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Abstract

Relativistic heavy-ion collisions provide the unique cibiaths to pro-
duce and study a novel state of QCD matter, the Quark-Gluasniy,
in the laboratory. Heavy-quarks are a powerfull probe ferdetailed
investigation of the QGP properties. In this paper we reviegent re-
sults from RHIC on open heavy-flavor and Quarkonia produactind
their interaction with the QCD matter on the partonic level.

1 Introduction

High-energy nucleus-nucleus collisions at the Relatwisieavy lon Collider (RHIC) at Brook-
haven National Laboratory allow exploring strongly intdiag matter at very high temperatures
and energy density. QCD matter at these conditions is exgaotform a system of deconfined
guarks and gluons, the so-called Quark-Gluon Plasma (Qf2Rg, critical energy densitye(. ~
0.7 GeV/inm?) is exeeded. The goal of relativistic heavy-ion physic®isttidy the properties of
the QGP under laboratory controled conditions [1, 2].

The results from RHIC have given evidence that the nucleatemereated in such col-
lisions exhibits properties consistent with the QGP foiomaf3]. In particular, measurements
of the momentum distribution of emitted particles and congpa with hydro-dynamic model
calculations have shown that the outward steaming pastiol@ve collectively, with the patterns
arising from variations of pressure gradients early afterdollision. This phenomenon, called
elliptic flow, is analogous to the properties of fluid motidrhe flow results suggest that colour
degrees of freedom carried by quarks and gluons are prase¢he iproduced medium, which
flow with negligible shear viscosity. Thus, the QCD matteR&tIC behaves like a perfect lig-
uid. Moreover, it has been found that the matter remaininthéncollision zone is extremely
opague to the passage of partons from hard scattering gexc@s the initial state of the col-
lisions. These traversing partons are believed to loseggnga gluon Bremsstrahlung in the
medium before fragmenting into hadrons.

A detailed and quantitative understanding of the partomggni®ss in the medium is one
of the intriguing issues which need to be addressed. Theg studeavy-flavor (charm, bottom)
production in heavy-ion collisions provides key tests @& garton energy loss mechanisms and
offers important information on the properties of the progtl medium [4]. Due to their large
mass {n > 1 GeVk?), heavy quarks are expected to be primarily produced indhly stage of
the collision and, therefore, probe the complete space-&wolution of the medium. Theoretical
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Fig. 1: (a) Nuclear modification factaR s » (averaged abover > 3 GeV/c) of heavy-flavor decay electrons as
a function of collision centrality (quantified itV ,ar¢) in Au+Au and minimum bias Cu+Cu collisions gtsnx =
200 GeV. (b) Relative bottom contribution to the total yielcheavy-flavor decay electrons derived from® ° and
e—hadron azimuthal angular correlations, compared to thenteiaty band from a FONLL calculation.

models predicted that heavy quarks should experienceanealérgy loss than light quarks while
propagating through the QCD medium due to the suppressismall angle gluon radiation, the
so-calleddead-cone effegb, 6].

2 Probing the QCD medium with heavy quarks

Nuclear effects are typically quantified using the nucleadification factorRaa where the
particle yield in Au+Au collisions is divided by the yield wp reactions scaled by the number
of binary collisions. Rax = 1 would indicate that no nuclear effects, such as Croniaceff
shadowing or gluon saturation, are present and that nualecisus collisions can be considered
as a incoherent superposition of nucleon-nucleon interst Charm and bottom quarks can
be identified by assuming that isolated electrons in thetestem from semi-leptonic decays of
heavy-quark mesons. At high transverse momentu), ¢this mechanism of electron production
is dominant enough to reliably subtract other sources atmes like conversions from photons
and 7° Dalitz decays. Fig. 1 (a) shows the averaggs for heavy-flavor decay electrons in
Au+Au collisions at,/sxy = 200 GeV as a function of participating nucleoné,(,;) measured
by the STAR and PHENIX experiments [7, 8]. The data are ctarsiswith each other and
the Raa shows an increasing suppression from peripheral to ceAtr&lAu collisions. The
minimum bias Cu+Cu data fit into this systematics. The strisuqgpression for the most central
Au+Au collisions indicates an unexpectedly large energg lof heavy quarks in the medium in
contradiction to expections from the dead-cone effect. p8singly, the R4 of 0.2 is similar
to the one observed for light-quark hadrons. Current mogélsreasonalbe model parameters
overpredict the observed suppression [7, 8]. The data iibbesl reasonably well if the bottom
contribution to the electrons is assumed to be small. Thezethe observed discrepancy could
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Fig. 2: (Color online) (a) The centrality dependence of thel@ar modification factoR aa of J/v, measured for
different collisions energies and rapidity regions. For+tAu collisions, the forward rapidity region (full circles)
shows more suppression than the mid-rapidity region (operbsls). (b)R aa of J/v in the 20 and 6% most
central Cu+Cu collisions a{/syn = 200 GeV. The boxes in the right indicate the normalizationeutainty. The
horizontal line represents a fit to the data in therange 5-10 GeV/cThe curves are model predictions from ffweo
Component Approacimodel.

indicate that theB dominance ovelD mesons starts at higherr than expected. A possible
scenario forB meson suppression invokes collisional dissociation imtledium [9].

The measurement of the relative charm and bottom contoibsitio the heavy-flavor decay
electrons (also called non-photonic electrons) is esédotathe interpretation of the electron
spectra and nuclear modification factor. Azimuthal angatarelations between non-photonic
electrons and hadrons allow to indentify the underlyingdpation process [10]. The relative
bottom contributionB /( B+ D) to the non-photonic electrons is extracted from théadron and
e— D azimuthal correlation distributions [11]. Figure 1(b) slsatheB/(B + D) ratio together
with predictions from calculations of heavy-flavor prodaotin pp collisions at Fixed-Order
plus Next-to-Leading Logarithm (FONLL) level [12]. Theseta@rovide convincing evidence
that bottom contributes significantly~60%) to the non-photonic electron yields aboye =
5 GeVk. Further studies have to show whether these results imfigtantial suppression of
bottom production at higpr in the produced medium. An important step to answer thistgres
will be the direct measurement of open charmed mesons aridehéfication of B mesons via
displaced electrons using the detector upgrades of the SIMIFPHENIX experiments.

3 Dissociation of quarkonium statesin the hot and dense QCD medium

The dissociation of quarkonia due to color-screening in &Q&5a classic signature of decon-
finement in relativistic heavy-ion collisions [13, 14], wbethe sequential suppression of the
guarkonia states, such @ Y’ andY”, depends on the temperature of the surounding medium,
thus providing a QCD thermometer.
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Fig. 3: (@) Thee™e™ invariant mass distribution inp (upper panel) and Cu+Cu collisions (lower panel)@xn =
200 GeV. The solid and dashed histograms represent thédigin of unlike and like-sign pair combinations, re-
spectively. (b)J/1-hadron azimuthal angular correlationspip collisions after background subtraction. The dashed
curve shows theg/y-hadron contribution from B decays obtained from PYTHIA slations.
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3.1 J/1) measurements

Results from the PHENIX experiment have shown that the aétytdependence of the suppres-
sion of theJ/ yield in /syx = 200 GeV Au+Au collisions is similar to that observed at the
CERN-SPS acceleratox fsny = 17.3 GeV) [16], even though the energy density reached in
collisions at RHIC is about a factor of 2-3 higher (cf. Fig.&)( It has also be found that the
yield in the forward rapidity region is more suppressiomtiize one at mid-rapidity. Theoret-
ical prediction based on string theory application of AdSIGuggests that the effectivg/y
dissociation temperature is expected to decreasepwitfi5]. This conjecture is different from
the predictions of more traditional screening models whteeesuppression due to screening van-
ishes towards highgsr. RecentRs measurements fof /¢ in Cu+Cu collisions at,/syny =
200 GeV from the STAR [17] and PHENIX experiments [18] are panmed in Fig. 2 (b). The
R is suppressed at loprr (around 1 GeW), and the data suggest thaf o increases with in-
creasingp and reaches unity around 5 GeVdlthough the large errors currently preclude strong
conclusions. However, this result is in contradiction véipectations from th&wo Component
Approachmodel [19], which predicts a suppression at hjgh These results could indicate
that other.J/v production mechanisms that counter the suppression sugtasbination and
formation-time effects might play an increasingly dominaote at highep.

The relative large signal-to-background ratio of th&) in pp collisions (cf. Fig. 3(a))
makes it possible studying)/«-hadron correlations at high trigggef-, which provide important
information on the underlying /) production mechanisms. Figure 3(b) illustrates the auaut
angular correlation distribution of/+) and charged hadrons. Notably, no significant correlation
yield on the near-sideX¢ ~ 0 rad) is observed, which is not in line with earlier resutti di-
hadron correlation measurements [3]. Since corresporfelifipHIA simulations (also depicted
in Fig. 3(b)) show a strong near-side correlation peak fihm from B decays B — J/¢+ X),



the experimental results can be used to estimateBtiieed-down contribution to the inclusive
J/v yield atpr > 5 GeVi. It was found to be 173% in the studiedhr range [17].

3.2 First Y measurementsin nuclear collisions

The golden decay channel for thereconstruction is the decay into electron pafrs— ee™.
The STAR detector with its large acceptantg (< 1 and0 < ¢ < 2m) and excellent trigger
capabilities combined with a very good electron identifaratis very good suited fofr mea-
surements in nuclear collisions. The first preliminary nieasents of thél invariant mass
in Au+Au collisions at,/syy = 200 GeV are presented in [20] and shows a significant
signal. TheY production cross-section is also measuregbincollisions and is found to be
BR.. x g—‘;y_o = 91 + 28(stat.) + 22(sys.)pb. The measurment follows the world data trend
and shows, within uncertainties, very good agreement wit® Malculations [21]. The analysis
of the full pp and Au+Au data-sets will allow to extract tAe nuclear modification factor in the
near future.

4 Summary

The observed strong suppression of the yield of heavy-fldeoay electrons at highy in cen-
tral Au+Au collisions together with the measurement of tkemathal angular correlation of
electrons and hadrons i collisions imply thatB production is stronger suppressed in nuclear
collisions than expected. The nuclear modification facfok () of .J/¢) in Cu+Cu collisions
increases from low to higlht and reaches unity fosr > 5 GeVk. This result is about 2
above theRx s at low pr (< 4 GeVk) and is consistent with nd /v suppression. First RHIC
results on thél' production in nuclear collisions are promissing and shaat the suppression
measurements will be possible in the near future.
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