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Quark Gluon Plasma 
sQGP

strong

small
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The elliptic-flow harmonic v2 extracted using two- and multi-particle correlations,  
as a function of particle multiplicity in pp, pPb and PbPb collisions.  
Reported by CMS arXiv:1606.06198.
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Figure from: 2nd Conference on Heavy Ion Collisions in the LHC Era and Beyond, Quy 
Nhon, Vietnam, 27 Jul – 02 Aug, 2015
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Figure from: 2nd Conference on Heavy Ion Collisions in the LHC Era and Beyond, 
Quy Nhon, Vietnam, 27 Jul – 02 Aug, 2015
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Figure from: 2nd Conference on Heavy Ion Collisions in the LHC Era and Beyond, 
Quy Nhon, Vietnam, 27 Jul – 02 Aug, 2015

Posible explanations: 
(collectivity QGP formation)

Hydrodinamics
Li Yan and Jean-Yves Ollitrault. Phys. Rev. Lett. 112, 082301 – 25 February 2014

Color Glass
J. Orjuela Koop, A. Adare, D. McGlinchey, J. L. Nagle, arXiv:1501.06880.

SPM
Bautista, A. Fernandez, P. Ghosh, Phys. Rev D 92 (2015) 7, 0172504

L.J. Gutay, A.S. Hirsch, et al. 2 pp. Published in Int.J.Mod.Phys. E24 (2015) no.12, 1550101 

Color reconnection
Antonio Ortiz, Peter Christiansen, Eleazar Cuautle, Ivonne Maldonado, Guy Paic Phys. Rev. Lett. 111, 042001 (2013)
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• Phase change signals in small systems on SPM p-
Pb, p-p high multiplicity (Phenomelogy) (Thesis 2 
Students: Pablo Fierro, Ricardo Alvarado) 

• Study Jet/bulk evolution as a function of event 
multiplicity on p-p; Mean transverse momentum 
event by event fluctuations in collaboration of 
A n t o n i o O r t i z , P a b l o F i e r r o ( A n a l y s i s
+Phenomenology) (Discussions with Group ICN-
UNAM)

Work on progress
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Phase change signals in small systems on SPM 
p-Pb, p-p high multiplicity (Phenomelogy)  

(Thesis 2 Students: Pablo Fierro, Ricardo 
Alvarado) 
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• Macroscopic system where we have the formation of 
related structures, which each time goes bigger by 
a random addition of links process between the 
components. 

• For a given critical density of links one gets a 
macro-structure called cluster (dimension of the 
order of the total system).

String Percolation Model



11

• In the transverse impact 
parameter plane the strings 
look like discs (2 dimensional 
percolation theory)

Increases with:

String Percolation Model
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• At the critical density a macroscopic cluster appears and 
marks a geometrical phase transition.

String Percolation Model
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String Percolation Model

• At the critical density a macroscopic cluster appears and 
marks a geometrical phase transition.
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String Percolation Model

• At the critical density a macroscopic cluster appears and 
marks a geometrical phase transition.

• Due to the color random summation of the color charges SU(3) 
the total change generates a reduction in multiplicity and an 
increase in the string tension 

• The stretched strings between the partons decay into new pairs 
of partons and so new strings are formed. Subsequently, 
particles are produced from interaction of partons by the 
Schwinger Mechanism



15

String Percolation Model

• The critical parameter is the string density. 

  

• The area cover when a critical value is reached is given 
by  

• We asume that a cluster behaves as a single string but 
with higher momentum and color   

• In the n large limit the multiplicities and the transverse 
momentum can be express as:
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multiplicity

color reduction factor

number of strings

string density  
in pp collisions
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multiplicity

color reduction factor

number of strings

string density  
in pp collisions

proton mass

proton radius
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Transverse momentum distribution



21

• In the relativistic kinetic theory  

•                   is the mean free path 

•                     is the density of the effective number of 
sources per unit volume 

• We considered                                 , and L=1fm the 
longitudinal extension of the source.                                     

Shear viscosity / entropy
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p-Pb at 5.02 TeV

Transverse momentum spectra fits to SPM. Data taken from: Data 
taken from: http://hepdata.cedar.ac.uk/view/ins1244523 

Color reduction factor and Temperature as a function of the charge 
multiplicity on p-Pb collisions at 5.02 TeV results from the SPM 
model.
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Shear viscosity / entropy



24

Now we need to calculate the bulk viscosity contribution
(Thesis: Ricardo Alvarado )

On small systems the initial state geometry effects 
become relevant on SPM

 (work in progress with: J. Eredi Cancino, Arturo 
Fernández) 
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Study Jet/bulk evolution as a function  
of event multiplicity on p-p and p-Pb 



How to?

• By using spherocity as an event shape tool to select events 
by their topology we select the contribution from jet like 
events from the isotropic ones corresponding to the bulk.  

• By studying different acceptance on the Multiplicity 
estimator. 

• A complementary study can be made in order to ensure 
accuracy in the jet contribution by implementing a jet finder 
routine which is based on the anti kT ordering. 
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(ES=Event Shape)

Why to use ES?
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(ES=Event Shape) 

• They measure the geometrical properties of  
energy flow in QCD events 

• Event by event classification of  event with hard 
and soft topology

Why to use ES?

28



Spherocity
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Spherocity

A. Ortiz. et al : Nuclear Physics A Volume 941, September 2015, Pages 78–8
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ES good tool to study observables with multiplicity 
and hardness on p-p collisions.

• Fluctuations: average pT 
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Physics Goals: 

Study of  √Cm/M(pT) vs Nch event by event on p-p 
collisions at 13 TeV, looking at the independent 
evolution in multiplicity for the contribution coming 
from jets and the bulk. 

Separation of  the contribution from jets (which gives 
a bias on high multiplicity data), leading to a more 
clean bulk evolution in high multiplicity events on 
such small collisions systems. 
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Event by event mean pT 
fluctuations 



We need to understand the contribution from the jet bias on the high 
multiplicity on the event by event mean transverse momentum 
fluctuations on p-p or p-Pb collisions. 

Knowing the contribution to the mean pT fluctuation from jets will allow 
to distinguish from possible medium effects if  there are any. 

Compare fluctuations in events with jets switched off.  

Look at the power-law index for the multiplicity dependence of  M(pT) 
fluctuations in pp. 

Why? 
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Event by event mean pT 
fluctuations 



• To understand better the 
origin of  the mean pT 
fluctuations at high multiplicity. 

• In the ALICE publication, the 
behavior of  the fluctuations is 
attributed to multiple-partonic 
interactions, but no more 
information is added: 

• Small drop of  QGP?
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Event by event mean pT 
fluctuations 



Dynamical fluctuations
(scale independent approach: integrating over short and long range contributions )

 

CERES, Nucl. Phys. A811 (2008) 179–196
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Event by event mean pT 
fluctuations 



 

Dynamical fluctuations
(scale dependent approach)
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Event by event mean pT 
fluctuations 



Simulations
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Event by event mean pT 
fluctuations 
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Event by event mean pT 
fluctuations 
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Event by event mean pT 
fluctuations 
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Event by event mean pT 
fluctuations 
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Event by event mean pT 
fluctuations 
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Event by event mean pT 
fluctuations 
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Event by event mean pT 
fluctuations 
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Event by event mean pT 
fluctuations 
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Event by event mean pT 
fluctuations 
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Event by event mean pT 
fluctuations 



7/26/16 7Ángel Sierra (Correlations & EbyE / Fluctuations PAG meeting)50

Event by event mean pT 
fluctuations 
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Event by event mean pT 
fluctuations 
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Event by event mean pT 
fluctuations 
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Event by event mean pT 
fluctuations 



7/26/16 7Ángel Sierra (Correlations & EbyE / Fluctuations PAG meeting)54

Event by event mean pT 
fluctuations 



❑Results on event shape spherocity cuts show 
that jetty like events have a different evolution on 
multiplicity (at high multiplicity they give a higher 
value on fluctuations). Need to explore other ES. 
❑CR decreases fluctuations on isotropic like 
events. 
❑When using color reconnection jet correlations 
are decreased. (Jet modification due to CR?) 
❑Would be interesting to have a further extension 
of  the this study can be done for more energies 
and also (p-Pb) 
❑Comparison of  the event by event mean pT 
fluctuations with SPM (Thesis: Pablo Fierro) 

Remaks
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Event by event mean pT 
fluctuations 
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GRACIAS !!!



7/26/16 7Ángel Sierra (Correlations & EbyE / Fluctuations PAG meeting)

(Color reconnection RC)
The colour flows in the separate subprocesses defined in the multiparton-interactions 
scenario are tied together via the assignment of  colour flow in the beam remnant.  
The colour flow is reconstructed by how a PS could have constructed the configuration.  

Partons are classified by which MPI system they belong to. The colour flow of  two such 
systems can be fused, and if  so the partons of  the lower-pT system are added to the 
strings defined by the higher-pT system in such a way as to give the smallest total string 
length. The bulk of  these lower-pT partons are gluons, and this is what the scheme is 
optimized to handle. 

An MPI system with a scale pT of  the hard interaction (normally 2 → 2) can be merged with one of  a 
harder scale with a probability that is pT0_Rec^2 / (pT0_Rec^2 + pT^2), where pT0_Rec is range 
times pT0, the latter being the same energy-dependent dampening parameter as used for MPIs. 
Thus it is easy to merge a low-pT system with any other, but difficult to merge two high-pT ones with 
each other. 
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Event by event mean pT 
fluctuations 



58

AD (4.8<eta< 6.3, -7<eta<- 4.9)


