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Multi-jet topologies and multi-scale 
QCD

Experimental Introduction with emphasis on HERA
Goal: search for limits of applicability of the DGLAP 
approximation, find best method to describe the data beyond 
that limit

•Single- and multi-scale QCD processes

•QCD NLO calculations and event generators

•Where NLO DGLAP  works: dijets nad 3-jets at high Q2

•Where NLO DGLAP almost works :inclusive jets Q2 <100

•Closer look: azimutal correlations betweent jets

•Forward jets and particles

•Conclusions

Small x Phenomenenology: Summary and Status hep-ph/0312333 (→EPJC)                     
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Typical single-scale processes
DGLAP approximation is extremly succesfull in describing 
inclusive processes characterized by single scale e.g. 
F2(x,Q2), inclusive high ET dijets Tevatron
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Typical multiscale processes
When we go from inclusive to exclusive measurements in 
which second disparate scale is introduced, quality of DGLAP 
description deteriorates, depending on extent of 
„exclusivity”. Disparate kinematical scales introduce large 
logarithms not included in  DGLAP calculation

Large rapidity interval
dijets at Tevatron 

xx

ts

jet >>

>>
Forward jets at 
HERA
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Typical multi-scale processes

•Dijet production at large values of ET
2/Q2

•Dijet production at large rapidity intervals 

•Forward jet production in DIS xjet >>x

•Charm & beauty production in DIS 

•Large pt particle production in DIS

ts >>
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Multi –scale processes in DIS
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Where DGLAP works
Single (Breit frame) inclusive jets at high Q2
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Where DGLAP (almost) works
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Study of Azimutal Correlations 
beteen two hardest jets

πφκ ≠Δ→≠ *2 0t

DGLAP:
02 ≈→ tκ

LO: πφ =Δ *

HE (e.g. PS): πφ ≠Δ *

NON-DGLAP e.g. ARIADNE
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Azimutal correlations beteen two 
hardest jets

Better stability against migrations then *φΔ
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Aizmutal correlations with double 
charm ?
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Large xjet/xbj to 
enhence phase 
space for BFKL 
evolution

22 Qptjet ≈
to supress DGLAP 
evolution

Where DGLAP does not work (by construction)
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Forward jet data 

•Forward jet data prefer models 
which do not impose kt-ordering

•Cascade prediction sensitive to 
input pdf

•Different conclusions for 
different jet-finding 
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Forward jets ⇔forward particles (π0)

jet
π0

=)( 0πσ
FF
JETSET
PYTHIA )( jetσ⊗
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DGLAP direct: too low

Best description:

direct + resolved   at 
scale μ2 = Q2 +4pT

2

CCFM comes too low !

Forward π0
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Forward π0

BFKL-like diagrams 
initiated by gluons and 
quarks (!), not present 
in CASCADE
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Transverse energy flow associated with forward π0
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Comparison between DISENT,RAPGAP 
and CASCADE in terms of χ2/n.d.f
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Conclusions and outlook
•DGLAP evolution provides very good description of single-scale QCD 
processes at HERA and TEVATRON

•At HERA for large values of Q2 > 100 GeV2 DGLAP is good 
approximation even if two scales are involved

•For Q2 < 100 GeV2 DGLAP NLO description deteriorates for some 
kinematical regions (central and forward jets)

•Azimutal correlations between two hardest jets seem to be very 
powerful tool for observation of parton dynamics and determination of 
unintegrated gluon structure function . Double charm measurements at 
HERA II may appear very intersting in context of small x dynamics

•Forward jets at HERA are sensitive to parton dynamics, further 
measurements needed

•Measurement of the forward particles at HERA (π0) seems to reveal 
some additional  aspects of the parton dynamics 

•In most cases when DGLAP description fails model without pt ordering 
provide reasonable description
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DIS and Parton Dynamics
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