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Figure 1: (Left panel) Kitinvariant mass distribution fdp0+DO candidates before (blue circle) and after
combinatoric background subtraction (red circle) in Au+Awimium bias collisions at/Syn = 200 GeV.
(Middle panel) Combined fit to extract charm production sresction usind®, heavy-flavor decay and
electron spectra before (solid squares and circles) aed @ipen squares and circles) bottom contribution
subtraction. (Right panel) Highr spectrum of heavy-flavor decay electrons from varioussiolti systems.

1. Introduction

Quantum Chromodynamics (QCD), as the fundamental theoryaiginteractions, predicts
a phase transition from hadronic matter to a system of dauehfijuarks and gluons, the Quark
Gluon Plasma (QGP), if the surrounding temperature exceed$iGakvalue. The goal of high-
energy heavy-ion physics is to produce such a deconfined Q&P ahd to study its properties
under controlled laboratory conditions. MeasurementsHitRorovide compelling evidences that
the produced medium is indeed a plasma of quarks and gluabi,dehaves like a “perfect” fluid
rather than an ideal gas [1]. One of the intriguing resulthé measured jet attenuation owing
to the energy loss of partons traversing through the hotselemedium created in these reactions.
The investigation of heavy-flavor production in such cadiis allows verifying parton energy loss
models and, therefore, offers important information abiiet properties of the produced QCD
medium. Heavy quarks are expected to be produced predoryiniawgiuon fusion processes dur-
ing the early stage of the collision. Theoretical modelglfethat heavy quarks should experience
smaller energy loss than light quarks while propagatingughothe QCD medium due to the sup-
pression of small angle gluon radiation (so-caltbehd-cone effect) [2, 3]. For a recent review
see [4].

2. Total charm production cross section

The total charm cross section is determined from the meamnes of open charm mesons and
from the reconstruction of heavy flavor semi-leptonic descag muon and electron measurements.

2.1 Measurements of open charmed mesons, heavy-flavor degayand electrons in STAR

The identification of the heavy-flavor decay products in tHAR experiment is performed
using the Time Projection Chamber (TPC) and Time-of-FligfaF) [5, 6].  mesons are re-
constructed in the hadronic decay chanB&l- K~ " by calculating the invariant mass of all
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Figure 2: Di-electron mass spectrum jpp collisions at,/Syn = 200 GeV before (left panel) and after
(right panel) subraction of the hadronic background of knseurces (normalized a@hee < 20 MeV/c?).
The curves in the right hand plot indicate different fits frdma PYTHIA Monte-Carlo generator.

oppositely charged TPC particle track combinations (cfg. Bi (left panel)). Muons at lovp

(pr < 250 MeV/9 are identified by the combination of timé measurement in the ToF detector
and the ionisation energy lossE/dx) measurement in the TPC. A cut on the distance of closest
approach is used to separate the prompt from decay muonsgyidiieof heavy-flavor decay elec-
trons at lowpr is obtained by combining théE/dx and ToF measurementgl(S — 1| < 0.03),
whereas at higlpr the electron spectrum is obtained through measurememtg U$tC and the
Electromagnetic calorimeter. The determination of thetphic electron background is based on
invariant mass [7]. Figure 1 (middle panel) illustrates fhespectra oD°, 4 ande which cover
959% of the cross section. The charm cross section is founé gl 1.40+0.11+0.39 mb in

the 12% most central Au+Au collisions. Tipe spectra for heavy-flavor decay electrons (so-called
non-photonic electrons) is shown in Figure 1 (right panal)different collision systems.

2.2 Di-electron continuum measurement in PHENIX

The PHENIX experiment has measured the electron-positron mpass spectrum at mid-
rapidity (| n |< 0.35) in pp and Au+Au collisions a{/syv = 200 GeV [8, 9]. The electron iden-
tification is based on the Ring Imaging Cherenkov detectaoimjunction with a highly granular
calorimeter. The particle momentum is measured by Drift aadl ®hambers. Figure 2 (left panel)
shows the measurext e pair yield perpp collision with the so-called cocktail of known sources
(hadronic background). The cocktail accounts for neartydbntinuum in the mass region below
~1 GeVK?. Except for the vector meson peaks, #he™ pair in the mass range above 1.1 GéV/c
is dominated by heavy quarks correlated through flavor soatien. Figure 2 (right panel) depicts
the ete™ pair yield after subtraction of the cocktail. The remainmmponents are expected to
be fromcc, bb and Drell-Yan production processes. To get the charm cras®setheé e pair
yield is integrated in the range from 1.1 to 2.5 G&VThe yield at full phase space is obtained by
extrapolating the integrated yield to ze#@®™ pair mass using PYTHIA Monte Carlo simulation.
The rapidity distribution is taken from NLO pQCD calculatiob0]. Contributions fromb and
Drell-Yan processes are estimated and properly subtra@iee total charm cross sectiongg =
544+ 39(stat) +-142(sys) +200(mode) ub. An alternative method is used to extract signals from
bb production. Thes"e™ pair distribution after subtraction of the Drell-Yan cobtition is fitted
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Figure 3: (Left panel) Total charm cross section at mid-rapidity pdcaon-nucleon collisions for different
collision systems a{/syn = 200 GeV as a function of the number of binary collisioNg;{). The FONLL
calculation is shown as a band around the central value (Huilitt line). (Right panel) Comparison of total
charm cross section from STAR (red symbols) and PHENIX (bludmy}s) with the world data. The dashed
curves depict the uncertainty bands of the NLO pQCD calcuiatio

with thee™ e~ pair distributions from charm and bottom production getextavith PYTHIA. The
total bottom cross section is found to g = 3.9+ 2.5(stat) "3 (sygub. Both production cross
sections are in agreement with previous results from noneplio electron measurements [11].

In Figure 3 (left panel) the total charm cross section at majoidity per nulceon-nucleon colli-
sions for different collisions systems@yn = 200 GeV is compared to FONLL calculations [12].
Within the large theoretical uncertainty, the measuremagtee with the model calculations. The
descrepancy between the STAR and PHENIX data is under invastigdthe charm cross section
follows binary collisons scaling, supporting the assumptltat charm is predominantely produced
by hard scattering processes in the initial state of théstoll. The measured charm cross sections
fit into the world data trend as shown in Fig. 3 (right panel).cdtere, the large theoretical uncer-
tainty leads to a little predictive power of the total charmss section at higher collision energy.

3. Energy loss of heavy quarks in the QCD medium

Nuclear effects can be quantified by the nuclear modificatamof Ra where the particle
yield in nuclear collisions is divided by the one frp interactions properly scaled by the number
of binary collisions. Rya = 1 would indicate the absence of nuclear effects, and nagaleigleus
collisions could be considered as a incoherent superposifi nucleon-nucleon interactions. The
STAR and PHENIX measurementsB{s for non-photonic electrons at high in central Au+Au
collisions at,/Syny = 200 GeV are illustrated in Fig. 4 (left panel). The magnitod&a is simi-
lar to the one observed for light-quark hadrons [7, 13],éatihg an unexpected large energy loss
of heavy quarks in the QCD medium, which is in contradictionxpeztions from the dead-cone
effect. A comparison of the data to various theoretical nhodkeulations shows that the observed
suppression is overpredicted by the models using reasonadidlel parameters (see curves in Fig. 4
(left panel)). The data are described reasonably well if tittoln contribution to the non-photonic
electrons is assumed to be small. However, azimuthal angataelation measurements of non-



Heavy-flavour measurements at RHIC André Mischke

T T T T T
g . STAR Au+Au 0-5% (nucl-ex/0607012)

. Phenix Au+Au 0-10% (nucl-ex/0611018)
,,,,,,,, DVGL Rad dNy/dy = 1000 (1)

* STAR Cu+Cu 0-60%/STAR p+p
O PHENIX Cu+Cu 0-60%/PHENIX p+p
T owPS otb B 10 Gevaim 1 [ e PHENIX Cu+Cu 0-60%/STAR p+p
c+b = 10 GeVAfim (1) [ O PHENIX Cu+Cu 0-20%/PHENIX p+p

DGLV Rad+EL (Il L
van Hee: t;asL(w(c (:v) [ ® PHENIX Cu+Cu 0-20%/STAR p+p
DGLV charm Rad+EL (V) — Two Component Approach, Cu+Cu 0-60%

Collisional dissociation (V1) [ - - Two Component Approach, Cu+Cu 0-20%
Vs = 200 GeV

[ STAR Preliminary l
:‘1‘ 5 s
EL o

|
6 7 8 9 10
%5, eV pr (GeVic)

Figure 4: The nuclear modification factd®aa for heavy-flavor decay electrons in most central Au+Au
collisions (left panel) and fod /y in 0-60% Cu+Cu collisions af/Syn = 200 GeV. The curves in the right
hand plot are model predictions from tiie@o Component Approach.
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photonic electrons and open charmed mesons in the STAR exgr@rhave shown that the bottom
decay yields are of comparable magnitude abpve4 GeVk [15]. A possible scenario foB
meson suppression could be collisional dissociation imtedium [14].

The dissociation of quarkonia due to color-screening in a Q&# dlassic signature of de-
confinement in high-energy heavy-ion collisions [16, 17HENIX results have shown that the
suppression of thd/y as a function of centrality of the collision is similar to thabserved at
the SPS accelerator [19], even though the energy densitheean collisions at RHIC is signif-
icantly higher (factor 2-3). Theoretical prediction basedstring theory application of AAS/CFT
suggests that the effectivi ¢ dissociation temperature is expected to decreasegjif8]. This
conjecture is different from the predictions of more tremhitl screening models where the sup-
pression due to screening vanishes towards higheRecent data on thBaa for J/¢ from the
STAR [20] and PHENIX experiment [21] are shown in Fig. 4 (right @anRa is suppressed at
low pr (around 1 GeW), and the data suggest tHj increases wittpr and reaches unity around
5 GeVk, although the large errors currently preclude strong agichs. However, this result is in
contradiction with expectations from tflevo Component Approaanodel [22], which predicts a
suppression at higpy.

4. Conclusions

The total charm production cross section in high-energyyan collisions scales with the
number of binary collisions, proving the assumption thatrah is exclusively produced in the
initial state of the collision. The observed strong supgiaes of heavy-flavor decay electrons at
high pr in central Au+Au collisions together with the azimuthal anguarrelation measurements
in pp collisions imply thatB production is stronger suppressed in nuclear collisioan #xpected.
The J/y nuclear modification factoRa in Cu+Cu collisions increases from low to high and
reaches unity fopr > 5 GeVk. This result is about @ above theRap at low pr (< 4 GeVk) and
is consistent with nd/y suppression.
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