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Introduction
 The  study  of  particle  production  in HM events  in  small  collision
systems  at LHC  has  revealed  unexpected  collective-like  phenomena.
For HM pp and p-Pb collisions we have: 
● Long-range angular correlations, radial flow signals strangeness

enhacement

● Understanding the phenomena in pp collisions is crucial for HI physics, Because pp
and p-Pb collisions is used to extract the QGP effects. However, no jet quenching
effects have been found so far in p-Pb collisions, suggesting  that  other  mechanisms
could play a role in producing collective-like behaviour in small collision systems

Phys.Lett. B719 (2013) 29-41
Phys. Lett. B 726 (2013) 164-177
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Introduction 
Some mechanisms for collectivity
●  Hydrodynamic calculations reproduce flow.

● Also, Color Reconnection (CR) reproduce 
● flow like effects.

 

                                            There are other mechanism like:
                                             -color glass condensate,
                                             -string melting in MPT 
                                             -color ropes  in Dypsi

ArXiv:1307.5060v2

Antonio Ortiz et all.
PhysRevLett.111.042001

C. Bierlich et all.
ArXiv:1412.6259v3

ArXiv:1404.4129v2

ArXiv:1509.03499v2

https://arxiv.org/pdf/1412.6259v3.pdf
https://arxiv.org/pdf/1404.4129v2.pdf
https://arxiv.org/pdf/1509.03499v2.pdf
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Production via:
Lund String fragmentation
Model

Final states via: 
Hadronization model.

 QCD rules  say how
reconnection is allowed
(epsilon color tensor)

The minimum string length
tell us the configuration

Introduction       Color Reconnection (PYTHIA8)

From: Jesper Roy Christiansen MPI@LHC 2014

1st partonic
system

+2º  partonic
system

 when CR is activated

• Figure taken from: G. Gustafson, Acta Phys. Polon. B40, 1981 (2009)
    Effects of CR on hadron flavor observables, C. Bierlich and J. R. Christiansen,
PRD 92 (2015) 9, 094010

mailto:MPI@LHC


Hector Bello 6

Production via:
Lund String fragmentation
Model

Final states via: 
Hadronization model.

• Figure taken from: G. Gustafson, Acta Phys. Polon. B40, 1981 (2009)

 QCD rules  say how
reconnection is allowed
(epsilon color tensor)

The minimum string length
tell us the configuration

Introduction       Color Reconnection (PYTHIA8)

From: Jesper Roy Christiansen MPI@LHC 2014

1st partonic
system

+2º  partonic
system

 when CR is activated

In the  CR model used in  tune Monash2013 a
MPI system with a  pT0  scale of hard interaction
(normally   2        2)
Can be joined with one of a harder scale with a
probability given by:

P(pT )=
RR´ pT0( )

2

RR´ pT0( )
2
+ pT

2

Reconnection Range (RR): 0-10

http://home.thep.lu.se/~torbjorn/pythia82html/Welcome.html

● Can we cuantify the jet effects of high p
T
?

mailto:MPI@LHC
http://home.thep.lu.se/~torbjorn/pythia82html/Welcome.html
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Introduction    3+1D Hidrodynamics (EPOS 3)
      Model with:
Energy conservation in multiple scattering
Parton modelled by (Gribov–Regge Theory) 
Off-shell, remanents
Saturation

 “Core-corona”  separation

Color flux tubes for the pomeron exchange.

Core→high string density
Corona→low string density
 with “Core”=Hidrodynamics 
No “Core”=just string model

K. Werner et al., PRC89 (2014) 6, 064903

K. Werner et al., PRC 82 (2010) 044904 K.Werner et al, PRC 92 (2015) 034906
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K. Werner et al., PRC 82 (2010) 044904 K.Werner et al, PRC 92 (2015) 034906

● What happend to jets of high p
T 
within EPOS?
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What will be shown?
For light flavor hadrons with constituent quarks:

(mases generated dinamically)

We will see how jets affect the proton to pion ratio 
and the blast wave analysis within the models of  
Hydrodinamics and Color Reconnection

● See Irais Bautista talk
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                            Simulation Setup  

 Pythia 8.212 Generator

●   Monash 2013, 
●   900M events

 EPOS 3.117, Generator 
●   1000M events

 FastJet  3.1.3, Jet Finder 
●  Anti-kT Algoríthm 
● R=0.4
● pTmin = 5 GeV
● Maximum p

T
 of  the  partonic  scatterings 25 GeV

Stable and primary particles were considered for the jet
reconstruction.

P. Skands, EPJC74 (2014) 8, 3024

M. Cacciari et al., EPJC72(2012)1896

K. Werner et al., PRC89 (2014) 6, 064903
K. Werner et al., PRC 82 (2010) 044904
H.J. Drescher et al., PR 350 (2001) 93-289
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 Monte Carlo Models and data

Epos3 and Pythia 8.212 comparison with data
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 Monte Carlo Models

Epos3 comparison with Pythia 8.212, with and without Hydro and CR
For different multiplity classes 
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 Results and discussion     (using jets reconstruction)

Proton to pion ratio    

 



Hector Bello 14

 Results and discussion  (using jets reconstruction)
BG-Blast Wave analysis

The blast-wave model describes a locally thermalised medium which
experiences a collective expansion with a common velocity field and
undergoing an instantaneous common freeze-out 

 

From the simultaneous fit of the blast-wave model to the p
T
 spectra of

different particle species we extract two parameters, the temperature at
the kinetic freeze-out, (Tkin), and the average transverse expansion
velocity (    ). To fit  the pT distributions we use:
                                 
                                            
                                           For this ranges the spectra is described by
                                               the BW fit within 10%

The  results indicate that for 5< pTjet<10 GeV/c the ratios exhibit a bump at pT=3
GeV/c. Whereas, for  higher pTjet the  position  of  the  peak  is  shifted  to higher pT.
This observation suggests that the bump is not an exclusive effect of radial  flow, but
also a feature of the fragmentation. The maximum of the proton-to-pion ratio increases
with increasing multiplicity,
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At HM, the BW model fails to describe the p
T
 spectra when CR is not included,

 On the other hand, with CR the agreement between the BW parametrization and the p
T
 

spectra improves with increasing pTjet. This reflects Pythia8 interaction between jets and
UE is crucial for generating a collective-like behaviour.

 Results and discussion
Blast-wave model fits to invariant yield  PYTHIA   
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 Results and discussion
Blast-wave model fits to invariant yield  EPOS   

At high multiplicity its clear the effect for Hydro and no Hydro in EPOS, although  the jet
contribution to the  radial flow patterns is smaller than in Pythia8.
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 Results and discussion
Blast-wave model parameters EPOS vs PYTHIA   

-For events having jets and being in the same multiplicity              increases with respect
to  the inclusive case. For jets with 20< pTjet<25 GeV/c and the  highest  multiplicity  class
 the  effect is weaker in Epos3 than in Pythia8.



Hector Bello 18

Conclusions
● We have studied the underlying physics mechanism (hydro and CR) 

using Epos3  and Pythia8, for the proton to pion ratio and BW analysis

● Proton to pion ratio shows a bump at around 3 GeV, more differential
clasification was done using the leading jet transverse momentum,
at low multiplicity radial flow patterns arise while hydrodinamics and CR
effects are small.

● For HM events particle composition is different in Pythia and EPOS,
visible in the proton to pion ratio when the multiplicity vary, EPOS change
while Pythia don´t.

● Agreement between the blast-wave and the LF spectra significantly
improveswith the increasing of the leading jet p

T.,
 also found at low Nch

events suggesting the presence of collective behaviour due by jets

● The  multiplicity  dependence  of  the  average  transverse expansion
velocity is found to be more affected by jets in Pythia8 than in Epos3
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What is next?

Still working on the data analysis of

    
   

                    … to get another paper 
                   it flows ok then I will show in  

●           Puerto Vallarta XVI MWPF, stay tunning 
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and Cinvestav for the hospitality
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backup
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 Results and discussion
Blast-wave model fits to invariant yield  PYTHIA   

At low multiplicity where color reconnection effects are negligible, it is possible to find
an event class where the radial flow-like patters pop up. Especially, in events having
pTjet>5 GeV/c the pT distributions of identified hadrons are better described  by the
blast-wave model than in those without jets.
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 Results and discussion
Blast-wave model fits to invariant yield  EPOS   

At low multiplicity no difference when we impose Hydro and no Hydro in EPOS,  though
the jet contribution to the  radial flow patterns is smaller than in Pythia8.
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