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Abstract

This note outlinesthe feasibility of usingthe elastictwo photonprocesspp! p+ Py + p to make
luminosity measurementat LHCb. The overall efcieny at LHCb for recordingand selectingpp !
p+ ut Y + peventsproducedwithin 1.6 < 1 < 5 hasbeendeterminedisingMonte-Carloto be 0.0587+
0.0008, yielding 5210+ 71(stat.) eventsfor an integratedluminosity of 1fb" 1. The main background
processesvhere dimuonsare producedvia inelastic two-photonfusion and double pomeronexchange
have beenstudiedusingthe full LHCb detectorsimulationwhile the otherbackgroundsourcesincluding
backgroundgausedy K /m mis-identibcationhave beenstudiedat four vectorlevel. The backgrounds
estimatedo be(4.1+ 0.5(¢tat.) + 1.0(sys.))% of thesignallevel with thedominantcontribution duen/K
mis-identibcationSystematicuncertaintieoon a luminosity measuremerdt LHCb usingthis channelare
estimatedo be# 1.31% andaredominatedby the uncertaintyon the predided cross-sectiorfor events
containingdimuonsproducedvia doublepomeronexchangeanuncertaintythatis expectedo bereduced
in thenearfuture.
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1 Introduction

Themeasuremerdf across-sectiong, within abducialvolumev is givenby 6(v) = N/(e£) whereN is the
numberof eventsobsered,e is theefbcieny for recordingthoseeventsand L is theintegrateduminosity.
Knowledgeof the integratedluminosity is thereforerequiredto make ary cross-sectiomeasurementn
generakherearethreemethoddor determiningthe absolutduminosity ata colliding beamexperiment:

1. A simultaneousneasuremerndf a pair of cross-sectionthatareconnectedvith eachotherquadrati-
cally via the opticaltheorem A well known exampleof thisis the measuremenf thetotal inelastic
cross-sectiorand the elastic cross-sectiorat very high pseudorapiditie$n| $ 9 (seefor example
[1]). While sucha measuremenuill be madeat the centralgeneralpurposeLHC detectorsAtlas
and CMS, which have dedicatedorward detectorgfor this purpose;t is not a viable techniqueat
LHCb asthedetectorinstrumentatioronly extendsupton = 4.9.

2. Direct measurementf the beamcurrentsand shapesWhile the beamcurrentscan be accurately
determinedusingbeamtransformerghe beamproblesare more difbcultto determinedirectly and
usuallyconstitutethe dominantsourceof uncertaintyon a luminosity measuremenisingthis tech-
nigue.Therearea numberof traditionalmethodsor determiningthe beamproble,for examplethe
O¥inDer MeerGcanmethod[2] wherethe colliding beamsaremovedtrans\erselyacrosseachother
andthewire scanmethod[3] wherethe problesaremeasuredy passingwiresthroughthe beams.
LuminositymeasurementsttheLHC experimentdasednthesdraditionaltechniquesireexpected
to have associatedincertaintesof # 10%.A morerecentlyproposednethod[4] for determiningthe
beamproblesat colliding beamexperimentautilisesthe precisionvertex detectordound at modern
HEP experimentgo reconstrucbeamgasinteractionsearthe beams@rossingpoint. This method,
which will beimplementedat LHCDb, is currentlyunderinvestigation andis expectedto resultin a
luminosity measuremenwith anassociatedincertaintyof # 1" 3%.

3. The bPnalway to measurehe luminosityis to recordthe eventrateof a processwith a cross-section
that can be accuratelycalculatedfrom theory The accurag of a luminosity measurementising
this methodis usually limited by the theoreticaluncertaintyon the calculatedcross-sectionTwo
candidateproccessehave beenidentipedfor sucha measuremerat LHCh: W* andZ production
which hasbeeninvesticatedpreviously [5, 6, 7] andis expecedto yield a luminosity measurement
with a# 4% uncertaintydueto uncertaintiesn our understandin@f the protonPartonDistribution
Functions(PDFs);andelasticp* i pair productionvia two-photonfusion, pp! p+ u 'y + p,
which hasa cross-sectionwhich is betterknown with a theoreticaluncertaintyof < 1% but hasa
muchlower eventrate. This note builds on the work of A. Shame andV. Telnov [9] andoutlines
theprogresghathasbeenmadetowardsmakingaluminositymeasuremerdt LHCb usingthe event
rateof this secondprocess.

Knowing the cross-sectioror elasticy™ ' pair productionvia two-photonfusion, ce(V), within some
Pducialvolumev, theabsolutduminosityfor a givendatasetat LHCb canbe calculatedrom

bsn badck
/ L= Nt N @
Sé?ta' &el(V)

WhereNZPSis thenumberof obsenedpp!  p+ p* ' + p candidatesvents N2 is the expectednumber
of backgrouncbventsandsgl’ta' is the total efbcieny at LHCb for recordingpp! p+ gt + p events
producedwithin thevolumev. Thetotal efbcieny canbe expressedsthe product

total — pgeom kin trigger reco
ol = Agl YoAG Y0gg T Yogg 2
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where AT°™ and A" are the acceptanceslue to the detectortopology and ofRine kinematic selection

trigger

criteriarespectiely, while e, ande {°° arethetriggerandreconstructiorefbciencies.

Thisnotepresentdlonte-Carlabasedestimate®f theacceptancegfbcienciesandlevel of backgroundor

thepp! p+pty + pchannebtLHCb andis organisedasfollows: in section2 we brieRyreview dimuon
productionvia two photonfusionanddiscusghe uncertaintyon cross-sectiopredictionsfor this process;
in section3 we outlinethe eventcharacteristicandexperimentakfocieny of pp! p+ U + p events
atLHCb, in additionwe outlineanew LO dimuontriggerstreamdesignedo improve thetriggerefecieny

for theseevents;sectiond describeshevariousbackgroungrocessesdn section 5 a setof of3ineselection
cutsare proposedandtheir effects on both the signaland backgroundevents are describedjn section6

we discussa possiblemethodthat will enablethe effects of multiple interactionbunch crossingsto be

determined;pnally, in section7 we discussthe expectedsystematicand statisticaluncertaintieson the

proposeduminosity measurement.

2 Accurac y of predicted cross-section

2.1

2.2

In this sectionwe give a brief review of dimuonproductionvia two-photonfusionanddiscusgheaccurag
of currentcross-sectiopredictionsfor this processFor morecompletediscussionsee[8], [9] and[10].

Elastic " u production via photon fusion

Within the Effective PhotonApproximation(EFA) the two-photonmuonpair productioncross-sectiomt
theLHC canbecalculatedasa cornvolution of thedirectcross-sectionf two colliding photonghatproduce
amuonpair andthe Buxesof virtual photonsdn; anddny, surroundinghetwo colliding protons

do= Oy ptl dnidny (3)

For elasticeventswhere theimpactparameteof thecolliding protonds largetheprotonsessentidy behae
aspoint-like particlesandthevirtual photonBuxes,dn; anddny, will beequalto

|
_adodg® ., %, _ odo grdg?
M=o @ U@ T ne 0 g @

whereq(w, 0) is thefour-momenturrof the photon,y = E/mj is the Lorentzfactorof the colliding proton
andmj is themass of the proton.Herethe processs only sensitie to the protonmass chageandanoma-
lous magneticmomentwhich areknown very accuratelywith measuremenincertaintiedelonr 0.001%.
However, whentheimpactparameteraresmallerthe processs sensitve to the protonselectricandmag-
neticform factorsGg andGy, andthevirtual photon3uxesaregivenby

GE" ?/(2myGu)?
1" (g/2mp)?

Theprotonselectromagnetiorm factorshave beenmeasuredt SLAC [11] with anuncertaintyof # 2%.
The predictedcross-sectiorior elasticcollisionsof the typeillustratedin bg.1(a)will have contributions
from both the point-like processandthe procesghatis sensitve to the electromagnetiéorm factors. In
orderfor thepredictecelasticcross-sectioto have anassociatedincertaintybelonv 1% theeventrateof the
procesghatis sensitve to the electromagnetiform factorsmustbe belon 50%o0f thetotal eventrate.This
canbeachiezedby selectingeventsthathave smalldimuon pairtranS\ersemomenta(P#‘”) valuessincethe
impactparametersf the colliding protonsin sucheventswill belarge.

®)

dnejagic = dNgep

Inelastic p* p" production via photon fusion

For dimuonsproducedvia photonfusion whereone or both of the colliding protonsdissociateduringthe
collision processve have for eachinelasticvertex avirtual photonf3ux of theform

WZ(qZ,MZ)d

dninelagic = dngep >

2 1P 4 1P
M21 dnogp 19t OT 95 g2 6
Mo O 4n20 M2 M2 ©)
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Figure 1 Feyman diagrams showing {* u production via two-photon fusion. (a) elastic case, (b) semi-inelastic case,
(c) fully-inelastic case, (d) elastic case showing a possible rescattering correction where the colliding protons interact via
the strong interaction and the energy of the protons is altered, (e) a rescattering correction where the colliding protons
interact via the strong interaction and additional particles are produced.

Here:Wx(g?, M?) is theinelasticscatteringstructurefunction, M is theinvariantmassof the hadronicsys-
temproducedn thedissociationcﬂ(rp andcs”éIO aretheyp cross-sectionfor trans\erselypolarisedandscalar
interactionsrespectiely anda is the Pnestructureconsaint. Feymandiagramsfor eventswhereone pro-
ton dissociategndfor eventswhereboth protonsdissociatefrom now on referedto assemi-inelastiand
fully-inelastic eventsrespectiely, areshovn in bgures1(band1(c). Dueto uncertaintiesn the momen-
tum distributionsof the quarkswithin the protonandthe collective excitationsof thesequarksthe matrix
elementdescribinginelasticverticesis not aswell known asthe matrix elementfor elasticvertices.This
resultsin muchhigheruncertaintiesn the predictedcross-sectiofor inelasticdimuonproductionvia pho-
ton fusion. For the purpose®f a luminosity measuremerit is thereforenot advantageouso includesuch
events.As we shav in subsequergectionsof this notethe inelasticcontribution canbe suppressedsing
of8inekinematiccuts.

Rescattering corrections

In additionto the inelasticprocesseshavn in bguresl(b) and 1(c), which take into accountthe strong
interactionwithin the colliding protons,ary stronginteractionsbetweerthe colliding protonsmustalso
be accountedor. In theseso called rescatteringprocesseshe stronginteractionis not mediatedby a
point-like objectand can be viewed as a pomeronexhangebetweenthe protons.Figures1(d) and 1(e)
shav schematiaepresentationsf suchprocessefor the elasticcasewhereonly the enegy of the proton
is affected and where additional particlesare producedduring the interaction respectiely. It hasbeen
shavn by Khozeet. al. [10] that the rescatteringcorrectiondue to interactionslike 1(d) hasthe effect
of modifying the phaseof the matrix elementbut doesnot changethe predictedcross-sectioffior elastic
dimuonproductionvia two photonfusion. However, the rescatteringcorrectiondueto eventslike those
shawn in Pgurel(e) hasthe effect of reducingtherateof pp! p+ p'l + p eventsandincreasingthe

rateof pp! P U + X events.Thecalculationsof Khozeet. al. [10] have alsoshawn thatfor ap* u pair

producedwith a massof 20GeV /c? at a rapidity of zeroandhaving a dimuon pair trans\ersemomentum
(P#‘“) below 50MeV /c the appropriatecorrectionto the elasticcross-sectiotis small# 0.13%. 1t wasalso
shavn that, unlike elasticevents, suchrescatteringcorrectionsdo not resultin a sharppeakat ¢, = 0

in the dimuonacoplanarity distribution. Thereforeby selectingeventswith P#‘“ < 50MeV /c andsmall

acoplanarityvaluesthe contanination due to eventswheresuchrescatteringoccurscanbe reducedto a

negligible level.

3Herewe debnethedimuonacoplanarityy ¢, = ©" cos ((Pf P, + Py P )/(P} Py )) wherethesuperscriptst and-, referto
thep andy’ respectiely.
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3 Signal events

3.1

3.2

3.3

331

A Monte Carlosampleof 1%10° pp! p+ gt 4 + p eventswasusedin this analysis Theseeventswere
generatedvith a versionof the LPAIRP [12] eventgeneratarwhich performsa full LeadingOrder(LO)

matrix elementcalculation,andthe detectoreffectsweresimulatedusingthe detectorgeometrydescribed
by Dbasev22r4 and Gaussv15r21. The detectordigitization was performedby Boole v6r5 and event
reconstructiorby Brunel v24r6. To speedup the generatiorprocesseachmuonin the generatedvents
wererequiredto have

1. Pseudorapidities therangel.6 <n <5
2. A transyersemomentunof Pr > 0.9GeV /c

3. A momentunof P > 7.5GeV /c

Within the Pducialvolume,v, debPnedy theseproductioncutsLPAIR predictsa cross-sectionf cg (V) =
(88.77+ 0.32) pb. The analysisof theseeventsoutlinedin this note hasbeenperformedusingthe LHCb
analysispackageDaVinci v12r14.

Signal event characteristics

Theexperimentabignatureof elasticu i pairsproducedvia two-photonfusionis very distinctive. These
eventswill containap® ' pair producedbackto bad in the transwerseplane,thushaving small acopla-
narity valuespealedat zero,andno otherparticles.In additionthemuonpairwill have: aninvariantmass,
M+, thatwill be pealed towardszero and will fall off exponentiallyfor higher massvalues,and a
pairtranS\ersemomentumP}‘“, thatalsopeaksat low valuesandfalls off exponentiallyfor highertrans-
versemomentunvalues.The particlemultiplicity, dimuoninvariantmass pair transversemomentumand
acoplanaritydistributionsfor pp! p+ p* U’ + p eventsthat passthe LO andL1 triggersand arethen
reconstructe@reshavn in bgure2.

Geometric acceptance

We debnethe geometic acceptancedd ™, to be thefraction of eventssatisfyingthe generatotevel pro-
duction cuts (1-3) that containtwo muonsthat are reconstructibleat Monte-Carlotruth level. Using a
sampleof 1%10° fully simulatedpp! p+ p"y + p eventsandthe DaVinci analysispackageve have

determineddd’*"'to be0.9207+ 0.0009tat.).
Efbciencies

The reconstructiorefbcieng, £/, andtrigger efbcieng, /%", will be determinedrom dataonceit
arrives.However, we now presentestimatef theseefbciencieghat were obtainedusingthe full LHCb
detectorsimulation.We alsooutline a proposedhew dimuonstreamat the LO trigger level thathasbeen

usedin this analysisthatwill allow pp! p+ "y + p eventsto berecordedat LHCb.
Reconstruction efbciency

The reconstructiorefbcieng, e, is dePnedto be the fraction of eventswithin the LHCb geometric

acceptanc¢hatcanbereconstructedfine. It canbe expressedsthe productof threecomponents:

1) o/l 1 2) o2 2
€0 (e1qk WoEmucn %0Eig)) %6(Ergy YoEryh %ig)) 7)

Heregk is the efbcieny of reconstructinghe track of one of the muonscoming from the elastictwo-
photonfusion processemacn accountsfor the efbcieny of reconstructinga muon tower in the muon
chambersaand matchingit to this track. Finally, for tracksthat have beenmatchedio muontowers,giq is
theefbcieny of ary additionalmuonidentibcatiorcriteria, e.g.caloimeterenegy requirementsthatwill
beusedto increasehe purity of themuonsamplesThe superscriptseferto muon1 andmuon2. Possible
methoddor determiningerk, €mach andeig from dataandthe expectedassociatedneasuremenincertain-

tiesarediscussedn section6. Fromsimulatione(°° hasbeendeterminedo be0.5351+ 0.001§dtat.).

bWe aremostgratefulto Andrey Shame andValery Telnov for providing uswith a copy of their modibedversionof the LPAIR
generatar
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Figure 2 Event characteristics of fully simulated and triggered events containing dimuon pairs produced via
elastic two-photon fusion. (a) Dimuon invariant mass. (b) Dimuon pair transverse momentum. (c) Dimuon
acoplanarity. (d) Event particle multiplicity. The ofRine kinematic cuts described in section 5 are highlighted.
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3.3.2 Proposed modibcation to the LO trig ger

In its currentimplementation(up to andincluding DaVinci v19r8) for an eventto passthe LO OdimuonO
triggerlevel it is requiredthat

1. Thesumof trans\ersemomentaof all themuonsin theevent, ¥ P, mustbe greaterthanor equalto
1.5GeV /c.

2. A totalglobaltrans\erseeneny, Et, from theelectromagnetiandhadroniccalorimeterof 5GeV /c
or more.

It shouldbe notedthatthe brstconditionmakesno requirenenton the numberof muonsreconstructedby
the LO trigger systemandan eventcontainingonly onemuonwith Pr > 1.5GeV /c canbe passedy this
streamThesecondequirements deS|gnedo guardagalnstmuonsfrom thebeamhaloconsumingalarge
amountof thebandwidth Sincepp! p+ u* 4 + p eventsonly containtwo muonsandno otherparticles
they will only rarelyresultin an Et satisfyingthe secondrequirementand thus practically noneof our
signaleventspassthe LO tngger Consequentlyve proposeto introducea nenv dimuonlineatthe LO level
thatwill allow pp! p+ u"i' + p eventsto passwhile atthe sametime keepingthe bandwidthconsumed
by halomuonsto alow level. Thenew streamhasthe following two requirements

1. Thesumof transersemomenteof all themuonsin theevent, ¥ P*, mustbe greaterthanor equalto
1.5GeV /c.

2. ThelLO triggersystemmustreconstructorethanonemuon.

Preliminaryinvestigationsof this new dimuontriggerstreamsuggesthatit will allow beamhaloeventsto
passatarateof # 200Hz which constitute€).02% of thetotal LO bandwidth[13].

3.3.3 Trigger efbciencies

Dueto thecurrentdevelopmenbf theHigherLevel Trigger(HLT) we have notincludedit in our efbcieny
studiesbut have insteadusedthe old L1 triggerlevel asa substitute The HLT will beinvesticatedfor the
pp! p+ ptu + pchannelin the future beforedatataking begins.We debnethe total trigger efciency
from the combinationof the conditionalprobabilitiesthatan eventpassegachtrigger stage.

8trlgger = 8Lo %SLl (8)

Hereel? o is thefractionof eventsthatcanbereconstructedfi3inethatwould passthe LO triggeralgorithm
whichincludesthenew dimuonstreamoutlinedin theprevioussectionglt is thefractionof eventsthatcan
bereconstructedf3ineandpasshel0 trlggerthatalsopassthe L1 triggeralgorithm.Table1 summarises
theacceptanceandefbcienciedor pp! p+ P + p eventsatLHCb. Thecalculationof theacceptance
dueto our of3ine kinematicselectioncriteria, k'” , Is discussedn sectionb5.

Stage Symbol Efpcieny

Detectoracceptance A" 0.9207+ 0.0009
Reconstruction ey 0.5351+ 0.0016
LO algorithm eL? 0.6190+ 0.0022
L1 algorithm est 0.7135+ 0.0026
Kinematicacceptance Al 0.2697+ 0.0030
Total efbcieny (forwardmeasurement) glotal 0.0587+ 0.0008

Table 1 Acceptance, reconstruction and trigger efbcienciesfor pp! p+ ' + p events at LHCh. Statis-
tical errors are shown.
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4 Background processes

4.1

The strongestbackgroundgo our signalare eventscontainingdimuon pairs producedvia inelastictwo-
photonfusion anddoublepomeronexchange We have studiedtheseprocessesdy interfacingthe LPAIR

and DPEMC Monte-Carlogeneratorgo the full LHCb detectorsimulation.In additionwe have consid-
ereda numberof other StandardMlodel processesuchasb! p + Y, ¥! p* + X andeventswhere
two hadronsare both mis-identiPedas muons.Thesebackground$ave beeninvestigatedat four vector
level by examininglarge Monte-Carlosamplesgeneratedisingthe PYTHIA andDPEMC generatorsThe
backgroundsampleshat have beenstudiedare summarisedn table2 andaredescribedn the following

sections.

Backgroundprocess 6 %BR (pb) Eventsgenerated [ Ldt equivalent

Studiedwith full LHCb simulation

pp! p+ U + X (yy) 4252 25K 588pb !
pp! Y+ putu + X () 28.01 10K 357pb' !
pp! Y+ p'u + X (DPE) 11268 25K 222pb' 1

Studiedat 4 vectorlevel

b! u +VY, B u+X 5%310° 50M 10pb !
c! W+Y, @ u+X 3.5%10’ 350M 10pb' 1
Yzl gty 2%10* 10M 500pb' !
Jjy! 4.63%10° 46.3M 10pb 1

Table 2 Standard Model background samples that have been used in this analysis. The two-photon fusion
(Yy) and double pomeron exchange (DPE) samples were produced with the LHCb detector simulation soft-
ware chain (Gauss, Boole and Brunel) and the LPAIR and DPEMC Monte-Carlo event generators respec-
tively. The samples that have been studied at 4 vector level were produced using the PYTHIA Monte-Carlo
generator

Dimuon pairs produced via inelastic two-photon fusion

Monte-Carlosamplesof 2.5%10* and1%10* eventshave beengeneratedand analysedfor the semi-
inelasticand fully-inelastic two-photonfusion processesespectiely. Theseeventswere producedwith

the LPAIR generatomusingthe soft proton structurefunctionsof A.Suri andD. Yennie[14]. The LHCb

detectoreffectsweresimulatedusingthe detectorgeometrydescribedy Dbasev22r4andGaussv15r21.
Thedetectodigitizationwasperformecdby Boolev6r5 andeventreconstructiomy Brunelv24r6.To speed
up the generatiorprocessoth muonsin the generatedventswererequiredto satisfythe productioncuts
(1" 3)describedn section3.

Figure3 shavs thedimuoninvariantmass pair trans\ersemomentumacoplanaty andparticlemultiplic-
ity distributionsfor eventswithin thesesampleghatarefully reconstructed@ndthat passthe LO andL1
triggerlevels.By comparingthesefour distributionswith the correspondinglasticdistributionsshowvn in
bgure? it canbe seenthatfor dimuonsproducedvia inelastictwo-photonfusion: the invariantmassdis-
tributionsarevery similar to the distribution for elasticevents;the acoplanaritydistributionsarerelatively
Batcomparedo the correspondinglistributionsfor the elagic events;the dimuonpair pair trans\ersemo-
mentumdistributions peakat highervalues(# 600MeV /c for semi-inelasticeventsand 110QMeV /c for
fully-inelasticevents)thanfor elasticevents;theparticlemultiplicity distributionshave largertailsthanour
signalevents.
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Figure 3 Fully simulated and triggered events that contain a " p pair produced via double pomeron
exchange or inelastic two photon fusion. (a) Dimuon invariant mass. (b) Dimuon pair transverse momentum.
(c) Dimuon acoplanarity. (d) Event particle multiplicity. The of3ine kinematic cuts described in section 5 are

highlighted.
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4.2

4.3

Dimuon pairs produced via doub le pomer on exchange

A sampleof 2.5%10* dimuoneventsproducedvia doublepomeronexchangehave beenexamined These
eventsweregeneratedvith the DPEMC[15] eventgeneratarWithin DPEMCthesedimuonsareproduced
via the Drell-Yan processwithin the pomeron-pomeromollision. Since DPEMC appliesa cut of ¢ >
1GeV /ctotheinitial statepartonshaversof suchprocesseandtheeventsthatwe areinterestedn typically
have valueslessthanthis only the Pr of thepomeronsystemandnotthe Pr of the colliding quarksrelative
to theparentpomeronwill contrituteto thedimuonpair Pr°. To correctfor thiswe have appliedagaussian
additionof 350MeV /c to thePr of thepartongpartakingn theinitial stateshaver, avaluethatis consistent
with previous theoreticalstudies[16]. The effects of the LHCb detectorhave beensimulatedusing the
geometrydescribedby Dbasev22r4andGaussv15r21. The detectordigitizationwasperformedby Boole
v6r5andeventreconstructiorby Brunelv24r6.To speedup thegeneratiorprocesnly eventscontaining
adimuonpairwith individual pseudorapidities therangel.7 < 1 < 5.1andamassabove 2GeV /c? have
beengenerated.

The cross-sectioffior theseeventsat the LHC hasbeencalculatedusingtwo differenttheoreticalmodels,
theinclusive doublepomeronexchangemodelof BoonekampPeschanskandRaoyon (BPR)[17] andthe
factorizednodelof CoxandForshav [18]. In additiontheuncertaintydueto uncertantiesin ourknowledge
of the Pomerorpartondistribution functionshasbeenestimatedisingsix differentsetsof PomeronPDFs
basedon datacollectedat the Herae-p collider. The PDF setsconsideredare:the leadingorder(LO) and
next to leadingorder (NLO) btsto datacollectedby the H1 experimentin 1994[19] anda morerecent
extended\LO btto thesamedata[20] (labeledrespectiely H194l, H194nlandH194nIExin table3); the
NLO btsto ZeusandH1 datacollectedbetween1997-2000anda bt to the combineddata-sefrom both
experiments[21] (labeledrespectiely ZEUSNI, H1nl and ZEUS+H1nlin table 3). Table 3 summarises
thetwelve cross-sectionpredictionsusingthe BPR and CF modelsandthe six PomeronPDF sets.While
the predictionsusingthe CF modelvary between 3" 7pb, suggestingan associated®DF uncertaintyof
# 50%,the BPRpredictionsareaboutanorderof magnituddargerandvaryto agreaterdegreedepending
on the PomerorPDF setchoice.We have takenthe cross-sectiotio be 112.68pb andhave conseratively
assignedan uncertaintydueto the theoreticaimodellingandknowledgeof the Pomeron3ux and PDFsto
be+ 11268ph.

H194l H194n| H194nlEx ZEUSHI Hinl ZEUS+H1nl
BPR 13.03 2341 112.68 570.84 73.02 84.52
CF 3.14 3.30 7.42 5.76 5.63 5.19

Table 3 Cross-section predictions, in picobarns, for dimuon events produced via double pomeron exchange
due to the Boonekamp, Peschanski and Royon (BPR) and Cox-Forshaw (CF) models using the six different
Pomeron PDF sets described in the text.

Thedimuonmass pair trarversemomentumacoplanarityandparticlemultiplicity distributionsfor events
within this sampé thatpassthe LO andL1 triggerlevelsandarethenreconstructeéreshovn in bgure3.
With theexceptionof theparticlemultiplicity distribution,whichis Ratterandextendsupto highvaluesthe
distributionsfor theseeventshave shapeghataresimilar to thosefor dimuonsproducedvia semi-inelastic
two photonfusion.

Other Standar d Model backgrounds

In addition to thesebackgroundsve have also examinedthe contaminationdue to four other Standard
Model processesdimuonsproducedvia the Drell-Yan processy®/Z !ty , b eventswhereboth b
quarksdecaysemi-leptonicallyto muonsb! ' +Y, B! u* + X, c@eventswhereboth ¢ quarksde-
cay semi-leptonicallyto muonsc! W' + Y, @ u*+ X anddimuonsproducedvia the decayof J/y
particles.Theseprocessefiave beenstudiedat four vectorlevel usingevent samplegyeneratedisingthe
PYTHIA eventgeneratarFor eachof thesebackgroundsamplesary eventthat containsat leasttwo op-
positelychagedmuonswith pseudorapidityaluesin therange,1.9 < n < 4.9 andhaving Pr > 1GeV /c

“We aremostgratefulto Andrey Shamae for bringingthis pointto our attention.
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Figure 4 Monte-Carlo level events containing a dimuon pair produced via a number of Standard Model
processes, here we have assumed a reconstruction and trigger efpciency of 100% (a) Dimuon invariant
mass. (b) Dimuon pair transverse momentum. (c) Dimuon acoplanarity. (d) Event particle multiplicity. The
off3ine kinematic cuts described in section 5 are highlighted.

andP > 8GeV /c hasbeenexaminedasa potentialbackgroundavent. Aside from thesecriteria we have
conseratively assumedeconstructiomndtriggerefbcienciegor thesesampleof 100%.Theparticlemul-

tiplicity for thesefour vectoreventshasbeenestimatedy countingthe numberof stabke chagedparticles
with momentaabose 500GeV /c thathave pseudorapidityalueslying within 1.9 < n < 4.9. The sizesof

the sampleausedaresumnarisedin table2 while the particlemultiplicity, dimuonacoplanarityinvariant
massandpair trans\ersemomentundistributionsfor theseprocesseareshavn in bgure4.

Unlike our signal processthe dimuon acoplanaritydistributions are relatively Rat and fall off lessdra-
matically for highervalues.The dimuonpair transversemomentundistributionsfor theseprocessepeak
at much highervalues(> 1.4GeV /c) thanour signal and combindedhave an effective cross-sectiorof
# 200pb for valuesbelav 50MeV /c?. The particlemultiplicity distributionspeakbetweenl0 and25 and
fall off to # 4pb for eventscontaininglessthanthreechagedparticleswithin the LHCb acceptancehile
the dimuoninvariantmassdistributionspeakat low massvaluesand,with the exceptionof the Drell-Yan
distribution which peaksagain atthe Z pole (# 91GeV /c?), fall off exponentiallyfor highermasses.

Hadron mis-identibcation

The lastimportantsourceof backgroundeventscomesfrom randomcombinationsof oppositelychaged
pionsor kaonsthatarebothmis-identiPecasmuons We have estimatedhe magnitudeof this background
contritution in the following manner Firstly, having assumedhattherearetwo principle waysin which
mis-identibcationcan occur decayin Right and Opunchthrough@ge have estimatedthe probability of
mis-id as a function of hadronmomentum(for detailson how this was achieved see[7]). Thesemis-id
probabilitieswerethencombinedwith the expectedrate of randomn/K combinationdrom a variety of
sourcesMost of thesesourceshave beenstudiedusinga sampleof ten million minimum bias' events

dCorrespondingo the PYTHIA procesgISUB) Bagsl1,12,13,28,53,68,86,87,88,89,91,92,93,94,95,106,107and108.
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Figure 5 Parameter distributions for combinations of opposite charge kaons and pions coming from
minimum-bias and double pomeron exchange events. Here the distributions have been scaled according
to the hadron mis-id probabilities discussed in the text and we have assumed a reconstruction and trigger
efbciency of 100% (a) Dimuon invariant mass. (b) Dimuon pair transverse momentum. (c) Dimuon acopla-
narity. (d) Event particle multiplicity. The ofRine kinematic cuts described in section 5 are highlighted.
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generatedisingPYTHIA. In additionwe have attemptedo quantifythelevel of contaminatiordueto di-

hadronproductionvia doublepomeronexchangesincethe characteristicef theseaeventsmaybe simlar to
thoseof our signalprocessWe have donethis by examiningtwo eventsamplegenerateavith the DPEMC
generatarOne samplecontainingtwo million eventswherea di-jet is producedinclusively via double
pomeronexchangeand one containingone million eventswheretwo gluonsare producedexclusively
via double pomeronexchange.Using thesetwo DPE samplesand the minimum-biassampleand only
consideringpionsandkaonswith psaidorgidity valuesin therangel.9 < n < 4.9 andmomentasatisfying
P > 8GeV /c andPr > 1GeV /c, all the oppositechage pairwisehadroncombinationgi.e. t* n , K* ',

K' n* andK* K" ) in theseaventswererecordedThe probabilityof mis-identiPcatiorior eachhadrorwas
calculatedandan overall weightingassignedo eachdihadroncombinationbasedon theseprobabilities.
Aside from thesecriteria we have assumedeconstructiorand trigger efPcienciesfor thesesamplesof

100%. The particle multiplicity for thesefour vecior eventshasbeenestimatedby countingthe number
of stablechaged particleswith momentaabove 500GeV /c that have pseudorapiditwalueslying within

1.9 < n < 4.9.Thevariousdistributionsfor thesedihadroncombinationsareshavn in Pgure5b.

5 Signal selection and background reduction

5.1

5.2

Giventhe particlemultiplicity, dimuoninvariantmass pair transsersemomentumandacoplanaritydistri-
butionsof our signaleventsasshavn in bPgure2, andthe correspondindpackgroundlistributionsasshavn
in Pgures3, 4 and>5, thefollowing kinematiccutsareproposed:

1. Thedimuonpairtransv:arsemomentumnustsatisfyP#lu < 50MeV/c.

2. Theremustbelessthan3 reconstructeg¢hagedparticlesin theevent.
3. Thedimuoninvariantmassmustbein therange2.6GeV /c? < My, < 20GeV /c2.
4. Themassregion 3" 3.2GeV /c? is excluded.

Criteria 1, in additionto its effectivenessat reducingthe backgroundslescribedn section4, hasthe ef-
fect of reducingthe uncertaintyon the predictedsignal cross-sectiongueto rescatteringorrectionsand
uncertaintiesn the electromagnetidorm factorsof the proton,to < 1%. The invariantmasscuts 3 and
4 are designedto further reducethe backgroundcontritution coming from the decaysZ! u*p’ and
J/y! uty respectiely. Theeffectsof theseselectioncriteriaarediscussedn the next two sections.

Kinematic Acceptance

The acceptancef theseofBine kinematc cuts, A", is debnedo be the fraction of ofRine reconstructed
pp! p+ Uty + peventspassingall of the the trigger stageshat also satisfy thesekinematicrequire-
ments.Usingthefull detectorsimulationAX" wasdeterminedo be 0.2697+ 0.003.Combiningthis with
thegeometic acceptancandthe reconstructiorandtrigger efecienciegjivenin section3 yieldsanover
all efbcieny of 0.0587+ 0.000g ¢at.). This givesan effective signal cross-sectiorof # 5.21pb which
correspond$o 5210+ 71(stat.) eventsin half anominalyearof LHCb running(1fb" * of data).

Background estimation

The expectedbackgrounccompositionafterthe selectioncutshave beenappliedis summarisedn table4.
Applying the cutsto the backgroundsamplesiescribedn sectiond reduceghe backgroundo alevel that
is (4.1+ 0.5(stat.))% of theexpectedsignalrate. This equateso # 214backgroundventsperlfb’ 1. The
backgrounds dominatedby eventscausedy pion/kaonmis-identibcatiorat a rateof # 121 eventsper
1fb L. In principleit shouldbe possibleto accuratelyassasthelevel of pion/kaonbackgroundrom data
onceit arrives. Eventscontainingdimuon pairs producedby double pomeronexchangeor inelastictwo

photonfusion contritute to the overall backgroundoughly equally (eachcontributing # 1% of the signal
level).
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Figure 6 Probability of dimuon pair transverse momentum being less than 50MeV /c for events within the
invariant mass range debnedby cuts 1-2 as a function of the number of charged particles within the LHCb
acceptance. (a) y&/Z Pt u . (b) Random Pion/Kaon combinations. (c) b# events where both b quarks
decay semi-leptonically to muons. (d) c@events where both ¢ quarks decay semi-leptonically to muons.
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Process Eventsper fb 1 Statistical Systematic
uncertainty uncertainty
pp! pp+ U (signal) 5210 71 +17
Inclusive DPEp* W' production 49 +15 +49
pp! p+ptp +X 31 +7 +10
pp! Y+ up +X 8 5 +4
bg! pt+p + X 1 +05 +1
col pt+p o+ X 2 +1 +2
Jy! uy 0 +1 +1
Yzl uty 2 +0.3 *2
Pion/Kaonmis" idertification 121 +19 + 12 (from data)
Total Background 214 +26 +52

Table 4 The expected number of events for the signal and background sources per fb' 1 of data after the
selection cuts outlined in section 5 have been applied. Statistical uncertainties due to our sample sizes and
systematic uncertainties due to the errors on the predicted cross-sections are shown (see section 6 for more

details).

It shouldbe notedthatdueto thelimited sizeof the Drell-Yan,heary quarkandPion/Kaonmis-id samples
theeffectof cuts2-4andcut1 have beenevaluatedseparatly. Theeffectof cut1l oneventsthathave already
passectuts2-4 wasestimateddy cdculating the probability thatan eventwill satisfy P#“ < 50MeV /c as
a function of the events(article multiplicity. Figure 6 shaws this probability for the four samplesThe
dependencef this probability on the event multiplicity wasparameterisetly btting straightlineswasto
thefour distributions.Usingtheseparameterisatiornthe probabilitythatP#lu < 50MeV /c whentheparticle
multiplicity is lessthanthreewascalculatedor eachbackgroundsample An overall backgroundestimate
wasmadeby combiningthis probabilitywith the calculatecbrobabilty thatthe eventspasscuts2-4. The
uncertaintie®nthestraightline btswereincludedin theoverall uncertaintie®f our backgroundestimates.

The masswindow proposedn cut 4 is designedo remove the contaminatiordueto the process] /y !
Ut U . Sincethe reconstructeavidth of the J/y massat LHCb via the dimuonchannelis # 10MeV /c?
[25] we have chosena window of + 100MeV /c? andexpecta corresponding/y! p* ' supressiorof
# 10 12 which equateso muchlessthanl eventper fb' ! of data.

6 Pile-up correction

The proposedinematicselectionrequiresthattherearelessthanthreereconstructecchagedparticlesin
agiveneventin orderfor it to beacceptedThisis problematicsinceat the LHC therewill beanon-zero
probabilitythata givenbunchcrossingwill resultin morethanoneproton-protorinteraction Assumingan
LHCb runningluminosityof 2%10%2cm’ 2s’ 1 andanLHC inelasticcross-sectionf 80mbtheprobabilities
that a bunch crossingwill resultin 0, 1, or morethan 1 interactionare respectiely: P = 0.57, P, =
0.31,andP.1 = 0.12. Sincetheseprobabilitiesaredependenbn the inelasticcross-sectionywhich is not
known accuratelyfrom theory they mustbe measuredisingdata.A possiblemethodfor makingsucha
measuremerdt LHCb usingthe pile-up detectothasbeeninvesticatedpreviously by N. Zaitses [26]. The
pile-updetectoiis locatedupstreanof the Vertex Locatorandconsistf asetof two planesof silicon strip
detectorsequippedwith fastreadoutelectronicsto allow their datato be madeavailableat the LO trigger
level. During agivenrunningperiodthenumberof bunchcrossingsontaning i proton-protorinteractions,
N™, canbe counted.The numbercountedin this way canthenbe relatedto the actualnumber N;, if the
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efbcieny for detectiong;, is known. Sincewe will only selectsingleinteractiondimuoneventsproduced
via elastictwo photonfusion, N, we will needto relatethis numberto the total numberof signalevents
from bunchcrossingf all types,N€!, whichis equalto

N®' = Nf'+ NS = Nf'(1+ f) ©9)

Here N§'1 is the numberof signaleventsproducedn bunchcrossingghat containmorethanoneproton-
protoninteractionand f is thecorrectionthatmustbe determinedrom dataandwill begivenby

Ne! NTe " NI(1" e
- Lll $ m>1 1" n%( _ 1) (10)
Nf Nf'es1" NI (1" e-1)

Sincethe statisticaluncertaintieson Ni" andN™, will be < 0.1% in aslittle asone secondof datathe
dominantuncertaintyon a measuremenaf f will be dueto the uncertaintieson the determinatiorof the
efbciencies; ande- 1. Theseefbcienciecanbe determinedeadily usingMonte-Carlostudies however,
ameasuementusingreal datawould be preferableandit is ervisionedthata viable methodfor achieving
thiswill bedevelopedbeforedata-takingoegins.

7 Systematic and statistical uncer tainties

7.1

From equationl it canbe seenthatthe accurag with which an integratedluminosity measurementan
be madeusingtherateof dimuonsproducedvia elasticphotonfusionwill belimited by the statisticaland
systematiaincertaintieon: thenumberof pp! p+ p*u + p candidate®bsened; the expectechumber
of backgroundbvents; thegeometricandkinematicacceptanceshetriggerandreconstructiorefbciencies;
thepredictedcross-sectionf pp! p+ u* ' + p eventsatLHCb. We will discussthe uncertaintiegrom
eachof thesesourcesn turn. The estimatedsystematiauncertaintiesrom eachsourcearesummarisedn
table5.

Predicted cross-section

As outlinedin section2 the uncertaintyon the predictedcross-sectioof our signalprocessge, will have
two componentspne from the rescatteringcorrectionsdue to stronginteractionsbetweenthe colliding
protonsandthe otherdueto theaccurag of measurementsf the protonelectromagnetiform factorsGy
andGg.

Rescatteringcorrections: The eventsthat passour off line selectioncriteriawill have dimuonpair trans-
versemomentaof lessthan 50MeV /c. It hasbeenshovn by Khoze et. al. [10] that for dimuon pairs
producedvia two photonfusion with a massof 20GeV /c?, a rapidity of zeroanda pair transersemo-
mentumbelov 50MeV /c the appropriatecorrectionto cg is # 0.13%. This value hasbeentaken asthe
systematiaincertaintyfrom this source however, furtherstudiesmayberequiredsincethe eventsthatwill
bereconstructedt LHCb will have lower massesindhigherrapiditiesthanthis.

Electromagneticform factors: As outlinedin section2 our elasticdimuonevent samplewill have two
componentseventswheretheimpactparametersf the colliding protonsarelarge (which allows the pro-
tonsto be treatedas point-like objects)andthe processs only sensitie to the protonmass,chage and
anomalousnagneticmoment(which have beenmeasuredvith anuncertaintybelov 0.001%)andevents
wherethe protonsimpact parametersre small and the processs sensitve to the electromagnetidorm
factorsof the proton (which have beenmeasuredvith an uncertaintyof # 2%). If the predictedelagic
cross-sections to have an associateduncertaintybelov 1% the event rate of elasticprocesseshat are
sensitie to the electromagnetiéorm factorsmustbe belowv 50% of the point-like eventrate. This canbe
achieved by selectingeventsthat have small dimuon pair tranS\ersemomenta(P{l“) valuessincethe im-
pactparameter®f the colliding protonsin sucheventswill be large. The off-line selectionrequirement
thatPy* < 50MeV /c will reducethe contritution from eventssensitve to the electomagnetidorm factors
to # 15% of the overall event rate. We thus assigna systematicuncertaintyof 0.3% on the luminosity
measurmentdueto the measurmenprecisionof Gg andGy.
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7.2 Signal candidates

7.3

7.4

Theuncertaintyonthenumberof pp! p+ ptg + p candidates;)bsered,Ngle, will bepurelystatistical.
Using the efecieny andacceptancealueswe have obtainedfrom simulation,a 1% uncertaintyon N2Ps

o el
will require10,000eventswhich equateso $ 2fb' ! of data.

Expected number of background events

Themaincontritutionsto the expectechumberof backgroundevents,N22%, will comefrom eventswhere
dimuonsareproducedvia either doublepomeronexchangeor inelastictwo photonfusionandeventsdue

to pion/kaonmis-identibcationWe will discusseachsourceseparately

Pions/kaonsmis-id: It will bepossibleto measurdéhebackgroundiueto pionandkaonmis-identibcation
from data.This canbeachiezedby measuringhe muonmis-identibcatiomateof a puresampleof pionsor
kaons.For examplefor pionsthis canbe achiesed by examiningthe pionscomingfrom the decaysKs !
ntn andA! pn . Combiningthesemis-identibcatiorprobabilitieswith the measuredate of events
containingadi-hadroncombinatiorwith aninvariantmassn therangeZ.GGe\//c2 < Mph < ZOGe\//c2 will
enablethe backgroundo be evaluated Assumingthe mis-id ratesfor PionsandKaonscanbe determined
with anuncertaintyof 10%we estimatethatthe systematiaincertaintyon suchameasurememill be+ 12
eventsper fb' ! of data.

Double Pomeron Exchange: The expectedbackgrouncdcontribution dueto dimuonsproducedvia double
pomerornexchangegivenin table2 assumes cross-sectioffor this procesf 112 68pb within the Pducial
volumedescribedn section4.2. As previously statedthis estimatewasobtainedusingthe BPR inclusive
DPE modelandthe PomeronPDF setobtainedby a next to leadingorder bt to datarecordecby the H1
experiment.By comparingthe cross-sectiorpredictionsobtainedusingthe BPR andCF DPE modelsand
six different PomeronPDF sets(seetable 3) we conseratively estimatethe uncertaintyon this cross-
sectionprediction,dueto uncertaintiesn ourknowledgeof the Pomeror3uxesandPDFsandinaccuracies
in thetheoreticamodelingof DPE processedp be+ 11268pb. Giventhis uncertaintyandthe calculated
efbcienciedor this proces we assigna systematicuncertaintyon the numberof expecteddimuon DPE
eventsof + 49 eventsper fb' 1 of data.

Inelastic 2-Photonfusion: Theuncertaintyon the predictedcross-sectiorfor the semiandfully inelastic
eventshasbeenestimatedusing LPAIR by calculatingthe effective cross-sectioffior theseeventswithin
the LHCb acceptancéor two different proton structurefunctions.One setof structurefunctionsis due
to Suri and Yennie[14] while the secondcombinesthe Suri-Yennieg? dependencéor the non-resonant
contribution with experimentalmeasurementsf the the g° dependencéor the resonanceontritutions
andthe photo-productiortross-sectioffior g2 ! 0. We have takenthe percentagéifferencebetweerthese
two predictiongo bethe systematiaincertaintyon the predictedcross-sections hisresultsin aneffective
cross-sectioffior dimuonproductionvia semiamdfully inelastic2-photonfusioneventsthataretriggered,
reconstructe@ndselectedf3ineat LHCb of (31+ 10) fb and(8+ 4) fb respectiely.

Acceptances

Geometric acceptance We expectthe uncertaintyon our geometricacceptancestimateto bedominated
by uncertaintieslueto thetrackingresolutionnearthe edgesof the LHCb detectorUsingthe muontracks
from our signal processthat have beenpassedhroughthe LHCb detectorsimulationthe resolutionin
the reconstructednuonpseudorapidity’ n,) hasbeendeterminechearthe edgesof the LHCb detector
Figures/(a)and7(b)show thevariationin' mny attheouteredgeof thedetectorandtheedgeof thedetector
adjacenthebeampipe.Fromtheseplotsit canbeseerthatthedetectormcceptanceangein pseudorapidity
is 1.86 < n < 4.97. Thesevariationsin ' n, nearthe detectoredgeshave beenparameterisedly straight
line btsto the datain theregions1.8 < n < 2.5 and4 < n < 5 andyield pseudorapidityresolutionsof
(2.4% 0.3) %10 2 and(1.4+ 0.6) %10 2 at muon pseudorapiditie®f 1.86 and 4.97 respectiely. The
percentagehangebetweenthe numberof eventswhereboth muonslie within the rangesl.8573< n <
4.968and1.8627< n < 4.972 hasbeentaken asthe systematiauncertaintyon our calculatedgeometric
acceptancelhecalculatedvalueis 0.13%.

Kinematic acceptance:The main uncertaintiesarising from our estimationof the kinematicacceptance
aredueto theaccurayg of the LHCb detectorsimulation.The detectorsimulationwill betunedusingdata
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Figure 7 Reconstructed pseudorapidity resolution as a function of true pseudorapidity for muons recon-
structed near the edges of the LHCb detector. (a) low pseudorapidity values corresponding to the outer
edge of the detector and (b) high pseudorapidity values corresponding to the detector edge near the beam
pipe. The red lines are straight line btsto the data and the btvalues are shown.

onceit is available.In particularthe performancef the muonsub-systentanbeaccuratelyassessedsing

eventscontainingd/y, Y or Z particlesthat decayinto p* ' pairs. We estimatethat oncethe detector
simulationhasbeenre-tunedn this way the kinematicacceptancwvill contritutea systematiaincertainty
ontheproposeduminositymeasuremerdf 0.1%. Thisestimatés in line with similaruncertaintyestimates
from otherexperimentq27].

Reconstruction efpbciency

As waspointedoutin section3 thereconstructiorefbcieny canbedeterminedrom dataandis expressible
asthe productof threecomponents:
1 1 1 2 2 2
e°0= (et YoEmuen %oeia) Yo(etgy Yoerpusen %ot ) (11)

Wewill now outlinemethodghatwill allow thesetermsto bemeasuredrom data. Theuncertaintiegjuoted
below areestimates.

Tracking efbciency:g;k canbe determinedrom datausinga pureunbiasedsampleof W ! v candidate
eventsselectedusinga tight setof selectioncriteriabasedon muonchambeiinformation. The fraction of
eventsin suchasamplethathave areconstructetrackthatpointsto theappropriatanuonchambedeposit
will give gk. We estimatethat a measurementf g, will have an associatesystematicuncertaintyof
0.4%.

Matching efpciency:The efbcieny to reconstrucmuontowersandmatchthemto reconstructedracks,
€mach, canbe foundusing a datasetcontainingeventswith atleastonehigh Pr muon,for exampleevents
thatpassthesinglemuontriggerline andhaving Pr > 10GeV. Themuonin theseeventsis thencombined
with all the oppositesignhigh Py tracksin theevent.If a combinationhasaninvariantmasscloseto theZ
massandthe track pointsto anactive areain the muonchambes thetrackis consideredh candidateThe
fraction of thesecandidatdracksthat areactuallyreconstructeaf3ine asmuonswill be equalto emgch-
We estimatethata measuremerdf en4cn Will have anassociatedystematiaincertaintyof 0.4%.

Identibcation efbciency: The muonID efbcieng, €ig, canbe measuredisinga cleansampleof muons
thathave beenselectedvithout usingthe cutsyou wish to examine.Sucha samplecanbe obtainedfrom
J/y! ppeventsthathave passedhetriggervia ary streambarthedimuontriggerstream(selectingevents
from the dimuon streamwould biasthe sample).One of the legs of the J/w canthenbe usedto tag the
J/wv, while the othercanbe usedasa probeto measureghe muonefpcieny. The efbcieny will be equal
to thenumberof probemuonsthatpassheidentibcatiorcutsdivided by thetotal numberof probemuons.
Assuminganidentibcatiorefbcieny of 99% anda sampleof 10* muonssucha measurementf €iq will
have anassociatedystematiaincertaintyof 0.1%.
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7.6 Trigger efbciency

7.7

The trigger efbcieng, sterligger, of our signalprocesscanbe determinedusinga sampleof minimum bias

eventsthatpasghetriggerandcontainanoff-line reconstructedy pair. Thetriggerefecieny will beequal
to the fraction of theseeventsthat have passedria the dimuontrigger stream.The uncertaintyon sucha
determinatiorof thetriggerefbcieny will depend onthesizeof the sampleused With 10° dimuonevents
andassumingadimuontriggerefbcieny of 44%theuncertaintywill be 0.5%.

Source Estimatedsystematiancertainty(%)
Rescatteringorrections 0.13
ProtonEM form factors 0.3
Gel predictiontotal 0.33
n/K mis-id 0.23
Dimuonsproducedvia DPE 0.94
Dimuonsproducedvia yy fusion 0.27
Backgroundotal 1.00
Geometricacceptance 0.13
Kinematicacceptance 0.1
Acceptanceotal 0.16
Trigger 0.5
Tracking 0.4
Trackmuonchambematching 0.4
Muonidentibcation 0.5
Efpcieny total 0.76
Total 131

Table 5 Estimated systematic uncertainties on a luminosity measurement at LHCb using the pp! p+
U i + pchannel.

Resulting measurement uncer tainty

Thetotal systematiaincertaintyon a measuremerdf theintegratedluminosity usingthe measuredate of
pp! p+ 'Y + peventsatLHCbisthereforeestimatedo be1.31%.Assuminganaveragenstantaneous
luminosity of 2%10%2cm 2s' 1 with 1fb’ ! of datathe following integratedluminosity measuremenis
expected

/ Ldt= 1+ 0.014Qat.) + 0.013X(sys.) fb ! (12)

This equatego a total measuremenincertaintyof 1.92%. Currentlythe dominantsystematiancertainty
is on the predictedcross-sectiorof eventswheredimuonsare producedvia double pomeronexchange.
We have estimatedhis uncertaintyto be# + 100% of the predictedcross-sectiorior theseevents.This
uncertaintyis dueto boththetheoreticamodelingof the processandthe measuremenincertaintiesn the
Pomeror3ux andPomerorpartondistribution functions(PDFs)thathave beendeterminedusingH1 and
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Zeusdatafrom theHeraacceleratoat DESY. Recentlynmeasurementsave beenmadeof thecross-sections
for exclusivee* e [28], yy[29] anddi-jet [30] productionby the CDF collaboratioratthe Tevatron.These
measurementwill further constrainthe pomeronBux and PDFsandwill allow for the rePnemenbf the
theoreticalmodelsdescribingthe double pomeronexchangeproductionmechanismWe thus expectthe
uncertaintyon the predictedcross-sectiomf dimuonsproducedvia DPEto be reducedn the nearfuture
which will allow for more accurateluminosity measurementat LHCb usingthe pp! p+ 'y + p
processFor example,if the uncertaintyon the predictedcross-sectiordor theseeventswas reducedto
25%thenthe overall systematiaincertaintywould be reducedo 0.95%. This would enablea luminosity
determinatiorat LHCb to be madewith atotal uncertaintyof 1.38%using2fb’ ! of data.

8 Conclusions

We expect5210pp! p+ gt + p eventsto berecordedandreconstructedt LHCb in 1fb" * of data.
We have proposeda setof simpleofRine selectiorcriteriathatwill reducethe backgroundo alevel that is

4.1+ 0.5(¢tat.) £ 1.0(sys.)% of the signalrate. This backgroundvill be dominatedby the combinatoric
backgroundslueto pionandkaonmis-identibcationabackgroundourcethatcanbewell understoodrom

realdata.We estimatehatusingthemeasuredateof pp! p+ u* ' + peventsin 1fb" 1(2fb" 1) of data,
theintegratediuminosity canbe measuredt LHCb with a# 1.92%(165%) precision.This uncertaintyis

dominatedby the systematicauncertaintyon the predictedcross-sectiorf dimuonsproducedvia double
pomeronexchange. An examinationof the measuredate of exclusive |*1" , yy and di-jet eventsat the

Tevatronandthe otherLHC experimens in the nearfuture will furtherreducethis sourceof uncertainty
enablinganeven moreaccuratduminosity measuremertb be madeat LHCb usingthis channel.
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