Hard scattering physics and Heavy Flavor production in Heavy Ion Collisions
with the ALICE Experiment at LHC

DongJo Kim

Collisions of heavy nuclei in the relativistic heavy-ion collisions are expected to provide conditions favorable for the creation of a deconfined and chirally symmetry quark-gluon plasma (QGP). I hereby summarize the Heavy Quarks and Heavy Quarkonia measurements at SPS and RHIC and their debating theoretical issues in Heavy-ion collisions among the promising probes of this phase. My research plan to understand the production mechanism of the Heavy Quarks and Heavy Quarkonia as a tool to understand properties of QGP with ALICE experiment in LHC will be addressed here.

1. Introduction
The main purpose of the ultra-relativistic heavy-ion physics, both experimentally and theoretically, is to create and study hot and dense matter of strongly interacting constituents. At sufficiently large temperatures and densities, the theory of strong interactions(QCD) predicts a phase transition from the hadronic matter into a chirally symmetric state of free quarks and gluons, the so-called Quark-Gluon Plasma(QGP).

I briefly here summarize several important measurements which have been measured in the PHENIX experiment at RHIC energy as a step to provide important information to prove the QGP.
· The matter is so opaque that even a 20~GeV/c $\pi^0$ is stopped. 
This is illustrated in Figure1, which shows that the large suppression for $\pi^0$'s extends to the highest measured momenta. The common pattern observed for $\eta$ mesons strongly suggests that this suppression is established at the partonic phase, while the near-unity value of the direct photon yield demonstrates that the binary scaling from p+p yields to the Au+Au system is well-calibrated.
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Figure1. Preliminary results on the nuclear modification factor RAA  as a function

  of transverse momentum for $\pi^0$'s, $\eta$'s and direct photons from

  central Au+Au collisions at \sqrtNN = 200~GeV.
· The matter is so dense that even heavy quarks are stopped.
Figure2 shows that the strong suppression extends to single electrons from the semi-leptonic decays of heavy flavor (predominantly charm in this $p_T$ range).
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Fig2. Preliminary results on the nuclear modification factor RAA for single electrons as a function 

of transverse momentum from central Au+Au collisions at \sqrtNN = 200~GeV.
· The matter is so strongly coupled that even heavy quarks flow.
The analysis of the flow properties of single electrons provides clear evidence for a non-zero value of v2
(Figure3), indicating substantial coupling of the charm quarks to the bulk dynamics of the medium.
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Fig3. Preliminary results on the elliptic flow coefficient v2
Even with those graceful measurements shown here, they are not enough to claim whether QGP has been created and what is the properties of the matter created. Here we pursue to improve the detector ( ALICE experiment ) to make more precise measurement possible and to look at the different energy domain (LHC at CERN).
2. Research Overview 

The $J/\psi$ production ( Heavy Quarkonia ) is one of the most celebrated and also earliest signatures of deconfinement that has provided one of the most exciting results of the SPS program. The story culminated with the observation by the NA50 experiment of an anomalous suppression of $J/\psi$ in central Pb-Pb collisions at 158 A GeV. The suppression is of the order of 25\% with respect to the normal suppression in nuclear matter and it prompted the authors to claim that "the $J/\psi$ suppression pattern observed in our data provides significant evidence for deconfinement of quarks and gluons in the Pb-Pb collisions probed by NA50". This is the only claim in the refereed literature of QGP discovery.

The theoretical expectations at RHIC energies are not clear and range from less suppression in the traditional Debye screening scenario to even enhancement if $c\overline{c}$ pairs are copiously produced such that $J/\psi$ could be formed by the coalescence of uncorrelated $c$ and $\overline{c}$ quarks. The latter scenario seems disfavored from PHENIX's very limited data set of run 2002, and even with  the much larger data set of run 2004, the conclusion cannot be final because of the several debating theories and with the uncertainty of the experimental measurements at this moment. 
On the one hand, because of their large masses, heavy quarks are produced very early in relativistic heavy-ion collsions through hard collisions between nucleons. Their initial momentum spectra can thus be described by the perturbative quantum chromodynamics (pQCD). Thus this could provide the best constraint on the shear viscosity, transport coefficients and in-medium cross sections ( refer to the recent excellent work of Teaney et al(hep-ph/0412346).
3. Research plan
My work has been closely related to the experiments at the Brookhaven Heavy-ion facility. My main interest was to understand open charm and $J/\psi$ production in Heavy-ion collision and p-p collisions and I keep working on this project now.
The aim is to participate, within a HIP(Helsinki Institute of Physics) and JYFL(Jyväskylä) joint collaboration, in the ALICE experiment on Large Hardron Collider (LHC, with the different domain of energy compared with RHIC) at CERN. The goal of the ALICE experiment is to study the physics of strongly interacting matter at high temperatures and extreme energy densities, where the formation of a new phase of matter, the Quark Gluon Plasma (QGP), is expected.    

I would like to use my expertise I gained in the PHENIX experiment at RHIC and develop the data analysis focused on hard scattering physics such as the high-pT particle correlations, heavy quark and heavy quarkonia production. This analysis addresses the nuclear modification of the parton properties like fragmentation and parton distribution functions and intrinsic parton transverse momenta kT which are crucial for the understanding of the QGP formation and evolution.  Here is the brief summary of my research plan to get physics result. This work is part of the Center of Excellence for Nuclear and Accelerator Physics.
	Year
	Activity

	2007
	1. Detector construction and electronics test

2. Simulation and Analysis Linux cluster construction

	2008
	1. Data taking and Calibration of the detector 

2. Data analysis and Physics Result

	2009
	1. Data analysis and Physics Result
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