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Certification Regarding Drug-Free Woikplace Requirements
GranteesOther ThanIndividuals

This certification is required by the regulations Implementing the Drug-Free Workplace Act of 1988,34 OR Part 8$, Subpart F. The
,.-.regulations. published in the January 31,1989 Fedn! Regictn. require certification by grantees, prior to award, that they will maintain

A drug-free workplace. The certification set out below isa material representation of fact upon which reliance will be placed when the
agency determines to award the grant. False certification or violation of the certification shall be grounds for suspension of payments,
suspension or termination of grants, or governmentwlde suspension or debarment see 34 OR Part 85, Sections 85.615 and 85.620.

The grantee certifies that It will provide a drug-free workplacebr

a Publishing a statement notifying employees that the unlawful manufacture, distribution, dispensing, possession or use of
a controlied substance is prohibited In the grantee’s workplace and specifying the actions that will be taken against
employees for violation of such prohibition;

b Establishing a drug-free awareness program to Inform employees about-

1 The dangers of drug abuse in the workplace;
2 The grantee’s policy of maintaining a drug-free workplace;
3 Any available drug counseling, rehabilitation, and employee assistance programs; and
4 The penalties that may be imposed upon employees for drug abuse violations ocurring In the workplace;

c Making it a requirement that each employee to be engaged in the performance of the grant be given a copy of the
statement required by paragraph a; /

Cd Notifying the employee In the statement required by paragraph a that, as a condition of employment under the
grant, the employee will- -

1 Abide by the terms of the statement; and
2 Notify the employer of any alminal drug statute conviction for a violation occurring in the workplace no later

than five days. after such conviction;

Ce Notifying the agency within ten days after receiving notice under subparagraph d2 from an employee or
otherwise receiving actual notice of such convithon;

I Taking one of the following actions, within 30 days ofnceiving notice under subparagraph d2, with respect to any
employee who isw convicted

1 Taking appropriate personnel action against such an employee, up to and including termination; or
2 Requiring such employee to participate satisfactorily In a drug abuse assistance or rehabilitationprogram

approved for such purposes by a Federal, State or local health, law enforcement, or other appropriate agency;

g Making a good faith effort to continue to maintain a drug-free workplace through Implementation of paragraphs a. b,
Cc, Cd, e and 0.

Trustees of Boston University Fronospi to Develow an Integrated Hffl-lThrp TRD
Organization Name PR/Award Numbe or Project Name

9/29/89

ED 80-toot



Proposal to Develop an Integrated High-Rate

Transition Radiation Detector and Tracking Chamberfor the SSC

S. Ahlen, J. Beatty, E. Booth, J. Shank, J. S. Whitakert, B.. Wilson, B. Zhou

Boston University

V. A. Polychrona]cor
BrookhavenNational Laboratory

B.. K. Bock, C. W. Fabjan, W. J. Willis

CERN, Geneva,Switzerland

F. Sciull?

Columbia University

V. Chernyatin, B. Dolgoshein, A. Nikitin, P.Nevsky,

M. Potekhin, A. Romanjuk, V. Sosnovtsev
MoscowPhysical Engineering Institute, Moscow, USSR

S. Muravjev, A. Shmeleva

P. N. LebedevInstitute of Physics, Moscow, USSR

SUMMARY

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

It is well establishedthat much of the interestingphysics to be studied at the SSC

is most accessiblethrough study of lepton.ic channels. The massiveparticlesthat should

occur at or before the TeV scaleof electroweaksymmetry breakingareexpectedto have

significantbranchingfractionsfor channelsincluding high energyelectronsor muons.These

may be direct decayproducts,as in the caseof a massiveZ’ -. eke, or they may arisefrom

decaysof w and z bosonsproducedin the primary decay. Efficient lepton identification

over large solid angleand down to low momentawill be essentialfor good acceptancefor

thesemultileptonic decays. Heavy quark decayscan be taggedby the electronsfrom the

decaycascade;good electronidentificationin a densetrack environmentwill be necessary

to exploit this signature.

The observationof transition radiation can provide valuableinformation for particle

identification. The radiation processis a negligible perturbationto the particle, and so

the information is complementaryand supplementalto calorimetric measurements.The

practicaltheoryof transitionradiationis well understood,[1]andreliablecalculationscanbe

madefor the performanceof a systemdesign. A numberof TRD’s havebeenproposed[2-10]

and usedin acceleratorexperiments[11,12,13],anda numberof studieshaveconsideredthe

inclusionof transitionradiationdetectorsin SSCdetectors.[14,15,16]Adequateperformance

of a TRD systemrequiresthat the thicknessof the detectorpackagebe -5O cm.[13,17] It will

bevital that sufficient spacebe allocatedto a TRD systemso that the systemperformance

is maintainedundervariationsof the SSC operatingenvironment.The usualcontentionfor

detectorspacethat a TRD systemmust face is with the chargedparticle tracking system.

We proposeto resolvethis contentionand optimize systemperformanceby combining

thetwo functionsin an integratedtransitionradiationdetectorand chargedparticletracker.

Proportionalstrawchambersfilled with a xenon-enrichedgaswill detectx-raysfrom transi

tion radiationas well as the ionization of passingchargedparticles.The radiatormaterials

will providemechanicalsupport and rigidity for the straws. This approachhasthe advan

tagesof very high-ratecapability,modularconstruction,androbust performance.

Experimentsat the SSC will requireuseof asmuchinformation in real time aspossible,

in orderto achievethelargereductionfactor necessarybetweenthe raweventrateof 108/sec

and the numberof eventsthat can reasonablybe expectedto be recordedfor later study.

Active deviceswith local reductionof raw datato physically meaningfulquantitieswill be

particularlyimportant in this regard. It is our intention to equip the TRD/trackingdevice

with local "feature extraction"hardwarethat will contributeto the formation of a refined

electrontrigger.



The developmentefforts will include:

o DetailedMonte Carlo studiesof the performanceof the proposedsystemin a realistic

representationof the SSCenvironment;

o studiesof mechanicalsupport,gas manifolding,heat flow, and signal routing;

o An extensiveeffort in VLSI electronicsto develophigh-sensitivity,low-noise amplifiers

integratedwith a pipelinedelaystructurein the low-powerdensepackagingrequiredfor

this application;

o Detailed studiesof proportional straw performance,including pulse shapesand drift

times in variousgases,irradiation tolerance,and x-ray response;

o Developmentand characterizationof various materialsfor the transitionradiators;

o An exploratoryproject to implement,embeddedin the electronicsand readoutsystem,

the algorithmsallowingoptimal useof the TRD and trackinginformationon a titnescale

suitablefor eventtriggering,using massivelyparallel and/orpipelinedprocessors.

o The constructionand test of prototypes,in threestages:

1 Several100-strawdetectorsfor singleparticlesin a testbeam;

2 A 1500-strawdetectorfor studiesof jets producedby 0.45 TeV protons;

3 An engineeringprototyperepresentingthe smallestsymmetryelementof a final de

tector, e.g. half a polygonal sector,with about 15,000straws,integratedelectronics,

and testedin a realisticenvironmentwith a detectorsystemincluding a segmented

pad chamberand a finely-segmentedcalorimeter.

Theproposedprogramdrawson theexperienceandexpertiseof groupswith well-established

performancerecordsin the technologiesunder consideration.The effort is expectedto re

quire four years,at the endof which wewill havedevelopedfully the designsandtechnology

to build an SSCdetectorsystemandwill havebuilt andtestedalargeengineering-prototype

detectorto verify the approach.Milestonesfor the project arepresentedlater in this docu

ment.

2. Role of a TRD/Tracker

Our TRD/trackerconcepthasthreefunctions. In a detectorwith no central magnetic

field, or with a small magneticfield, it can function asa central tracking systemwith suffi

cient resolution to establishevent topology and associatetrackswith primary events. The

TED systemprovideselectronidentification to augmentthe calorimetricselectionof elec

tron candidates. The proportional straws determinea track position extrapolatedto the

calorimeterfaceand provide the matchupof particletrack and calorimetershowercentroid.



Furthermore,the detailedinformation of TRD responsefrom many independentstraw

layers is potentially useful for tagging high momentummuons and hadrons. The TRD

responseis afunctiononly of the Lorentzy of theparticlespassingthroughit: electronsabove

oneGeV give a saturatedresponse,andmuonsand pions above100 GeV or so arestarting to

radiate. The capability to tag high-momentumparticlescouldprove to be extremelyuseful

in matchingmuons andin characterizingjet fragmentation.

We havestudiedthe requiredTR.D performancefor two cases:

a the identificationof so-called"isolated electrons". This is the casefor decaysof heavy

objectssuchas

- Riggs decay: H -* ZZ, WW -. electrons,

- new quarks:heavyt or heavierD -. -. electrons,

- SISSY particles,

- new w’, z’ andotherhigh-massparticledecays.

We discussbelow the validity of the suppositionthat theseelectronsare indeedeffectively

isolated.

b Theidentificationof non-isolatedelectronswithin or nearjets. This can be important

- to give a betterunderstandingof backgroundprocesses,

- in the caseof decaysof heavyparticleswith b-quarksin the final state,

- to havea detectorcapableof recognizingsurprises.

We havedone extensiveMonte Carlo calculationsto understandthe necessarylevel of

electron-hadrondiscrimination. For an exampleof type a above,we haveconsideredthe

detectionof a 400 GeV Riggs bosonin the decaymode H - WW -‘ cv + 2 jets. We have

chosenthis reactionbecauseit is a well-defined processleading to one high Pr "isolated"

electron. We takea detectorgeometrycorrespondingto a TRD extendingbetweenri = 20

cm andr2 = 70 cm. Theradiatorthicknessis 4% of a radiationlength. The electromagnetic

calorimeteris locatedat r2 = 70 cm and hasa tower structureof 2 cm by 2 cm; we assume

a standarddeviationof 1 mm for location of the electromagneticshowercentroid.

Cross-sectionsfor detectedelectron plus jets for the Riggs processand the relevant

backgroundsare plotted versus the size aR of the jet isolation cone in figure 1. The

desiredsignal is the lowest curve on this figure. The next largest ratesshown are due to

pp -. W + jets and pp .-. ii and b& + ce. Theseprocesseshavethe samefinal stateparticle

contentasthe signal, and must be separatedby their kinematicalcharacteristics.Insteadof

pursuing these"physics" backgrounds,we havestudiedthe sourcesof f electrons.Here,

the dominantsourcesare



A the overlapof an energeticphoton and a chargedparticlefrom a jet in a two-jet event

the highest curve;

B theoverlapof a direct high pz photonwith a chargedhadronfrom the underlyingevent.

In both cases,we havedefinedoverlapas coincidencewithin ± two standarddeviationsof

the expectedparticle.showerspatialmatchingin a calorimeter.

Examiningthe curves for thesetwo backgrounds,we see that their relative importance

dependson therangeof the "isolation cone" AR that is chosen.A cut AR? 0.15 loses30% of

the signal; whetherthat cut brings the two-jet backgroundbelow the direct photondepends

on unknownfragmentationfunctions. Evenfor a high cut in AR, the backgroundis at least

500 times the signal. In this sense,weare not confidentthat it is safe to speakof "isolated"

electrons. Accordingly, we aim for a rejection of false electronsby io-3, recognizingthat

kinematic cuts neededto suppressphysicalbackgroundsmay also suppressfalseelectrons.

For electronsinside jets, the backgroundsfar exceedthe Higgs signal. It happensthat

reduction of the backgroundto below the level of real electronsfrom b + c decaysalso

requireshadronrejectionof order io-2. For this case, the calorimeteroffers little further

rejection.

For a processof type b above, we studiedeventswith jets of 500 CeV transverse

energy.Jets andelectronswereacceptedinside 30° <0 < 150°. A thresholdtransverseenergy

for electroncandidatesselectedon the basisof calorimeterresponseof 25 GeV or 50 GeV

was applied. In Table 1 we show, for the two energy thresholdsand for various ranges

for 9, thenumberof real electronsandthe numberof falseelectroncandidatesfrom various

sources; TRD information has yet beenused. As can be seenfrom table 1, hadron

rejectionby the TRD insidethejet is requiredat the level of c iO2 to assurea background

of < 20% in the real electronsample.

From thesetwo examplesandfrom otherstudiesthat weand othershaveconducted,we

concludethat hadronrejectionat the level of 10.2 to io following calorimetricselectionof

electroncandidateswill be requiredto study someparticularly interestingphysicschannels

at the SSC.Below, wewill describea TRD/trackersystemthat will provide this capability.

We notethat thehadronsto be rejectedarepredominantlylow energy- afew GeV. In effect,

a TRD replacesone function of a high centralmagneticfield.

3. The StrawDesign

Wewill pursueseveraloptions in thedevelopmentof the radiatorsandthe proportional

straws,asdiscussedin more detail below. The basicapproach[16]usesthe dustercounting

method for transition radiation detection.[13]We have studiedseveralpossible concepts.



One "straw design" is shownin figure 2. The proportionalstraw chambersare imbedded

in radiator material. Another possibility is shownin figure 3. This approachuses"multi-

straws"which havethe radiatormaterialforming concentriccylindersabouttheproportional

straws. The full detectorwill be constructedfrom a number of independentmodules,for

which we areconsideringseveraldifferent layouts. Onepossibility is indicatedin figures 4.

A module of the multi-straws is shown in figure 5. We are also studying the "pinwheel"

design,figure 6. Positivefeaturesof this designare that the radial intermodulegaps are

eliminatedand all strawsare accessiblefrom the outercircumference.Disadvantagesof this

designincludeincreasedoccupancyfor theinner strawsandlargevariationin track obliquity

to the straws. Extensivemodelingand engineeringstudieswill be requiredto evaluatethe

relativemerits of thesealternatives.

In eachof theseconcepts,the straws areorientedperpendicularlyto the beam,in an

azimuthalsense.They providetracking in the r - z planeandconstitutethe x-ray detector

of the TRD. This configurationhasmajor advantagesover axial straws:

a the strawsareshorter,and henceoccupancyis low;

b strawsat a fixed distancefront the beamlinesubtenda fixed interval of rapidity and so

havea fixed occupancyindependentof their z positionalongthe beamline;

c the azimuthalstraw arraygives excellentpointing to the beamlinefor track association

with the correctprimary vertex;

d thereis reductionin layer-to-layeroccupancycorrelationsdue to particlesfrom different

interactionsthat are separatedfrom the interaction of interest by more than a few

millimetersalong the beamline.

e The e/r discrimination dependson the polar angle 9 as sinO’. It is approximately

constantfor particleswith a given P, independentof 9.

f The averageresponsefrom strawsin different parts of the detectorvariesonly at the

10% level, due to the ±22.5° variation of azimuthalanglewithin an octant; there is no

polar angledependence.

Basedon the designshownin figure 4, we determinethe typical parametersof sucha

system. The proportional strawsare4 mm in diameter. We plan to usea gasmixture of

approximately50% xenon, 30% C02, and 20% neon,resulting in a maximum drift time of

40 ns. Addition of CF4 would further reducethe drift time.[18] In the central region there

are 48 layers of straws,distributedfrom 35 cm to 77 cm from the beamline.The radiators

are slabs of polyethylenefoam, 1 cm thick and 5% of bulk density; they form planesparallel

to the beamlineand lie betweenpairs of straw planes. For the region below 30° the straw

strLtureis similar but the radiatorplanesare rotatedto beperpendicularto the beamline.



A total of 330,000 strawscover the range nI <2.5. The thicknessthrough a sectorcenteris

4% of a radiationlength. At 1.4 interactionsper crossingand 8 chargedparticlesper unit of

rapidity, the meannumberof chargedparticlesfrom beam-beaminteractionsper strawper

crossingis .016 for the strawsat a radiusof 35 cm and .007 for strawsat 77 cm radius. The

shapedpulseshave a durationof 10-20 ns, so the resolvingtime of a strawis threeto four

times the l6ns bunch spacing. The occupancyof the straw,s is expectedto be dominated

by event-associatedparticles[19];it is .06 for the inner strawsand .03 for the strawsat the

outer radius. Thereare-.70 electronson averagefor eachparticletraversal. With gasgain

of ix io, standingcurrentsare 0.05 to 0.1 pA, giving acceptablylow integratedchargedoses

on the wires of c .04 Coulomb/cmper iot secondsof running at designluminosity.

We havealso studiedthe performanceof the radiator arrangementshownin figure 3,

with the detectorstartingat radius of 20 cm andextendingto 70 cm. The rapidity coverage

consideredwas ‘il < 1.3. We recognizethat it is important to cover I’iI 2.5, but we have

not yet studiedin detail a possiblelayout and its performance.The total numberof straws

is .-130,000for H S 1.3. The thicknessthrough a sectorcenteris 4% of a radiationlength.

The occupancyby chargedparticles,insideand outsidehigh-energyjets, is shownin figure

7. The occupancyby TR x-rays is approximatelyone order of magnitudeless.

Measurementof the r - positionof tracksin the TRD/trackeris providedby a system

of interpolatingreadoutgas "pad" chambers.Resistiveinterpolationbetweenamplifier taps

spacedalonganazimuthalcathodestrip will giver- resolutionof 150 microns. A singlelayer

of chambersat aradiusof 33 cm for the centralregionandwith pad sizesof A# 2.8° x 5i

0.015 will providebetterthanmillimeter precisionfor the trackpositionextrapolatedto the

calorimeter. Severallayersof padsmight be desirableto assistpatternrecognition. For the

forward systems,pad chamberswould be mountedon the facesof the modules. The total

thicknessof the pad chamberis 0.01 radiation lengths. There are-50,000pad channels

per layer. Occupancyper channelincluding multiple eventsand track obliquity would be

at the percentlevel. Simulationof suchchamberswill be included in the MC simulations

of systemperformance,but the developmentof thesechambersis not a part of the current

proposal.Our collaborationincludesgroupsat BNL andat CERN that areworking to make

largelow-masschambersof this type.

4. Test BeamMeasurementsof TransitionRadiationYield

Two different radiatorswere investigatedin a 3 GeV/c beamat Serpukhov.A stack of

regularlyspacedpolypropylenefoils 20 pm thick, 280 pm spacingandapolyethylenefoam of

unusualstructurefigure 8 weremeasured.The setupis shownschematicallyin figure 9.



The resultsare summarizedin table 2. The foam produces75-80% of the yield obtained

with a periodic foil radiator. Based on thesetest results we estimatethat the detector

structureproposedherewill yield 0.27 detectedx-rays per centimeterof electrontrack, to

be comparedwith the best-yetresult of 0.20 as obtained by the Helios Collaboration.[13J

These resultswere usedas input in Monte Carlo performancestudies as describedbelow.

We show in figure 10 the calculatedpion rejection,at 90% electronefficiency, for isolated

particlesasa function of the pion energyand polar angle. A 50 cm thick TRD systemwas

assumed.

5. Monte Carlo Studiesof SystemPerformance

Tracking Performance

We have conductedMonte Carlo studies of severalvariations of the basic conceptual

design. Figure11 shows an ISAJET[20] eventasit would appearin the detectorin figure

4. Thecentraldetectoroctagonhasbeenunfurledand eachoctantis viewed from the side.

Thereare threesymbols for hits to the straws,with largersymbolscorrespondingto higher

energythresholds. The event is a 500 GeV Higgs particle decayingto Z°Z° with eachZ°

subsequentlydecayingto e+e. Theelectronsareclearly identifiable. Photonconversionsare

readily identified, and the tracking capability of the detectoris evident. We calculatethat

individual tracksareprojectedback to the beamline with ci mm uncertaintyin position

along the beamline.

TRD Performancein Jets

Pion rejectionwasstudiedas a function of the anglea betweenthe pion trajectoryand

thejet direction, for different valuesof the jet polar angle9. ISAJET eventswere thrown

as above,and combinedwith "minimum-bias" eventsto representpileup. The results are

given in figure 12, where we plot the probability P per jet and per straw sector that a

hadronwill satisfy electronselectioncriteria that give 90%electronefficiency; a, b, andc

correspondto different valuesof 9. Theprobabilityof misidentificationis about 102 to iO

for angleslargerthan5° with respectto thejet axis. At smallerangles,the backgroundlevel

increasesslowly, reachinga few per centat thejet core. The main reasonfor this is that the

pions at the jet core are moreenergeticandstart to radiate. Despitedifficulties at the jet

core, the overall result is satisfactory: a rejectionfactor of i0’ is achievedas closeas 5° to

thejet axis.



Recognitionof PhotonCoversions

We alsostudiedtheperformanceof this detectorin identifying photonconversions.Pho

ton conversionscan be recognizedin the TRD/trackerby threesignatures:

a exceptfor Dalitz pairs, theconversionwill occurat somedepthin the system,andstraws

along the trajectoryand preceedingthe conversionpoint will be hit only at the level of

the randomoccupancy;

b strawsaftertheconversionwill haveenergydepositionstypically twiceminimumionizing;

c therewill be twice as many TR x-rays detectedper radiator along the path after the

conversioncomparedto the casefor electrons.

Thesethreesignaturescanbe combinedto give a very powerful rejectionfor photonconver

sions,aswill be describedbelow. The pad chamber,of course,will give a precisionpoint on

a chargedparticle track to provide further rejectionof conversion/charged-particleoverlap

background.

The spatial size of a TR x-ray ionization cluster is about .5 mm; this correspondsto

about 10 ns drift time. With 20 nspulseshapingtime, we find the pulse-heightdistributions

shownin figure 13a: shownarethe distributionsof the energydepositionsfor one minimum

ionizing particle jr, two pions, and electronsdE/dx + TR clusters. To study the useof

the energydepositioninformation in particleidentification, we choosethreethresholdsfor

the detectionof ionization clustersin eachstraw. The first thresholdlevel Till at 0.2

key gives about 80% efficiency for relativistic particles this thresholdwould be usedfor

tracking. The secondthresholdlevel TH2 at 1.0 keV is locatedbetweenone- and two-

particle energyclustersdistribution; it has-50% efficiency for minimum-ionizing particles

and -90% efficiencyfor conversions.Thethird thresholdlevel TH3 at 4.5 key corresponds

to - 80% efficiencyfor TR x-rays.

The analysispowerof this method is demonstratedin figure 13b-f. The abscissaof

eachscatterplotindicatesfor a given particle the numberof strawswith energydeposition

above TH3; the ordinate exhibits the number of straws with energy deposition between

THI. and TH2. The criteria for 90% electron acceptanceare also indicated. This simple

algorithm thenpermitsnot only efficient discriminationbetweenelectronsand singlepions,

figures 13b and13c, but alsobetweenmultiple overlappingpions, figures13d and13e.

Similarly, photonconversionsbeforethe TRD areeasilyrecognizedandrejected,figure l3f.

We considerusing a slightly moreelaboratealgorithm to reject photon conversionsin

the TRD. In this case,the TRD is subdividedinto severalparts e.g.1=1,... s alongthe track

andfor eachpart we measurethedispersions



DN3 = ENL - 171e’

PP!12 = ENf, - Nf,e’.

HereHf, and NI are themeasurednumberof thresholdcrossingsin detectorpart i; ftf,e and

fle representtheexpectednumberof hits producedby asingleelectronin thecorresponding

detectorpart. In figure 14 we show scatterplotsfor threedifferent cases: singleelectrons,

conversionsanywherein the TRD, and conversionsoverlappingwith onepion. This algorithm

achievespowerful discriminationbetweenelectronsand conversionelectrons.

Taggingof Particleswith Large Lorentz Factors

With theaid of the TRD it is possibleto identify not only electronsbut alsoothercharged

particleswith 1 io’. This is possibleeveninsidejets, sincethe typical pion momentumis

a few 0eV. Of particularinterest is muon tagging by the TRD, to link up to tracks from

the muon spectrometer.The achievablehadronrejectionfactor, for 90% muon acceptance,

is shown in figure 15 as a function of the muon energyfor two valuesof the polar angle.

TheseMonte Carlo results,while not exhaustive,arevery encouragingin their demon

strationof the depthandtheflexibility oftheintegratedTRD/trackerapproachin identifying

electronsandin rejectinga variety of potentially troublesomebackgrounds.

6. Principal DevelopmentEfforts

The technicaldevelopmentsneededto realizethe TRD/trackerconceptarechallenging.

We describebelow the principal areaswhereR&D will be focused.

ElectronicsDevelopment

The readoutelectronicsand its interfaceto trigger processorsrepresentthe key de

velopmentsthat will determinethe performanceof the detectorsystem. State-of-the-art

performancewill be necessaryin the following areas:

-. front end sensitivity,speed,and noise

-. datastorageanalogor digital during trigger decision

channeldensity

-, power dissipation

-, an architectureallowing high-speeddataprocessingandcommunicationwith the trigger

processorfor particle identificationpurposeselectronsor high p7’ particles,background

rejection.



A block diagram of one approachis given in figure 16. The signal from a straw is

amplified and shaped. A few-bit FADC two of three bits would digitize the signal, syn

chronizedto the 16 ns bunch crossings. The thresholdsof the FADC would be optimized

as discussedabovein the MC study of electron identification. We plan also to evaluate

the possibleperformanceadvantagesof an analogpipelinewith digitization only after the

Level-i decision.

Once digitized, we envisageto use the information for local featureextraction,forming

a fast-responsetrigger after-10 pseconds.Detailedarchitecturalstudiesand simulationare

required.A pipelinedapproachis possible,using fast global memorymoduleswith a ‘region

of-interestoption’ controlledby calorimetricfirst-level trigger information. Alternatively, a

massivelyparallelmeshof simple processorsmay be used[21] to determinesimultaneously

all high-ps tracks,leaving associationwith calorimetersto a later stageor executingonly a

very coarseassociation.

The performanceof the TRD/trackerconceptcanonly be correctlyevaluatedif systems

tests arecarried out with close-to-finalreadoutelectronicsand trigger capability. For this

reasonwe wish to startquickly on the systemdefinition and designconsiderations.We also

wish to provideour engineerswith adequatetraining in new designmethodologiesincluding

ASIC implementationof the electronicsand systemssimulation.

The developmentof the electronicssystemis the most challengingpart of this detector

project. It will require professionaldesign tools and a commitment of severalelectronics

engineersover a period of threeto four years, by which time a useablecircuit could be

availablefor prototypedetectors. A radiation-harddesignwould be done in a subsequent

step.

MechanicalDevelopments

Structuralsupportsand stability studiesfor the strawsand radiator must be an engi

neeringpriority. Gapsbetweenthe modulesmust be minimized. The modulesthemselves

arequite light - onehundredkilogramsfor eachoctant. Another problemwill be in manag

ing the necessarygas flow and heatflow through the system. Temperaturegradientsmust

be sufficiently small to ensuregasgain uniformity at the level of 10%. In addition,cooling

of the electronicswill imposefurther constraints.The challengehereis to furnish the nec

essaryutilities within a minimal intermodulegap. Study of the systemsengineeringissues

wiU be led by the BostonUniversity group; they will direct a subcontractwith the Westing

houseScienceand TechnologyCenter,which hasexcellentdesignresourcesand an extensive

engineeringstaff that will be availablefor consultation.

Developmentof technologyfor the multistraws must be pursued. Extensive testsof



pulseshapes,drift times, irradiation tolerance,andotherpropertieswill be requiredfor the
various optionsin straws and gases. This work will be pursuedat Moscow and at Boston

University, drawing upon broad experiencein building and operatingproportional straw

tracking devices[221,[23] ,[241.

Continuingstudy is requiredon foamsfor the radiator material. Foamshavebeenused

in some experimentsbefore [25]. Foamis very appealingfor the simplicity of the radiator

structure,for the mechanicalsupport and rigidity it can lend to the straw assembly,and

becauseits TR responseis independentof the directionof the incident particle. Foams

are availablewith a wide variety of physicalcharacteristics[26];the challengeis to find a

materialwith sufficiently regularcell sizeand wall thicknessin the sizesappropriatefor the

SSC regime. The Moscow groupswill continuetheir work in this area. Open-cellfoamsfor

the radiatorscould be interestingasa way to addresscooling problems.

Simulationof DetectorSystems

Completesimulationsof the variousoptions in detectorconfiguration,strawoperation,

electronics,and triggers will be necessaryto evaluatethe advantagesand disadvantagesof
eachfeatureand to assesssystemperformancein the SSC environment. We have already

developedat Moscow and at Boston University some Monte Carlo programsto simulate
the TRD/tracker. Thesewill requirefurther work to provide the accurateperformance

evaluationthat will be necessaryto optimizing the designof the system.Simulationat the

signal level will be an absolutenecessityfor the developmentof electronicand triggering

components.

7. Milestones

The milestonesof this developmentproject are presentedon a pagefollowing. For the

first year we have indicated in some detail the specific work to be undertakenand the
institutions that will be mostly involved in eachtask,althoughof coursetherewill be broad

involvement by all the collaboratorsin most stages. Subsequentyears are presentedin

somewhatless detail.

We anticipateby early1991 to havea testdetectorwith oforder io’ strawsandborrowed,

discreteelectronicsreadyfor beamtestsin a 450 GeV beamat CERN. Thepurposeherewill

be to verify TRD and tracking performanceand to testengineeringconceptsfor manifolding

and support. By mid-1993weplan to haveafull-scaleprototypeof a trd/trackerhalf-sector,

with VLSI electronicsand associatedtrigger processors.This will be installedin thetestarea



togetherwith a pad chamberand the BNL/CERN liquid argon calorimeterand subjected

to full systemperformancetests.

8. Budgets

Following the list of milestones,we present the first-year budgets for the US groups

participatingin this collaborativeeffort. Thesebudgetsrepresentincrementsrequestedto

the normal operatingbudgetsof thesegroups the Columbiaproject is a new activity, and

a separaterequestwill be madefor an operationsbase. After the budgets,we include the

proposalfrom the WestinghouseElectric Corporation’sScienceand TechnologyCenterfor a

subcontractto bedirectedby BostonUniversity,andincludedin theBU budgetto provide

mechanicaldesign and analysisassistance.

The CERN andMoscow groupswill requestfunding for their participationthroughtheir

respectiveinstitutions.

We anticipatethat the operationsbudgetsfor subsequentyearswill increasein response

to the needfor increasedscientific staff for the analysisand designstages. In the caseof the

VLSI tools, the equipmentcosts are beingspreadover the first two years to reducefront

loading. Requirementsfor equipmentfunds will rise significantly for years threeand four

when weare designingand constructingthe 15,000-strawengineeringprototypesystem.



Milestonesfor the TED/TrackerDevelopmentProject

Goalsfor 1990 first year:
o Preparationof VLSI designtoolsnecessaryfor electronicsdevelopmentColumbia, CERN.
o Assessmentof mechanicalengineeringissues: structural support of the modules,gas

manifolding,heatflow flU.
o Monte Carlostudy of the performanceof the system,and refinementof the conceptual

design BU, Moscow.
o Laboratory testsof strawperformancewith xenonmixtures, including drift times, and

signal shapeBU, BNL, Moscow.
o Designand testsof different radiatorsMoscow.
o Radiationdamagestudiesof straw/radiatorassembliesMoscow, BU.
o Study of readout architectureand triggering requirements,in conjunction with SSC

calorimeterR& D groupsBNL, CERN, Columbia
o Constructionof a pad chamberprototype, and analysisof performanceCERN: this

activity is pursuedby membersof the CERN groupasan independentlyfundedactivity
o Beamtestsof 3-thresholdalgorithm with 100-strawprototypeCERN, Moscow
o Preparationof a 1000-strawtestmodule

* mechanicsBU, Moscow
* electronicsBNL, Columbia
* test facilities CERN

Goalsfor 1991 secondyear:
o Simulationof front-endchip following relateddesigns
o Designand simulationof 3-bit pipeline
o Start silicon processing
o Set up teststation for trigger developmenttests
o Set up, run, and analyze1000-strawtest system

Goalsfor 1992 third year:
o Completesilicon processing,for test quantities
o run 1000-strawtestwith pad chamberand calorimeter
o test VLSI electronicson a second1000-strawsystem
o Designand startconstructionof 15,000-strawprototypedetectorsystem.
o Engineertrigger processorfor 15,000-strawsystem

Goalsfor 1993 fourth year:
o Completetrigger processorfor 15,000-strawsystem
o Test 15,000-strawprototypedetectorsystem,with pad chamberand calorimeter
o Analyze 15,000-strawtest resultsand comparewith simulations
o Iterate designfor final detector



BOSTON UNIVERSITY

1 January1990 through 31 December1990

1. SALARIES AND WAGES $55,700
Faculty:

S. Ahient $7,256

J. Beattyt 4,444

Postdoctoralresearchassociate:
J. Shank 32,000

Undergraduateresearchassistants3 12,000

2. FRINGE BENEFITS 10,660

24.4%of professionalsalaries

TOTAL SALARIES AND BENEFITS 66,360

3. TRAVEL AND SUBSISTENCE 31,000
Domestic 19,000
Foreign 12,000

4. SUPPLIESAND SERVICES 32,000
TRD gases 15,000
Materials, supplies 11,000
Computerservices 4,000
Telecommunications 2,000

5. SUBCONTRACT 115,680

Subcontractto WestinghouseScienceand TechnologyCenter
for systemsengineering

TOTAL DIRECT COSTS 245,040

6. INDIRECT COSTS 69,460

TOTAL OPERATIONSREQUEST $314,500

7. EQUIPMENT details on following page 158,500
A. RadiationDamageSystem $27,000
B. PreprototypeTest Bed 37,500
C. Mechanicalfabrication& assembly, 70,000

1000-strawprototype
D. Vax workstation for simulations 24,000

TOTAL REQUEST $473,000

tOne monthsummer salary.
*Calculatedas a compositeof 35% on campus© 73.0%, 65% ofF campus© 47.0% of MTDC, minus underrecovery.



BOSTON UNIVERSITY
EquipmentDetails

1. RadiationDamageSystem 27,000
gassystem 3,000

regulators,filters, fittings 500
flow controllers 2000
fabrication 500

radioactivesources 1,500
dataacquisitionsystemand electronics 21,500

computer,printer 5,500
CAMAC crate,controller 5,000
32-cit low-voltage ADC 3,000
NIM crate,modules 3,500
High voltage powersupplies 2,500
I, P, T monitors 2,000

Testchamberfabrication 1,000

2. Preprototypetest bed 37.500
gassystem 3,000
oscilloscope 4,500
powersupplies,modular electronics 5,500
readout:50 channelsC $250/channelfor amp, shaper,ADC 12,500
straws, radiator materials 4,000
design andfabrication 8,000

engineering 1,000
mechanicalfabrication 3,000
materials 2,000
electronicsfabrication 2,000

3. Prototype1000-strawsystem 70.000
gas system 5,000
engineering 5,000
mechanicalfabricationandassembly: iO channelsC $60/channel 60,000
endplates,manifolds,endplugs,ferrules,stringing, and mechanical
assembly;cost basedon per-channelchargesof comparablesystems
built at BU



BROOKHAVEN NATIONAL LABORATORY
1 January1990 through 31 December1990

1. SKL&RLES kND WKGES $fl8.GOQ
Electronicsengineer 90,000
Electronicstechnician50% 28,000

2. TRAVEL AND SUBSISTENCE 25,000

3. SUPPLIES AND SERVICES 25,000

TOTAL OPERATIONS COSTS 168000

4. EQUIPMENT 60.000
Test station for trigger processor

TOTAL REQUEST $228,000

Fringe benefits and IDC C 46.5% induded in each item as appropriate.
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Westinghouse Science & Technology Center
Electric Corporation

1310 Beulah Road
Pittsburgh, Pennsylvania 15235

September 27, 1989 412 256 1000

Dr. Scott Whitaker
Physics Department - Boston University
590 Commonwealth Avenue
Boston, Massachusetts 02215

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

Dear Dr. Whitaker:

The Westinghouse Science and Technology Center is pleased to participate
with Boston University in proposing a collaborative R&D program to the
Department of Energy under the auspicies of its Generic SSC Detector R&D
Program.

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

FY 1990 $ 87,247
FY 1991 $ 28,433

TOTAL PROGRAM . . . $115,680

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

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

Very truly yours,

S
Claire A. Halucka
Marketing Representative
STC Proposals Group

gt

Enclosures

cc: W SIC - Mr. D.T. Hackworth, Manager Electromechanics



89M844-4

Proposal to

Physics Department
Boston University
590 Commonwealth Avenue
Boston, Massachusetts

Mechanical Design and Analysis
Assistance for TOR Tracking Subsystem

STATEMENT OF WORK

September 1989

Approved:

%9C Y’
F. T. Thompson, General Manager
Engineering Technology Division
Westinghouse Science and Technology Center



Westinghouse

TRANSITION RADIATION DETECTOR AND
TRACKING CHAMBER FOR THE SSC

- STATEMENT OF WORK -

The Westinghouse Electric Corporation proposes a 12-month
program to perform the preliminary mechanical design and analysis of a
transition radiation detector and tracking chamber TRD/Tracker for the
superconducting supercollider SSC. The work will be carried out at
the Westinghouse Science & Technology Center STC in Pittsburgh, Pa.

Upon completion of the proposed program, necessary detail and assembly

drawings for manufacture and testing of the tracking module components
will be delivered to Boston University in Boston, Massachusetts.

The program is divided into three specific areas of performance:
* Mechanical design
* Thermal management
* Manufacturability

These three areas have been divided into eight tasks. Each task

is described in the following pages.

89M844-4 1



TASK 1. TRANSITION RADIATION DETECTOR AND
TRACKING DEFINITION AND SPECIFICATION

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

TASK 2. MECHANICAL DESIGN AND ANALYSIS
In Task 2, the preliminary design of the TRD/tracker assembly

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

TASK 3. FABRICATION DRAWINGS AND INTERFACES
Layout drawings of concepts proposed and studied in Task 2 will

be prepared. Concept drawings of the selected transition radiation
detector for a 1000 straw tube module configuration will be prepared in
sufficient detail to obtain costing and scheduling information.
Assembly drawings will be developed as necessary to assist in the

fabrication and assembly procedure as well as interfaces with adjacent

subsystems.

89M844-4 2
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Westinghouse



Westinghouse

TASK 4. FABRICATION/ASSEMBLY PROCEDURES
The purpose of this task is to specify in sufficient detail the

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

* Straw tube module mounting procedure
* Straw tube module assembly procedure
* Structural support fabrication method
* Module assembly sequence
* Electrical cable routing procedure
* Cooling hose routing procedure

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

TASK 5. THERMAL MANAGEMENT
Thermal management will address cooling methodologies for

removing the heat generated within the modules. All known sources of
heat, both internal and external to the straw tube, will be determined
and evaluated for the effect on detector performance. A scheme will be
proposed for maintaining the detector modules at a uniform operating

temperature with minimum compromise on the overall performance of the
straw tube drift chamber.

TASK 6. PROGRAM MANAGEMENT
The program management task consists of the preparation of

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

* Monthly progress and cost letter reports for 12 months
* Group meetings at Boston University every 6 weeks
* Yearly report to DOE describing technical progress

89M644-4 3
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Tables

Table 1 - Resultsfrom Monte Carlo simulationjets with 500 CeV transverseenergyasobserved
in the TRD/tracker. The numbersof realelectronsandof falseelectroncandidatesfrom
varioussourcesaregivenfor two thresholdsin electrontransverseenergyandfor several
bins in polar angle.

Table2 - Resultsfrom beamtestsat Serpukhov,comparingtransitionradiationyield from peri
odic polyethylenefoil radiatorsand from polyethylenefoam.



Table1. MC study of real andfalseelectronsfound inside 3847jetswith 500 GeV transverseenergy.

Source A B C D E F

25 50 25 50 25 50 25 50 25 50 25 50

total 148 70 715 171 1252 661 75 38 339 123 80 31

706<9<904 56 27 212 40 372 193 21 11 101 41 25 10

50°<9<70° 44 20 223 72 422 230 24 13 113 46 26 10

30°<9<50° 48 23 280 59 458 238 30 14 125 46 29 11

Sourcesof detectedelectroncandidates:
A: Real electronsfrom c or b decays
B: iladrons with energydepositionin the e.m. calorimeter
C: ,r° or 7 matchedwith track within 4 mm x 4 mm in e.m. calorimeter
1: Photon conversionin radiator matchedwith trackwithin 4 mm x 4 mm in e.m. calorimeter
E: Photonconversionsin the radiator
F: Dalits ee

Table 2. Summaryof test resultson transition radiationyield from regularfoils and foam.

Thr. KeV

Number of Clusters per straw.
pions electrons

RegularFoils Foam6.7%
of bulk density

4.0
4.5
5.0

0.07
0.06
0.05

0.38
0.35
0.32

0.30
0.27
0.24



Figure Captions

1 - Cross sectionsfor different processesfor real and falseelectronsas a function of an
isolation cut AR. Falseelectronsoriginatefrom the spatialoverlapof "s with hadrons,
assuminga spatialaccuracyof e=l mm, and using a 2o cut.

2 . Cross sectionthrough a conceptualTRD. Strawsare imbeddedin radiator material,
e.g. polyethylenefoam.

3 - The "multistraw" concept. Eachproportionalstrawis surroundedby severalconcentric
radiators.The TRD is assembledin hexagonalclosepacking.

4 - Layout of an octagonalstructureof TRD moduleswith layeredstrawsandradiators.
5 - Conceptualview of a multistraw TRD module.
6 - The "pinwheel"layout of TRD modules.Electronicsandgasmanifoldingareaccessible

from the periphery.
7 - Occupancyof strawsby chargedparticlesasa function of the angularseparationfrom

thejet axis. The occupancydue to TRD dustersis approximatelyanorder of magnitude
less.

8 - Micrographof the polyethylenefoam that was testedat Serpukhov.The cell diameter
is 200 ± 70 pm, and the wall thicknessisis ± 5 pm. The foam densityis - 67mg/cm3.

9 - Layout of the Serpukhovtest to measureTR yield from foam and from periodic foil
radiators.

10 - Rejectionfactor for chargedpions asa function of pion energyin a 50 cm-thick TRD.
This performanceestimateis basedon test beammeasurements.

11 - Display of a simulation of an ISAJET eventas observedin the TRD/tracker. The
event is the decayof a 500 GeV Riggs to ZZ and then to four electrons. Threesizes of
symbolsmark threethresholdsfor strawenergydepositions.

12 - Probability that chargedpions may simulatean electronas a function of the angular
separationa betweenthejet axis and the pion. Jet energyis 500 GeV.

13 - a energydepositionin a singlestrawby one and two pions and by TR photonsplus
dE/dx for electrons.
- b-f acceptanceof electronsandrejectionof different sourcesof background.

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

15 - Rejection of typical pions as a function of muon energy,for criteria that give 90%
muonacceptance,demonstratingthepowerful "muon-tagging"capabilityof theproposed
TRD/tracker.

16 - Conceptualfunctional diagramof the front-endelectronicsfor the TRD/tracker.
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