Jet Physics at ALICE.:
Many Paradoxes, Many More Questions...

— General introduction
— Quark-Gluon Plasma and Jets
— p-p collisions and AliRoot
— Studying at CERN
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Quarks are born free, but everywhere they are

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.
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Special 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 devotedtop—p andp — 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 Antiscree
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Discovery of Three-Jet Events and a Test of Quantum Chromodynamics at PETRA
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G. G. G. Massaro, T. Matsuda, H. Newman, J. Paradiso, F. P. Poschmann, J. P. Revol,
M. Rohde, H. Rykaczewski, K. Sinram, H. W. Tang, L. G. Tang, Samuel C. C. Ting,
K. L. Tung, F. Vannucei, X. R, Wang, P. 8. Wei, M. White, G. H. Wu, T. W. Wu,
J. P. Xi, P. C. Yane, X. H. Yu, N. L. Zhang, and R, Y. Zhu
I, Physikalisches Institut Techrische Hochschule, Aachen, West Germany, and Deutsches Elektvonen-Synchyrotyon
(DESY), Hambuvg, West Gevmany, and Labovatory for Nuclear Science, Massachusetts Institute of Technology,
Cambridge, Massachuselts, and National Istituut voor Kevafysica en Hoge -Enevgiefvsica (NIKHEF), Sectie
H, Amstevdam, The Netheviands, and Institute of High Enevgy Physics,
Chinese Academy of Science, Peking, People's Republic of China
(Received 31 August 1979)

We report the analysis of the spatial energy distribution of data for &*e” — hadrons ob-—
tained with the MARK-J detector at PETRA. We define the quantity “oblateness’ to de—
scribe the flat shape of the energy configuration and the three=jet structure which is un-
ambiguously observed for the first time. Our data can be explained by gquantum chromo—

dynamic predictions for the production of guark-antiguark pairs accompanied by hard
noncollinear gluons.

Evidence for Jet Structure in Hadron Production by e* ¢~ Annihilation®

G. Hanson, G. S. Abrams, A. M. Boyarski, M. Breidenbach, F. Bulos,
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D. Liike, ¥ B. A, Lulu, V, Liith, H, L, Lynch, C. C. Morehouse,
J. M. Paterson, M. L. Perl, F. M. Pierre,§ T. P. Pun, P. A. Rapidis,
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We have found evidence for jet structure in e*e” -~ hadrons at center-of-mass energies

of 6.2 and 7.4 GeV. At 7.4 GeV the jet-axis angular distribution integrated over azimuthal
angle was determined to be proportional to 1+(0.78 = 0.12)cos?d.

Three jets emerging from electron — positron annihilation
at high energy are the materialization of a quark,
antiquark and gluon




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.

Po+Pb 160 GeV/A

PHYSICS REPORTS (Review Section of Physics Letters) 88, No. 5 (1982) 331-347. North-Holland Publishing Company

2. Formation and Observation of the Quark-Gluon Plasma*
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QCD, 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.
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Searching for Jets at p-p collisio

Valume 1326, number 1,23 PHYSICS LETTERS 24 Movember 1943
V.
HADRONIC JET PRODUCTION AT THE CERN FROTON-ANTIPROTON COLLIDER u !

VAl Collaboration, CERM, Geneva, Switzerland

G. ARNISON?, A, ASTBURY I, B, AUBERT ¥. C. BACCI . G. BAUER ' A. BEZAGUET !

Received |7 Augost 1681

We presiat a ditadid siudy of hadronic juts obinined in a data sample tzken in the UA ] dedector wath a boealized trans-

verse energy trigged. Wi discuss the average dvape of jets in terms of energy and charged particle camtent, ard compare this

o data generated in Mante Carle programs, We larther oxbend the previcusty reported inclusive jet cross section to the re-

ghon of £y = 100 GeV, A comparlion with theagetical edils ol cross sections for events with more than two jets is also

given.

Volume 157B, number 4

A MODEL FOR INITIAL STATE PA

Torbjorn SJOSTRAND
Fermi National Accelerator Laboratory, P.O. Box 500, Batavia, IL 60510, USA

Received 25 February 1985

We present a detailed model for exclusive properties of initial state parton showers. A numerically efficient algorithm is
obtained by tracing the parton showers backwards, i.e. start with the hard scattering partons and then successively reconstruct
preceding branchings in falling sequence of spacelike virtualities ¢? and rising sequence of parton energies. We show how the
Altarelli-Parisi equations can be recast in a form suitable for this, and also discuss the kinematics of the branchings. The
complete model is implemented in a Monte Carlo program, and some first results are presented.




Some properties of p-p collisions

= Proton beam can be seen as beam of quarks and gluons with a wide band of energies
® The proton constituents (partons) carry only a fraction 0 € x <1 of the proton momentum
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Some variables in p-p collisions

Kinematics fully defined only in fransverse plane ==
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 handy approximation, do not need to know the particle mass :
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JetAnalysisManager

Base class

v

Configures Finder
AIiAOD
Base class
!
—
ALICE Analysis User Guide Analyze Jets

The ALICE Offline
Bible

Analysis archive

Version 0.00

AliRoot Classes for Jet Finding and Analysis

AliJetFinder
Base class

AliUAl1JetFinder

Finds Jets

ALICE: Physics Performance Report, Volume I

ALICE Collaboration®

I', P Foka®, P Giubellino’, A Morsch', G Paic?, J-F Revol',
! Yiedemann (editors)

Jet physics in heavy-ion collisions at the LHC with
the ALICE detector

Andreas Morsch (for the ALICE Collaboration)



Trying to study at CERN

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.

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 x10% 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.




Advantages of Reconstructed Jets
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Not 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 | believe is essential to integrate and
onsolidate the collaboration in the field of High Energy physics
between Latin America and Europe.



