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Underlying Event* The Underlying Event (UE) onsists of partiles produed by additional ladderexhange.* Di�erent treatment of UE in Monte Carlo:{ Soft Underlying Event (SUE).{ Multiple Interations (MI).* The additional emissions produed by UE may gives rise to higher produtionrate of jets with low transverse momenta (mini jets).
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Underlying Event

* Experimentally it is hard to distinguish between ontributions from underlyingevent and higher order proesses from single ladder exhange.
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Motivation� Multiple interations needed to desribe data in photoprodution at HERA,Z. Phys. C70 (1996) 17.
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Motivation� Multiple interations needed to desribe data in photoprodution at HERA,Z. Phys. C70 (1996) 17.� Multiple interations needed to desribe data at Tevatron,Phys. Rev. D65, 092002, (2002).
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Motivation� Multiple interations needed to desribe data in photoprodution at HERA,Z. Phys. C70 (1996) 17.� Multiple interations needed to desribe data at Tevatron,Phys. Rev. D65, 092002, (2002).� MC tuned to Tevatron data gives di�erent preditions at LHC.
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Motivation

What about DIS? Are we sensitive to UE?�! Measure regions expeted to be sensitive to underlying event.

� Measure jets with low transverse momenta (mini jets).

� Test models ommonly used in DIS.

� Test models inluding MI (and/or SUE) used in photoprodution.
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Strategy

� Selet the jet with highest P �T inHCM rest frame, the Leading Jet.

� De�ne four regions in azimuthal:{ Toward region:j���j < 60Æ.{ Two Transverse regions:60Æ < j���j < 120Æ.{ Away region:j���j > 140Æ.
The Leading Jet

Transverse Region

 ∆φ∗ = 60

 ∆φ∗ = 120

Toward Region

Transverse Region

Away Region
 ∆φ∗ = 140

The Toward and Away regions are sensitive to the hard part of the event.
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Strategy

� The salar E�T Sum of the parti-les, E�TSum, in the transverse re-gions is alulated for eah event.

� For eah event, split the twoTransverse regions into a low a-tivity region and a high ativityregion aording to E�TSum.

The Leading Jet

 ∆φ∗ = 60

 ∆φ∗ = 120

Away Region
 ∆φ∗ = 140

Toward Region

 region  region
High activity Low activity
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Strategy

� In addition, selet a subsample,Dijet sample, where the seondhardest jet, Subleading Jet, is re-strited to be in the Away region.

The Leading Jet

 ∆φ∗ = 60

 ∆φ∗ = 120

Away Region

Toward Region

 region  region

 ∆φ∗ = 140

The Subleading Jet

High activity Low activity
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Strategy

� Measure the average jet multipliity in the di�erent ��� regions as funtion ofP �T of the Leading Jet.< NMiniJet >= PNevi=1 NMiniJet;iNev� Inlusive sample:{ In bins of Q2.{ In bins of �lab of the leading jet:� Forward region (lose to the proton diretion) enhaned ontributionsfrom the resolved photon proesses� Central region less ontributions from the resolved photon proesses� Dijet sample:{ In bins of x = P2i=1 P�T;i e��i2E� , where i=1 is the leading jeti=2 is the subleading jetDIS2007, 18/04/2007 Sakar Osman 11



Seletions

DIS
5 < Q2 < 100 GeV20.1 < y < 0.7W > 200 GeV

Jet

Inlusive sample: jet 1 (Hardest jet)Dijet sample: jet 1,2 (Two hardest jets)�1:7 < �lab1;2 < 2:79PT1;2 > 5 GeVj��1 � ��2j > 140ÆMini jets, jets with: �1:7 < �lab < 2:79PT > 3 GeV

The PT uts are applied both in HCM and Lab frame.Jets are de�ned as inlusive kt-algorithm jets (HCM).DIS2007, 18/04/2007 Sakar Osman 12



Mini Jet ProdutionInlusive SampleForward Region:0:5 < �lj < 2:79p Ok in toward and awayregionsp MC's undershoot datain the low and high a-tivity regions
           HERA I
(Preliminary) 
           HERA I
(Preliminary) 
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Mini Jet ProdutionInlusive SampleForward Region:0:5 < �lj < 2:79p Ok in toward and awayregionsp Pythia MI improves theagreement with data atlow Q2
Similar results are obtainedwith Herwig

           HERA I
(Preliminary) 
           HERA I
(Preliminary) 
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Mini Jet ProdutionInlusive SampleCentral Region:�1:7 < �lj < 0:5p Less ativity in entralregion than forwardregionp Ok in toward and awayregionsp MC's undershoot datain the low and high a-tivity regions
           HERA I
(Preliminary) 
           HERA I
(Preliminary) 
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Mini Jet ProdutionInlusive SampleCentral Region:�1:7 < �lj < 0:5p Ok in toward and awayregionsp Pythia MI improves theagreement with data atlow Q2
Similar results are obtainedwith Herwig

           HERA I
(Preliminary) 
           HERA I
(Preliminary) 
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Mini Jet ProdutionDijet Sample5 < Q2 < 100 GeV2

p higher ativity at lowxp Ok in toward and awayregionsp MC's undershoot datain the low and high a-tivity regions
           HERA I
(Preliminary) 
           HERA I
(Preliminary) 
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Mini Jet ProdutionDijet Sample5 < Q2 < 100 GeV2

p Ok in toward and awayregionsp Pythia MI improves theagreement with data atlow x
Similar results are obtainedwith Herwig

           HERA I
(Preliminary) 
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Conlusion:
* Standard QCD Monte Carlo models with LO ME+PS fail to reprodue data inthe transverse �-regions �! needs more orret desriptions of higer orders oradditional ativity to the hadroni �nal state, like MI.* Additional ativity like MI (Pythia), suessfully used in photoprodution,signi�antly improve the agreement with data at low Q2 in the transverseregions, but fails at high Q2.* Due to the lak of NLO QCD alulations suitable to this analysis no onlusionfrom higher order ontributions an be drawn.
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Bakup Slides
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Mini Jet ProdutionInlusive SampleForward Region:0:5 < �lj < 2:79

           HERA I
(Preliminary) 
           HERA I
(Preliminary) 
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Mini Jet ProdutionInlusive SampleCentral Region:�1:7 < �lj < 0:5

           HERA I
(Preliminary) 
           HERA I
(Preliminary) 
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Mini Jet ProdutionDijet Sample            HERA I
(Preliminary) 
           HERA I
(Preliminary) 
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Summary:
< NMiniJet > as funtion of PT of the leading jet was presented.p < NMiniJet > inrease with �lablj (forward jets) in the transverse regions.p < NMiniJet > tends to dereases with Q2 (more diret) in the transverseregions.p < NMiniJet > dereases with x (more diret).p Strong orrelation between < NMiniJet > and the leading jet PT in the highativity region.p Small orrelation between < NMiniJet > and the leading jet PT in the lowativity region.
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