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Introduction:charmandbeautyproductioninepcollisions

•dominatedbyBosonGluonFusion(BGF)atLO:γg→cc̄/bb̄(direct/resolved)
directphotonresolvedphotonresolvedphotonresolvedphoton

charmexcitationcharmexcitation

⇒directprocessesdominate,inphotoproduction(Q
2

∼0)resolvedplaysignificantrole

Factorisation
σ=protonPDF⊗σγg→QQ̄⊗photonPDF⊗fragmentationfunction

⇒charm/beautyproductionsensitivetothesepieces
∗mc/blarge⇒usefulscalepQCD:reliablepredictions
∗Crosssectionisdirectlysensitivetothegluondensityintheproton
∗Fragmentationisassumedtobeuniversal
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Charmtagging
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Charmfragmentation:fractions
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⇒accuratemeasurementsatHERA:errorscompetitive
⇒allfragmentationfractionsinagreementwithworldaverage:universality
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Charmfragmentation:ratios
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rationeutraltochargedDmesonproduction
⇒consistentwith1

squarksuppressionfactor
⇒DslessfrequentlyproducedthanD

0
andD

±

fractionofDmesonsproducedinavectorstate
⇒lowerthan3/4,fromnaivespincounting

⇒Inagreementwitheachother,expectationandworldaverage,
⇒butnaivespincountingdoesnotwork(PV6=3/4)
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•D
∗

selectioninphotoproduction
•precisionmeasurement:
•theo.uncertaintieslargerthanexp.
•datawelldescribedbyNLO

•ep→ecc̄/bb̄X→ejjX
•extendedpTrange
•jet≈parton,had.uncertaintiessuppressed
•c/beventsselectedusingvertexdetector
•datareasonablywelldescribedbyNLO
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D
∗

photoproduction:D
∗

jetcorrelations
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php:γandpartoncollidehead-on
⇒ifnogluonemission,2→2process,“backtoback”finalstate

arewesensitivetogluonradiation?

•measurecrosssectionin∆φ(D
∗
,jet)

•only25%frombacktobackconfigurations
•(i.e.∆φ∼180

◦
)

•⇒significantcontributionfrom
•⇒higherorderQCDradiation

•NLOcalculationdoesnotdescribe
•region∆φ∼100

◦

•⇒sensitivitytohigherordercontributions
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J/ψinelasticphotoproduction

•ep→eJ/ψX,J/ψ→µ
+
µ

−

•decayangulardistributions(“helicity”)λ,ν
•measuredusingHERAI+IIdata

d
2
σ

dΩdy
∼λ(y)cos

2
θ+1/2ν(y)sin

2
θcos

2
2ϕ

+···
y:zorpT(J/ψ),z=E(J/ψ)/E(γ)

⇒distributionsnotdependentonparameters
affectingtheabsolutenormalisationsofcrosssection
(mc,αs,...):mainsourceoftheo.uncertaintiesgone

•comparisontoLOCSandCS+COmodels
⇒thetwomodelsdifferathighpT(J/ψ),
⇒wherestatisticsispoor

⇒deviationsfromCSmodelonlyforz>0.6
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Beautytagging

Candidatetobb̄event

•ReconstructionofBinparticular
•decaychannelsdoesnotwork:B.R∼10

−4

•Usesemileptonicdecays:µinfinalstate
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bb̄production:D
∗
µtag
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⇒canmeasureuptoverylowpT
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•distributionusedtoextractb-signal(MC)

•visibleandextrapolatedbquarkcrosssection
•measuredinbothphotoproductionandDIS,
•comparedtoNLO(fixedorder,massivescheme)
•theoreticalpredictions

⇒measurementsexceedtheNLOpredictions,butcompatiblewithintheerrors
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bb̄production:µµtag

ep→ebb̄X→eµµX
′

⇒bb̄enrichedsample,backgroundssuppressed

•largerstatistics,lowerpTthresholdthanD
∗
µ

•⇒nearlyfullbb̄phasespaceavailable
•(i.e,verysmallextrapolationincrosssections)

•measuretotalbb̄crosssection
σTOT(bb̄)=16.1±1.8(stat)

+5.3
−4.8nb

NLO:6.8
+3.0
−1.7nb

theo.prediction2.3
+1.0
−1.2lowerthanmeasurement

•measuredifferentialcrosssections
•µ,Bhadron,andbquarklevel

⇒NLOpredictionagreeinshape,
⇒butunderestimatethedata
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bb̄production:combinedmeasurements
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Summary

•Charmfragmentationfractions/ratiosandfragmentationfunctionmeasured
•→accuratemeasurements:HERAerrorscompetitive
•→Evidencethatcharmfragmentationisuniversaline

+
e

−
andep

•DescriptionofcharmcrosssectionsbyQCDgoodingeneral,
•butfailsinthedetails

•Newmeasurements:jets...givemoredetailsoffinalstate/eventkinematics
•→Charmγpandjetsshowingtheneedforhigherordercalculations
•→theoreticaldevelopmentsneeded(MC@NLO...)

•InbeautyproductionthetendencyofthedataistobehigherthantheNLO,
•butconsistentwithintheuncertainties
•→moreprecisedataneededtoconstrainthetheories
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