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1 Preface

In Junethis year, it wasproposedto instrumentthe H1 experimentwith a high resolutionFastTrackTrigger
(FTT) [1]. Considerableprogresshasbeenmadewith theprojectsincethen. Improvementshave beenmade
in the simulationsoftware,allowing updatedand more detailedstudiesof the expectedFTT performance.
Investigationshave beenmadein which theessentialparametersof thecentraljet chamber(CJC)performance
have beenvariedto checktherobustnessof theproposedtrigger in thecaseof severerunningconditions.For
themostimportantphysicstopics,thegain in statisticsofferedby theFTT andits systematiclimitationshave
beenquantified.With theseresultsin handwearenow ableto predictmorepreciselythebehaviour andphysics
yield of theFTT aftertheHERA machineupgrade.

This notesummarisesthenew resultsandanswersthequestionsraisedby thePRCconcerningthemotivation,
construction,andoperationof theFTT. Section2 elaborateson thephysicsmotivationfor building theFTT. In
section3 the improvementsin precisionthat the FTT will yield for HERA physicsarequantified.Technical
issuesrelatedto theperformanceof thedevice arediscussedin section4. Finally, anupdatedoverview of the
tasksandresponsibilitiesof theprojectis givenin section5.

2 Heavy Flavour Physicsbeyond the Upgrade

Theprospectsfor physicsin theabsenceof very high transversemomentumparticlesat theupgradedHERA
werediscussedin section3.1of [1]. ThetriggeringproblemwithoutaFTT wasexplainedin section3.2.Here,
we provide additionalinformationon the more importantitems, in particularthoserelatedto heavy flavour
physics.

2.1 Charm Physics

The uniqueheavy flavour physicsopportunitiesprovided by the upgradedHERA lie in the improvementof
our understandingof QCD. It may alsobe possiblefor HERA to makecontributionsto charmphysicsitself
(e.g.throughmeasurementsof fragmentationfunctionsor searchesfor raredecaymodes).Althoughtheoverall
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charmyieldsareunlikely to belargeenoughto seriouslycompetewith otherexperimentsin this regard,HERA
providesanenvironmentfor suchstudiesthatis complementaryto thoseavailableelsewhere.

It hasalreadybeenshown that the contribution of eventscontainingcharmis very large at low � at HERA.
The fraction

��������� � � of charmedfinal statesvariesbetweenapproximately	�

� at � ��� 	������ � and �


� at
� � � 	�


������ � [2, 3]. A correcttreatmentof the charmcontribution is thereforean essentialingredientof
any QCD modelof low � HERA data.However, only a smallfractionof thecharmyield is observable,dueto
thevery low branchingratiosto detectablechannels.Much largerluminositiesarerequiredin orderto testthe
treatmentof charmdirectly in thedatato theprecisionrequiredfor modelsof

� � .
Theproperway to dealwith charm(andbeauty)productionin DIS is a largely unansweredquestionin QCD.
Thepresenceof asecondhardscalearisingfromthecharmquarkmass� � leadstoproblemsin theconvergence
propertiesof perturbative series,which containtermsof the form ����� � � � �� . For � ��� � �� , the generally
acceptedprocedureis to producecharmentirely via the boson-gluonfusion (BGF) process� �"!$# %'&% , the
initial stateprotoncontainingonly light ( ( , ) , * ) quarks.Where� �,+ � �� , charmis usuallytreatedasa fourth
flavour in theprotonseawith zeromass,evolving in thesamemannerasthelight quarks.Severalcompeting
modelsexist for the merging of the two schemesat intermediate� � [4, 5]. High precisioncharmdataare
requiredto providea testinggroundto distinguishbetweenthesedifferentpossibleprocedures.

Sincecharmproductionproceedsdominantlyvia boson-gluonfusionatHERA, charmdataaresensitiveto the
gluondistribution,which heavily dominatesprotonstructureat low � . Thebestresultson thepartondistribu-
tionsof theprotoncomefrom globalfits to a varietyof data[5]. Exceptat thehighestvaluesof � , thegluon
distributionin thesefits is basicallyderivedfrom inclusivedeep-inelasticscatteringdata,essentiallythroughthe
scalingviolationsof

� �
- �/. � �10 [6]. However, suchfits aredependentontheuseof theDGLAP QCDevolution
equations[7] andarerelatively insensitiveto any failure in theunderlyingtheoreticalframework, for example,
dueto theeffectsof BFKL dynamics[8] at low � .

Themostattractivedirectmethodsof obtainingthegluondistributionof theprotonareby studyingdijet events
andcharmproductionin DIS by theBGF process.Mattersarecomplicatedin thecaseof dijet productionby
thebackgroundto BGF arisingfrom theQCD-Comptonprocess� �324#526! . In addition,largevaluesof � are
kinematicallyrequiredin orderto producehightransversemomentumjet pairs,restrictingthekinematicregion
in whichthegluondistributioncanbeextracted.Charmmeasurementsthusprovidethecleanestdirectmeansof
extractingthegluondistributionof theprotonandexplorea largerkinematicregion thanis possiblefrom dijet
production.At the very least,charmdataprovide an importanttestof the QCD factorisationtheorem,which
implies thatthegluondistributionsextractedfrom charmdataandfrom fits to

� � datashouldbeidentical. At
best,charmdatacouldidentify deficienciesof thetheoryin thelow � region.

By studyingparticular typesof final state,the gluon distributions of the photonand pomeroncan also be
measured.Here,thereis little alternative to directmeansof extractionof gluondistributions.HERA dijet data
alreadyprovidethebestconstraintsonrealphotonstructureat low � andonvirtual photonstructurethroughout
the kinematicphasespace[9]. With betterstatistics,similar analysisof charmeventswill be possible. In
diffractive scattering,thegluondistribution of thepomeron,asextractedfrom QCD fits to thediffractive DIS
crosssection,hasvery largeuncertainties[10]. Despitethepoorstatistics,hadronicfinal statemeasurements
arealreadyproving competitive in their sensitivity to thepomerongluondistribution[11, 12].

2.2 BeautyPhysics

Thestudyof beautyproductionatHERA hasbarelybegun,dueto theverylow productioncrosssections.How-
ever, with sufficient statistics,all of theplannedprogrammeof charmphysicsis equallyapplicableto beauty.
It is very interestingthatthefirst HERA measurementsin thebeautysector[13] revealcrosssectionsthatare
substantiallylarger thanthosepredictedin the low ordersof QCD. By contrast,despitesomedisagreements
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in differentialdistributions, theoverall charmcrosssectionis consistentwith predictions[2]. It is essentialto
obtainmuchlargersamplesof beautyeventsin orderto investigatewhetherthisapparentdiscrepancy is merely
a statisticalfluctuationor whethertherearerealdeficienciesin the theory. Sincethe crosssectionis heavily
dominatedby photoproduction,it will becrucial to triggereventsat thelowest � � if usefulstatisticsareto be
collected.After theupgrade,it will certainlynot bepossibleto triggerbeauty(or charm)eventsin photopro-
ductionwithout theFTT, asrateswill certainlybeprohibitive. With theFTT, a coincidenceof a 78� candidate
in thecentraltrackerandandanelectronin oneof the low angletaggers1 would give anacceptablerate(see
section3.2).

Theprospectsfor triggeringbeautyeventswith theFTT aftertheupgradehavebeeninvestigatedusingasample
of simulated� �:9 # ; & ; eventsin which exactly one 7 � mesonis reconstructed,originatingfrom thedecays
of the ; hadrons.Thekinematicrangestudied2 is <>=?� � =@	�


������ � and 	�
BADC8= �BE =@	�
BAGF . As usual,
the trigger is basedon cutsin the reconstructed7IH massand JIK L@K - 7 � 0NM K - 7OH 0 for thedecaychain
7��I# 7 H�PDQSRUTWV # X P PDQSRUTWV . The efficiency with which the 7�� mesonis triggeredby the FTT is shown in
figure1. Theresultsfrom anothersimulatedfile with 7 � mesonsproduceddirectly from a charmquarkin the
process� � 9 #Y%Z&% areshown for comparison.
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Figure1: Estimatedefficienciesfor 78� mesonsin DIS usingtheproposedtrigger for `UK - X P 0aM K - 7 H 0 `b=
<c


�de��� andvariouschoicesof cut on JIK . Theefficienciesarerelative to a sampleof simulatedeventsin
which theselectioncriteriaonthepolaranglesandtransversemomentaof the 7�� andits decayproductsof [2]
areapplied.A comparisonis madebetween7 � mesonsproduceddirectly in theprocess� � 9 #5%Z&% andthose
producedaspartof thedecaychainfollowing thehardprocess� � 9 #f; &; .
Figure1 demonstratesthat theefficiency for triggering 78� mesonsin ; & ; eventsis slightly betterthanthat for
%Z&% events.Themainreasonfor this is thehighertransversemomentumandhighercentralityof 7 � mesonsand
their decayproductsin ; & ; thanin %'&% events(seefigure2 of theoriginal proposal).Lossesdueto the shift in
the 7 � decayvertex with respectto theoverall eventvertex arenegligible, sincethebeautyhadronsarealways

1TheHERA upgradewill requirechangesto theH1 low angleelectrontaggers.However, with anew taggergGh downstreamandan
existing taggeri1i h downstream,theacceptancesfor photoproductionprocessesareexpectedto besimilar to thosebeforetheupgrade
[14] .

2DIS eventsonly havebeenstudiedto date.However, nomajordifferencesin efficiency areexpectedin thephotoproductionregime.

3



producednearthresholdatHERA andthevertex informationavailableto theFTT is notsufficiently preciseto
be sensitive to suchvertex shifts. The resultsof this studyarehighly encouragingfor thestudyof ; physics
after the upgrade,especiallyif the FTT canbe usedin conjunctionwith the centralsilicon trackerCST (see
section2.3).

2.3 Relation to the Central Silicon Tracker

Work with theCSTcontinuesin earnestandanalysisof existing datais well underway. However, statisticsare
limited thusfar andtheincreasedluminositiesavailableaftertheupgradewill becrucialif thedevice is fully to
beexploited.

Althoughsiliconmicro-vertex detectorsprovideameansof obtainingveryhighpurity heavy flavoursamples,it
is notalwayspossibleto identify thesecondaryvertex andoverall efficienciesarerelatively low for bothcharm
andbeautytagging.HERA is atadisadvantagein beautyphysicsusingsilicondetectorscomparedfor example
to LEP. This is mainly becausethe productof the Lorentz factors j � is typically rathersmall, suchthat the
distancebetweentheprincipalandsecondaryverticesis alsousuallysmall.With additionalcomplicationsdue
to multiple scattering,it is clearthatothermeansof identifying heavy flavour physicsare,andwill alwaysbe,
necessaryto complementtheCSTdata.

It is not technicallypossibleto usetheCSTitself to provide a trigger, sinceon-linetrackreconstructionis not
availableandthe CSTconsistsof only two layers,which doesnot provide sufficient redundancy. Triggering
eventscontainingheavy flavoursignaturesin theCSTisalreadyproblematicwith theexistingH1 triggerset-up.
This situationwill becomemuchworseafter the HERA upgrade,whentriggerconditionswill becomemuch
tighter. TheFTT will thusnaturallyfulfil theroleof triggeringa largefractionof theeventsthatareof interest
for CSTstudies.Themostlikely scenarioaftertheupgradeis thateventstriggeredby theFTT on thebasisof
acharmedmesonwill form astartingsamplefor CSTanalysis.WithoutaFTT, heavy flavoureventsof interest
for CSTanalysiswill bedownscaledrandomlyalongwith all othereventsthatdo not containhigh transverse
momentumsignatures.

3 PhysicsYieldswith the FTT

3.1 ExpectedYields Beforeand After the Upgrade

Typically, H1 hassofar publishedmeasurementsof processesof relevanceto theFTT usingdatacollectedupto
1996.Analysisof datatakenin 1997andbeyondis well underway. We have estimatedthefull volumeof data
thatwill beavailablefor studiesof anumberof channelswith thefull pre-upgradeluminosityby extrapolation
from event yields in 1996. We have alsoestimatedthe yields for a total luminosity of kc


8lDm AGF , which is
the luminosity expectedto be deliveredby HERA in the minimum proposedfour yearsof runningafter the
upgrade.Table1 showstheseestimates.

The extrapolationfactorsfor the numbersof eventsin the tablearebasedon the ratio of luminositiesdeliv-
eredby HERA.3 Thus,correctionsfor the efficiency with which H1 takesdatathat is usablefor analysisare
implicitly madeunderthe assumptionthat this efficiency will remainunchangedafter the upgrade.Trigger
andreconstructionefficienciesareassumedto be comparableto thosefor the1996run, suchthat thefigures
for the upgradedHERA assumethe existenceof theFTT. It shouldbe notedthatwith thepresentdatarates,
the H1 trigger anddataacquisitionsystemis alreadyunableto takedatathroughoutthe full availablephase
spacefor many processes.Randomdownscalingof triggersis oftenrequiredandit is oftennecessaryto apply

3For theestimatedyieldsin theyears1997-2000,it is assumedthatHERA will deliver n�oqp�rBsut in the v1wyx runcurrentlyin progress.
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EVENTSFROM ESTIMATED EVENTS ESTIMATED EVENTS
PROCESS 1996DATA ( zWn pyr sBt zW{1{�|~}4���3�1� ( {��Gpyr sBt POST-UPGRADEWITH

DELIVERED) DELIVERED) FTT ( g1�3�~p�rBsut DELIVERED)���
in DIS ( �~�����~�~�W��� ) 583 4100 27000� �
in DIS FROM � DECAY (9) (60) (420)� �

in diffractive DIS ( � � �8�a�~�W� � ) 11 80 510� �
in ��x 788 5500 36000� �

in ��x FROM � DECAY (13) (90) (600)
Elastic �3� ��� w � s ( �~���8n3���~�W��� ) 16 110 740

Quasi-elastic���3�����uwq�Ds ( � � ��� �~�W� � ) 156 1100 7200
Quasi-elastic���3�I��v w v s ( �~���8�~�~�W��� ) 74 520 3400

Table1: Event yields for processesof interestto the FTT, assumingselectioncriteria asappliedin the most
recentpublications[2, 12, 15, 16]. Thesecondcolumnshowsthenumberof eventson which H1 publications
on1996dataarebased.Thethird columnshowstheexpectednumberof eventsthatwill beavailablebeforethe
majorshutdown, obtainedby extrapolationof thefiguresfrom the1996publications.Thefinal columnshows
thenumberof eventsexpectedfrom a sampleof kc


�lDm AGF , alsoobtainedby extrapolationof the1996figures.
Thenumbersin parenthesesareestimatedby assumingthat 	
 ¡k�� of all 7 � candidatesarisefrom ; decays[2].

rathertight selectioncriteria in thelatterstagesof thetrigger. For example, 7 � eventsin photoproduction are
presentlydiscardedif the 7 � transversemomentumis calculatedat the level 4 stageof the trigger to be less
than 	
 ¡¢������ . This numbershouldbe comparedwith the analysiscut usedin 1996dataof 	
 ¡£������ . The
datavolumesobtainedin 1997-2000thereforedo not quitescalewith theluminosity relative to 1996datafor
many processesasassumedin thetable.Thenumbersquotedfor thepre-upgradeyieldsshouldbethoughtof
asupperlimits.

The predictedtotalsof 4100 7 � eventsin DIS and5500in photoproduction availablefor analysisbeforethe
upgraderepresenta considerableimprovementon thestatisticsusedin thepublishedanalysis.With thesedata
volumes,it will bepossibleto improve thestatisticalprecisionon thegluondistributionof theproton(figure1
of theoriginal proposal)by a factorof around2.5.However, this still only scratchesthesurfaceof thedetailed
heavy flavourphysicsexplorationpossibleatHERA. Additional statisticswouldallow themeasurementof the�¤E ! - �BE 0 distribution asa function both of �¤E andof the factorisationscale¥ � , which would provide a much
moresensitivetestof theunderlyingQCDdynamicsandof resummationtechniques.

The predictedyields of ¦ �
§ eventsafter the upgradewould allow high precisionmeasurementsin both DIS
andphotoproductionof the elasticcrosssectiondifferentially in both the Mandelstam* and ¨ variablesfor
the � � 9 system.Theelastic ¦ �c§ crosssectionis somethingof a specialcasein diffractive physicsat HERA,
exhibiting a strong‘hard pomeron’-type* dependenceeven at � � L5
 . Large datasetswill be required
to answerconclusively the questionof whetherthe centreof massenergy dependencevarieswith � � in the
mannerpredictedin modelsbasedon the exchangeof gluon pairs [18]. Any changein the * dependence
as ¨ varieswould imply the shrinkageof the diffractive peakassociatedwith the slope ©/ª of the pomeron
trajectory. Thepresenceor absenceof this shrinkageandits dependenceon � � is a very importantquestionto
theunderstandingof harddiffraction[19].

For the remainingexamplechannelsin table1, it is clearthat thestatisticswill still be ratherpoor whenthe
upgradetakesplace.Theyieldsof detectable78� mesonsfrom beautydecaysandfrom diffractiveprocessesare
suchthatmeasurementswith sufficient precisionto seriouslytestmodelswill not be possibleuntil well after
theupgrade.As discussedin section3.1 of theoriginal proposal,vectormesonproductioncrosssectionsare
very heavily suppressedwith increasing� � . Only with theuseof theFTT aftertheupgradeit will bepossible
to makeprecisionmeasurementsof theelastic « crosssectionin theregion �c
�¬­ � � ¬­ 	�
c
������ � . This high
� � region is themostsensitiveto theQCDdynamicsof diffraction.
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3.2 Trigger EfficienciesWith and Without the FTT

Table2 of theoriginal proposalshowedestimatedtriggerefficiencieswith andwithout the FTT after the up-
grade. It is reproducedherein a slightly updatedform as table2. As statedin the original document,the
numbersquotedare rather tentative, as thereare many unpredictablefactorsthat cannotyet be takeninto
account.For example,theL1 trigger ratesdependstronglyon thebeamconditionsandon the triggercombi-
nationsactuallyused.Thesewill have to beoptimisedafter theupgrade,but thediscriminationat L2 andL3
availablefrom theuseof theFTT is likely to allow L1 ratesto remainratherhigh.

Full detailsof theassumptionsmadein producingthetablearegivenin appendixA. Notethatfor somechan-
nels,othermeansof triggeringarepossiblein additionto thosebasedon tracks.Thetriggeringefficiency for® #f¥ ¯ basedon a relatively unbiasedmuontriggerwouldbe �c� aftertriggerdownscalingwithout theFTT
dueto thehigh level 1 rateof sucha trigger. TheoverallH1 triggerefficiency for this channelwouldbelarger
if, for example,a missing9B° triggerwereusedin conjunctionwith themuontrigger. However, thethresholdof
themissing9 ° triggerwould restrictthekinematicregion availablefor themeasurementconsiderablyto about
20-30%dependingontheactualcut. For channelssuchasthis (andalsofor heavy vectormesonand ± H decays
to leptonpairs),theFTT wouldcomplementothermethodsof triggering.

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

Process L1 L2 L3 ²q³1´ Q [pb] with FTT without
D � decay(DIS) 160- 500 30 5 150 70 1
D � decay( µ -tagged� p) 120- 500 25 4 100 60 1
«4# P ¶aP A (DIS) 40 2.5 1 5000 80 2
J/·¸# ee,¥G¥ 50 20 1-3 1000 12-60 1-3¹ # ee, ¥º¥ 50 5 0.5-2 1.5 12-60 1-3
W #»¥ ¯ 20 1 0.3 0.1 70 3

Table2: (slightly modifiedfrom original proposal).Estimateof trigger ratesandtheir reductionat the three
differentlevelswith andwithout thehelpof theFastTrackTrigger. Thetotalvisiblecrosssectionisalsoshown.
Theratesaretentativeandscaledto theexpectedpeakluminosityof ¼

½¥ m AGF1¾�AGF . TheL1 triggersusedandL2
andL3 conditionsappliedwith theFTT aredescribedin appendixA. Thetriggerratesfor vectormesonsdiffer
for elasticandinelasticproductionbecauseof thevaryingeffectivenessof the trackmultiplicity requirement.
Notethat 7�� mesonsproducedin ; decaysor in thediffractive channelareindistinguishablefrom thebulk of
7 � candidatesat the trigger level andarethussubjectto the sameefficiencieswith andwithout the FTT as
thoseshown in thetable.

3.3 Gain asa Function of Kinematic PhaseSpace

It is not possibleat this stageto anticipatein detail thetriggeringstrategy aftertheupgradein theabsenceof a
FTT. However, it is possibleto makesomemoregeneralstatementsbasedon thecurrentprocedures.

Wherethe scatteredelectronis identified in the liquid argon calorimeter( � �À¿­ 	y


������ � ), H1 currently
acceptsall triggeredevents.This is alsolikely to bethecaseaftertheupgrade.In the � � L�
 photoproduction
regime, eventsareuniversallydiscardedunlessspecialsignaturesfor interestingeventsare identifiedby the
trigger.

At intermediate� � , wheretheelectronis scatteredinto thebackwardspaghetti(SPACAL) calorimeter, thereis
alreadyconsiderableeventreductionunlessspecialsignaturesareidentified.A systemof randomdownscaling
is appliedat thelevel 1 triggerstagein orderto restricttheinput rateto thelevel 4 filter farm to a manageable

6



level. Thedownscalingfactorvarieswith theluminosityandwith theradialpositionof theelectroncluster, and
is largestat low � � . It is possiblethatafter theupgrade,minimumbiasSPACAL triggerswill becompletely
disabled.Thebestscenariois thatthetotalSPACAL L1 outputratewill bemaintainedat a similar level to the
present.TheHERA upgradeis expectedto yield a factorof order5 increasein instantaneousluminosity. As
a working hypothesis,we thereforeassumethat the prescalefactorsappliedto SPACAL triggerswill alsobe
increasedby this factor.

On thebasisof theseassumptions,table3 summarisestheexpectedlossesof efficiency dueto randomdown-
scalingin theabsenceof a FTT for averageluminositiesbeforeandafter theupgrade.Notethat theprescales
at peakluminosity (asconsideredin table2) areat leasta factor of two larger than thoseshown here. The
figuresapplyto any processthatcannotbeidentifiedusingtheearlystagesof thetrigger. Thus,certaintypesof
easilyidentifiedsignature,suchashigh 9B° jetsor muonpairs,wouldnotbesubjectto theselossesin efficiency.
More complex signaturesof thetypethattheFTT is requiredto identify, suchas 7 � candidates,requiremore
informationandcomplex computingoperations.This is presentlyrealisedat the level 4 stageof the trigger.
Eventssuchasthosecontaining7 � or « candidateswill thereforebesubjectto thedownscalingandresulting
efficienciesasshown in table3 alongwith thebulk of eventswhichcontainno unusualsignatures.

� � PRESENTPRESCALE PRESCALEAFTERUPGRADE RESULTING EFFICIENCY(%)

0 Á Á 0
5 5 25 4

40 2 10 10
150 1 1 100

Table3: Expectedlevel 1 prescalesataverageluminositiesbeforeandaftertheupgradefor eventstriggeredon
thebasisof an identifiedelectronandminimal trackrequirements,whereno further interestingsignaturesare
recognisedat thetriggerlevel. Thefiguresfor aftertheupgradeassumethatthereis noFTT.

3.4 SystematicLimitations

As explainedin section3.2, statisticallimitations are likely to remainsevere for many of the processesof
interestuntil well after the upgrade.Nonetheless,it will clearly be crucial to obtainthe triggeringefficiency
for all relevantprocesseswith highaccuracy in orderto avoid largesystematicuncertaintiesfrom theuseof the
FTT. Oneimportantaspectin this is that the triggeringefficiency itself will be very high for mostprocesses
of interest. Provided this is the case,small uncertaintiesin the efficiency will not leadto large uncertainties
whenpropagatedto final measurements.The triggerefficiency will beobtainedby a combinationof detailed
simulationanddirectextractionfrom data.

The operationof the FTT will, for the mostpart, be digital, suchthat all featuresof its operation,including
variationsin FPGAloads,canbesimulatedwith full accuracy. Thecrucialaspectwill beto correctlysimulate
thehit finding efficiency of the � M ¨ analysisin thelevel 1 board.Considerableeffort will clearlyhave to be
investedin this aspectof theproblem.Theaim is to simulateFTT track-findingefficienciesto anaccuracy at
thepercentlevel, whichshouldbeconsiderablybetterthanthatrequiredfor themajorityof applications.

TheFTT efficiency canalsobedetermineddirectly from thedata.Thiswill beessentialin orderto cross-check
thesimulatedefficiency of the � M ¨ algorithm.Tracksegmentandfull trackefficienciescouldbedeterminedby
takingsamplesof tracksreconstructedin theCJCandmeasuringtheefficiency with which theFTT alsofound
thosetracksasa functionof the track 9B° , Â and Ã . It mayalsobe possibleto go onestagefurtherandobtain
full FTT efficienciesfor agivenphysicschannelsuchasa 7 � search.Thiscouldbedoneby studyingsamples
of 7�� candidatescollectedwith a highly downscaledminimally biasedSPACAL trigger, thoughstatisticsmay
becomeaproblemin this lattercase.
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4 FTT Performance

Considerableprogresshasbeenmadein the simulationof the intendedFTT algorithmssincethe original
proposalwassubmitted.Herewe provide anupdateon thesimulatedperformanceof thetriggerandpresenta
detailedanalysisof therobustnessof thedevice.

4.1 Useof the Vertex Trigger

It is intendedthatinformationfrom theMWPCbasedlevel 1 Ä -vertex triggerwill beavailableto theFTT at the
tracksegmentfinding stage.This givescoarseinformationon thepositionof theeventvertex in thedirection
alongthebeamline(seefigure3a). It hasnow beenpossibleto includethe Ä -vertex trigger informationin the
simulation.This leadsto a significantlybetterresolutionin Â for tracks.As a result,theexpectedperformance
of theFTT improvesconsiderablycomparedwith theprevioussimulationusedfor theoriginalproposal,where
no vertex informationwasincluded. In the following sections,the performanceof theFTT with theupdated
simulationis discussed.

4.2 Track Resolution

A poor track resolutionresultsin poor signal to backgroundratios for level 2 FTT cuts in e.g. 9B° . It also
impliesthatlevel 3 cutson invariantmasseshave to beratherloose,decreasingtheselectivity of theFTT. The
trackparameterresolutionis thereforea key-point for thedesignof theFTT. Figure2 (a) shows thesimulated
precisionof the measurementof 	 � 9 ° for all tracksreconstructedin D � candidateeventsin the year 1997.
Figure2 (b) shows the resolutionon Ã . Both figuresshow the resolutionof the FTT with respectto the full
off-line reconstruction.Theresolutionin 9B° is approximately²¤Å ° L¸Æu� FÅ �° . Thatin Ã is approximately£½ÇIÈÊÉ'Ë .
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Figure2: Track resolutionof the simulatedFTT algorithmin (a) 	 � 9 ° and(b) Ã relative to the full off-line
CJCreconstruction.The tracksstudiedaretakenfrom a sampleof 7��Û# X P P QÜRUTWV candidatesin 1997data.
Gaussianfits areshown to bothdistributions.

Thepolarangleresolutionof tracksdependson two parameters,the Ä -positionof the µ 9 interactionvertex and
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the singlehit Ä -resolutionof the CJC.The primary vertex positionis determinedby thepeakpositionof the
Ä -vertex histogramreconstructedfrom tracksmeasuredby theMWPCs.The Ä -vertex resolutionfor D � events
is shown in figure3 (a). Theresolutionrelativeto thefull off-line reconstructionis about2.3cm,whichshould
becomparedwith theGaussianwidth of theactualÄ -vertex distributionof approximately�

NÝ�Ç . Thesinglehit
Ä -resolutionof theCJC,asdeterminedby chargedivision, is a functionof thetotal chargecollectedby single
wires.Thedependenceis shown in figure3 (b). Typical amplitudesof thecollectedchargeare500-1000units
resultingin a singlehit resolutionof 5-8 cm in the z-direction. Basedon theseparameters,the polar angle
resolutionof tracksin D � events,shown in figure4, is approximately50 mrad.
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Figure3: (a) Resolutionof theMWPC basedÄ -vertex triggerwith respectto the full off-line reconstruction,
including informationfrom drift chambersdesignedto measurethe Ä coordinate.Thedatausedarea sample
of 7 � # X P P QÜRUTWV candidatesin 1997data. The fit shown is to a sumof two Gaussiandistributions. (b)
Dependenceof the singlehit Ä -resolutionof the CJC,obtainedby charge division, on the integratedcharge
collectedatbothendsof awire (arbitraryunits)[20].

4.3 ã?ä Finding Efficiency and Trigger Rates

In order to maintainhigh selectivity and thus keeptrigger ratesas low aspossible,it is importantthat the
resolutionof the FTT shouldbe asgood aspossibleon the invariantmasssumsthat form the basisof the
L3 decision. Triggeringon the 7 � # 7 H P QSRUTåV # X P/P QSRUTåV channelwill be realisedthroughcuts on the
reconstructed7OH massand the reconstructedmassdifferenceJIK LYK - 7 � 0�M K - 7OH 0 . In figure 5, the
simulatedFTT resolutionon theseparametersis illustrated. A sampleof 7 � candidatesfrom 1997datais
used,subjectto the selectioncriteria with the full H1 reconstructioǹUK - X P 0,M K - 7OH 0 `�=çæ

Ode��� and
K - X P PqQÜRUTWV 0�M K - X P 0 =Y	�£c
Ide��� . For this sampleof events, the figure shows the distribution in the
reconstructed7 H mass(a) andthe reconstructedmassdifferenceJIK (b). The main effect of the improved
vertex treatmentis thatthe 7 H massis muchbetterresolved(Gaussianwidth of approximately¼
æ�dè��� , which
shouldbe comparedwith a resolutionof kD	�de��� usingall availableoff-line analysistoolswith the full CJC
information).

Theinclusionof Ä -vertex triggerinformationimprovesefficienciesandreducesbackgroundratesfor agivenset
of selectioncriteria in a givenchannel.Theefficiency andtriggerratepredictionsareshown in figure6a. For
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comparison,figure6b,which is a copyof figure4 of theoriginal proposal,showstheefficienciesandexpected
triggerratesin thecasewhereno informationon thevertex is available.With the Ä -vertex informationadded,
a selectionat the level 3 stagewith `UK - X P 0�M K - 7 H 0 `�=î<c


Ide��� and JIK =f	�£
£Odè��� would give
an efficiency of around æ


� , whilst restrictingoverall trigger ratesto lessthan £�ï�ð at peakluminosityafter
the upgrade.Comparableimprovementsareexpectedin the performanceof the proposedFTT for all other
channels.

4.4 Robustness

Thedetailsof therunningconditionsfor theH1 drift chambersaftertheupgradecannotaccuratelybepredicted
at this stage,due to the very large numberof parametersthat affect them. The most pessimisticestimates
suggestthat theremaybeactivity on asmany as10%of CJCwiresat a givenbunchcrossing.Currentlythe
rateof backgroundhits in theCJCundernormalrunningconditionsis well below 1%. TheFTT mustbeable
to copewith theincreasedinstantaneouschamberoccupancy andmustalsobeableto run with high efficiency
if badrunningconditionsenforceareductionin thegainof thedrift chambers.

We have usedthe simulationof the FTT to investigatethe sensitivity of the proposeddevice to a numberof
differenttypesof degradationin therunningconditions.The following sectionsshow theresultingeffectson
7�� finding, which will beamongthemostcomplex final statesignaturesthat theFTT is requiredto identify,
andon ¦ �
§ finding.

4.4.1 Failur eof the MWPCs

It is sometimesthecasethattherearetrips in theforwardor centraltrackerMWPCs,suchthat Ä -vertex trigger
informationreducesin quality or ceasesto be available.4 It is clearfrom a comparisonof figures6a and6b
that theFTT cancontinueto provide triggerswith reasonableefficiency at timeswhentheCJCis operational
but the Ä -vertex triggeris not. Thelossof FTT triggeringefficiency underthesecircumstancesdependson the
channelandchoiceof triggercuts,but for the 7 � case,theefficiency woulddropfrom aroundæ


� to around
kc

� .

4.4.2 ReducedSingleHit Efficiency

In the simulations,the singlehit efficiency is assumedto be ¢
£
� by default. This is similar to the values
achieved with the presentDCñ'Ã track trigger usingcomparablethresholdsto thoselikely to be usedfor the
FTT. Theeffectontrackreconstructionefficienciesof degradingthesinglehit efficiency canbeseenin figure7.
Dueto thehighredundancy of theproposedFTT (acoincidenceof only two of thepossiblefour tracksegments
is requiredto form a track,whereasthemeannumberof segmentslinked for tracksfrom 7 � decaysis around
3.5 at ¢
£
� singlehit efficiency), a considerablereductionin singlehit efficiency canbe toleratedbeforethe
overall trackfindingefficiency degradesto thepoint wheretheFTT effectively becomesinoperational.For the
mostcentraltracks(pseudorapidityò � 
 ), theefficiency lossesarelessthanthosefor tracksat theextremes
of theCJCacceptance( `Uò ` � 	
 ¡£ ). This is becausethetracksat theextremesof theFTT acceptanceoftendo
not reachCJC2andthusdo not typically passthroughall four groupsof wiresusedby theFTT.

Figure8 shows theeffectson the 7 � reconstructionefficiency of reducingthesinglehit efficiency of theFTT.
The efficienciesfall by only around 	y

� whenthe singlehit efficiency is reducedfrom ¢
£c� to ¢c

� . There
is no reasonwhatsoever to supposethat thesinglehit efficiency couldbeaslow as ¢


� in normaloperation,

4The proposedupgradeof the centralinner proportionalchambers(CIP) is intendedto improve the robustnessof the ó -vertex
trigger.
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arerelative to theoff-line eventselectionusedin themostrecentH1 publication[2] andarecalculatedusing
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'C�F,Ý�Ç�A � ¾ AGF that the
upgradedHERA is expectedto deliver.
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providedreasonablethresholdsareassignedin the � M ¨ algorithm.Thattheefficienciesremainsohigh when
the singlehit efficiency is degradedin this mannerillustratesthe overall robustnessof the proposeddevice.
Evenwhenthesinglehit efficiency is degradedto æ


� in thesimulation,the 7 � finding efficienciesremainin
the region of ÆB£
� . Sucha situationis totally unrealistic,but even in this scenario,the FTT would still bean
effective triggerfor 7 � finding. We concludethatpoorsinglehit efficienciesarenot likely to bea problemfor
theFTT.

4.4.3 WorsenedÄ -Resolution

In thesimulationsperformedthusfar, the Ä coordinatesof hits areassumedto beobtainedby chargedivision
with a resolutionof k�Ý�Ç (comparefigure3b). Thechargedivision resolutionis a strongfunctionof thegain
of theCJC,so theFTT mayhave to copewith lower singlehit Ä -resolutionif it becomesnecessaryto reduce
thegain.Wehave investigatedasituationin which the Ä -resolutionis worsenedto 	�
½Ý�Ç . As canbeseenfrom
figure3, this is asomewhatextremecase.Theeffectson 7 � triggeringefficiency areshown in figure8. Evenin
thisscenario,theefficienciesfall by only around£
� , asmallerreductionthatthegainachievedwith improved
Ä -vertex information(figure6).

The effectsof degradingthe singlehit efficiency andsinglehit Ä -resolutionhave alsobeenstudiedfor ¦ �
§
data. In figure 9, invariantmassdistributionsareshown in both the ¥ ¶ ¥ A and µ ¶ µ A channelsfrom elastic
¦ �
§ candidatesfrom 1997data. The distributionsobtainedfrom the full reconstructionarecomparedwith
thosefrom the tracksreconstructedby the FTT. Figures9a and9b show the resultsusingthe FTT with the
expectedCJCoperatingconditionsfor normalrunning.Approximately¢c¼
� of theoff-line muoncandidatesin
eachchannelaresuccessfullyidentifiedby theFTT algorithm.Figures9c and9d show theeffectsof reducing
the singlehit efficiency to ¢

c� andthe singlehit Ä -resolutionto æ�Ý�Ç . The efficienciesin eachchannelare
reducedto approximatelyæ
¢
� , dueto thelowersinglehit efficiency. Thedegradationin singlehit Ä -resolution
resultsin only a small deteriorationin the ¦ �c§ massresolution. This will not presentany problemsfor the
FTT triggeringof ¦ �
§ events,asbackgroundsarerelatively small in this region. A masswindow of 
D  £������
aroundthenominal ¦ �
§ massis currentlyproposed(seetable2 andappendixA), which leavesa very wide
safetymargin for poorrunningconditions.
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publication[2] andarecalculatedusingasampleof DIS eventscollectedin 1997.

4.5 Incr easedInstantaneousChamber Occupancy

As a final test,wehave investigatedthesensitivity of thetriggerto increasedinstantaneousnumbersof signals
in the CJC.This could arisedue to severeproblemswith noiseor with synchrotronradiationor beam-gas
backgrounds.Overlapof informationfrom different µ 9 collisionsis alreadyknown not to bea severeproblem.
In the tests,we addedrandombackgroundCJC hits to existing H1 events. The numberof addedhits was
randomlydistributedbetween100and500,correspondingto activity on betweenÆu� and <


� of CJCwires.
Only thoseeventsfor which at leastthreeadditionaltrackswerefoundby the full off-line reconstructionasa
resultof theaddednoisehitswereretainedfor analysis.

The presenceof the extra hits slightly improvesthe 7�� finding efficiency, dueto randomcoincidenceswith
genuinetracksarising from 7 � decays. This is a slightly unrealisticsituation,as the potentially degrading
effectson the � M ¨ algorithmof overlappinghits is not yet included.Work on theevaluationof this effect is
in progress.

In section3.4of [1] andin section4 above, a sampleof eventscollectedin 1997usingan inclusiveSPACAL
level 1 trigger, with thesubsequenttriggerlevelsdisabled,wasusedto estimatetheoverall triggerratesof the
FTT whenextrapolatedto the post-upgradepeakluminosity. This samplerepresentsa goodapproximation
to the overall event samplewith which the FTT will be confrontedin the intermediate� � region. We have
introducedadditionalnoisehits to thesedatain themannerdescribedabove, in orderto testthesensitivity of
the backgroundratesto increasedchamberoccupancy. The resultsareshown in figure10 asfunction of the
JOK cut anddemonstratethat the effect of additionalbackgroundcanbe stronglysuppressedby usingtight
selectioncriteria. It is clear that considerableincreasesin backgroundhits canbe toleratedwithout the 7 �
findingalgorithmyieldingexcessivenumbersof backgroundevents.
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(a)

(b)

(c)

(d)

Figure9: Distributions in thereconstructeddileptoninvariantmassfor a sampletakenfrom 1997elastic ¦ �
§
data.(a) and(c) show thedistributionsof ¥ ¶ ¥ A invariantmasses.(b) and(d) show the µ ¶ µ A invariantmasses.
For all plots, thehistogramsshow thedistributionsasreconstructedwith thefull readoutinformationandthe
bestavailableoff-line tools.Thesoliddatapointsshow thedistributionsasreconstructedfrom tracksproduced
by theFTT simulation.In (a)and(b) theessentialparametersof theFTT operationassumetheirdefaultvalues
(singlehit efficiency of ¢
£c� andsinglehit Ä -resolutionof kOÝ�Ç . In (c) and (d) the singlehit efficiency is
degradedto ¢


� andthesinglehit Ä -resolutionto æ½Ý�Ç .

5 Project Specificationand Realisation

5.1 Level 1 Trigger Signal

The possibility that the FTT could provide informationto the level 1 trigger is currentlybeinginvestigated.
This couldbe implementedwith theadditionof onefurtherFPGAper level 1 crate,which would processthe
coarsetracksegmentinformation. It is not yet clearwhetherit will bepossibleto generatea coarse	 � 9¤° M Ã
histogramof the track segmentsandperforma simpletrack linking algorithm. If this is possible,the level 1
informationcouldbebasedon themultiplicity of tracksandtheir transversemomentain muchthesameway
astheplannedlevel 2 algorithm. If it is not possibleto form full tracksat level 1, tracksegmentmultiplicities
andtopologiescouldbeusedasthebasisfor a decision.

The costof including the trigger functionality at level 1 would be at the level of 70kDM, correspondinges-
sentiallyto thecostof theFPGAs. If a level 1 triggerwereimplemented,theexisting DCñ'Ã triggercouldbe
replacedcompletely.
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�de��� , with andwithout additionalnoiseaddedto theCJC(seetext for details).

5.2 Hardware Implementation and Time Considerations

It is intendedthat all tasksrequiredof the FTT, up to and including a level 3 trigger decision,shouldbe
performedwithin about 	�
c
I¥ ¾ of the µ 9 interaction. The information that will be provided to the level 1
(2.3 ¥ s), level 2 (25 ¥ s)andlevel 3 stagesof thetriggeris asillustratedin figure7 of [1]. Thetimelimits for the
first two triggerlevelsimposestrict requirementsontheFTT algorithms.Theproblemof patternrecognitionis
accomplishedusingdevicessuchasContentAddressableMemories(CAMs) which arecapableof performing
complex logical operationsat high speed,performingsearchtasksin singlecyclesof typically

� 	�
I� ¾ . A
similar time scaleappliesto Digital SignalProcessors(DSPs)which areusedafterthetracklinking procedure
for theoptimisationof trackparameters.A precisestatementonthenecessarycomputationtimewouldrequire
thealgorithmsandtheir realisationin hardwareto becompletelydefined.At this stage,only estimatescanbe
madeon thebasisof thecurrentplans.

5.2.1 Level 1 Timing

Thetimeavailablefor logicalprocessingto producea L1 triggerdecisionis significantlyreducedby themaxi-
mumCJCchamberdrift time. Pipeliningof informationis forseen,suchthatvalid combinationsof hits based
on a pivot layer techniquestepthroughshift registersandarecomparedagainstlists of acceptablehit patterns
usingCAMs, only thedrift timeof thecombinationbeingchangedateachcycle. High speedis achievedwith a
highly parallelalgorithmwith a simultaneousmatchingprocedureusinga ”CAM farm”. Valid tracksegments
canthenbefoundwithin a few cycles.Theestimatedtiming of thedifferentL1 tasksis listedin table5.
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Process time [ ¥ s]
drift timeof mostdistanthits 1.0
� M ¨ analysis 0.3
filling of shift registers 0.1
tracksegmentfinding 0.2
collectingtracksegments 0.2
L1 triggerprocessing 0.2
total 2.0

Table4: Timing specificationsat trigger level 1. Note that the track segmentfinding begins beforeall drift
timesareavailable,suchthatseveralbunchcrossingsareprocessedin parallel.Thefigureof 
D ¡<½¥ ¾ quotedfor
tracksegmentfinding thusrepresentstheactualdelayincurred,ratherthanthefull timenecessaryto processa
singleevent.

5.2.2 Level 2 Timing

At L2, themosttime consumingprocessis theoptimisationof thetrackparametersin the ñ - Ã and ñ - Ä planes
after the track segmentlinking. First studieswith C6201(fixed point DSP)andC6701(floatingpoint DSP)
runningonnon-optimisedreconstructioncodeindicatethatthis taskcanbeperformedwithin 8 ¥ s. Thetiming
of L2 is detailedin table5 andshows a safetymargin of 4 ¥ s. Replacingthe sliding window techniqueby a
simpleonestepmatchingprocedurewould acceleratethe L2 linking by a further 4.5 ¥ s at the expenseof a
smalldegradationin thetrackseparationpower.

Process time [ ¥ s]
readdatafrom tracksegmentfinder 1
distributedatato all L2PUsandloadCAMs 2
dynamicloadbalancing(counters) 1
Searchincludingusing4 slidingwindows 6
optimisetrackparametervalues(DSP) 8
distributetrackparametersandcalculatesums 2
communicateresultto L3 1
total 	 21

Table5: Estimatedtiming specificationsfor theL2PUs.Notethatseveraltaskscanbeinterleaved.

5.2.3 Level 3 Timing

At L3, themassreconstructionwill beperformedusingcommercialprocessors.Testswith aPentiumII proces-
sorhave shown thata singletrackcombinationto calculatean invariantmasswill takeabout £

Û� ¾ at a clock
frequency of 500MHz. Within 100 ¥ s about2000masscombinationscanbeanalysedon a singleprocessor.
Lessthan30 tracksarereconstructedby the simulatedFTT algorithmfor over ¢ck
� of 1997 7 � candidates,
suchthatasingleprocessorwouldbemorethansufficientto make7IH andsubsequent7 � searches.By adding
moreprocessorsto the L3 trigger level, a latency well below 100 ¥ s canbe achieved, whilst searchingfor a
wide varietyof signatures.It shouldbe pointedout that in contrastto the L1 andL2 time limits, the 100 ¥ s
L3 limit is ‘self-imposed’on theFTT. A slight increasein theL3 processingtime would resultonly in a small
delayin thelevel 3 rejectsignalandacommensuratesmall increasein deadtime.
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5.3 Responsibilitiesand Manpower

The hardwareimplementationof the FTT is divided into threeparts. The front-endand the customboards
for L1 arebeingdevelopedandbuilt by UK groups. The customboardsat L2 arebeingdevelopedby the
SCScompany in Zürich in collaborationwith ETH Zürich. TheL3 processorfarm will beconstructedby the
Dortmundgroup.An overview of thehardwareresponsibilitiesandallocatedmanpower is givenin table6. The
implementationof the softwarealgorithmsin theprogrammablehardwarerequiresfurther manpower. These
allocationsareshown in table7.

Hardware Tasks Effort in SY Responsibilities
Analoguedaughtercards 1 RAL/Manchester
L1 Front-EndModulewith tracksegmentfinder 3 RAL
L1 cratecontroller 2 Manchester/Birmingham
L1 triggercard� 1 QMW/Birmingham/DESY
L2PUTrackLinker boards 2 Zürich/SCS
L2/L3 Triggercard 1 SCS/Dortmund
L3 processorfarm 1 Dortmund

Table6: Manpowerallocationsfor FTT hardwareconstructiontasks.� NotethattheL1 triggercardis adesign
optionwhichwill allow to generateL1 Keepsignalsandwould replacetheexisting DCñ'Ã trigger.

SoftwareTasks persons Responsibilities
Setup� M ¨ algorithm 1 RAL
Programmingof L1 tracksegmentfinding 2 DESY/Zurich/Birmingham
Programmingof L2PUboards 2.5 Zurich/ETH/Dortmund
L3 processorfarm 1 Dortmund

Table7: Manpowerallocationsfor thedesignandimplementationof softwarealgorithmsin theFTT system.

5.4 Financing

All anticipatedcostsof theFTT projectaredetailedin table8. A completefinancingschemenow exists. The
UK institutescollaboratingin H1 (Birmingham,Lancaster, Liverpool,Manchester, QMW andRAL) arein the
processof submittinga proposalto the UK PPESP, requestingapproximately770kDM for the L1 construc-
tion. DESY is encouragedto supporttheprojectat the level of about250kDM. 250kDM have beensetaside
from BMBF fundswhich hopefullycanbeexpandedto a total of 500kDM.An additionalequivalentof about
500kDM in skilled manpowerwill beprovidedby ETH Zürich andDortmundto work with theSCScompany
on the level 2 system.Assumingall requestedfundsarereleased,thetotal fundingwill amountto 2020kDM,
leaving 70kDM freefor extracontingency.
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A Appendix A: Assumptionsmadefor table 2

Assumptionsfor D � decay(DIS)


���
���� : Visiblecrosssectionto X P P channelfor selectioncriteria in [2].


 L1 conditions: SPACALelectronandmultipletracks( 	�k

½ï�ð ). With theFTT, it maybepossibleto relax
thestrongL1 track conditionandto require only a Ä -vertex trigger instead.TheL1 ratewould thenbe� £

c

ï�ð . TheL2 andL3 rateswouldincreaseonlyslightly andtheefficiencywouldimprovebya small
amount.


 L2 conditions: Cuton eitherelectronenergyor � ` 9 ¨ ` of tracksto obtaina ratereductionbya factor 5.


 L3 conditions: For `U� - X P 0 M � - 7 � 0 `B=ÿ<c


Ndè��� and � - X P P QÜRUTWV 0 M � - X P 0 =�	y£
£Ndè��� cuts,total
reductionfactor is approximately30.


 FTT efficiency: Total efficiency(all threetrigger levels)is assumedto beof theorderof 70%.


 Efficiency without FTT: AssumeL1 downscaleby 	 � 	�k

 to achieve 	�ï�ð output. About95% trigger
efficiencywithoutdownscaling.

Assumptionsfor D � decay( ��� )


���
���� : Visiblecrosssectionto X P P channelfor selectioncriteria in [2].


 L1 conditions: Lowangletaggedelectronandmultipletracks( 	�<

,ï½ð ) or requireonlya Ä -vertex trigger
insteadof multipletracks(

� £




ï½ð ).

 L2 conditions: Cuton � ` 9 ¨ ` of tracksto obtaina ratereductionbya factor 5.


 L3 conditions: For `U� - X P 0 M � - 78� 0 `B=ÿ<c


Ndè��� and � - X P P QÜRUTWV 0 M � - X P 0 =�	y£
£Ndè��� cuts,total
reductionfactor is approximately30.


 FTT efficiency: Total efficiency(all threetrigger levels)is assumedto beof theorderof 60%.

� Efficiency without FTT: AssumeL1 downscaleby ��������� to achieve � �"! output. About85% trigger
efficiencywithoutdownscaling.
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Assumptionsfor # production in DIS

��$�%�&�' : Visiblecrosssectionfor elastic (*)"+-,/.0,01 for selectioncriteria in [15].

� L1 conditions: InclusiveSPACALtriggerwith highelectronenergythreshold,such thatkinematicsforce
decaypionsinto CJC.

� L2 conditions: Demandexactly two tracks.

� L3 conditions: Cuton invariantmassof , . , 1 around ( peak.

� FTT efficiency: Total trigger efficiencyis assumedto beof theorderof 80%

� Efficiency without FTT: L1 downscaleby ����23� to achieve � �4! output. About80%trigger efficiency
withoutdownscaling.

Assumptionsfor elastic/ inelastic J/ 5
��$ %�&�' : Visible crosssectionsfor selectioncriteria in [16]. Visible crosssectionsfor each of muonand

electronchannelsare approximately6��7�"8:9 (elasticandquasi-elastic)plus 6����48:9 (inelastic).

� L1 conditions: Topologicaltriggersfor ; . ; 1 , muontriggersfor < . < 1 ascurrentlyused.

� L2 conditions: Cuton track with secondhighest=*> at 0.8GeV.

� L3 conditions: Cut on invariant massaroundthe ?@�7A ; B CD�:EF6HG IKJ to give LMBN�4! . For theelastic
case,require in additionexactly two tracksto obtainrate LO�P�"! .

� FTT efficiency: Total trigger efficiencyvariesbetweenapproximately12%(inelastic ; . ; 1 ) and 60%
( < . < 1 ).

� Efficiency without FTT: L1 downscaleby ������� anduseexistingL2 topological/ neural networktrigger
to achieve �"�4! output.Total efficiencyvariesbetween��67Q (inelastic ; . ; 1 ) and R���Q ( < . < 1 ) without
downscaling.

Assumptionsfor S
��$�%�&�' : Visiblecrosssectionfor selectioncriteria in [17] to </./<01 and ;�.T;�1 channels.

� L1 conditions: Topologicaltriggersfor ee,muontriggersfor <U< ascurrentlyused.

� L2 conditions: Cuton track with secondhighest= > at 3.0GeV.

� L3 conditions: Require dileptoninvariant massof at least9 GeVto achieve LV�N�"! . For the elastic
case,require in additionexactly2 tracksto achieve LD�:EW6"�4! .

� FTT efficiency: Total trigger efficiencyis assumedto vary between12% (inelastic ;�.0;�1 ) and 60%
( < . < 1 ).

� Efficiency without FTT: L1 downscaledby ������� and useexisting L2 topological / neural network
trigger to achieve �X�"! output. Total efficiencyvariesbetween��6�Q (inelastic ; . ; 1 ) and R��7Q ( < . < 1 )
withoutdownscaling.
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Assumptionsfor W Y Z [
��$�%�&�' : Estimatedvisiblecrosssectionto </\ channel.

� L1 conditions: Muontriggersascurrentlyoperational.

� L2 conditions: Cuton thetrack with highest= > at 10 GeV.

� L3 conditions: Applyingisolationcriterion on highest=*> track givesan estimatedreductionof a factor
80 relativeto theL1 rate.

� FTT efficiency: Total trigger efficiencyis assumedto beof theorderof 70%.

� Efficiency without FTT: L1 downscaledby ������� to achieve �T�"! output.Total triggerefficiencyis about
R�6�Q basedon track triggersalonewithoutdownscaling.
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