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1. SUMMARY OF PROPOSAL

Rardware

We areproposingto carryout detailedstudiesof a wire chambertrackingsys

tem for the SSC.The systemwill include a completedesignfor both the central

tracking systemand theintermediatetrackingregion,asshownschematicallyin

Fig. 5.1. The designwill includethe drift cell designs,envisionedat the onsetto

be small cells for the centraltracking and possibly radial wire chambersfor the

intermediateregion. In the central regionsmall cells will be groupedin super-

layersin order to give track segments.We will investigatethe supportstructure

and developtechniquesfor precisemechanicalalignmentof the completetrack

ing system. Mechanicaldesignstudieswill also include evaluationof materials,

thermalstudies,andengineeringstudiesof fabricationprocesses.

The geometryof radial wire chambersmay make them a good choice for

trackingin the intermediateregion. In addition,as exemplifiedby thosefor the

El experimentat HERA, they offer the possibility of electronidentificationby

transitionradiation detectionwithin the sametracking volume. We proposeto

investigatethe possibility of using radial wire chambersfor intermediatetrack

ing at the SSC. Straw tubechambersoffer yet anotherpossibility for transition

radiationdetectionas partof an SSC tracking system.

Front end electronicsfor wire chambersat the SSC must be fast and have

low noiseandpower dissipation. We will developfront end electronicsfor wire

chambertrackingsystemsat theSW. A greatdealof R&D alongtheselines has

alreadybeencarriedout by someof the proponents.We will test prototypesof

front endelectronicson prototypewire chambers.We will investigatethe layout

ofthe electronicsfor thechambersystem,including on-chambersignalprocessing

and segmentfinding. We will include a systemfor determiningthe axial position

of eachhit andthe bunchnumberusing superlayersof snail-anglestereowires.

We proposeto fabricatefull-scalemodulesof chambersfor both the central

and intermediatetracking systems,concentratingon fabricationtechniquesthat



will be requiredfar assemblyof the completesystem. The full-scale modules

will be used to test alignment and support systems. We will also carry out

investigationsof gaspropertiesin a 2 Teslamagneticfield. The overall tracking

systemdesignwill be closely coordinatedand studiedusing tracking simulation

programsto evaluateand predict performance.

Software

We will continuethe studiesof tracking systemsfor the SSC using and im

provingthe computersimulationsoftwaredevelopedby someof theproponents.

The work will include:

* More realistic effects in the simulation, suchas the effects of E x B on

electron drift in straw tube drift chambersand time of flight for looping

tracksin the magneticfield.

* Continuedstudiesof patternrecognitionandtrack finding, including thein

termediatetrackingregion,measurementof the coordinatealongthe wires,

andpossibilitiesfor triggering.

* Tracking simulationof radial wire chambers,with particularattentionto

themeasurementof thecoordinatealongtheradialwire andfindinghigh-p’

track segmentsfor the trigger.

* Detailedstudiesto optimize the overall trackingsystem,including varying

thetrackingsystemparameterssuchascell radiusendnumberof layersin a

superlayer,effectsof deadareasat cell andmoduleboundaries,needfor pad

readout,boundarybetweencentral andintermediatetracking, integration

with silicon detectors,andvalueof the magneticfield.

* Determinationof trackingadencyandmomentumresolutionfor theover

all trackingsystemfor variousphysicsprocesses:isolatedhigh-pp tracksin

complexevents,high-ppjets, new heavy quarks,etc.

* Puttingtogetherseveralcomponentsof a detector,suchascalorimetryand

muon system,in a. single simulation to determinehow well eventsfrom



interestingphysicscanbe identified andmeasured.



2. CENTRAL TRACKING HARDWARE R&D

2.1. Straw Chambers

The centraltracking group at SNOWMASS 86 consideredmany aspectsof
tracking at SSC. 1 They lookedat severaldrift chamberdesigns.In particular , they
compareda cell definedby cathode wires and an enclosedcell, ‘straw chambe?.It was

foundthat a continuous cathode chamber madefrom mylar strawswould introduceno
more absorberthan an open wire chamberand could have less material than the

conventionaldesign.Theyalsoconsideredthesafety featuresof enclosedcathodesystems

for largewire systems,suchasisolation of wire breakage,and immunity to noiseand

concludedthat they weresuperior.Weareproposingto do a detailedstudyof an enclosed
cell tracking systemfor thecentral tracking region. In the intermediateregion we will
developa design basedboth on radialchamberdesignsimilar to aHl designand straw

tubes.

Cells

The heartof the tracking chamberis the drift cell. We will concentratein this

proposalon acontinuouscathodedesign. Thecontinuouscathodedesignshouldguarantee

that chamberageingbe slow, assumingawisechoicefor the gas hasbeenmade. There

are other practical advantageousto a tubular design. The tubes are physically and

electrically isolatedfrom one another.This isolation is especiallyimportantfor 350,000

cells ,wherein an opendesignonebroken wire couldput theentirechamberout of service.

Thecathodearrangementwill alsoallow wire supportsalongthelength of the straw.These
will reducethewire tensionrequirements.In this designeachmodule can supportits own
wire tension, so that the superlayersupport and endplate requirementsare reduced
considerablyfrom aconventionaldesign.
The optimumsizeof a drift cell at the SSC has beendiscussedin the SNOWMASS

meetingsand at theVancouverTrackingWorkshop. For wires to surviveat distancesof
0.5 metersfrom theSSCbeampipethecellsmust be no largerthan 4 mm. On the other

handthecells muchsmallerthan4 mm will sufferflx,m poorefficiencydueto limited track

ionization length and from electrostaticstability problems.We havestudied theseSSC

requirements.Theresultsaregivenin thenext section.



2.2.Rates and Occupanciesat SSC

Assumingthedesignluminosityof SSC to be i03 cm2s1

andusing aninteractioncrosssectionof 100 mb, the chargedparticlerateperunit area can
be expressedas

120MHz
Rj

whereR2j is thedistancefrom the beam line in centimeters.

The particle rates,occupancyandcurrentcan then be calculatedfor drift cells

parallelto thebean This was doneassumingthata drift cell subtendsa fixed polar angle,
taken to contspondto a pseudorapidity, , of 2.

Counting rates in each wire

The particleratefor a fixed rapidity strawis givenby

N
- 2*D*fl*1.2*10S

whereD is the cell diameter.The plot of this is shownin Figure2.1.
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Therateisabout4MHzat50cmfromthebeamfora4mmcell spanningtot.=2.O.

Occupancy

The occupancyofthecell can thenbecalculatedfrom the ratio

0=Drift time/avetime betweenhits = Drift timeS rateofhits

ThisisshowninFigure2.2.Atotaldzifttimeplusrecoverytime of6lns wasusedfor
the6mmstrawand42nsforthe4mmstraw.
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We now beginto seesomeof the constraints on cell sizeat SSC. At 50 cm from
the beam the4mmfull length cell will havea 16% occupancy.This is too high to allow

efficient tracking.A simple way to remedy the situationis to cut theóell lengthin two, ie.,
usetwo cells to span the full length.Eachcell then spanshalf the detector, or Ati of 2. It
is alsoclearthat cell sizesgreaterthan 4mmwill causeoccupancyproblemsat all radii.

Current draw

The currentdraw for eachcell can be easilycalculated,also, oncetherate in each cell is
known.

- I I
140 160 180

I = N 5e’i 100 ion pairWcm tracklength* gain



This assumesa ionization of 100 electrons / cm. The track length is calculatedfor
particlescoming from theintersectionpointavengedover the entirecell. This is plottedvs

distancefrom the beamin Figure2.3.
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The gain in this plot wasassumedto be 2 x to4 . It is assumedthatcurrent draw
in any straw much above 0.5 microampswill be unacceptable,so current draw again
presentsa cell sizelimitation at SSC and the cell length may have to be dividedin two to

keepthe currentsmanageable.As we will discuss later, this current drawalsohas the

unfortunateproperty of heating the gas; at typical voltagesof2000V we expectabout1mW

of powerdeliveredto eachcell.

Chamber lifetime -

A constantsourceof concern at SSC is radiationdamageto detectorcomponents.One
aspectof this problem for designof a drift cell is the total charge/cm for the lifetime of the
chamber.Therehave beenextensivestudies of this problemfor both MWPCs and drift
chambers. In particulartherehavebeensomestudiesof fast gasmixturessuch as CF4 and

isobutane.2Thesestudiesshowthat chamberlifetimes above0.2 CYcxn canbe expected.
The currentdrawcalculatedin the previousplot can be usedto determinethecharge/emas
afunctionofthe radiusfor a5 yearrunningperiod5 X 107 sec.This is shown in Figure
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As canbe seen,the lifbtime of thewires should not be a problem if 4mmcells are usedat
small radii

2.3 Gas Studies

As part of an ongoingSSC R&D effortat IndianaUniversitywearestudyingtheproperties
of 4mmstrawtubes.The ionization and drift propertiesof thevariousgases,which might

be used in the tracking drift chambersof SSCdetectors,needsfurtherstudy. The reason

for this is that the shorttime betweenbeamcrossingsdictatesa short ionization collection

time which in turn suggeststhat gaseswith high drift velocity be usedaswell asvery short
drift cells.

The fastestgaswe have testedto date is CF4 . The full drift time of a 2 mm radius is

about18 ns. The raw tdc timedistribution is shown in Figure2.5.
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CF4 howeverhaswell known problemswith electronattachment.For that reason
we have followed theexampleof others2anduseda 20% isobutanemix. The optimum
quenchingagentandpercentageis one of the objectsof our study.The efficiency for the
unmixedandmixedgasesareshownin Figure 2.6.
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The 4 mm straws plateau at about 96% efficiency. This correspondsto the wall thickness
of 40 micronsand a 40 micron inefficient region wherethe path length is less than 300
micronsand theclusterstatisticsis poor.

Thetubeswereconstructedin a triangleof six straws.Theaverageresolutionwas
measuredby fitting acomic ray throughthreetubes.This resolutionis shownin Figure
2.7. Theaverageresolutionfor theentirestraw is 105 micronsat 2100Volts atatmospheric
pressure.

U
C
2
U
E

C
0
a.

0
U
C
I-

200

150

100

50

0

Fig. 2.7

For this measuzementthetubeswereoperatedvith a gainapproximately5 x io and an
amplifier thresholdof .7 my into 500 ohms.This resolutionnumber also includes possible

misalignmenterrorsof the straws, which were selfcenteredin a triangularwedge.

Magnetic Field tests

The drift in a high magneticfield is slower than when a magnetic field is absent.The

Lorentzangle, however, dependson the gas,aswell as the electricandmagneticfields, so
there might be an optimum as mixture that would minimize the drift time. The

requirementsof SSC detectorsareconsequentlysufficiently different from the usual
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requirementsof small diffusion and slow drift that it is necessaryto re-evaluatethe
propertiesof known gasmixturesand seaithfor even more suitable gasmixtures.As part
of an SSCR&D project we are making a systematicstudy of the propertiesof many gas
mixtures,some which have alreadybeenstudiedfairly well but not at magneticfields as
high as 2 T, some which haverecently beensuggested and some new onesas seems
appropriate.

We are measuring the drift velocity and angle of drift at various electric and
magnetic fields up to at least21. The basic gas parameters, such as the electron meanfree
path, can be extracted from thesemeasurements.The method is similar to that of a recent
FNAL measurement.

A test drift cell with uniform electric field is being constructed. It will be placedin a
uniform magneticfield using aresearchmagnetin operationat IndianaUniversity. The
researchmagnethasbeentestedat fields up to 2.3 T . It appearsthat the field uniformity
will be adequatefor this test. The sourceof ionization will be an UV laser.This is very

convenientbecausethe timingof the light pulseis easilydetectedand the ionization path is
well collimated. The laser has been ordered and the necessarytest setups are being
designed.

2.4. Mechanical tests on straws

Wire stability studies

The electrostaticstabilityof a wire in a strawis afUnction of thetensionon thewire. The
linear termin electrostaticforce dueto theattraction of the wire to the cathodewhen the
wire is off centeris given by

F- 2llsoVS

E1nç.]2R2

whereV= Voltage, R= cathoderadius,r = wire radius,8=displacementfrom center.
Assumingthat thewire will havea sinusoidalshape,andimposing the boundaryconditions
thatthewire is fixed atboth endsgivestheconditionon thewire tensionfor stability:



where L is the wire length.

0

T> 2EOV2L2

itR2JnR/r2

For a2mmradiustubeand a 12.5p. wire this condition is

T>5.6x 1O6V2L2gm

This is the minimum theoreticaltension in grams of forcerequiredfor stability and is
plottedvs length in Figure2.8 for a2 mm radiustube.
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We have measuredthe onseton wire instability in a 4 mm straw.The resultsare
shown in Fig. 2.9.
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This measurementhas been performedon a 1 meter straw in our laboratory.The
straw washeld rigidly in a horizontalposition,while thecentralwire could be movedat
either end by meansof precisionXY translators. Figure 2.9 showsthe onsetof wire
instability Voltage versusthe vertical displacementsof the wire. We calculate that the
wire sag is about 30 microns at 40 grams. This may be partially responsiblefor our
inability to reach the calculated instability point: however, it indicates that by holding
positiontolerances to about 50 microns, we can safelyplan on 1 metersuspensionpoints
for tensionsof 60 grams.Thesemeasurementswill be repeatedfor longer tubesand more
realistic structures.

We will alsobegin an active designand testing programfor wire spacingdevices.
We anticipate thatduringthefirst yearof the proposal we will haveseveraldesigns
fabricatedby alocal extrusionmolding companyfor evaluation. -

Straw dimensional studies
Sincethe individualstrawsarequite flexible, they mustbe glued togetherto form a

rigid, self supportingstructure,orsomeothertechniquemust be devisedto provide an
equivalentstructure.

We havebegunsometeststo determinethe rigidity of straw tube structures.At
UCD a few samplebeamshave been made from 4.3mm diameterstraws.UDC- internal
Report-Dye,Lander.The strawswerewoundfrom two layersof 1 mil mylar. Theywere
glued in ajig to form a beam.The beamswereof a rectangularcrosssection,3 strawswide

400



and either 8 or 16 incheshigh, in an hexagonalarray.The deflectionof sucha beam,
supported a distanceL apart, when loadedby a weight suspendedat the midpoint is given
by

Y = L load/48+W176.8/K
where W is the weight of the beam, andK is a constantdependingon the materialandthe
geometryof the beam.The changein Y with load determinesthe value of K, from which
the sagofthe beam underits ownweight can be determined.The initial measurements
found that a 3x8 straw beam with a 60 cm length would sag by about100 microns.
Increasingthe sectionto 12 or 16 tubesvertically would reduce this, but free spansof
more than a meterareprobablynot possiblewith simple glued strawstructures.This work
will continue and be coonlinatedwith the mechanicaldesignengineersat
Westinghouse.Manyof thesesameareasof developmentwill be discussedin section5.

2.5. Signal Attenuation studies

We have measured the attenuation of signalsin a 2 meterstraw and comparedit to a
calculation basedon an straw impedanceof 3001, a wire resistanceof90 £Vmeter,and
a cathoderesistanceof 100 fl/meter. This is shown in Fig. 2.10.
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We will work on theattenuationmeasurementsduringthecourseof this proposal.
With increasedwire sizeandwith alternativecathodematerialswe hope to be able to reduce
this somewhat.Measurementswith strawsup to 4 metersin length will clarify whether this
is a problem.

2.6 Z Reconstruction

We havealso beenstudyingthe methodsof obtainingaZ coordinateon individual
straws.This is important for both track pattern recognition and track reconstruction
resolution.For the former, the Z readout is much more useful if it can be done on
individual straws,for thenit providesaspacepoint on the track. This may be particularly
useful in the forward direction.The effectof the Z readoutdesignon the overall track
recognitionat SSCwill beoneof the topicscoveredin computer simulation.

One method to obtain a Z coordinateusesthe spiral winding of the cathode as a
delay line UCD report 9-89. A 60 cm long test arrayof 36 straws at UCD gave a Z
resolutionof a few centimeters.Furtherstudieswill bedoneto improve this resolutionand
to determinecrosstalk characteristicsof the array.A secondtechniqueunderstudyis the
useof vernierchargedivision cathodepads.These offer thepossibility for good space
resolutionandfast readout.A majorhurdle is themethodof applyingthealuminizedpad
patternsto thestraws.Spirally wound strawsdo notreadily lend themselvesto techniques
involving pm-printingpatternson thestrips that form thestraws.If tubulararrayscould be
formedfrom two layers of sheets, a techniquethat Los Alamoswill investigateaspart of
this proposal,thenapaddesign for severalselectedsuperlayersmight be possible.Even
a relatively crudeZ coordinatecouldbe of greathelp in triggeringandtrackfinding,so the
feasibility of theseapproachesandothers will be thoroughly examined.

2.7. Module and Super*ayer construction

The major thrustof this subsystemproposalis to develop a trackingsystemfor an
SSCdetector.This will requiredefining the drift chamberspecificationsby meansof small
moduletestsand then working with the engineering group at Wes’tinghouse to developa
designfor a module,superlayer,and support structure.

luring the first yearof this proposalwewill extend the testsmentionedaboveto 2
meterand4 metermodules. Thesetestswill includemechanicaltestson multitubearraysto



estimatethe structuralrigidity of a module , measurementsof cross talk in multitube
systems,determination of gas flows, and power dissipation in the straws. This will
identify areasfor future developmentand allow a full scaledesignto be workedout. The
detailsof themechanicaldevelopmentwill be discussedin section5.



3. INTERMEDIATE TRACKING IIAB.DWAKE

3.1. Radial Wire Drift Chamber.

Introduction

Track reconstruction at SSC is dominated by the problems of high multi

plicity. Any meaningfulconsideration of how one would use track detectors for

physics quickly leads to the conclusion that the major aims are identification of

jets and leptons. At 1 TeV Burrows andIngelmann4have shown that jet frag

ments are separated spatially by at least 2 mm when about 0.5 m from their

production vertex. Gaseousdrift chamberswith flash digitisation han already

achievedsuch two track separation.5 Lepton measurementrequires reliable and

accurate spatial reconstruction andassociationof individual tracks with energy

deposition in electromagnetic calorimeters and with hits in external muon £1-

ten. Electron/hadron discrimination can be enhancedin gaseousdrift chambers

if transition radiation TR is detected.’

One possible approach to achieve these aims in the intermediate tracking

regionof an SSC experimentis to usedrift wires which aretransverseto the beam

axis. Each drift cell is optimised for the best possiblespatial precision and the

most uniform track and X-ray response.The combination of thesedistinguishing

features plus multi-hit read-out in the form of flash digitisation or equivalent is

essentialif the powerof such a detector is to be fully realised.

Such a systeminvolves precision drift cells with both a linear drift time vs.

distancerelationship anda uniform track length throughout the drift cell. Oper

ating, and thus proven, examplesaremany andvaried, rangingfrom well estab

lished planardrift chambers to jet chambersused as central detectors in many

contemporary collider experimentsat LEP, CDF, SLC and HERA."7 They all

contrast with the much simpler cylindrical cells of straw chambersandsuch like

in which the benefits of ruggednessand individual sensewire isolation axe con

sidered to override the disadvantagesof non-linearity and less.uniformresponse



seeSections2 and 3.2.

Radialwire drift chambersprovide the most efficient way of achieving such

a transverse wire systemin the intermediatetrackingregionof an SSC detector.

Principle Features of Radial Wire Drift Chambers

Radial wire drift chamber systemshave beenconstructedfor CDF’ and are

under construction for Hi°1’ Fig. 3.1. The Hi chambers will operate in

the solenoid magnetic field of 1.2 T. They have beendesignedto include the

possibility of enhanced e/i discrimination by means of TR in an attempt to

isolate electrons in the hostile multi-track environment of the forward proton

region at HERA.5 The latter provides an environment similar to that expected

at SSC.

In a radial configuration of transverse sensewires, wires are strung along

radii between an inner cylinder, or hub, and an outer cylinder, or frame, to

form drift cells of variable maximum drift length Fig. 3.2. Cathode planes

consistingof voltage gradedconducting strips ziaaintainthe constant drift field in

the r-phi direction. Eachdrift "wedge" includes a numberof such senseand field

wires thereby providing vector track segmentsfor efficient multi-track pattern

recognition. Read-out is at the outer radius as far as possiblefrom the interaction

region. Like the perhaps more fsvnfliar jet chamber superlayersof centralvector

drift chambers,eachsensewire with the cathodeplanesdefines isochronousdrift

cells with uniform acceptancefor primary ionisation.

The useof a radial wire configuration hasmanyadvantages:

* It fills the available spacemost aciently, providing drift cells of smaller

dimension at smaller radial distance from the beam pipe where track Wu

mination is higher.

* It has azimuthal symmetry barring small stereo modifications which

makesfor balanced stressesin mechanicalconstruction.



* In systemscontemplatedfor SSC it will not involve supporting wires of

lengthgreaterthanabout 1 a

* The drift time measurementis an accurate determination of the track

sagitta in the r-phi projection of a solenoidal magnetic field so that op

timum track momentum resolution is achieved.

* Space point measurementsaxe in principle possible by means of charge

division or by including a small stereoangleby tilting the wire in the r-phi

plane away from exact radii.

* Multi-track pattern recognition is optisnised becausetrack segmentsare

related linearly in the measuredspacepoints as a function of z the beam

axis co-ordinate in a constant solenoidal magnetic field.

* When combined with flash digitisation of pulse profile, the isochronicity

and uniform ionisation acceptanceof the drift cells makefor the best two

track resolution andparticle identification.

Like all drift chambers,measurementof the co-ordinate along the sensewire

direction radially relies on chargedivision or time difference. The Hi radial

chambersoperatewith read-out at both outer endsof a pairof sensewires coupled

round the inner hub. The precision of this measurementis dominated by signal

to noise, i.e. gasgain, andsois complementedby additional drift chamberswith

parallelsensewires. This hasthe additional advantageofthen resolving the other

"classic" ambiguity of any sensewire, namely two bits at the samedrift distance

but at very differentco-ordinate along the wire direction.

The Hi configuration is conservative,designedat a time when the concept of

radial wires was not proven. The inclusion of a small stereo tilt of someplanes

of radial wires away from the true radii is now foreseenas an equally valid way

of solving this problem. This avoids the need for a different second designof

drift chamberin this intermediate tracking region, and resolvesthe ambiguities

in a way closelyanalogousto stereowires in central drift chambers.



The uniform ionisation deposition of measured tracks independent of drift

distance in the radial wire drift cell is exploited for enhancedelectron identifica

tion by TE X-ray deposition in the Hi experimentFig. 3.3.12 The technique

involves careful design of the upstream wall of the chamberfor optimal X-ray

transparency plus operation of the drift wedgewith a dilute X-ray sensitivegas,

Xe/He/C2H,, such that the spatial resolution of eachsensewire is maintained at

150 pm but with 100% X-ray detection aciency. The multiwire sampling of

both the dE/dx andX-ray photon ionisation leads to the discrimination shown

in Fig. 3.3. Furthermore, the precisespatial determination of the reconstructed

track segment,the hits of which areused in the c/it discrimination, meansthat

much of the usual knock-on backgroundwhich is present in many other TR

detectors can be identified and eliminated. The final establishmentfor this tech

nique and the degreeto which it will facilitate electron identification in or near

high-multiplicity jets will come with data from Hi in 1991.

Feasibility of RadialSenseWires at SSC

The feasibility of different transverse wire configurations in the intermediate

region 1.2 .c ji c 2.3 of a magneticdetector like the Large SolenoidDetector

were recently considered in some detail at the Vancouver SSC workshop.’°’14

Beyonda radial distanceof 0.5 in from thebeam, a radialsensewire configuration

was found to be a realistic possibility as a track detector.

In a magnetic detector at SSC, the requirement of charge sign determination

at 1 TeV specifiesthe necessaryprecision of momentum measurement to be 0.3

at 1 TeV. Given a 2 T solenoidal magnetic field it is possible to achieve this

precision Fig. 3.4 with an array of radial wires occupying the intermediate

tracking region of Fig. 5.1 with a realistic density -‘ 1 cm spacing in z.10,15

As with any gaseousproportional wires at a supercollider, the over-riding

criterion is survival in the high radiation environment, in all the estimateswhich

we have made and which are here snmnnrisedno account has been made of

radiation exposureother than due to the 100 mb of inelastic pp interactions in



each bunch crossing. Beam-gas,beam-walland beamhalo arehard to estimate

at this stage.

Table 3.1. SSC machine parametersused in operational estimates

Luminosity io"
Bunch crossinginterval 15 ns
Inelastic pp cross section 100 mb
Charged particle multiplicity 7 per unit rapidity
No. pp interactions per bunchcrossing 1.6
Total interaction rate 100 MHz

Calculationsfor radial wires in an FTD like that of Fig. 5.1, in which each

wire has an acceptanceof -. 1 unit of rapidity and is operated with a gasgain

of 2 x io4 are snrnnarisedin Tables 3.1 and 3.2. A fast gas - 120 pm/ns,

suchasAr/CF4 or Xe/CF4 mixture, is assumedwith a primary ionisationof 100

ion pairs per wire. Thenan SSC luminosity of io cm"2 r’ with a maximum

drift length at the outer radius1.5 m of 1.4 cm meansan operating sensewire

currentof 0.66 gsA, which is tolerable. Such a currentis not prohibitive andgives

rise to -s 5 years operational exposureat a maximum doseof 1 C/cm before

sensewires will die at an inner radiusof 0.5 m. It should also be stressedthat

looping tracks in a magnetic field do not increase the currents and rates in a

radial wire chamberas they do for a central tracking systemwith axial wires.

The pattern recognition of multi-track eventsrequires the smallest possible

hit occupancyof eachdrift cell when in operation. With a fast gasmixture in the

systemdiscussedabove, assninng7 charged particlesper unit of rapidity, and

with the SSC bunch crossinginterval of 15 ns, eachradial wire has a meantotal

occupancyof 26%. The densityof wires is thus sufficientto provide the hit redun

dancy necessaryto overcomethe complications of large SSC event multiplicity

and of multi-bunch sensitivity, In fact in this systemthe maximum memory time



Table 3.2. Radial chambersensewire operatingcharacteristicsanddataoccupancy

Rapidity acceptanceof sensewire 1
Maximum drift length of radial wedge 1.4 cm
Number of radial wires at fixed z 336
Sensewire gasgain 2 x to4
No. ion pairs per trackper sensewire 100
Sensewire operating current 0.66 gsA
Experimental year io s
Sensewire chargecollection 3.3/rcm C/cm/year

na radial co-ordinatealongwire
50 c r c 150 cm

Average drift cell occupancy per interaction 0.021
Drift velocity CF4 dopedAr/Xe 120 ,Lm/ns
Drift cell memorytime ate = 150 cm 117 ns

8 bunchcrossings
Average no. interactions in cell memory time 12.4
Average total drift cell occupancy 0.26

of a radial wire is only 9 bunch crossingsat its outer radius,which is smail in

comparison with 15 for the Hi radial chambersat HERA.

The above considerations mean that an array of radial wires for the inter

mediate tracking region of Fig. 5.1 will be considerably more ambitious than in

the ill FTD at HERA. The configuration, calculations for which are shown in

Tables 3.1 and 3.2, implies that in each wire plane at fixed z there will be 336

sensewires separatedby 336 cathodeplanes. The total number of sensewires in

the FTD is thus 33600 and their spatial density is at least four times greater

in azimuth than for the proven Hi chambers. To this must also be added -

33000 field wires.

Given that the considerablemechanicalproblems of such an array of wires

can be overcome,many questionsconcerningoperational feasibility arise. Cham

ber operation at the low gasgain of 2 x io4 meansthat chargedivisionprecision

will depreciate so that stereo tilted planes of wires will be necessaryfor the

"other" co-ordinate, introducing farther complications in mechanical construc



tion. Furthermore,at sucha low gasgain, it is not clearhow effectivewill be the

sampling and pulse profile analysisfor electron id using the integrated TR. The

useof CF4-basedfast gaswith the lightweight materialsneeded for fabrication

is not yet proven, If flash digitisation, or its equivalent, is to be used, dock

frequency must be increasedto at least 200 MHz.

All the above problems can be addressedin a detailed program of R & D.

Then and only then will it be possible to evaluate fully the feasibility of using

radial wire chambersat the SSC and set about a detailed designfor a detector.



Fig. 3.1. Nearly beam’s eye view of a radial wire drift chamber

without its TB. front window to be used in the Hi experiment at

HERA. Light reflected from the radial wires in certain wedges can

be seen. Cathode planesand field former pc strips are also visible

supported in the the "dish-like" compositeframe.
I
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3.2. Intermediate Tracking using Straw Chambers

We will also use our central straw chamber development to confront the
requirements of an intermediate tracking system.The study could be useful to establish

alternative triggering schemeswith straws and to focus theseissuesin comparison to thc
radial design. The type of layout we will first consider is shown in Figure 3.5. The

forward system is composedof a multilayer systemwith the straws transverse to the

magneticfield.

The wire rates,cuirent draw , occupancy,and total charge for 5 yearsare shown in

the Figures 3.6-3.9 Notice that each figure shows the relevant quantity plotted for a

continuous disk extending through the beamline andfor the casewhere a 30 cm hole has
been removedfrom thedisk.

Most of thedesigndetailsfor the straws can be directly appliedto the radial

chambers.We will study theoperationof thestraw chambersin a transversemagnetic
field, in order to assesstheir resolution in this configuration. Support systemsfor the

intermediate regionwill have manyof the samealignmentcriteriaasfor thecentralsystem.

We anticipate that the support systemsdevelopedfor the radial wire chamberswill have

many aspectsin commonwith straw design.Much of the mechanicaldesignwork will be
integrated for the two systems.

Fig.3.5
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4. ELECTRON IDENTIFICATION

The importanceof finding and then reconstructing leptons with precision

at the SSC cannot be overemphasised. Figure 4.1, taken from a recent SSC

study, showsacceptancefor Riggs detection by meansof its four lepton decay

mode. It emphasisesthe need for as complete angular coverageas possible.

The implicationsfor chargedtrackdetection are that any trackingsystemmust

reconstructaccuratelythe lepton trackvectors so that correlationwith external

showerandmuonfilter detectors canbe madeover the completeangular range.

At the SSC the problem of suchreconstructionis compoundedby the confu

sion due to the high multiplicity of hits associatedwith the largepp interaction

crosssection and the sensitivetime of the maximumdrift length. Efficient recog

nition of electron candidates within such a confusedenvironmentis possibleif

candidatehits, or eventrack vector segments,can be flagged asearly as possible

in softwareprocessingasbeingattributableto electrons.A way of achievingthis

is to interleave suitable material as a source of transition radiator betweenthe

drift cells. Then, provided the cells have good X-ray detection efficiency, i. e.

they arethin-walled andusea suitable gas,electronscanbe flagged andidentified

by meansof pulseheight/integral. In addition, multi electron triggers from the

tracking systembecomeconceivable.

As alreadymentioned in Sections 2 and 3, we intend to pursue the possibility

of a hybrid detector for accurate chargedtrack reconstruction with integrated

electron identification. Such a technique cal be applied in the context of both

straw tube andradial wire drift chambers.

In the central tracking region a suitable TR foam can be usedas a rigid

support of modules or supermodulesof straw tubes, somewhat along the lines

suggestedby Chernyatin et aLit and Dolgoshein.1 These authors have estimated

that such a systemmayprovide better than 1% pion contamination 90% electron

acceptanceat SSC momenta. The thin-wall structureof the straws Section 2



meansthat the X-ray transparencyis good. The operationwith fast gas which

is also X-ray sensitiveXe/CF4mixture remainsto be investigated.

For the intermediate tracking region, the radial wire drift chamberchoice

will also employ enhanced electron energy deposition using TR material pre

ceding groups of sensewires. As mentioned in Section 3, such a technique has

alreadybeen implemented in prototype form for the Hi experiment at HERA

Fig. 3.3.12 We proposeto build on experienceof this newer TR technique at Hi

by integrating further suitable transition radiator material into the construction

of the radial wire chambers.
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5. TRACKING SYSTEM DEVELOPMENT

5.1. Systemconsiderations

In order to provide the momentum resolution discussedearlier, the tracking

systemmust maintain a position resolution better than 100 pm over the whole

volume of the systemshown in figure 5.1. The outer surfaceof this volume is a

cylinder of diameter 3.6-4.0m and length 11 m, and the completesystemconsists

of 350,000individual cells. Therefore, the mechanicalstructure must be designed

andconstructedwith a cell location accuracyand stability of roughly 50 pm over

an enormous volume. In addition, the parameters of the gasmixture in the cells

must be kept within acceptablelimits throughout the whole system. Therewill be

an extensivelist of electro-mechanicaldesignconsideration to ensure absolutely

everyaspectof the physical stability and environment of the systemmaintain the

necessarystandards. In order that an integrated approach is taken to achieve

this in the university groups will work with WestinghouseScienceand Technology

Center.

5.2. Modularity

The first step in the design of the mechanical structure will be to decide

the scale of the systemmodularity. A major consideration in this decision will

be service access to all parts of the detector. In our design there will most

likely be threelevelsof modularity. The tat moduleswill be the straws. The

enclosedcathode idea has beenchosenas the best solution to the high-rate SSC

environment. The next section will discussour developmentprogram to invent

straw modules with larger scales than the dassical mandrel-wound individual

straw. The next level of modularity will be that of the superlayers. The straw

moduleswill be packed into rigid mechanicalstructures containing suitable end-

plates with integral alignmentfixtures. The alignment systemis consideredlater.

The rigid superlayer modules will then be arrangedin larger modules. In the



barrelregion thesemoduleswill be wedges,suchthat a single track stays within

a single wedgemodule, so the wedge to wedge location is less crtical than the

location within a wedge. In the forward region the solution for large scalemodules

will probably be split cylinder. Forward tracks will pass through barrel wedge

modules as well as the split cylinder modules, so the relative location of these

two different sorts of module will present a special challenge.

5.3. Development of alternative straw modules

The Los Alamos Materials Sciencedivision will investigatenovel methods of

producing enclosedcathodestructures for drift chambers. Severaldifferent ideas

will be investigated. In one scheme,the tubeswould be constructedofa formable,

thin, metaflized plastic sheet. Fig. 5.2 illustrates a technique basedupon the one

used commercially to make honeycomb for sandwich construction. It is made

by stacking resin impregnated kra.ft paper with longitudinal strips of thermally

activated adhesive. The upper view in the figure is down the long axis of the

honeycomb. The other lines are the kraft paper, or in the caseof straw modules,

a thin polymer film vapor depositedwith a metal coating. Assembly is by sheet

placement, followed by heat activation of the adhesive strip. Once a stack is

assembled,the stack is expanded,creating the hexagonalcell honeycombshown.

In the caseof commercial structural honeycomb,the assemblyis then oven cured

to harden the resin impregnated in the paper, giving a structural honeycomb. In

the case of a drift chambermodule, the expandingsupport would be provided

by an externalframe, madeof carboncompositehaving low atomic number and

low mess. the anodewires would then have to be threadedthrough the cells

or placed there, loose, during layup and stretched betweenendplates, which

would provide the alignment.Development is neededto leant whether precisely

shaped hex cells can be created this way.

Another approach would be to thermoform sheetsof connectedhalf cellsfrom

a metauized plastic film, as shown in Fig. 5.3. A sheetof cell "lowers" can be

laid out and anodewires laid in place to avoid subsequentthreading. A sheet



of cell "uppers" can then be positionedby meansof a vacuummandrel,which

provides both alignment and a thermal impulse, which welds the uppers and

lowers alongthe intersection. Center wires would again have to be positioned

by stretchingbetweenend alignmentplates. Or the lowers could be filled with

a temporary filler on which the wire might be laid down, along with periodic

support fibers. The temporaryfiller would support the wire until it could be

attached to supports on each end. Subsequenthex layers would be fAbricated

in a similar manner. Finally, the temporaryfiller would be leached from the

assemblyafter permanentsupporting connectionswere made. As notedabove,

it may be possibleto assemblethesecomponentswithout the useof a temporary

filler, thus simplifying the process.

A variation on the above theme would utilize a conductive plastic as the

formable layer. The conductive plastic would allow dischargeto the tube wall

from the wire. It would still need to be metallised, but now exterior metailiza

tion would be sufficient to increasethe current carrying capacity to that required.

Extrusion of a continuous length of the conductive polymer followed by metal

lizing on the exterior surface would be much simpler than metallizing an interior

surface.

Another possibility would be to explore liquid crystal and other ultra high

strength polymers as the tube formers. These might give extra rigidity and

permit more stable structures.Thin compositesheetswould be examinedif they

could be madeto meet the low massrequirements.

Yet another variation would entail the useof a low density, structural foam as

a filler material betweencylindrical straw tubes. Cylinders could be fabricated by

extrudinga mandrel over the central wire andcoatingor wrapping themandrelto

give a metailized surface either on a thin plastic film or on the surfaceitself. The

cylinders would then be built into a structure, aligned, and tied to end plates.

The foam would then be pumped into the spacesbetweenthe cylinders to make

a unitized, rigid structure. Finally, the mandrels would be leached out of the



cylindersto createan arrayof tubes with wires alongtheir axes.

The Los Alamos and Colorado groups will coll&borate on these investiga

tions, with Los Alamos responsible mainly for cathode structuredevelopment,

and Colorado mainly for assembling these into prototype drift chambers and

testing them.

5.4. Dynamical alignment strategies

To avoid the momentumresolution of the finishedsystembeing dominated by

systematicsarisingfrom the relative module alignment,we will start developing

a comprehensiveopto-merhanical alignmentsystem,in parallelwith the tracking

component development. Only by developing the alignment as an integral part

of the tracking systemcan the systematicerrors be minimised.

In developing the alignment systemwe will start by consideringthe existing

L3 survey system which uses laser beams,LEDs and photodiode sensorsto

monitor the relative chamberpositions in the detector. This L3 systememploys,

straight-line monitors, eachconsistingof an LED, a lens and a quad photodiode,

and also, coplanaritymonitors,eachconsistingof a ‘laser beacon ‘,produced by

a rotating mirror, andarrays of photodiode sensors.Initially, wewill construct

similar straight-line monitors3 but will attempt to develop a coplanarity monitor

with no moving parts. For this later purpose we will investigate whether an

adequately uniform plane of laser light can be made using accurate diffraction

gratings or other passiveoptical components.

In addition to the position monitoring in the experiment, a comprehensive

alignmentsystem must indude the fixtures andinstruments to ensurethe track

ing componentparts are accurately constructedand measured. Using our expe

rience working with the SLAC alignment group on the survey of the SLD drift

chambers,we propose to purchaseand setup at Colorado a Laser Interferometry

measurementsystem. Initially, this would enableus to evaluateprototype straw

chamber modules in conjunction with our proposed cosmic ray telescopeandso



choosesuitableconstructiontechniques.Later,we would be able continually to

providequality control for the chambermodule prodpction.

5.5. Coordinatedmechanicaldesign

The WestinghouseScienceand TechnologyCenterwill undertakea 24-month

programto perform the preliminary mechanicaldesignof the tracking system.

The program will investigate the areas of mechanicaldesign,materialscience,

thermal management,andmanufacturabilityof the detector/components.This

programwill culminate in the costing and manufacturing requirements for the

fabrication of a full length section of the proposed tracker which will demon

strate all of the design features and manufacturing procedures. The first phase

of the program will result in a functionalspecificationsdocument for the tracker

which will delineate all pertinent designrequirements, alignment specification,

and material characteristics/properties necessaryfor a rugged, reliable tracker

design.

Upon review of all of the tracker designoptions by the group,a lead concept

will be identified for initial analysis. Detailed structural and thermal models of

the tracker will be generatedandanalyzed for various loading scenariosexpected

during typical operating regimes. The modelswill be usedto verify the adequacy

of the support systemto maintainproper operating temperatures andniinixnize

temperature gradientsalongthe axis of the chamber.

Layout drawingsof various tracker componentswill be generated through

out the program in sufficient detail for analytical modelling andcost estimating

purposes. Upon selectionof a lead concept,manufacturing andassemblylayouts

will be created, when appropriate, in order to construct and assemblea partial

section of the prototype tracker.

The fabrication and assemblyprocesseswill be specifiedin detail. A complete

study will be madeof the QA/AC testing necessary.The layout for theelectrical

cables and fluid hoseswill be produced. A thermalmanagementstrategy will

be developedto remove heat from the electronics and maintainthe temperature



gradientsin the drift gas to a level where the position resolution will not be

degraded. Systemintegration with the rest of the detector will be investigated.

Westinghouse,with input from the rest of the group, will estimate the cost

andschedulefor the overall fabrication and delivery of a completeddeviceto the

SSC detector location.

5.6. Test facilities

There will a number ofsmall module prototypes built by this collaboration. T

he major prototype assemblywill be a multisuperlayer systemcontaining atleast

1000 cells. We anticipate that there will be three superlayers and a complete

support system.

To evaluate the position resolution of prototype straw chamber modulesde

veloped in this program we propose using a cosmic ray telescopeat the Uni

versity of Colorado. For the SSC studies we would improve an existing system

built for the studies of SLD prototype20 and production3’ drift chambers.The

improvements on the SLD systemconsist of better segmentationin the scintilla

tion counter triggersand increasednumbers of drift chamberreadout channelsto

cope with the smallercell sizeof the SSC plans. Figure 5.4 showsthe envisioned

system.

The trigger requires the particles to passthrough 26cmsof lead and soselects

muons with momenta greater than 0.5 Gev/c by range. Typically we would have

an active area of 10 x 200 cm2, andwith the above momentumcut we would

collect about 30k tracks overnight, with the system. In general, we would have

many layers of straw chambersand measurethe resolution of somelayers using

other layers as the referencepoints.



POSSIBLE TRACKING SYSTEM CONFIGURATIONS

.5 4

t

P1n 2.0

It 3.0

CS

Se.

S

SiI
0

0

I

2m

I. 12
I La

it 30

1’

Thbesow’

r
‘-p

Silken

ttijI Wir -

1-

0 I 2. 3 4.
1m

2.

aitI tOire
CRm’. berg

‘1 1.5

I a 3 4. 3.

Cc.

.2
a

E
‘-p

Straw Tic bes

Rdi**I Wire.
Chamrs

q: f,5
fla 1.92

C
0 I 2. 3

flc3.o

Sf 5 0

Fig. 5.1



Pig. 5.2 HexagonalArray constructionusing layeredconstruction
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6. FRONT END AND TRIGGERING ELECTRONICS

Introduction

We propose to develop, test and install front endelectronics for signal pro

cessingandsparsified readout of the central trackingdetector based principally

on a data driven architecture that hasbeen under developmentat the University

of Pennsylvania for the past two years. This designdependsheavily on custom

integrated circuits mounted at the ends of the detector. Eachchannelwill be

self-gating and have a multi-hit capability. Data will be "stored" basedon the

status of system"triggers" and digitized only after qualification by severallevels

of acceptance. Sparthficationand the inclusion of local memory will allow the

implementation of a highly multiplexed readout. Figure 6.1 givesan illustrative

overviewof the front end readout system.

The development of these ASICs Application Specific Integrated Circuits

is being addressedby other proposals, but it is expectedthat we will want to

customizethe behavior of the signal processingchip and take full responsibility

for the procurement of production quantities of thesechips. Prototyping efforts

will proceed in parallel with the development of finalized electronics with each

stepintegrating more of the system.

Detector Constraints on Electronics

To set timing and double pulse resolution required by the electronicsweesti

matea saturated electronvelocity of about 70-100pm/xis. For position resolution

of better than 100 pm we require a time resolution of less than one nanosecond.

The longest signalswill arise from tracks passingthrough the center of the straw

where the trail ofionization will extendto the full diameterof the tube. Negative

ions produced near the cathodewill take as long as 30 ns to drift in giving rise

to a pulse of at least this width in time. For this reason we do not expect to

resolvedouble tracks in the samesensoror all hits in eventsoccurring in sequen

tial crossings.The electr7nicswill be designedto have a double pulseresolution



of about 16 us since there may be severalsourcesof noise triggersin addition to

ionizationsthat do not havelong signal duration.

The bulk of the induced chargearisingasa "tail" following thearrival of the

last ionizing electronsis moderatedby the motion of positive ions towardsthe

cathode. Positiveion inobilities on order of about 2 x iO m2/Vs combined with

the logarithmic potential will produce a signal that decayswith a 1/t dependence

and will last as long asseveralhundred ps. Thesetails arecommonly truncated to

improve double pulseresolution.22 In order to accommodatethe instrumentation

of large numbersof channels,it will be necessaryto develop integrated versions

of cancellationcircuits such asthosecited in the reference above.

There areseveral physical requirements that will drive the design of instru

mentation for the central tracking system.As has beendiscussedin severalSSC

workshops, multiple scattering and the need to limit "cracks" in the calorime

ter will make it impossible to bring all signalsout from the detector. Data will

have to be selectivelyprocessedand held for readout onto highly multiplexed

bus structures. The 4 mm straw will severely limit the footprint available for

instrumentation at the ends of the chamber and there will be a high premium

put on the spacethat extendsbeyond the straw, especially if a split at z = 0 is

implemented.

In addition, the power budget will be severely limited due to the difficulties

ofproviding cooling inside a tightly dosedcalorimeter. Temperature dependence

of the gas gain will present a further constraint. Neutron albedo from the large

numberof interactions in the calorimeter will result in the need to provide radi

ation hardenedchamber electronics.

Feasibility

A large amount of work has alreadybeen carried out on the development

of specializedintegrated circuits for signal processingand readout at the SSC23

as was mentioned in the introductory paragraph. A fast, low power, low noise,



prototype ASIC suitable for gas ionization detectors has already been designed,

fabricated24 and tested. Figure 6.2 shows the pulse responseof this circuit av

eraged over forty eventsfor a 6000 electron input. The base-to-basetime is less

than the 16 ns design goal and the measurement time is dose to the 5 ns a

pected. Figure 6.3 shows a comparison betweenpredicted and measured noise

performance. Good agreement betweensimulation and measuredresults in this

and other designs35leads us to believethat virtually all signal processingcan be

performed on chip. The power requirement will be a factor of nearly fifty lower

than conventional designsdue to reducedstray and interconnect capacitance. A

secondbenefit of this scalingis the reducedtransmission.andpickup of "system"

noise. External signals will be treated using the following algorithm:

Fast signals carrying timing information will be transmitted differentially

and shieldedwhere possible. Voltage excursionwill be limited to a few

hundredmillivolts. Data lines which may need to be single-endeddue to

pinout limitations will be shielded and adjusted for the minimum dY/at

consistentwith reliable operation.

The parts count of thesesystemswill be so low that novel mounting techniques

may be possible, integrating the signal processingelectronics and readout into

gas manifolds or other structures. A good set of simulation tools and a. care

fully planned prototyping agenda will keep the total cost of development and

production far below that of hybrid or discrete designs.

Systematic calibration and integrity tests for eachpart of the readout will

needto be "built in" to assesschangesand failures. Critical d&ta paths will need

to be redundant and implemented with componentsthat have predictable failure

modes. These needs are addressedin an electronics subsystemproposal and

developmentsfrom that work areexpectedto be implementedwherever possible.

Position resolution depends critically on the characteristics of the detector

and electronics. As stated earlier 100 pm position resolution will require at least

1 ns timing resolution given the expectedelectron velocities. A prototype time-



to-voltageconverter TVC has been built2 and has demonstratedthe capacity to

easily measureand hold multiple timing sampleswith a precision of much better

than one nanosecond.

The capacity of the front end signal processingelectronics to accurately pro

vide this timing information to the TVC without requiring an unacceptablegas

gain can be demonstratedas follows. The time developmentof the chargeinduced

by positive ion motion can be written:

- ln1 + t/T
/Q,,

- 21nb/a

T is a characteristic detector tail time, dependingon positive ion motion, wire

potential and inner and outer chamberradii a and Li. T is about 2 xis fbr the

straws being considered. Q,,,1 is the gasgain when Qt is the signal due to

a single primary electron. It can be seenthat the signal increasesrapidly with

i when if T is near unity. Therefore the useful part of the total gain increases

rapidly with t when it is of the sameorder asT. In addition, a small contribution

of about 1-2% of the total signal will arisealmost instantly from the motion of

avalancheelectronstowards the wire.27

Thermal and shot noise which set the designlimit for minimum noise are

determined by circuit design and available technology. A fair estimate for the

final electronic performancewould be an equivalent noise chargeof 1000 rms

electrons for a 10 pF detector capacitance,5 us measurementtime, and total

power dissipation of less than 25 mW including the TVC and readout.

Raving defined the signal and carefully estimated noise,we can next address

the minimum acceptablesignal to noiseratio S/N by examination of the limits

on discriminator threshold. In order to limit dead time due to triggers caused

by thermal and shot noise in the preamplifier, we will need to set the threshold

at least three times higher than the rins preamplifier noise. Considering the fast

shaping amplifiers being developedfor useat SSC, this will result in a trigger



rate of 1-2 hundred kilohertz. To achievehigh triggering efficiency 99.7% we

require the discriminator threshold setting to be at least three times the rms

preamplifier noise below the minimumsignal. These two constraints combine to

set a lower limit of 6:1 for S/N.

To find the effect of this S/N on the timing resolution we write the transfer

characteristic of the multiple pole shaping amplifier we expect to use:

= c/n’t t/T4" e_tITi

where there are it - 1 shaping stageswith integration times T. The time res

olution for triggering on the first electron can now be obtained by setting a

threshold as prescribed above, superimposing a gaussiannoise distribution and

plotting the expectedtrigger time. Figure 6.4 showsthe result for threeshaping

stageswith a measurementtime of 5 ns the values that apply to ATT prototype

amplifier referred to above. The halfnanosecondrms value for this distribution

gives encouragementthat the present state of amplifier development is sufficient

to satisfy the timing requirements. Plugging the S us measurement time into

the chargeequation given above and adding a 2% contribution for the electron

component, we find that about 14% of the total charge will be collected. Since

the minimum signal must be 6000e during this time it can be estimatedthat the

total gas gain required is about 4 x iO for a S/N of 6:1.

Electronics Under Development for SSC Detector Systems

As mentioned in the introduction, this project will make useof generalized

electronicsbeing developedto meet signal processing,rate, occupancyand radi

ation hardnessconstraints set by the SSC. We expect to have accessto and use

prototypes of the following ASICs:

* Preamplifier/shaper

* Preamplifier/shaper with detector tail cancellation



* Low power differential discriminator

* TVC and AnalogMemory unit with sometriger control

* RadiationhardenedTVC/AnalogMemoryunit

* Data collection chip

The parts appear in roughly the required sequence.We assumethat the majority

of the burdenof developmentwill be with the electronics R&D proposal.

We would also like to pursue making use of the digital time measurement

system called TMC Time Memory Cell.28 TMC uses 0.8 micron CMOS tech

nology to measure time digitally with an accuracyof 0.8 to 1 us. Contrary to

TVC, TMC usesstandard CMOS memory technology with no analog processes

involved for timing measurement. TMC has been actively developedin Japan

under the collaboration betweenKEK and NTT. A prototype chip achieved0.8

us time resolution. It is expectedto have a secondversion of TMC by Spring

1990. The preamplifier-shaper-discriminator systembeing developedfor silicon

strip readout using super high speedbipolar technology29will be used for the

present wire chamber readout. The system has been developed in Japan un

der the same technical collaboration betweenKEK and NTT. The prototype of

the preamplifier and shaper circuit has demonstrated pulse amplification with a

shaping time of 15 us.

Detector Specific Issues for This Proposal

Although circuit designand shaping issues will largely be solved with the

existing prototype work, it will likely be necessaryto makeperformance modifi

cations to adjust input impedance,add systemnoise compensationor someform

of fast output for triggering processors.This will require someadditional proto

typing that is expectedto be the responsibility of this group. Thesecustomized

ASICs will be for the front end signal processorand discriminator but probably

not for the TVC or readout processor.



It is expectedthat alter the ASIC designs are finalized that most of the

burden of ASIC production and the relatedspecializeddevelopmentof boards

and readout systemswill be the responsibility of this collaboration.

Radial Drift Chambers

The forward detector may be realized as a radial drift chamber rather than

a straw tube chamber. The readout of this kind of detector has traditionally

bàen with Flash ADCs. As a result of discussion at the Vancouver Tracking

Workshop we concluded that the signal processing and readout system being

developedfor the central tracker would probably also work well for radial drift

chambers. Somemodifications might be necessaryto handlelonger drift times

and a possible additional feature of dual threshold triggering to allow a TRD

mode of operation. These ideas will require additional discussion before specific

R&D goals can be stated.

Extraction of Important flacking Parameters from Superlayers

Two ideashave beendiscussedat recent tracking workshops that would take

advantageof ixxfonnation available from adjacent layers within a superlayer to

present the Level 1 or Level 2 trigger systemwith critical tracking information.

These ideas could be implemented with simple additions to planned circuitry.

Stiff track segmentsmay be easyto identify andmatch in a solenoidalfield.

Taking advantageof the half cell offset betweenlayers and the nearly constant

time acrossany two layers,J. Chapmanhatsuggestedan ‘electronic" version of

a simple segmentfinder.30 In offline analysis the position along the wire will be

found by matching stereo views andthen using tracking information to get good

precision. At the suggestionof C. Ransonsimple circuit schematicshave been

developed to use coincidenceinformation between superlayers to find a crude

2 position within less than 100 ns alter the beam crossing. This might allow

the central tracker to point into the calorimeter to the expectedlocation of stiff



tracks. Thesolid anglefor taking energysumsmight in turn be limited to exclude

uninteresting regions and calorimeter "noise" might be substantially reduced.

While theseideasarestill in their infancy it is clear that sometype of "smart"

electronics is possible. Prototyping of several layers will help provide a testbed

for examiningthe accuracyand survivability of theseschemes.

SystemLevel Tests

It will be necessary to submit the electronics, as well as the straw tubes

themselves to a realistic system level test in a charged particle beam. Rate

effects, bottlenecks and systemnoise will need careful study. The present plan

is to develop and test single and multiple channel prototypes of the front end

signalprocessorin the first year,allowing the TVC developmentto be completed

elsewhere. The secondand third years would include full systemtests with all

available electronics. This will require the development of specializedreadout

boards and a full data acquisition system. In addition, it will be necessaryto

simulate control, testand calibration signalsin the electronicsbefore it is installed

on the prototype detector. This will require the developmentof specialized"test"

stations.

Triggering Electronics for Drift Tubes

For data from drift tubes to be used in the first level trigger at the SSC fast

tracksmust be found quickly and the background from thehigh occupancyof hits

must be suppressedgreatly. Since the drift times in straw tubes is considerably

less than the pipeline storagetime being consideredfor the SSC, the information

about which wiresare hit is available in time for a fist decision. Two problems

must be overcomeif the tracking signals are to be most effective asa component

of the trigger. First, the presenceof a high momentum track must be sensed

and second, the particular beam crossingof the triggering track needsto be

determined. One would also like to know a rough z coordinate for the track.



A technique to obtain these pieces of information has been devised and

simulated - the synchronizer. The basic approach hasbeen documented in a

preprint and a publication has been submitted to IEEE, Nuclear Instruments and

Methods.30 We propose to implement the schemein custom integrated circuits.

The circuit will accept as input the signals from the front end discriminators of

threetubes arranged in the staggeredcell pattern of the straw tube superlayer.

It will output a pulse at the maximumdrift time of the cell if the track is within

a preset anglewith respect to thenormal to the superlayer. The angle restriction

is one-to-onerelated to a momentum threshold for the track. A coincidenceof

signalsfrom axial and stereo layers of straws then defines a. z coordinate range

for the stiff track. A fixed time delay of the coincidencecan be arrangedso that

the output is always a fixed time alter the particle passageasthough there were

no variable drift or propagation delay, just a fixed cable delay.

A program to construct a chip containing the synchronizer, the momentum

selection,the coincidence,andprogram settabledelay has beensubmitted aspart

of a trigger subsystemproposal from the University of Michigan, the University

of Chicago, and Fermilab. One member of that proposal is also part of this

proposal as a means of coordinatingthe work of chamber designwith trigger

design.



GENERALIZED FRONT END ELECTRONICS

TRIGGER
LEVEL 2

I II I I* I- - II II

LOCAL TRIGGER
GROUP

/

-
- DIGITAL IEYIORV - - DATA

TRIGGER PATH

CLOCK

TtG

LEVEL I

3:
PREMIP SHfrPIP DISC.

-
- ANALOG MEPDRV - -

Fig. 6.1.



ATT PREPimP 5HrQUL o’xp’ft’
s. cc waUV PP* ‘c pulseS

u -.

L
I 4
I ... :1I *

-
-

F -‘

£ I
I.. I

-7.200 nu 17.800 flu 42.800 ns

Functjonl 5.000 mvolts/div - Offset a -312.5 uVoltu
Tsnebaue 5.11 na/div belly - 17.800 flu

belt. a 10.00 mvolte
VtarIerI * 200.0 uVolts VM.rk.r2 * 10.20 mVolts
Delta T - 5.000 flu
Start * 13.300 na Stop * 18.300 flu

Trigger mod. Edge
On Po,. Edge on TrLQ4
Trigger Levels
Trsgê * 705.0 mUcUs
Haidof? a 70.000 ns

Fig. 6.2.



ATT Preamp Noise
E,N.C. electrons

Input capacitance

measured -i- SPICE2

m.cuur.d stop. 39s1.ctronu/pF up to 15p

2500

2000

1500

1000

500

0
0 5 10 15 20 25 30

Fig. 6.3.



tIME DISTRBUTION rOR $/N6 T14-SN$

HBO0 ID - 3 DATE $92109?? NO 2

1900
1850 - I
1*00 I I-
1750 1 II
1700 I II
1650 -I II
1600 II II
1550 II II
1500 II II
1450 U II
1400 lI-Il
1350 I I -

1300 - I I I
1250 1 I I I
1200 I-I I-I
1150 I I
1100 I I
1050 1 I
1000 I I
350 I I
900 I I
850 --I 1
800 I I
750 1 I
700 I I-
650 I I
600 I 1
550 I I
500 I I
450 -I
400 I I
350 -I I
300 -I
250 I I-
300 1 1
150 --I I -

100 -I I--!-
50 - I I

CHANNELS 10 0 1 2 3 4
1 12345678901234567s90123456759012345673901234567890

CONTE*rr$1000 111111111
100 112341821683871386542211

10 122453260400974575993385272015313
1. 6 7 9071,$4422$6206306791631646504284479246

L0W-EDGE 1. 1111111111323222222333333333334444444444
0 012345671901234567S901234567$90123456?S901234567$9

DJTRIES - it’S? * ALL CHANNELS - 0.1996E’oS * UNDflFLOW - 00000t+00 * ovnrLow - 0.0000E*O0
9ffl WID - Oiooot+00 * MEAN VALUE - 02561E+01 * ft H S - 0.4SSiE+00 * AINOR CHA. 0.00005400

Fig. 6.4.



7. COMPUTER SIMULATION STUDIES

Introduction

One of the members of this collaboration G. Hanson began work on com

puter simulation of tracking systemsfor the SSC aspartof the effort of the Cen

tral Tracking Group during the 1986SnowmassWorkshop1 andhasbeenworking

on this project with co-workers underDOE support since October, 1987. During

the past two years we have madesubstantial progressin computer simulation of a

central tracking systemsimilar to that for the Large SolenoidDetector described

in Ref. 13. We have used the general detector simulation packageGEANT3."

Results from this simulation aresummarizedhere and have beenreported in de

tail at several conferences and workshops.’2’5 As part of the effort describedin

this proposal we will continue the tracking system studies with the goal of design

ing an SSC tracking system,including tracking in the intermediate region 1.2 <

< 3.0 andpossibleintegration of a wire chamber could be scintillating fiber

tracking systemat radius> 50 cm with high-precision silicon tracking systems

at smaller radius. In addition, the results of the simulations will be useful for

studies of charged particletriggers.

Summary of Tracking Simulation Studies

The SSC tracking systemdesignused in the simulation studieswas based

on that discussedin the Large Solenoid Detector Group Reportfrom the 1987

Berkeley Workshop," although it is quite general and canbe usedfor anysys

tem of cylindrically oriented sensingelements. The simulated tracking system

consistedof cylinders of sensewires with azimuthal spacingsof 4-7 mm. These

wires could be in straw tubes, smail-celi wire chambers,or even jet cells. The

central tracking systemextendedfrom 50 to 160 cm radially andcoveredml C

1.2-1.5. The tracking systemis shown in. Fig. 7.1. The layers of wires were

grouped into 13 superlayers with 8 layers each. Within eachsuperlayerthe layers

were staggered by half the cell width in order to resolve left-right ambiguities



and allow the hits from out-of-time bunch crossingsto be rejected, as shownin

Fig. 7.2. The design is based on a pattern recognitièn strategy of finding track

segmentsin superlayersand then linking the segmentsto form tracks. Track

segmentsin outer superlayers can also be used in the trigger. The calculated

momentum resolution of such a system would be O.54 TeV/c for 150 ,zm

spatial resolution and a 2 Tesla solenoidal magnetic field, although real tracking

systemswould be expectedto have somewhat worse momentum resolution due

to pattern recognition problems in complicated eventsand systematicalignment

errors for a large tracking system. The momentum resolution would improve

with the constraint that the particles tome from the interaction region.

We usedISAJET to generateevents,both from interesting physicsprocesses

and from inelastic scattering background. We used the GEANT3" general-

purposedetectorsimulationpackageto simulate the interactions of the particles

with the detector. The reasonsfor using GEANT3 were that somuch effort had
alreadygoneinto it over many years, it seemedthat sucha package might be

more suitable for useby physicists working on simulation of variousparis of the

detector and later putting together the various subroutines within a consistent

framework, and we wanted to gain experienceand hopefully contribute software

which could be used by others. We have already realized someof the advantages

of using a general-purposedetector simulation packagesince the SLD Group at

SLAG is usingGEANT3 to simulate their detector and wewereable to make use

of their efforts in getting GEANT running on the SLAC IBM 3081 computer,

particularly their implementationof GEANT graphics.

We included curling tracks in the 2 T magnetic field andphoton conversions

in the 8% of a radiation length of material this was the estimategivenin the

Large Solenoid Detector Group Report for a central tracking systembuilt of
straw tubes. We superimposed the backgroundfrom minimum bias events in

the same and out-of-time bunch crossingsby including the number of bunch

crossingsbefore and alter the bunchcrossingof interestgiven by the resolving

time ofthe drift chambercells we useda 50 zm/nsdrift velocity andgenerating



at eachbunch crossinga numberof eventsgiven by a Poissondistribution with

a meanof 1.6 interactions per bunch crossing. For eachtrack crossing a cylinder

of wires a hit wasproduced representing the distance of closestapproach of the

track to a wire convertedto drift time and the wire number of the closest wire.

For the mInimum bias events,the drift time was corrected for the difference in

time betweenbunch crossings. To simulate double-hit resolution, we kept only

the earliest hit on each wire. Also, hits within the tails the width of the pulse

was equal to half the sensewire spacingof hits from previous bunchcrossings

were removed. The double-bit resolution is the mechanismby which information

is lost in thesecomplex events.We also included a spatial resolution of 150 pm

and multiple Coulomb scattering in the material. To date we have simulated

only axial wires. The simulation programis described in more detail in Ret 36.

Using this simulation, we havebeenstudying tracking in eventsfrom interest

ing physicsprocesses.So far, we have looked at high-n pp > 1 TeV/c two-jet

events and heavy Eggs boson production and decayinto Z°Z° with both Z0’s

decaying into e+C or p,r. An exampleof a high-pp two-jet event in the sim

ulated tracking systemis shownin Fig. 7.3, and an exampleof a Eggs eventis

shownin Fig. 7.4. We have studied the total numberof hits in events,including

hits from background from out-of-time bunchcrossings,and the fraction of bits

lost becauseof the double-bit resolution, and began working on pattern recog

nition algorithms in order to examineour original designgoals of finding track

segmentsin superlayers and removing hits from out-of-time bunch crossings. As

an example, Fig. 7.5a shows all of the hits for the Eggs event shownin Fig.

7.4, including thosefrom minimum bias background events. Figure 7.5b shows

only thosehits which areincluded in the track segments.Figure7.5c showsthe

tracksfrom the original event in the outer five superlayers in the regionaround

the muon at the lower right. Figure 7.5d shows all of the hits in the event in

the enlargedregion the locations of the hit wires are displayed, and Fig. 7.5e

showsonly the hits in the enlarged region which form track segmentshere, the

left-right ambiguities have been resolved, the drift times have beenconverted



to distances,and the hits are displayedat the positions of closestapproachof

the tracks to the wires. One can see that keeping only the hits which form

track segmentsdeansup the eventsconsiderably. The results from this tracking

simulation have been reported at severalworkshops and conferences.3235

Ongoing and Future Tracking Simulation Studies

The simulation reported abovedid not include measurementof the coordinate

along the wire nor did it include tracking in the region of pseudorapidity 1.2 C

fr < 3.0, the intermediate region. For central tracking, the coordinate along

the wire can be measuredusing small-angle stereo wires. The conceptual design

for a central tracking system includes alternate superlayers of axial and small-

angle stereo wires. Cathode pads or strips may be needed to help match the

axial and stereo track segments. The propagation time along the longest wires

is about 16 ns, about the sameas the time betweenbunch crossings. The need

for information about the position along the wire as input to the segmentfinding

is being examined. At the Vancouver Workshop’4 a scheme was worked out

for determining the bunch number from the displacement of segmentsin outer

axial and stereosuperlayers. Simulation studies can help determine whether the

method works for complicatedevents.

We arealso including simulation of intermediate tracking 1.2 < I’iI C 3.0.

One promising configuration for wire chambers for the intermediate region is

radial wire chambers.’10So far, no trackingsimulations for radial wire chambers

at the SSC have beencarried out, and there aremanyareas for study. Two of

these arehow to measurethe coordinate along the radial wire andhow to use

radial wire chambersto find a high-pp track segmentfor the trigger. Another

possibility for the intermediate region is crossedplanesof wires or straw tubes.

These might also be usedin conjunction with radialwire chambers.We may also

find that we need cathode pads in the intermediate region.

We axe continuing work on pattern recognition algorithms for both the cen

tral and intermediate tracking regionssince they are integral to the design. In



particular, experiencewith patternrecognition in the intermediateregion will

help determine the optimal tracking systemdesign for this region.

A track fitting algorithmwill be set up that wiU properly integrate informa

tion from both the silicon and wire chamber componentsof the tracking system.

It should include the effects of multiple Coulomb scattering as well as proper

weighting of the data from the different types of devices.

We will usethe tracking simulation software to evaluatevariousconfigurations

andnumbers of layers in order to optimize the overall trackingsystemdesign.

In the technical computing area, we encountereddifficulties in carryingout

this simulation work on the IBM 3081 becauseof the limited addressspacefor

virtual memory. In order to carry out a complete simulation, we had to run

five separate jobs in order to generate the four-vectors for interestingphysics

and backgrounds, simulate the detector responsefor each,andmerge the results.

While this problem may be somewhat alleviated with the new operating system

on the present IBM 3090 at SLAC, we arein the processof converting the code

to nn on a VAX computer so that we can carry out the entire simulation in

one process.Another effort in this areais implementing the GEANT graphicsin.

GKS.

Summary of Tracking Simulation Proposal and Personnel

During the next threeyearswe will continue our studiesof tracking systems

for the SSC using and improving the computer simulation softwarewehave devel

oped. The computer simulation will be carried out on the High EnergyPhysics

Group VAX 6340 at IndianaUniversity, the VAX 8800 at the University of Col

orado, and the VAX cluster at the Lawrence Berkeley Laboratory. The work will

include:

1. Including more realistic effects in the simulation, such as electron drift in

small-cell or straw tube drift chambers,including the effects of E x B.

We have so hr used only the geometric distance of closest approach. We



also should be keeping track of the time of flight for looping tracks in the

magnetic field sincea drift chambercell can be sensitiveto a track from a

muchearlierbunchcrossing.

2. Continued studies of pattern recognition and track finding along the lines

described above, including the intermediate tracking region, effects of the

measurement of the coordinate along the wires, and possibilities for trig

gering.

3. Detailed studies to optimize the overall trackingsystem,including varying

the tracking systemparameters such as cell radius and number of layers

in a superlayer, effects of dead areasat cell and module boundaries, need

for cathode pads, boundary betweencentral and intermediatetracking,

integration with silicon detectors,and value of the magnetic field.

4. Put together severalcomponentsof a detector, including calorimeter, muon

system,etc., in a single simulation to determine how well events from in

teresting physicscan be identified and measured.

The institutions involved in the tracking simulation effort are the Univer

sity of Colorado, IndianaUniversity, the Lawrence Berkeley Laboratory, and the

University of California at Davis. The personnel are listed in Section 8.
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Fig. 7.4. Example of a Higgs event in the simulated centraltracking
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8- PROJECT ORGANIZATION

Contact person: C. Hanson

The proposal can be broken down into the following major areas. We list

each area and the personnelfrom eachinstitution who will be responsible.

Straw Chamber Development

B. Ogren, R. Foster, C. Hanson, X. Lou, C. Neyman, D. Rust Indiana

University

U. Nauenberg,P. R.ankin,.1. C. Smith, C. Schultz,plus 1 FTE undergrad

uate University of Colorado

R. Lander, R. Breedon,K. Maeshima,plus 0.5 FTE electrical engineer,

0.5 FTE mechanicalengineerand 3 FTE graduatestudents University of

California, Davis

RadialWire Chambers

3. B. Dainton, P.S. L. Booth, E. Gabathuler, plus 1 FTE desIgnengineer,1

FTE physicist, 1 FTE graduatestudentand technicalsupport University

of Liverpool

D. H. Saxon,P. Sharp,3. C. Hart, N. A. McCubbin,plus 2 FTE electronics

engineers,1 FTE physicist, 1 FTE graduate student andtechnicalsupport

Rutherford Appleton Laboratory

Alternative Cell Structures

3. Can, P. Rankin, EL Erdos, plus 0.5 FTE physicist University of Col

or ado

D. Duchane,S.Newfleld, plus technicalsupport Los AlaznosNational Lab

oratory



MechanicalIntegration

H. Ogren, C. Hanson, C. Neyman, D. Rust Indiana University

W. T. Ford, 3. Can, C. Schultz, E. Erdos, plus 1 FTE graduate student, 1

FTE undergraduate University of Colorado

D. Hackworth, 3. Hendrickson,3. W. Barkell, plus engineering support

WestinghouseScienceand Technology Center

R. Lander, R. Breedon, K. Maeshima,plus 0.5 FTE electricalengineer,

0.5 FTE mechanicalengineerand 3 FTE graduate students University of

California, Davis

Front End Electronics

F. M. Newcomer, R. Van Berg, H. H. Williams, plus 0.4 FTE designer,

0.5 FTE CAD/CAE systemsmanager and technicalsupportUniversityof

Pennsylvania

Y. Arai plus technical support KEK

R. Crittenden, D. Rust, P. Smith, plus engineer and 0.5 FTE data acquisi

tion programmer Indiana University

Triggering Electronics

3. ChapmanUniversityof Michigan

Computer Simulation

C. Hanson,B. Brabson,A. Dzierba,X. Lou, D. Ziemineka,2 FTE physi

cists/programmers,1 FTE graduatestudentIndianaUniversity

W. T. Ford,3. C. Smith, plus 0.5 FTE physicist,1 FTE graduatestudent

University of Colorado

A. P. T. PalounekLawrenceBerkeley Laboratory

W. Ko, 3. Smith University of California, Davis



9. Milestones

Milestones for the central tracking

Year 1:

a Determinespatialresolution,drift time, efficiency for strawchambers.

This will be donefor a wide rangeof gasmixturesandinmagneticfields up about

2T. The dependenceon thresholdandamplifierdesignswill alsobe studied.High

rate testswith bothsourcesandbeamswill bemadeto study effectsof high

currentdraw,suchasheatbuild up in thegas,andwire lifetimes.

Indiana,Colorado

b Developawire supportsystem.

The tensionvs voltage characteristics for wire stability will be studied.This will

determine themaximum freewire span. We will study a numberof test designsin

activechambers.Finally the largescalefabrication of wire centering deviceswill

be developed.

Indiana,Westinghouse

c Determine the maximum length of strawsystems.

We will constructa 2 metertest arrayto measureresolution, efficiency,

stability questions.This will be followed by theconstruction of a 4 meter test array.

Basic questions concerningresolution,wire stability, signalattenuation for long

systemsshould be answered.

Mechanicalstudiesof bonded strawswill bestudied.This will include sag

measurementson strawbeams,the fabrication of pre-stttssedbeams,and the

designof supportstructures.
Indiana,UC,Davis,Colorado,Westinghouse

d Z Reconstructiontechniques

Developstraw tube arrayswith lengthsup to a few meter,using severaldifferent

winding ratios. Measurethesignalpropagation,positionresolution, andcrosstalk.



e Study fabrication techniquesfor enclosedcathode systems.

Construction techniquesmust be studiedfor mylar straw designs. Alternative

designsusing hexagonalor layeredconstructionwill be studiedand comparedto

straw systems.All systemswill beevaluatedfor efficient wire stringingtechniques.

We will developtestingtechniquesfor maintaining quality controlof wire tension,

cell spacingand cell size. The radiationresistanceof materialswill be studied.

Indiana, Colorado, IJC-Davis, Los Alamos,Westinghouse

U Develop alignment criteria for a mulfitube moduleand superlayer support system.
This will include developinglaboratorytestingmethodsandtechniques.

Westinghouse,Indiana,Colorado

g Developa designfor a multitube moduleand theconceptualdesignof a superlayer

supportsystem.We will determine thesupport criteria,makematerials selections,

and setup alignmenttestprocedures.
Westinghouse,Indiana, Colorado

h Developa designfor a module endcap.
This will include gas,HV, signal wiresdesign with integration of theend support

system.

Pennsylvania,Indiana,Westinghouse

i Establisha first costestimateof theentireprojectfor thecompletestrawchamber

system.Estimatethe constructionschedulefor such a system.

Westinghouse



Year 2

Manyof the first yearprojectswill continueinto the following years.In addition

wewill specificallyfocuson the following:

aFabricate2 meter superlayermodulesfor testing.

Someof theareasto be studied are: alignment,supportsystem,gasflow,

electronicsinterface,high ratebeamtests.

Westinghouse,Indiana,Colorado,UC-Davis

bTestsofrealisticSSC front end electronicson a module.

As electronicsdesignsare prototypedwe will measureresolution,noise,power

requirement.This will be donewith cosmicrays, sourcesand in high rate beam

tests.

Pennsylvania,Indiana

c Fabricatea4 metersuperlayermodulefor testing.

From the results of the 2 meterstudies afull length systemwill be constructedto

repeattheabovestudieson a realisticmulti layersystem.Particularemphasiswill

be placedon mechanicalstability andalignment

Westinghouse,Indiana,Colorado

d Design thecompletesuperlayersupportsystem.

Westinghouse

e Develop a constructionandcost schedulefor fabricationof all modulesand the support

system for a completesystem.

Westinghouse



Year 3

Many of the second yearprojectswill continueinto the third year.In additionwe
will focus on the following:

a Fabricateamultisuperlayersystemfor final systemcheck out

This will includeat leastthreesuperlayerswith severalmodulesin eachlayer. The

supportsystemwill of the final designandwill be studiedfor alignmentand

stability.Thiswill be used to measurealignmentand chamberstabilityusingcosmic

ray testsandbeamtests.Beamtests will evaluatehighrate-crosstalk, heatbuild

up, and electronicsintegration.

Westinghouse,Indiana, Colorado, UC-Davis



Milestones: Intermediate Tracking Hardware

In a programof R & D lasting over three years we foreseethe following as

nulestonestime ordering by number:

1. Detailed drift cell designwire diameter, spacing,etc. to meet

specificationsof cell dimensionand operating conditions including TR.

Choice of radiator material to optimise TR X-ray yield for SSC momentum

spectrum and for mechanicalconstruction.

2. Manufactureand test single or triple wedge prototype using conventional

materialsandconvenientmechanical techniques to establishoperating

characteristicsandperformanceincluding magnetic field and transition

radiation with right gasmixture conventional 200 MHz Lash digitisation

readout.

Mechanicalft & I to establish

a Choiceof lightweight materialswith industry bearingin mind their

suitability for the gaseousenvironmentand theneedto includetran

sition radiator.

b Manufacture in industry of items in lightweight materialswith ac

ceptableprecisionover full scale of detector;

c Exploitationof electricalpropertiesof newlightweight materialssuch

as carbonfibre in the design.

3. Mechanicaldesignof full scaleradialmoduleswith necessarystereo.

4. Fabricationof componentsin industry to requiredtolerances.

5. Assemblyof full scalemodules.

6. Detailed beamtest electronandpion of full scalemodules.

In parallel with this programwe foresee the development of suitable read

out electronics. The test programin 2, and ultimately in 6, above will drive

the designof cheap amplification and processing cards capable of providing all



the data necessaryto exploit fully the reconstruction and electron identification

possibilitiesof the chambers.Initially this will build rn off-line softwareanalysis

of straightforward 200 or greater MHz flash digistisation. As prototype cards

becomeavailable we will expectto test them on the prototype chambers in stage

2 or 6 above, whichever is available.



Milestonesfor mechanicalintegration

a Year 1

Specify the functional designrequirements of the mechanicalsystemin detail,

decide on suitablematerialsfor the components,and develop preliminary cost

estimateWestinghouse.Develop preliminarydesign of dynamicalalignment

scheme,set up laboratory alignmentbenchColorado.

b Year 2

Complete a preliminarymechanicaldesignandproduce the necessarydraw

ings to assist in fabrication and assemblyplannng; evaluate the designwith

structuraland thermal analysis codes Westinghouse. Build optomechanical

alignmentprototype and evaluateit in the laboratory; completeconstruction of

cosmicray tracking array Colorado.

cYear3

Completedesignof the thermalmanagementissues,andthe integration of the

straw chamber systemwith the restof the experiment; makeplans frr production

and quality control; produce a final subsystemcost estimate and production

schedule Westinghouse. Measure resolution of multi-layer tracking prototype

with cosmicrays and/or in a. testbeam; evaluatemechanicalsupportsystemand

dynamicalalignment Colorado.

Milestonesfor alternativecell ft andU.

a Year 1

Produce small sample cathodesfor eachof severalalternative cell ideas Los

Alamos. Build prototype chambers from these, and test the prototypes with

cosmic rays Colorado.

b Year 2



Decide on one preferredcell type and make a 2 m long prototype module.

Evaluate this prototype for accurate alignment and for adequatepostion resolu

tion Los Alamos, Colorado.

c Year 3

Produce a full length prototype using the planned industrial production

method Los Alamos, Westinghouse,Colorado.



Winter 1992 Submit for masksfor productionrunsof ASICs

Finalizeboarddesign



Milestones: Computer Simulation and Conceptual Design

Year 1 PY 90

Central Tracking

1. Includestereowires andmatchaxial and stereosegments.Determine need

for cathodepads or strips.

2. Determine feasibility of determining bunchnumber and coordinate along

wire by displacementof stereo roads.

3. Determine feasibility of high-pr track segmentsfor trigger.

Intermediate Tracking

1. Determine method of measuring coordinate along wires for radial wire

chambers and crossedplanesof wires or combination of both.

2. Determineneedfor cathodepads.

3. Determine possibility of finding high-pr track segmentfor trigger with ra

dial wire chambersand crossedplanesof wires.

Both Central and Intermediate Tracking

1. Set up pattern recognition and track finding algorithmsto integrate silicon

and wire chamber componentsboth central and intermediate of tracking

system.

2. Include more realisticeffects, suchas K x B, time-of-flight for looping

tracks,cracks,etc., in order to determine realistic current draw, occupan

cies,efficiencies,and momentum resolution.



Year 2 FY 91

1. Determinebestoverall trackingsystem: central/forward integration, radial

wire chambersvs. crossedplanesof wires, wires/silicon/scintillating fibers

mix.

2. Specify tracking systemdesignparameters:radii, lengths,cell sizes.

3. Continue study of pattern recognition and track fitting algorithms.

4. Stud1 charged particle triggering high-n track segmentswith overall

system.

5. Studytrackingfor various physicsprocesses,such as isolated high-p.j. tracks

in complex events,high-fl jets, and very heavy quark decays.

Year 3 FY 92

1. Continue study of pattern recognition and trackfitting algorithms.

2. Continue study of physicsprocesses.Determine trackingefficiencyand mo

mentum resolution for overallsystemfor various physicsprocesses:isolated

high-pr tracks in complex events,high-fl jets, very heavy quark decays,

etc.

3. Study feasibility of usingsecondaryverticesto identify heavy quark decays,

r lepton production, etc.



10. BUDGET

project institution 1990 1991 1992

$K $K $K
Straws Indiana 120 125 123

Colorado 72 140 82
UC,Davis 10 12 15

Alternative Cells Colorado 72 140 82
Los Alamos 250 400 250

Radial Ch. Liverpool-RAL 340 320 320

Mechanical Indiana 70 85 85
Integration Colorado 157 97 68

Davis 8 8 8
Westinghouse 194 461 300

Electronics Pennsylvania 222 229 235
Indiana 165 159 157

Simulation Indiana 55 62 62
Colorado 99 70 68
LBL 10 15 15

Total $1,844K $2,323K $1,870K

Detailedbudgets for each institution are included in the appendix.
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Year 2

Personnel

ElecimnicsEngineer $37,000
Programmer $33,000
DAQ Programmer 50% $25,000

Hourly helpstudent $ 7,000
Graduatestudent $12,000

Supplies

EndcapelectmnicsFabrication $20,000
Testing Modules,Testbeamsupplies $40,000

Equipment

Testequipment
Computertenninals
DataAcquisition for
remotetesting
Software $100,000

Travel
$ 40,000

University Overhead and Fringe $ 110,000

Total $429,000



Year 3

Personnel

ElectronicsEngineer $39,000
Programmer $35,000
DAQ Programmer 50% $25,000

Hourly helpstudent $ 9,000
Graduatestudent $14,000

Supplies

TestingModules,Testbeamsupplies
Endcapelectronics $60,000

Equipment

Testequipment
Computerterminals
DataAcquisition for
remotetesting $85,000

Travel
$ 45,000

University Overhead and Fringe $115,000

Total $427,000



Personnel at Indiana University

RayCrittenden 20%of time
Alex Dzieiba 20%
G. Hanson, 40%
Harold Ogren 20%
DaveRust 20%
D. Zieminska 10%

Chris Neyinan Researchsupportscientist 100%
R. FosterProgrammer/designer 100%
ElectronicsEngineerto behired 100%
2 physicist/programmer1 to be hired 100%
DataAcquisitionProgrammerto be hired 50%

IndianaUniversity contributesto this project at many levels. All of the principal
investigatorsareemployedby theuniversity. In addition thepresentsystemsmanager F.
Sulanke and two technical level employees B. Martin and K. Welsh arepaidby the
university. Both graduateand undergraduatestudents will be involved in this work. The
PhysicsDepartmentoffers freemachineshop time for all researchwork, we will make
extensiveuseof this for prototype construction.TheHigh EnergyPhysicsGroupat Indiana
University hasplayed a strong technical role in experimentsin which we are been
collaboratorsat Fermilaband SLAC. The group alsoincludes a DOE supported electronics
engineerPaulSmith
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Tracking Systemfor an SSC SolenoidalDetector

G. BARANKO, H. CHEUNG, .1. CARR, J. P. CUMALAT,

E. Eanos, W. T. FORD, J. GINICEL U. NAUENBERG,

P. RANKIN, G. SCHULTZ, AND J. C. SMITH

University of Colorado

Departmentof Physics

Boulder, CO 80309-0390



We propose a program of researchand developmentleading to the design

of a large wire drift chamber. This would be one component of the magnetic

charged particle tracking systemof a detector for the Superconducting Super

collider SSC. For referencewe take the Solenoid Detector Experiment design,

described below.

This proposal is pert of a multi-institutional collaborative proposal,a copyof

which accompaniesthis document. Both university high energyphysicsresearch

groups andindustrial firms are represented in. this program. We present here the

part of the program to be carried out at the University of Colorado.

01 SoLENoID DETECTOR EXPERIMENT FOR THE SSC

The Solenoid Detector Erperiment SDE study group emergedas an exten

sion of efforts at the 1987 Berkeley workshop on experiments and detectors for

the supercouider!’ The concept of this detector puts emphasisupon high qual

ity charged particle tracking in a. strong magnetic field coupled with hermetic

calorimetry of high resolution.

02 CHARGED PARTICLE TRACKING FOR SDE

Earlier work at the Snowmass summerstudies see, e.g., Ref. 2 studied

the problem of the segmentationrequired for a wire chamberin the denseSSC

environment. The reference design for the collider calls for a luminosity of

io cnr2r1, 1.6 interactionsper bunchcrossingon average,and16 ns intervals

betweencrossings.The conclusion is that the drift chambersshould be madeof

small cells about 2 mm maximumdrift distance andshould use a gaswith fast

electron drift, to minimize the time overlap of bits. In the work done to date,

a thin-tube cathodestraw geometry is favored. Silicon strips have promise for

the region inside a radiusof about 50 cm, andCCI pixel devicesin the region

nearest the vertex.



The acceptanceof the trackersshouldreach2 or moreunits of rapidity with

good momentum resolution. Taking a magneticfield of 2 T, point measurement

precisionof 200 , anda desired resolution of Apj/pj .61 sign determina

tion to 1 TeV, we find we needto cover the radial range0.5 to 1.8 m, at a half

length of 5.4 m. This is a largearray. Someof the physicsof interestat the SSC

may call for even more stringent requirements on the tracking resolution. Con

versely,the spaceavailable for trackingdetectors is constrained by theneedsand

cost of the extensivecalorimeter,coil, flux return, andmuon detection systems

which surroundthem.

It is clear we have a strong incentive to optimize the tracking system with

respect to both the intrinsic and the systemresolution. Strawtube arrayshave

been operated at one atmospherethat achievebetterthan 100 point measure

ment resolution. It is, however, not uncommonfor largedevicesto end up with

somewhatpoorer systemresolution, presumablybecauseof the difficulty ofmain

taininglocation toleranceson a largescale.Such problemsmay be compounded

with a multi-stagedesignsuchas theonepresentlyenvisionedfor SDE, incorpo

rating both wire chambersand silicon devices.

The researchand developmenteffort we proposehere coversthe areasdis

cussedin the following sections:

* Computations andsoftware development to establishperformancespecifi

cations for the trackingsystem.

* Researchand prototype evaluation on wire chamber structures.

* Engineeringand developmentof techniquesfor mechanicalalignment.

Following thesesectionsis a descriptionofour plans to study the performance

of the candidate systems.



03 COMPUTATIONAL STUDIES AND SOFTWARE DEVELOPMENT

Somesimulation work for an SDE straw chamber array has been donet"1

under previous generic detector B. & B contracts. The CEANT detector Monte

Carlo and ISAJET event generator were used to study the responseof the model

detector. These programs are now operational alsoon theVAX 8800at Colorado.

Our proposed extensionsof these studies include

* Setting up a track fitting algorithm. This should properly integrate infor

mation from both the silicon and wire drift chamber components of the

tracking system. It should include the effects of multiple Coulomb scat

tering as well asproperweighting of the datafrom the different typesof

devices.

* Exploring pattern recognition algorithms.These need to be tuned to work

efficiently in the anticipated very busy environmentof an SSC collision

region. This requiresdetailed simulation of all the particle interactions

that tend to degrade the raw data, and evaluationof their effect on the

fitted tracks.

* Evaluation of the number and configuration of the tracking layers, to be

sure a design is chosenthat is adequateto the task.

* Application of thesesoftware tools to evaluate or motivate alternative de

signs. For example,if we can find a schemeto measure directly the third

dimension along the wire coordinate of each measurement, how much

would that improve the results. How adequateis the technically straight

forward stereo wire approach.

* Examination of the choices for chambersto cover the smallerpolar angle

regions, beyond the central barrel. Should there be 600 stereorafts of

straws, cathodestrips, radial sensewires,etc.?



anadequatelyuniform planeof laserlight canbe madeusingaccuratediffraction

gratings or other passiveoptical components.

In addition to the positionmonitoring in the experiment,a comprehensive

alignmentsystemmust include the fixtures and instrumentsto ensurethe track

ing component partsare accuratelyconstructedandmeasured.Using our expe

rienceworking with the SLAC alignment group on the surveyof the SLD drift

chambers,we propose to purchase and set up at Colorado a Laser Interferom

etry measurementsystem. Initially, this would enable us to properly evaluate

prototype straw chambermodules in conjunction with our proposed cosmic ray

telescopeand so choosesuitable construction techniques. Later, we would be

able to continually provide quality controlfor the chambermodule production.

06 PROTOTYPE EVnUATION

By the time we have a schemefor mounting supercellmodules into precisely

aligned structuresand if necessaryfor dynamically measuringand maintain

ing alignment, we will want to have in place a tracking array large enoughto

determinethe system performance.

Cosmicray telescope

To study the position resolution of prototype chamberswe proposeusing a

cosmic ray telescopeat Colorado. For the SSC studies we would improve an

existing systembuilt for the studiesof SlAB prototype141 andproduction’ drift

chambers.Theimprovementson the SLD systemconsistof bettersegmentation

- in thescintillationcountertriggersand increasednumbers of drift chamberread

out channelsto cope with the smallercell sizeof the SSC plans. Figure1 shows

the envisionedsystem,and Table 1 itemizes its costs.

The triggerrequirestheparticlesto pass through 26 cussoflead and soselects

muons with momentagreater than 0.5 Gev/c by range. Typically wewould have

an active ares. of 10 x 200 cm2, andwith the above momentumcut we would

collect about 30k tracksovernight.



Prototype fabrication To provide enough measurements for overdetermined

tracking in prototype deviceswe plan for four superlayers each of about 10 cm

width and the full length 4 or 5 meters of an actual SSC device, as shown in

Fig. 1. To estimate the cost of such an array we assumethe current Indiana

designwith 4 mm diameterby 1 meter long straws. Long cathodesarecreated

by joining straws end-to-endwith molded plastic unionsandconducting sleeves.

Supercellsof 8 to 10 layersin triangularboxesare combined to form the super-

layers. The proposed readout systemwill accommodateenough cells so that we

can determinewith the outerlayers a track location againstwhich to measure

the performance,in the contextof fully reconstructed tracks, of a module under

test that is placedbetweenthem. Severalsuch test modules of different designs

will be explored, as will the schemesfor establishing and maintaininglargescale

alignment. The cost estimatefor such a systemis given in Table 2 for the readout

electronics,andin Table 3 for the fabrication.

With the redundant tracking systemwe will be testing both the intrinsic

resolution of the superlayers and the alignmentof the layers with respect to one

another. The goal is to be able to prove our ability to achievea resolutionof 100

micronsor betterthat will propagate,undeg,raded,to the momentum resolution

over a largetracking length.

07 RESoURCESOF THE Cotoaj.noREP GROUP, PARTICIPATION LEVELS

The contact person at Colorado for this effort will be William Ford, who
expectsto contribute 30% of his researchtime initially, increasingto 60% in the

third year. Levelsfor the otherfaculty associateson this project averagedover

the threeyears are 20% eachfor JohnCarr, Patricia R.ankin, and JamesSmith,

and 10% for John Cumalat and Uriel Nauenberg. EngineerGerhard Schultz and

InstrumentMaker Eric Erdos have worked with the Colorado REP group for

many years,and will eachdevote50% time to this program,and 50% to other

REP efforts. Erdos receiveshalfof his support from theUniversity of Colorado.

Participationof the researchassociatesBaranko,Cheung,and Ginkel will be



encouraged as approprate in view of existing commitments. We arerequesting

so% of the support of one additional researchassociate,as well astwo graduate

researchassistantsandtwo FTE undergraduatehelpersto work in the laboratory

andwith the computations.

Currentcommitmentsof the group areto Fermilab Experiment687 charm

and beauty photoproduction and SLAC/SLC experimentsMark II and SLD Z°

production anddecays.The E687 and Mark II efforts areexpected to continue,

includingdataanalysis,through1991; SL] will run considerably farther into the

future.

Proposedcommitmentsinclude, besidesthis proposal,a collaborativepro

gramto study thepropertiesof amorphoussilicon for usein tracking detectors.

Someapparatus would be shared betweenthat effort and this one, including the

permanent equipment listed in Tables 1 and 2 of this proposalabout $60,000,
andprobablysomeof thein-housemanufactureddrift chambers$iO,000-15,000.

Effort expendedin settingup the FASTBUS readoutsystemandprogramming

it will also be largely shared. The two proposalsplan for engineer3. Schultz and
instrumentmakerE. Erdosto divide 100% of their time equally betweenthese

projects.

Previousexperienceof the participantsin this proposalpertinentto the pro

posedeffort includes:

* Ford, Smith, and Schultz built the central drift chamber for the MAC
detector at PEP and a straw trigger chamberfor Mark II usedin its PEP

run; Ford and Smith are involved with the vertex drift chamberbuilt at
SLAC/LBL for Mark U at SLC.

* Cart, Nauenberg,Erdos,and Schultz havebuilt and are installing the end-

cap drift chambersof the SLD.

* Baranko,Can,Cumalat,Ford, and Smith have extensiveexperiencewith

patternrecognition,fitting, and calibration of drift systems,with E687and

its predecessorexperiments,MAC, Mark U, SLD, etc.



* R.ankin and Smith have a great deal of experiencewith online software;

Rankinhas done much of the FASTBUS programming for Mark II.

The University of Colorado provides a quality machine shop in the physics

building. The group have recently acquired a computer aided design system

which will be usedin the design work. We have a VAX 8800 about two-thirds

devoted to REP, for which the lease-purchase agreementwill be fully paid

off after 1990. The core of a FASTBUS system will be in place for use in this

research,along with a drift chamber gassystem,partof the cosmicray telescope,

someof the fast electronics,etc.
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Appendix III - University of Pennsylvania

The University of Pennsylvania has been involved, throughits genericSSC

electronicsR&D grant, in the developmentof customintegratedcircuits for gas

ionization chamberreadout. As membersof a separateelectronicssubsystem

proposal,we intend to extendthis work to include the developmentof radiation

hardendfront end electronicsandsystemintegration.

As members of this proposal it is our intention to help with theimplementa.

tion ofcustomASICs developedby theelectronicsdesigngroupin theprototyping

and systemtest stages,to modify the front end signalprocessingelectronicsto

include detectorspecific enhancementsand help to arrangethe manufactureof

production quanitiesof customASICs.

Note: IndianaUniversity will contributeengineeringand technicalexpertisefor,

board level designs,systemintegration and data aquisition software. For the sake

of a completedescription of the front endelectronicseffort, they will be included

here, appropriately denoted. It is dear that there is room for other institutions

to share in the responsibility for the developmentof this complexsystem.

Preliminary Budget and Personnel

Legend P Pennbased X Fully funded by this proposal

I Indianabased E Anticipated funding by other work

C Funding source needsclarification

Personnel

189 I 90 I 91 I 92
F WSSF WSSF WS

F. lvi. Newcomer 35% X * -

ER.Williazns io%XP

R.VanBerg 25% X P *

+ 5% travel



EE CMOS Designer

CAD/CAE Systems

Manager

DAQ Programmer

Experienced tech
or graduating EE

StaffTechSupport

40%X

50%X

50%XI

50%X

100%X

20%X

50%X

Travel Front end electronics related

Estimate xP

XI

$20K annual

10K annual

FabricationCosts

Multi eb. bipolar prototype

Full designbipolarprototype

CMOS TVC/An. Memory prototype

Final Bipolar ASIC prototype

CMOS ASIC final prototype

rad hard version

Production runsof ASICS

contingency

C P 35K 50% assumeswaferbrokerage

X P 35K50%

E P 5K 50% MOSIS run

X P 35K 50% chips for 1000di test

E P 50K 50% chips for 1000 ch test

X P To be determined

* Fabrication costs dependcritically on the chosentechnology. Theseesti

mates are basedon theexpectedcooperationof the vendorsand the like

lihood that designsfor multiple projectsmay be submittedfor the same

run. Somemasking techniquesdepend on a highly repetitivestructureand

maynot allow more than a few designsto be submittedon the samerun.

P

P +

*

*

*

I

I

P

P

*

*

*



Equipment Costs

Dedicated design station X P 15K 25%
Automated test equipment X P 20K 25%

Computer driven test station X P 15K 20%

Home institution

Computer driven test station X I 15K 20%

Secondinstitution or beam

YME standard or equivalent X I 12K 20%

data acquisition computer

SoftwareCosts

Layout software B P 20K 20%

Maintenanceagreements B P 10K 20%

Data acquisition OS X 1 3K

Board ManufacturingCosts

Prototyping boards

Layout X I 10K 25% 5 small multilayer boards

Manufacture X I 7K 25%

Detector electronics board for prototype run

Layout X I 5K 7

Manufacture X I 3K 7

- Surface Mount Technology

Solder/Desolderstation X I 5K



Appendix IV- University of California, Davis

Personnel

R. Breedon MechanicalstnictureanZ coordinate

R. Lander

K. Maeshinia

ElectricalEngineer50%

MechanicalEngineer50%

Graduatestudent3

W. Ko Simulation

J. Smith



Appendix V - University of Liverpool and

Rutherford Appleton Laboratory

Manpowerand Resources

1 or 2 seniorphysicists

2 post doctoral physicists

I designengineerindud&ng CAD

2 mechanicaltechnicianswith accessto well equippedmechanicalworkshop

> 1 graduatestudents

1 seniorelectronicengineerwith accessto well equipped electronic workshop
possibly at R.AL.

1 junior electronicengineerundersupervisionof senior

Electronictechnicaleffort possibly at RAL.

An in-houseminimum ioziising test beam is available at RAL for chamber

developmentand accessto an C beam.

Finance

It is anticipated that the total funding for R & D work on radial chambers

will come from both US and UK sources.We list below items which we request

to be funded from US sources.

Consumableitemsfor chamberconstruction

e.g. compositemanufcture,pc boards,

TR material $200,000

Consumableitems for chambertesting 60,000

2 fixed term physicistappointments 100,000per year

1 seniorelectronicsengineerpossibly at RAL 60,000per year



1 junior electronicsengineerpossibly at RAL 50,000per year

Travel to/from US, to/from test beams 30,000

We plan to bid for UK funding to cover the following items:

Consumable items for chamber construction and testing e.g. gas,mechan

ical construction jigs, test facility computers and electronics, general lab

infrastructure

Consumableitems for electronicsdevelopment partly at RAL.

Note that should the R & D programlead to the conclusion that a radial

wire array be designedfor the intermediate tracking region, then considerable

additional manpowerand funding will be necessaryfor constructionand com

missioning.



Appendix VI-Westinghouse Science and Technology Center



89M844-2

Proposal to

Physics Department
Indiana University at Bloomington
Bloomington, Indiana

Mechanical Design and Analysis of a
Straw Tube Drift Chamber

STATEMENT OF WORK AND COST PROPOSAL

September 1989

Approved:

F. T. Thompson, Geneçai Manager
Engineering Technology Division
Westinghouse Science and Technology Center



MECHANICAL DESIGN AND ANALYIS FOR A
STRAW TUBE DRIFT CHAMBER

- STATEMENT OF WORK -

The Westinghouse Electric Corporation proposes to undertake a
24-month program to perform the preliminary mechanical design and
analysis of a straw tube drift chamber for the SSC large solenoid
detector. The work will be carried out at the Westinghouse Science and
Technology Center in Pittsburgh, Pa. Upon completion of the proposed
program, the following items will be delivered to Indiana University in
Bloomington, Indiana: concept drawings and estimated costs and schedule
for the procurement, fabrication, assembly, and festing of the proposed
straw tube drift chamber.

The program is divided into four areas of performance:
* Mechanical Design
* Material Science
* Thermal Management
* Manufacturabi 11 ty

These areas have been divided into nine tasks. Each task Is
described in the following pages, and a task schedule is shown in
Figure 1.

89M844-2 1
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Figure 1 - Program Schedule
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TASK 1. STRAW TUBE DRIFT CHAMBER DEFINITION
AND SPECIFICATION

In Task 1, Westinghouse STC will work with the Straw Tube Drift
Chamber Group to specify the functional design requirements for the
detector. Physical constraints, such as size, weight, length, and
detector geometry, will be identified as well as electrical leads and
cooling requirements. Figure 1 shows this effort lasting most of the
first year of the program. This amount of time will be required in
order to make specification modifications as the concept progresses over
the first year.

TASK 2. MATERIALS STUDIES AND EVALUATION
Material property requirements for the support structure and

auxiliary system will be specified in this task. Candidate materials
will be reviewed for use based on work performed by the national
laboratories concerning radiation length and susceptibility to radiation
damage. The major effort on materials will be performed by the national
labs, with Westinghouse relating the data to the particular component or
structure.

TASK 3. MECHANICAL DESIGN AND ANALYSIS
In this task, the preliminary design of the straw tube drift

chamber assembly will be performed. Concepts proposed by the working
group will be reviewed and evaluated in order to identify the most
promising one for overall detector operation. The concept selected will
be analyzed for structural support to ensure that stability and rigidity
will be sufficient to maintain critical alignment requirements over the
design life of the device. All routing and connections of power,
cooling, and instrumentation cabling and hoses will be conceptualized.
In addition to the design and analysis work, general requirements for
assembly and alignment will be specified during this task.

59M844-2 3
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TASK 4. FABRICATION DRAWINGS AND INTERFACES
Layout drawings will be prepared of various concepts proposed

and studied in Task 3. A concept drawing of the selected silicon strip
detector configuration will be prepared in sufficient detail to obtain
costing and scheduling information. Assembly drawings will be developed
as necessary to assist in the fabrication and assembly procedure as well
as interfaces with adjacent structures.

Three-dimensional solid modeling will be utilized as needed in
the design process to verify spatial relationships among components and
to ensure proper assembly and system integration.

TASK 5. FABRICATION/ASSEMBLY PROCEDURES
The purpose of this task is to specify in sufficient detail the

fabrication processes and assembly procedures required of the concept
selected. These procedures will include such items as the following:

* Straw tube mounting procedure
* Structural support fabrication method
* Special tooling
* QA/QC testing
* Modular assembly sequence
* Electrical cable routing procedure
* Cooling hoses routing procedures

These procedures will be prepared in a form to match the concept
detail and costing estimate requirements for construction of a device.
Prior to any device construction, a detailed procedure write-up will be
required and prepared at that time.

TASK 6. THERMAL MANAGEMENT
Thermal management will address cooling methodologies for

removing the heat generated within the modules. All known sources of
heat, both internal and external to the straw tube drift chamber, will
be determined and evaluated according to their effect on the detector
concept. A scheme will be proposed for maintaining the detector modules
at a reasonable operating temperature with minimum compromise on the
overall performance of the straw tube drift chamber. Upon completion of
this task, a listing of the cooling system equipment will be prepared.

89M644.2 4
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TASK 7. SYSTEM INTEGRATION
Integration of the straw tube drift chamber with the surrounding

equipment in the overall SSC detector system will be investigated.
Included in this effort will be the assembly and disassembly of the
straw tube drift chamber within the system as well as the mounting
requirement and constraints of the device. In addition, a survey of the
known external forces and loading conditions affecting the straw tube
drift chamber will be prepared.

TASK 8. SUBSYSTEM COST ESTIMATE
The cost and schedule will be estimated for the overall

fabrication and delivery of a completed device to the SSC detector
location. Included in this task will be the cost and schedule for the
following items:

e Materials procurement
* Component fabrication
* Module assembly
* Module QA/QC testing
* Module shipping to SSC site

System assembly at site
System testing

* System installation

This effort will require input from all areas within the group

in order to establish reasonable and accurate costs and schedule.

TASK 9. PROGRAM MANAGEMENT
The program management task consists of the preparation of

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

* Monthly progress and cost letter reports for 24 months
* Group meetings at Indiana University every six weeks
* Two DOE design reviews, one of each at the end of each year
* Yearly reports to DOE describing technical progress

89M544-2 5
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0. T. Hackworth, Manager, Electromechanics
Westinghouse Science & Technoogy Center

B.S., M.S. course work, mechanical engineering, University of
Pittsburgh.

Mr. Hackworth is working in the area of high current systems. This
covers all aspects of high current systems: the development, design,
analysis, specifications, and testing as well as the development of
specialized mechanical equipment. He has lead responsibility for the
Westinghouse effort in Superconducting Magnetic Energy Storage SMES.
On this project, he has overall responsibility for all systems of the
superconductor and coil cold pack design, analysis, component
fabrication and testing as well as the system coil manufacturing plan.

From 1976 to 1981 Mr. Hackworth had responsibility for the design of
superconducting apparatus in the design and structural engineering role
for the Westinghouse effort on the Large Coil Program with Oak Ridge
National Laboratory., On this project, he was responsible for all
aspects of the mechanical systems, including design, analysis, drafting,
and materials.

Mr. Hackworth had responsibility for the structural design in a DOE-
sponsored conceptual study of toroidal field magnets for the
Experimental Power Reactor study. In addition, he was Lead Mechanical
Engineer on the 400 kJ coil program for LASL. He also completed a
conceptual structural design of the toroidal-field coils for the High
Field Compact Tokamak Reactor for MIT. This assignment required the
integration of a conductor design and a viable structural design based
on material and manufacturing capabilities.

From 1973 to 1976, Mr. Hackworth served as a Mechanical Engineer in the
Development Group of the Generation Systems Department, where he
contributed mechanical development expertise to programs for system
design. He has performed stress and dynamic analysis to alleviate
vibration and structural problems and has developed testing procedures
for structural analysis. Central to his contribution was the
development of a Westinghouse computer program to facilitate steady
state thermal analysis for internal non-rotating windings of turbine
generators.

Mr. Hackworth has nine disclosures in the area of high current systems
and robotic systems, and holds two patents dealing with large motor
control and robotic vision systems.

Publications:

"Design of Pulsed Power Cryogenic Transformers," Tenth
International Conference on Magnet Technology, September 1987.
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0. T. Hackworth Continued

"Design of Pulsed Power Cryogenic transformers for Electromagnetic
Launchers," 1987 strategic Defense Initiative Technical
Achievements Symposium, March 1987.

"Advantages of the Distributed Structure Concept of the
Westinghouse LCP Coil Design," Applied S/C Conference, October
1986.

"A 10 MJ Cryogenic Inductor," 3rd Symposium on Electromagnetic
Launch Technology, April 1986.

"Advanced Techniques in the Design of Electromagnetic Stirrers for
Continuous Casting," 1985 AISE Annual Convention, September 1985.

"Quiet Cooling System Development for a Traction Motor," ASME
Vibration Conference, September 1985.

"Manufacturing Plan for the Westinghouse Nb3Sn Large Coil," 9th
Symposium on Engineering Problems of Fusion Research, October 1981.

"Structural Design of the Westinghouse Superconducting Magnet for
the Large Coil Program," IEEE Transactions on Magnetics, Volume
MAG-15, January 1979.

"Design of a Low-Loss Fast-Pulsed Superconducting Energy Storage
Coil," 8th Symposium on Engineering Problems of Fusion Research,
1978.

"Westinghouse Conceptual Design of a Test Coil for the Large Coil
Program," Proceedings of the Seventh Symposium on Engineering
Problems on Fusion Research, 1977.
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J. W. Barkell, Jr., Engineer
Westinghouse Science & Technology Center

B.S., mechanical engineering, Wichita State University; M.S., mechanical
engineering, Carnegie Mellon University.

Member, ASME; Registered Professional Engineer Pennsylvania.

Mr. Barkell has ten years of experience devoted to product design and
development of electromechanical devices. Projects have included medium
and low voltage switchgear, watt-hour meters, and low voltage switches.
His most recent assignment was design engineer on the 6400 A Naval
Insulated Case Power Circuit Breaker. His duties included design of the
drawout mechanism and interface, and various aspects of the circuit
breaker and nonremovable element. He also performed analytic studies of
current distribution and associated effects in large ac conductors using
a Westinghouse electromagnetic field analysis program.

In the last two years, Mr. Barkell has used PATRAN & ANSYS for
structural analyses of electro-mechanical equipment. His most recent
analysis is a 2D axisymetric analysis of a cryogenic stator body for the
Air Force. This model includes non-axisymetric loads and cooldown
stresses applied to an orthotropic composite structure.

Mr. Barkell is a Captain in the U.S. Army Reserve and completed his four
years in the U.S. Army Corps of Engineering as a Lieutenant.
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j A. Hendrickson, Senior Engineer
Westinghouse Science and Technology Center

B.S., mechanical engineering, Pennsylvania State University: M.S.,
mechanical engineering, University of Pittsburgh: additional graduate
study, University of Pittsburgh.

Registered Professional Engineer Pennsylvania; Member, American
Society of Mechanical Engineers; Society of Automotive Engineers:
Society of Manufacturing Engineers; Certified Manufacturing Engineer
Tool Engineering Specialty.

Mr. Hendrickson has more than seven years of experience in the field of
mechanical tooling systems design and implementation. He joined the
Westinghouse Electric Corporation in 1982 as a field service engineer in
the Power Generation Service Division. His work history has included
maintenance and troubleshooting efforts on steam turbines, electric
generators, heat transfer equipment, turbine-generator control systems,
and all phases of nondestructive testing and examination of related
components. Typical test experience Includes rotor bore examinations,
fluorescent penetrant inspections of steam turbine components, UT
inspection of foundation bolting, and generator thennovision
examinations.

In 1983, Mr. Hendrickson transferred into the Nuclear Service Division,
where he developed an expertise in the area of design and development of
remote operated tooling systems to address the needs of the nuclear
power industry. The majority of the tooling had special requirements
for underwater operation in high radiation fields. Mr. Hendrickson has
designed and fabricated several precision positioning systems to support
underwater machining and repair programs as well as various end
effectors for remote manipulator applications.

Since joining the Science & Technology Center in 1986, Mr. Hendrickson
has been involved with the design of light gas pre-acceleration systems
and electromagnetic launchers, "rail-guns," to support various SDI
programs. He was responsible for the complete design, erection, and
conrissioning of the SUVAC II pre-accelerator, the first to be built and
operated in the corporation. The SUVAC II pre-accelerator is capable of
accelerating a 10 gram projectile to an injection velocity of 1 km/sec.

Most recently, Mr. Hendrickson has been involved in the design of a
supercritical hydrogen cooled hyper-conducting alternator stator for the
Aero Propulsion Lab at Wright-Patterson Air Force Base. The high
voltage stator design incorporates state-of-the-art structural
composites technology In order to increase stator power density an order
of magnitude over conventional designs. He has also been involved in
the design of the plasma accelerator for the space power experiment,
SPEAR II.
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J. A. Hendrickson Continued

Mr. Hendrickson has been active in the patent area with over 28
disclosures.

Publication:

"The Design and Testing of a Single-Stage Light Gas Gun as a
Projectile Pre-Accelerator for an Electromagnetic Launcher," 4th
Symposium on Electromagnetic Launch Technology, April 1988,
University of Texas at Austin.



COST. 54K4A*Y BY YEAR

,ESTINGHWSE ELECTRIC CORPORATION SIC NO: 8914844-2
SCIENCE AND TECHNOLOGY CENTER REP NO:
1310 IEULAH ROAD AGENCY: IICIANA UNiv.
PITTSBURGH, PA 15235

FISCAL YEAR 1990 COSTS
TITLE: STRAW TUBE DRIFT CHAMBER

FY1990

A. NATERIAL/EWIP$IENT

8. LABOR
1. ENGINEERING HRS 2,106

CS 64,170
2. SUPPORT HRS 240

CS 5,158
3. TOTAL LABOR HRS 2,344

CS 69,328

C. OVERHEAD C 83,471

0. OTHER -

4. CONSULTANTS
5. C#UTER 3,000
6. SUBcONTRACTORS
7. OTHER 4,310

S.

TOTAL DIRECT COST 160,109

0. GSA C16.870% 27,010

H. p. o. T. COSTS

I. COC-STC C 9.797% OF 83 6,792

J. COC-CORP C 0.241% OF F 386

K. TOTAL COSTS 194,297

L. FEE

N. TOTAL COSTS & FEE 194,297

*VARIUJS OVERHEAD RATES USED

THIS IS TO CERTIFY THAT THIS COST DATA IS BASED UPON OR COIPILED FRON THE BOOKS AND RECORDS OF THE
CC*WAJIY. TO THE BEST OF U* KNOWLEDGE AND BELIEF, THE COST DATA PRESENTED IS IN CONFORMANCE WITH
PROVISIONAL COSTING RATES.

hUT INGHC*JSE PR’RI ETARY

12



W STC REFERENCE 89M844-2

Straw Tube Draft Chamber

COSTS BY FISCAL YEAR

Fiscal Year 1990 $194,297
Fiscal Year 1991 461,511
Fiscal Year 1992 49,010

TOTAL . . . 704,818

13



W STC REFERENCE 8914844-2

Straw Tube Draft Chamber

TASK BREAKDOWN

FY 1990 FY 1991 FY 1992 TOTAL

Task 1 17,227 1,969 $ 19,196
Task 2 10,528 --- 10,528
Task 3 60,762 63,944 124,706
Task 4 14,809 30,500 --- 45,309
Task 5 7,093 158,604 31,553 197,250
Task 6 40,992 57,157 98,149
Task 7 8,612 67,781 --- 76,393
Task 8 --- 35,047 5,105 40,152
Task 9 34,274 46.509 12,352 93,135

TOTAL . . . 194,297 461,511 49,010 $704,818
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Appendix VII - Los Alamos National Laboratory

Thevariousconceptsof usingspecializedmaterialstecnologyin the fabrication ofstraw
tubemodulesall rely on tuefabricationof precisionfixturing andmolds.A faily large
portionof the costwill befor machining.Thedevelopmenteffor would involve 1-2
personsfill time. Thefollowing is an estimateof theyearlycostsassociatedwith the
materialsdevelopmentportionofthenovelfabricationmethodslikely to be necesaryfor the
strawtubefabricationfor SSC.

Effort Estimatein $K

Year Manpower machiningand
materials

total

1 175 75 250
2 250 150 400
3 150 100 250
total 900

It shouldbe notedthat formal proposalsfrom Los Alamosmustbe submittedthroughthe
standardprocedure,andthat DOE mustformally acceptanyproposalsubmittedby us.
Thus, our input to thisproposalmustbe consideredinformal, and cannotbeconsidered
bindingunlessand until the formalproposalandapprovalshave beenobtained.


