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Abstract

To extendthe triggeringcapabilitiesof the H1 experimentfor exclusive final statesnvolving trackswe
proposeto determinethe momentaof chaged particlesmeasuredn the centraldrift chamberwith high
precisionin realtime. Topologicalselectiorof final stateswill be madepossiblewithin 25 usfor thesecond
level of the H1 trigger. Invariantmasscalculationsbasedon trackssuchasAm = mg . — mg, for the
goldencharmdecaychannelD* — D°x will beavailableafterafew hundredus for level 3. Altogetherthe
Fast Tradk Trigger will supplythe necessaryactorsof ~100 reductionof trigger rateswhilst maintaining
high efficiengy for trackbasedsignaturesMeasurementsuchasbeautyandcharmcrosssectionswill thus
be madepossibleat a high luminosity HERA machinewith high precision.

1 Intr oduction

For runningbeyond the year2000the ep collider HERA is planninga substantiaincreaseof luminosity by
insertionof focusingquadrupolest the interactionpoints. A factorof approximatelys increaseover whatis
presentlyavailablewill putnew demand®n triggeringandeventselectiorfor the H1 experiment[1].

TheH1 proportionalchambemupgrad€g?2] will allow ep interactiongo be selectedattriggerlevel 1 (L1) with
very high efficiengy. If basedon tradk triggers alone,this rateis dominatedoy photoproductiorandlow Q2
processe’s for which crosssectionsare large, leadingto typical ratesof a few hundredHz. Exclusive final
state=of particularinterest suchasthosecontainingcharmedmesonor vectormesonsgonstituteonly a small
fractionof thisrate. Suchfinal statescanbedistinguishedrom otherep interactiongy reconstructiorof either
therelevantinvariantmassegrom tracksin the centraljet chamber(CJC)or by identifying a high momentum
lepton. Specificsoftwarefindersfor thesesignaturesare currentlyimplementedon trigger level 4 (L4). It is
assumedn the further discussiorthatthe L4 selectioncapabilitieswill have beenupgraded3] to copewith
thefront-endanalysisequirementspamelythe largerfraction of exclusive processegelevantfor physics.

With the advancesin integration of modernelectronicsdrift chamberhit analysiscannow be performedin
realtime withoutincurringary delayandtriggerdeadtime This proposakhereforeaimsat an extensionof the
currentreadoutsystem[4], leaving the original systemfully operational.From a subsetof wiresin the drift
chambemve will generatespacecoordinatesrom the hit analysisandsubsequentlperforma full momentum
reconstructionn the remaininglevel 2 (L2) lateny period of 25 us. Information on the multiplicity and
momentumof chaged particleswill thusbe availableto assistin the L2 decision. The final selectionwill be
derivedfrom invariantmasscalculationdor which severalhundredus arerequired renderinghemrelevantfor

1Q? is theabsolutevalueof the four-momentuntransfersquaredat the electronvertex.
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level 3 (L3) triggering.An exampledecaychannelyepresentinghe demandingequirementsikely to bemade
onthesystemjs thatof D* — D =, — K 7 m, whichis selecteddy placingcutson the valuesof m g, and
Am = MKnrr — MKx-

The L2 andL3 triggersoperatewithin the primary deadtime of the readoutandproceedeforeeventbuilding.
Thetotalreductionfactorof order100overthetotal rateervisagedvould berealisedn astagednannemithin
this multi-level triggeringscheme.

The proposedorojectrequiresnovel implementation®f hit finding, patternrecognitionand massreconstruc-
tion. Fastlogic canbeimplementedn programmableligital devicesat very large density Moderntools for
electronicgdesignallow essentiabspectof the projectto berealisedevenwith limited resourceslt will yield
significantly betterselectvity thanthe existing DCr¢ trigger [5] by reconstructingndividual tracksin three
dimensionswith high resolutionanddown to muchlower momenta.

In summarywe aimto introducea fastpartialreadoutof CJC1 and2, which will allow thefurtherintegration
of triggeringdevicesasdescribedelow, leaving the existing readoutsystemuntouchedndavailable. Without
suchanupgradeof the trigger systemessentiapartsof the physicsprogrammaewill remaininaccessiblatthe
highluminosity HERA machine.

2 Overview of PhysicsRates

The HERA upgradeis targetedfor a factor 5 increasein luminosity, with the goal of a peakluminosity of
70 ub~'sec!. At theseluminositiesthe basicphysicsratesfor photoproductionevents with a minimum
requirementon the inelasticity parametery andthe rate of DIS at moderate)? are large (seetable 1 for
someexamples).At H1 the L4 input rateis limited to lessthan 100 Hz. To dateeventsatall )? canstill be
effectively triggeredowing to asophisticatedtratgy of prescaling6], which essentiallyinvokesthe high rate
physicstriggerswhenluminositieshave fallen sufficiently low in a givenfill. However, the prescalingalready
now impliesthata largefraction of eventsareunavailablefor analysis.

Kinematical range | Rate [Hz]
Q? <1GeV? 1000

1< Q% <10GeV? 40
10GeV?< (@2 4

Tablel: Approximateratesof thebasicep scatteringorocessat peakluminosity of theupgradeHERA machine
(0.05< y <0.95).

A largefractionof theluminosityincreasewill beachiezedby increasingheprotonandelectroncurrentsabove
presentvalues(to 160mA and58 mA respectiely). Hencewe expectthe beaminducednon-epbackgrounds,
which to first orderscalewith the currentof the individual beamratherthantheir product,to increaseby a
smalleramountthanthe ep physicsrate andthe requirementon ratesare mostly given by the increasein
luminosities. However, backgroundgrom sourcessuchassynchrotronradiationfrom the electronbeamare
expectedo increaséy factorslargerthanthegainin luminositybecausef thestrongerfocusingin themachine
lattice.



3 PhysicsMotivation

By around2005, it is expectedthat a total integratedluminosity of around1 fo~=! will have beendelivered
by theupgradedHERA. Detailedinformationon the new physicstopicsthatcanbe studiedwith suchalarge
luminosity canbe foundin [7]. Theimplicationsfor HERA andfor the H1 experimentarediscussedn [8].
This sectionintroducessomeof the physicsanalysesnadepossibleby the upgraddor which animprovedtrack
triggerwill be essentiabnddemonstratethatthe proposedievice will meetthe requirementsin section3.1,
measurementsf low crosssectionprocesseselying on chagedparticletrackingarediscussedin section3.2,
thetechnicaldifficultiesinvolvedin triggeringon suchprocesseareexplained.Section3.3 containsa detailed
study of the feasibility of selectingexplicitly on opencharmproductionat the early stagesof the H1 trigger
system. Section3.4 summariseshe triggering possibilitiesfor a numberof further processesnd placesthe
new device in context with existing triggerapproacheaftertheupgrade.

3.1 HERA Physicswith Charged Tracks Beyond the Upgrade

Using the large expectedluminosities,it shouldbe possibleto makevastly improved measurementsf mary
processesensitive to the structureof the proton and photonandto the phenomenologicatonsequencesf
guantumchromodynamic$QCD). Prominentamongtheseprocesseareheavy flavour productionanddiffrac-
tiveinteractionsTheaccurag of H1 measurementhathave beenmadeto datein bothof theseareads limited
moststronglyby lack of statistics.

Measurementsf opencharmand beautyproductionare crucial to mary aspectf the physicsprogramme
at HERA, asthe heary quark massegrovide a naturalcut-off preventing divergencesn perturbatve QCD

calculations Opencharmdataaresensitve to the gluonstructureof the protonandphoton,sincethedominant
productionmechanismsire photon-gluorfusiony(*)g — ¢z and(wherethe partonicstructureof the photon
is resolhed)gluon-gluonfusion gg — c¢. However, the crosssectionsfor openheavy flavour productionand

branchingratiosto detectablechannelsaresmall. Figurel shovs H1 measurementsf the gluondistribution

of the protonusingopencharmdata[9]. The statisticalprecisionis presentlyno betterthan25%. Lessthan
threeyears’datafrom an upgradedHERA shouldbe sufficient to measurehe gluon densityby this method
to betterthan10%. This would be a highly competitve measuremengiving greatly enhancedensitvity to

ary differencedetweerthegluondistributionasextractedfrom QCDfits to structurefunctionsandfrom more
directmeasurementssingopencharmdata.

After afew yearsof post-upgradeunning, next-to-leadingorderQCD predictsthat ~10° opencharmevents
will have beenproducedn H1[7]. With theenhancedetectiorcapabilitiesaffordedby thefully-commissioned
centralsilicon detectoy the total charmsamplesavailablewill be sufficiently large to makeinvestigationof
D° D mixing andsearchesor raredecayssuchas D° — p*p~ [7]. Approximately10* doublecharmtags
couldbecollectedby H1 with threeyears’datatakingaftertheupgradg7]. Thedistributionin thece invariant
masswould leadto a directextractionof the protongluondensity Studyingcorrelationsdbetweerthe charmed
andanti-charmeanesonsn azimuthandp, would provide furthertestsof QCD, charmproductionmechanisms
andhadronisatioomodels.

Throughthestudyof charmproductionin diffractive events,thegluoncontentof thepomeroncanbeextracted.
At presentpnly afew tensof eventsareavailablefor analyse®f thistype[10]. FirstH1 measurementsf open
beautyproduction[11] have confirmedthat crosssectionsare 1-2 ordersof magnitudesmallerthanthosefor
charm,but the measuredatesare significantlylargerthanthosepredictedin the lowestorderof QCD. Large
increasedn statisticsarerequiredto investigateheseeffectsfurther.

Several otherareasof H1 physicsarepresentlycompromiseddy low statistics. For example,‘elastic’ vector
mesonproductioncrosssectionsaremoreheavily suppressedith increasingy? thanis the casefor thetotal
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Figurel: Thegluondensityof the protonatlow z, asextractedusingnext to leadingorderQCD from D* data
in photoproductio (Q? ~ 0) andin DIS. Theinner errorbarsarestatistical. The outererror barscontainthe
statisticaland systematiauncertaintiesaddedin quadrature.The dataare comparedo a measuremerntased
on the scalingviolationsof I;(z,Q?%) andto a parameterisatiobasedon globalfits to a numberof different
measurements.

ep crosssection.Precisionmeasurementsf the exclusive vectormesonproductionprocessesp — ep’p [12]
andep — e.J/Wp [13] have thusfar beenrestrictedo theregion Q% <30 GeV? andlow? |¢|. Measurementat
larger Q@? of theratio of vectormesoncrosssectiongor longitudinalto trans\ersepolarisedohotons of the yp
centreof massenegy and|¢| dependencieandof spindensitymatrix elementsarecrucialto ourunderstanding
of diffractionwithin QCD. The high |¢| region is believed to be a particularlygoodfilter for harddiffractive
processesn which the pomeronmay be perturbatvely calculableby consideringthe exchangeof a pair of
gluonsfrom the proton, possiblyevolving accordingto the BFKL equation[14]. To date,measurementi
this region have relied on very poor statistics[15]. The obsenation of elastically producedY mesonshas
recentlybeenreportedoy H1 [16]. Datasamplesasedon ordersof magnituddargerluminositiesarerequired
in orderto testwhetherthe v(*)p centreof massenepgy dependencef the processs strongerthanthat for
elastic.J/W¥ production,asis predictedby QCD inspiredmodelsbasedon the exchangeof a pair of gluons
from theproton[17]. Measurementsf inelastic.//¥ productionaresensitie to theinterplaybetweercolour
singletandcolouroctetce productionmechanismsRecentH1 measurementsf inelastic./ /¥ production13]
areratherpoorly describedoy the latesttheoreticalmodels. The larger statisticsavailablefrom the upgraded
HERA areessentiato resol\e theuncertaintiesn thisfield.

Final statesthat containone or more very high p, chaged particle are almostalwaysof interest. Inclusive
chagedparticlespectraaresensitve to the dynamicsof partonemissionandhenceto QCD evolution mecha-
nisms. Chaged particle spectrahave beenmeasuredy H1 with goodaccurag upto p; ~ 3 GeV [18]. The
higherp, region, which canonly beaccessewith increaseduminosity, is the mostsensitve to thedifferences
betweenthe DGLAP andBFKL evolution schemes.High p; chaged particlesare also producedn the lep-
tonic decaysof electraveakgaugebosons.Only a handfulof W bosonshave beenidentifiedby H1 to date.
Many morewill beproducedwith theluminositiesavailableaftertheupgrade The mostsignificantanomalous
signalin the presentH1 datais the five eventscontainingisolatedhigh p; muonsin associatiorwith missing

2t is thefour momentuntransfersquaredt the protonvertex.



transyersemomentuni19]. Theexperimentakelectiorfor sucheventsinvolvestherequiremenof atrackwith
p: >10GeV, It is clearlyvery importantto searctfor furthereventswith this signatureafterthe upgrade.

3.2 The Needfor Impr ovedTriggering Methods

With the enhancedatesof ep interactionsand backgroundexpectedonceHERA is upgradedijt will not be
possiblefor H1 to continueto usethe relatively opentriggerscurrentlyemployed,exceptin the caseof very
highQ? deep-inelastiscattering DIS) eventsandothervery high trans\ersemomentun(p;) processesMary
of the processesf interestfor the studyof proton/ photonstructureandQCD dynamicsdo not exhibit high p;
signaturesThis s typically the casefor the heary flavour andvectormesonproductionprocessesliscussedn
section3.1. Without a dramaticimprovementin the triggeringcapabilitiesof the experimentafter the HERA
upgrade,sucheventswill be lost, or at bestwill be randomlyprescaledsuchthat only a small fraction are
availablefor analysis.To retainsucheventswith high efficiengy, andthusto exploit the full physicspotential
of anupgradedHERA, on-line particlereconstructionn the early stagef thetriggeris needed.

The eventsignaturegor heavy flavour productionarerathercomplicated For example,opencharmis usually
identifiedthroughthe decaychannelD*t — Dz} — (K—=%)x . by selectingontheintrinsically very

slow slow?
narrav distributionin the massdifferenceAm = m(K~r*z} ) — m(K~=*). The D* mesonis usually
producedwith relatively low transversemomentumandthe phasespaceavailablefor this decayis small,such
thatthe r}__ track hasvery small trans\ersemomentum. We aim for a reconstructiorthresholdas low as

100 MeV.

To save vectormesonevents,it will be necessaryo form invariantmasscombinationf tracksfrom decays
suchasp® — 7#t7~ and.J/¥ — uTu~ / ete~. To ensurethatthe vectormesonis producedexclusively,
informationon the multiplicity of trackswill be required. To obtainsamplesof eventsat large |¢[, it will be
necessaryo reconstructhe total trans\ersemomentumof the vector mesondecayproducts. To trigger on
electraveakgaugebosondecaysandalsoto facilitate the measuremertdf inclusive chagedparticlespectran
the presencef ahardscale,it is necessaryo identify high p; tracks.

To identify opencharmandhigh |¢|, high Q? vectormesonproductionon-line, the H1 trigger musttherefore
be ableto identify efficiently trackswith a very low p; thresholdto measureaccuratelytheir momentaandto
determinethe total track multiplicity. For the studyof high p; tracks,the p; resolutionof the trigger should
remaingoodup to large p;. Informationon all threecomponent®f track momentawill be requiredin order
to combinetracksto form Am or vectormesoninvariantmasssums. Without a track triggerthat meetsthese
specificationsall analysef processeshat requirethe accuratecombinationof track measurementand do
not containhigh p; final stateparticleswill be seriouslycompromised.

3.3 Feasibility Study of the Triggering of Open Charm

The kinematicsof charmproductionat HERA are suchthatthe outgoingcharmquarksarewell containedn
the centralregion of the H1 detectorover a wide rangein the fractionz,, of the protonmomentumcarriedby
thegluonenteringthe hardinteraction.Themain, alternatve,directmethodof extractingthe gluondistribution
of the protonis throughdijet production,wherethe large v*)g invariantmassrequiredto form the jet pair
andto makeit accessibldor calorimetricdetectionimpliesthatz, mustbe relatively large. As illustratedby
the pseudorapidity () and p; distributionsin figure 2, D* mesonsarising from the processy*g — cc are
detectablén the centraltrackingdetector(|n| < 1.5) with high efficiengy for 107* < z, < 10~!. Figure2
alsoshavsthe n andp; distributionsof D* mesonsobtainedfrom the processy*g — bb, wherethe b quarks
decayto a ¢ quark, which hadronisego producea D* meson.lt is clearthatthe D* mesondrom b decays

3The+z directionis takento bethe directionof theincidentproton.



are producedmore forward in the detectorandwith larger p; thanis the casefor D* mesondrom direct ¢
production suchthatefficienciesarelargerfor beautythanfor charmtagging.
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Figure 2: The n andp, distributions of D* mesonsproducedrom cé and bb processesrom AROMA [20]
Monte Carlo simulationswith @? > 1 GeV? and10™> < z, < 10~'. In both casesthe decaychainis
D+ — D} — (K-nt)r]  andtherequirementy,(K, ) > 300 MeV, p;(msow) > 120 MeV are
made.

In orderto quantify the efficiencies,resolutionsand backgroundrejectionpower of the proposedrast Track
Trigger(FTT), we have simulatedhe performancef thedevice detailedin sectiond usingmeasuredhits of ep
events.

It is usualto selectD* candidatedy first combiningtracksto form the invariantmasssumm (K ). Where
a pair of tracksyield a value of m(Kr) thatis closeto the nominal D° mesonmass(within 80 MeV in

typical off-line analysis),the K= candidatepair are sequentiallycombinedwith all further tracksto form

the D* invariantmassm (K rrgow). The final selectionis performedon the well resohed massdifference
Am = m(Knrgow) — m(Kr).

At thelevel 2 stageit will be possibleto selecteventson the basisof track multiplicity andtransersemomen-
tum. For the D* case the requiremenbf threetracks,of which at leastone positive and one negative track
correspondo p; >0.25GeV, couldbeapplied. Togethemwith theidentificationof ascatterealectronof 7 GeV
or more, theserequirementsvould remove approximately80% of the DIS candidatesvithout compromising
the D* selectiorefficiengy.

Figure 3 shows the Am distribution of a sampleof DIS D* candidatebtainedby H1 in 1997 with the
selectionp;(D*) > 1.5 GeV, p(K,7) > 0.3 GeV and p;(mqow) > 0.12 GeV. The Am distribution is
shavn asreconstructedising off-line analysistools andalsoasreconstructeéccordingto the simulationof
the track trigger. The resolutionfrom the track trigger is sufliciently good for the majority of eventsto be
found in the region of low Am. Similar studiesof the D° massreconstructedy the track trigger reveal a
resolutionbetweenl00 and 150 MeV. Cutson the reconstructedn (K 7) and Am arehighly effective in the
removal of backgroundprocessesot containingD* mesonsandwill form the basisof the Fast Track Trigger
D* identificationat level 3.

To quantify the expectedperformanceof the track trigger further, estimatedefficienciesare determinedby
feedingthesampleof DIS D* candidateshroughthesimulationandmakingvariouscutsonm (D°) andAm as
reconstructedy thetracktrigger. To estimataheexpectedutputratesfrom thetriggerwith thesameselection

6



Events
I
N
o
I

e Off-line Reconstruction

| A .
100 - +++ Fast Track Trigger
80 |- Jr
60 +

20 -
’ by
‘*HH\HH\HH\H‘%\#@A"’[&-‘%-A-\HH

8.135 014 0145 015 0155 016 0165 017 0.175
Am = m(Ktom)-m(Km) / GeV

Figure 3: lllustration of the expectedAm = m(Kn7qow) — m(K ) resolutionof the proposedtrigger.
The solid circles show the Am distribution of a sampleof D* candidategrom DIS eventscollectedby H1
in 1997, as reconstructedising the bestavailable off-line analysistools (|m(K#r) — m(D°)| <0.08 GeV,
Am <0.15GeV). The opentrianglesshon the Am distribution for the samesampleof eventswith tracks
reconstructedisingthe simulationof the proposedracktrigger.

criteria, a relatively unbiasedsampleof eventstriggeredon the basisof a electronin the rear calorimeter
(SpaCaljandatrackrequirementrealsofed throughthe simulation. The numberof eventsselecteds usedto

determinethe predictedriggerrateatthepeakluminosity expectedafterthe HERA upgradeof 70 ub=1s~t. In

bothcasestherequirement®;(D*) > 1.5 GeV, p;(K, 7) > 0.3 GeV andp; (710w ) > 0.12 GeV aremadein

thetracktriggerselection.Theresultsfrom bothstudiesareshavnin figure4. Evenwith theproposegeakpost
upgradduminosity, L3 outputratesof lessthan10 Hz areachievablewhilst retaining80% of eventsthatwould

normally be analysedbff-line. This canbeachievedfor examplewith cutsof |m (K x) — m(D°)] <300MeV

andAm < 160 MeV. It shouldbe notedthat even once HERA reachesdts designperformancethe peak
luminosity will be available only at the very beginning of a machinefill, when beamcurrentsare largest.
Averagduminositiesfor thefully upgradedHERA will typically behalf aslarge asthe peakluminosities with

anticipatedriggerratessmallerby a similar factor.

3.4 Ratesand Efficienciesof the Trigger

Theexampleof section 3.3 presents technicallydemandingapplicationfor a chagedtracktrigger. However,
by no meangdoesit exhaustthelist of applicationdor suchadevice for which a few otherexamplesaregiven
below. Table2 summarisesometypical ratesat the variouslevels. The “visible” crosssectionsinclude all
branchingratiosinto the obsenedfinal stateandthe kinematicalacceptanceg.g. the cutsof figure 3 for the
DIS case.However, it shouldbe notedthatthe L1 Keepratesarelargely uncertain:they dependon the actual
“coincidencesimplementedo tacklethe unknovn beambackgroundsThey arecorrectin thesenseahateven
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Figure4: Estimatedefficienciesandtriggerratesfor D* mesonsn DIS usingthe proposedriggerfor various
choicesof cuts on the reconstructed)® massand Am. The efficienciesare relative to the off-line event
selectionusedin themostrecentH1 publication[9] andarecalculatedusinga sampleof DIS eventscollected
in 1997. Theexpectedratesareestimatedisinga sampleof eventscollectedusinga SpaCaklectrontriggerand
areextrapolatedo the peakluminosityof 7 x 103! cm~2s~! thattheupgradedHERA is expectedto deliver.



todayratesof severalhundredHz arecommonfor triggersbasedntracksaloneandthusshouldbe considered
asreasonablexamples.The efficienciesfor triggeringwithout FTT have beenderived underthe assumption
of usinga prescaledevel 1 trigger suchthatthe L2 Keepratefor thattrigger remainsat 1 Hz, which is very
large andnottolerablefor anextendednumberof suchtriggerchannels.

triggerrates visible trigger
with FTT [Hz] | crosssection efficiengy [%0]
Process L1 | L2 L3 ovis [PP] with FTT  without
D* decay(DIS) 500 | 100 | 5-10 150 50-80 1
D* decay(y p) 500 | 100 | 5-10 100 40-65 1
p—rntnr= (DIS)| 40| 2.5 1 5000 80 2
I — pp,(ee) 50| 20| 1-3 1000 60(12) 3(2)
T — pp,(ee) 50 5 0.5-2 15 60(12) 3(1)
W — uv 20 1 0.3 0.1 70 3

Table 2: Estimateof trigger ratesandtheir reductionat the threedifferentlevels with andwithout the help
of the FastTrack Trigger. The total visible crosssectionsandthe expectedtrigger efficienciesnormalisedto
the visible crosssectionis alsoshovn. The ratesaretentative andscaledto the expectedpeakluminosity of
70 b~ 'sec ! usingthelL2 andL3 conditionsasdescribedn thetext. Thetriggerratesfor vectormesongliffer
for inelasticandelasticproductionbecaus®f the varyingeffectivenesf the track multiplicity requirement.

3.4.1 Vector Mesons

p:  Thedecayparticlesof a p° have typical trans\ersemomentabelow the currentthresholdof the DCr¢
trigger[5]. A level 1 triggerconditionrelying solelyongoodactuity in the z-vertex triggerfollowedby amul-
tiplicity requiremenbf exactly two reconstructedracksfrom the Fast Track Triggeron level 2 would provide
the necessarghield againstthe overwhelmingbackgroundrom, e.g.,beamgasevents. Theserequirements
would alsodecreasehe ratesfrom ep interactionsby 1-2 ordersof magnitude whilst retainingin excessof
80% of visible exclusive p candidatesFor very low Q? physicssuchrequirementsvould beimplementedor
shortdedicateduns. For thedeep-inelasticallproduced» the scatteredatlectronprovidesanadditionalmeans
of reduction.

J/¥: Thetwoprongdecayf the.//W typically resultin two backto backtracksof upto 1.5GeVtrans\erse
momentum for which againthe backgrounds large if momentumor massselectvity is not available. For

elasticallyproduced// ¥, the total track multiplicity canagainberestrictedto 2 atthe L2 stageof thetrigger.

For inelasticallyproduced//¥, an L2 cut on the highestp; trackin the event can be usedto provide large
reductions(seesection3.4.2). With an additionalcut of 0.5 GeV aroundthe nominal.J/¥ massat the L3

stage pverall ratereductionfactorsof 50 arepossible.

others: TheFastTrack Triggercanbe usedatlevel 3 to searchfor several othervectormesonstates.Many
of thesehave relatively low productioncrosssectionsandwill thereforebe interestingiopicsof studyafterthe
HERA upgrade.Furtherexamplechannelare¢ — KT*K~, p’ — ntr~ntr~, ¥(2S) — (T~ xTx~ and
T — ¢+¢~, where/* denotesithere® or pu*.



3.4.2 High p; Charged Particles

W (and %) bosonsare presentlytriggeredby observinga leptonandanimbalancein the hadronictrans\erse
recoil in the LAr calorimeter This signaturecanonly be reliably identifiedwhenthe missingtrans\ersemo-
mentumis large. Directandprominentexperimentakignature®f the bosonsarethe produced: andr, which
resultin final statescontainingsingleparticlesat transversemomentumof mary GeV. Theseparticleswill be
recognisedyy the FastTrack Trigger and provide the extra distinctionthat allows the missingp; calorimeter
requiremento berelaxed®. Similarly, thesignatureof singlechagedparticlesof severalGeV p,, characteristic
for the QCD processementionedn section3.1 or for the hadronicdecaysof beautymesonsganbe detected
atthetriggerlevel.

Ratereductionfactorsof 10 andmoreareeasilyobtainedwith ahighmomentunrequirementn the FastTrack
Trigger as can be seenin figure 5 obtainedfrom an unbiasedsampleof track triggeredevents. Both beam
gasprocessesnd~yp with low invariantmassinteractionsproducetheir backgroundgpredominantlyin small
trans\ersemomentunparticles.

Fast Track Trigger

18
16
14
12
10

reduction factor

1 2 3 4 5 6 7 8 9 10
cut on track with highest p (GeV)

o N A O

o

Figure5: Ratereductionfor a sampleof track triggeredeventsasa function of therequiremenbn the largest
p: trackobsenedin the event.

3.5 Integration into the Systemof H1 Triggers

From the experimentalpoint of view it hasto be addedthat a Fast Track Trigger with flexible topological

selectvity providesanothersafgguardagainstthe uncertaintie®f the backgroundconditionsat the upgraded
HERA. While thisis difficult to quantifyprior to startupexperiencen the pasthasshavn that,thelargeris the

flexibility for triggering,thebettertheexperiments ableto copewith thesometimesiemandingperatiorata

leptonhadroncollider.

“Thedecayto electronscanbetriggeredwith the calorimeterproper
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It alsohasto be addedthat the well definedmomentumacceptancef the Fast Track Trigger will easethe
understandingf trigger efficienciesin analyses.Overall, therewill be only few essentiahardwarebuilding

blocksin settingup a physicstrigger: z-vertex, calorimetersiracksand muons. Threeof thesefour compo-
nents2, 21] areundegoingupgradgprogrammeshateffectively rendersuchacceptancandefficiencgy studies
moretransparent.

Lastbut not leastthe track trigger canbe combinedwith the improved calorimetertriggerat levels2 and3 to
selectspecialtopologiesconsistingof singletracksandhigh enegy jets,for whichinelastic./ /¥ -productionis
justoneexample.We have nottried to expandonthis list atthis time but notethatthereis ampleroomfor new
dedicatedriggersasthe needarises.

4 FastTrack Trigger

Conceptually the simplestway to selectthe physicschannelsdiscussedabore is to trigger on eventswith
minimum biasandthento analysethemin detailatL4. However, the maximuminput rateto L4 is limited to
lessthan100Hz (cf. tablel) for atleasttwo reasonsfirstly the presendrift chambereadoutrequiresa fast
scanningof thememorief thefastanalogueo digital corverters(FADC) which takesup to 800 us perevent
and secondlythe sampleand hold circuits of the calorimeterare multiplexed onto a few ADCs followed by
DSPanalysiswhich againtakessome800 u:sin total.

We have considerecinupgradeof theentireH1 online DAQ systen{22] with theaim of attainingl kHz input
rateto L4. However, it rapidly becomesclearthat costwould be prohibitive and the changewould require
expertisein mary instancesiolongeravailableto the collaboration.Suchanupgrades thereforenot arealistic
tamget.

The remainingoption is to upgradeonly the componentsecessaryo enhancethe selectionpower of the
primary trigger levels, of which thereare three (L1-L3). While such programmesare in progressfor the
calorimeter[21], the selectvity for final stateswith chaged particlesandlittle actiity in the calorimeteris
poor. Thisis thetargetof this proposabf a FastTrack Trigger.

The H1 centraljet chamber[1] (CJC)consistsof two concentric rotationally symmetricdrift chamberswvith
wire planesparallelto the beamaxisand3(° inclinedto the radial direction. Thefirst, innerchambe(CJC1)
consistsof 30 cells of 24 wires eachwhile CJC 2 usestwice asmary cells with 32 wires each(fig. 6). The
readoutandtriggering schemeproposedcherewill be limited to selectedradial layersof CJC 1 andthe first
radiallayersof CJC2, in orderto reducecompleity andcostof theupgrade.

The logical distribution of the ervisagedanalysisload over the trigger stagesis depictedin Figure 7, sum-
marisingthetime structureandreconstructioriasks.A KEEP conditionatanearlierlevel causeshe next level
to be invoked. In the following sectionsan overview of this schemes given. A detaileddiscussionof the
implementatioris givenin Section5.

Oneof thekey requirementsor successfulriggeringon exclusive final stategs to increasehetrackacceptance
atlow momentunthreshold.The proposedupgradewill provide aneffective momentunthresholdof 0.1 GeV
anda momentunresolutionof typically 5%.

4.1 Levell

The presendrift chambereadoutcontinuouslydigitisesthe wire signalswith FADCs samplingat 100 MHz.
The samplesarestoredin a buffer for laterreadoutandhit analysis.In the proposedipgradethe sampleddata
will immediatelybe analysedo determinefor eachhit on awire, thechageintegral atbothwire endsandthe
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SingleTrack in CJC 1 and 2

Figure6: A partial crosssectionof the CJC1 and2 drift chambersanda reconstructegingletrack with the
associatedrift chambeiits. Thepositionof thesenseviresis indicated asis thecathodeplanebetweercells.

L1:2.3 ps L2: 25 ps L3:=100 ps
: Track-
QT analysis Segment- event
Track- Linking reconstructiof,
Segment- momenta, jets, invarian
Finding momentum massesim...
sums

Figure7: Theallocationof thedifferentreconstructioriasksto the varioustriggerlevels. While the L1 andL2
decisiontimesarefixed an L3 rejectconditioncanbeissuedary time beforethe otherwiseforcedL3 Keepat
800 us.
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time of arrival. Theprocedurewill bewell containedwithin theL1 Keeplateng of 2.3 is,includingdrift time
variationsof upto 1 usthusincurringno deadtime.

At thelatestatL1 Keeptheanalysechit datawill be availablefor subsequertrackfinding. However, our goal
is anapproachjn which the track segmentfinding, which alreadyprovidesinitial momentuminformation, is
placedinto theL1 Keeplateng. This optionwould allow the momentumacceptanceo be reducedelow the
thresholdof 2450 MeV of the existing level 1 drift chambeitracktrigger. Sincethis increaseshe compleity
of thelevel 1 trigger beyond a level thathasbeenstudiedin sufficient detail, we do not elaboratehis option
ary furtherfor thetime being.

The resultingmomentumthresholdfor track segmentsis demonstrateh figure 8. Triplets of adjacentwires
have beenchoserat radii » betweer24 and59 cm, wherethe latter compriseghefirst radial layersof CJC2.
Tentatvely, we have selectedayers(2,4,6),(10,12,14)and(18,20,22)f CJC1 andlayers(4,6,8)of CJIC2.The
responsdor positive andnegative tracksdiffers at large radii becausef the lessfavourabletrack inclination
with respecto thewire plane(fig. 6).

Trigger Group Efficiency (ssingle hi=0-95)
> 1
c 0.9 —1
208 _
£ 0.7 @ radius=24cm
® 06 m radius=32cm
0.5 A radius=40cm
0.4 v radius=59cm
82 negatively charged particles
03 L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I 1
0.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24
pt(g=-€) (GeV)
> 1
c 09 b
208 (®) _
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8-% positively charged particles
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Figure8: Track sgmentfinding efficiengy at four differentmainradii 2 asa function of the trans\ersemo-
mentumof thetrackfor (a) negatively chagedtracksand(b) positively chagedtracks.
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4.2 Level2

After L1 Keepsome25 us areavailablefor refinementf the trigger decision. This time will be usedto link
identifiedtrack sgmentsandcomputetrack parametersThetrack parametersvill be passedo a centralpro-
cessingstagewhereglobaleventpropertiessuchasmomenturror transyersemomentunsums tracktopologies
andmultiplicities canberapidly evaluatedandcontributeto the L2 triggerdecision.

4.3 Level 3

The impacton the overall operatingefficiengy of the level 3 filtering dependdargely on the decisiontime
involved. If L3 decisiongcanbemadewithin 100 s, anincreasef thelL 3 rejectrateby 100Hz canbetolerated
whilst causinghe deadtimeo increaséy 1%. Beyond800us anL3 Keepdecisionwill beforcedandinitiates
the readoutof all componentsL3 rejectdecisionscloseto the limit of 800 s hencehave little impacton the
filtering capabilitiesandimprove the deadtimeonly throughsecondordereffectswhenthe bandwidthof event
building into thelevel 4 filter farm startsto belimiting.

We thereforeervisageto have a dedicatedrocessingengineavailable,which consistsof anassemblyof com-
mercial processors.It will performthe necessary-vector arithmeticon the track parametergo arrive at a
decision. The actualL3 trigger decisionwill thenbe basedon the outcomeof the algorithmsrunningin this
engine.Thealgorithmswill aimfor the earliestrejectdecisionpossibleusingmethodsof increasingcomple-
ity. While sumof momentamaximummomentumetc. canbe quickly evaluated,correlationsbetweentwo
particles(angles massesjequiremoretime. The computationaéffort requiredto determingnvariantmasses
is simply derived from the large numberof combinationghathave to be tested. Tight selectionf candidate
tracks,for instanceby definingregionsof interestingmomentumgansignificantlyreducethe numberof com-
binations.Finally, for instancejdentificationof a single D* candidateusingthe Am methodwill be sufficient
to retainthe eventfor readout.

Useof a commercialprocessosystemhasseveral advantages Firstly, the triggering capabilitiesare limited
only by the dataavailable andthe processingoower, which canreadily be increased. Multiple algorithms
canbeimplementedanddevelopmentproceedsvithin a well-definedsoftwareervironment. The considerable
potentialof this approactwill beinvestigatedaspartof the ongoingstudies.

5 Implementation

5.1 Overview

TheFastTrack Triggeris to usethe signalsfrom groupsof threewiresin threelayersin CJC1 andonegroup
in CJC2 resultingin atotal of 150 groups.Suchtripletsaresufficientto determingrack segmentsandcoarse
momentumparameteri conjunctionwith the mainvertex. Thetradk linker matcheghe segmentsbelonging
to individual tracksandperformsafit atlevel 2. Invariantmassesreevaluatedon level 3.

5.2 Transmissionof drift chambersignalsto FTT

The input analoguesignalsof the drift chamberare available on the front panelof the FADC cardsandare
currentlyusedfor theexisting DCr¢ [5] trigger. “Piggy-back”connectoicardswill be mountedon theexisting
DCr¢ daughtercardsasillustratedin figure 9 andwill pick up andtransmittheanaloguenformationfrom the
desiredsix wire-endson eachFADC card. Thesignalsfor theDCr¢ triggerwill be presered. Becausef the
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differing groupsof wiresusedin CJC1 andCJC2 two differentversionsof this cardwill berequired.In order
to minimisethedistanceoverwhichtheseanaloguesignalsneedto betransmittedhefront-endmoduleswill be
locatedin thetwo presentlyunusectratesn theCentralTrackerread-ouisle, wherewith somerearrangement
of existing electronicghis distancewill bekeptbelowv 5-10metres.Theopportunityis takenhereof eventually
rearranginghewire signalssuitablefor the sggmentfindingin thelatter stageof theL1 processing.

Zurich FLT card back view Piggy-back connector card
H 26 way RA IDC H This card must pick-up power and signals from
‘ ‘ 96way Din connector on Zurich FLT card.

Note if the Zurich FLT card is no longer required then

the buffer card can include 96 Din and be connected

directly to FADC output connector.
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Figure9: The mountingof the Piggy-backdaughtercardsonto the adaptercardsof the presentDCr¢ trigger
(Zurich FLT card),whichis heldin placeby a perspe retainerbar. The 96 way connectoiprovidesthe signals
atthe front of the FADC card. The add-onboardwill be placedon the sideof the adaptercardascanbe seen
in theright partof thefigure.

5.3 First StageDigitisation

TheFront-endnodulewill beadevelopmenbf thegenericMFRTPC[23] cardproposedy thelnstrumentation
Departmentat CLRC RutherfordAppletonLaboratory Five suchmodules,directly integratedonto a larger

motherboardfig. 10), will digitise and processhe informationfrom a groupof threewiresin realtime and

will effectively consistof two parts,the initial digitisation stageand the segmentfinding stage. This latter

segmentfinding stagealsorequiresnformationfrom theimmediatelyadjacentellsto allow thereconstruction
of tracksthatcrosscell boundariegfig. 10).

Two possibilitiesfor the first stagedigitisation are ervisaged;the preferences to digitise the pulsesusing
up to 100 MHz, FADCs followed by a charge and time (QT) algorithmimplementedon high densityfield
programmablegatearrays(FPGA).A potentialalternatie is to feedthe pulsesinto constanfractiondiscrim-
inatorsandextractthe hit timing usinga TDC (this latter mapsmoreseamlesslypntothe FPGA trackfinding
algorithmandcouldproducethe = measuremerglongthewire directiondirectly ratherthanby chagedivision.
It suffersfrom only having accesgo the slowedsignalsdesignedor the original FADC basedead-outwhich
remains).In eithercasetheinformationonthe z coordinatewill bedeterminedy comparingsignalsfrom both
endsof thewires.
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Figure10: Front-endnterconnections

5.4 The QT Analysis

The QT algorithmneedsto be fully implementedon FPGA. Sincethe analysisrequiresdatafrom both ends
of awire, therewill be sufficientinput capacityonthe FPGAto receve the outputof two FADCs. (Thefinal
numberof FPGAson a sggmentfinderboardwill dependon logic integrationandprice. It will be a matterof
carefuloptimisation.) The algorithmdescribecdhere[24] is a developmentof thatalreadyusedin the H1 drift
chambereadout.Suchan approacthasbeenfollowedin detailandit hasbeenshownn thatthe algorithmcan
beimplementedn existing programmabl@evicesandthatthe timing constraintcanbe met.

The outputfrom the 100 MHz, 10 bit linear FADCs is fed directly into the FPGA. (We arealsostudyingthe
useof 8 bit andslower FADCs with the advantageof slightly fewer connectionandmuchreducedcost.) Hit
regionsareidentifiedfor eachendof eachwire separatelya hit region beingdefinedastwo or moresamples
wherethe differencein successie samplesf the digitiseddatais above a thresholdfollowedby two samples
wherethe differenceof samplegDOS)is zeroor negative. A global hit ervelope,for which a single QT hit
is producedjs definedfrom the logical ’'OR’ of hit regionsfrom both endsof the wire. Thetime of thefirst
sampleof this ervelopeis alsopassediirectly to the sggmentfinding stagewhich proceedsn parallelto the
restof the QT analysisasillustratedin the overview of the QT analysisandsegmentfindingin figure 11.

The accurateime for eachendof the wire with a precisionof up to 1 nsis derived from the time of the first

maximumin DOSwithin the hit ervelopeandtheratio of thismaximumDOS andthe DOSof theimmediately
precedingsample,usinga look-up table. The singletime for the hit is the meanof the timesfrom eachend

of thewire. The chage of the hit is calculatedfor eachendof the wire by integratingover eightdigitisatiors

following the startsamplewith acorrectionappliedto takeinto accountheaccuratestarttime. All calculations
arecorrectedfor the pedestakignallevel, which is determinedrom the averageof four samplegprior to the

hit.

In thecaseof overlappinghits afurthercorrectionis appliedoncetheinitial hit hasbeenidentifiedby subtract-
ing off astandargulsetail from theobseneddataandthenusingthesametechniquedor calculatingthetimes
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Figure11: Front-enddigitisation and track segmentfinding on a group of threewires. The logical building
blocksof the QT algorithmsareindicatedfor onewire.

andchagesasareusedfor thefirst or isolatedhit which have beendescribedabore.

5.5 Hit Processingand Initial Track Recognition

For thesggmentfinding theidentified100 MHz hit datawill befed synchronouslynto shift registersof 128bit
depthwhich allow track segmentsto be recognisedy comparingthe hits with predefinedpatterns.In fact, it
will beadwantageouso inserteachhit into several shift registersat the sametime. Thesignalswill befedinto
two registersto accountfor the ambiguityasto whetherthe track passeso the left or right of the sensewire.
Furthershift registersare requiredto passinformation betweencells (fig. 12). This is becausehe segment
finding requiressharinginformationfrom the first andlast wire in the threewire groupwith the immediately
adjacencellsin thelayerin orderto pick up trackswhich crossa cell boundarytypically at smallmomentum.

Thesetsof hit triplets correspondingo acceptablérack segmentsfall into threegroupsdependingon whether
thetrackpasse®n onesideof thecell, passeshewire planeor crosses cell boundary While the formercase
canbegenerallyidentifiedwith atracksegmentevenwithoutknowing thebunchcrossingof theevent,thelatter

requiresknowledgeof thebunchcrossingaswell asof othercalibrationquantitiessuchasdrift velocities(and

Lorentzangle)to correctlymapthe single hit from the adjacentcell into the local drift space.Thusthereare

two specialregions,the wire planeandthe separatingplanebetweercells. Sincefor this proposalwe assume
thatthebunchcrossingof theevent,the Ty, is known from theL1 Keep,thestored‘image”in the shift registers
corresponds$o theeventdisplayof drift chambeilinformation.

The task left is to recognisefairly straightpatternscompatiblewith tracksfrom the vertex and momentum
above 100 MeV. For threelayersthe numberof valid patternsis large (of order 1f). Taking into account
the left/right and adjacentcell solutionthe numberincreasesven more. However, the doublehit resolution
is intrinsically limited to order2 mm makingit possibleto combine,i.e., to OR four or more adjacentime

slices,for initial coarsepatternmatch. In a two stageprocessesve planto reducethe a priori 7-bit address
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Track Segment Finding

| f*ff‘f:fffffhitinsertionf |
Illrllllllll\‘kI:]II II?IIIIIIII
< left N <+ i
CITTTTTTTT e [TTTTTTITTIM
| \ right |

| \ |
II‘IIIIIII-III‘I‘{ [ITJTTITTT]

\
LITTTIThIT] HENEE EEEEEEENE
\
| I \ |
\

HAEE EEEEESEEME \|11"1|11|1|
| wIires @ |
EEEEEEEEE EEMEEEREEE EEan

adjacent cells

Icell boundaries | track element

Figure12: Sketchof the shift registersfor the segmentfinding logic usingthreeadjacentwire planes. The
entriesin the shift registerscorrespondingo the left andright drift spacesolutionsare indicatedasis the
treatmentof the adjacentcells. The insertion points are optimisedtime offsetsfor eachlayer The track
indicatedcrosseghewire plane.

in eachshift registerto an effective 5-bit address.The resulting5 bit addressefrom eachof the threelayers
could be combinedto 15 bits, which could be testedagainsta look-up-tableof valid coarsepatterns.Instead
of asimpleyes/nodecision the look-uptablecontainghe pointerto anothertable,whereafterre-actvation of

thetruncatedaddresdits, the validity of thefine patterncanbeinterrogated A final look-upinto a tablewith

calibrated1/p; and¢ valueswill sene to provide the track parameterén global coordinates.The calibration
parametersvill have to be updatedvhenerer the operatingconditionsof the chamberchangestypically ona

onceperdaybasis.

Note that this approachentails somedetailedbook-keeping. The z-coordinatesof the hits will have to be
registeredandtheindex for accessingheinformationhasto be maintained Likewise,the nestedook-upswill
requirethatpropertrackis keptof all otherancillaryinformation.

A digital signalprocessofDSP)is a naturalchoicefor patternprocessingslong assufficienttime is available
to treatall informationstrictly sequentiallyA slightly morechallengingsolutionis suggestedy the availability
of high densitylogic deviceswith internalmemory Someof the new devicescanbe programmedscontent-
addressable-memoiCAM), which canbeemployedor ahighspeedpatternmatch.A naturalimplementation
of the logic requiredfor this stepis, e.g. provided by the new Altera devices[25] which not only implement
CAMs at high speedout alsosupportL VDS [26] connectiongo the neighbouron-chip.

5.6 Resolutionof ¢ and1/p;

The parameter®f the track sggmentsare essentiallydeterminedoy the resolutionon the slopeof the 3-wire
groupelementsn conjunctionwith the vertex constraint(1/p; o 2sin ¢gope/7). The expectedresolutionson
1/p: and¢ areshavnin Fig. 13. They have beendeterminedrom ananalysisof H1 data,emulatingthetrigger
responseo the availabledrift chambedatafrom the completereadout.
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Fast Track Trigger
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Figure13: The ¢ (a)and1/p; (b) resolutionof thetrack sgmentsfrom D* — K== candidateselectedrom
datatakenin 1997.While the ¢-resolutionis fairly independentf the choiceof radialgroupof wires,the1/p;
resolutionimproveswith R, theradiusof thegroup,dueto thelongerleverarm.
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The reconstructed /p; and ¢ valuesare finally meiged with the z-information obtainedfrom the meanz-
positionof the3 hits. Theresultingl /p;, ¢ andz vectorcanberepresentetly a 32-bitword. To betterconstrain
the vertex positionalongthe beamline we plan to usethe peakpositionof the so calledzvtx-histogramasan
estimatorof the z-position[2] of the ep interaction.This numberwill only be availableafterL1.

5.7 Transfer of Track SegmentData

For globallinking the track segmentdatahave to be shippedto the centralcrateof the L2 Tradk Linker. Care
hasto betakento balancethe outputloadsof 150tracksegmentfinders,of which 3 areassociateavith eachof
the 30 azimuthalcells of CJC1 while onegroupin CJC2 necessitate80 outputs.By grouping5 non-adjacent
cellsof CJC1 andtheir correspondind.0 neighbourcellsof CJC2, atleastsix (twelve) logicallinks to theL2
TrackLinker will benecessaryo balanceheload. We planto run 30 links of 2 GBit/sto the L2 track linker.
For sucha configurationthe loadfor typical D* eventsis shavn in figure 14.
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Figure14: Therequiredtransferatefor sgmentdatain D* eventsdistinguistedaccordingo radialgroup.
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5.8 L2 Track Linker

Thetaskof the L2 TrackLinker [27] is to combinetrack segmentsof up to four radial groups,derive the best
estimateof thetrackparameterandto rejectrandomlyfoundtrack segmentsof singlegroups.Realtrackswill
logically beidentifiedasa clusterof up to four entriesin a (virtual) 1/p; — ¢ scattemplot.

Thistaskwill beaccomplishedby 4 identicalboardsequippedwith four processounits (L2PU) each.Eachof
the 4 L2PU receves8 physicalserialdatastreamdrom the front-endsystem.The 32 bit datafor eachtrack
sggmentare bufferedfor eachlink in a 32 bit wide first-in-first-outbuffer (FIFO), chainedinto onecommon
datastreamfor transferto the othercards,thusmakingall dataavailablefor all L2PU. The bandwidthof the
installedlink allows the transferof up to 100 track segmentsper trigger groupin 2 us. The track sgment
datawill bestoredin pagesof a memory(SRAM), indexed by angle¢ with granularity128. This anglecan
be measuredvith goodresolutionfor all layersandthusincorrectgroupingis not expectedto be a problem.
Countersassociateavith eachof the 128 pageskeeptrackof theentries.

Load sharingbetweenthe 16 L2PU proceedsaccordingto a fixed scheme whereone L2PU dealswith a
predefinechumberof up to 32 track segmentsso thatthe distribution over several L2PU is known in advance
from thevaluesof thecountersanddoesnotrequirefurther*handshake”Hence all LZPUwill only beinvoked
in very high multiplicity events. TheL2PU operateéndependently

Thelinking of matchingtrack segmentdataproceedswith the help of content-addessable-memas CAMs.
Initially a 128 word CAM is allocatedto eachof the 4 radial groups. The FIFO dataareloadedsequentially
aspatternsin the associatedCAM andmirroredto the SRAM memory “Don’t care-bits” in the subsequent
patternmatchrestrictthe comparisondo therelevant1/p;- and ¢-bits of the 32 bit track sggmentword. The
patternmatch,i.e. addressinghe contentsjnvolvesa retransmissiomf all track segmentsfrom the SRAM.
The4 distinct CAMs arenow treatedasanensemblaeturninga matchconditionwhenerer atleasttwo logical
CAM groupsindicateequivalenttrack parametersOn success list of track segmentsis generategrovided
thereis no veto conditionindicatedby a secondso calleddirty CAM. The dirty CAM is filled with the data
valueof whateser hasbeendetectedasa valid matchbefore. The processingtepsareillustratedin figure 15
andproceedunderthecontrolof thehardwaresearcHogic. Thestepsarerepeatedintil theassociatedangeof
the SRAM hasbeentested.In orderto avoid the typical edgeeffectsin sucha clustersearchwe planto use4
overlappingsliding windows for thetracksegmenttests.

The schemeis ervisagedto be implementedusing high density programmabledevices. (A very attractve
solutionis providedby the Altera20KE PLD [25], of which a singlechip would be sufficient for the board.20
so calledembeddedystemblocks (ESB)would be configuredfor the 4x 128word deepCAM andits control
logic). Thealgorithmtakesaboutl us for loadingof the CAMs and6 s for the search. Théiming is detailed
in table3.

Process time [us]
readdatafrom tracksegmentfinder
distributedatato all L2PU’'sandload CAMs
dynamicloadbalancing(counters)
Searchincludingusing4 sliding windows
optimisetrack parametexalues(DSP)
distributetrack parameterandcalculatesums
communicateesultto L3

total 21

P NOOOFL NP

Table3: Performanc®f theL2PUs. Notethatseveral actionscanbeinterleaved.

The valid outputsegmentsare presentedo a DSP for properanalysis. The track vectorsarefirst optimised
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Figurel5: Essentiaklementof thetracklinking atlevel 2 consistingof the 4 fold CAM for theradialgroups,
the SRAM to storevalid track segmentsorganisedn ¢ pagesthedirty CAM to markused valid combinations
andtheoutputbuffer. Thetrackfitting is notshown.

in the r¢-planeandthenin rz. Processindime of the r¢-fit [28] dependson track multiplicity of the event
andcanbeaccomplishedn afew us, ashasbeenalreadyshovn in atestimplementatioron a standardRISC
work station. A DSP providessufficientroom for codeoptimisation. It proceedsconcurrentlywith the track
sggmentlinking. In parallel,globaleventquantitiessuchasy” p;, | >~ D], %tracks, OF topologicalpropertiessuch
asback-to-backracks,arecalculatedfor the L2-Keeptrigger decision. Trigger decisionsgeneratedanthen
betransmittedo thecentralL2 logic [29], wheresparecapacityfor new inputsis alreadyprovided.

5.9 Analysisat Level 3

TheL3 triggerreadoutof the momentunvectorsof thefour L2 Track Linker moduleswill proceednsidethe
samecrate.lt canbe performedover the backplane/ME busto the L3 processingunit. This “trigger engine”
will taketheform of a setof commercialprocessorsunningappropriateriggeralgorithms. This approachs
scalableandoffersaneasyupgradepathshouldthe needarise. Furthermorethereexists within H1 significant
experiencen theuseof suchprocessors.

TheL3 triggeralgorithmswill performthe combinatoriad-vectorcalculationsnecessaryo selectchannelf
interest.Suitablealgorithmsandtheir mappingonto the hardwareareunderinvestigation;the processingnay
be distributedacrossseveralmodulesor severalalgorithmsrun in parallel,asappropriate.The outputof each
calculationwill be a Booleandecision;thesewill be collectedby a simple custommodule operatingin the
samecrate. Straightforwardextensionof the existing centralL3 logic will be necessaryo accommodaté¢he
decisionggeneratedy this system.

6 Miscellaneous

6.1 Compatibility with Existing System

The new systemwill maintainfull compatibility with the existing drift chambemreadoutsystem. The only
changeaffectsthefront-endoutputof the FADC boardto the DCr¢ trigger, which shouldbetransparent.
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Someminor rearrangemertf cablesmay be necessaryo accommodatéhe smallamountof extra rack space
requiredin thetrackeraisleof theelectronics‘rucksack”of H1.

The new systemmustalso provide readoutof analysedrack segments,momentaandL3 results. All of this
informationis availablein the crateof the L2 Track Linker, which simplifiesthe task. At this time it hasnot
beenclarifiedwhetherthe produceddatawill be attachedo thereadoutof thetrackeror trigger branchfor the
centraldataacquisition(CDAQ) [30]. Noneof theseémplementationsepresenta majorobstacle.

6.2 Commissioningthe FTT

Commissioningf the FTT will requireconfiguratiorof all boardsrom astand-alonevork station. Thetrigger
responseduring running can be readout without it initially affecting acceptancef events. It will thusbe
possibleto monitor the logic chainin detail, which will have beendeluggedby presentingestvectorsto the
logic at all relevantlevels. This readbackfacility will also provide the necessargrosscheckof the proper
loadingof calibrationconstants.

7 Time Schedule

Thetime schedulds clearlydefinedby thelong HERA upgradeshutdavn plannedfor 2000/2001 During this
shutdavn we will installtheadapterstthe outputof the FADC boards.

We aim at a full installationof the trigger for the startupafter the long shutdavn. In orderto reachthese
targetswe currentlyplanto proceedasindicatedin Table4. Notethatthe largestactiities arerelatedto the
configurationof the FPGAs,for which detailedsimulationtoolswill beavailable.

L1:
designand
specificatiorof interfaces Oct. 1999
FADC outputadaptemprototype| May 2000
seriesproductionof adapter Oct. 2000
AnalogueFront-endprototype | Oct. 2000
startof seriesproduction Oct. 2000
commissioning Mar 2001
L2:
designand
specificatiorof interfaces Oct. 1999
prototype June2000
seriesproduction Oct. 2000
commissioning Mar. 2001
L3:
concept Oct. 1999
algorithms Oct. 2000
commissioning Mar. 2001
startupof FastTrack Trigger mid 2001

Table4: Tentatvetime scheduldor designandinstallationof the FastTrack Trigger.
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8 Responsibilities

Presentlycollaboratorsat Birmingham,DESY, Dortmund,ETH Zurich andRAL areinvolvedin the studies.
Thesharingof responsibilitiess indicatedn table5, althoughit is understoodhatwith thedecisiononasingle
type of FPGAtherewill beconsiderablexchangeof ideasandexpertisethroughouthe project.

Institute Interest
RAL Front-end
B’ham/DESY/Dort./RAL | L1 tracksegmentfinding
ETHZ andSCS L2 TrackLinker
Dort. andN.N. L3 computingengine

Table5: Sharingof responsibilitiesamongtheinterestednstitutes.

Apart from the front-end,whereprinted circuit boardshave to be producedin large quantities,the openar
chitectureof the proposedsystemaffords a naturaldistribution of tasksover several collaboratinginstitutes.
Considerablénterestto participatehasbeenexpressedy otherphysicistsandengineersnsideH1.

9 Costs

The costof the upgradeis driven by the large numberof channelsat the front-end. Eachof the 450 wires
hasto be equippedwith advancedelectronics. A rough estimateof the requiredcircuit (table 6) resultsin
~585kDM for thefront-enddigitisationandprimarytracksegmentanalysigncludingtherequiredconnectvity
to distributetheinformation.

Front-end costper wir e:

ltem Cost[DM]

DCr¢ adaptercards 150
Connectordor analogsignals 70
FADC 150
FPGAandCAM 800
RAM 30
Rest(line drivers,connectvity,...) 100
Total 1300

Table6: Theestimatedtostperwire for hit digitisationandtrack segmentfinding.

Notethatthereis considerableincertaintyin the costsof the FPGAandCAMs. The mostattractive solutionis
thatof avery highdensityFPGAimplementingatthesameimethe CAM. It is notclearwhetherthedevice that
is currentlybeingintroduced[31] will be sufficient or whetherthe device with twice the capacityannounced
for laterthis yearwill berequired.For componentsery closeto marketintroduction,pricesusuallyrun high.
We expectthis to changebecausethervendorsstartto introduceproductsof similar density[32]. With the
qguotedcostof ref [31] the pricewould comedown to ~400kDM.

In additionwe have to foreseendividualboardsfor centralclock andcontrolsignaldistribution. Readoutinks
betweencrateshave to be provided for which the PVIC development[33] seemdo be aninterestingoption.
Theseboardswill addanother~50 kDM.

Thehardwarecostof the4 L2 TrackLinker boardsis modest.Componentaddup to ~100kDM. In addition
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1000 kDM will be incurredfor the four man-yearsof developmenttime necessaryat the SCScompary in
Zurich. We planto reducethesecostsby providing skilled manpaver to the compary of order1-2 manyears
equivalent.

The L3 processingwill probably dependon a single dedicatedprocessingengineat an estimatedprice of
50 kDM.

With contingeng of ~20% addedthe entireprojectwill runatanestimatedorice of 950 kDM (1600kDM =~
950kDM+ 1000kDM* 2.5a/4 a) without (with) labour(table7).

Overall Project Cost:
ltem Cost[kDM] | Externallabour[kDM]
L1 digitisationandtrack segmentfinding 585
Readouinterconnections 50
L2 TrackLinker hardware 100 1000
L3 processing 50
Total 785 1000

Table7: Theoverall costfor hardwareandexternallabour

Priorto demonstratiof feasibility we have notattemptedo find acompleteinancingschemeA largeamount
(250kDM) hasbeensetasidefrom BMBF fundswhich hopefullycanbeexpandedo atotalof 500kDM. DESY

andUK collaboratorsareencouragedo find supportfrom their homeinstitutesat the level of 250kDM each,
while ETHZ maybeableto cooperatealirectly with the ETH affiliated SCScompayy.
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