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1 Preface

In Junethis year it wasproposedo instrumentthe H1 experimentwith a high resolutionFast Track Trigger
(FTT) [1]. Considerablgrogresshasbeenmadewith the projectsincethen. Improvementshave beenmade
in the simulation software,allowing updatedand more detailedstudiesof the expectedFTT performance.
Investigationhave beenmadein which the essentiaparametersf the centraljet chambe(CJC)performance
have beenvariedto checkthe robustnes®f the proposedriggerin the caseof severerunningconditions.For
the mostimportantphysicstopics,the gainin statisticsofferedby the FTT andits systematidimitations have
beenquantified.With theseresultsin handwe arenow ableto predictmorepreciselythebehaiour andphysics
yield of the FTT afterthe HERA machineupgrade.

This notesummariseshe new resultsandanswergshe questionsaisedby the PRCconcerninghe motivation,
constructionandoperationof the FTT. Section2 elaborate®n the physicsmotivationfor building the FTT. In
section3 theimprovementsin precisionthatthe FTT will yield for HERA physicsare quantified. Technical
issuegelatedto the performancef the device arediscussedn sectiond. Finally, anupdatedoverview of the
tasksandresponsibilitief the projectis givenin section5.

2 Heavy Flavour Physicsbeyond the Upgrade

The prospectdor physicsin the absencef very high transversemomentumparticlesat the upgradedHERA
werediscussedn section3.10f [1]. Thetriggeringproblemwithouta FTT wasexplainedin section3.2. Here,
we provide additionalinformation on the more importantitems, in particularthoserelatedto heavy flavour
physics.

2.1 Charm Physics

The uniqueheavy flavour physicsopportunitiesprovided by the upgradedHERA lie in the improvementof
our understandingf QCD. It may alsobe possiblefor HERA to makecontributionsto charmphysicsitself
(e.g.throughmeasurementsf fragmentatiorfunctionsor searchefor raredecaymodes) Althoughtheoverall



charmyieldsareunlikely to belargeenoughto seriouslycompetewith otherexperimentsn thisregard, HERA
providesanervironmentfor suchstudiesthatis complementaryo thoseavailableelsavhere.

It hasalreadybeenshown that the contribution of eventscontainingcharmis very large at low z at HERA.
Thefraction F5°/ I, of charmedinal statesvariesbetweerapproximatelyl0% atQ? ~ 1 GeV? and30% at
Q?* ~ 100 GeV? [2, 3]. A correcttreatmentof the charmcontribution is thereforean essentialngredientof
ary QCD modelof low z HERA data.However, only a smallfraction of the charmyield is obsenable,dueto
the very low branchingratiosto detectablehannelsMuch largerluminositiesarerequiredin orderto testthe
treatmenof charmdirectly in the datato the precisionrequiredfor modelsof F3.

The properway to dealwith charm(andbeauty)productionin DIS is alargely unansweredjuestionin QCD.
Thepresencef asecondhardscalearisingfrom thecharmquarkmassn,. leadsto problemsn thecorvergence
propertiesof perturbatve series,which containtermsof the form In Q?/m?2. For Q? ~ m?, the generally
acceptedorocedureis to producecharmentirely via the boson-gluonfusion (BGF) processy*g — c¢, the
initial stateprotoncontainingonly light (u, d, s) quarks.WhereQ? >> m?, charmis usuallytreatedasa fourth
flavour in the protonseawith zeromassevolving in the samemannerasthelight quarks. Several competing
modelsexist for the meging of the two schemesat intermediate)? [4, 5]. High precisioncharmdataare

requiredto provide atestinggroundto distinguishbetweerthesedifferentpossibleprocedures.

Sincecharmproductionproceedslominantlyvia boson-gluorfusionat HERA, charmdataaresensitve to the
gluondistribution, which heavily dominategprotonstructureat low z. The bestresultson the partondistribu-
tions of the protoncomefrom globalfits to a variety of data[5]. Exceptatthe highestvaluesof z, the gluon
distributionin thesdfits is basicallydervedfrom inclusivedeep-inelastiscatteringlata,essentiallthroughthe
scalingviolationsof I, (z,Q?) [6]. However, suchfits aredependentn the useof the DGLAP QCD evolution
equationg7] andarerelatively insensitveto ary failure in theunderlyingtheoreticaframevork, for example,
dueto theeffectsof BFKL dynamicg8] atlow z.

Themostattractive directmethod<f obtainingthe gluondistribution of the protonareby studyingdijet events
andcharmproductionin DIS by the BGF process.Mattersare complicatedn the caseof dijet productionby
the backgroundo BGF arisingfrom the QCD-Comptorprocessy*q — ¢g. In addition,large valuesof = are
kinematicallyrequiredin orderto producehigh trans\ersemomentunjet pairs,restrictingthe kinematicregion
in whichthegluondistributioncanbeextracted.Charmmeasurementhiusprovide thecleanestirectmeansof
extractingthe gluondistribution of the protonandexplore a largerkinematicregion thanis possiblefrom dijet
production. At the very least,charmdataprovide animportanttestof the QCD factorisationtheorem which
impliesthatthe gluondistributionsextractedfrom charmdataandfrom fits to /%, datashouldbeidentical. At
best,charmdatacouldidentify deficiencief thetheoryin thelow z region.

By studying particulartypesof final state,the gluon distributions of the photonand pomeroncan also be
measuredHere,thereis little alternatve to directmeansof extractionof gluondistributions. HERA dijet data
alreadyprovide thebestconstraint®n realphotonstructureatlow = andonvirtual photonstructurehroughout
the kinematicphasespace[9]. With betterstatistics,similar analysisof charmeventswill be possible. In
diffractive scatteringthe gluondistribution of the pomeron,asextractedfrom QCD fits to the diffractive DIS
crosssection,hasvery large uncertaintieg10]. Despitethe poor statistics hadronicfinal statemeasurements
arealreadyproving competitvein their sensitvity to the pomerongluondistribution[11, 12].

2.2 BeautyPhysics

Thestudyof beautyproductionatHERA hasbarelybegun,dueto theverylow productioncrosssections How-
ever, with sufficient statistics all of the plannedprogrammenf charmphysicsis equallyapplicableto beauty
It is very interestingthatthe first HERA measurementi® the beautysector[13] reveal crosssectionghatare
substantiallylarger thanthosepredictedin the low ordersof QCD. By contrast,despitesomedisagreements



in differentialdistributions, the overall charmcrosssectionis consistentith predictiong2]. It is essentiato
obtainmuchlargersamplef beautyeventsin orderto investigatevhetherthis apparendiscrepang is merely
a statisticalfluctuationor whethertherearereal deficienciesn the theory Sincethe crosssectionis heavily
dominatedby photoproductionit will be crucialto trigger eventsat the lowest(? if usefulstatisticsareto be
collected. After the upgradejt will certainlynot be possibleto trigger beauty(or charm)eventsin photopro-
ductionwithoutthe FTT, asrateswill certainlybe prohibitive. With the FTT, acoincidenceof a D* candidate
in the centraltrackerandandan electronin oneof the low angletaggers' would give an acceptableate (see
section3.2).

Theprospectdor triggeringbeautyeventswith theFTT aftertheupgradenave beeninvestigatedisingasample
of simulatedy*p — bb eventsin which exactly one D* mesonis reconstructedgriginatingfrom the decays
of the b hadrons.The kinematicrangestudied? is 2 < Q% < 100 GeV? and10~% < z, < 10~!. As usual,
the triggeris basedon cutsin thereconstructed)® massandAM = M (D*) — M (D°) for the decaychain
D* — Dmgow — Kmmgow. Theefficieng with which the D* mesonis triggeredby the FTT is shawvn in

figure 1. Theresultsfrom anothersimulatedfile with D* mesongproducedlirectly from acharmquarkin the
processy*p — c¢ areshovn for comparison.
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Figure1: Estimatedefficienciesfor D* mesonsn DIS usingthe proposedriggerfor |M(Kx) — M (D%)]| <

200 MeV andvariouschoicesof cuton AM. Theefficienciesarerelative to a sampleof simulatedeventsin

which the selectiorcriteriaon the polaranglesandtrans\ersemomentaof the D* andits decayproductsof [2]

areapplied. A comparisoris madebetweenD* mesongroducedirectly in the processy*p — c¢ andthose
producedaspartof the decaychainfollowing the hardprocessy*p — bb.

Figure 1 demonstratethatthe efficiengy for triggering D* mesonsn bb eventsis slightly betterthanthatfor
ce events. Themainreasorfor thisis thehighertransyersemomenturmandhighercentralityof D* mesonsand
their decayproductsin bb thanin cé events(seefigure 2 of the original proposal). Lossesdueto the shift in
the D* decayvertex with respecto theoverall eventvertex arenegligible, sincethe beautyhadronsarealways

The HERA upgradewill requirechangeso theH1 low angleelectrontaggers However, with anew tagge m downstreanandan
existing taggerd4 m downstreamtheacceptancef®r photoproductioprocesseareexpectedo besimilar to thosebeforetheupgrade
[14].

2DIS eventsonly have beenstudiedto date.However, nomajordifferencesn efficiency areexpectedn thephotoproductiomegime.
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producedhearthresholdat HERA andthe vertex informationavailableto the FTT is not sufficiently preciseto
be sensitize to suchvertex shifts. The resultsof this studyare highly encouragindor the studyof & 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 the CST continuesn earnesandanalysisof existing datais well underway However, statisticsare
limited thusfar andtheincreaseduminositiesavailableaftertheupgradewill becrucialif thedeviceis fully to
be exploited.

Althoughsiliconmicro-vertex detectorgprovide ameansof obtainingvery high purity heavy flavour samplesit

is notalwayspossibleto identify the secondaryertex andoverall efficienciesarerelatively low for bothcharm
andbeautytagging.HERA is atadisadwantagen beautyphysicsusingsilicon detectorcomparedor example
to LEP. This is mainly becausehe productof the Lorentzfactors+ is typically rathersmall, suchthat the
distancebetweerthe principalandsecondaryerticesis alsousuallysmall. With additionalcomplicationslue
to multiple scatteringijt is clearthatothermeansof identifying heavy flavour physicsare,andwill alwaysbe,
necessaryo complementhe CST data.

It is nottechnicallypossibleto usethe CSTitself to provide a trigger, sinceon-linetrackreconstructions not
availableandthe CST consistsof only two layers,which doesnot provide suflicient redundang. Triggering
eventscontainingheavy flavour signaturesn the CSTis alreadyproblematiowith theexisting H1 triggerset-up.
This situationwill becomemuchworseafter the HERA upgradewhentrigger conditionswill becomemuch
tighter. The FTT will thusnaturallyfulfil therole of triggeringa large fraction of the eventsthatareof interest
for CST studies.Themostlikely scenaricafterthe upgrades thateventstriggeredby the FTT on the basisof

acharmednesorwill form astartingsamplefor CSTanalysis.Withouta FTT, heavy flavour eventsof interest
for CSTanalysiswill be downscaledandomlyalongwith all othereventsthatdo not containhigh trans\erse
momentumsignatures.

3 PhysicsYieldswith the FTT

3.1 ExpectedYields Before and After the Upgrade

Typically, H1 hassofar publishedneasurementsf processesf relevanceto the FTT usingdatacollectedupto
1996. Analysisof datatakenin 1997andbeyondis well underway We have estimatedhefull volumeof data
thatwill beavailablefor studiesof anumberof channelswith thefull pre-upgradéuminosity by extrapolation
from eventyields in 1996. We have also estimatedhe yields for a total luminosity of 600 pb~!, which is
the luminosity expectedto be deliveredby HERA in the minimum proposedour yearsof runningafter the
upgrade Tablel shovstheseestimates.

The extrapolationfactorsfor the numbersof eventsin the table are basedon the ratio of luminositiesdeliv-

eredby HERA 3 Thus, correctionsfor the efficiency with which H1 takesdatathatis usablefor analysisare
implicitly madeunderthe assumptiorthat this efficiency will remainunchangedafter the upgrade. Trigger
andreconstructiorefficienciesare assumedo be comparabldo thosefor the 1996 run, suchthatthe figures
for the upgradedHERA assumehe existenceof the FTT. It shouldbe notedthatwith the presentatarates,
the H1 trigger and dataacquisitionsystemis alreadyunableto take datathroughoutthe full available phase
spacefor mary processesRandomdownscalingof triggersis oftenrequiredandit is oftennecessaryo apply

3For theestimatedyieldsin theyears1997-2000it is assumedhatHERAwill deliver35 pb~! inthee™ p runcurrentlyin progress.



EVENTSFROM | ESTIMATED EVENTS ESTIMATED EVENTS

PROCESS 1996DATA (13 pb~! 1997 — 2000 (92 pb~! POSTUPGRADEWITH

DELIVERED) DELIVERED) | FTT (600 pb~—! DELIVERED)
D*inDIS (@7 > 2 GeV?) 583 4100 27000

D* in DIS FROM b DECAY ©) (60) (420)

D* in diffractive DIS (Q? > 2 GeV?) 11 80 510
D*invp 788 5500 36000

D* in vp FROM b DECAY 13) (90) (600)
Elasticy’ — =T~ (Q% > 30 GeV?) 16 110 740
Quasi-elastic//yy — ut u~ (Q* > 2 GeV?) 156 1100 7200
Quasi-elastic//¢y — eTe™ (Q* > 2 GeV?) 74 520 3400

Table 1: Eventyieldsfor processe®f interestto the FTT, assumingselectioncriteriaasappliedin the most
recentpublicationg2, 12, 15, 16]. The secondcolumnshaowsthe numberof eventson which H1 publications
on1996dataarebased.Thethird columnshovsthe expectechumberof eventsthatwill beavailablebeforethe
major shutdavn, obtainedby extrapolationof the figuresfrom the 1996 publications.The final columnshaws
the numberof eventsexpectedfrom a sampleof 600 pb~!, alsoobtainedby extrapolationof the 1996figures.
Thenumbersn parentheseareestimatedy assuminghat1.6 % of all D* candidatesrisefrom b decayq2].

rathertight selectioncriteriain the latter stagef thetrigger. For example, D* eventsin photoproductio are
presentlydiscardedf the D* transversemomentumis calculatedat the level 4 stageof thetriggerto beless
than1.9 GeV. This numbershouldbe comparedwith the analysiscut usedin 1996 dataof 1.5 GeV. The
datavolumesobtainedin 1997-2000thereforedo not quite scalewith the luminosity relative to 1996datafor
mary processeasassumedn thetable. The numbersguotedfor the pre-upgradeields shouldbe thoughtof
asupperlimits.

The predictedtotalsof 4100 D* eventsin DIS and5500in photoproductio availablefor analysisbeforethe
upgraderepresent considerablémprovementon the statisticsusedin the publishedanalysis.With thesedata
volumes,it will be possibleto improve the statisticalprecisionon the gluondistribution of the proton(figure 1
of theoriginal proposal)y afactorof around2.5. However, this still only scratcheshe surfaceof the detailed
heavy flavour physicsexplorationpossibleat HERA. Additional statisticsvould allow the measuremeruf the
z,9(z,) distribution asa function both of z, andof the factorisationscalep?, which would provide a much
moresensitive testof theunderlyingQCD dynamicsandof resummatioriechniques.

The predictedyields of .7/« eventsafter the upgradewould allow high precisionmeasurements both DIS
and photoproductiorof the elasticcrosssectiondifferentially in both the Mandelstams and¢ variablesfor
thev*p system.Theelastic.J/+> crosssectionis somethingof a specialcasein diffractive physicsat HERA,
exhibiting a strong‘hard pomeron’-types dependenceven at Q? = 0. Large datasetswill be required
to answerconclusiely the questionof whetherthe centreof massenegy dependencearieswith 2 in the
mannerpredictedin modelsbasedon the exchangeof gluon pairs[18]. Any changein the s dependence
ast varieswould imply the shrinkageof the diffractive peakassociatedvith the slope’ of the pomeron
trajectory The presencer absencef this shrinkageandits dependencen )? is a very importantquestionto
theunderstanding@f harddiffraction[19].

For the remainingexamplechanneldn table1, it is clearthatthe statisticswill still be ratherpoor whenthe
upgraddakesplace.Theyieldsof detectabld)* mesondgrom beautydecaysandfrom diffractive processeare
suchthat measurementwith sufficient precisionto seriouslytestmodelswill not be possibleuntil well after
the upgrade.As discussedn section3.1 of the original proposal,vectormesonproductioncrosssectionsare
very hearily suppressedith increasingl?. Only with theuseof the FTT afterthe upgradet will be possible
to makeprecisionmeasurementsf the elasticp crosssectionin theregion 30 < @? $ 100 GeV?2. This high
Q? regionis the mostsensitve to the QCD dynamicsof diffraction.



3.2 Trigger EfficienciesWith and Without the FTT

Table 2 of the original proposalshaved estimatedrigger efficiencieswith andwithoutthe FTT after the up-
grade. It is reproducecherein a slightly updatedform astable2. As statedin the original document,the
numbersquotedare rathertentative, as there are mary unpredictablefactorsthat cannotyet be takeninto
account.For example,the L1 trigger ratesdependstrongly on the beamconditionsand on the trigger combi-
nationsactuallyused. Thesewill have to be optimisedafterthe upgrade but the discriminationat L2 andL3
availablefrom theuseof the FTT is likely to allow L1 ratesto remainratherhigh.

Full detailsof the assumptionsnadein producingthetablearegivenin appendixA. Notethatfor somechan-
nels,othermeansof triggeringarepossiblein additionto thosebasedon tracks. Thetriggeringefficiengy for

W — uv basednarelatively unbiasednuontriggerwould be 3% aftertriggerdownscalingwithoutthe FTT

dueto thehigh level 1 rateof suchatrigger. TheoverallH1 triggerefficiency for this channelwould belarger
if, for example,amissingp, triggerwereusedin conjunctionwith the muontrigger. However, the thresholdof

themissingp, triggerwould restrictthekinematicregion availablefor the measurementonsiderablyto about
20-30%dependingon theactualcut. For channelsuchasthis (andalsofor heary vectormesorandZ° decays
to leptonpairs),the FTT would complemenbthermethodsof triggering.

triggerrates visible trigger
with FTT [Hz] crosssection efficiengy [%0]
Process L1 | L2 L3 ovis [PD] | with FTT  without
D* decay(DIS) 160-500 | 30 5 150 70 1
D* decay(e-taggedy p) | 120-500 | 25 4 100 60 1
p — mtx~ (DIS) 40 | 2.5 1 5000 80 2
I — eepup 50| 20| 1-3 1000 12-60 1-3
v — e, 50| 51052 15 12-60 1-3
W — pv 20| 1 0.3 0.1 70 3

Table 2: (slightly modifiedfrom original proposal). Estimateof trigger ratesandtheir reductionat the three
differentlevelswith andwithoutthehelpof the FastTrackTrigger. Thetotal visible crosssectionis alsoshown.
Theratesaretentative andscaledto the expectedpeakluminosity of 70 ub='s~!. TheL1 triggersusedandL2
andL3 conditionsappliedwith the FTT aredescribedn appendixA. Thetriggerratesfor vectormesondgliffer
for elasticandinelasticproductionbecausef the varying effectivenesf the track multiplicity requirement.
Note that D* mesongroducedn b decaysor in the diffractive channelareindistinguishabé from the bulk of
D* candidatesat the trigger level and arethus subjectto the sameefficiencieswith andwithoutthe FTT as
thoseshavnin thetable.

3.3 Gain asa Function of Kinematic PhaseSpace

It is not possibleat this stageto anticipatein detailthetriggeringstratey aftertheupgradedn the absencef a
FTT. However, it is possibleto makesomemoregeneraktatementbasecdon the currentprocedures.

Wherethe scatterecelectronis identified in the liquid argon calorimeter(Q? 2 100 GeV?), H1 currently
acceptsll triggeredevents.Thisis alsolikely to bethe caseaftertheupgradeln the? = 0 photoproductio
regime, eventsare universally discardedunlessspecialsignaturedor interestingeventsare identified by the
trigger.

At intermediate))?, wheretheelectronis scatterednto thebackwardspaghett{SRACAL) calorimeteythereis
alreadyconsiderabl@ventreductionunlessspecialsighaturesareidentified. A systemof randomdownscaling
is appliedatthelevel 1 trigger stagein orderto restricttheinputrateto the level 4 filter farm to amanageable
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level. Thedownscalingfactorvarieswith theluminosityandwith theradialpositionof the electroncluster and
is largestat low Q2. It is possiblethat afterthe upgrade minimum bias SRACAL triggerswill be completely
disabled.The bestscenarids thatthetotal SFACAL L1 outputratewill be maintainedat a similar level to the
present.The HERA upgrades expectedto yield a factor of order5 increasan instantaneoukiminosity. As
a working hypothesiswe thereforeassumehat the prescal€actorsappliedto SFACAL triggerswill alsobe
increasedy thisfactor.

On the basisof theseassumptionstable3 summariseshe expectedossesf efficiency dueto randomdown-
scalingin theabsencef a FTT for averageluminositiesbeforeandafterthe upgrade.Notethatthe prescales
at peakluminosity (as consideredn table 2) are at leasta factor of two larger thanthoseshown here. The
figuresapplyto ary procesghatcannotbeidentifiedusingthe early stagef thetrigger. Thus,certaintypesof
easilyidentifiedsignaturesuchashigh p, jetsor muonpairs,would notbe subjectto thesdossesn efficiengy.
More comple signature®f the typethatthe FTT is requiredto identify, suchas D* candidatestequiremore
informationand complex computingoperations.This is presentlyrealisedat the level 4 stageof the trigger.
EventssuchasthosecontainingD* or p candidatesvill thereforebe subjectto the downscalingandresulting
efficienciesasshownn in table3 alongwith the bulk of eventswhich containno unusuakignatures.

| Q* || PRESENTPRESCALE| PRESCALEAFTER UPGRADE | RESULTING EFFICIENCY (%) |

0 o0 % 0

5 5 25 4
40 2 10 10
150 1 1 100

Table3: Expectedevel 1 prescalesit averagduminositiesbeforeandaftertheupgraddor eventstriggeredon
the basisof anidentifiedelectronand minimal track requirementswhereno further interestingsignaturesare
recognisedtthetriggerlevel. Thefiguresfor aftertheupgradeassumehatthereis noFTT.

3.4 SystematicLimitations

As explainedin section3.2, statisticallimitations are likely to remainsevere for mary of the processe®f
interestuntil well afterthe upgrade.Nonethelessit will clearly be crucialto obtainthe triggering efficiency
for all relevantprocessewith highaccurag in orderto avoid large systematiaincertaintiesrom the useof the
FTT. Oneimportantaspectn this is thatthe triggering efficiengy itself will be very high for mostprocesses
of interest. Provided this is the case,small uncertaintiesn the efficiency will notleadto large uncertainties
whenpropagatedo final measurementsThe trigger efficiengy will be obtainedby a combinationof detailed
simulationanddirectextractionfrom data.

The operationof the FTT will, for the mostpart, be digital, suchthatall featuresof its operation,including
variationsin FPGAloads,canbe simulatedwith full accurag. Thecrucialaspecwill beto correctlysimulate
the hit finding efficiengy of the — ¢ analysisin the level 1 board. Considerableffort will clearlyhave to be
investedin this aspecf theproblem.Theaimis to simulateFTT track-findingefficienciesto anaccurayg at
the percentevel, which shouldbe considerabhbetterthanthatrequiredfor the majority of applications.

TheFTT efficiengy canalsobedeterminediirectly from thedata. Thiswill beessentiain orderto cross-check
thesimulatecefficiengy of the —¢ algorithm. Tracksegmentandfull trackefficienciescouldbedeterminedy
takingsamplef tracksreconstructedh the CJCandmeasuringheefficiengy with whichthe FTT alsofound
thosetracksasa function of thetrack p,, # and¢. It mayalsobe possibleto go onestagefurther andobtain
full FTT efficienciesfor agivenphysicschannekuchasa D* searchThis could bedoneby studyingsamples
of D* candidategollectedwith a highly downscaledninimally biasedSPACAL trigger, thoughstatisticsmay
becomea problemin thislattercase.



4 FTT Performance

Considerableprogresshas beenmadein the simulationof the intendedFTT algorithmssincethe original
proposalWwassubmitted.Herewe provide anupdateon the simulatedperformancef the triggerandpresent
detailedanalysisof therobustnes®f thedevice.

4.1 Useof the Vertex Trigger

It is intendedhatinformationfrom the MWPC basedevel 1 z-vertex triggerwill beavailableto the FTT atthe

track sgmentfinding stage. This givescoarsenformationon the positionof the eventvertex in the direction

alongthe beamline(seefigure 3a). It hasnow beenpossibleto includethe z-vertex triggerinformationin the

simulation.This leadsto a significantlybetterresolutionin é for tracks.As aresult,the expectedperformance
of the FTT improvesconsiderablycomparedvith the previoussimulationusedfor the original proposalwhere

no vertex informationwasincluded. In the following sectionsthe performanceof the FTT with the updated
simulationis discussed.

4.2 Track Resolution

A poor track resolutionresultsin poor signalto backgroundratiosfor level 2 FTT cutsin e.g. p,. It also
impliesthatlevel 3 cutson invariantmassesave to beratherloose,decreasinghe selectvity of the FTT. The
track parameteresolutionis thereforea key-point for the designof the FTT. Figure2 (a) shawvs thesimulated
precisionof the measurementf 1/p, for all tracksreconstructedn D* candidateeventsin the year1997.
Figure2 (b) shows the resolutionon ¢. Both figuresshow the resolutionof the FTT with respecto the full
off-line reconstructionTheresolutionin p, is approximatelyr, = 4%%. Thatin ¢ is approximatelys mrad.

2 ¥/ ndf 2653 / 25 P4 20 E ¥/ ndf 21.06 / 21
90 Constant 72.12 C Constant 71.02
(a) Mean 0.2179E-02 C (b) Mean -0.2528
80 Sigma 0.3323E-01 80 = |Sigma 4,556
70 70 *
60 60
50 50 E
40 40 F
30 30 F
20 20
10 10 F 4
0 $ o E
-0.2 -0.15-0.1 -0.05 0 0.05 0.1 0.15 0.2 -20 -15 -10 -5 O 5 10 15 20
Allp_t(GeV? Ag (mrad)
FTT resolution 1/p_t FTT resolution ¢

Figure 2: Track resolutionof the simulatedFTT algorithmin (a) 1/p, and(b) ¢ relative to the full off-line
CJCreconstruction.Thetracksstudiedaretakenfrom a sampleof D* — Krmy.w Candidatesn 1997 data.
Gaussiarits areshown to bothdistributions

Thepolarangleresolutionof tracksdepend®n two parameterghe z-positionof the ep interactionvertex and
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the single hit z-resolutionof the CJC. The primary vertex positionis determinedoy the peakpositionof the
z-vertex histogramreconstructedrom tracksmeasuredy the MWPCs. The z-vertex resolutionfor D* events
is shavn in figure 3 (a). Theresolutionrelative to thefull off-line reconstructions about2.3 cm, which should
becomparedvith the Gaussiamwidth of theactualz-vertex distribution of approximately30 cm. Thesinglehit
z-resolutionof the CJC,asdeterminedy chagedivision, is afunction of the total chage collectedby single
wires. Thedependencis shown in figure 3 (b). Typical amplitudesof the collectedchage are500-1000units
resultingin a single hit resolutionof 5-8 cm in the z-direction. Basedon theseparametersthe polar angle
resolutionof tracksin D* events,showvn in figure4, is approximatelys0 mrad.

pzd D 400 € 10 F
30 Entries 150 8 -

Mean -0.1200 v 9 F (b
RMS 5.167 o) o
?/ndf 16.06 / 19 8
25 >};1 21.04 =
P2 0.5232 7 E
P3 2.279 3
20 P4 1.096 6 E
P5 -3.219 =
P6 11.25 5 F
15 =
4 F
10 3 E_
i 2 F
=

O O :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
-25-20-15-10 -5 0 5 10 15 20 25 0 500 100015002000 2500 300035004000
A (cm) A, +A.
FTT resolution z-vertexzvertex CJC z-resolution *

Figure3: (a) Resolutionof the MWPC based:-vertex trigger with respecto the full off-line reconstruction,
includinginformationfrom drift chambersiesignedo measurehe = coordinate.The datausedarea sample
of D* — Krrgew Candidatesn 1997 data. The fit shavn is to a sum of two Gaussiardistributions. (b)
Dependencef the single hit z-resolutionof the CJC, obtainedby chage division, on the integratedchage
collectedat bothendsof awire (arbitraryunits)[20].

4.3 D* Finding Efficiency and Trigger Rates

In orderto maintainhigh selectvity andthus keeptrigger ratesas low as possible,it is importantthat the
resolutionof the FTT shouldbe as good as possibleon the invariantmasssumsthat form the basisof the
L3 decision. Triggeringon the D* — D°ry.w — Kmmgow Channelwill be realisedthroughcutson the
reconstructed?® massand the reconstructednassdifferenceAM = M(D*) — M (D). In figure 5, the
simulatedFTT resolutionon theseparameterss illustrated. A sampleof D* candidatesrom 1997 datais
used,subjectto the selectioncriteria with the full H1 reconstruction M (K=) — M (D°)| < 80 MeV and
M (Krmqow) — M(K7) < 150 MeV. For this sampleof events,the figure shovs the distribution in the
reconstructed)® mass(a) andthe reconstructeanassdifferenceA M (b). The main effect of the improved
vertex treatments thatthe D° massis muchbetterresolhed (Gaussianwidth of approximately78 MeV, which
shouldbe comparedwith aresolutionof 61 MeV usingall available off-line analysistools with the full CJC
information).

Theinclusionof z-vertex triggerinformationimprovesefficienciesandreduce$ackgroundatesfor agivenset
of selectioncriteriain a givenchannel.The efficiengy andtrigger ratepredictionsareshawn in figure 6a. For
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comparisonfigure 6b, which is a copyof figure4 of the original proposal showvsthe efficienciesandexpected
triggerratesin the casewhereno informationon the vertex is available. With the z-vertex informationadded,
a selectionat the level 3 stagewith |M(Kx) — M(D%)| < 200 MeV and AM < 155 MeV would give
an efficiengy of around80%, whilst restrictingoverall trigger ratesto lessthan5 Hz at peakluminosity after
the upgrade. Comparablémprovementsare expectedin the performanceof the proposedTT for all other
channels.

4.4 Robustness

Thedetailsof therunningconditionsfor the H1 drift chambersfterthe upgradecannotaccuratelybe predicted
at this stage,dueto the very large numberof parametersghat affect them. The most pessimisticestimates
suggesthattheremay be activity on asmary as10% of CJCwiresat a givenbunchcrossing.Currentlythe
rateof backgroundits in the CJCundernormalrunningconditionsis well belov 1%. The FTT mustbeable
to copewith theincreasednstantaneoushambemccupang andmustalsobeableto run with high efficiency
if badrunningconditionsenforceareductionin thegainof thedrift chambers.

We have usedthe simulationof the FTT to investigatethe sensitvity of the proposeddevice to a numberof
differenttypesof degradationin the runningconditions. The following sectionsshov the resultingeffectson
D~ finding, which will be amongthe mostcomple final statesignatureshatthe FTT is requiredto identify,
andon J/ finding.

4.4.1 Failureofthe MWPCs

It is sometimeghe casethattherearetripsin theforwardor centraltrackerMWPCs,suchthat z-vertex trigger
informationreducesin quality or ceaseso be available? It is clearfrom a comparisorof figures6aand 6b
thatthe FTT cancontinueto provide triggerswith reasonablefficiengy attimeswhenthe CJCis operational
but the z-vertex triggeris not. Thelossof FTT triggeringefficiengy underthesecircumstancegepend®n the
channelandchoiceof trigger cuts,but for the D* case the efficiency would drop from around80% to around
60%.

4.4.2 ReducedSingleHit Efficiency

In the simulations,the single hit efficiengy is assumedo be 95% by default. This is similar to the values
achieved with the presentDCr¢ track trigger usingcomparablehresholdgo thoselikely to be usedfor the
FTT. Theeffectontrackreconstructiorefficienciesof degradingthesinglehit efficiengy canbeseenin figure7.

Dueto thehighredundang of the proposed=TT (acoincidencef only two of the possiblefour tracksegments
is requiredto form atrack, whereaghe meannumberof segmentslinked for tracksfrom D* decaysds around
3.5at95% singlehit efficiengy), a considerablgeductionin singlehit efficiengy canbe toleratedbeforethe
overall trackfinding efficiengy degradedo the pointwherethe FTT effectively becomesnoperational For the
mostcentraltracks(pseudorapidity; ~ 0), the efficiengy lossesarelessthanthosefor tracksat the extremes
of the CJCacceptanc€|n| ~ 1.5). Thisis becausehe tracksat the extremesof the FTT acceptanceftendo

notreachCJC2andthusdo nottypically passhroughall four groupsof wiresusedby the FTT.

Figure8 showns the effectson the D* reconstructiorefficiengy of reducingthe singlehit efficiency of the FTT.
The efficienciesfall by only around10% whenthe single hit efficiengy is reducedirom 95% to 90%. There
is no reasonwhatso®er to supposehatthe singlehit efficiency couldbeaslow as90% in normaloperation,

“The proposedupgradeof the centralinner proportionalchambergCIP) is intendedto improve the robustnesf the z-vertex
trigger
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upgradedHERA is expectedto deliver.
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providedreasonabléhresholdsareassignedn the ) — ¢ algorithm. Thatthe efficienciesremainsohigh when
the single hit efficiencgy is degradedin this mannerillustratesthe overall robustnessof the proposeddevice.
Evenwhenthe singlehit efficiengy is degradedto 80% in the simulation,the D* finding efficienciesremainin
the region of 45%. Sucha situationis totally unrealistic,but evenin this scenariothe FTT would still bean
effective triggerfor D* finding. We concludethatpoorsinglehit efficienciesarenotlikely to bea problemfor
theFTT.

4.4.3 Worsenedz-Resolution

In the simulationsperformedthusfar, the z coordinate®f hits areassumedo be obtainedby chage division

with aresolutionof 6 cm (comparefigure 3b). The chage division resolutionis a strongfunction of the gain
of the CJC,sothe FTT may have to copewith lower singlehit z-resolutionif it becomesiecessaryo reduce
the gain. We have investigateda situationin which the z-resolutionis worsenedo 10 cm. As canbeseenfrom

figure3, thisis asomevhatextremecase.Theeffectson D* triggeringefficiency areshavnin figure8. Evenin

this scenariothe efficienciesfall by only around5%, a smallerreductionthatthe gainachiezedwith improved
z-vertex information(figure 6).

The effects of degradingthe single hit efficiency and single hit z-resolutionhave alsobeenstudiedfor .J /v
data. In figure 9, invariantmassdistributionsare shovn in both the 4+ 1~ andete~ channelsdrom elastic
J /1 candidatedrom 1997 data. The distributions obtainedfrom the full reconstructiorare comparedwith
thosefrom the tracksreconstructedy the FTT. Figures9a and 9b show the resultsusingthe FTT with the
expectedCJCoperatingconditionsfor normalrunning. Approximately97% of the off-line muoncandidatesn
eachchannelaresuccessfullydentifiedby the FTT algorithm. Figures9c and9d show the effectsof reducing
the single hit efficiengy to 90% andthe single hit z-resolutionto 8 cm. The efficienciesin eachchannelare
reducedo approximately89%, dueto thelower singlehit efficiengy. Thedegradationin singlehit z-resolution
resultsin only a small deteriorationin the .J /> massresolution. This will not presentary problemsfor the
FTT triggeringof .J /1> events,asbackgroundsrerelatively smallin thisregion. A masswindow of 0.5 GeV
aroundthe nominal.J /> massis currently proposedseetable 2 andappendixA), which leavesa very wide
safetymaigin for poorrunningconditions.
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hit z-resolutiongézn;:). The efficienciesarerelative to the off-line eventselectionusedin the mostrecentH1
publication[2] andarecalculatedusinga sampleof DIS eventscollectedin 1997.

4.5 IncreasednstantaneousChamber Occupancy

As afinal test,we have investigatedhe sensitvity of thetriggerto increasednstantaneousumbersof signals
in the CJC. This could arisedueto severe problemswith noiseor with synchrotronradiationor beam-gas
backgroundsOverlapof informationfrom differentep collisionsis alreadyknown notto bea severeproblem.
In the tests,we addedrandombackgroundCJC hits to existing H1 events. The numberof addedhits was
randomlydistributedbetweenl00 and500, correspondingo activity on betweert% and20% of CJCwires.
Only thoseeventsfor which at leastthreeadditionaltrackswerefound by the full off-line reconstructiorasa
resultof the addednoisehits wereretainedfor analysis.

The presencef the extra hits slightly improvesthe D* finding efficiengy, dueto randomcoincidencesvith
genuinetracksarisingfrom D* decays. This is a slightly unrealisticsituation, as the potentially degrading
effectsonthe @ — ¢ algorithmof overlappinghits is not yetincluded. Work on the evaluationof this effectis
in progress.

In section3.4 of [1] andin section4 above, a sampleof eventscollectedin 1997 usinganinclusive SFACAL
level 1 trigger, with the subsequeririggerlevels disabledwasusedto estimatethe overall trigger ratesof the
FTT whenextrapolatedto the post-upgradgpeakluminosity. This samplerepresents good approximation
to the overall event samplewith which the FTT will be confrontedin the intermediate)? region. We have
introducedadditionalnoisehits to thesedatain the mannerdescribedabore, in orderto testthe sensitvity of
the backgroundatesto increasedchamberoccupang. The resultsare shawvn in figure 10 asfunction of the
AM cutanddemonstratehat the effect of additionalbackgroundcan be strongly suppressetty usingtight
selectioncriteria. It is clearthat considerablancreasesn backgroundhits can be toleratedwithout the D*
finding algorithmyielding excessve numbersof backgroundavents.
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Figure9: Distributionsin the reconstructedlileptoninvariantmassfor a sampletakenfrom 1997elastic.J /¢
data.(a) and(c) shav thedistributionsof x* .~ invariantmasses(b) and(d) shav theet e~ invariantmasses.
For all plots, the histogramsshow the distributionsasreconstructedvith thefull readoutinformationandthe
bestavailableoff-line tools. The solid datapointsshow the distributionsasreconstructedrom tracksproduced
by the FTT simulation.In (a) and(b) the essentiaparametersf the FTT operatiorassumeheir defaultvalues
(single hit efficiengy of 95% and single hit z-resolutionof 6 cm. In (c) and (d) the single hit efficiengy is
degradedo 90% andthesinglehit z-resolutionto 8 cm.

5 Project Specificationand Realisation

5.1 Level1Trigger Signal

The possibility thatthe FTT could provide informationto the level 1 triggeris currently beinginvestigated.
This could beimplementedvith the additionof onefurther FPGA perlevel 1 crate,which would procesghe
coarsetrack sggmentinformation. It is not yet clearwhetherit will be possibleto generatea coarsel /p, — ¢

histogramof the track segmentsandperforma simpletracklinking algorithm. If this is possible the level 1

informationcould be basedon the multiplicity of tracksandtheir trans\ersemomentain muchthe sameway

asthe plannedevel 2 algorithm. If it is not possibleto form full tracksatlevel 1, track sgmentmultiplicities

andtopologiescouldbe usedasthebasisfor a decision.

The costof including the trigger functionality at level 1 would be at the level of 70kDM, correspondinges-
sentiallyto the costof the FPGAs. If alevel 1 triggerwereimplementedthe existing DCr¢ trigger could be
replaceccompletely
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Figure 10: Estimatedbackgroundatesfor the FTT D* SRACAL trigger at the expectedpeakpost-upgrade
luminosities.Theratesareshavn asa functionof theL3 A M cutfor a D® masscutof |[M (D°) — M (Kr)| <
200 MeV, with andwithout additionalnoiseaddedto the CIC(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 about100 us of the ep interaction. The informationthat will be provided to the level 1
(2.3u8),level 2 (25 us)andlevel 3 stage®f thetriggeris asillustratedin figure 7 of [1]. Thetime limits for the
first two triggerlevelsimposestrictrequirement®nthe FTT algorithms.The problemof patternrecognitionis
accomplishedisingdevicessuchasContentAddressablélemories(CAMs) which arecapableof performing
comple logical operationsat high speed performingsearchtasksin single cyclesof typically ~ 10 ns. A
similar time scaleappliesto Digital SignalProcessoréDSPs)which areusedafterthetracklinking procedure
for the optimisationof track parametersA precisestatemenon the necessargomputatiortime would require
thealgorithmsandtheir realisationin hardwareo be completelydefined.At this stage only estimatesanbe
madeon the basisof the currentplans.

5.2.1 Level1lTiming

Thetime availablefor logical processingo producea L1 triggerdecisionis significantlyreducedy the maxi-
mum CJCchambedrift time. Pipeliningof informationis forseen suchthatvalid combinationsof hits based
on a pivot layer techniquestepthroughshift registersandarecomparedagainstists of acceptabldit patterns
usingCAMs, only thedrift time of thecombinationbeingchangedateachcycle. High speeds achievedwith a
highly parallelalgorithmwith a simultaneousnatchingprocedureausinga”CAM farm”. Valid track sgments
canthenbefoundwithin afew cycles. Theestimatediming of thedifferentL1 tasksis listedin table5.
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Process time [us]
drift time of mostdistanthits 1.0
@ — t analysis 0.3
filling of shift registers 0.1
track sggmentfinding 0.2
collectingtracksegments 0.2
L1 triggerprocessing 0.2
total 2.0

Table4: Timing specificationsat trigger level 1. Note that the track sggmentfinding begins beforeall drift
timesareavailable,suchthatseveralbunchcrossingsareprocesseth parallel. Thefigureof 0.2 us quotedfor
track sggmentfinding thusrepresentshe actualdelayincurred,ratherthanthefull time necessaryo processa
singleevent.

5.2.2 Level 2 Timing

At L2, themosttime consumingprocesss the optimisationof the track parameterén the r-¢ andr-z planes
after the track segmentlinking. First studieswith C6201 (fixed point DSP)and C6701(floating point DSP)
runningon non-optimisedeconstructiorcodeindicatethatthis taskcanbe performedwithin 8 s. Thetiming

of L2 is detailedin table5 andshaows a safetymaigin of 4 us. Replacingthe sliding window techniqueby a
simple one stepmatchingprocedurewould acceleratehe L2 linking by a further 4.5 us at the expenseof a
smalldegradationin thetrack separatiorpower.

Process time [us]
readdatafrom tracksegmentfinder
distributedatato all L2PUsandload CAMs
dynamicloadbalancing(counters)
Searchincludingusing4 sliding windows
optimisetrack parametexalues(DSP)
distributetrack parameterandcalculatesums
communicateesultto L3

total <21

P NOOOFEDNLPE

Table5: Estimatediming specificationgor the L2PUs. Notethatseveraltaskscanbeinterleaved.

5.2.3 Level3Timing

At L3, themasgeconstructiomwill beperformedusingcommerciaprocessorsTestswith aPentiumll proces-
sor have shavn thata singletrack combinationto calculateaninvariantmasswill takeabout50 ns ata clock

frequeng of 500 MHz. Within 100 s about2000masscombinationscanbe analysedn a single processar
Lessthan 30 tracksarereconstructedby the simulatedFTT algorithmfor over 96% of 1997 D* candidates,
suchthata singleprocessowould bemorethansufficientto makeD® andsubsequenb* searchesBy adding

more processorso the L3 triggerlevel, a lateny well belov 100 s canbe achieved, whilst searchingor a

wide variety of signatures.It shouldbe pointedout thatin contrastto the L1 andL2 time limits, the 100 s

L3 limit is ‘self-imposed’onthe FTT. A slightincreasén theL3 processindime would resultonly in asmall

delayin thelevel 3 rejectsignalanda commensuratsmallincreasen deadtime.
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5.3 Responsibilitiesand Manpower

The hardwareimplementatiorof the FTT is divided into threeparts. The front-endand the customboards
for L1 are beingdevelopedand built by UK groups. The customboardsat L2 are being developedby the
SCScompayy in Zirichin collaborationwith ETH Zirich. The L3 processofarm will be constructedy the
Dortmundgroup.An overview of thehardwareaesponsibilitesandallocatednanpaveris givenin table6. The
implementatiorof the softwarealgorithmsin the programmabldardwarerequiresfurther manpaver. These
allocationsareshowvn in table7.

Hardware Tasks Effortin SY Responsibilities
Analoguedaughtercards 1 RAL/Manchester|
L1 Front-EndModulewith tracksegmentfinder 3 RAL
L1 cratecontroller 2 Manchester/Birmingham
L1 triggercard 1 QMW/Birmingham/DESY
L2PU TrackLinker boards 2 Zurich/SCS
L2/L3 Triggercard 1 SCS/Dortmund
L3 processofarm 1 Dortmund

Table6: Manpaverallocationgfor FTT hardwareconstructiortasks.” NotethattheL1 triggercardis adesign
optionwhichwill allow to generatd-1 Keepsignalsandwould replacethe existing DCr¢ trigger.

Software Tasks persons Responsibilities
Setup) — t algorithm 1 RAL

Programmingpf L1 trackseggmentfinding 2 DESY/Zurich/Birmingham
Programmingpf L2PU boards 2.5 Zurich/ETH/Dortmund
L3 processofarm 1 Dortmund

Table7: Manpawer allocationsfor the designandimplementatiorof softwarealgorithmsin the FTT system.

5.4 Financing

All anticipatedcostsof the FTT projectaredetailedin table8. A completefinancingschemenow exists. The

UK institutescollaboratingn H1 (Birmingham,LancasterLiverpool,ManchesterQMW andRAL) arein the
processof submittinga proposalto the UK PPESPrequestingapproximately770kDM for the L1 construc-
tion. DESY is encouragedo supportthe projectat the level of about250kDM. 250kDM have beensetaside
from BMBF fundswhich hopefully canbe expandedo atotal of 500kDM. An additionalequialentof about
500kDM in skilled manpaverwill be providedby ETH Zirrich andDortmundto work with the SCScompary

onthelevel 2 system.Assumingall requestedundsarereleasedthe total fundingwill amountto 2020kDM,
leaving 70kDM freefor extra contingengy.
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A Appendix A: Assumptionsmadefor table 2

Assumptionsfor D* decay(DIS)

e 0,is. Misible crosssectionto K 7 channelfor selectioncriteria in [2].

e L1 conditions: SFACAL electonandmultipletracks(160 Hz). With the FTT, it maybe possibleto relax
the strong L1 track conditionandto require only a z-vertex trigger instead. TheL1 rate would thenbe
~ 500Hz. TheL2 andL3 rateswouldincreaseonly slightly andthe eficiencywouldimproveby a small
amount.

e L2 conditions: Cutoneitherelectonenegyor 3" |pt| of tracksto obtaina ratereductionby a factor 5.

e L3 conditions: For |m(Kr) —m(D*)| < 200 MeV andm (K 77qow) — m(K7) < 155 MeV cuts,total
reductionfactor is approximately30.

e FTT efficiency: Total efficiency(all threetrigger levels)is assumedo be of the order of 70%.

e Efficiency without FTT: Assumd.1 downscaleby 1/160 to achieve 1 Hz output. About95% trigger
efficiencywithoutdownscaling

Assumptionsfor D* decay(yp)

e 0,is. Misible crosssectionto K7 channelfor selectioncriteria in [2].

e L1 conditions: Lowangletaggedelectonandmultipletracks(120 Hz) or requireonly a z-vertex trigger
insteadof multipletracks(~ 500Hz).

e L2 conditions: Cuton )" |pt| of tradksto obtaina ratereductionby a factor 5.

e L3 conditions: For |m(Kr) —m(D*)| < 200 MeV andm (K 77qow) — m(K7) < 155 MeV cuts,total
reductionfactor is approximately30.

e FTT efficiency: Total efficiency(all threetrigger levels)is assumedo be of the order of 60%.

e Efficiency without FTT: Assumd.1 downscaleby 1/120 to achieve 1 Hz output. About85% trigger
efficiencywithoutdownscaling
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Assumptionsfor p productionin DIS

0.is: Misible crosssectionfor elasticp® — =+ 7~ for selectioncriteria in [15].

L1 conditions: InclusiveSPACAL trigger with high electon enegythreshold sud thatkinematicdorce
decaypionsinto CJC.

L2 conditions: Demandexactly two tradks.
L3 conditions: Cutoninvariantmassof =+ 7~ aroundp peak.
FTT efficiency: Total trigger efficiencyis assumedo be of the order of 80%

Efficiency without FTT: L1 downscaleby 1/40 to achieve 1 Hz output. About80% trigger efficiency
withoutdownscaling

Assumptionsfor elastic/ inelastic J/¥

a4is. Misible crosssectionsfor selectioncriteria in [16]. Visible crosssectionsfor eac of muonand
election channelsare approximately500 pb (elasticand quasi-elasticplus500 pb (inelastic).

L1 conditions: Topologicaltriggersfor e*e~, muontriggersfor u* .~ ascurrentlyused.
L2 conditions: Cutontradk with seconchighestp, at 0.8 GeV

L3 conditions: Cuton invariant massaroundthe.//; 3 + 0.5 GeV to give~ 3 Hz. For theelastic
caserequirein additionexactlytwo tradksto obtainrate~ 1 Hz.

FTT efficiency: Total trigger efficiencyvaries betweemapproximately12% (inelasticee~) and 60%
(utpm).

Efficiency without FTT: L1 downscaléy 1/20 anduseexistingL2 topological/ neural networktrigger
to achieve 1 Hz output. Total efficiencyvariesbetweeni 5% (inelastice™e~) and70% (ut 1) without
downscaling

Assumptionsfor Y

o vis. Visible crosssectionfor selectioncriteria in [17] to utu~ andete~ channels.
L1 conditions: Topologicaltriggersfor ee,muontriggersfor uu ascurrentlyused.
L2 conditions: Cutontradk with seconcdhighestp, at 3.0GeV

L3 conditions: Requie dileptoninvariant massof at least9 GeVto achieve ~ 2 Hz. For the elastic
caserequirein additionexactly 2 tradksto achieve~ 0.5 Hz.

FTT efficiency: Total trigger efiiciencyis assumedo vary between12% (inelastic e*e~) and 60%
(utpm).

Efficiency without FTT: L1 downscaledby 1/20 and useexisting L2 topological/ neural network
trigger to achieve 1 Hz output. Total efiiciencyvariesbetweenl 5% (inelastice™e™) and70% (u* ™)
withoutdownscaling
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Assumptionsfor W — pv

e o0,is. Estimatedvisible crosssectionto v channel.
e L1 conditions: Muontriggersascurrentlyopemational.
e L2 conditions: Cutonthetrack with highestp, at 10 GeV

e L3 conditions: Applyingisolationcriterion on highestp, track givesan estimatedeductionof a factor
80relativeto theL1 rate

e FTT efficiency: Total trigger efficiencyis assumedo be of the order of 70%.

e Efficiencywithout FTT: L1 downscaledby 1,/20 to achieve 1 Hz output. Total trigger efficiencyis about
75% basedontradk triggersalonewithoutdownscaling
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