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Quarks are born free, but everywhere they are in chainsQuarks are born free, but everywhere they are in chains
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The Standard Model leaves many unsolved 
questions that could be solved using LHC. 
Among them, the Collider might be able to 
prove the existence of quark-gluon plasma, 

detect the Higgs boson, find several 
supersymmetric particles and finally explain 

the CP violation.



Special Relativity and Quantum Mechanics both WorkSpecial Relativity and Quantum Mechanics both Work

The interactions of virtual 
particles are strongly 

constrained by the consistency 
of special relativity and 

quantum mechanics, creating 
spontaneous quantum 

fluctuations in the gluon field.

The ALICE detector at LHC is 
optimized for the reconstruction and 

analysis of heavy-ion collisions, 
particularly lead – lead collisions. In 
addition, ALICE has a broad physics 
program devoted to p – p  and p  – A 

interactions:
global event characteristics: particle 

multiplicity, centrality, energy density, 
nuclear stopping; 

soft physics: particle and resonance 
production, particle ratios and spectra, 
strangeness enhancement, transverse 

and elliptic flow, event-by-event 
dynamical fluctuations;

hard probes: jets, direct photons; 
heavy flavours: quarkonia, open 
charm and beauty production. 



Asymptotic Freedom and Asymptotic Freedom and AntiscreeningAntiscreening

Three jets emerging from electron – positron annihilation 
at high energy are the materialization of a quark, 

antiquark and gluon



Early Universe explained ?Early Universe explained ?

During a collision of two heavy ions at high energy, the resulting fireball 
and its subsequent expansion recreate, on a small scale and briefly, 

physical conditions that occurred during the Big Bang.



QCD, QGP and JetsQCD, QGP and Jets

• Jets are produced at the initial impact

• Radiative energy loss when traveling through the plasma

• Important modifications of the azimuthal correlations

• Ideally, the analysis of reconstructed jets will allow us to measure the 
original parton 4-momentum and the jet structure.

Reconstructed Jet
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Searching for Jets at Searching for Jets at pp--pp collisionscollisions

Loop1: Background estimation from cells outside jet cones
Loop2: UA1 cone algorithm to find centroid using cells 

after background subtraction



Some properties of Some properties of pp--pp collisionscollisions



Some variables in Some variables in pp--pp collisionscollisions
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The main aim of the Training was to learn the LHC and the ALICE 
detector simulations algorithms and the theory upon them. First, the 

event simulation and reconstruction using Root and AliRoot
environments via usual examples. A precise analysis of the available 
module JETAN of AliRoot was the second step in the creation of the 
necessary AOD objects. The particles were selected using a cut on 
the minimal-allowed transverse momentum and the jet finding was 

performed with the usual cone algorithm. The CERN Analysis Facility 
(CAF), a cluster at CERN running PROOF, was prompt for analysis of 

2 x106 p – p reconstructed events. A search for di - jets and their 
properties using different radii of the jet finding algorithm was 

performed, mixing it with event–by–event correlations based on jet 
transverse energy distributions.  

The Parallel ROOT Facility, PROOF has 
been specially designed and developed 
to allow the analysis and mining of very 

large data sets, minimizing response 
time. It makes use of the inherent 

parallelism in event data and implements 
an architecture that optimizes I/O and 

CPU utilization in heterogeneous 
clusters with distributed storage. 

The analysis of experimental data is the final 
stage of event processing and it is usually 

repeated many times. In the ALICE Computing 
Model the analysis starts from the Event 

Summary Data (ESD). These are produced 
during the reconstruction step and contain all 
the information for the analysis. The analysis 

tasks produce Analysis Object Data (AOD) 
specific to a given set of physics objectives. 

Trying to study at CERNTrying to study at CERN



• Since more of the original parton energy is collected:
→ Reduced bias on parton energy 

• Makes measurement of the fragmentation function possible
• Possibility to observe directly the quenched jet and the particles from 

gluon radiation. 
• Increases statistics at high ET

• Increased sensitivity to medium parameters

Advantages of Reconstructed JetsAdvantages of Reconstructed Jets
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Not even close to the finalNot even close to the final……

Beyond the outstanding first class scientific value of the stay,
participation in specialized courses related to the investigation 

done by diverse groups at CERN, visits of the incredible 
experiments and enormous detectors, and working in a 

multidisciplinary and multicultural group, made of this stay an 
extremely enriching personal experience.

Sincere gratitude to Dr. Guy Paic who appointed me to this program 
and to Dr. Andreas Morsch, who helped me in both personal and 

scientific sides. The everyday computer work was much easier due to 
help of Pedro, Isabel, Enrique and Antonio. 

The support for traveling and stay at CERN was provided by the 
HELEN network, which I believe is essential to integrate and 

consolidate the collaboration in the field of High Energy physics 
between Latin America and Europe.


