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The Parton ModelThe Parton Model

How to How to computecompute jets jets connectedconnected withwith the the eventevent ??
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Jet cross section :

Inclusive cross section : pp -> Jet +X

No way to compute X in details

No information about multiples interactions



Multiples InteractionsMultiples Interactions

⇒Total cross section and partial one,  
inclusive and exclusive cross section

One need the complete event :  with multiple interactions 

Attention : d’abitude gribov-regge
pour  soft,
Ici, pour tout

X.N.Wang, M.Gyulassy, Phys. Rev. D45 (1992) 844-856

High Energies : problem !!!

More than one interaction per collision



Multiples InteractionsMultiples Interactions

Acosta, Darin E. and others for the CDF collaboration, 
Phys. Rev. D65 (2002) 072005

pp 1.8 TeV



Multiples InteractionsMultiples Interactions

Aaltonen, T. and others, for the CDF collaboration, 2009, arXiv hep-ex 0904.1098



Multiples InteractionsMultiples Interactions



WHY WHY isis itit interestinginteresting ……

• To have a real event generator
One event in experiment = One event from the generator

• To control the underlying event : 
Can substract the soft part of an event from the jet signal.
Energy conservation, colour conservation.

• Event generator with hydrodynamics
Parallel work, for the future : interaction jet-fluid

…… to to computecompute a jet in a a jet in a completecomplete eventevent ??
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EPOSEPOS

Energy conserving quantum mechanical multiple scattering  approach 

Partons, parton ladders, strings

Off-shell remnants

Splitting of parton ladder

Based on



EPOS MODEL

Quantum mechanical multiple scattering approach based on 
partons and strings

Cross sections and particle production calculation in the same 
framework with energy conservation

Contains nuclear effects : splitting of parton ladders (screening)

High density effect : treatment of collective effects of a dense core

Careful treatment of projectile and target remnants

S.Ostapchenko, T.Pierog, K.Werner, H.J.Drescher, M.Haldik , Phys. Rep, 350, 2001.
K.Werner, Phys. Rev. Lett., 98:152301, 2007



EPOS MODEL

Parton ladders : soft or 
hard interaction

Multiple interaction : exchange of parton ladders 
in paralel with care of energy conservation

I1 I2 I3 I4
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Structure of SemiStructure of Semi--Hard Parton LadderHard Parton Ladder

Define different sub-structure
as independent block.
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Computing semiComputing semi--hard ladders hard ladders ……
…… A two step consistent procedureA two step consistent procedure

1) Compute partial cross section over total one : proba of n collisions 
with Parton ladder End momentum fraction.

2)    Parton Generation : “Block Wise”

Number of ladders and the xPE
+/-

Determine all variables of the ladders
Several Options : • Analytical

• Semi-Analytical
• Monte Carlo Based on Fast Generation
• Monte Carlo with trigger
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UA1 and STAR on the same PlotUA1 and STAR on the same Plot

Nucl. Phys. B309 (1988) 405 Phys. Rev. Lett. 97 (2006) 252001

X 2



ComparisonComparison withwith UA1 DATAUA1 DATA

• Data : UA1, Nucl. Phys. B309 (1988) 405

Jet Spectrum : use of a Jet Finder
R=0.7

• EPOS : Out Born Parton, R =Rmax
(everything is in the jet)

• NLO Vogeslgang : thanks to Joana 
Kiryluk for the plot, NLO computation 
with R=0.7



ComparisonComparison withwith STAR DATASTAR DATA

• Star Data : R=0.4 for jet finder, High 
Tower Trigger
Phys. Rev. Lett. 97 (2006) 252001
Hep-ex/0608030

• NLO QCD (Vogelsang), R=0.4
Phys. Rev. D70 (2004), 034010
Hep-ph/0404057

• EPOS : pt out born : Rmax



ComparisonComparison withwith STAR DATASTAR DATA

Data exctracted with a jet finder algorithm :

• Influence of the jet fnder : efficiency, cone, kt
• Influence of the jet resolution : systematic uncertainties

Could we really compare with analytic computation such as EPOS?

Comparison with NLO QCD Vogeslgang
Take into account some effect of the small radius R=0.4

Comparison with UA1 DATA?
Same observable, same energy : same plot?
But : different analysis, different R, different binning



UA1 and STAR on the same PlotUA1 and STAR on the same Plot



ComparisonComparison withwith DATADATA

Difficult task :
EPOS : out Born parton = total jet (Rmax)

DATA : Reconstructed Jets, Jet Finder, variable R

NLO Vogeslgang : Computation with variable R 

NeedNeed to do the to do the StudyStudy by by usingusing jet jet finderfinder on EPOS on EPOS eventsevents

First good test for EPOS jet production :First good test for EPOS jet production :
Good agreement between EPOS and NLO Vogelsgang
(R=0.7)
Less than a factor 2 between EPOS and Star Data over 9 
orders of magnitude



Conclusions and OutlookConclusions and Outlook

Epos : goal to be a generator of complete event

Hard process in this context : rare event, cuts

Benefits of hard process in an event

One experimental event = one generator event

Paralel work to have an event generator with hydrodynamics : 
interaction jet-fluid

Fast method : cuts but in the context of multiple scatering

Test For the Inclusif jet spectra : good first test
Need to do the study with jet finder on epos event



ThanksThanks



UA1 and STAR on the same PlotUA1 and STAR on the same Plot

Nucl. Phys. B309 (1988) 405 Phys. Rev. Lett. 97 (2006) 252001



ComparisonComparison withwith TevatronTevatron DATADATA

Phys. Rev. D78 (2008) 052006



ComparisonComparison withwith TevatronTevatron DATADATA

Phys. Rev. D78 (2008) 052006



ComparisonComparison withwith TevatronTevatron DATADATA



ComparisonComparison withwith TevatronTevatron DATADATA



HIC @ RHICHIC @ RHIC

dAu

R.Bellwied. Acta Phys. Hung, A27:201-204,2006

B.I.Abelev et al. Phys. Rev., C76:054903, 2007



Jet / Jet QuenchingJet / Jet Quenching



Collective Effect of a dense coreCollective Effect of a dense core
Modification of the string procedure : 

• Core = high density, hydro expansion

• Corona = low density, classical EPOS 
particle production

Nuclei

One define a freeze-out surface : transition 
from strongly interacting matter to free 
hadrons. 

Nowdays in EPOS : parametrisation of the 
freeze out hypersurface.

Already available in pp interactions.



Parton LadderParton Ladder
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•• WhatWhat wewe dondon’’tt wantwant ::

•• WhatWhat wewe wantwant ::

a a spectrumspectrum generatorgenerator

an an eventevent generatorgenerator

A generator of inclusive spectrum based on parton model

But, in such generators, one  can deal with Pt cuts

A generator of complete event with both soft and hard part at the same time

But, as in experiment, if one wants a rare event, one needs a lot of simulation

How to How to computecompute hard partons, in a hard partons, in a generatorgenerator withwith multiple multiple 
interactions, interactions, withwith cutscuts ??



How to How to getget a a fastfast simulation simulation ……
…… withoutwithout loosingloosing advantagesadvantages of hard partons in a of hard partons in a completecomplete eventevent

We need to compute rare events without doing a lot of events.

We wants to work with cuts.

We wants to keep the context of multiple scaterring with
energy conservations.

• First step : generate (XPE+,XPE-) by Monte Carlo 

• Second step : Generate (XIB+,XIB-) 
Replace the Monte Carlo procedure by a probability distribution 
S(xIB,xPE). 

KeepKeep multiple multiple scaterringscaterring and and energyenergy conservation by conservation by keepingkeeping XPE, XPE, 
change change onlyonly the the internalinternal treatmenttreatment of a of a ladderladder ..



ComputeCompute eventsevents withwith cutscuts
Exemple of one events with multiple scatering

High Pt jets : rare events

Wants to look at events with pt > cut
• Select a standard event

• Take xPE given by MC
• Change the procedure that give xIB

• Select a standard ladder

• Attribute a weight to the total event



ComputeCompute eventsevents withwith cutscuts
Particles production

Lund string model with kinky strings

The same particle production with a different weight for the total event



Once one have (XPE+,XPE) given by Monte Carlo simulation.
Generate (XIB+,XIB-) by a probability distribution.
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S is used as a probability distribution to generate z+,z- for a given (xPE+,xPE-) 

Exemple of Inclusive SpectrumExemple of Inclusive Spectrum

S, normalised



Exemple of Inclusive SpectrumExemple of Inclusive Spectrum
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ComparisonComparison withwith Parton Distribution Parton Distribution FunctionFunction



Parton ladder
Iterative procedure : determined each emission
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n       :semi represents the average number of  Pomeron with light cone momentum fractions 
of the Pomeron ends in the intervals [x    , x   +dx ] and [x    ,x    +dx ]

PE PE PE PE PE PE 
+ + + - - -

S is used as a probability distribution to generate z+,z- for a given (xPE+,xPE-) 
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Ntilde : distribution of (xPE+/-) given by Monte Carlo  



Analytic Computation
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