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Abstract

To extendthetriggeringcapabilitiesof theH1 experimentfor exclusive final statesinvolving trackswe
proposeto determinethe momentaof charged particlesmeasuredin the centraldrift chamberwith high
precisionin realtime. Topologicalselectionof final stateswill bemadepossiblewithin 25 � sfor thesecond
level of theH1 trigger. Invariantmasscalculationsbasedon trackssuchas ���������	�
������	� for the
goldencharmdecaychannel����������� will beavailableaftera few hundred� s for level 3. Altogetherthe
FastTrack Trigger will supplythenecessaryfactorsof � 100reductionof trigger rateswhilst maintaining
highefficiency for trackbasedsignatures.Measurementssuchasbeautyandcharmcrosssectionswill thus
bemadepossibleat ahigh luminosityHERA machinewith highprecision.

1 Intr oduction

For runningbeyond the year2000the ��� collider HERA is planninga substantialincreaseof luminosity by
insertionof focusingquadrupolesat the interactionpoints. A factorof approximately5 increaseover what is
presentlyavailablewill putnew demandson triggeringandeventselectionfor theH1 experiment[1].

TheH1 proportionalchamberupgrade[2] will allow ��� interactionsto beselectedat trigger level 1 (L1) with
very high efficiency. If basedon track triggersalone,this rateis dominatedby photoproductionandlow ���
processes1, for which crosssectionsare large, leadingto typical ratesof a few hundredHz. Exclusive final
statesof particularinterest,suchasthosecontainingcharmedmesonsor vectormesons,constituteonly asmall
fractionof this rate.Suchfinal statescanbedistinguishedfrom other ��� interactionsby reconstructionof either
therelevantinvariantmassesfrom tracksin thecentraljet chamber(CJC)or by identifying a high momentum
lepton. Specificsoftwarefindersfor thesesignaturesarecurrentlyimplementedon trigger level 4 (L4). It is
assumedin the further discussionthat the L4 selectioncapabilitieswill have beenupgraded[3] to copewith
thefront-endanalysisrequirements,namelythelargerfractionof exclusiveprocessesrelevantfor physics.

With the advancesin integrationof modernelectronics,drift chamberhit analysiscannow be performedin
realtimewithout incurringany delayandtriggerdeadtime.Thisproposalthereforeaimsatanextensionof the
currentreadoutsystem[4], leaving the original systemfully operational.From a subsetof wires in the drift
chamberwe will generatespacecoordinatesfrom thehit analysisandsubsequentlyperforma full momentum
reconstructionin the remaininglevel 2 (L2) latency period of 25 � s. Information on the multiplicity and
momentumof chargedparticleswill thusbeavailableto assistin theL2 decision.The final selectionwill be
derivedfrom invariantmasscalculationsfor whichseveralhundred� sarerequired,renderingthemrelevantfor

1 �! is theabsolutevalueof thefour-momentumtransfersquaredat theelectronvertex.
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level 3 (L3) triggering.An exampledecaychannel,representingthedemandingrequirementslikely to bemade
on thesystem,is thatof "$#�%&"('*)+%&,-'.'/) which is selectedby placingcutson thevaluesof 02143 and5 07680 14393�: 0 143 .
TheL2 andL3 triggersoperatewithin theprimarydeadtimeof thereadoutandproceedbeforeeventbuilding.
Thetotal reductionfactorof order100overthetotal rateenvisagedwouldberealisedin astagedmannerwithin
thismulti-level triggeringscheme.

Theproposedprojectrequiresnovel implementationsof hit finding, patternrecognitionandmassreconstruc-
tion. Fast logic canbe implementedin programmabledigital devicesat very large density. Moderntools for
electronicsdesignallow essentialaspectsof theprojectto berealisedevenwith limited resources.It will yield
significantlybetterselectivity thanthe existing DC;=< trigger [5] by reconstructingindividual tracksin three
dimensionswith high resolutionanddown to muchlowermomenta.

In summary, weaim to introducea fastpartialreadoutof CJC1 and2, which will allow thefurtherintegration
of triggeringdevicesasdescribedbelow, leaving theexisting readoutsystemuntouchedandavailable.Without
suchanupgradeof thetriggersystemessentialpartsof thephysicsprogrammewill remaininaccessibleat the
high luminosityHERA machine.

2 Overview of PhysicsRates

The HERA upgradeis targetedfor a factor 5 increasein luminosity, with the goal of a peakluminosity of
70 � b >@? sec>@? . At theseluminositiesthe basicphysicsratesfor photoproductioneventswith a minimum
requirementon the inelasticity parameterA and the rate of DIS at moderate� � are large (seetable 1 for
someexamples).At H1 theL4 input rateis limited to lessthan100Hz. To dateeventsat all ��� canstill be
effectively triggeredowing to asophisticatedstrategy of prescaling[6], whichessentiallyinvokesthehigh rate
physicstriggerswhenluminositieshave fallen sufficiently low in a givenfill. However, theprescalingalready
now impliesthata largefractionof eventsareunavailablefor analysis.

Kinematical range Rate [Hz]
� �CB 1 GeV� 1000

1 B �D� B 10 GeV� 40
10 GeV� B � � 4

Table1: Approximateratesof thebasic��� scatteringprocessatpeakluminosityof theupgradeHERA machine
(0.05B A B 0.95).

A largefractionof theluminosityincreasewill beachievedby increasingtheprotonandelectroncurrentsabove
presentvalues(to 160mA and58 mA respectively). Hencewe expectthebeaminducednon-epbackgrounds,
which to first orderscalewith the currentof the individual beamratherthan their product,to increaseby a
smalleramountthan the ��� physicsrate and the requirementson ratesaremostly given by the increasein
luminosities. However, backgroundsfrom sourcessuchassynchrotronradiationfrom the electronbeamare
expectedto increaseby factorslargerthanthegainin luminositybecauseof thestrongerfocusingin themachine
lattice.
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3 PhysicsMoti vation

By around2005, it is expectedthat a total integratedluminosity of around1 fb >@? will have beendelivered
by theupgradedHERA. Detailedinformationon thenew physicstopicsthatcanbestudiedwith sucha large
luminosity canbe found in [7]. The implicationsfor HERA andfor the H1 experimentarediscussedin [8].
Thissectionintroducessomeof thephysicsanalysesmadepossibleby theupgradefor whichanimprovedtrack
triggerwill beessentialanddemonstratesthat theproposeddevice will meettherequirements.In section3.1,
measurementsof low crosssectionprocessesrelyingon chargedparticletrackingarediscussed.In section3.2,
thetechnicaldifficultiesinvolvedin triggeringon suchprocessesareexplained.Section3.3containsadetailed
studyof the feasibility of selectingexplicitly on opencharmproductionat the early stagesof the H1 trigger
system.Section3.4 summarisesthe triggeringpossibilitiesfor a numberof further processesandplacesthe
new device in context with existing triggerapproachesaftertheupgrade.

3.1 HERA Physicswith ChargedTracks Beyond the Upgrade

Using the large expectedluminosities,it shouldbe possibleto makevastly improved measurementsof many
processessensitive to the structureof the protonandphotonand to the phenomenologicalconsequencesof
quantumchromodynamics(QCD).Prominentamongtheseprocessesareheavy flavourproductionanddiffrac-
tiveinteractions.Theaccuracy of H1 measurementsthathavebeenmadeto datein bothof theseareasis limited
moststronglyby lackof statistics.

Measurementsof opencharmandbeautyproductionarecrucial to many aspectsof the physicsprogramme
at HERA, as the heavy quarkmassesprovide a naturalcut-off preventingdivergencesin perturbative QCD
calculations.Opencharmdataaresensitiveto thegluonstructureof theprotonandphoton,sincethedominant
productionmechanismsarephoton-gluonfusion E!FG#�HGIJ%LKNMK and(wherethe partonicstructureof the photon
is resolved)gluon-gluonfusion IOIP%LKNMK . However, thecrosssectionsfor openheavy flavour productionand
branchingratiosto detectablechannelsaresmall. Figure1 shows H1 measurementsof thegluondistribution
of theprotonusingopencharmdata[9]. Thestatisticalprecisionis presentlyno betterthan25%. Lessthan
threeyears’datafrom an upgradedHERA shouldbe sufficient to measurethe gluon densityby this method
to betterthan10%. This would be a highly competitive measurement,giving greatlyenhancedsensitivity to
any differencesbetweenthegluondistributionasextractedfrom QCDfits to structurefunctionsandfrom more
directmeasurementsusingopencharmdata.

After a few yearsof post-upgraderunning,next-to-leadingorderQCD predictsthat Q 10R opencharmevents
will havebeenproducedin H1 [7]. With theenhanceddetectioncapabilitiesaffordedby thefully-commissioned
centralsilicon detector, the total charmsamplesavailablewill be sufficiently large to makeinvestigationsof
"TS M" S mixing andsearchesfor raredecayssuchas "TSD%U�WV!� > [7]. Approximately10X doublecharmtags
couldbecollectedby H1 with threeyears’datatakingaftertheupgrade[7]. Thedistributionin the KYMK invariant
masswould leadto a directextractionof theprotongluondensity. Studyingcorrelationsbetweenthecharmed
andanti-charmedmesonsin azimuthand�[Z wouldprovidefurthertestsof QCD,charmproductionmechanisms
andhadronisationmodels.

Throughthestudyof charmproductionin diffractiveevents,thegluoncontentof thepomeroncanbeextracted.
At present,only afew tensof eventsareavailablefor analysesof this type[10]. FirstH1 measurementsof open
beautyproduction[11] have confirmedthat crosssectionsare1-2 ordersof magnitudesmallerthanthosefor
charm,but themeasuredratesaresignificantlylarger thanthosepredictedin the lowestorderof QCD. Large
increasesin statisticsarerequiredto investigatetheseeffectsfurther.

Several otherareasof H1 physicsarepresentlycompromisedby low statistics.For example,‘elastic’ vector
mesonproductioncrosssectionsaremoreheavily suppressedwith increasing� � thanis thecasefor thetotal
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Figure1: Thegluondensityof theprotonat low ] , asextractedusingnext to leadingorderQCDfrom " # data
in photoproduction ( ���_^ 0) andin DIS. The innererrorbarsarestatistical.Theoutererrorbarscontainthe
statisticalandsystematicuncertaintiesaddedin quadrature.The dataarecomparedto a measurementbased
on thescalingviolationsof ` �

a ]cb��D��d andto a parameterisationbasedon globalfits to a numberof different
measurements.

��� crosssection.Precisionmeasurementsof theexclusivevectormesonproductionprocesses���P%e�
fgS�� [12]
and ���$%h�9i@jlk4� [13] have thusfar beenrestrictedto theregion �D��mn 30 GeV� andlow2 o pqo . Measurementsat
larger � � of theratio of vectormesoncrosssectionsfor longitudinalto transversepolarisedphotons,of the E[�
centreof massenergy and o pqo dependenciesandof spindensitymatrixelementsarecrucialto ourunderstanding
of diffractionwithin QCD. The high o pqo region is believed to be a particularlygoodfilter for harddiffractive
processesin which the pomeronmay be perturbatively calculableby consideringthe exchangeof a pair of
gluonsfrom the proton,possiblyevolving accordingto the BFKL equation[14]. To date,measurementsin
this region have relied on very poor statistics[15]. The observation of elasticallyproducedr mesonshas
recentlybeenreportedby H1 [16]. Datasamplesbasedonordersof magnitudelargerluminositiesarerequired
in order to testwhetherthe E Fs#�H � centreof massenergy dependenceof the processis strongerthanthat for
elastic i@jlk production,as is predictedby QCD inspiredmodelsbasedon the exchangeof a pair of gluons
from theproton[17]. Measurementsof inelastic i@jlk productionaresensitiveto theinterplaybetweencolour-
singletandcolour-octet KYMK productionmechanisms.RecentH1 measurementsof inelastici@jlk production[13]
areratherpoorly describedby the latesttheoreticalmodels.The largerstatisticsavailablefrom theupgraded
HERA areessentialto resolve theuncertaintiesin thisfield.

Final statesthat containoneor more very high �tZ chargedparticlearealmostalwaysof interest. Inclusive
chargedparticlespectraaresensitive to thedynamicsof partonemissionandhenceto QCD evolution mecha-
nisms. Chargedparticlespectrahave beenmeasuredby H1 with goodaccuracy up to �[ZuQ 3 GeV [18]. The
higher � Z region,whichcanonly beaccessedwith increasedluminosity, is themostsensitiveto thedifferences
betweenthe DGLAP andBFKL evolution schemes.High �tZ chargedparticlesarealsoproducedin the lep-
tonic decaysof electroweakgaugebosons.Only a handfulof v bosonshave beenidentifiedby H1 to date.
Many morewill beproducedwith theluminositiesavailableaftertheupgrade.Themostsignificantanomalous
signal in thepresentH1 datais the five eventscontainingisolatedhigh �[Z muonsin associationwith missing

2 w is thefour momentumtransfersquaredat theprotonvertex.
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transversemomentum[19]. Theexperimentalselectionfor sucheventsinvolvestherequirementof atrackwith
�tZ	x 10 GeV. It is clearlyvery importantto searchfor furthereventswith thissignatureaftertheupgrade.

3.2 The Needfor Impr ovedTriggering Methods

With the enhancedratesof ��� interactionsandbackgroundsexpectedonceHERA is upgraded,it will not be
possiblefor H1 to continueto usethe relatively opentriggerscurrentlyemployed,exceptin thecaseof very
high � � deep-inelasticscattering(DIS) eventsandotherveryhigh transversemomentum(�[Z ) processes.Many
of theprocessesof interestfor thestudyof proton/ photonstructureandQCDdynamicsdonot exhibit high � Z
signatures.This is typically thecasefor theheavy flavourandvectormesonproductionprocessesdiscussedin
section3.1. Without a dramaticimprovementin the triggeringcapabilitiesof theexperimentafter theHERA
upgrade,sucheventswill be lost, or at bestwill be randomlyprescaledsuchthat only a small fraction are
availablefor analysis.To retainsucheventswith high efficiency, andthusto exploit thefull physicspotential
of anupgradedHERA, on-lineparticlereconstructionin theearlystagesof thetriggeris needed.

Theeventsignaturesfor heavy flavour productionarerathercomplicated.For example,opencharmis usually
identifiedthroughthedecaychannel" # Vy%z"TS9' V{}|�~��% a , > 'cV�d�' V{�|�~�� , by selectingon theintrinsically very
narrow distribution in the massdifference

5 0z6�0 a , > ' V ' V{�|�~���d : 0 a , > ' V d . The " # mesonis usually
producedwith relatively low transversemomentumandthephasespaceavailablefor this decayis small,such
that the ' V{}|�~�� track hasvery small transversemomentum. We aim for a reconstructionthresholdas low as
100MeV.

To save vectormesonevents,it will benecessaryto form invariantmasscombinationsof tracksfrom decays
suchas fgS$% 'WV�' > and i@jlk-% �WV!� > / �9V�� > . To ensurethat the vectormesonis producedexclusively,
informationon the multiplicity of trackswill be required. To obtainsamplesof eventsat large o p
o , it will be
necessaryto reconstructthe total transversemomentumof the vectormesondecayproducts. To trigger on
electroweakgaugebosondecaysandalsoto facilitatethemeasurementof inclusivechargedparticlespectrain
thepresenceof ahardscale,it is necessaryto identify high �[Z tracks.

To identify opencharmandhigh o p
o , high � � vectormesonproductionon-line, theH1 triggermusttherefore
beableto identify efficiently trackswith a very low �[Z threshold,to measureaccuratelytheir momentaandto
determinethe total track multiplicity. For the studyof high � Z tracks,the � Z resolutionof the trigger should
remaingoodup to large �[Z . Informationon all threecomponentsof track momentawill be requiredin order
to combinetracksto form

5 0 or vectormesoninvariantmasssums.Without a track trigger thatmeetsthese
specifications,all analysesof processesthat requirethe accuratecombinationof track measurementsanddo
not containhigh �[Z final stateparticleswill beseriouslycompromised.

3.3 Feasibility Study of the Triggering of Open Charm

Thekinematicsof charmproductionat HERA aresuchthat theoutgoingcharmquarksarewell containedin
thecentralregion of theH1 detectorover a wide rangein the fraction ]g� of theprotonmomentumcarriedby
thegluonenteringthehardinteraction.Themain,alternative,directmethodof extractingthegluondistribution
of the proton is throughdijet production,wherethe large E!FG#�H�I invariantmassrequiredto form the jet pair
andto makeit accessiblefor calorimetricdetectionimplies that ]g� mustbe relatively large. As illustratedby
the pseudorapidity3 ( � ) and �[Z distributionsin figure 2, " # mesonsarising from the processE # I�% KNMK are
detectablein the centraltrackingdetector( o � o mn��l��� ) with high efficiency for ��� >[� B ] � B �9� >@? . Figure2
alsoshows the � and �[Z distributionsof " # mesonsobtainedfrom theprocessE # I�%L� M� , wherethe � quarks
decayto a K quark,which hadronisesto producea " # meson. It is clearthat the " # mesonsfrom � decays

3The �!� directionis takento bethedirectionof theincidentproton.
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areproducedmore forward in the detectorandwith larger �tZ than is the casefor " # mesonsfrom direct K
production,suchthatefficienciesarelargerfor beautythanfor charmtagging.

0
�

0.08
�

0.16
�

0.24
�

0.32
�

0.4
�

-2 -1 0
�

1 2
�
η� (D
� *)
�

1/
σ 

dσ
/d� η�

Charm MC 
�
Beauty MC 
�

0
�

0.1
�

0.2
�

0.3
�

0.4
�

0.5
�

0
�

2
�

4
�

6
 

8
¡

10
p¢ T(D
� *) (GeV/c)
�

1/
σ 

dσ
/d

p� T

Charm MC 
�
Beauty MC 
�

Figure2: The � and �tZ distributions of " # mesonsproducedfrom KYMK and � M � processesfrom AROMA [20]
Monte Carlo simulationswith �D�£x ��¤�¥
¦ � and ��� >[� B ] � B �9� >@? . In both cases,the decaychain is
" # V % " S ' V{}|�~§� % a , > ' V d�' V{}|�~�� andthe requirements�tZ a ,¨b�'Wd©x«ª �¬�_¨¥
¦ , �[Z a ' {}|�~�� d$x �9®l��¨¥
¦ are
made.

In order to quantify the efficiencies,resolutionsandbackgroundrejectionpower of the proposedFastTrack
Trigger(FTT), wehavesimulatedtheperformanceof thedevicedetailedin section4 usingmeasuredhitsof ���
events.

It is usualto select " # candidatesby first combiningtracksto form the invariantmasssum 0 a ,¨'Wd . Where
a pair of tracksyield a value of 0 a ,'cd that is closeto the nominal " S mesonmass(within ¯ �2¥
¦ in
typical off-line analysis),the ,¨' candidatepair are sequentiallycombinedwith all further tracks to form
the " # invariantmass 0 a ,¨'W' {�|�~�� d . The final selectionis performedon the well resolved massdifference5 07680 a ,¨'W' {�|�~�� d : 0 a ,¨'Wd .
At thelevel 2 stageit will bepossibleto selecteventson thebasisof trackmultiplicity andtransversemomen-
tum. For the " # case,the requirementof threetracks,of which at leastonepositive andonenegative track
correspondto �[Z�x 0.25GeV, couldbeapplied.Togetherwith theidentificationof ascatteredelectronof 7 GeV
or more,theserequirementswould remove approximately80%of theDIS candidateswithout compromising
the " # selectionefficiency.

Figure 3 shows the
5 0 distribution of a sampleof DIS "$# candidatesobtainedby H1 in 1997 with the

selection� Z a " # d¨x �l���2¤�¥
¦ , � Z a ,¨b�'Wd°x �[� ª ¤�¥
¦ and � Z a ' {}|�~§� d¨x �t�s�9®2¤�¥
¦ . The
5 0 distribution is

shown asreconstructedusingoff-line analysistools andalsoasreconstructedaccordingto the simulationof
the track trigger. The resolutionfrom the track trigger is sufficiently good for the majority of eventsto be
found in the region of low

5 0 . Similar studiesof the "TS massreconstructedby the track trigger reveal a
resolutionbetween100 and150MeV. Cutson the reconstructed0 a ,¨'Wd and

5 0 arehighly effective in the
removal of backgroundprocessesnot containing" # mesonsandwill form thebasisof theFastTrackTrigger
"2# identificationat level 3.

To quantify the expectedperformanceof the track trigger further, estimatedefficienciesaredeterminedby
feedingthesampleof DIS " # candidatesthroughthesimulationandmakingvariouscutson 0 a " S d and

5 0 as
reconstructedby thetracktrigger. To estimatetheexpectedoutputratesfrom thetriggerwith thesameselection
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Figure 3: Illustration of the expected
5 0 6µ0 a ,¨'W' {�|�~�� d : 0 a ,¨'Wd resolutionof the proposedtrigger.

The solid circlesshow the
5 0 distribution of a sampleof " # candidatesfrom DIS eventscollectedby H1

in 1997, as reconstructedusing the bestavailable off-line analysistools ( o 0 a ,¨'Wd : 0 a " S d o B 0.08 GeV,5 0 B 0.15 GeV). The opentrianglesshow the
5 0 distribution for the samesampleof eventswith tracks

reconstructedusingthesimulationof theproposedtracktrigger.

criteria, a relatively unbiasedsampleof events triggeredon the basisof a electronin the rear calorimeter
(SpaCal)anda trackrequirementarealsofed throughthesimulation.Thenumberof eventsselectedis usedto
determinethepredictedtriggerrateat thepeakluminosityexpectedaftertheHERA upgradeof ¶ � �W· >@?¹¸º>»? . In
bothcases,therequirements�[Z a " # d¼x �¬���¼¤�¥
¦ , �[Z a ,¨b¹'cd�x �[� ª ¤�¥
¦ and �[Z a ' {}|�~�� d4x �[�s�9®+¤�¥
¦ aremadein
thetracktriggerselection.Theresultsfrombothstudiesareshownin figure4. Evenwith theproposedpeakpost
upgradeluminosity, L3 outputratesof lessthan10Hz areachievablewhilst retaining80%of eventsthatwould
normallybeanalysedoff-line. This canbeachievedfor examplewith cutsof o 0 a ,¨'Wd : 0 a " S d o B 300MeV
and

5 0 B �9½l�¾¥
¦ . It shouldbe notedthat even onceHERA reachesits designperformance,the peak
luminosity will be available only at the very beginning of a machinefill, when beamcurrentsare largest.
Averageluminositiesfor thefully upgradedHERA will typically behalf aslargeasthepeakluminosities,with
anticipatedtriggerratessmallerby asimilar factor.

3.4 Ratesand Efficienciesof the Trigger

Theexampleof section3.3presentsa technicallydemandingapplicationfor achargedtracktrigger. However,
by no meansdoesit exhaustthelist of applicationsfor suchadevice for whicha few otherexamplesaregiven
below. Table2 summarisessometypical ratesat the variouslevels. The “visible” crosssectionsincludeall
branchingratiosinto the observedfinal stateandthe kinematicalacceptance,e.g. thecutsof figure3 for the
DIS case.However, it shouldbenotedthat theL1 Keepratesarelargely uncertain:they dependon theactual
“coincidences”implementedto tackletheunknown beambackgrounds.They arecorrectin thesensethateven
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Figure4: Estimatedefficienciesandtriggerratesfor " # mesonsin DIS usingtheproposedtriggerfor various
choicesof cuts on the reconstructed" S massand

5 0 . The efficienciesare relative to the off-line event
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in 1997.Theexpectedratesareestimatedusingasampleof eventscollectedusingaSpaCalelectrontriggerand
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?WÃ9Ä2>*��¸
>@? thattheupgradedHERA is expectedto deliver.
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todayratesof severalhundredHz arecommonfor triggersbasedontracksaloneandthusshouldbeconsidered
asreasonableexamples.Theefficienciesfor triggeringwithout FTT have beenderivedundertheassumption
of usinga prescaledlevel 1 triggersuchthat the L2 Keepratefor that trigger remainsat 1 Hz, which is very
largeandnot tolerablefor anextendednumberof suchtriggerchannels.

triggerrates visible trigger
with FTT [Hz] crosssection efficiency [%]

Process L1 L2 L3 Å[Æ�Ç { [pb] with FTT without
D # decay(DIS) 500 100 5-10 150 50-80 1
D # decay( E p) 500 100 5-10 100 40-65 1
f�%È' V ' > (DIS) 40 2.5 1 5000 80 2
J/k�%É�@� ,(ee) 50 20 1-3 1000 60(12) 3(1)
rÊ%É�@� ,(ee) 50 5 0.5-2 1.5 60(12) 3(1)
W %Ë�WÌ 20 1 0.3 0.1 70 3

Table2: Estimateof trigger ratesandtheir reductionat the threedifferent levels with andwithout the help
of the FastTrackTrigger. The total visible crosssectionsandthe expectedtriggerefficienciesnormalisedto
the visible crosssectionis alsoshown. The ratesaretentative andscaledto the expectedpeakluminosityof
70 � b >@? sec>@? usingtheL2 andL3 conditionsasdescribedin thetext. Thetriggerratesfor vectormesonsdiffer
for inelasticandelasticproductionbecauseof thevaryingeffectivenessof thetrackmultiplicity requirement.

3.4.1 Vector Mesons

Í : The decayparticlesof a fOS have typical transversemomentabelow the currentthresholdof the DC;Y<
trigger[5]. A level 1 triggerconditionrelyingsolelyongoodactivity in the Î -vertex triggerfollowedby amul-
tiplicity requirementof exactly two reconstructedtracksfrom theFastTrackTriggeron level 2 wouldprovide
the necessaryshieldagainstthe overwhelmingbackgroundfrom, e.g.,beamgasevents. Theserequirements
would alsodecreasethe ratesfrom ��� interactionsby 1-2 ordersof magnitude,whilst retainingin excessof
80%of visible exclusive f candidates.For very low � � physicssuchrequirementswouldbeimplementedfor
shortdedicatedruns.For thedeep-inelasticallyproducedf thescatteredelectronprovidesanadditionalmeans
of reduction.

Ï�Ð*Ñ
: Thetwoprongdecaysof the i»j¬k typically resultin twobacktobacktracksof upto1.5GeVtransverse

momentum,for which againthe backgroundis large if momentumor massselectivity is not available. For
elasticallyproducedi»j¬k , thetotal trackmultiplicity canagainberestrictedto 2 at theL2 stageof thetrigger.
For inelasticallyproducedi»j¬k , an L2 cut on the highest�tZ track in the event canbe usedto provide large
reductions(seesection3.4.2). With an additionalcut of Ò 0.5 GeV aroundthe nominal i@jlk massat the L3
stage,overall ratereductionfactorsof 50 arepossible.

others: TheFastTrackTriggercanbeusedat level 3 to searchfor severalothervectormesonstates.Many
of thesehave relatively low productioncrosssectionsandwill thereforebeinterestingtopicsof studyafterthe
HERA upgrade.Furtherexamplechannelsare <£% , V , > , fgÓ�%L' V ' > ' V ' > , k a ®lÔ d+%ÖÕ V Õ > ' V ' > and
rÊ%×Õ V ÕY> , whereÕºØ denoteseither �9Ø or �WØ .
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3.4.2 High Ù!Ú ChargedParticles

v (and Û ) bosonsarepresentlytriggeredby observinga leptonandan imbalancein thehadronictransverse
recoil in theLAr calorimeter. This signaturecanonly be reliably identifiedwhenthe missingtransversemo-
mentumis large.Directandprominentexperimentalsignaturesof thebosonsaretheproduced� and Ü , which
resultin final statescontainingsingleparticlesat transversemomentumof many GeV. Theseparticleswill be
recognisedby the FastTrack Triggerandprovide theextra distinctionthatallows the missing� Z calorimeter
requirementto berelaxed4. Similarly, thesignatureof singlechargedparticlesof severalGeV �[Z , characteristic
for theQCD processesmentionedin section3.1or for thehadronicdecaysof beautymesons,canbedetected
at thetriggerlevel.

Ratereductionfactorsof 10andmoreareeasilyobtainedwith ahighmomentumrequirementin theFastTrack
Trigger ascanbe seenin figure 5 obtainedfrom an unbiasedsampleof track triggeredevents. Both beam
gasprocessesand E[� with low invariantmassinteractionsproducetheir backgroundspredominantlyin small
transversemomentumparticles.
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Figure5: Ratereductionfor a sampleof track triggeredeventsasa functionof therequirementon the largest
�tZ trackobservedin theevent.

3.5 Integration into the Systemof H1 Triggers

From the experimentalpoint of view it hasto be addedthat a Fast Track Trigger with flexible topological
selectivity providesanothersafeguardagainstthe uncertaintiesof thebackgroundconditionsat the upgraded
HERA. While this is difficult to quantifyprior to startup,experiencein thepasthasshown that,thelargeris the
flexibility for triggering,thebettertheexperimentis ableto copewith thesometimesdemandingoperationata
leptonhadroncollider.

4Thedecayto electronscanbetriggeredwith thecalorimeterproper.
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It alsohasto be addedthat the well definedmomentumacceptanceof the Fast Track Trigger will easethe
understandingof trigger efficienciesin analyses.Overall, therewill be only few essentialhardwarebuilding
blocksin settingup a physicstrigger: Î -vertex, calorimeters,tracksandmuons.Threeof thesefour compo-
nents[2, 21] areundergoingupgradeprogrammesthateffectively rendersuchacceptanceandefficiency studies
moretransparent.

Lastbut not leastthetrack triggercanbecombinedwith the improvedcalorimetertriggerat levels2 and3 to
selectspecialtopologiesconsistingof singletracksandhighenergy jets,for whichinelastic i@jlk -productionis
justoneexample.We havenot tried to expandonthis list at this timebut notethatthereis ampleroomfor new
dedicatedtriggersastheneedarises.

4 FastTrack Trigger

Conceptually, the simplestway to selectthe physicschannelsdiscussedabove is to trigger on eventswith
minimumbiasandthento analysethemin detailat L4. However, themaximuminput rateto L4 is limited to
lessthan100Hz (cf. table1) for at leasttwo reasons:firstly thepresentdrift chamberreadoutrequiresa fast
scanningof thememoriesof thefastanalogueto digital converters(FADC) which takesupto 800 � sperevent
andsecondlythe sampleandhold circuits of the calorimeteraremultiplexed onto a few ADCs followed by
DSPanalysiswhichagaintakessome800 � s in total.

We haveconsideredanupgradeof theentireH1 onlineDAQ system[22] with theaim of attaining1 kHz input
rate to L4. However, it rapidly becomesclear that costwould be prohibitive and the changewould require
expertisein many instancesno longeravailableto thecollaboration.Suchanupgradeis thereforenotarealistic
target.

The remainingoption is to upgradeonly the componentsnecessaryto enhancethe selectionpower of the
primary trigger levels, of which thereare three(L1-L3). While suchprogrammesare in progressfor the
calorimeter[21], the selectivity for final stateswith chargedparticlesandlittle activity in the calorimeteris
poor. This is thetargetof thisproposalof aFastTrackTrigger.

The H1 centraljet chamber[1] (CJC)consistsof two concentric,rotationallysymmetricdrift chamberswith
wire planesparallelto thebeamaxisand30S inclinedto theradialdirection.Thefirst, innerchamber(CJC1)
consistsof 30 cells of 24 wires eachwhile CJC2 usestwice asmany cells with 32 wires each(fig. 6). The
readoutandtriggeringschemeproposedherewill be limited to selectedradial layersof CJC1 andthe first
radiallayersof CJC2, in orderto reducecomplexity andcostof theupgrade.

The logical distribution of the envisagedanalysisload over the trigger stagesis depictedin Figure7, sum-
marisingthetimestructureandreconstructiontasks.A KEEPconditionatanearlierlevel causesthenext level
to be invoked. In the following sectionsan overview of this schemeis given. A detaileddiscussionof the
implementationis givenin Section5.

Oneof thekey requirementsfor successfultriggeringonexclusivefinal statesis to increasethetrackacceptance
at low momentumthreshold.Theproposedupgradewill provide aneffectivemomentumthresholdof 0.1GeV
anda momentumresolutionof typically 5%.

4.1 Level 1

Thepresentdrift chamberreadoutcontinuouslydigitisesthewire signalswith FADCs samplingat 100MHz.
Thesamplesarestoredin a buffer for laterreadoutandhit analysis.In theproposedupgradethesampleddata
will immediatelybeanalysedto determine,for eachhit on awire, thechargeintegralatbothwire endsandthe
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timeof arrival. Theprocedurewill bewell containedwithin theL1 Keeplatency of 2.3 � s, includingdrift time
variationsof up to 1 � s thusincurringno deadtime.

At thelatestatL1 Keeptheanalysedhit datawill beavailablefor subsequenttrackfinding. However, ourgoal
is anapproach,in which the track segmentfinding, which alreadyprovidesinitial momentuminformation,is
placedinto theL1 Keeplatency. This optionwould allow themomentumacceptanceto bereducedbelow the
thresholdof ^ 450MeV of theexisting level 1 drift chambertracktrigger. Sincethis increasesthecomplexity
of the level 1 triggerbeyond a level thathasbeenstudiedin sufficient detail,we do not elaboratethis option
any furtherfor thetimebeing.

The resultingmomentumthresholdfor track segmentsis demonstratedin figure8. Tripletsof adjacentwires
have beenchosenat radii ; between24 and59 cm, wherethe lattercomprisesthefirst radial layersof CJC2.
Tentatively, wehaveselectedlayers(2,4,6),(10,12,14)and(18,20,22)of CJC1 andlayers(4,6,8)of CJC2.The
responsefor positive andnegative tracksdiffersat large radii becauseof the lessfavourabletrack inclination
with respectto thewire plane(fig. 6).
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4.2 Level 2

After L1 Keepsome25 ó s areavailablefor refinementof the triggerdecision.This time will beusedto link
identifiedtracksegmentsandcomputetrackparameters.Thetrackparameterswill bepassedto a centralpro-
cessingstagewhereglobaleventpropertiessuchasmomentumor transversemomentumsums,tracktopologies
andmultiplicities canberapidlyevaluatedandcontributeto theL2 triggerdecision.

4.3 Level 3

The impacton the overall operatingefficiency of the level 3 filtering dependslargely on the decisiontime
involved.If L3 decisionscanbemadewithin 100 ó s,anincreaseof theL3 rejectrateby 100Hz canbetolerated
whilst causingthedeadtimeto increaseby 1%. Beyond800 ó sanL3 Keepdecisionwill beforcedandinitiates
the readoutof all components.L3 rejectdecisionscloseto the limit of 800 ó s hencehave little impacton the
filtering capabilitiesandimprove thedeadtimeonly throughsecondordereffectswhenthebandwidthof event
building into thelevel 4 filter farmstartsto belimiting.

We thereforeenvisageto have a dedicatedprocessingengineavailable,which consistsof anassemblyof com-
mercial processors.It will performthe necessary4-vectorarithmeticon the track parametersto arrive at a
decision.The actualL3 triggerdecisionwill thenbe basedon theoutcomeof thealgorithmsrunningin this
engine.Thealgorithmswill aim for theearliestrejectdecisionpossibleusingmethodsof increasingcomplex-
ity. While sumof momenta,maximummomentumetc. canbe quickly evaluated,correlationsbetweentwo
particles(angles,masses)requiremoretime. Thecomputationaleffort requiredto determineinvariantmasses
is simply derivedfrom the largenumberof combinationsthathave to betested.Tight selectionsof candidate
tracks,for instanceby definingregionsof interestingmomentum,cansignificantlyreducethenumberof com-
binations.Finally, for instance,identificationof a single ô2õ candidateusingthe öø÷ methodwill besufficient
to retaintheeventfor readout.

Useof a commercialprocessorsystemhasseveral advantages.Firstly, the triggeringcapabilitiesarelimited
only by the dataavailable and the processingpower, which can readily be increased.Multiple algorithms
canbeimplementedanddevelopmentproceedswithin a well-definedsoftwareenvironment.Theconsiderable
potentialof thisapproachwill beinvestigatedaspartof theongoingstudies.

5 Implementation

5.1 Overview

TheFastTrackTrigger is to usethesignalsfrom groupsof threewiresin threelayersin CJC1 andonegroup
in CJC2 resultingin a total of 150groups.Suchtripletsaresufficient to determinetracksegmentsandcoarse
momentumparametersin conjunctionwith themainvertex. The track linker matchesthesegmentsbelonging
to individual tracksandperformsafit at level 2. Invariantmassesareevaluatedon level 3.

5.2 Transmissionof drift chamber signalsto FTT

The input analoguesignalsof the drift chamberareavailableon the front panelof the FADC cardsandare
currentlyusedfor theexistingDCùYú [5] trigger. “Piggy-back”connectorcardswill bemountedon theexisting
DCù=ú daughtercardsasillustratedin figure9 andwill pick up andtransmittheanalogueinformationfrom the
desiredsix wire-endson eachFADC card.Thesignalsfor theDCùYú triggerwill bepreserved. Becauseof the
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differinggroupsof wiresusedin CJC1 andCJC2 two differentversionsof this cardwill berequired.In order
to minimisethedistanceoverwhichtheseanaloguesignalsneedto betransmittedthefront-endmoduleswill be
locatedin thetwopresentlyunusedcratesin theCentralTrackerread-outaisle,wherewith somerearrangement
of existingelectronicsthisdistancewill bekeptbelow 5-10metres.Theopportunityis takenhereof eventually
rearrangingthewire signalssuitablefor thesegmentfinding in thelatterstageof theL1 processing.

This card must pick-up power and signals from 
96way Din connector on Zurich FLT card.
û
Note if the Zurich FLT card is no longer required then 
the buffer card can include 96 Din and be connected 
ü
directly to FADC output connector.
ý

26 way RA IDC
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þ

perspexÿ
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Figure9: Themountingof thePiggy-backdaughtercardsonto theadaptercardsof thepresentDCùYú trigger
(Zurich FLT card),which is heldin placeby aperspex retainerbar. The96wayconnectorprovidesthesignals
at thefront of theFADC card. Theadd-onboardwill beplacedon thesideof theadaptercardascanbeseen
in theright partof thefigure.

5.3 First StageDigitisation

TheFront-endmodulewill beadevelopmentof thegenericMFRTPC[23] cardproposedby theInstrumentation
Departmentat CLRC RutherfordAppletonLaboratory. Five suchmodules,directly integratedonto a larger
motherboard(fig. 10), will digitise andprocessthe informationfrom a groupof threewires in real time and
will effectively consistof two parts,the initial digitisationstageand the segmentfinding stage. This latter
segmentfindingstagealsorequiresinformationfrom theimmediatelyadjacentcellsto allow thereconstruction
of tracksthatcrosscell boundaries(fig. 10).

Two possibilitiesfor the first stagedigitisation areenvisaged;the preferenceis to digitise the pulsesusing
up to 100 MHz, FADCs followed by a charge and time (QT) algorithm implementedon high densityfield
programmablegatearrays(FPGA).A potentialalternative is to feedthepulsesinto constantfractiondiscrim-
inatorsandextract thehit timing usinga TDC (this lattermapsmoreseamlesslyontotheFPGAtrackfinding
algorithmandcouldproducethe � measurementalongthewire directiondirectlyratherthanby chargedivision.
It suffersfrom only having accessto theslowedsignalsdesignedfor theoriginal FADC basedread-out,which
remains).In eithercasetheinformationonthe � coordinatewill bedeterminedby comparingsignalsfrom both
endsof thewires.
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Figure10: Front-endinterconnections

5.4 The QT Analysis

The QT algorithmneedsto be fully implementedon FPGA.Sincethe analysisrequiresdatafrom both ends
of a wire, therewill besufficient input capacityon theFPGAto receive theoutputof two FADCs. (Thefinal
numberof FPGAson a segmentfinderboardwill dependon logic integrationandprice. It will bea matterof
carefuloptimisation.)Thealgorithmdescribedhere[24] is a developmentof thatalreadyusedin theH1 drift
chamberreadout.Suchanapproachhasbeenfollowedin detailandit hasbeenshown that thealgorithmcan
beimplementedin existing programmabledevicesandthatthetiming constraintscanbemet.

The outputfrom the100MHz, 10 bit linearFADCs is fed directly into theFPGA. (We arealsostudyingthe
useof 8 bit andslower FADCs with theadvantageof slightly fewer connectionsandmuchreducedcost.) Hit
regionsareidentifiedfor eachendof eachwire separately, a hit region beingdefinedastwo or moresamples
wherethedifferencein successivesamplesof thedigitiseddatais above a threshold,followedby two samples
wherethe differenceof samples(DOS) is zeroor negative. A global hit envelope,for which a singleQT hit
is produced,is definedfrom the logical ’OR’ of hit regionsfrom both endsof thewire. The time of thefirst
sampleof this envelopeis alsopasseddirectly to thesegmentfinding stagewhich proceedsin parallelto the
restof theQT analysis,asillustratedin theoverview of theQT analysisandsegmentfinding in figure11.

Theaccuratetime for eachendof thewire with a precisionof up to 1 ns is derivedfrom the time of thefirst
maximumin DOSwithin thehit envelopeandtheratioof thismaximumDOSandtheDOSof theimmediately
precedingsample,usinga look-up table. The singletime for the hit is the meanof the timesfrom eachend
of thewire. Thechargeof thehit is calculatedfor eachendof thewire by integratingover eightdigitisations
following thestartsamplewith acorrectionappliedto takeinto accounttheaccuratestarttime. All calculations
arecorrectedfor the pedestalsignallevel, which is determinedfrom the averageof four samplesprior to the
hit.

In thecaseof overlappinghitsa furthercorrectionis appliedoncetheinitial hit hasbeenidentifiedby subtract-
ing off astandardpulsetail from theobserveddataandthenusingthesametechniquesfor calculatingthetimes
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Figure11: Front-enddigitisation andtrack segmentfinding on a groupof threewires. The logical building
blocksof theQT algorithmsareindicatedfor onewire.

andchargesasareusedfor thefirst or isolatedhit which havebeendescribedabove.

5.5 Hit Processingand Initial Track Recognition

For thesegmentfindingtheidentified100MHz hit datawill befedsynchronouslyinto shift registersof 128bit
depthwhich allow tracksegmentsto berecognisedby comparingthehits with predefinedpatterns.In fact, it
will beadvantageousto inserteachhit into severalshift registersat thesametime. Thesignalswill befed into
two registersto accountfor theambiguityasto whetherthe trackpassesto the left or right of thesensewire.
Furthershift registersarerequiredto passinformationbetweencells (fig. 12). This is becausethe segment
finding requiressharinginformationfrom thefirst andlastwire in the threewire groupwith the immediately
adjacentcellsin thelayerin orderto pick uptrackswhichcrossacell boundary, typically at smallmomentum.

Thesetsof hit tripletscorrespondingto acceptabletracksegmentsfall into threegroupsdependingon whether
thetrackpasseson onesideof thecell, passesthewire planeor crossesacell boundary. While theformercase
canbegenerallyidentifiedwith atracksegmentevenwithoutknowing thebunchcrossingof theevent,thelatter
requiresknowledgeof thebunchcrossingaswell asof othercalibrationquantitiessuchasdrift velocities(and
Lorentzangle)to correctlymapthesinglehit from theadjacentcell into the local drift space.Thusthereare
two specialregions,thewire planeandtheseparatingplanebetweencells. Sincefor this proposalwe assume
thatthebunchcrossingof theevent,the

���
, is known from theL1 Keep,thestored“image” in theshift registers

correspondsto theeventdisplayof drift chamberinformation.

The task left is to recognisefairly straightpatternscompatiblewith tracksfrom the vertex andmomentum
above 100 MeV. For threelayersthe numberof valid patternsis large (of order10� ). Taking into account
the left/right andadjacentcell solution the numberincreaseseven more. However, the doublehit resolution
is intrinsically limited to order2 mm makingit possibleto combine,i.e., to OR four or moreadjacenttime
slices,for initial coarsepatternmatch. In a two stageprocesseswe plan to reducethe a priori 7-bit address
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in eachshift registerto aneffective 5-bit address.Theresulting5 bit addressesfrom eachof the threelayers
could be combinedto 15 bits, which could be testedagainsta look-up-tableof valid coarsepatterns.Instead
of asimpleyes/nodecision,thelook-uptablecontainsthepointerto anothertable,whereafterre-activationof
thetruncatedaddressbits, thevalidity of thefine patterncanbeinterrogated.A final look-upinto a tablewith
calibrated������� and ú valueswill serve to provide thetrackparametersin globalcoordinates.Thecalibration
parameterswill have to beupdatedwhenever theoperatingconditionsof thechamberchanges,typically on a
onceperdaybasis.

Note that this approachentailssomedetailedbook-keeping. The � -coordinatesof the hits will have to be
registeredandtheindex for accessingtheinformationhasto bemaintained.Likewise,thenestedlook-upswill
requirethatpropertrackis keptof all otherancillaryinformation.

A digital signalprocessor(DSP)is anaturalchoicefor patternprocessingaslongassufficient time is available
to treatall informationstrictly sequentially. A slightlymorechallengingsolutionis suggestedby theavailability
of high densitylogic deviceswith internalmemory. Someof thenew devicescanbeprogrammedascontent-
addressable-memory(CAM), whichcanbeemployedfor ahighspeedpatternmatch.A naturalimplementation
of the logic requiredfor this stepis, e.g. provided by thenew Altera devices[25] which not only implement
CAMs athighspeedbut alsosupportLVDS [26] connectionsto theneighbourson-chip.

5.6 Resolutionof � and �����! 
The parametersof the track segmentsareessentiallydeterminedby the resolutionon the slopeof the3-wire
groupelementsin conjunctionwith thevertex constraint( �����"�$#&%('*),+¼ú�-/.10*2�3*�lù ). Theexpectedresolutionson
�4��� � and ú areshown in Fig.13. They havebeendeterminedfrom ananalysisof H1 data,emulatingthetrigger
responseto theavailabledrift chamberdatafrom thecompletereadout.
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The reconstructed�����"� and ú valuesarefinally merged with the � -information obtainedfrom the mean � -
positionof the3 hits. Theresulting�����"� , ú and � vectorcanberepresentedbya32-bitword.To betterconstrain
thevertex positionalongthebeamline we plan to usethepeakpositionof thesocalledzvtx-histogramasan
estimatorof the � -position[2] of the @*� interaction.Thisnumberwill only beavailableafterL1.

5.7 Transfer of Track SegmentData

For global linking thetracksegmentdatahave to beshippedto thecentralcrateof theL2 Track Linker. Care
hasto betakento balancetheoutputloadsof 150tracksegmentfinders,of which3 areassociatedwith eachof
the30 azimuthalcellsof CJC1 while onegroupin CJC2 necessitates60outputs.By grouping5 non-adjacent
cellsof CJC1 andtheir corresponding10 neighbourcellsof CJC2, at leastsix (twelve) logical links to theL2
TrackLinker will benecessaryto balancetheload. We planto run 30 links of 2 GBit/s to theL2 track linker.
For suchaconfigurationtheloadfor typical ô õ eventsis shown in figure14.
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Figure14: Therequiredtransferratefor segmentdatain ô$õ eventsdistinguishedaccordingto radialgroup.
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5.8 L2 Track Linker

Thetaskof theL2 TrackLinker [27] is to combinetracksegmentsof up to four radialgroups,derive thebest
estimateof thetrackparametersandto rejectrandomlyfoundtracksegmentsof singlegroups.Realtrackswill
logically beidentifiedasa clusterof up to four entriesin a (virtual) ���D���?Eyú scatterplot.

This taskwill beaccomplishedby 4 identicalboardsequippedwith four processorunits(L2PU)each.Eachof
the 4 L2PU receives8 physicalserialdatastreamsfrom the front-endsystem.The 32 bit datafor eachtrack
segmentarebufferedfor eachlink in a 32 bit wide first-in-first-outbuffer (FIFO), chainedinto onecommon
datastreamfor transferto theothercards,thusmakingall dataavailablefor all L2PU. The bandwidthof the
installedlink allows the transferof up to 100 track segmentsper trigger group in 2 ó s. The track segment
datawill bestoredin pagesof a memory(SRAM), indexedby angle ú with granularity128. This anglecan
be measuredwith goodresolutionfor all layersandthusincorrectgroupingis not expectedto be a problem.
Countersassociatedwith eachof the128pageskeeptrackof theentries.

Load sharingbetweenthe 16 L2PU proceedsaccordingto a fixed scheme,whereone L2PU dealswith a
predefinednumberof up to 32 tracksegmentssothat thedistribution over severalL2PU is known in advance
from thevaluesof thecountersanddoesnotrequirefurther“handshake”.Hence,all L2PUwill only beinvoked
in veryhigh multiplicity events.TheL2PUoperateindependently.

The linking of matchingtracksegmentdataproceedswith thehelpof content-addressable-memoriesCAMs.
Initially a 128word CAM is allocatedto eachof the4 radialgroups.TheFIFO dataareloadedsequentially
aspatternsin the associatedCAM andmirroredto the SRAM memory. “Don’t care-bits” in the subsequent
patternmatchrestrictthecomparisonsto the relevant ���D��� - and ú -bits of the32 bit track segmentword. The
patternmatch,i.e. addressingthe contents,involvesa retransmissionof all track segmentsfrom the SRAM.
The4 distinctCAMs arenow treatedasanensemblereturninga matchconditionwheneverat leasttwo logical
CAM groupsindicateequivalenttrack parameters.On successa list of track segmentsis generatedprovided
thereis no veto conditionindicatedby a secondso calleddirty CAM. The dirty CAM is filled with the data
valueof whatever hasbeendetectedasa valid matchbefore.Theprocessingstepsareillustratedin figure15
andproceedunderthecontrolof thehardwaresearchlogic. Thestepsarerepeateduntil theassociatedrangeof
theSRAM hasbeentested.In orderto avoid thetypical edgeeffectsin sucha clustersearchwe planto use4
overlappingslidingwindowsfor thetracksegmenttests.

The schemeis envisagedto be implementedusing high densityprogrammabledevices. (A very attractive
solutionis providedby theAltera20KEPLD [25], of whicha singlechip wouldbesufficient for theboard.20
socalledembeddedsystemblocks(ESB)would beconfiguredfor the4 F 128word deepCAM andits control
logic). Thealgorithmtakesabout1 ó s for loadingof theCAMs and6 ó s for thesearch.Thetiming is detailed
in table3.

Process time [ ó s]
readdatafrom tracksegmentfinder 1
distributedatato all L2PU’sandloadCAMs 2
dynamicloadbalancing(counters) 1
Searchincludingusing4 slidingwindows 6
optimisetrackparametervalues(DSP) 8
distributetrackparametersandcalculatesums 2
communicateresultto L3 1
total 21

Table3: Performanceof theL2PUs.Notethatseveralactionscanbeinterleaved.

The valid outputsegmentsarepresentedto a DSPfor properanalysis.The track vectorsarefirst optimised
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in the ùYú -planeandthenin ù � . Processingtime of the ù=ú -fit [28] dependson track multiplicity of theevent
andcanbeaccomplishedin a few ó s, ashasbeenalreadyshown in a testimplementationon a standardRISC
work station. A DSPprovidessufficient room for codeoptimisation. It proceedsconcurrentlywith the track
segmentlinking. In parallel,globaleventquantitiessuchas G&� � , HIGKJ�LH , M�N/OQPIRTS - , or topologicalpropertiessuch
asback-to-backtracks,arecalculatedfor theL2-Keeptriggerdecision.Triggerdecisionsgeneratedcanthen
betransmittedto thecentralL2 logic [29], wheresparecapacityfor new inputsis alreadyprovided.

5.9 Analysis at Level 3

TheL3 triggerreadoutof themomentumvectorsof thefour L2 TrackLinker moduleswill proceedinsidethe
samecrate.It canbeperformedover thebackplaneVME busto theL3 processingunit. This “trigger engine”
will taketheform of a setof commercialprocessorsrunningappropriatetriggeralgorithms.This approachis
scalableandoffersaneasyupgradepathshouldtheneedarise.Furthermore,thereexistswithin H1 significant
experiencein theuseof suchprocessors.

TheL3 triggeralgorithmswill performthecombinatorial4-vectorcalculationsnecessaryto selectchannelsof
interest.Suitablealgorithmsandtheir mappingontothehardwareareunderinvestigation;theprocessingmay
bedistributedacrossseveralmodulesor severalalgorithmsrun in parallel,asappropriate.Theoutputof each
calculationwill be a Booleandecision;thesewill be collectedby a simplecustommoduleoperatingin the
samecrate. Straightforwardextensionof the existing centralL3 logic will be necessaryto accommodatethe
decisionsgeneratedby thissystem.

6 Miscellaneous

6.1 Compatibility with Existing System

The new systemwill maintainfull compatibility with the existing drift chamberreadoutsystem. The only
changeaffectsthefront-endoutputof theFADC boardto theDCù=ú trigger, whichshouldbetransparent.
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Someminor rearrangementof cablesmaybenecessaryto accommodatethesmallamountof extra rackspace
requiredin thetrackeraisleof theelectronics“rucksack”of H1.

The new systemmustalsoprovide readoutof analysedtrack segments,momentaandL3 results. All of this
informationis availablein thecrateof theL2 TrackLinker, which simplifiesthe task. At this time it hasnot
beenclarifiedwhethertheproduceddatawill beattachedto thereadoutof thetrackeror triggerbranchfor the
centraldataacquisition(CDAQ) [30]. Noneof theseimplementationsrepresentsa majorobstacle.

6.2 Commissioningthe FTT

Commissioningof theFTT will requireconfigurationof all boardsfrom astand-alonework station.Thetrigger
responseduring running can be readout without it initially affecting acceptanceof events. It will thusbe
possibleto monitor the logic chainin detail,which will have beendebuggedby presentingtestvectorsto the
logic at all relevant levels. This readbackfacility will alsoprovide the necessarycrosscheckof the proper
loadingof calibrationconstants.

7 Time Schedule

Thetimescheduleis clearlydefinedby thelongHERA upgradeshutdown plannedfor 2000/2001.During this
shutdown we will install theadaptersat theoutputof theFADC boards.

We aim at a full installationof the trigger for the startupafter the long shutdown. In order to reachthese
targetswe currentlyplan to proceedasindicatedin Table4. Note that the largestactivities arerelatedto the
configurationof theFPGAs,for which detailedsimulationtoolswill beavailable.

L1:
designand
specificationof interfaces Oct. 1999
FADC outputadapterprototype May 2000
seriesproductionof adapter Oct. 2000
AnalogueFront-endprototype Oct. 2000
startof seriesproduction Oct. 2000
commissioning Mar 2001

L2:
designand
specificationof interfaces Oct. 1999
prototype June2000
seriesproduction Oct. 2000
commissioning Mar. 2001

L3:
concept Oct. 1999
algorithms Oct. 2000
commissioning Mar. 2001
startupof FastTrackTrigger mid 2001

Table4: Tentativetimeschedulefor designandinstallationof theFastTrackTrigger.

23



8 Responsibilities

Presentlycollaboratorsat Birmingham,DESY, Dortmund,ETH Zurich andRAL areinvolved in thestudies.
Thesharingof responsibilitiesis indicatedin table5,althoughit is understoodthatwith thedecisiononasingle
typeof FPGAtherewill beconsiderableexchangeof ideasandexpertisethroughouttheproject.

Institute Interest
RAL Front-end

B’ham/DESY/Dort./RAL L1 tracksegmentfinding
ETHZ andSCS L2 TrackLinker
Dort. andN.N. L3 computingengine

Table5: Sharingof responsibilitiesamongtheinterestedinstitutes.

Apart from the front-end,whereprintedcircuit boardshave to be producedin large quantities,the openar-
chitectureof the proposedsystemaffords a naturaldistribution of tasksover several collaboratinginstitutes.
Considerableinterestto participatehasbeenexpressedby otherphysicistsandengineersinsideH1.

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 (table6) resultsinU 585kDM for thefront-enddigitisationandprimarytracksegmentanalysisincludingtherequiredconnectivity
to distributetheinformation.

Front-end costper wir e:
Item Cost[DM]
DCùYú adaptercards 150
Connectorsfor analogsignals 70
FADC 150
FPGAandCAM 800
RAM 30
Rest(line drivers,connectivity,.. . ) 100
Total 1300

Table6: Theestimatedcostperwire for hit digitisationandtracksegmentfinding.

Notethatthereis considerableuncertaintyin thecostsof theFPGAandCAMs. Themostattractivesolutionis
thatof averyhighdensityFPGAimplementingatthesametimetheCAM. It isnotclearwhetherthedevicethat
is currentlybeingintroduced[31] will be sufficient or whetherthe device with twice thecapacityannounced
for laterthis yearwill berequired.For componentsvery closeto marketintroduction,pricesusuallyrun high.
We expectthis to changebecauseothervendorsstart to introduceproductsof similar density[32]. With the
quotedcostof ref [31] thepricewouldcomedown to U 400kDM.

In additionwehave to foreseeindividualboardsfor centralclockandcontrolsignaldistribution. Readoutlinks
betweencrateshave to be provided for which the PVIC development[33] seemsto be an interestingoption.
Theseboardswill addanotherU 50 kDM.

Thehardwarecostof the4 L2 TrackLinker boardsis modest.Componentsaddup to U 100kDM. In addition
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1000 kDM will be incurredfor the four man-yearsof developmenttime necessaryat the SCScompany in
Zurich. We planto reducethesecostsby providing skilled manpower to thecompany of order1-2 manyears
equivalent.

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

With contingency of U 20%addedtheentireprojectwill run at anestimatedpriceof 950kDM (1600kDM U
950kDM+ 1000kDM* 2.5a/4a) without (with) labour(table7).

Overall Project Cost:
Item Cost[kDM] Externallabour[kDM]
L1 digitisationandtracksegmentfinding 585
Readoutinterconnections 50
L2 TrackLinker hardware 100 1000
L3 processing 50
Total 785 1000

Table7: Theoverall costfor hardwareandexternallabour.

Priorto demonstrationof feasibilitywehavenotattemptedto find acompletefinancingscheme.A largeamount
(250kDM) hasbeensetasidefromBMBF fundswhichhopefullycanbeexpandedtoatotalof 500kDM. DESY
andUK collaboratorsareencouragedto find supportfrom their homeinstitutesat thelevel of 250kDM each,
while ETHZ maybeableto cooperatedirectlywith theETH affiliated SCScompany.
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