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Motivations

Thestudyofbproductionisimportantbecause:

✦ithelpsinunderstandingthestructureoftheprotonandofthephoton;

✦theheavybquarkmassprovidesahardscalethatmakespQCD

calculationsmorereliable.

Butwhathappensinexperiments?

Historicalsnapshot(2003)
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ThepreviousZEUSmeasurement...

e
+

p→e
+

bb̄X→e
+

dijete
−

XDatasample:38.5pb
−1

Visiblecrosssectionextrapolatedto

thekinematicrange:

•pb
T>5GeV,|ηb|<2

•Q2<1GeV,0.2<y<0.8

andcomparedtoNLOQCDpredictions.
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MeasurementsomewhatabovetheNLOQCDprediction...

...butlargestatisticalandsystematicuncertainties
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Productionmechanismandtheoreticalmodels

b-jet

b-jet
p

γ

Direct

γ-remnant

b-jet

b-jet
p

γ

Resolved

b-remnant

b-jet

light jet
p

γ

Flavour Excitation

MonteCarlo:

✦LeadingOrder+PartonShowermodelsavailable,includingflavourexcitation

(PYTHIAandHERWIG)

✦CCFMevolutionwithkTfactorisation(CASCADE)

Theoreticalcalculations:FullNLOcalculation(FMNR)available
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Dijet+µanalysisDatasample:110pb
−1

DISrejection:Q2<1GeV2,
0.2<y<0.8
Atleast2jets:
p

jet1,2
T>7,6GeV,|ηjet1,2|<2.5

KTalgorithm,long.invariant,Erecomb.scheme

Muonselection:atleast1muonwith

pµ>4GeV,p
µ
T>1.5GeV,1.5<ηµ<2.3

p
µ
T>2.5GeV,−0.9<ηµ<1.3

pµ>2.5GeV,−1.6<ηµ<−0.9

XY ViewZR View
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Controlplots

DatacomparedtothePYTHIAMC,

contributionsfromb,candLF

mixedaccordinglytothePYTHIA

crosssection,andnormalizedto

thedata.

Goodagreementbetweendataand

MonteCarlo.
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Signalextraction

Discriminationbetween

signalandbackgroundbasedon

theanalysisoftheprel
Tdistribution:

prel
T=

pµ×(pjet−pµ)

|pjet−pµ|
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TdistributionofbeautytakenfromthePYTHIAMonteCarlo

prel
Tdistributionofthebackgroundobtainedfrom

acomparisonwiththedata...−→
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Backgroundprel
Tdistribution

Asampleofdatawithtwojetsandnomuonrequirementswasselected.
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Comparison...
Theprel

Tdistributionwasobtainedusingallthetracks

satisfyingthesamemomentumandanglerequirementsof

themuon.

MonteCarlounderestimatesthedataathighprel
T!

→correctionappliedtotheLFMonteCarloto

reproducethedataprel
Tdistribution
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bfractioninthedata

bfractiondeterminedinthethree
regionsofgoodacceptanceforthe

muon:

REAR:fb=15%
pµ>2.5GeV,−1.6<ηµ<−0.9

BARREL:fb=25%
p

µ
T>2.5GeV,−0.9<ηµ<1.3

FORWARD:fb=21%
pµ>4GeV,p

µ
T>1.5GeV,

1.5<ηµ<2.3

ZEUS

10

10
2

10
3

012345

rear

pT
  rel     (GeV)

m
u

o
n

s

10

10
2

10
3

012345

barrel

pT
  rel   (GeV)

m
u

o
n

s

10

10
2

10
3

012345

forward

pT
  rel     (GeV)

m
u

o
n

s
ZEUS 96-00

LF+cc
_
+bb

_

LF+cc
_

bb
_

M.Turcato
9

15/4/2004



DIS04BeautyphotoproductionatZEUS

Crosssectionsdetermination

Allthecrosssectionsweredeterminedinthekinematicregiondefinedby:

Q2<1GeV2,0.2<y<0.8

p
jet1,2
T>7,6GeV,|ηjet1,2|<2.5

forhadronleveljetsreconstructedbeforetheBhadrondecay.

AlltheacceptancecorrectionshavebeendeterminedusingthePYTHIA

MonteCarlo,reweightedsothatthepb
Tdistributionwasinagreementwith

thatoftheNLOQCDpredictions.

Themainsystematicuncertaintiesarisefrom:

theuncertaintyonthemuonchambersefficiencies

theuncertaintyontheshapeofthebackgroundprel
Tdistribution.
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MCmodelsandNLOQCDcalculations

PYTHIA6.2:

•includesdirect,resolvedandflavourexcitation
(27%)processes;

•b–quarkstringfragmentationwith
Peterson,ε=0.0041;

•branching–ratiosforbdecay,b→µXandvia
cascade,takenfromthePDG;

•B→µmomentumspectrumcheckedwith
measurementsfromBelleandBaBar;

CASCADE1.1:

•kTfactorisation;

•CCFMevolutionfortheprotonparton
densities;

•Petersonfragmentation,ε=0.0041.

NLOQCD:FMNR:

•GRVG-HOforγ,CTEQ5Mforp;

•mb=4.75GeV,µ=mT=
√

<pb
T>2+m2

b;

•jetsdonerunningkTonpartons;

•partonleveljetscorrectedtohadronlevelusing
PYTHIAandHERWIG:from20%(rearregion)
to3%(largep

µ
T)

•b→BfragmentationwithPeterson,
ε=0.0035;

•B→µaccordingtoPYTHIA.

UncertaintyonNLOcalculations:

•mb=4.5GeV,µ=mT/2→mb=5.0GeV,

µ=2mT:variationsfrom+34%to-22%;

•ε=0.0020→ε=0.0055,
PetersontoKartvelishvili:±3%;

•differentpartondensitiesandΛ
(5)
QCD:±4%.
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Muoncrosssectionsµkinematicregion:

p
µ
T>2.5GeV,−1.6<ηµ<2.3
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Goodagreementbetweendata,NLOQCDandMCpredictions...
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...andniceagreementalsowithH1
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Visiblecrosssections

µkinematicregion:
REAR:

pµ>2.5GeV,

−1.6<ηµ<−0.9

BARREL:

p
µ
T>2.5GeV,

−0.9<ηµ<1.3

FORWARD:

pµ>4GeV,p
µ
T>1.5GeV

1.5<ηµ<2.3
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GoodagreementbetweendataandNLOQCDandPYTHIApredictions
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µ-jetcrosssections

µkinematicregion:

asforthevisiblecross

sections

b-jetcrosssections
µ-jetcrosssections

extrapolatedforµdecay

andBRusingPYTHIA
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Goodagreementbetweendata,NLOandMCforbothµ-jetandb-jetcrosssections.
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D
∗
+µanalysisDatasample:114pb

−1

Searchforbinthereaction

ep→ebb̄X→eD∗µX

Unlike–signD∗andµcomingfromthesame

bparentaremainlyproducedinthesame

emisphere.

Beautyfractionextractedbyfittingthe∆Rand

∆φdistributions.

ZEUS
a) ZEUS (prel.) 96-00

beauty
charm (prompt µ)
charm (fake µ)

∆R (µ-D
*
)

can
d

id
ates

0

5

10

15

20

25

30

35

40

00.511.522.533.54

M.Turcato
16

15/4/2004



DIS04BeautyphotoproductionatZEUS

Results

Beautyandcharmverywellseparated→verylow

backgroundcontamination.

Analysissensitivetoverylowbquarktransverse

momenta.

Crosssectionevaluatedfortheprocessγp→b(b̄)X,

forborb̄production(avoidproblemsduetocorrelation)

andextrapolatedtothekinematicregiondefinedby:

ζb<1,Q2<1GeV20.05<y<0.85

nocutsonpb
T:

σ(γp→b(b̄)X)=15.1±3.9(stat.)
+3.8
−4.7(syst.)nb

tobecomparedtoaNLOprediction(FMNR)of

σNLO(γp→b(b̄)X)=5.0
+1.7
−1.1nb
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SummaryoftheZEUSmeasurements...
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extrapolated
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...withthelowpb
Tregiontobecoveredbytheµ+D

∗
analysis.

VerygoodagreementwiththeNLOQCDpredictions

GoodagreementwiththepreviousZEUSpublication
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Conclusions

ThebeautyphotoproductioncrosssectionhasbeenmeasuredatZEUSusingbothmuon

plusdijetandmuonplusD∗events.

Inthemuonplusdijetchannel,differentialcrosssectionsformuons,µ-jetandb-jethave

beenevaluatedandcomparedtoMonteCarlomodelsandNLOQCDpredictions.

InallthecasesverygoodagreementhasbeenfoundbetweendataandNLOQCD.

Ab–quarkcrosssectionhasbeenobtained,

extrapolatingthevisiblemeasurementsusingNLO.

InthemuonplusD∗channel,ZEUSisinvestigatingadifferentkinematicregion,

complementaryinpb
T.
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