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Summary WG2
Multi-jet Final Sates and Energy Flows

(Mid-term meeting at CERN 11-13 October 2004)

List of main topics discussed

Underlying event and minimum bias
Rapidity gaps and survival probabilities
Multi-jet topologies and multi-scale QCD
Parton shower/ ME matching

Conveners: Leif Lönnblad (Lund), Valery Khoze (Durham),
Niels Tuning (LHCb), Craig Buttar (ATLAS), Jon Butterworth (ZEUS) 
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Final State Issues:

Minimum bias
• total multiplicity
• fluctuations in multiplicity

Multiple interactions

Underlying event
• jet profile
• jet pedestal
• multiplicity
• correlations

Rapidity gap and survival 
probabilities
• incoherent remnant 
interactions fill the gap

Parton showers

Multi-jets
• energy scale
• rapidity correlations

Much of this can be measured at HERA
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Monday: Min. Bias and Und. Event
Common session 
with  WG5 (MC)

Common session 
with  WG4 (Diffr.)
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Tuesday: Multi-jets and Multi-scale QCD

Common session 
with  WG5 (MC)

Common session 
with  WG1 (Struc.Fun)
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List of topics discussed

• Underlying event and minimum bias
Tuning of PYTHIA at Tevatron
Tuning of Jimmy
Tuning of PYTHIA for LHCb
News in PYTHIA 6.3

• Rapidity gaps and survival probabilities
• Multi-jet topologies and multi-scale QCD
• Parton shower/ ME matching



13 Oct 2004 Niels Tuning - Summary WG2 - Multi-jet Final States and Energy Flows 6/27

UE at the Tevatron –
PYTHIA and HERWIG Courtesy of Rick Field

Too few par-
ticles in jet
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Min.bias at the Tevatron –
“birth of the jet” Courtesy of Rick Field
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UE at the Tevatron –
“birth of 3rd jet”

Courtesy of Rick Field
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Is Tune A universal ? Courtesy of Rick Field

jet

γ,Z
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Jimmy Tuning – Tevatron Courtesy of Arthur Moraes
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Jimmy Tuning – LHC Courtesy of Arthur Moraes

NB: Jimmy has fixed PTmin
PYTHIA has increasing PTmin with √s

Tuning A: prot. radius=3x0.73 PTmin=3.0
Tuning B: prot. radius=    0.73 PTmin=2.0
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Pythia tuning for LHCb Courtesy of Paul Szczypka

Include B** resonances:
Affects min.bias multiplicities
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News in Pythia 6.3  Courtesy of Torbjörn Sjöstrand

Interleaved Multiple Interactions

interaction
number
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List of topics discussed

• Underlying event and minimum bias
• Rapidity gaps and survival probabilities

Diffractive γp at HERA

• Multi-jet topologies and multi-scale QCD
• Parton shower/ ME matching
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Rapidity Gaps and Survival Probabilities

HERA prediction for dijet rate 
in diffraction exceeds Tevatron
data by factor 10:Gap filled by remant interactions?

CDF data

H1 predicition
from fit

NB: Resolved photon at HERA
is similar to proton at LHC
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Diffractive γp to NLO
Courtesy of Michael Klasen

Theory predicts 
suppression of 
resolved 
component 
by x 0.34
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Diffractive γp to H1 Courtesy of Frank-Peter Schilling

Exp. measures 
suppression of 
resolved+direct
component 
by x 0.5
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Diffractive γp at ZEUS Courtesy of Alessia Bruni

Data and NL0 calculation off by ~0.5 :
Hadronization corrections
• Parton jet 
• Filling of the gap

• alternative ways to define gap 
by looking at kT mini-jets?
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List of topics discussed

• Underlying event and minimum bias
• Rapidity gaps and survival probabilities
• Multi-jet topologies and multi-scale QCD

Forward jets at HERA
Jet ET spectra with CASCADE and PYTHIA

• Parton shower/ ME matching
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Using Tools from HERA General 
Search for new phenomena

Courtesy of 
Sacha Caron



13 Oct 2004 Niels Tuning - Summary WG2 - Multi-jet Final States and Energy Flows 21/27

Forward jets and pions,
with multiple interactions  

Courtesy of Jacek Turnau

• Multiple Interactions can affect these small-PT measurements 
substantially

• Large xJet/xBj enhances BFKL
• pT

2 ~ Q2 suppresses DGLAP

Not kT ordered

γ structure

p structure

Forward jet
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Forward jets and pions,
with multiple interactions 

Courtesy of Jacek Turnau
-->

 C
ro

ss
 S

ec
tio

n 
(A

.U
.)

Forward π0 w/o multiple interactions: Forward jets w/o multiple interactions:
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By measuring forward jet and π0 cross sections, HERA is 

sensitive to Multiple Interactions
(Problem: Multiple Interactions in PYTHIA at fixed √s (γp) )  

x x

PTjet>3.5 GeV; Q2=13.1

Forward jet more 
sensitive to MI 
than forward π0
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Jet ET spectra at LHC Courtesy of Steve Magill



13 Oct 2004 Niels Tuning - Summary WG2 - Multi-jet Final States and Energy Flows 24/27

Jet ET spectra at LHC Courtesy of Steve Magill
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List of topics discussed

• Underlying event and minimum bias
• Rapidity gaps and survival probabilities
• Multi-jet topologies and multi-scale QCD
• Parton shower/ ME matching

Monte Carlo modelling of the evolution equations
W+ jets in Sherpa (+ underlying events)
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Topics for further work in the 
next 6 months (1)

• Underlying Event
Tuning a la Rick Field. Come up with PYTHIA 
settings from HERA. 
Multiple interactions to be implemented in γp in 
PYTHIA
Tuning of Jimmy

• Survival Probabilities
Can we use forward neutron data to test models of 
absorbtion, rescattering?
Diffractive γp

L.Lönnblad, J.Butterworth

A.Moraes, C.Buttar, 
J.Butterworth

V.Khoze et al.

M.Klasen, H1, ZEUS
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Topics for further work in the 
next 6 months (2)

• Compare different evolutions
DGLAP vs CCFM/BFKL (CASCADE) 
Ariadne vs PS

Effect on jet ET, forward jets, multiplicities in forward 
direction, …

• Fragmentation
Core of the jet, too many particles in light-quark jets?
Fraction of strange; 20% at LEP, 30% at HERA? 
Jet fragmentation properties, jet energy profile very large 
contribution to mt measurement.

S.Magill, H.Jung, 
L.Lönnblad, 
E.Rodrigues, 
N.Tuning, 
J.Turnau, …


