in place of the missingstraw tubes to provide a simulated load
on the cylindrical structure. Since the scintillating fibers are to be an integral part of the
structure, all six layers will be installed. Thus, the prototype will provide an accurate
representation of the structureof the full-scale unit.

It is the intention of the developmentteam to address any known designproblems on
the engineeringmodels,where changescanbe made efficiently, andnot on the full-scale
prototype. The final design of the prototype will be completed alter the resultsof the
engineeringmodels tests are complete. The prototype will be used to validate the final
designand will also be used in subsequentphysics tests.

B. Plastic Scintillating Fiber Construction

We plan to use 500 p.m square polystyrene fibers assembled under laboratory
conditions into 50 mm wide ribbons, each of which contains 100 individual fibers. After
eachribbon hasbeenconstructedwe shall calibrate it using our two-dimensionalprecision
table and Ru106 source. The calibration will determine the location of the scintillating
portion of each fiber at 10 locations along the length of the ribbon. We shall demand
individual fiber tolerance of no worse than ±20 p.m over the ribbon length. Out-of-spec
ribbons will not be used in the prototype detector assembly.

Ribbons which pass the stringent quality control tests will be incorporated into the
carbonfiber precision support tubes. After a 2,000 pm layer of carbon fiber/epoxyhas been
laid on the mandrel, the six z-u-v PSF layers will be glued precisely, one by one, on the
outer surface of the cylinder. A final carbon fiber! epoxy layer will complete the support
tube. Each of the ribbons will have its 100 individual fibers bunched into a readout bundle
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whereineachfiber is locatedpreciselyin a IOxlO matrix. This matrix will be coupledto the
readout systemafter the entireprototypetube hasbeenassembled.

C. Straw Tube Assembly

After the structural cylinder of the full scaleprototype is constructed including two
end plates and a carbon fiber cylinder with scintillating fiber embedded,the straw tube
insertion will begin. The structuralcomponentsremain on the mandrelused to form the
carbon composite cylinder throughout the straw tube installation process to retain the
dimensionalaccuracy of the completed assembly. To assistwith the installation procedure
the mandrel will be mounted on a structural frame which will permit the cylinder to be
both rotated and tipped on end. The assemblyprocesswill begin with the installation of
the tube end fittings Figure tV-I which are insertedandglued to a tube using conducting
glue. Each assembly is tested for electrical conductivity and gas leakage. The tubes with
end fittings are then inserted into holes in the end plates. The tubes have to be bent
slightly for insertion. The tube end fittings are glued to end plates for gasseal after the
insertion. M each tube is inserted, it is glued to the carbon fiber cylinder every -20 at

along the tube. A minimum amountof glue will be used for this purpose. To reducethe
effort of installation, the whole chamber will be rotated as tubes are inserted such that
tubes are installed from above.

Each layer of tubes will be completed before the next layer of tubes is installed. Each
tube is glued to two tubes in the layer just below. As tubes are inserted, the position of
tubesare monitored for tolerance.

Once all tubes are inserted in a superlayer, the chamber will be testedfor gas leakage
beforestringing. The gas is provided to each tube through the tube end fitting, which is
inserted onto the end plate as shown in Figure tV-i.

Stringing will be a comparatively easytask although tedious. We do not anticipate
any difficulty with stringing since the diameter of tube end fitting is fairly large. For
stringing, the detector will be positioned vertically. After a sensewire is passedthrough a
tube, the wire is then fed with a feed-through insulator/clamp in Figure ‘v-i, which
definesthe wire position accurately. The wire is then tensionedand clamped.
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V. ElectronicDesign

A. Overview

Completeelectronic subsystemsfor straw tubesand plastic scintillating fibers will be
designed,constructed, and tested. The purpose of this work is two fold. First, it is our
intention to demonstrate that electronics for these systems can be realized within the
constraintsof physical space,power consumption,cost, and radiationhardness. Second,
we requirefully functional electronic assembliesin order to perform beam tests on the
prototype detector. As discussedin Sectionm.c, the design requirements will necessitate
the useof radiation-hardened custom integrated circuits for signalacquisition and readout.
It is our belief that these components are within the reach of existing integrated circuit
technology. As discussedbelow, solid-state photo-conversion devices will ultimately be
necessaryto realize a full scalesystemwithin a reasonablebudget. This technology is still
immature, and while substantial development work is included in this program, the
scintillating fiber readouts constructed for beam testing will be based on conventional
multi-anode photo-multiplier tubes.

In the discussionsbelow, the overall approachesto be takenfor each subsystemwill be
summarized, and the critical design issues will be highlighted. Some specific design
concepts will be presented that address these critical issues. Although these design
conceptsare subjectto change, they serve to demonstrate the feasibility of the project goals.
Also, specific tasksand scheduleswill be presentedbelow for the electronicspor.tion of the
program.

5. Electronicsfor Straw Tubes

1. System Approach

The electronicassemblyfor straw tube detection and readout will be based on an
architecturedeveloped at the University of Pennsylvania. This architecture, shown in
Figure V-i, canbe realized in two custom integrated circuits; a bipolar chip which includes
the charge-sensitivepreamplifier, shaper, and discriminator, and a CMOS chip which
includes the time-to-voltage converter, analog memory, and post-trigger readout [V-Il. An
initial version of the front-end bipolar chip has been fabricated and tested. The chip
achievesa noise level of 1500 electronsusing less than tO miiliwatts per channel. An
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FigureV-i. Block Diagram of High Rate Tracking Electroni

initial designof the CMOS readout chip has also been completed. This chip has been

fabricated and is currently being tested. The time-to-voltage conversion is achieved by
charginga storage capacitor with a constant current during the time interval of interest.
Once captured, the analog voltage is held on the samecapacitor until it is read out. A
digital addressing schemeis used to label each sample with a bunch crossing identifier.
The limited occupancyof the straw tubes is exploited by reusing storage capacitors for
which there was no charge event. This makes it possible to retain a moving window of
time samples,equal in length to the Level I trigger delay, using a comparativelysmall
numberof capacitors. The readout chip also facilitates a second level of triggering by
continuing to store time samplesselectedat the Level I trigger. Theseprototypes will be
evaluated andmodified with the goal of placing at least eight channelsof circuitry on each
chip.

Although these integrated circuits will perform essentially all of the required signal
acquisition and readout tasks, there are several other aspectsof the overall electronic
subsystemdesignwhich mustbe considered. These include the supply of high voltage to
the sensewire, the electricalcoupling of the sensewire to the preamplifier, the mechanical
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designof the end plate electrical feedthroughs,and the IC packagingandPC boarddesign.
The mechanicaldesignof the electronic assemblyis particularly challenginggiven the

spacelimitations at the end plates. Using 4 mm outer diameterstraw tubes, roughly 7

channelsof electronicsmust be packed into each square centimeterof end plate. Clearly,
placing a large number of electronic channels on each chip simplifies the mechanical
design problem, as the PC boards can be mounted parallel to the endplate rather than at
right angles to it. A rough sketch of the proposed end plate assembly is shown in
Figure V-2. The electronic componentsare mounted on a PC board attached to a plastic
carrier with injection molded "feet" which slide over conducting crimps. A conductive
lining on the inner surface of the foot makes connection to the sensewire, while a
conductive lining on the outer surface of the foot maintainsan electrical shield. This
design will need to be refined as the overall end plate designevolves.

2. Critical Issuesand DesignTradeoffs

This section will discuss the design issues that are perceived to be the most
critical. The first of these is the performanceand general suitability of the integrated
circuit techniquesdeveloped at Penn. Samplesof the first generation chips will be
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evaluated in tests with individual straw tubes. Penn, ORNL, and NCSU will then
collaborate in the design of multi-channel IC’s optimized for the specific straw tube
characteristicsandpossiblyincorporatingnew featuresasdiscussedbelow. The initial runs
of thesechips may be fabricated in commercial radiation-soft technologiesas a cost
savings measure. However, the final production IC’s for the prototype assembly will be
fabricated in radiation-hardened technologiesand will be thoroughly tested for radiation
tolerance. As the chip designsare specific to a particularvendor, it may be necessaryto do
some minor redesign in order to use a different vendor to obtain the required radiation
hardness.

A secondcritical issue is the susceptibility of the straw tube system to electromagnetic
interference EMI. A sensewire of a few meters in length will act like an antenna for
signals in the vicinity of 50 to 150 MHz. The wire is surrounded by the cylindrical
shielding of the aluminized tube; however, this shielding is too thin to be very effective.
Although the surrounding calorimeter will shield the sense wire from external R.F
sources,the straw tube systemmay be extremelysensitive to electromagneticsignals at the
bunch crossing frequency. Moreover, the detection scheme conventionally used is a
single-ended ground referenced measurement, which is extremely sensitive to
electromagnetic interference and noise in the ground lines. The feasibility of a fully
differential approach will be considered where common-mode signals, such as ground
noise andEMI, canbe rejected.

One possible approach to differential measurementis shown in Figure v-3a. Here
fully differential chargesensitivepreamplifiers are connectedto pairs of adjacentwires,
and the outputs are shaped and fed to dual discriminators. A signal which exceedsthe
positive threshold of the left hand discriminator indicates a chargeevent in the tube on
the left, while a signal which exceeds the negative threshold of the right hand
discriminator indicates a charge event in the tube at the right. Such a configuration is
blind to simultaneous events on both wires arising from dual tracks passing through
adjacent tubes. These adjacent tracks can be recovered by interleaving the differencing
connections on alternate layers within the super layer, as shown in Figure v-3b, or by
interleaving twice as many differencing connections within a single layer, as shown in
Figure V-3c.
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A third aitical design tradeoff concernsthe method usedfor supplying the high
voltage bias betweenthe sensewire and the tube wall. Traditionally, high voltage is
applied to the sensewire througha limiting resistorwhile the tubewall is held at ground.
The resistor protects the supply in the event of a broken wire and prevents sustained

arcing. Arcing canbe triggered by high density tracks that pass through the center of the
tube. The disadvantageof this schemeis that a physically large, high-voltage capacitor is
required to couple the sensewire to the preamplifier. This capacitor will aggravate the
mechanicaldesignand may also be a sourceof inter-channelcrosstalk. In contrast, if the
high-voltage bias is applied to the tube walls, the sensewires can be dc coupled to the
charge sensitive preamplifiers. Limiting resistors could be introduced by using an
anodized contact surface where the end plate contacts the aluminized surface of the tube.
However, this approach may aggravate electromagnetic interference as the shield is
resistively decoupled from the supply. These and other related design concepts will be
analyzedfurther.

3. Tasks andSchedules

Tasksand schedulesfor the development of electronicsfor straw tube detection
and readout are summarizedbelow.

Task 1 - Evaluation of Prototype Front End andReadout IC’s, Months 1-6

Task 2- Front End Chip Redesign,Fabrication and Test, Months 3-12

Task 3- ElectricalEnd Plate and PC Board Design,Months 9-15

Task 4 - Readout Chip Redesign,Fabrication and Test,Months 6-18

Task 5 - Prototype Assembly and Test Instrumentation,Months 15-24

C. Electronicsfor PlasticSdnffllatin Fibers

1. SystemApproach

The electronics required for detection and readout of scintillating fibers is
essentially the sameas that described above for straw tubes, except that the optical signals
from the fibers are first converted into low-level electrical signals by a photo-conversion
device. Given these low-level signals, front-end circuity again consisting of a
preamplifier, pulse shaper, and discriminator is used to obtain logic-level signals which
indicate the detection of a scintillation event. Traditionally, the readout circuity stores
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thesesignalsas a digital recordof scintillation for a given bunchcrossing. For the hybrid

detector,a readoutcircuit is desired that can record the arrival time of the scintillation

photons. This information will provide a coarsemeasureof the position of the particle

track, which will be used as an aid in track reconstruction. Therefore, the integrated

circuits requiredfor the scintillating fibers are functionally equivalentto thoserequiredfor

straw tubes. It is anticipated that the same readout chip can be used for both systems.

However, it is likely that a redesign of the bipolar preamplifier will be required as the
target photo-conversiondevicesproduce smaller signalsand do not needa matched input

impedance.

At the present time, the only readily available photo-conversiondevices suitable for
use with long, small diameter scintillating fibers are photo-multiplier tubes PMT’s,
microchannel plates MCP’s, and avalanche photo diodes APD’s. Although these
devicesare available in a variety of types and configurationsnumber of elements,they
share the common characteristic that they are extremely expensive, on the order of
hundredsof dollars per channel. Recently, two solid-state photo-conversion devices have
been developedwhich ultimately may be low enough in cost to realize systemswith tens
of thousands of channels [V-2,V-3]. However, neither device will be available in a
multiple element configuration in time for use in the hybrid detector prototype.
Therefore, this project will employ conventional, multi-anode PMT’s or MCP’s to
instrumentthe hybrid CTC prototype, and will include a parallel effort to develop a
scintillating fiber readout basedon the RCA "Slik" super-low k APD V-21.

2. Critical Issuesand DesignTradeoffs

Measurement of the scintillation light in long, small diameter fibers may
approach the detection of single photons for minimum ionizing events. The actual
amountof light available for detection depends upon the type of fiber, diameterof the
fiber, amountof energyabsorbed in the fiber, the wavelength of the scintillation light or
that of a wavelength shifter, and the distance from the energy absorbing event to the light
sensor {V-4]. Since the number of photons will be very low in number and each event
should be detected, the quantumefficiency of any photo-conversiondevice becomesone of
the critical issues in the success of the system. Both PMT’s and MCP’s have
semitransparent photocathodes which have relatively low quantum efficiencies, in the
range of 15% to 25%. Given these efficiencies,the smallest reliably detectable eventmust
present at least S or 6 photons to the photo-conversion device. Avalanche photo diodeson
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the other hand, can have quantumefficienciesof more than 90% [V-2], and the Rockwell
solid-statephotomultiplier SSPM hasa developmentgoal in this range.

In addition to quantumefficiency, the new solid-statedevicesunderdevelopmentat

RCA and at Rockwell provide the potential for a significant cost advantage over PMT’s
andMCP’s as single-chip,multi-elementarrayscanbe fabricated at a greatly reduced per-
channelcost. Per-channel costsof $1O-20 seemrealistic in the quantities requiredfor an

SSC detector. However, both of thesesolid-statedevicesmust be operated at crogenic
temperaturesin order to reduceinternallygeneratednoise to acceptablelevels. The RCA
APD’s have a significant advantage here in that acceptablenoise performance may be
obtained at room temperatureor with thermoelectric cooling to -25--Ut V-i]. In contrast,
the projected operating temperature for the SSPM is tK.

Given that requirements for cryogenic operation will be common at the SSC, the
availability of liquid helium and liquid nitrogen may not be a problem. However, the
need for cryogenic operation may require extending the scintillating fibers with
nonscintillating light guides in order to reach the readouts if the readouts must be
accessiblefor operating maintenance. The main difficulty in the extension of scintillating
fibers with nonscintillating light guides is splicing the two types of fibers with minimum
light loss. Also, while timing accuracyshould not be affected,several tens of nanoseconds
of latencywill result, which may add to the trigger delay. If it is determined that adequate
cooling of a solid-statedevicecanbe achievedwithin the chamber,the radiation tolerance
of thesedeviceswill be called into question. If a radiation hardened device is possible, it
would obviatethe needfor extensionof the fibers by splicing.

It should be noted that a similar constraintis present with conventional tube-based
readouts,which are highly sensitive to magnetic fields. Although this problem can be
solvedwith careful orientation of the PMT’s or MCP’s, the field sensitivityof thesedevices
would neverthelessplace a constrainton the physical location of the scintillating fiber
readouts. In contrast,the solid-state photo-conversion devices are almost immune to the
magnetic field strengths expectedduring operation of the tracking system.

As a result of their potential cost advantages,solid-state photo-conversion devices
appearto be the best prospect for use in the final SSC detector. However, a substantial
effort will be required to develop devices specifically tailored for use with small-diameter
plastic scintillating fibers. Although Rockwell hasalready demonstrated the useof SSPM’s
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with scintillating fibers, the RCA API is an attractive alternative due to its higher
operatingtemperature. RCA will collaborate in this programon the development of a
demonstrationreadout basedon APD arrays. This effort will include device designand
characterization,concepts for packaging and optical coupling to ribbons or bundles of
fibers, and preamplifier design and packaging. RCA hasdemonstrated a technology for
linear APD arrays for fiber optic communication systems,however, these devices are not
suitable for direct usewith scintillating fibers V-51. APt arrays for scintillating fibers wifi

be developedbased on the "Slik" super-low k device. These devices,when operating in
"normal" mode near breakdown, should provide a 40% detection probability for single
photons, improving to more than 90% for multiple photon events5-10 V-2] seeFigure
V-4. This level of performancerequires careful control of bias to achieve high gains and
the useof very low noise preamplifiers to achievea low falsedetection rate. Device design
must therefore be closely coupled to the developmentof bias and preamplification circuits.
An initial concept for packaging of linear arrays with ribbons of fibers is shown in Figure
V-S. Alternative packaging concepts will be investigatedfor coupling bundles of fibers to
mosaic arrays.

3. Tasks and Schedules

Tasks and schedulesfor the development of instrumentationfor beam testing of
scintillating fibers and for the development of an API based readout are summarized
below.

Task 1 - Evaluation of Current Generation APD’s, Months 1-6

Task 2 - System Tradeoffs for APD Versus SSPM Devices,Months 3-9

Task 3 - Evaluate Straw Tube IC’s for Use with Scintillating Fibers, Months 6-9

Task 4- DesignFabricationand Test of APD Arrays,Months 6-13

Task 5- Design,Fabrication and Test of Preamplifier IC’s for APD Arrays,
Months 9-18

Task 6- Designof Packaging for APD Arrays, Months 12-18

Task 7- Designand AssemblePMT or MCP BasedInstrumentation for Beam Testing,
Months 15-24

Task 8- AssembleandTest APD BasedReadout, Months 18-24
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VI. RadiationDamageMeasurements

The radiation environmentnear the beam axis at the SSC will be quite hostile. For
instance,at 10 cm radius, the radiation doseis estimated seeRef. VT-I and Figure VI-1 to
be about 0.4 Mrad/yr and the occupancy would be 20% per event seeFigure VI-2.
Primarily on this basis, the minimum radius of our hybrid CTC is expected to be on the
order of 30 cm; at this distance, fluxes in excessof io particles/crt2-secand radiation
dosesof the order of 0.04 Mrad/year are expectedto prevail; theseconditions would lead to
au averagecell occupancyof about6% perSSC event. All componentse.g.,straw tubes,
central wires, scintillating fibers, electronics, structural components, glues, etc. must be
able to withstand these harsh conditions without significant loss of integrity. Basedon an
operating lifetime of five to ten years, our design goal for the hybrid CTC is thus set at
about 2-4 Mrad. In order to assurethe proposed detector would be sufficiently radiation
resistant, we plan to conduct the following seriesof radiation damage studies and tests:
straw-tube ageing studies at UP, neutron irradiation studiesQuantum, Co irradiation
testsQuantum andNCSU, and electron studiesP513.

A. Straw Tube Ageing Studies

Apart from the obviousoperationalproblemsof a potential detectordue to high rates
physical limits in the detection processes and limits in electronic readout/data
accumulation, charged-particle and neutron-albedo radiation will cause damage to
construction materials of the detector and will produce ageing in the active, gaseous
detector volume as a result of the radiation-induced ion and molecular chemistry [VI-2,
VI-3]. Assumingthat the minimum practical cell size will be about 3 mm in diameterand
that an average avalanchecarries a charge of about 3*106 electrons, the total collected
chargeperunit length of wire will be about.0.02 C/cnt-yr at 50 an radius this increasesto
about 0.5 CIan-yr at 10 cm radius. In order to achieveoperation over many years, straw
tube lifetimes approaching or exceeding2 C/cm will thus be necessary. We propose a
multi-stageageingstudy,describedbelow, which is designedto test whether such lifetimes
can be achieved within the SSC radiation environment.
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1. Preliminary Testing

First, individual testsof specially selectedvery pure constructionmaterialswill

be conducted, in order to separate effects of gas from effects of practical materials
preselectedfor use in the real detector. Such a preliminary study should eliminate some
gascandidatesas unacceptablefor use. As a partof this study, tests will be performed with
different cathode/anodematerials. In the case of cathode material, inner straw coatings
other than aluminum will be considered because of the etching and oxidation of
aluminum layers reported in many ageing studies. Materials such as graphite, gold, etc.,
will also be tried, depending on the availability of different coated straws, which may also
be made from plastics other than mylar. At least two types of anode wires of different
diameters will be tested: standard gold-plated tungsten or molybdenum andstainless-steel
wires, which combine chemical resistance and very good surface quality relevant to the
ageingproblem.

2. StudiesUnder Realistic Conditions

The secondseries of testswill be performed in conditions as doseas possible to
the realistic final conditions planned for the detector. As discussedin Section IV.A.2.b, a
small-scaleengineering model, using exactly the same materials epoxies,glues,etc. and
the same construction methods as selected for production, will be developedspecifically
for radiation testing. Several iterations of these hopefully "converging" tests can be
envisioned with the final ones performedat dose rate, gas purity, gasexchangerate, and
gas amplification factor values expected in the real experimental environment. There is,
of course,a limit to what is practically feasiblein these acceleratedageingtests.

Selectionsmade as a result of this two-stageageing study should give us confidence
that the hybrid CTC as finally constructed will remain functional through many years of
SSCoperation.

3. Straw OutgassingTest

A separatestudy will address the problem of radiation damage to straws. The
common part of these two tests, however, is the radiation-induced outgassing from the
straw materials and gas tubing which could potentially lead to gas poisoning and
consequentageing. A possible procedure will include irradiation of straws filled with
selectedworking gasesin the 3 MeV Florida State University electron beam followed by
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chemicalanalysesof gas samples. Also, laboratoryageingtestsperformedwith powerful
electron sources will simulate charged-particleradiation damage to straws, with
accompanyingoutgassing.etc

4. Ageing Limit

It is reasonable to assumethat a longevity safety factor of about 10 should be set
as a goal of these laboratory studies. Referring to the numbers presented in the
introductory section, this translates at a radius of 10 an from the beam axis to a charge
limit of at least 2 C/cm-length-of-wire per "accelerator year" of io seconds. This scales
according to hr2 andso is about 0.2 C/cm at 30 cm radius and lessthan 0.1 C/cit at 50 cii

radius. Assuming that 10 years is an acceptable lifetime for the detector, the innermost
partshould survive total collectedchargeson the order of 2 C/cm. If a radius of less than
30 art is desired, the mechanical structure should probably allow for replacement of the
innerpartof the detector.

Despite all precautions, one cannot rule out long-time ageing effects, which are
practically impossible to study in a laboratory, as well as accidental events such as
poisoningof gas by malfunctionof the purification system.

To be consistent, all the construction materials, including glues, straw material
aluminized Mylar bonded with polyethylene or any other straw versions, feedthroughs,
etc., should be selectedfrom materials which do not substantially change their mechanical
propertiesup to at least a total radiation doseof 2 Mrad charged particles only. Also, tests
with fast 1 MeV or so neutron beams should be performed up to fluences of 1013

neutrons per cm2 seeSectionIV.B below.

S. ExperimentalProcedure

a. Sources

Most irradiationsof singlewire modulesand straws will be performedwith
intense6-8 key X-ray beamsfrom X-ray generators Pigures VI-3 and VI-4. Our devices
two types, produced by X-Tech Corp., each having different target materials deliver a
wide, diverging, and very intense continuous X-ray beam, which can be collimated
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down to the necessaryarea. Severalmoduleswill be irradiatedat the sametime. The
generatortemperatureis stabilizedwith circulatingcooling water,and its operationis very
stable for periodsof up to many weekscontinuously. To makesure that any changesin
the beamintensityare accountedfor, a referencesealedproportional X-ray detector will be
placedbehind the irradiated component and a partial beam absorber,operatingwith a

mixture of Xenon and CO2 will be usedto check beam intensity at regular time intervals.

Some irradiations will be performedwith a powerful Sr9° electron source, to include
effects of construction materialoutgassindiscussedpreviously.

b. Control Parameters

In the proposed test-bed, a continuous electric current flowing in the
detector under test, causedby ionization from X-ray conversions in the gasvolume and
amplifiedby a given gasmultiplication factor, will be monitored at equal time intervalsby
a computer. Also, many other relevant variables, such as operational voltage,
temperature, pressure,and gas flow will be read at the same time Figure 111-5 and the
effects of varying pressure!temperature on the output will be corrected for Figure VI-6
shows an example of a typical I/p!T daily variation. Amplification curves, such as the
one presented in Figure VI-7, will be measured in the actual ageing testconditions in these
highly accelerateddamage tests as compared to the real life experimental situation in the
SSC environment. At high current levels -1 p.amp, space charge effects are typically
observed, depending on the exact cell structure, size, sensewire diameter, gas type,
amplification factor, etc.; thus, care will have to be taken to achievethe desiredcollected
charge of 2 C/cm in realistic irradiation time periods months or less.

c. Signs of Ageing

Examplesof current versus time curves obtained during long irradiation
studies performed at 1fF with DME gas are shown in Figure VI-8a. The curves on the left
represent a detector showing signs of deterioration, and those on the right, one that
remains stable. Though decreasingcurrent is an indieation of damage, the relative change
in current doesnot reflect usually it greatly underestimates the actual damage due to
typical saturation conditions. Therefore, at approximately equal time intervals the
assessmentof damage will be made by measuring pulse-height spectra with a 6-key Fe-55
X-ray source Figure VI-8b. Also, signs of increaseddark currents, for example, due to
Malter effect on cathodes,sparking,or other sourcesof noise will be examined.
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d. Analysis of Deposits

After detectingdamage,and beforemaking the final decision to acceptor

abandon a given gasor construction we shall try to understand the sourceof damage. This

is usuallyquite difficult, but the great body of available experimental data on gases,andon
the role of impurities in causing damage [V1-2,V1-3J should help to provide the necessary
understanding.

As an example, Figures VI-9 and VI-lO show some examples of surface analysesof
sensewires performed at UP as a part of damage studieswith DME gas. A chlorine signal
is evident in Figure 111-9 which shows the results of the Energy Dispersive X-ray
SpectroscopyEDX analysis of the surface of a damaged Stablohm wire. The peak was
attributed and was later confirmed to the contamination of DME gas by chlorinated
freons,mostly Freon 11. The spectrain Figure VI-lO were obtainedby the Auger Electron
Spectroscopy AES technique, and again show chlorine on the same Stablohm wire
Figure 111-10aas well as silicon deposits on a gold plated molybdenum wire Figure VI-
10b, which had been damaged in a test with a silicon oil bubbler. Such measurements,

combined with scanning electron micrographs of damaged wires, should help in
elucidating the causeof damageand in selecting improved operational conditions.

e. GasAnalysis

In the caseof highly reactive chlorinated freons, a simple method of gas
chromatography can be used to detecttheir presencein gas. The gaschromatograph at UP
will be used to analyze gases for these impurities, as well as other not only
electronegative admixtures. Figure VI-lI shows an example of earlier analysis of two
DME batches regular, pure, or dirty Figure VI-l1a and purified Figure V1-11b
showing different levels of freon contamination. Table VI-1 lists all the impurities
identified at 1SF in the tested samples of DME. These resultswere very helpful in defining
maximum freon levels to avoid ageingin the laboratory conditions. In the particular case
of freon impurities in DME, the final definition of a freon mostly responsiblefor damage
can be done by contaminating the very pure DME in a controlled way and performinga
series of ageing tests. In the tests represented by Figure 111-12, for example, it was
exstablished that ageingwith regular purity contaminated DME was mainly attributable
to Freon 11. -
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Clean Stablohm wire

Irradiated Stablobm wire.
Note presence of chlorine
peak, attributed to freons.

FigureVI-9. ExampleX-ray SpectroscopyAnalysisof SenseWire
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Table VT-i.

Impurity Levelsof Different Contaminantsin Dixnethyl Ether asDetermined with
GasChromatography Utilizing ElectronCaptureandflame Ionization Detectors

DME Grades

Contaminant "Dirty" "Pure" "Purified" "CERN"

Freon-il 0.2 ppm iO ppb Si ppb 150 ppb

Freon-12 45 ppm I ppm Trace* 160 ppb

Freon-fl 870 ppm <15 ppm <15 ppm Not Checked

Freon-113 Trace* Trace* No Trace Trace*

Methane 30 ppm 100 ppm 40 ppm Not Checked

Ethylene 15 ppm 80 ppm Trace* Not Checked

Propylene 120 ppm 20 ppm 40 ppm Not Checked

Isobutane 290 ppm 10 ppm 245 ppm Not Checked

* Trace Otromatographicpeak was too small to be integrated.
*0 NoTracesNopeakwasvfsibie.
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Sincevariousmixturesof variousgases,suchas CF4. isobutaxte,CO,, CH4, DME, etc.,

will be testedin straws,it is difficult to be more specific at this time on the kind of tests

which shouldbe performed;this will be decidedwhen the time comes. We are confident

that drawing from the previous experience,we will be able to find a correlationbetween

ageing and the types and levels of age-producing impurities. A standard test procedure
will include pre-irradiation tests in a gas chromatograph to avoid time-consuming
irradiation when obvious poisoning agents such as Freon II are present. Samplesof gas
exiting detector cells will be tested for possible traces of outgassing impurities from
construction materials, tubing, etc., or other potentially age-causingspeciesproduced in the
gas before and during the irradiations with X-rays and electrons. In this partof the study
we will consultother groups working on similar problems, and especiallythe group otDr.
John Kadyk from LBL.

6. Time Schedule

It is estimated that the first year will be spent entirely on systematic ageing
studies of different potential gas candidateswith different sensewires three variables:
wire material, diameter,and surfacequality in dosecollaborationwith the group of Dr.
John Kadyk and with Dr. Openshaw from TRITJMF. As soon as satisfactory results are
obtained, measurementswith straw candidates will begin. To acceleratethe study, many
single-wire moduleswill be irradiated in parallel, making use of the wide and intense X
ray beams. However,as alreadypointed out, there is a limit to how much the testscanbe
accelerated. The limit is imposedby the necessarilyprolonged final ageingtestsperformed
-at low intensity conditions, dose to the expected real experimental conditions. For
example, the group at TRIUMF hasbeen continuously irradiating some of their modules
for about a year now, to confirm the resultsobtained at high rates.

B. Neutron and Co6° Studies

Previousstudies[VT-i] have predicted annualneutron fluences on the order of jQ2 to
1013 neutrons/cm2at a radiusof 2 m and pseudorapidity less than 1.5; the energyspectrum
of these neutronsappears to be approximately Gaussian in the logarithm of neutron
energy, with a maximum at about 1.3 MeV. Some studies suggest that a comparable
thermalneutron flux may also be present,.but this has receivedless considerationbecause
these neutrons are below the 0.15 MeV threshold for neutron damage in silicon devices.
We propose as partof this investigation to perform detailedneutronirradiation studies of
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variouscomponentsscintillating fibers, strawtubes, electronics,and a small subassembly
that incorporates these items with structw&gjerials. Over a nominal ten-year
performanceperiod, total neutronfluenceswot$e;.xpectedto vary from about 4x1012,at
zero rapidity, to about 4x1013,at i=l .5.

1. The NeutronIrradiation Facility

We will perform our neutron irradiationsat the North CarolinaState University

NCSU PULSTAR reactor, which is operatedby the Nuclear Reactor Programwithin the
NuclearEngineeringDepartmentat NCSU in Raleigh. The reactor is a one MW research
reactor,with typical in-core neutron flux levels at i.jll power of 1013 neutrons/cm2-sec,
thermal, and 1012 neutrons/cm2-sec,fast. In addition to various small near-core
irradiation tubes,the reactorhassix beamtubes,one tangentialand five radial, anda bulk
irradiation facility at the end of a graphitethermacolumn. Figure VI-13 presentsa plan
view of the PULSTAR facility showingtheseirradiation facilities. Two of the beam tubes
are in useone for neutron radiography and one for thermalneutron prompt gamma-ray
analysis,but the remainingbeam tubesand the thermalcolumn are available. Oneof the
proposed investigatorsfrom QuantumResearchServiceswas formerly in chargeof reactor
applicationson the PULSTAR and installed the prohtpt gamma-ray facility there, and so is
intimately familiar with the operation of the reacto for researchpurposes.

We intend to use beam tube #1, #3, or #6 the choice will be madeon the basis of
specificsize requirements,and the bulk irradiationfacility SIP. The5ff is approximately
4-ft by 4-ft by 2-ft. which allows irradiationof larg& objects. Becausethe SIP is on the far
side of a large graphite pile, the flux in the SW is completely thermal; its magnitudeis
approximately io neutrons/cm2-sec.Beam tube #1 is a 6-inch diametertube that is
directly adjacent to the core, while beam tubes #3 and #6 are larger S-inch diameterand
12-inch square, respectively, but are slightly offset from and view the core at an angle of
about 45 degreesto the normal from the respectiveface of the core; all threeare shownin
Figure VI-14. At the core edgeof the beam tubes, the full-power flux is estimatedto be
approximately 5.1012 neutrons/cm2-sec,thermal, and 5*1011 neutrons/cm2-sec,fast.
The energy spectra are somewhat thermalizedfission spectra, since the reactor is water
cooled and moderated,but are not known exactly and so will have to be measured. We
will conduct a series of measurements,using activation foil packets and threshold
detectors, to estimatethe flux spectrumin the beamtubewe decideto use.
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Figure VI-13. Plan View of the PtJLSTAR reactor
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In order to obtain a fast flux, we will attemptto usecadmiumbetweenthe core and
the sample to absorb the thermalneutronsthe reactivityeffect on the core will have to be
determined by reactor stafO. if the epicadmium flux is adequate, it will be usedas is;

otherwisesomefurther beamconditioning will be performedto obtain an adequate flux
spectrumnear one MeV. These tests and measurementswill be performedin the first few
months of project year one, and initial neutron irradiationsof CTC componentswill be
carried out by the end of year one. Mixed thermal/fast irradiationscanbe performed in the
beam tube without the cadmiumabsorber,and strictly thermalirradiationswill be carried
out, beginning early in project year one, in the SIP. Irradiations in the beam tube will
require encapsulation of the samples, since it is preferable to flood the beam tube with
water before the reactor is brought up to power. Designand testingof a water-tightsample
holder will be performedbeforecomponent irradiationsbegin.

2. Irradiation of CC Components

In order to study the effect of neutron irradiation on straw tubes and scintillating
fibers, inadiationswill be performedat different fluxes which can be achieved by varying
reactor power and different exposuretimes to obtain different total fluences. We feel it is
important to test not only the effect of total neutron fluence but also the effect of exposure
rate. The general approach will be to take multiple two or threesamplesstrawsor fibers
that have been previously testedfor performance characteristics and irradiate to a known
fluence at a known flux rate. The sampleswill then be returned to the laboratory for
follow-up performance testing.

Since the samples may be activated during irradiation, safety procedures must be
employed and the samplescan only be returnedto laboratories that are licensedto receive
them. All sampleswill be thoroughlysurveyedfor residual activation and will only be
returnedto the submitting laboratoryonce it has been determined that it is safe to do so.
The straw tubes and scintillating fibers are composedprimarily of low atomic number
elements,so we do not expect significant activation during the neutron exposure. Also,
when exposing primarily to fast neutrons, activation will be minimized.

As an example, we propose the following general procedure for testing scintillating
fibers. -
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* Obtainabout20 individual scintillating fibers, each-2 m ln& from Nil. A light
curvewill havebeengeneratedby Nil for eachof thesefibers usinga Quantacon
RCA 8850.

* Coil or wind two into a shape that will allow their insertion in one of the
irradiationbeam tubes.

* Thesetwo will then be returnedto Nil so that they can test to seeif the shipment
and coiling operationsaffect fiber performance.

* Next, irradiatetwo fibers in a strictly thermalflux of about iO neutrons/cxn2-
secto 1O11 neutrons/cm2.Test thesefor activation and return to Nil.

* Irradiatein batchesof two fibers in the beam tube to different total fluencesup to
1013 neutrons/cm2andat different flux rates.

* Nil will generate light curves at various times after irradiation, in order to
investigate relaxationrecovery.

Similar procedureswill be employedfor straw tubes. The radiation testmodel will be
irradiatedone time to a large total uluence -10 neutrons/an2.

We note that since the reactorbeam tubes view the core, there will be a substantial
gamma-ray doseto itemsirradiatedin the beam tube. This gamma-raybackgroundwill be
measured,so that gamma-rayabsorbeddosecanbe estimatedfor each neutron irradiation.

Electronic componentsthat have been designedto be radiation-hardenedwill be
tested for both neutron and ionizing radiation. The electronic chips will be irradiated to
about 1Q at-2 total fluence in the reactor, and then tested. In addition,separatechipswill
be irradiated in one of the Co60 irradiation facilities 1.3 Ci or 2.8 Ci at the Chemical
Engineering Department at NCSU. This will be a simple test to confirm that adequate
performanceis achievedfollowing exposureto 2-4 Mrad of ionizing radiation.

C Electron Irradiation Studies

At florida State University PSI we have a 3 MeV electron accelerator that has a
beamof approximately 2 an diameter. This accelerator is available for radiation damage
studies. The beam intensity can be varied between 1 nanoamp and 1 milliamp. For
materials that are not too thick, i.e., no more than 1.5 gm/cm2,this acceleratorcan give a
radiation dose of I Megarad in irradiation times of less than a minute to several hours.
Beams can also be moved in a scan mode allowing material up to 30 cm long to be
irradiated, If combinedwith a computer-controlled sample beam scanner, long samplesup
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to 2 m long and possibly even longer can be uniformly irradiated. Measurements
performedduring the pastyear have shown that for plastics and scinfiflators, radiation
damage effects from electronsand gamma rays from Co60 are, as expected,essentially
identical for the same absorbed dose. The advantageof the electron accelerator is that
material canbe exposedto radiation over a short time period.
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VII. Monte Carlo Simulation

A systematic simujation of the responseof the proposed detector subsystemis an
essentialingredient for making timely and informed designdecisions. Such a simulation
will be carried out in collaboration with the experimental high energyphysics group at
SCP,1, with supporting simulation activities performedat Oak Ridge National Laboratory
and QuantumResearchServices,Inc. The major computing resourcesneededfor this
simulation will be supplied by SCRI, although some of the tasks will be performed on
machines at ORNL and Quantum. The SCRI group have made an independent proposal
to augment the personnel available for SSC simulation projects [VU-I].

The simulation effort is divided among the three collaborating institutions. 5CR!
will conduct the most generalstudy,simulatingall major aspectsof the crc performance,
using a seriesof codesbuilt aroundGE.ANT/ZEBRA. ORNL will use its CALORS9 code to
study hadronic backgroundeffects. The results of the CALOR89 analysis will be fed back
into the GEANT simulations as a backgroundnoise. Quantum will perform geometric
investigationsto develop a simple CAD geometryinterface. The three simulation efforts
arebriefly describedbelow.

A. Performance Simulation

The overall simulation will investigate the following topics:

* track finding performance;

* momentum and angularresolution for reconstructed tracks,and their dependence
on the detailed straw andfiber configuration;

* vertex resolution and the unscrambling of multiple events in the same or
consecutivebeamcrossings;

* the effect of materialin the straws and fibers themselvesand especiallyin the end
plates andsupportingstructures;

* alternative readout schemes,such as differential read out from adjacent pairs of
straws seeSectionV.B.2;
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* the determinationand monitoring of calibration constantsfrom cosmic rays and
tracks from collisions. Some parameters,such as the time-distancerelation and
position resolution for straws, will depend on input from test measurements;

* investigationof calorimeter albedoeffects.

We consider studies of the reconstruction of the z longitudinal coordinate to be
pecially vital It needsto be demonstrated that a stereolayerapproachwhetherutili7ing

fibers or strawswill work in a high multiplicity, high backgroundenvironment We will
Look at the alternatives of independent track reconstructionin the different stereoviews,
followed by matching the different projections;and the direct reconstructionof individual
spacepoints from multiple stereoviews, followed by track finding in three dimensions.
This will help to choosethe numberand anglesof the stereolayers.

At the SSC, the signal propagation time along the length of a straw or fiber is of
comparableduration to the drift time and the time betweenbeam crossings,and so the
complete time evolution of several events must be simulated. The first z matching must
be performedbefore correction of drift times for wire propagation times, and so this
correctionwill be iterativa After this correction,the staggeredstraw configurationshould
in principle allow ready recognitionof out of time tracks. We hope to demonstrate that
the contributions of drift time, particleand signal propagation, andout of time events can
be satisfactorily unscrambledfrom a single time measurement. However,we will also
examinethe possibility of readingout both ends of the straws,and/or making a time
ateasurementfrom the scintillating fibers, to allow identification of multiple hits or out of
time tracks, and to provide a roughz measurementto help the stereo matching.

We have startedinitial studieswith simple central tracking detectorgeometriesusing
CEANT [VTh2] and the SSCSIM applicationspackagewritten at SCRL Figurevfl-I shows
an eight superlayer straw chamber that has been modeled. Figure VlI-2 is an
enlargementof one superlayer of this configuration. At this point only simple digitization
is done by computing the distance of closestapproach to the straw centerline. FigureVU-3
shows circles which represent drift times. We believe that enough softwaretools are now
in hand to start careful designevaluations.

If funded, we would immediatelyproceed to develop a more detailed simulation of
the time evolution of electronic signals,which would include the effect of pile-up and
signalpropagationdelays,usinga generalization of the Aleph TPC simulation P111-3]. In
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Figure Vu-i. Straw Chamber with 8 Superlayers;
Each Superlayer has12 Layersof Straws
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FigureVU-2. StrawChamberSuperlayerShowingEqualDiameter
Strawsin a Close-PackedConfiguration
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Figure Vfl-3. StrawChamberSuperlayerShowing Drift Time Circles
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parallel with this effort, we will conseucta track finding and fitting programwhich is
genericenoughto evaluatea wide rangeof layer/superlayer configurations. This program
would. make use of code and experiencegainedon Aleph and FNAL E711. Various
designswill be evaluated based on developedfigures of merit, such as track-finding
performance, momentum and angular resolutIon, multiple-interaction vertex resolution,
materialeffects,readoutschemes,andcalibrationand monitoring.

B. Effects of the HadronicBackgroundTrackingSensitivity and Resolution

1. Introduction

In many instances, the ability to separatedetector signals from many incident
particles separatedby very short time and spatial intervals determines the successor
failure of an experiment. The CALORB9 code systemwill be modified to include time
dependenceso that the spatial dependenceof the energy deposition in the hybrid central
tracking chambercan be monitored in time. By utilizing this time dependencethrough
pulse shaping and proper segmentation, the background generallyassociatedwith a large
number of soft particles neutrons,protons, pions and, electrons can potentially be
identified on a single or at most a multiple particle basis. The geometryof the tracking
detector will be fashionedafter those definedin this proposal. The CALORS9 system,
which hasa largeenergyrangeof applicability 20 TeV to io- eV hasbeenshownto be
substantiallysuperiorto the other simulation codesin terms of the treatment of the low
energyparticles,especiallyalbedoparticles,andshouldbe able to realisticallygeneratethe
responseof the trackingsystemto theselow energyparticles.

At present, timing is included only in the MORSE [VII-4] and MLICA.P [Vu-SI codesin
CALORS9. NeitherEGS4 [VU-6 nor HETCS8 [1Tfl7, which are alsoincluded in CALORS9,

has a timing schemeincorporated. It hasbeenassumedfor past calculations that no time
passesfor this phaseof the particlecascaderoughly correct and that all neutrons produced
below 20 MeV are producedat t=O. For the proposedcalculation, this is not sufficiently
accurate.

The geometry of the calorimeter, which through hadronic collisions yields the
particle albedo, will be fashioned after generic SSC detectors. The calorimeter materials
consideredin the first series of calculationswill be lead and plastic. The current geometry
routines in hadronic tracking codesare not able to handle many thousands of bodies as
encounteredin trackingchambers. To maintain reasonablecomputational speed methods

vu-S



have to be developedby which thosegeometriesthat have large numbers of repeating
patterns or symmetriescan be handled with ease and with substantialincreasesin
computationalspeed. This type of geometryimprovementwill alsobe investigatedin this
research.

2. Background and Methods of Calculations

In order to have a strong experimental calorimeterdevelopment program,a

substantial effort must be involved in calculationalanalysisof the detectorsystem. This
calculationalcapability must be fundamentallysoundand basedon previous interchange
betweentheoretical calculationsand experimentaltest programs. The CALORS9 code
systemfor analyzing calorimeters offers a solid approach for investigating all facets of
detectorsystemsand will be usedin this work. Someof the code improvementsproposed
have been put forth in two other proposals: "A CalculationalApproachto Calorimeter
Responseto High Densitiesof Soft Particles1 GeV7 by C.Y. Fu, et aL a RHIC Generic
proposal,and "Simulation Studiesfor Lead and Scintillating Fiber Calorimeter,"by D.W.

Hood, et al. SSCGenericproposal. The work proposedin this report canbe performed
with the manpowerrequestedwhetheror not the aboveproposalsare funded. However,

if they arefunded,the ORNL budgetfor this proposalcanbe reducedby $55K.

Due to financial constraints,only a few prototypedetectorscan actually be built and
tested. However, once the calculatedresults have been shown to agree with the test
programdata,much wider designvariations can be investigatedusing simulation codes.
This will be the approachfollowed in this proposalso as to maximizeeffort andminimize

cost. A closeconnectionwill be maintainedwith the experimentaldesignpart of this

proposal.

The calculationsto be carriedout will be performedwith the new CALORS9 computer

system. The major changesin CALOR are in an improved high energycollision model
following the FLIJKAS7 model and the inclusion of a betterlow energy neutrontransport
code,M1CAP. A flow diagramof the codesin CALOR is given in FigureVIM.

3. Analysis to be Performed

During the initial phasesof this work the timing schemeswill be addedto the
CALORS9 code system. For neutrally chargedparticles, the timing can be calculated
simply, i.e.,
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FigureVU-4. Diagramof the CALOR ComputerSystem
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where to andF0 are the previoustime and spatialcoordinatesof the particle,t andF are the
current time and spatial coordinatesof the particle is the velocity of the particle.

For chargedparticles,since the velocity is constantlychanging,the timing is not as
straightforward,but canbe obtainedfrom the following:

;E &1
t=t0+I th.t0+1t k!

____

J cj P. cj EYe2m2
£ dx

wherethe variableshavethe samemeaningas beforeand e is the particletotal energy,E is
the particlekinetic energy, anddE/dx is the ionization energy lossper unit path length, x.

At the same time that timing is being incorporated into CALORS9, the geometry
modifications will start to develop methods to handle many thousands of bodies in an
efficient manner. This can be accomplished becauseof the large amount of repeating
patternsor symmetriesfound in thesetrackingchambers.

To implement the changeswill require the concepts of "macro" and "micro"
geometry regions. The macro part of the geometry will be used to describe the gross
characteristicof the tracking chamber,for example.the superlayers,scintillating fiber
layers,and support structure. When a. particleentersa su.perlayeror scirttiilating fiber
layer, the geometry will switch to the . micro geometry which will be composed of a
minimum numberof bodiesand the tracking will take place. A proper spatial rotation
and translation will be carried out to return the particle to its correct spatial point and
direction.

Once the aboveimproven’ientshave been debugged,calculationswill be carried out to
determine the time tagged"hits" in the tracking chambers due to albedoparticlesproduced
in the calorimeter. Thesehits will be incorporatedwith initial trackingchamberanalysis
of the particlesproducedin 20 TeST p-p colliding beamsto determinethe overall effectof
albedoparticles. Dueto the largenumberof secondariesproduced,only a small numberof

p-p collisionswill be considered.
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C GeometricModeling

We intend to investigate the use of a simple CAD packagewe haveexperiencewith
AIJTOCAD andothers,to constructan efficientway to enterthe design data for a detector,
to display and check it, and then to create the input for the simulation codeseither
GEANT or CALOR. Becauseof the complexity of possibleCTC designs,a completeCAD
interfaceis a substantialtask that is beyond the scopeof what we are proposing here. A
separateproposal for CAD interface development is being submittedby other parties at
FSU. If both groupsare funded,we will certainly cooperatewith the FSU group so as to
avoid duplicative efforts and maximize achievements. However, whether or not other
CAD efforts are funded, a significant assist in preparing/checkingdata input can be
achievedwith a modest-3 person-ntonthfyreffort.
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VIIL Anticipated Test Beam Needs

We will need particle test beamsto evaluate two aspectsof the performanceof the
superlayer module.. The first is a measurementof the tracking precision of the two straw
tube/scintillating fiber clusters located 140 cm apart on opposite sidesof the detector. In
addition, we will want to study the high rate performance of the detector elements and
associatedreadout electronicsincluding cross talk levels betweenchannels.

The complete prototype module will not be available until late 1991 and we would
project our major test beam needs to occur in December 1991 to January1992. However,
we will have available an engineeringmodel containing 100 long straws by late 1990. We
would request a limited amountof beam time then. This would be used to study detector
performance on the few element levels and measure effects of magnetic fields on the
detector’s resolution.

For most tests, either chargedhadron or electron beamswould be acceptable. A
reasonably high energy hadron beam 100 GeV would be useful for some measurements
to limit multiple scattering and allow precision measurementson the 100 p.m level over
the full detector diameter. For the rate dependent studies, it would be useful to have
particle breams with -16 ns pulse rates. A detector test lab will be proposed at Duke
University which may have this capability. It would use a 1 GeV electron linac with
cathode emission controlled by laser-induced photoelectron emission. If funded, this
facility could be available in early 1992. -
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AppendixA

Collaboration OrganizationandManagementStructure

The project organization consists of nine formal collaborating institutions and two
cooperative liasons. The collaboration was organized through Duke University, under the
direction of Dr. Alfred Goshaw; NortheasternUniversity serves as the deputy directing
institution, under Dr. Stephen Reucroft. Each formal collaborating institution has a
Principal Investigator P1 and other senior project staff, who are committedto contribute
to this project, if funded. The collaborating institutions,P1’s, and seniorstaff are:

Principal
Institution Investigator Senior Staff

Duke University Alfred T. Goshaw Seog Oh
Duke Professorof Physics Bill Robertson

Florida State University VaskanHagopian
FSU Professorof Physics

North Carolina State University John Paulos
NCSU Professor,Electrical and

Computer Engineering

Northeastern University Steve Reucroft George Alverson
NtI Professorof Physics, Bill Faissler

Department Head David Garelick
Mike Glaubman

Ian Leedorn

Oak RidgeNationalLaboratory Tony Gabriel Hugh Brashear
ORNL Engineering,Physics,and C. Y. Fu

Mathematics Division Martin Bauer
Mark Rennich

Quantum ResearchServices,Inc. William L. Dunn F. OFoghludha
QRS President AM. Yacout

RCA RobertJ. Mcintyre

Supercomputer Computations Martyn Corden
ResearchInstitute SCR1

University of Florida Stan Majewski Carl Zorn
TJF Research Scientist
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Other technicaland support staff from theseinstitutions will be involved in the project;

the listed individuals are the seniorstaff who will direct variousaspectsof the R&D effort.

Two cooperative liasons have been established, one with the University of

Pennsylvania Newcomer and Van Berg, and one with SLAC Vavra/LBL Kadyk.

Thesegroups have agreedto directly cooperatewith us, by providing timely resultsof their
own ongoingresearchandby contributing to discussionsand reviews of our results. In the
caseof the Pennsylvaniagroup, they will provide us with chips, at cost, that result from
their generic design studies.

The overall project will be run by an Executive Committee, which will meet two
times per year. The committeemembership will be made up of the PT, or a P1-appointed
representative, from each collaborating institution. The Director and Deputy Director of
the ExecutiveCommitteewill be Drs. Al Goshaw and SteveReucroft, respectively. These
two individualswill remainas the primary contactswith the SSC Laboratory, for purposes
of project continuity,

Below, we give very brief descriptions of the relevant experience and general
intended involvement of the P1’s and most of the senior staff from each collaborating
institution.

Duke University

The Duke high energy physicists involved with this proposal are Alfred Goshaw,
Seog Oh, and William Robertson. In addition, Duke is searching for a research associate,
who would have a major commitmentto this project. This group will devote50% of their
research time to SSC detector developmentif this proposal is approved. Their salarieswill
be paid by Duke University and the DOE high energy physics contractwith Duke. Goshaw,
Oh, and Robertson have been most recently doing research at the Fermilab Tevatron
coUider. The experiment,E735, was designedto look for quark-gluon plasma formation in
p collisions at S = 1.8 TeV. This group, together with three Ph. D. students, will be
analyzing these data over the next few years. Duke plans to involve some graduate
students with SSC detector development in parallel with ongoing research work at
Fermilab.
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North CarolinaStateUniversity

John J. Paulos received the B.S., M.S., and Ph.D. degreesfrom the Massachusetts

Instituteof Technologyin 1980, 1980,and 1984,respectively. He joined the facultyof North

Carolina State University in 1984, where he is currently an Assistant Professor in the

Department of Electrical and Computer Engineering. His researchinterestsare in the
areas of analog integrated circuits, MOS device modeling, and radiation effects in
microelectronics. Dr. Paulos will be responsible for the design of radiation-hardened
integrated circuits in collaboration with researchersat ORNL, Penn, and RCA. Dr. Paulos
will supervise one full-time and one part-time graduate student. Salarysupport for Dr.
Paulos is based on 12% of the academicyear and one month of summer. This effort is
compatible with outstanding teaching and research commitments.

Northeastern University

The Northeastern University group consists of six faculty Alverson, Faissler,
Garelick, Glaubman, Leedom and Reucroft, three research associatesand a technical
research assistant. Alverson, Faissler and Garelick are all spending the majority of their
time on Fermilab’s experimentE706; Glaubman, Leedom and Reucroft are concentrating
their efforts on CP.RN/LEP experiment1.3. On average,each of these is planning to spend
approximately 30% of his time on the SSC development program described in this
proposal. One of the researchassociatesand the technical research assistantwill both have
a 50% commitmentto the SSCprogram. Fundsderived from this proposal will be used to
hire a visiting scientist who will work full-time on this work. In addition, we plan to take
advantage of the unique features of the NU undergraduate coop program and involve two
NU undergraduates in this SSC work.

Oak Ridge National Laboratory

Dr. T.A. Gabriel has beeninvolved with the analysis of high energy physics detector
systemsfor the last 20 years. The CALORS9 code,system, METG8S, SPECT89, EG34,
MORSE, MICAP, and UGHT, which was developedas part of this research is one of two
major codesrecommendedfor SSC detector research. Major- understandings of the physics
of calorimetry has resulted from the utilization of CALOR89. He is currently a senior
researchstaff memberin the Engineering,Physics and Mathematics Division of Oak Ridge
National Laboratory. His involvement in this research will be as the coordinator of the
Oak Ridge National Laboratory effort
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Mark Rennichhasdesignedresearchand developmenthardware for 12 years with an

additional 4 yearsof industrialexperiencein the plastics industry. He has been the lead

engineeron a wide range of experimental equipmentdesignprojectsincluding extensive

commercial vendor involvement, special materials and precision machining.

Professionalexperienceswith applicability to SSCdetector engineeringinclude the design
of calorimeter structuresfor the WA-SO project CERN and the calorimeter/absorber No. 4

Fermilab; design of vacuum target vessel for the ORNL linear accelerator; precision
designof components for the David Taylor ResearchCenter; designof test bed assemblies
for the advancedlaser isotope separation processfor Lawrence Livermore Laboratory; and

the design of a refrigeration test loop in conjunction with the National Institute of
Standards and Technology.

Hugh K Brashear has beenHead of the Research InstrumentsSection RIS for the
past eight years at the Oak Ridge National Laboratory ORNL. This section has a staff of
approximately seventy 70 professionals engaged in applied research, development,
design, and fabrication of nuclear instrumentation for the experimental community,
applied health physics and related scientific fields. Mr. Brashear 8.5., Electrical
Engineering, minor in Nuclear Physics, Oklahoma State University was group leader of
the detector and electronics systemsdevelopment in R.IS for five years, and development
staff member in the Instrumentation and Controls Division for fourteenyears. Projects in

which he has been involved include: process nuclear instrumentation development for
the Molten Salt Reactor Experiment; detector development for the Apollo shielding
project; multiwire proportional chamber and 2-Mx2-M drift chamber development for
particle tracliing down streamfrom the Fermilab 30-inch bubble chamber; project manager
for the detector, electronics and system development, design, fabrication, and field
experimentaldirection fo the Radioisotopic sand tracerstudiesconductedon the eastand
west coasts,New York bight, and English channel areas; and director of the highly
successful ORNL/Navy RADIAC developemtn program for all of the Navy’s health
physicsprograms.

Martin L. Bauer is a member of the Instrumentation and Controls Division at ORNL.
He received his B.S. in Physics and M.S. in Measurementand Control Instrumentation,
both at Carnegie-Mellon University, Pittsburgh. Presently, he is a group leader of the
SensonSystemsDevelopmentGroup doing work in the area of radiation detection and
environmental monitoring instrumentation. He has expertise in electron beam, optical
sensing, and signal processing technologies; extensive experience in analog and digital
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design,and processmeasurementsystems;and. expertise in the areaof fiber optic systems
and radiation effects on materials. Mr. Bauer is a memberof the AmericanVacuum

Society and the Society of Photo-opticalInstrumentationEngineers.

C.Y. Fu receivedhis Ph. D. in NuclearEngineeringfrom the University of Tennessee.
His professional experience includes the following: Monte Carlo calculation for the
responsefunction of a Compton Diode Detector; Monte Carlo analysis for the NE213
responsefunction; 1985 RSIC MORSE workshop;developmentof multigroup cross-section

libraries and response functions; and evaluation for ENDF/B-flI, -111, -V, and -VL In
addition, he servedas a theorist on development of a consistent Hauser-Feshbach/pre
equilibrium model and exciton level density.

QuantumResearchServices,Inc.

Dr. William L. Dunn has M.S. and Ph.D. degreesin NuclearEngineeringfrom N.C.
State University. He has over fifteen years work experience in radiation applications,
shielding,and transportanalysis. From 1977 through1979 he was on the staff andfaculty
at NCSU and was in chargeof research utilization of the PULSTAR reactor and related
facilities. Since late 1979, Dr. Dunn hasbeeninvolved strictly in contractresearch,andhas
been PT on more than twenty contracts. His general researchareashave included neutron
irradiations for activation analysis EPA, neutron capture prompt gamma-ray analysis
NSF, measurement of lubricant thickness on needlesby proton bombardment corn
merdal client, multidimensionalradiation transportmethods development NSF, 5Db,
;hielding DNA, DOE, and Monte Carlo methods NSF, NIH. For almost two years Dr.
Dunn managed, on contract to the state, North Carolina’s bid to serve as the site of the
SSC. In mid-1988, he assumed the presidency of Quantum Research Services,Inc. Dr.
Dunn will devote about 30% of his time to the project, and will overseethe neutron and
:6O irradiationsand assistwith the simulation effort.

Dr. Fearghus O’Foghludha has been with Quantum since he retired from Duke
University in 1988; he headed the radiation physics group RadiologyDepartment there
!or nearly twenty years, and retains an adjunct appointment in the Duke Physics
eptartment. During his forty-year career as an experimenter he has worked with large
:osmic ray counter arrays, and on the fabrication and evaluation of many other types of
adiation detector. He has beenresponsiblefor commissioningand for precision photon,
!lectron, proton and neutron dosimetry of various generators, e.g., Marx impulse
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machines,van de Graaffs,linear accelerators,reactors,radioactivesources,etc. and for the
designand fabricationof a greatvarietyof supportequipment He will expend5-10% of his

effort in Quantum’ssupportof the test irradiations.

RCA

Dr. Robert McIntyre is the Manager of Researchand Development at RCA Electro
Optics in Vaudreuil,Canada. He has20 yearsof experiencein the developmentof high
efficiency avalanchephoto diodesAPD’s. RCA producesboth single element and linear
arrayAPD’s suitablefor use in single photon detection. Dr. Mcintyre will collaborate with
Dr. Reuaoftof NortheasternUniversity to producenew device structuresoptimized for
usewith 0.5 mm diameterplastic scintillating fibers.

SupercomputerResearchInstitute

The Supercomputer Computations Research Institute SCRI at Florida State
University is funded by the Departmentof Energy Applied MathematicsDivision under
Contract No. DE-FCO5-85ER250000. 5CR! is a multidisciplinary institute with an
experimentalhigh energy physics group of five membersCordon, Georgiopoulos, Linn,
Mermilcides,and Youssef. The group has commitmentsto the DO and Aleph experiments
at the level of 50% of each members time. We have no teaching responsibilities;
however, we are involved with a numberof SSC related R&D proposals. Our intentions is
to participate as a group on all of theseprojects drawingon our different areasof expertise
when necessary.We have submitted a separate proposal to hire additional manpower for
SSC projects. The actualnumberof ETE’s that will work on this proposal dependson the
successof our proposal as well as others that we are now associatedwith. For the Hybrid
CentralTracking proposal, Martyn Corden will act as designatedcontact person.

University of Florida

Dr. Stan Majewski heads the High Energy Physics Instrumentation Development
Group at the University of Florida, Gainesville. He is a principal investigator on the DoE
funded R&D study of the radiation-resistant plastic and liquid scintillators, and fast, non
ageinggaschambers. The group, whosememberis also Dr. Carl Zorn, was very successful
in developing new plastic scintillators with highly increased immunity to nuclear
radiation. Also, under Dr. Majewslci’s direction, extended studies of wire chamber ageing
with dimethyl ether gas were performed during the past two years. As a result, the

A-7



necessaryconditions to avoid radiation damagewere defined in multidrift tubesbeing

developedat CERN for tracking detectorsat SSC/LHY. Dr. Majewski’s past professional

experienceincludesalmost 10 years1974-1984of collaborativework with Dr. Charpaic’s
group at CERN on different typesof gaseousdetectors. Before coming to Florida in 1985,

Dr. Majewski was working at Fermilab 1984-1985on low-pressuregaseousphotodetectors
for Cherenkov ring imaging, and on the readout and radiation resistance of barium

fluoride crystal sdndllator. Dr. Majewski will be responsiblefor the straw ageingstudies,
and he will spend between 20 and 30% of his time on this research,helpedby a post
doctoralresearchassociate,dr. Carl Zorn. Also, they will usetheir expertisein radiation
damageto plastic scintillating materials and fibers to help with selection of scintillating

fibers and evaluationof irradiation results.

After obtaininghis Ph.D. at the University of Toronto,Toronto, Canada,in 1987,Carl
Zorn accepteda postdoctoralposition at the University of Florida as a memberof the High
Energy Detector DevelopmentGroup under the supervisionof Dr. StanMajewski. Dr.
Zorn has conductedresearchto developradiation resistant organic scintillators for use in
the SSC. This work has resultedin the development of radiation hard plastic sdntillators
utilbing the fluor SHE asthe dopantin one case,and a radiationhardpolysioxanebasein
the other. The researchconcentrateson the radiation resistance of plastic scintillating
fibers and the developmentof radiation hard liquid scintillators.
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Appendix B

Project Timeline Milestones

Jan ‘90 Jul 90 Jan ‘91 Jul ‘91 Jan ‘92

I I I I I I I I I I I I I I I I I I I I I I I. I I I I
Mechanical Fabrication Begin construction Begin full prototype Ship prototype Evaluate construc

ofengineering models construction to Duke for straw lion technique and
ORNL, Duke tube andwire vender identilica

installation tionforcrC
construction

Scintillating Fiber Scintitlatlng fiber Installation on Continuingstudyof
ribbon construction support cylinder readout electronics

NU

Straw Tubes Single straw tube tests Test of straw tube Assembly of 100 BegIn straw
gas and resolution engineering models tube model tube and wire

Duke - study installation on
full prototype

Radiation Tests Radiation of scintillating Gas studies, Radiation of Ageing studies
fiber and straw tubes, wire chamber mechanical of final straws/

FS, UP, QRS construction materials ageing electrons model electronics selected gases

Electronics Evaluation of front Design of integrated Test integrated Assembly and
end electronics circuits front end circuits, design Instrumentation

NCSU, ORNL, Evaluation of APD’s Design of APD arrays Assembly of pro-
RCA, Penn for scintillating fiber totype APD array

fiber readout

Detector M.C. Simulatjp Monte Carlo simulation Tracking and }a*erv Monte Carlo simulation
relevant to superlayer recognition studies relevant to CTC detector

SCifi, QRS, ORNL construction in an SSC experiment



DetailedProjectGoals

First Year 1990

Straw Tubes

* Selecttube andcathode material, anodewire, and candidategases.

* Study electrostatic stability and fix requiredmechanicaltolerances.

* Finalize end plate constructionandfeed throughengineeringmodels.

* Study sensewire support techniques;finalize with engineeringmodels.

* Constructengineeringmodel with 100 tubes.

* Measureresolution,gasdrift speeds.

* Studyheat managementvia gasflow.

MechanicalDesign. Fabrication

* Engineering evaluation of possiblesupport structures for superlayer.

* Materialsstudies,selectionfor end plates and cylindersupport.

* Study technique for fabricating carbon composite/scintillating fiber
support structureengineeringmodel, d = 60 cm.

* Incorporate straw tube/scintillating fiber design results into prototype
design.

* IncorporateMonte Carlo detectorsimulation into prototypedesign.

* Begin prototypemechanicalconstruction.

Plastic Scintillating Fibers

* Investigateand optimize detectordesignand constructiondetails. This is
especially relevant in deciding between circular or square cross-section
fibers and whether the detector planes are assembled from individual
fibers or premanufacturedfiber ribbon arrays.

* Invent and develop detailed qualit control tests of fiber cross-section
tolerance, photon yield, attenuation length and alignment precision.

* Demonstrate both the technical and economic feasibility of using
avalanche photodiodes as the electro-optical link between the fiber
detectionand downstreamelectronics. Single channeltests.

* Investigateneutronandgamma radiation characteristics of fibers.
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Electronics

* Design,fabricationand testof front endchip for strawtubes.

* Electricaldesignof straw tube endplates,PCboardassemblies.

* Evaluation of single-element avalanche photo diodes APD’s with
scintillating fibers.

RadiationDamage

* Study ageingcharacteristics of candidatecomponent materials.

* Conductstrawtubeoutgassingtests.

* Measureneutron spectrumin reactorbeam tube and designirradiation
cannister, with appropriate filters.

* Conduct series of neutron irradiations of individual components;
componentswill be performancetestedbeforeand after irrad.iations.

* ConductCo6° irradiationtestof front end chips.

Simulation

* Study track-findingperformanceof proposed and alternativeCTC designs.
The final prototype superlayer design will be highly influencedby this
simulation study.

* Study momentumand angularresolution for the reconstructedtracks.

* Evaluatehadronicbackgroundin CTC due to calorimeteralbedo.

* Investigatethe effects of structural materials and the materials in the
straws and fibers themselves.

* Developa simple CAD packageto enterand checkdataand to create input
files for the simulation codes.
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SecondYear 1991

Straw Tube

* Instrument10s of channels of the engineering model with front end
analog electronics.

* Measuredetectorresolution.

* Measureeffects of magnetic fields on performance.

* Compareand exchangeresultswith Monte Carlo simulation.

* Install and test digital electronicswhen available.

* Install andstring1,000straw tubes on full scaleprototype.

* Beamtestsof prototypesuperlayerresolution,pileup,crosstalk.

MechanicalDesign, Fabrication

* Completeprototypemechanicalconstruction.

* Measurementsof mechanicalprecision and stability including full sense
wire load simulation.

* Design of rnulti-superlayerconstruction;use Monte Carlo simulation to
optimize design;introduceconstraintsimposed by other subsystemsof an
SSCdetector.

* Identify commercial vendors,design a mass production program and
estimate the cost and time table for the construction of a complete
cylindrical Cit detector.

Plastic Scintillating Fibers

* Continue APD feasibility tests for multi-channel arrays, both linear and
two-dimensional.

* Investigate readout system packaging and interface with fiber arraysin the
prototypedetector.

* Begin beam testsof entireprototypedetectorsystem. Investigatestability
and precision.

Electronics

* Design,fabricationand testof straw tube readout chip.

* Assemblyandtestof electrénicsfor crcprototype.

* Designandconstructionof instrumentation for beam testing.
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* Design, fabricationand testof APD arrays.

* Constructionand testof APD-basedfiber readout prototype

RadiationDamage

* Complete ageing studies of individual materials.

* Conduct integrated X-ray and electron effects studies on radiation testing
model.

* Complete neutron irradiations of individual components;both flux rate
and fluence total effects will be investigated.

* Irradiateradiation testingmodel to -lOu neutrons/cm2.

* Conduct neutron and Co60 irradiationsof final electronicschips.

Simulation

* Study vertex resolution and multiple beam crossingeffects.

* . Integrate calorimeter albedo effects into GEANT simulation code, and
evaluate effects on tracking sensitivity and resolution.

* Incorporate simple CAD data input andcheckingpackage.

* Use various performance measures to evaluate final design; determine
and monitor calibration constants.
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AppendixC

Budget

The proposedbudget is summarizedby yearandby institution in Table C-I; first-year
budgetdetailsare given for each collaboratinginstitution on pagesC-2 throughC-6.

Table C-I.

Two-YearBudgetSummary

Institution Year 1

Duke University $ 256,290 $ 300,000
Florida State University 58,080 60,000
North Carolina State University 132,166 138,499
Northeastern University 296,601 310,000
Oak RidgeNationalLaboratory 700,000 1,270,O00
QuantumResearchServices 164,235 172,446
RCA 247,9r 250,000

SCRI 0* 0*

University of florida 53.650 55.000

Annual Totals $1,908,949 $2,575,945

+ Second-yearcostsare significantly largerbecausethe fabricationof the full-scaleprototypeoccursin year2.

* The budget for the group at SCRI is covered through existing and ongoing support, which may be
supplementedby supportthroughotherproposalssubmittedseparately.
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DetailedFirst Year Budgets

Duke University

SalariesandWages
Technician 12 months $ 30,000

18.8% fringe benefits 5,640
Graduate studies6 months 8,500
Hourly student help 800 hours 6.400
Subtotal SalariesandWages $ 50,540

Travel, Shipping. Communication
Travel $ 10,000
Telephone, mailings 1,000
ShippingORNL-Duke-ORNL 7.000
Subtotal Travel, Shipping, Communication $ 18,000

LaboratorySetup. Shop Work
Clean room setup $ 12,000
Shop work 10.000

Subtotal Laboratory Setup,Shop Work . $ 22,000

50% Overhead A+B÷C $ 45,270

Capital Equipment
Straw tubes, wire, feed throughs, gas flow system $ 35,000
High voltagepowersupplies 2$00
Data acquisition system

VAX 3200 15,000
Interface with DMA 2,000
CAMC crate controller 2,180
VMS CAMAC driver 2,500

CAMAC TDCs, ADC’s 12,000
MM logic modules 4,000
Survey equipment 8,000
Laser interferometry monitoring 6,000
Pulsed laser 8.000
Subtotal Capital Equipment $ 97,480

Contingency 10% $ 23.000
DUKE TOTAL $256,290
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Florida StateUniversity

The electron accelerator is now available for such studies. To be able to radiate
various samples,measureradiation damageas well as recoverywill require technical
aunpower. We estimate one full time technical person is required to perform the
radiation tests and measure for damage.

Technicalpersonincluding fringe benefits $ 28,000
Electronaccelerator maintenance 5,000
Miscellaneousexpensesincluding shipping 10,000
Travel 5.000

Subtotal $ 48,000
Overhead 021% assumesfunds are through our DOE grant 5 10.080

FSU TOTAL $ 58.080

North Carolina State University

1. Salary
A. Principal Investigator $ 11,000
B. Secretary 1,500
C. Graduate Student 18,000

2. Fringe Benefits LA and 1.5 $ 2,625
3. Supplies and Materials $ 1,500
4. Current Services

A. Travel $ 6,000
B. Computer Time 1,800
C Other Expensesphone, postage,etc. 500

5. Subcontracts
A. Travel for U. PennPersonnel $ 4,000
B. IC Fabrication andPackaging 40,000
C ElectronicsAssemblies 5,000

6. Overhead 46% of 14, 25.5% of 5 $ 32,241
7. Equipment $ 8.000

NCSU TOTAL $132,166
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NortheasternUniversity

Equipment
Plasticscintillating fibers $ 50,000
Readout devicesplus associatedelectronics 70,000
Alignment equipment 10.000

Total Equipment $130,000

Salaries
Machining work, etc. $ 10,000
Visiting Scientist 50,000
CoopStudent 12,000
FringeBenefits 22% of salaries 15.840
Total Salaries $ 87,840

Travel
DomesticTravel Duke U., FSU, ORNL, FNAL; 10 trips $ 10,000
ForeignTravel Kyowa, Tokyo; 1 trip 5.000

Total Gravel $ 15,000

Overhead
62% of Salaries and Travel $ 63,761

MU TOTAL $296,601

Oak Ridge National Laboratory

1. Labor includes all overhead
Category Person-Years Amount
Mechanical Engineer 1.0 150,000
CarbohCompositeEngineer 0.2 30,000
Programmerincludescomputing 1.0 150,000
I&C Engineer 0.5 80,000

SubtotalLabor $410,000
2. Fabricationof Models

Threebench-scaletestmodels 100,000
Small-scalecompositemodel . 125,000

SubtotalFabricationCosts $225,000

3. ElectronicsEquipment $ 10,000
4. OtherDirect Costs

Travel, publication costs,etc. $ 15,000

5. Contingency
20% of Item 1 $ 40.000

ORNL TOTAL $700,000
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QuantumResearchServices.Inc.

Direct Material

Cadmium,flux mappingfoils, etc. $ 5,000
Material Overhead 15% 750

Subtotal Direct Material andMaterial Overhead $ 5,750
Direct Labor

SeniorStaff W.L. Dunn, F. O’Foghludha $ 24,060
TechnicalStaff A. Yacout,J. Simpkins 20,900
Aide, Clerical Staff 4.016
Subtotal Direct Labor $ 48,976

Testing
Reactorusecharges120 Firs 0 $100/br $ 12,000

Equipment
Transputers, NalTl detector $ 6,000

Travel
RDU to ORNL, PSI,etc. $ 3,800

Other DirectCosts
Computer $ 3,000
Telephone, shipping, photocopying 1.000
Subtotal OtherDirect Charges $ 4,000

Indirect
106.19% of DirectLabor $ 52,008

Subtotal - 5132.534

G&A
14.75% of subtotal $ 19,535

Fee
7% of Subtotal + G&A $ 12.166

QRSTOTAL $164,235
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RCA

1. Material $ 18,700

2. Material HandlingCharge0 13% of 1. $ 2,431

3. Labor - Engineering

Category Hours Rate
Sr. Engineer/Leader 750 37.14 27,854
Jr. Engineer 675 27.04 18,250
Sr. Technician 25.62
Jr. Technician 450 17.44 7,848 $ 45,860

4. Overhead0 204% of 3 $ 93,553

5. Travel $ 8,500
6. Subtotal Sumof 1-6 $169,044
7. Cost of Money 3.5% $ 5,917

8. General & Administrative 0 32.3% of 7 $ 54,601
9. Total Estimated Cost $229,562
10. Fee8% of Item 10 $ 18365

RCA TOTAL $247,927

University of Florida

Personnel
Post DoctoralResearchAssociate

1 yr 0 50% including benefits $ 17,000
Gnduate Student 1 yr 0 100% 14,000

Materials
Gasesplus cost of additional ex-housepurification $ 2,500
Purifier cartridgesoxygen, freons, etc., for in-house use 3,500

Subtotal $ 37,000

Overhead
45% of subtotal $ 16,650

UPTOTAL $ 53450
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Collaboration Members

Duke University
Dr. Alfred T. Goshaw Dr. SeogOh

Dr. William Robertson

Florida State University
Dr. VaskanHagopian

North Carolina State University
Dr. John Paulos

NortheasternUniversity
Dr. Stephen Reucroft Dr. George Alverson

Dr. Bill Paissler
Dr. David Garelicic
Dr. Mike Glaubman
Dr. Ian Leedom

:Oak Ridge National Laboratory
Dr. Tony Gabriel Mark Rennich

Martin Bauer
C.Y. Pu
Hugh Brashear

Quantum Research Services,Inc.
Dr. William L. Dunn Dr. FearghusO’Foghludha

Dr. A.M. Yacout

RCA -

Dr. Robert McIntyre

SupercomputerComputationResearchInstitute
Dr. Martyn Corden

University of Florida
Dr. Stan Majewski Dr. Carl Zorn

Primary Contact Personsare:

Dr. Alfred T. Goshaw Dr. Stephen Reucroft
Physics Department Physics Department
Duke University Northeastern University
Durham, NC 27706 Boston, MA
919 684-8134 617 437-2901
GOSHAW 0 FNAL RWCROFT 0 NUHUB
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