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EPOS Basics
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EPOS Overview

Energy conserving quantum mechan-
ical multiple scattering approach

based on

Partons, parton ladders, and strings

Off-shell remnants

Splitting of parton ladders

relevant for high parton densities
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EPOS is a parton model, with many binary
parton-parton interactions, each one creating a par-
ton ladder.
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Nice feature about this
“parton ladder = field = string” interpretation:

� One may easily exrapolate from real hard
processes1 to purely soft ones.

� Soft processes represent simply the limit
of zero hard gluons; there is only a purely
longitudinal color field.

1with many perturbative gluons
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Symbol representing
a parton ladder

including soft part !
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The complete picture, including remnants.

remnant
projectile

excitation

target
remnant
excitation

parton
ladder

The remnants are an important source of par-
ticle production at RHIC energies
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SPS low
dn/dy

dn/dy

dn/dy

SPS high

dn/dy
LHC

RHIC

y

Inner contributions,
from the parton ladder
(full lines),

and “outer” contri-
butions, from the rem-
nants (dashed lines),

to the rapidity distri-
bution of hadrons.

(Artists view)
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Multiple scattering

Above

�
�= 50 GeV:

Jet cross section ���� �

�
�� �������� � ����

=> multiple scattering !!

(several elementary parton-parton scatterings
happening in parallel)2

2Event generators like PYTHIA are interested in inclusice cross section =>
don’t care much about MS
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Consistent quantum mechanical formula-
tion of multiple scattering:

In addition to open parton ladders, also closed
ones are needed, representing elastic scat-
tering (=>optical theorem).

parton

ladder

parton

ladder

closedopen
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Example

+ ...+

2

σpp
inel ~

� many interference terms

� complicated when you care about energy
sharing

� really complicated for AA (Markov chain
techniques)

0-10



Our consistent multiple scattering approach
allows

� to compute partial cross sections (for ex-
ample the one for double scattering = two
ladders in �� scattering, with some mo-
mentum sharing ��� , ��� , ����, ��� , ��� , ����)

� and to generate the corresponding con-
figurations
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� For a given configuration (corresponding
to a partial cross secton), we generate
the partons based on the same formu-
las as the cross sections themselves.

� Chaines of partons (from a ladder) are
mapped to kinky strings (parton <-> kink)

� Particle production via quark pair pro-
duction
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Splitting of parton ladders

When big nuclei are involved:

� Large parton densities

� “Non-linear effects” => complications ...
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A ladder parton may interact with a sec-
ond target parton (splitting)
projectile
partons

target
partons

projectile
partons

target
partons

collective hadronization
(like string fusion)

Screening (reduces
small x partons)
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Realization of ladder splitting effects

We suppose that all the effects of the parton
ladder splitting can be treated effectively,

� meaning that the correct explicit treat-
ment of splittings is equivalent to the sim-
plified treatment without splittings, but
with certain parameters modified,
expressed in terms of the number of par-
tons available for making additional legs.
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Cross sections in pp
grow much too fast without ladder splitting
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Multiplicities in pp
grow much too fast without ladder splitting
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Tests:

comparing hundreds of
spectra at SPS and RHIC

energies
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pT spectra at given xF in pp@SPS
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dAu@RHIC: Rapidity distributions of
charged particles in
minimum bias different centralities
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pt spectra of charged particles in dAu@RHIC
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To see details, better plot ratios, so-called
nuclear modification factors:

AA over pp:

��� �
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� (1)
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��� �

�

� �������

����

���������

���� ��
�

�

�	��
	�����

����

��	��
	�����

���� ��

� (2)

One naively expects � � � for large pt.
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R_AA of charged particles in dAu@RHIC
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Ratios at � � � in
dAu@RHIC
(related to stopping)
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EPOS and Hydro for AA

=> collective behavior, flow
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Core-corona separation

EPOS as usual

�

parton ladders

�

string segments

�

at � � ��:
core-corona
separation
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 y

 x

core
corona

η=0

 25-30%

core: high density of string segments;
we include inwards moving corona segments
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τ=τ o

ε const

EPOS core 
r

τ

freeze−out hypersurface
Concerning the
high-density core:

We need to link the
EPOS core at � � ��

to the freeze-out
hypersurface

(having in mind a collec-
tive hydro-like expan-
sion)
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First option:

� Parameterization of the freeze-out prop-
erties

Second option:

� Run hydro based on average EPOS ini-
tial conditions

� Tabulate results such that they can be
used to treat the core evolution
and hadronization (event by event).

� Compare the two procedures
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In any case, the initial mass will be partly
transformed into flow, characterized (at given

�) by the transverse rapidity

��� � ����� � ����� �������
on the FO hypersurface given as

��� � ����� � ����� ��������

What we need is the FO rate

��

������
� ��� � ����� � �� �������

All quantities depend on �.
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An effective invariant mass � (in a given �
range) is given as

� �

�
��������

the energy is

� �
�

�����������������

which must be equal to the initial invariant
mass �� at � � ��.

Only � and not �� is available for particle
production!
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We suppose that the effective invariant mass

τ=τ oEPOS core 

� decays according
to covariant mi-
crocanonical phase
space.

The particles adopt
the flow according
to the correspond-
ing position on the
FO hypersurface.
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Changing FO hypersurface parameters

y
0

τ

Useful to employ the trans-
verse rapidity �� rather
than � to parameterize the
FO hypersurface.

(two branches!)

We define

������ �
�

�����Æ������� �����

And we consider �� as well as ��, �� as fuc-
tions of �� (and also � ).
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Advantage:

investigate the different FO characteristics one
after the other, looking at different observ-
ables.

� Particle spectra � we just need ������.

� Looking a elliptic flow � consider ������

and ������

� HBT� consider ����� as well as ������ and

������
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Procedure

� After core-corona separation, determine
the core Mass �� at � � ��, and its net
flavor.

� Get FO properties ���, ���, ���.

� Compute effective mass � ���� with

� �
�
��������

�
����������������	

� Decay the mass � according to micro-
canonical phase space (conserving energy,
momentum, flavor)
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� For each particle, generate randomly a
transverse rapidity �� according to ������

� Generate randomly an angle � according
to

������ � ������ �������

� Assign �, �, and � to each particle as

��� � �� � ������ ��������

��� � ������ � ������ ��������

� � ������
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First option: simply parameterize FO

We use 3

������ �
��

�
�� �� �� � ����

� ����	
���

�

with ���� equal to ��� for RHIC and �� for
SPS.

Works quite well for all RHIC and SPS pt
spectra, all centralities, all particle species.

3compare blast wave fit
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PbPb@SPS: Multipl/Npart vs Npart
grows faster for “rare” particles
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AuAu@RHIC: Multipl/Npart vs Npart
grows faster for “rare” particles
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Multipl/Npart vs Npart
universal curves
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AA@RHIC: pt spectra
different energies, different nuclei
(data=Phobos)
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AA@RHIC: R_AA
62 GeV, different nuclei (data=Phobos)
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AA@RHIC: R_AA
200 GeV, different nuclei (data=Phobos)

0
0.25

0.5
0.75

1
1.25

1.5
1.75

2

 R
A

A   AuAu CuCu 200

  0-6%

  AuAu CuCu 200

  6-15%

  AuAu CuCu 200

  15-25%

0
0.25

0.5
0.75

1
1.25

1.5
1.75

2

0 2 4
 pt

 R
A

A   AuAu CuCu 200

  25-35%

0 2 4
 pt

  AuAu CuCu 200

  35-45%

0 2 4
 pt

  AuAu CuCu 200

   45-50%

0-42



central AuAu@RHIC: R_AA
different particles
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R_AA easy to understand: compare core
and pp
flow affects shape of heavy particles
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EPOS Predictions for LHC
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pp at LHC: particle spectra
with and without “mini-plasma”
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pp at LHC: particle ratios
with and without “mini-plasma”
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pp at LHC: mean pt vs multiplicity
with and without “mini-plasma”
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PbPb at LHC: Multipl/Npart vs Npart
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PbPb at LHC: Pseudorapidity distributions
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PbPb at LHC: pt spectra
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PbPb at LHC: R_AA pp already flowing !
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PbPb at LHC: elliptical flow
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Simulating

Cosmic Ray Air Showers

Using EPOS
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EAS using EPOS: Xmax
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Muon density �(600)
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much more
muons in
EPOS

charged par-
ticles similar

compared to
other models
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Why so many muons?
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Smaller � in EPOS
one reason: more �, �� in pion-Air
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additional protons increase
muon number even more

0.1

0.2

0.3

0.4

0.5

10
4

E

π0  / 
ch

ar
ge

d 
ha

dr
on

s

   EPOS  Ekin=105 GeV

π+/- + Air
p + Air

since � � ���

gives softer �
�

spectrum than

� ����

remark:
more protons
due to ladder
splitting!

0-61



Summary
EPOS = hadronic interaction model constructed to un-
derstand accelerator data, used for CRs

� Multiple scattering done on a solid theo-
retical basis

� Treats nonlinear effects (=>dAu@RHIC)

� Collective effects

� Carefully tested (hh, hA, AA)

� “Mini-plasma” in pp at LHC

� CRs: more muons than other models
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