Event Generators at
sgr{s)=115GeV

Which one to use for which purpose?

Triggering the discussion

SarahPorteboeuHoussais SPRING 2012 AFTER Meeting: A FixatgetExpeRimenusing the LHC beams

LPC 10-11 May 2012 LPSC, Grenoble
Clermont#errand



Outline

Event generators physics
Why to use thefh
Questions raised by AFTER

Nonexhaustive Overview of event generators on
the market

Which one to do what?
Conclusions



Event generatonshysics

Goal (dream ?):

U to reproduce entirely an event : particles in final states with all properties

t with all steps and physics features (soft, hard, interplay between the two, hydro?, al
observables, &)

U Should give access to exclusive observables

U Different from a calculation/computation ususltlusivand for one
observable (for exampleT spectrum ipp-> J/ G+X)

Strateqy :

Initial state

Elementary interactions : soft, hard, both?
Radiation

Remnants

Multiple interactions

Underlying events

Particle production (string picture?)



Why to use thefh

U Simulate events for detectarialysepurpose
For this,

do you need a
A Test an analysis process on MC data prior to real dat sophisticated

A Test your comprehension of your detector (MC =? Event baseline mode| of

generation+Geansimulation of detector) your event
generator ?

A Simulate event for corrections

U ModelComparison

A If you look at purénclusiv@bservable, maybe there is a model
on the market that will be more adapt

A If you start looking agxclusivestaff : particle correlations, soft vs. hard, ...
Event generators trying to reproduce all aspect of the event could be of interest



Questions raised XFTER

0 Fixed target===) Various possible target with two beams (fPby
=== Various system$p, pA, AA
me) -4,8<Y_cmsl

Do you want one single event generator for all syster

U Energy sqr(s) = 72115 GeV ===) Between SPS and RHIC

You need an event generators that give consist
simulation at SPS and RHIC.

Do you need all new features developed for
Tevatrorand LHQC

U Observables : photons, jets, Quarkonia and open heavy flavor, identified soft particle
=) Various observables either soft and hard

Do you want one single event generator for all observables?



Nonexhaustive Overview of event
generators on thenarket

C pp event generators

o Specialization, complement
U PYTHIA Based opQCDapproach : the hard P P
interaction is the basis of the framework U ALPGENIinclude detailed multiple hard processe

U Herwig
u Jimmy
U EPOS )| Based orGribov-Reggeapproach, y | |
i Sher multiple interactions are the basis of U Cascade hard process witpartonevolution
P the framework
C pp.pA. AA

U Hijing Based on PYTHIA, with emphasizeinijet includes nuclear shadowing

i AMPT Hijingfor initial condition, add final state scattering to generate elliptic flow

U EPQS Picture of Elementapartonpartoninteractions viewed as color flux tube extended to all system,
with shadowing and hydro evolution

U Hydjetr+ Hydro evolution (only AA?)

https://karman.physics.purdue.edu/OSGA&models/list.html http://en.wikipedia.org/wiki/Event_generator



A completely biased selection
S S

In the following :

PYTHIA

EPOS
A bit of Hijingand AMPT



PYTHIA Physics : ref 6.4 Manual

1) The first hard interactiasithe firststepof eventmachinery
Computedn pQDCframeworkwithfactorisationywwhenselect hard probescharmbottom jets,

photon-> tunethisstep

I At this step onlgartons
are produced
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2) MPI : other processes (soft or hard) can happen in parallel:
PYTHIA model : the first hard interaction is particular, other are reconstructed afterward, ordered

in hardness, in PYTHIA 6, aplyd,savailable in other interaction,
In PYTHIA 8 : second hard can include charm and bottom



PYTHIA Physics : ref 6.4 Manual

Formed strings decays into hadrons

(fragmentation viayjgbar pairs, popcorn to produce baryons

ggbar : u,d,s,€c is suppressed but available), heavier not
implemented

All producedpartons(in hard process,

| SR/ FSR, MP I , remn
connecting via strings : the LUND
procedure,

Resonance let out of the machinery




http://arxiv.org/pdf/0710.3820.pdf
http://home.thep.lu.se/~torbjorn/pythia8/worksheet8160.pdf

In C++
The actual developed code (PYTHIA 6 maintained, but not developed)

MPI scenario : possibility of charm and bottom in the hard process of second hard
interaction : user can play with this!!!

Tagging of particles : cluster@/not visible anymore : 'to take with care, to be checked

PYTHIA +

A bit of everything, even if the physics model is not perfect
Extensively used, tuned, debugged, interfaced to other codes

PYTHIA

Only pp
A bit of everything, even if the physics model is not pedgctjarkonia)

Not PYTHIA, but PYTHIAnanymanytunes, really one single framework?



How to produce heavstate in PYTHIA®

x In the 2>2 hard subprocess : Hard production

1) Openheavyflavor 2) Resonnanqgeroduction

pO p Tobe checked cana pre-resonnan
O statedecayintoD mesofi
c/b
© o240
-C/b_ -C/b-
_ Preresonant state (NRQCD):
O Partonsconnected to strings O decay into J/Psi or Upsilon

P p
X Gluon splitting (g QQbar, gluon originated from ISR/FSR)

po c/b pO

<5 { cc cluster decay intoQ/
Any hard 2>2 () Any hard 2>2
subprocessgdg->gg for example) subprocessdg->gg for example)
_ Other c/b connected to strings
O Partonsconnected to strings O Color reconnection make this contribution
P P available with only one-gQqbar : artificial

( N.B : Cluster : small peace of string : decay directly into hadrons) enhancement of this contribution in PYTHIAG



How to produce heavstate in PYTHIA®

x String fragmentation
A MBeventcanstillproducesl/Psi and

< @ 0 —> D mesonsig gluonsplittingand string
u T fragmentation
Zaas < ? .C D SN0 o= & % ? cc pair production suppressed as
! oones s compare to u, d ,s, but available : limit at
Do DO high energy?

Higher state not available

How to tag the origin of heavy state?

_ U easy for resonance : direct information
Via the mother!

u Due to final string procedure : difficult for open charm and open beauty : they all
finally comes from strings

U For open charm and open beauty is there really a physical sense for
differentiation?



J/IPsi vsmultinpp @ 7 TeV

At LHC : looking at more exclusive observablpp@ 7 Tev
ArXiv:1202.2816
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Will you look with AFTER at such observablegjarkonia+correlatior?s



EPOS fopp

PartonbasedGribowv-ReggeTheory

\WM Mixed approach betweepartonmodel and

GribowRegge

Energy shared between all elementary
Interactions

Same formalism for cross section

computation and particle production

EPOS

Elementarylnteractlong soft 4+ Semihard theoreticaframework

soft: parameterized

Energy conserving quantum mechanical

hard: parton mOdel multiplescattering approach based on :
. . U Partonspartonladders, strings
semihard: soft preevolution before the hard part U Off-shelfemnants

U Splitting of partonladder

S.Ostapchenkd.Pierog K. Werner, H.DrescheM. HaldikPhys.
Rep 350 (2001)



EPOS fopp

Elementary scattering - flux tube

0 Parton evolutions from the projectile and the tar-
get side towards the center (small z)

0 Evolution is governed by an evolution equation,
in the simplest case according to DGLAP.

"2, nonlinear |

O Parton ladder may be considered as a
quasi-longitudinal color field, a so-called
flux tube, conveniently treated as a rel-
ativistic string.

EEEE 88

IR R R R AR R RRRRL |
o‘\

low x LR
partons m 5

O Intermediate gluons are treated as kink
singularities in the language of rela-
tivistic strings, providing a transversely
moving portion of the object.

O flux tubes decay via the production of quark-
antiquark pairs, creating in this way fragments
- which are identified with hadrons

MPI@LHC 2011, DESYamburg Klaus WERNERbatechNantes



EPOS for heavy ion

Same framework extended




EPQOS for heavy Ion

In heavy ion collision / or very high enemy scattering :

U Theusual procedure has to be modified, sincedmesity of
strings will be so high that they cannot possiétay
independently

U Some string pieces will constitute madkter, whiclexpands
as afluid, othershow up as jets

Event by event hydrevolution

Initial condition given by flux tube picture

0 E v-ly+EventSimulation of the Thrdgimensional Hydrodynamic Evolution fromTribg InitiaConditions in
Ultrarelativistidtdeavy lonC o | | iarXiiz 50040805

0 J eBulls Matter, and their Interaction in Heavy lon Collisions at SEe®radrXiv: 1203.5704



EPOS for heavy ion

Pionsat RHIC AuAuy sqri(s)=200GeV
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EPOS for heavy ion

Kaonsat RHIC AuAuysqri{s)=200GeV
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EPOS for heavy ion

Protons and lambda at RHIBuAuy sgr{s)=200GeV
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EPOS for heavy ion

Xi and Omega at RHICAUAUY sqr{s)=200GeV
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Many other variables and energies available in literature



«HIJING 1.0: A Monte Carlo program for parton gratticle production in higknergy
hadronicand nuclearcollisions»
nucith/9502021,LBE34246. Comput.Phys.Comm8a (1994) 307 ePrint nud|

th/9502021
« Hadron productiom p+p, p+Pb, and Pb+Pbcollisionsviththe HIJING 2.0 modeilt

energiesavailable at the CERN Large Hadr@ollider»
Publishedn Phys.RevC83 (2011) 014915 e-Print arXiv:1008.1841 [hegph]

Main features of HIJING :

C Multiple minjet production according aikonalformalism for each nucleancleon
collision at given impact parameter b.
Kinematic of each pair of jets + their ISR/FSR done by PYTHIA model

C Events without jet production (withpO) + underlying sofpartoninteraction in event with

jet production
modeled byexitationof quarkdiquark strings with gluon links (FRITIOF and DPM model)

+ multiple lowpT exchange

C Nuclearmaodification of the PDF inside theclewitha set of impacparameter dependent
partondistribution functions, V2 with more modern parameterized PDF

C Simple model for jejluenching (jethedium interaction in AA)



HIJING

e

« Hadron productiom p+p, p+Pb, and Pb+Pbcollisionsviththe HIJING 2.0 modeal
energiesavailable at the CERN Large Hadr@ollider»
Publishedn Phys.RevC83 (2011) 014915 e-Print arXiv:1008.1841 [hegph]



