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WhyForward?

γ−p−direction direction
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MonteCarloModels

DISENT:NLOdi-jet.(Needtocorrectforhadronizationeffects.)

RAPGAP/LEPTO:LOME+PS:DGLAP

evolutionwherethepartonladderis

stronglyorderedinQ
2
andk

2
t.

RAPGAPRESγ:RAPGAPwithanadditionalDGLAPevolution

partonladderfromthehardsubsystemtothephoton.
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MonteCarloModelscontinue...

CDM(ARIADNE):LOME(QPM,BGF).ColorDipoleModel(QCDCandhigher

orders).Randomwalkinkt.

CASCADE:LOME(off-massshell).InitialstateCCFMpartonsshowerswith

emissionsorderedinangle.(∼1tuningparameter)
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ForwardJets

xbjxbjsmall

evolution 
from large
to small x

’forward’ jet

x=E=large jet
jet

Eproton

Jetalgorithm:Inclusivekt-algorithm

Eventswithenergeticjetintheforwardregion.

Targetphasespaceforevolutioninx.

SuppressphasespaceforevolutioninQ
2
.

H1ZEUS

Forwardjet1.74<ηjet<2.790(2)<ηjet<3

Hardforwardjetpt>3.5GeVpt>6GeV

TargetBFKLxJET=
EJET

Ep>0.035cosγhad<0(suppressQPM)

SuppressDGLAP0.5<
p
2
t

Q2<50.5<
p
2
t

Q2<2(always)

IfNjet>1→Theforwardjet=ηmaxEventandjetcross-sections

April14,2004AlbertKnutsson-ForwardJetsinDISPage5



KinematicrangeandMeasurements

Kinematicrange

H1ZEUS

5<Q
2
<85GeVQ

2
>25GeV

0.1<y<0.7y>0.04

0.0001<xBj<0.004norestriction

E
′

e>10GeVE
′

e>10GeV

Measurements

Forwardjetcross-sections2+Forwardjetcross-sections(H1),
dσ

d∆η2

dσ
dxBj(H1,ZEUS)Asafunctionoftherapidity

dσ

dQ2,
dσ
dET,

dσ
dη(ZEUS)betweentheforwardjetand

dσ

dxBjdp2
tdQ2(H1)themostforwarddi-jet.
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H1results

Jet-profiles(∆η)inbinsoftheforwardjetrapidity(hadronlevel)
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ProfilesareOKdescribedbygenerators.

Noobviousbroadeningforhigherηfwdjet→forwardjetsnotaffectedbyprotonremnant.
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Jet-profiles(∆φ)inbinsoftheforwardjetrapidity(hadronlevel)

1.735 < ηjet < 2.3
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ProfilesareOKdescribedbygenerators.

Noobviousbroadeningforhigherηfwdjet→forwardjetsnotaffectedbyprotonremnant.
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dσ
dxBj

NLO di-jet 1+δHAD
with scale uncert.

H1 prelim. H1 prelim.

E. scale uncert.

H1 forward jet data

xBj

dσ
 / d

x
B
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H1 prelim. H1 prelim.
E. scale uncert.
RG-DIR

CDM
RG-DIR+RES

CASCADE

H1 forward jet data

xBj

dσ
 / d
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B

j   (n
b
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µ
2
r=〈p

2

t,fwd〉=45GeV
2

0.25〈p
2

t,fwd〉<µ
2
r<4〈p

2

t,fwd〉

(CTEQ6M)

NLOdi-jetokforlargerxBj.

PSwithDGLAPevolutionsimilartoNLO.

RGDIR+RESbest.

CDMandRGDIR+REStoolowforlowerxBj.

CASCADEtolowatlowerxBj,tohighathigherxBj.

AllmodelstolowinlowestxBj-bin.
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Cross-sectionasafunctionofxBj
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p
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Kinematicalregionsin
p
2
t

Q2=r:

p
2
T<Q

2
-

DGLAP-likedynamics

p
2
T
∼Q

2
-

BFKL-likedynamics

p
2
T>Q

2
-

resolvedγ-likedynamics

NotedifferentrangesinxBj!
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ComparisontoQCDmodels.

p
2
T<Q

2
-

DGLAP-likedynamics

p
2
T
∼Q

2
-

BFKL-likedynamics

p
2
T>Q

2
-

resolvedγ-likedynamics

•RAPGAPDIR-fails,
butisclosesttothedata
inthemostDGLAPlikeregion

•RAPGAPDIR+RESγ-Good

•CDM-Alright,but
problemsinres.γregion.

•CASCADE-
Goesintherightdirection.
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2+forwardjetcross-section,
dσ

d∆η2

H1 prelim.
E.scale uncert.

RG-DIR
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RG TOT
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∆η2
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Selecttwohardestjets(pt>6GeV)JET1andJET2-

inadditiontotheforwardjet(pt>6GeV)-2+Forward

JetEvent.(No
p2

t
Q2-cut.)

ηe<ηJET1<ηJET2<ηFWDJET

∆η
2

∆η
1

FWD JET

JET

JET

1

2

xg

∆η1=ηJET2-ηJET1

∆η2=ηFWDJET-ηJET2

∆η1<1:smallηseparationbetweenthetwohardjets

-smallxg-roomformanyemissionsandevolutionin

x-BFKL-likeladder.

∆η1>1:largeηseparationbetweenthetwohardjets

-Shorterpartonladder-notthatBFKLish
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ResultsfromZEUS

0<ηjet<3
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NLO PDF Uncertainty

NLOtoolowforlowerxBj(asforH1),butdatawithintheµ
2
rscaleuncertainty.

Noteµ
2
r=Q

2
.

Cross-sectionsdescribedbyCDM.

LEPTO(whichshouldcorrespondtoRAPGAP)failsforlowerxBjandQ
2
.
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0<ηjet<3
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NLO Disent : O(αs
2) ⊗ δhad

Energy Scale Uncertainty
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MEPS: Lepto

NLO : 0.5Q < µR < 2Q

NLO PDF Uncertainty

Moreforwardjets→Highersensitivitytohigherorderemissions.

CDMagainagoodjob.

NLOdi-jetfailsindescriptionofηbutisOKforET.

ME+PSfailsindescriptionofηandforlowestET.
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2<ηjet<3
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CDMisOKforQ
2
,butslightlytohighforhigherET,jet.

ME+PSandNLOfailforsmallerQ
2
andET,jet.

DatawithintheNLOscaleuncertainty.
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2<ηjet<3
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DataverywelldiscribedbyNLOathighxBj.

NLOscaleuncertaintyandthedifferenceto
datadivergeforsmallerxBj.

ME+PSdifferentdependenceonxBj
comparedtodata.

CDMgood.

=⇒Datasuggestsmorehardradiationneeded
athighηandlowxBj.

=⇒Largerenormalizationscaleuncertainty
indicatesthattermsmissinginthe
calculationareimportantinthisregion.
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Conclusions-ForwardJetMeasurement

•H1andZEUSforwardjetmeasurementsgivesimilarconclusions.

•DGLAPLOME+PS(RAPGAP,LEPTO)andNLOdi-jetfailforforwardjet

cross-sections-CDMandLOME+PSDIR+RESolvedγOK(except2+fwdjet)-

-CASCADEisinimprovementcomparedtosimpleDGLAPevolution.

•2+fwdcross-section-
Modelsnotorderingthetransversemomentastillpredictahighercross-section.

•Datasuggeststhatmorehardradiation(CDM,RES-γ,CASCADE)-comparedto

NLOandsimpleDGLAPevolution-isneeded.

•Modelsthatbreaktheorderingoftransversemomentagointherightdirection(CDM,

RES-γ,CASCADE),whilesimpleDGLAPevolutionrestrictsthephasespacetoo

much.

April14,2004AlbertKnutsson-ForwardJetsinDISPage17


