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HERA-LHC workshop

• Heavy quarks
– Heavy Quark production: 

charm, beauty, quarkonia
– Heavy Flavour Fragmentation
– Heavy Quark Parton 

Distribution Functions
– Triggering on Heavy Flavour

processes
• Multi-jet final states and energy 

flows
– Underlying event and 

minimum bias 
– Rapidity gaps and survival 

probabilities 
– Multi-jet topologies and multi-

scale QCD 
– Parton shower/ME matching 

• Monte Carlo tools
– General Monte Carlos 
– PDF Libraries 
– NLO Calculations 
– Monte Carlo Programs with kt

Factorization 
– Diffraction 
– MC Validation and Tuning 
– Next Generation Generators 
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HQ production: charm, beauty, quarkonia
Theory: massive vs massless approach, kT factorization.

Measurements-HERA: results and comparison with 
theory.

Measurements-LHC: strategies, potential and uncertainties

QQbar correlations: tests for theory, HERA ccbar, LHC 
perspectives.

MC tuning with HERA data (using Jetweb).

Nonlinear effects in gluon evolution: fits to HERA data, 
possible detection at LHC via charm enhancement

HF Fragmentation

HERA fragmentation measurements and future potential

Tests of fragmentation descriptions in a hadronic 
environment

HF Fragmentation tuning in MC on HERA+LEP data and 
how to use it for LHC

HQ  PDF's
Overview of HERA HF str. functions measurements 

and future HERA potential.

Theory vs HERA data. Predictions & uncertainties for 
LHC.

Kinematical coverage of LHC experiments.

New processes sensitive to HQ PDF e.g. bbar -> 
Higgs, etc..

Triggering HF processes
Triggering and Data acquisition HERA and HERAb

experience

LHC HF Trigger strategies and uncertainties in rates

Backgrounds determination and elimination at trigger 
and in the offline analyses.

HERA-LHC workshop

Working Group 3
Heavy quarks (charm and beauty)
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Peterson Fragmentation Function ���� ruled out!
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Fragmentation/Hadronization in the 
Hadronic Environment

• Fragmentation function usually measured in e+e–

collisions
• Hadronic environment not same due to colour structure

• “String reacceleration”
• Conventional NLO approach:

– convolutions always reduce 
collinear momentum fraction

• Cacciari/Nason considered non-
covariant momentum fractions

�Consider in dipole rest-frame?
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Monte Carlo Tools

• General Monte Carlos
– Pythia
– HERWIG 
– Phojet

• PDF Libraries
– PDFLIB 
– Les Houches accord LHAPDF

• NLO Calculations 
– MC@NLO
– NLOLIB 

• Monte Carlo Programs with kt
Factorization 
– CASCADE 
– LDC 

• Diffraction 
– RAPGAP 

• MC Validation and Tuning 
– JetWeb
– HzTool
– RunMC

• Next Generation Generators 
– ThePEG
– Pythia7 
– HERWIG++ 
– SHERPA

Steve Mrenna 
(QCD session)
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Status of HERWIG

• ‘Frozen’: HERWIG6.5 will be the final FORTRAN version
• Under development: recent or forthcoming features:

– Clean interface to Jimmy generator for multiple interactions
• Jimmy works in underlying event mode for the first time

– Bug fix in matrix element correction code for W/Z production
• affects lepton kinematics only

– Matrix element corrections for Higgs production

see later

see later
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Matrix Element Corrections to gg � Higgs
G.Corcella, S.Moretti, in progress

MC@NLO

HERWIG

HERWIG + ME

MH=150GeV
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Bryan 
Webber
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MC Validation – W selection efficiency

• Total W cross section extremely well predicted
• Differential distributions known accurately enough to 

correct for efficiency? (SF, MLM study: NLO and MC@NLO)

• HERWIG + ME vs NLO:
• Bug in lepton orientation

(for fixed W kinematics)

• New study in progress…

Frixione, Mangano, MHS
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Tuning HERWIG on W/Z pt distributions
E.Nurse, MHS
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Tuning HERWIG on W/Z pt distributions
E.Nurse, MHS
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Tuning HERWIG on W/Z pt distributions
E.Nurse, MHS

0.500.191.35MC@NLO 
TUNE

0.190.141.6HERWIG 
TUNE

0.480.180.0DEFAULT

VQCUTQCDLAMPTRMS
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HZTool and JetWeb

• HZTool
– Monte Carlo tools for HERA Physics workshop 1998/9
– Subroutine package: one for every H1/ZEUS published analysis

(and some UA5, CDF, OPAL γγ, …)
written by principle author of the analysis

– Input: Hadronic events in HEPEVT format
– Output: KUMAC for figure with data and model
– Result:

• Anyone can compare their new/tuned model with your data without 
scouring your paper for every last cut and definition or variables

• Openness about cuts, algorithms…
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HZTool and JetWeb

• HZTool
• JetWeb

– Web based front-end for HZTool, for validation/tuning of MC 
models and database of model tunings and results

– At present semiautomatic:
• can request runs of standard MC generators with your parameters
• new generators/versions have to be implemented by librarian

– Demonstration: http://jetweb.ucl.ac.uk/

• CEDAR
– Next generation: full integration of JetWeb with Durham 

database of particle reactions
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JetWeb screen shot



HERA-LHC workshop 2 Mike Seymour TeV4LHC
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Multi-jet final states and energy flows

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

Frank Krauss
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Underlying Events at HERA

• photon ���� hadron but with point-like coupling to quarks 
and non-zero virtuality
– an extra complication
– an extra diagnostic handle

• Varying xγ (fraction of photon’s energy used in hard 
process) tunes underlying event on/off

• Underlying event in (small-x) DIS?
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Underlying Events – Recent Progress

• HERWIGv6.505 + Jimmy v4.1 
(http://hepwww.rl.ac.uk/theory/seymour/herwig/)

– Plug and play add-on to HERWIG
– Simulates underlying event in high-Et jet processes and any 

other hard process correctly (for first time!)

• Sjöstrand and Skands completely new model for multiple 
interactions in PYTHIA (JHEP 0403:053,2004 and hep-ph/0408302)

– Includes completely new initial-state cascade model
– Colour (re)connection within and between interactions
– Multiple interactions within one parton-parton collision

• Borozan and MHS model of multi- hard and soft scatters
– Proof of principle for possible future model…
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Underlying Events – Work in Progress

• Understanding Jimmy
– small-x partons play a huge role

• eg PTMIN=3 GeV @ LHC probes x����10-7

– proton radius parameter from Godbole et al model?

• Understanding new PYTHIA
– huge job!  Need to tune

• new initial state shower?
• colour connection options?
• matter distribution?

• New models
– SHERPA (Frank Krauss et al)
– Jimmy+Ivan � HERWIG++
– Multiple interactions in the LDC model (Leif Lönnblad)
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Summary

• HERA may be our last chance for high-energy ep
collisions for a long time to come

• Now may be our last chance to design/influence HERA 
analyses

• HERA-LHC workshop has plenty of overlap with TeV4LHC
– Opportunity to learn from each other (and get to know each other!)
– Opportunity to duplicate effort and reinvent the wheel

• Monte Carlo tools and underlying events are big topics


