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Introduction

•QCDISthetheoryofthestronginteraction,describeshardprocessesverywell,
butnottotalhadroniccrosssections.

•However,Reggephenomenologydescribestotalhadroniccrosssectionsverywell,
usingcoloursinglet(Pomeron)exchange,butnotsowellprocesseswithahard
scale.

•ForQCDtobeconsideredthe“complete”theoryofthestronginteraction,itmust
beabletoreproduceReggebehaviourinthehighenergylimit

needunderstandingofthePomeronwithintheframeworkofperturbative
QCD.
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Introduction–jetphotoproduction

•InphotoproductionatHERA,thephotonhasaverylowvirtuality∼10
−3

GeV
2

perturbativelycalculablewhenthereisahardscaleprovidedbyhightransverse
energyjets.

•ToO(ααs),twotypesofprocesscontributetohighETjetproduction.

Direct
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γ
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•AtLeadingOrderpicture,twojets,balancedinET,back-to-backinφ.
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Eventswithandwithoutgaps

•InstandardQCDdijetproduction,jetsarecolour
connectedacrossgap

energyflowbetweenjets,gapsexponentially
suppressed.

p

γ

p

γ

t

•Atlarge,negativet,coloursingletexchange(CSE)would
resultingapsbetweenthejetswithlittleornoenergyflow
acrossthegap

notexponentiallysuppressed.
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Experimentalsignatureandgapfraction

•Longitudinallyinvariantk⊥algo-
rithmallobjectsassignedto
jets.

•Twohighesttransverseenergyjets,
separatedinpseudorapidity,

∆η=η
jet
forward−η

jet
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η η
η
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ForwardBackward
•Energyflowinthegap

E
gap
T=

∑

jeti
E

jeti
Twhereη

jet
backwards<η

jeti
<η

jet
forward

•GapeventwhereE
gap
T<E

cut
T.

•Infraredsafe,perturbativelycalculablewhenE
cut
T�ΛQCD

•Definegapfraction,f(E
cut
T,∆η),foragivenpseudorapidityinterval∆η,asthe

fractionofeventswhereE
gap
T<E

cut
T.

M.Sutton–RapiditygapsbetweenjetsinphotoproductionatHERA5



DIS03–April24th,StPetersburg

Experimentalsignatureandgapfraction
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Whatisthemechanismofgapformation?

•QCDhasnofundamentalcoloursingletobject.

•Thelargemomentumtransfer−t�Λ
2
QCDensuresahard

scaleatbothendsoftheexchangeperturbativeQCD.

•Canconstructperturbativecoloursingletusingtwogluons.
LeadingLogBFKLapproximationcoloursinglet

exchange,twogluonsincludingresummationofln1/x
terms(LLABFKL).

p

γ

IP

•CalculationfromMuellerandTang,

dσ(qq→qq)

dt
=(α

pre.
sCF)

42π
3

t2
exp(2ω0∆η)

(7αden.
sCAζ(3)∆η)3

•HardPomeronintercept,1+ω0withω0=(αsCA/π)4ln2,couplingsα
pre.
sand

α
den.
sfreealongtheladder.

•ImplementioninHerwig+LLABFKL,ω0=0.45(αs=0.17).
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Gapsurvivalprobability

•QCDColoursingletexchangeonlyrelevantinresolved
photoproduction.

•Secondaryhardscattersfromspectatorpartonsleadto
multi-partoninteractions(MPI).

•Additionalsoft(orhard)interactionsgapdestroyed
byenergyflowintogapregion.

•Mechanismsofmulti-partoninteractionsandunderlying
eventnotcompletelyunderstood.

p

γ

IP

•Modelsofmulti-partoninteractionsincludedinbothHerwig(Jimmy)and
Pythiausedforallcomparisonshere.
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Kinematicregion

•Photoproductionregion,virtualityandinelasticity,

Q
2
<1GeV

2
,0.2<y<0.85

•Requireatleasttwohightransverseenergyjets,

E
jet1
T>6GeV,E

jet2
T>5GeV,|η

jet1,2
|<2.4,

|
1

2
(η

jet1
+η

jet2
)|<0.75.

2.0<∆η≡|η
jet1

−η
jet2

|<4.0

•FractionofphotonenergycontributingtotheproductionofthetwohighestET

jets,

x
OBS
γ≡

∑
i=1,2E

jeti
Texp−η

jeti

2yEe
,

•Resolvedenhancedregionwithx
OBS
γ<0.75.
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Thegapfraction
versus∆η

•Gradientlesssteepwith
larger∆η.

•ModelswithoutCSE,
exponentiallyfalling.

•Largedifferencebe-
tweenmodelswithout
CSE(hadronisation?).

•SmallerLLABFKL
contributionwithin-
creasingE

cut
T.
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Thegapfraction
versusx

OBS

γ

•Largergapfractionat
highx

OBS
γquark

propagator.

•Models;toomanygap
eventsathighx

OBS
γ.

•Herwig+LLABFKL
toohighatlowE
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Whyarethemodelssodifferent?

•Smalldifferencesfromdifferent
simulationsofmulti-partoninterac-
tions.

•Modelsafterpartonshower,butbe-
forehadronisationingoodagree-
ment.

•Models(withoutMPI)showlarge
differencesfromhadronisation.
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Thegapfractiondependenceonx
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γ
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•Lookathighandlowx
OBS
γseparately.

•Herwigpredictionathighx
OBS
γandlow∆ηtoohigh.

•ContributionfromLLABFKLsmallerathigherx
OBS
γ.
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Thegapfractiondependenceonx
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γ
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•AthigherE
cut
TagainLLABFKLcontributionsmallerathighx

OBS
γ.

•DifferencebetweenHerwigandPythiasmaller.
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Conclusionsandoutlook

•Hightransverseenergyphotoproductioneventswithalargerapiditygapbetween
thetwohighestETjetshavebeenmeasuredwithhighexperimentalprecision.

•Fractionofeventswithsmallenergyflowbetweenthejetsshowsaclearexcess
withrespecttomodelswithoutQCDcoloursingletexchange.

•Largercontributionfromcoloursingletexchangeforresolvedtypeevents
ClearevidenceforBFKLprocesses?

•Differencesbetweenmodelswithoutcoloursingletexchangeislarge,
Difficulttodrawfirmconclusionsaboutsizeofpossiblecontributionfrom

BFKLprocesses.

•Dataatlargerrapidityseparationslimitedbystatisticalprecision,Look
forwardtoanalysisofthecompleteHERAIdataset,anddatafromtheupgraded
HERAIImachine.
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