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ABSTRACT

We proposeto developa vertexand an inner tracking detectorfor the

SSC basedon SemiconductorDrift Memory Detectors.We believe that

silicon drift detectorsareideal detectorelementsto be usedfor the charged

particletrackingdoseto theinteractionregionof theSSCfor thefollowing

reasons:

1. the unambiguousposition resolutionof only severalpm in two

perpendiculardirections

2. attribution of hits belongingto different bunchcrossingswith a

timing accuracybetter than ins and

3. theintrinsic signalpipelinewithin thevery volumeofthe silicon

drift detector.

The inner tracking detectorextendsradially at most to about 50cm from

the beam axis. We assumelargergas detectorsfollow behind the inner

trackingdetector.Only theinner trackingdetectorand the vertexdetector

arethe topicsof this proposal.

1. Introduction

We proposeto developa high resolutionchargedparticle trackingand

vertexing subsystemto solve the challengeof particle tracking at small

distancesfrom an interactionregion at the SSC. The systemis basedon

silicon drift detectors- relatively new but wll testeddevices.We propose

the following stepsleadingto the developmentof the completesystem:

1. To design silicon drift detectors"matched" to the SSC envi

ronment,that is, particle ratesand a very likely presenceof a

strongmagneticfield aroundan intersectionregion. The sili

con drift detectorsmust havea drift speedcalibration system

to eliminate the needfor a precisemonitoring of the detector

temperature.
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2. To developlow noisefist preamplifiersintegratedon the silicon

walerof the detectorwith acceptablylow powerdissipation.

3. To producedesirablesilicon drift detectorswith integratedpre

amplifierson the samewaler.

4. To test the performanceof silicon drift detectorsand the in

tegratedelectronicswith the emphasison the systemstability

andreliability.

5. To testtheradiationdamageandthehigh temperatureanneal

ing of silicon drift detectorswith integratedelcétronics.

6. To designa completeread-outsystemof silicon drift detectors

for the SSC application.

7. To study andto developa fast triggtr from silicon drift detec

tors.

8. To designthe tracking andvertexingsystem,to build at least

onesectorofit andto test its performanceat a high energytest

beam.

9. To study theperformanceof the systemat the "SSC environ

ment" with. the Monte Carlo method. We plan to usethe test

beamresultsandStandardModel Riggsproductionmechanism

and decaysto evaluateand to improvethe performanceof the

trackingsystem.To testthevertexingsystemweplanto Monte

Carlo B decaysin the centralregion.

10. To studyandto developa read-outsystemwhich is mostlyblind

to hits due to spiraling low momentumtracks.

The secondsectionwill summarizeprinciplesof silicon drift detectors.

It will explain why a pair of silicon drift detectorscan determinethe time

of the particle crossingwith the precision better than ins and why the

detectoritself is the first signalpipelinein the read-outsystem.The third

sectionwill presentthe generalconceptof a silicon drift detectorbased

tracking and vertexingsystem.. In the fourth sectionwewill elaborateall
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tasks of the proposaland assignresponsibilitiesfor eachtask. In the fifth

sectionwewill defineourmilestonesandwe will concludewith the budget

estimate.

2. SemiconductorDrift Detectors

I
Figure 2.1: Perspectiveview not to scaleof a semicon
ductordrift detector.Electronscreatedby an ionizing par-
tide aretransportedlong distancesparallel to the detector
surface.The anodeis divided into short segmentsto mea
surethe coordinateperpendicularto the drift direction.

Silicon drift detectorsarerelativelynewkind ofsemiconductordetectors

able to providevery precisepositionand ionizationmeasurementswith a

very modestamountofelectronics.A perspectiveview ofthedrift detector’

is shown in Fig. 2.1. In principle, the electric field of the drift detector

forces electronsliberatedby an ionizing particle to drift parallel to the

large semiconductorsurfaceto the anode. The transit time of electrons

p+ p+ p+ p+ Y
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inside the detectormeasuresthe distanceof an incidentparticlefrom the

anode.

As a direct consequenceof this electrontransportmethod the anode

capacitanceis muchlowerthantheanodecapacitanceof the classicalsemi

conductordetectorof the samedimensions. The amplifier noise can be

mademuchsmallerwhich is themain reasonbehindthe excellentposition

resolutionof silicon drift detectors.

Themeasuredpositionresolutionin a testbeamwas lOjtm on the drift

distanceof 40OOnn. Theseresults2were achievedwith externalamplifiers

which were not matchedto the very low anodecapacitance.

As an example,the drift detectorto be usedin UA6 experimentat

CERN SPPShasanareaof 4cmx 4cm,maximumdrift time of i.5ps, total

numberof anodes332 andanunambiguousx-y positionresolutionof 10pm

in both directions.

We would like to stressthat the maximumdrift time is not the dead

time of the silicon drift detector. Due to the fact that all electronsare

continuouslydrainedat the anodethe silicon drift detectorshaveno dead

time. Electronsdrifting toward the anodehave their chargesscreenedby

the electrodestructureof thesilicon drift detectoranddo not interferewith

the othersignalsor with the signalprocessingat the anode. The signals

arestoredwithin the detectorfor the durationof their drift. In the high

rateenvironmentof theSSCa silicon drift detectorstoresat anygiventime

bits of particlesoriginatedat different bunchcrossings.

Fig. 2.2 showsa simple wayhow to resolveparticlesoriginatedat dif

ferent bunchcrossings.Two silicon drift detectorsareplacedparallelone

to anotherat a small djstance.Thedrift fields in the two detectorsare ar

rangedin sucha way that electronsdrift in oppositedirectionsin thesetwo

detectors.Following someeasycalculationsin Fig. 2.2 weseethat thereis

a constraintfor the sumof thedrift times measuredin bothdetectorswith

respectto the time of the particle crossing. The time resolution of each

drift detectoris better than ins. The meanvalueof the drift times of the
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Figure 2.2: View not to scaleof two silicon drift de
tectorsplacedin sucha way that a particle has to cross
both detectorsand the producedelectronsare drifting in
oppositedirections with the samespeedv. The sum of
drift distancesfor any position of the incident particle is
constantand equals to the distancebetweenanodeland
anode2.The averageof two arrival times gives the time of
the bunchcrossing.

pair of drift detectorsand hencethe bunchcrossingtiming canbe deter

mined with the resolutionbetter than ins. There arenot manyposition

sensingdetectorswith this kind of time resolution.

We should now stressthat there is no penalty to pay by using two

silicon drift detectorsinsteadof one. Once the associationof hits with

bunchcrossingis completedwe havetwo independentmeasuresof points

leadingto a vector. This "vector" geometryis most likely preferablealso

I

I
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I V anode 2
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dl+d2= I

tl+t2 = tbunch+2v
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from the pattern recognitionpoint of view. Later we will see that our

conclusionsare correct even in a easeof silicon drift detectorsinside a

magneticfield.

Equationsin Fig. 2.2 arestrictly speakingvalid only for a given angle

of incidenceor for a zerodistancebetweenthe two detectors.If we assume

1.5mmdistancebetweenthe two silicon drift detectorsandthe drift speed

of 2Opm/nsacceptedangularspreadis 2 x 2Opm/nsx 8ns/lSOOpm

O.2rad. The larger angularspreadcanbe recognizedin the reconstruction

and all hits correctly associated. We can even think about a set-up of

severallayers of silicon drift detectorswith the drift direction reversed

from layer to layer but without being in dosepairs to provide the full

bunchcrossingassociationafter anoffline global fit to the trackcandidate.

The total memory time is about i.Ops for 2cm of drift path. Due to

thevery high "virtual" segmentationof the detectorthe degreeof confusion

from too manybits at one anodeof thedetectoris negligible. Theoptimal

drift length can be chosenaccordingto the locationof the detectorin the

experiment.

In this proposalwe will considertwo kinds of silicon drift detectors.

Silicon drift detectorswith a linear anodeand with pad anodes. In a

linear silicon drift detectorthere is only one or only a very few strip-

like anodes.The drift time measuresone coordinatevery accurately;the

other coordinateis within the length of the linear anode. The position

information providedby a linear silicon drift detectoris of the samekind

assilicon microstrip detectorbut the numberof read-outchannelsis about

threeordersof magnitudereduced.

Fig. 2.1 showsthecollection anodedivided into individualpad-anodes.

The position of the respondinganodesmeasuresthe coordinateperpen

dicular to the drift direction. Due to the transversediffusion, the electrons

producedby theionization arriveasa gaussianshapedchargecloudin the

anoderegion. Chargewill be usually collected on more than one anode.

The chargedivision methodyields the position of the crossingparticlein
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thesecondcoordinatewith a precisiondownto about4% of theanode-pad

pitch. This multi-anode silicon drift detectorprovides an unambiguous

two dimensionalposition information. The position information is similar

to one which is to be expectedfrom proposedsilicon pixel devices. The

multi-anodesilicon drift detectorgives betterresolutionwith fbur orders

of magnitudeless read-outchannels.

Silicon detectorsarecapableofachievingthepositionresolutionof4pm

with a detector300pmthick. Thesebestresultwereobtainedwith anormal

incidenceof chargedparticles.For otheranglesof incidencetheresolution

will be limited by thefluctuationsin the densityof theionizationLandau

in the silicon. For an inclinedincidentangle the best positioninformation

which canbe obtainedfrom any silicon detect.oris the centerof gravity of

the ionization. This information on averageis the crossingof the particle

trajectorywith themiddleplaneof thedetector.Due to the fluctuationsin

the linear densityof the ionizationthe chargecenterof gravity fluctuates.

A detailedanalysisis on Page370 of Ref. 2 andshowsthat for a nonnormal

incidencethereis an additionalcontributionto thepositionresolutiondue

to thefluctuationsin theionizationdensityu, = t x tan a x uq/Q wheret

is the thicknessof the detector,a is theangleof theincidenceandaq/Q is

the relativewidth of theLandaufluctuationsin thesilicon of the thickness

t 0.2 Lx a 300pmthick silicon.

Presenceof the magneticfield modifies trajectoriesof electronsin a

silicon drift detectorand a normal incidenceis not more the ideal one.

There is,however,a proper incidenceangle which does not produceany

degradtionof the position resolution. We will keep this in mind in the

next sectionwhile designingtheinner trackingdetector.

3. Tracking and Vertex Detector Lay-out

Fig. 3.1 shows the axonometricview of the Inner Tracking Detector.

The bottom part of Fig. 3.1 showsthe sameview with a cut in front part
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Figure 3.1: Axonometric view of the left half array of
silicon drift detectorsforming the inner tracking detector.
Eachring consistsof two layersof silicon drift detectorsto
providethecorrect associationwith the bunchcrossingand
to provide a "vector" information. In the bottomview the
front angleof eachring is cut off to showhiddenrings.
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Figure 3.2: Crosssectionalongthe beamaxis ofthe inner
tracking detectorbasedon silicon drift detectors.Detector
hasa full azimuthalcoverageand rapidity coverage

77J

3.
Linesindicatethecrosssectionof rings ofdetectorscentered
aroundthe beamaxis. Eachline representsdoselayersof
silicon drift detectors.

of rings to showthe hiddencomplexitydoseto theinteractionregion. Now

we will definethis detectorgeometryand wewill justify our choices.

Fig. 3.2 showsthe crosssectionof the trackingdetectoralongthebeam

axis. We will assumea uniform magneticfield along the beam direc

tion solenoidalfield. We can seedifferent sectorsand different layers

in Fig. 3.2. Sectorsare called 0,1,...,5 and eachsectorcovers a certain

region in rapidity. Layershaveletters a,b, c and d andareplacedroughly

at 40,30,20 and 10cmfrom the beam. The most importantrequirement

is the perpendicularincidenceof fast particlesonto the detectorsurface.

There is only a very small overlapbetweenthe neighbouringsectors. The

positionof theindividual sectorsalongthebeamdirectionis definedby this

non overlapingrequirement,normalincidenceandby the averagedistance

from the beamaxiswhich is kept constantfor -all sectors.

The proposedgeometryis a good compromisebetweenthe size of the

detector in the forward direction and the increaseotthe densityof the

.2
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particlestoward highervaluesof the rapidity . The geometryminimizes

the amountof silicon to covergiven solid angleat anydistance.Last but

not least the silicon drift detectorsin this geometryare less likely to be

crossedby low energyspiraling tracks.

The shown geometry of the tracking detectortakesa full advantage

of the relatively small size of individual silicon drift detectorswhich is

usually considereda generalshortcomingof all silicon detectors.The size

of individual silicon tiles is about 6.5cm becausewe have assumedthat

silicon drift detectorsare madefrom 4 inch diameterwafers. There are

no 4 inch diameterhigh resistivity detectorgradesilicon waferavailablein

1989. The maximumdiameteris 3 inch. We hopethat 4 inch waferswill

be commerciallyproducedby 1992. The total numberof wafersis about

8000 having the total active areaof 2Dm2. Eachfast particleis measured

8 times.

Fig. 3.3 showstheazimuthalview of thefour doublelayersof thecentral

sector number0 of the inner tracking detector. The magneticfield is

assumedto be parallel to the beamdirection, andin this view we seeand

measurethemagneticcurvature.Drift ofsignalelectronswithin silicon drift

detectoris in theplaneof the drawingandelectronsaresubjectto Lorentz

forces. A direct analysisof the electrontransport in semiconductorsin a

magneticfield is a. well known subjectof solid statephysics. The electron

mobility becomesa tensorquantity with all componentsbeingfunctionsof

the magneticfield. Electrontransportequationsin a magneticfield have

an analytical solution for the caseof the electric field of the silicon drift

detectors.We will give hereonly relevantresults.

Thereis a substantialdifferencebetweenthe behaviourof silicon drift

detectorsand gasdrift chambersin a magneticfield. In a gaschamberthe

electrons do not drift alongthe electric field lines and they spiral before

reachingthe anodewire. In a silicon drift detectorplacedrelative to the

magneticfield asshownin Fig. 3.3, electronsdrift parallelto thelargesur

faces of the detectoralongthe applieddrift field. The magneticforce is
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Figure 3.3: Crosssectionof the inner tracking detector
perpendicularto the beamin the centerof the interaction
region. Magnetic field of 1.5T parallel to the beamdirec
tion is assumed.Detectorsare tilted by 110 with respectto
the azimuthaldirection. The tilt correctsfor the magnetic
phenomenaof the electrontransportin silicon.

compensatedby the confining electric field within the silicon drift detec

tor. Insteadof being transportedin the detectorniidplane electronsare

transportedin a planeslightly shiftedout of theplaneof minimal potential

energy. During the drift the Lorentz force is exactly compensatedby the

componentof the electricforceof the confiningfield. Thereis no changeof

the drift velocity or otheradverseeffects during the main signal transport

as comparedto the drift without the magneticfield.
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Specialcarehasto be takenduring the very first instanceof the detec

tion processwhentheelectronsareproducedmoreor less uniformly across

the detectorandaremovingtowardthemidplanedueto theconfiningelec

tric field of the silicon drift detector. Thereare Lorentzforces acting on

electronsduring their initial drift too. For a normalincidencethe charge

would form a line insteadof a point in a drifting plane. Fig. 3.3 shows

all silicon drift detectorsin the centralsectorto be tilted with respectto

the normal incidence. The tilt angleis exactly the Hall angledefinedby

the relationat ah = . B wherep is the electronmobility andB is the

magneticfield.

It canbe shownthat if a chargedpartidecrossesthedetectorin thedi

rectioninclinedfrom thenormalincidenceby the Rail angleah all electrons

producedby the ionizationcome togetherin a point in thedrifting plane.

Thefluctuationsof theionization densitythus do not degradethe position

resolutionof the silicon drift detector. Fig. 3.4 shows the trajectoriesof

electronsin more detailand moreovershowsthat this isocbrothsmis valid

in both directionof the drift field. Two layersof silicon drift detectorscan

againassociatethe hit with thecorrect bunchcrossing.

The silicon drift detectorsof the sectornumber4 are orientedalmost

perpendicularrelativeto the externalmagneticfield. This orientationis

not the best for the momentumanalysisof the chargedparticles.Thereis

little of the useful magneticdeflection. This is not due to the positionof

the detectorsbut dueto the geometryof the solenoidalmagneticfield. In

the asymptoticcaseof the magneticfield perpendicularto the surtceof

the silicon drift detectorelectronsdrift in the middleplaneof the detector,

however,the directionof the drift is rotatedby the Hail angle0h with the

respectto the directionof the drift field Ed. Thedrift speedis reducedby

the factor of + p . B2. The isochronouslines remain normal to the

detectorsurfce as wasthe caseof no magneticfiel4.

Silicon drift detectorshaveto operateunderslightly higherdrift field

2%increasefor anexternalfield of1.5T. Thedrift nonparallelto the drift
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Figure 3.4: Trajectoriesof electrons"A" in theFig. gen
eratedby an ionizing particleincidentunderthe Rail angle
ak. Parallellines define isochronouspoints on the trajecto
ries. All electronscreatedby the ionizationof the crossing
particlearebrought to a point independentlyof the direc
tion of the applied drift field. Associationof a hit is done
in a sameway asin a casewithout a magneticfield.
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field can be compensatedby rotation of individual silicon drift detectors

or by taking the effect into accountin software. The sectorsnumber1, 2

and 3 havemagneticfield at an anglebetween0 and 90° relativeto the

detectororientation.Thesesectorsaretilted in the azimuthaldirectionby

an angle smaller than the tilt of the central sector. They also havethe

abovementionedincreaseof thedrift field.

We do not insist on the finality of the presenteddesignof the inner

tracking detector.Within this proposalwe areindeedplanningto evaluate

it and to improve it. We believe strongly, however,in the basicconcept

of the presentdesign. The basic featuresof the designare given by the

physicsof the p-p interactionsandby the physicsof theparticle detection

in the silicon drift detectors.The magneticfield influencesthe designonly

in a secondorder defining the tilt anglesand a slight increaseof the drift

field. Thus ourdesignof the innertrackingdetectorlooks essentiallysame

in the ease,let us say,of a dipole field or of a non magneticdetector.

We havenot mentionedthe vertexdetectorup to now. There is no

sharpboundarybetweenthevertexandtheinnertrackingdetector.We can

think oflayerd asbeingthelast layerofthevertexdetector.Twoadditional

doublelayerse andf canbe addedcloser to the intersectionregion. They

aremadewith smallerwafersto approximatebetter a normalor "tilted"

incidence. We may alreadyusesmallerdetectorsfor the layer d for the

samereason. The exact location and the geometryof the layers e and f
will be one of the tasks of this proposal. The distanceand the geometry

dependvery critically on the requiredphysicsgoalsand on the exact size

of the intersectiondiamond. It may be that for heavy flavor physics an

intersectionregionwith muchshorterdiamondlength is preferablein spite

of the consequentdecreaseof the luminosity.

We did not specify where there is going to be transitionfrom multi-

anodesilicon drift detectorsto linear anodedetectors.We will decidethe

questionin point 9 of theproposaltask.
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Thevery importantsubjectsofheatdissipation,cooling, radiationdam

age andcompletereadout systemwill be addressedin the next section.

4. ProposalTasks

The division of the work into ten different tasks is ratherarbitrary

and all tasks are closely interdependent. We will mention nevertheless

institutionsmostly responsiblefor the giventasksin spiteof the fact that

in past all personsin the groupcollaboratedvery doselytogetherwith no

institutional boundaries. The three di&rent institutions in Munich and

Garchingwill be referredto just asone institution.

4.1 Designof silicon drift detectors

Institutions: BNL, Milano, Munich

Proposeddevicesare well testedsilicon drift detectors. For a SSC

applicationwehaveto pay moreattentionto the following fratures:

1. Radiationhardness

2. Coolingof detectorswith integratedelectronics

3. Reliablepositioncalibrationin both directions

1 Silicon drift detectorsdo not haveanyusefulMOS structure,there

fore are as radiation hard as the silicon bulk devices. Moreover,we have

designed,producedand successfullytesteda silicon drift detector3where

all currentgeneratedon Si - 5i02 interfaceis collected by a sink anode

insteadcontributinginto the leakagecurrentof the signalanode.Presently

September1989 wehavefinished thedesignof a 32cm2largesilicon drift

detectorfor the CERN experimentNA4S which also collectsthe interface

generatedcurrentinto a sink anode.With this designany radiationdam

age of theinterfacewould not degradethe performanceof the silicon drift

detector. Radiationdamageof the interfaceis very pronouncedin strip

and pixel detectors

Bulk damageof silicon drift detectorsmay alreadybe a problem at

the SSC environmentif someaccidentalbeamloss during filling periods
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is taken into account. We proposeto designthe supportingsystemwith

all connectionsin sucha way that eachsilicon drift detectorcan be fast

disconnectedfrom the main support and thermally annealed. We have

developedthis kind of supportfor the silicon drift detectorto be usedin the

NA45 experiment.The "fast disconnect"wasrealizedby one dimensional

rubber contactsdevelopedfor the watchindustry.

2 The voltagedivider alonedissipatesabout 200mWof powerper a

singlesilicon drift detectorof theareaabout40cm2. For thecompleteinner

track detectorthe total powerwould be up to 2kW. It is not too hard to

takethis powerout. However,silicon drift detectorsarevery temperature

sensitiveand specialcare is neededwhen cooling the detectors. Thereis

oneimportantpoint with the powerdissipation.We havea full control to

decide where the integratedvoltage divider is locatedon the silicon drift

detector,that is, where the heat is generated.The sameis true to some

extent for thelocationof theintegratedelectronics.For-theSSC designwe

haveto placeall heatsourcesdoseto the edgeof the detectorwhere the

heatis going to be takenawaywithout flowing through the silicon. The

designof the externalcooling systemis a part of the task number8.

3 The calibrationis closelyrelatedto the temperaturestability. The

drift velocityin siliconis proportionalto the drift field Vdrift = p E, where

p is the electronmobility 1400cm2/Vs.The mobility and thereforealso

the drift velocity aretemperaturedependentp s T24. Dueto the preci

sion of silicon drift detectorwe aresensitiveto temperaturevariationsof

about0.1K. Furthermorethe temperaturemustbeuniform in thesensitive

volumeof a drift detector.

Stabilizing the overall temperatureto better than 0.1K may not be

practical. It seemseasierto calibrate the drift velocity. We considerto

implementtwo calibrationsystems.

a calibrationby electronicallyinjectedelectronsat a well definedpo

sition in a silicon drift detector. Electronscanbe injecteddirectly from
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an ohmic contactor from a local potentialminimumwherethermallygen

eratedelectronsarestoredandeventuailj releasedby an externaltrigger.

Both typesof injectorsarecurrentlyunderstudy.

b Laser light calibration. Optical light can be focused on a silicon

detectoryielding a well definedspot, but all the photo-ionizationoccurs

very near the surfaceanddoesnot simulateeffects of the ionization by

a chargedparticle. Silicon is almost transparentto infrared photonsof

energyalsoslightly abovethe 1.1eVbandgap. By a fortunatecoincidence

the photonenergyof a Nd:YAG laseris 1.16eV,and the absorptionlength

in silicon is 1mm. This light can be usednot only for the monitoring of

the drift velocity but also-for-the calibrationof the relative positionsof

different layers- -

4.2 Integratedpreamplifiers

Institutions: BNL, Milano, Munich

This task is alreadypartially fundedfrojn the otherSSCgenericR&D

detectordevelopmentgrants. The low noise fast preamplifieron high re

sistivity silicon of the detectorgradewaferwas designed,4producedand

tested’. In spiteof unwantedparasiticconnectionsbetweenpowerbusses

the wholepreamplifierworks’. Designis basedin a new typeof JFET and

is intrinsically radiationhard. The powerdissipationof a singlepreampli

fier is about 5mW. We plan to developa bipolartransistorfor the output

driving stagewhich will bring the powerdissipationdown to 1mW level.

We think the problemis well undercontrolascanbe seenfrom ‘

4.3 Production of silicon drift detectors

Institutions: Munich

4.4 Lab test of performance

Institutions: Pittsburg,Princeton,Rockefeller

A seriesof long time test will be performedin labs with the ionization

simulatedby the infrared light. We will usepartially existing lab equip

ment. Micropositioners,Microscopesetc.
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4.5 Radiationdamage

Institutions: BNL, Heidelberg

We have mentionedeajlier the jntrinsiç radiation hardnessof silicon

drift detectors.Due to theimportanceof the problemin the SSCenviron

ment we will elaboratetheradiationtestsinto somedetail.

In order to fully exploit the silicon drift chamberas a tracking device

for the SSC,one mustconsiderpossibleradiationeffectsand askif enough

is knownto predict the effect on silicon drift detectors.Severalworkshops

havebeenheld by the SSC CentralDesignGroupto consider

1. the radiationenvironmentwithin the colliding regionand

2. the effect of this environmenton materialsand detectors.

Thesefindings havebeenpublishedas SSC-SR-1033and SSC-SR-1035re

spectivelyandwecanexpecttwo majorcomponentsto the annualradiation

dose:

1. 2.4 x 1012, 1MeV fast neutrons/cm2asalbedofrom thecalori

meter

2. lMRad due to chargedparticles mostly minimum ionizing

which approaches1014/cm2in fluence, at distances8cm from

thebeamails.

Thesenumbersresult from the assumptionthat the centralcavity ar

ound the collision region is 2m and that a heavy calorimeteris in place.

Other radiationssuchas an albedophoton flux will not be important to

the detector,but may have-aneffect on the readoutelectronics. While

there is somelatitude in hardeningthe electronics,chargedparticlesand

neutronswill causevolume displacementeffects that arenot amenableto

cures,other thanannealing.

Fastneutronsandchargedparticlescausedisplacementof silicon atoms

from their lattice sites which resultsin both, generationcentersand trap

ping centers. Other effects suchas majority carrier removaland surface
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effectswill neednot to be considered.Theincreaseof leakagecurrentfrom

generationcentersis well recordedand well-studiedat this timeT.

Trappingeffectsareoften neglectedwhenevaluatingsimplechargecol

lection acrossa 300pm waler associatedwith a Landaudistribution of en

ergy loss,howeverwemustconsidertrappingis the easeof drift eventshav

ing electrontrajectoriesof up to 1cm. Deeptraps generallyhold charges

for times greaterthan the collection time in most detectors: Thus, in a

drift detector,sometrappingof themobileelectronswill simply reducethe

chargesignal,but havelittle influenceon the timing andpositiondetermi

nation. It is possible,but unlikely, that atrapping/detrappingcombination

could act to obscurethe time centroidof the collected,chargepacket.

In othermaterialsaswell assilicon, holetrappingis predominantfrom

fast neutron-inducedelusterdisplacementdamage.Fortunately,holes are

quickly collectedand do not contributeto the signal formation. Electrons

form the chargepacketmay be lesssusceptibleto trapping.Very few esti

matesof electrontrappingin silicon seemto exist in the literature,except

for someresultsdating to 1968 and 1971. Colemanet al.’ and Liu and

Coleman9irradiatedtotally depletedthin surfacebarriertransmissionde

tectorswith protonsbetween0.8 and5MeV to fluencesto over io’. The

n+ and p’’ contactsof the detectorswere scannedwith an alphasource

which elicited either hole or electrontraversalof the detector.At fluences

in the 1&3/cm2 rangeconsiderablehole trappingwas indicatedby degra

dationof the alphapeakwith the sourceincidenton the n’ contact. Their

dataalso indicateelectrontrapping for higher fluencesof protonswhich

traversedthe entire detectoralthough their interpretationof the datais

not explicit in this regard.If onescalestheeffects between4MeV protons

and minimumionizing radiationby a factor of 100, one might expect the

trappingat a m.i.p. fluenceofseveraltimes 1O/cm2. However,it must be

notedthat their collection depthwasonly 100Mm. Thereis thereforea dis

tinct possibility of performancedegradationof drift detectorsfrom electron

trappingintroducedby theSSC radiationenvironment.
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Clearly,the extrapolationof olderresultsfor chargedparticleeffectsis

somewhattenuousand one must surely performmorepertinentmeasure

mentswith representativestructures.Further, theseearly measurements

arestrictly applicableto the chargedparticle componentto the expected

SSCannualdose.Measurementswith fastneutronsshouldalsobe madeon

representativestructures. At higherenergiesneutrondamagetends to be

moreequivalentto proton damageasthe silicon recoil becomesmoreener

getic and the displacementsknock-onsaremorewidely spacedand take

on thecharacterof isolatedpoint defects.However,theneutron-protondis

tinction only becomeslessenedat neutronenergiesabove14MeV,whereas

the expectedSSCneutronfluencewill beabout1MeV. This point is made

to caution the applicationof the proton resultstoo widely. As opposedto

minimumionizing particlesthe proton-induceddamageis morecomparable

to fast neutrondamage,but it shouldnot be strictly comparedto 1MeV

neutrons.Thereibre,more applicabledatashouldbe acquiredto establish

thedegreeof electrontrappingfrom representativefluencesoffast neutrons

in the 1MeV range.

A variety of sourcesfor both neutronand chargedparticleirradiation

areavailableandwe proposeto exposerepresentativestructures,suchas

a silicon drift detectorwith integratedelectronics,andmeasurethe several

factorswhich will affect its SSC application:

1. Increasein leakagecurrentfrom bulk generationthrough de

fects.

2. Decreasein collectedchargecausedby long term trapping.

3. Deteriorationin time position measurementdueto short term

trapping.

4. Deteriorationof the preamplifierperformance.

In conclusion, it should be emphasizedthat there is really no data

available that is applicableto describethe trappingof electronsmoving

in a drift field over long collection paths. Should trappingoccur, carrier
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removal is expectedonly to decreasecollected charge2 aboveand not

compromisethe deviceasa tracking detector.

4.6 Completeread-out

Institutions: BNL, Harvard,Milano

A silicon drift detectorbasedtrackingsystemcanprovide,asmentioned

earlier,spacepointswith excellentspatialresolutionfrom a relatively small

numberofelectronicchannels.For examplewith a drift distanceof1cmand

typical interanodespacingof 200pmoneneedsonly 50 channelspersquare

centimeter.The effectivepixel densityfor sucha caseis 2000 pixels/cm2

if one further assumes250pm double track resolutionalong the drift di

mension.The priceone paysfor sucha superbperformanceis in the level

of sophisticationof the readoutelectronics. Whereasa simple discrimi

nator may be adequatefor a silicon microstrip readout,careful time and

chargemeasurementsare requiredfor a silicon drift detector. One typi

cally employs dual shaperswhere eachpath is optimized for one or the

other measurement.This solution,however,is not practicalfor a system

with a large numberof channelsas the one we propose. A conventional

flash ADC which could performthe function of both filters is alsoimprac

tical for large systems. As is the casefor most of the detectorsfor the

SSC an analogpipeline would be necessaryto buffer the datawhile the

trigger decisionis beingmade.Sucha pipelineis a naturalextensionof the

"built-in" pipelineprovidedby the drifting electrons. The characteristics

of this pipelinearedetermined,in part,by the spatialextentof thedrifting

chargedue to diffusion. For a typical drift field of 1kV/cmthe diffusion

lengthis 70 - 100pm. With somechargeintegrationnecessaryfor band

width limiting the chargeof a minimumionizing particleis representedby

a gaussianwith a sigmaof 150pm.That implies that thebunchcrossing

frequencyof the SSC is adequateassamplingfrequencyof the waveform.

The dynamicrangerequirementfor sucha pipelineis a modestS bits.
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Due to the enormousvolume of datasignificantly more processingis

requiredvery closeto the detector.We recognizethe developmentof dccli

catedmonolithic circuits asa majorcomponentof therequiredeffort. We

intend to addressthe following questions:

* How muchprocessing"on-the-detector"is required;

* When to digitize;

* Featureextractionduster finding in hardware;

* When/whereto correlatedrift times to resolveeventsfrom different

bunchcrossings;

* What technologiesaresuitableradiationdamageto electronics;

* Whatarethepossibilitieswith ASICs especiallyASICs with somebuilt-

in processingpower. -

Many of theseproblemsare common to a lot of the proposeddetec

tors for the SSC.We intendto follow closelyrelateddevelopmentsby other

groupsand perhapscollaboratewith somein orderto integrateinto mono

lithic IC’s manyof thesefunctions.

4.7 Fast trigger from silicon drift detectors

Institutions: Heidelberg,Milano

Silicon drift detectorsprovidethe positioninformationwhenthe signal

electronsarriveon theanode. For the SSC applicationit maybe useful to

havea prompt informationto help to form a trigger. The prompt infor

mation may be obtained,in principle, from the signal inducedby moving

chargesin the proximity of electrodes.

In a silicon drift detectorthep+ stripson bothsidesof thedetectorare

normally usedto provide the drift field for the generatedelectrons. They

canalsobe used,onceconnectedto preamplifierssingularly or in groups,

to get signals inducedby electronsand holes. Electronsinduce current

signalsof zero areabecausethey arenot collected by the p+ strips. Holes

produce,on thosep+ strips which collect them, a non zeroareapulse.
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Thesesignal can be consideredin order to obtainprompt information

about chargesgeneratedand travellingin the detectorwithin a time delay

from the ionizing eventmuchshorterthanthe total drift time of electrons

throughthe whole length of the detector.Therefore,a suitableprocessing

of thesepulses,canlead to a useful trigger signal relatedfor instanceto

the multiplicity evaluationof the tracks recordedby the detector.

Specificelectrodes,in additionto thefield electrodes,could bedesigned

to get the most appropriatesignalsfor triggering purposes.

The useof theseprompt signalsin silicon drift detectorshas already

been demonstratedfor X-rays detection. The pulseswere usedas zero-

time referencein the measurementof drift time for the determinationof

the position of interaction. Fig. 15 of shows the diagramof electrode

connectionsto obtainthe zero-timereferencefrom a silicon drift detector.

Fig. 16 of the samereferenceshows the relevantwaveformsat the output

of the anodeamplifierandat theoutput of the singleamplifier connected

to the p strips.

For the trigger signal for the SSC application,gne amplifier every 10

stripsmight be used.Let us call therequirednumberofamplifiers tt. The

implementationof the additional n0 amplifiers allows to obtain the total

chargereleasedin thedetectorin 1/n4 of the total drift time.

4.8 Track and Vertex detectorsystem

Institutions: All

This is the main scopeof the proposal.

4.9 Monte Carlo

Institutions: Harvard,Princeton,Pittsburgh

We will start with sameISAJET simulationsoonto avoidtrivial mis

takes.Heavy MonteCarlostudywill startassoonasexperimentalnumbers

for the detectorperformanceareknown.
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4.10 Spiraling tracks

Institutions: BNL, Milano

All silicon drift detectorsin the proposedtracking systemare placed

perpendicularto the trajectoriesof fastparticlesproducedat the interac

tion region. Thustheir cross-sectionfor low momentumspiralingtracksis

smaller.The spiralingtrackscrossthe silicon drift detectorsgenerallyat a

shallowangleleadingto extensiveionization track. The doudof electrons

arriving to the anodefrom a hit by a spiralingparticlehasa very different

shapethat a doud of electronsproducedby a partieleofnormalincidence.

We will attemptto analyzethe pulseshapeto suppresshits from spiraling

tracks.

5. Milestonesand Budget

5.1 Milestones

We hopeto fulfill all tasksof the proposalin a 3 yearperiod. Follow

thelist of importantmilestones.

1. 0.5 year. Test of the new versionof the preamplifieron high

resistivity silicon.

2. 0.5 year. Test of the NA45 silicon drift detector.This detector

hasa structurewhich doesnot allowelectronsgeneratedon the

51 - SIO interfaceto reachthe detectoranode.

3. 1 year. Radiationdamagestudiesof the NA45 detector.

4. 1. year. Designof Marki SSCsilicon drift detector.

5. 1.5 years. Productionof Markl SSCsilicon drift detector.

6. 2. years. Testof Markl SSCsilicon drift detector.

7. 2. years. First radiationtestson Markl.

8. 2. years. Designof the support and cooling structurefor the

track detector.

9. 2. years. Designof the read-outsystem.
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10. 2.5 years. Completionof the trackersectorwith Marki silicon

drift detector&

11. 2.5 years. Designof Mark2 SSCsilicon drift detector.

12. 2.5 years.Testof theread-outsystem. -

13. 3 years. Test of the completesector.

14. 3 years.Monte Carlo studies.

15. 3 years.Productionof Mark2 SSC silicon drift detector.

16. 3 years.Fast trigger from silicon drift detector.

17. 3 years.Spiraling track blind read-outsystem.

5.2 Budget

We are askingfor the supportof U.S. institutions only. Institutions

in Italy will havetheir support from CNR, INFN andMPI; Germaninsti

tutionsfrom BMFT and MPG. The only support from SSC fundingsfor

the Europeancollaboratorswould be contributionsfor masks andother

productionmaterial.

We assumethe samelevel of funding for the periodof 3 years. Below

arelisted requirementsfor eachU.S. institution per year.
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Mask andproductionmaterial 50 k

BNL 1 Full time mechanicalengineer 80 k

1 Full timeelectricalengineer 80 k

2 Full time technicians2 x 50 k 100 k

Equipmentandmaterial 60 k

Travel 20 k

TOTAL 340 k

Harvard 1 Full time electricalengineer 80 k

1 Student 27 k

Equipment 30 k

Travel 10k

TOTAL 147k

Princeton 1. Full time mechanicalengineer 80 k

1 Student - 27 k

Equipment 20 k

Travel Bk

TOTAL. 135k

Pittsburgh 1 Full time electricalengineer 80 k

1 Student 25 k

Equipmentandmaterial 20 k

Travel 10 k

TOTAL 135 k

Rockefeller 1 Half time technician 25 k

EquipmentandMaterial 10k

Travel 3k

TOTAL 38k

GRAND TOTAL 845 k
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