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Abstract

We discuss the recent results on open charm measurements at RHIC. The heavy
flavor upgrade program for both PHENIX and STAR experiments are briefly dis-
cussed. The completion of the program will yield important information on light
flavor thermalization of the partonic matter created in high-energy nuclear colli-
sions at RHIC. A new era of RHIC is ahead of us with the progress of the upgrade
program.

1 Introduction

Lattice QCD calculations [1,2] predict a transition or fast cross-over between
QGP and the hadronic state at T, ~ 150 — 180 MeV with vanishing baryon
density. Including finite baryon density does not affect the general properties
of the transition in Lattice QCD [3]. The energy density at the transition point
is determined to be €, &~ 0.7 — 1.0 GeV/fm?. Under the same condition, chiral
symmetry restoration also happens [1]. Therefore experimentally one would
search for signatures of both QGP formation and in-medium effects of hadron
properties.

Due to the large mass, heavy flavor (charm and bottom) production is a
powerful tool for study the properties of the hot and dense medium created
in high-energy nuclear collisions at RHIC. At the relatively low transverse
momentum region, the collective motion of the heavy flavor will be a sensitive
signal for the thermalization of light flavors at RHIC.

Recently reported charm cross sections from /s ; = 200 GeV collisions are
compared with model predictions in Fig. 1. All data are from mid-rapidity
only. All data points are shifted in the figure for a better display. Circles and
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triangles are data from STAR [4,5] and PHENIX [6-8] experiments, respec-
tively. Shaded boxes represent the systematic errors. In case of STAR measure-
ment, the cross sections are extracted from both reconstructed D-mesons and
semi-leptonic electron and muon decays while for the PHENIX experiment,
all data are from electron decay measurements. Systematic errors dominate
the uncertainties in all measurements although STAR data points are con-
sistently higher than that of PHENIX’s. PHENIX has much lower material
budget so their electron measurements are relatively cleaner. The most recent
results [8] show that the charm cross section is in some agreement with a fixed-
order-plus-next-to-leading-log (FONLL) model calculation [12], especially at
the electron pr > 1 GeV/c region.
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Fig. 1. Differential charm cross section, per nucleon collisions, from /s = 200 col-
lisions at RHIC. Circles and triangles are data from STAR [4,5] and PHENIX [6-8]
experiments, respectively. Solid lines, dashed-line and dot-dashed-line are model
predictions [9-11].

Extracting the heavy flavor production cross section from semi-leptonic decay
is a serious challenge to any experiment. In addition to the great difficulties of
rejecting the photonic electrons, generated by the detector materials, one has
to understand the decay kinematics. As one can see in Fig. 2, the correlation
between heavy flavor hadrons and the decay-electrons are broad and the higher
the pr the broader the correlation.

In order to overcome the problems in measuring the decayed electrons from
heavy flavor hadrons, further study the hot and dense medium properties (at
low pr region) and test the pQCD predictions in high density strong coupling
region (at high pr), one must directly measure heavy flavor hadron distri-
butions. At RHIC, both PHENIX and STAR experiments upgrade programs

include strong heavy flavor components.
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Fig. 2. Heavy flavor decayed electron transverse momenta versus open-charm (left
plot) and open-bottom (right-plot) momenta. Inserted plots represent the projec-
tions to the corresponding heavy flavor distributions. The width of the electron pr
windows are indicated in the plots by dashed-boxes.

The most exciting prospective measurement with the heavy flavor upgrades is
to perform a measurement of the elliptic flow of D mesons down to very low pr
values. It is generally accepted that elliptic flow is established in the partonic
phase. If charm quarks, with a mass much larger than the temperature of the
system, undergo elliptic flow then it has to arise from many collisions with the
abundant light quarks and gluons. Thus, flow of charm quarks can be taken
as a probe for frequent re-scatterings of light quarks and is an indication of
thermalization that may be reached in the early stages of heavy ion collisions
at RHIC. We believe that proof of thermalization constitutes the last step
towards the establishment of the QGP at RHIC and this measurement requires
a detector with very low material budget.

2 RHIC heavy flavor upgrades

To provide the accurate track reconstruction required by the intended mea-
surements, the detector design must include: 1) small radiation length to min-
imize multiple scattering, 2) sensors positioned close to the interaction region,
and 3) resolution sufficient to resolve the secondary decay vertexes from the
primary vertex. The c¢7 of the D-meson are in the order of 100 - 300 pum, and
the charm baryon A. is only ~ 100 pum. This sets the resolution requirements
of the detector.

The PHENIX Si-upgrade: Fig. 3 shows the schematics of the PHENIX de-
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Fig. 3. Schematic view of the PHENIX detector system. The upgrade Si-barrel and
Si-endcap are shown at the center of the detector.

tector system, including the upgrade components. At the center, the Si-VTX
and Si-endcap-VTX are shown. The rapidity coverages are |n| < 1.2 and
1.2 < |n| < 2.7 for the barrel VTX and endcap VTX, respectively. Com-
bined with a hadron-blind-detector (HBD), the new system greatly enhances
the displaced vertex and jets measurements [13] in full azimuth. The Si-barrel
contains 2 layers of Si-hybrid pixels and 2 additional layer of Si-strip detectors.
The radius of the most inner layer is about 2.5 cm. This is determined by the
size of the RHIC beam pipe and common for both PHENIX and STAR. In the
central rapidity region, the charm will be measured by decayed electrons for
pr < 2 GeV/c and by directly reconstructed D-mesons in 2 < pr < 6 GeV/c,
and the bottom will be detected via the decay B — J/¢ + X.

The STAR Si-upgrade: The STAR Heavy Flavor Tracker[15] (HFT) will use
active pixel sensor technology (APS) for the detector elements. These CMOS
chips can be thinned to 50um; together with the support structure, the de-
tector layer is only 0.28% in radiation length. This minimizes the incidence
of multiple scattering, and therefore the impact on the momentum resolution
of the reconstructed tracks. This is critical for high precision invariant mass
reconstruction. The HFT contains two layers that cover the rapidity region
In| < 1. The inner layer has a radius of 2.5 cm.

The CMOS chips, developed at iReS [16], have pixels of 30um, resulting in an
8um single-hit resolution detector. The current prototype chips have a 4ms in-
tegration time; since it will be continuously read out, however, dead time will
not be an issue. This does imply that there will be several events in the accep-



Fig. 4. Schematic view of the STAR HFT detector ladder arrangement with 6 ladders
forming the inner layer and 18 ladders forming the outer layer. The width of the
ladders (the dimension seen in this view) is 19 mm. The shingled layers provide cross
calibration of the ladders and provide an open geometry for ease of installation.

tance of the HFT in addition to the triggered event. These background hits,
called pileup hits, are a source of ghosting and inefficiency in reconstruction
[18].

Compared with the PHENIX Si-VTX, the STAR HF'T is relatively thinner in
radiation length. It has a full azimuthal coverage that allows to reconstruct
charm hadrons with pr > 0.5 GeV. Combined with the large acceptance TPC,
the STAR HFT will bebable to measure open charm elliptic flow vy, the nuclear
modification factor R44 and the correlation measurements for D-mesons[17].
The reconstruction efficiencies of open charm hadrons ranging from few per-
cent upto few tenth of percent from pr ~ 0.5 to pr ~ 6 GeV/c.

In order to test the thermodynamic behavior of the D-meson, the most im-
portant region is pr < 3 GeV/c because at higher pr region other dynamical
effects will become important (e.g. jet correlations). The proposed STAR HFT
detector will be able to make precise v measurements in the transverse mo-
mentum region 0.7 < pr < 3 GeV/c. As we have done with the hadrons from
the light-flavor sector, the combined analysis of the D-meson spectra, vy distri-
butions [14] and ratios will allow us to determine the charm quark collectivity

and the thermodynamic nature of the medium created in heavy ion collisions
at RHIC.

3 Summary

As shown in Fig. 5, both PHENIX and STAR heavy flavor upgrades will be
ready for data between 2009 - 2011. With the upgrades, the physics of heavy
flavor collectivity and light flavor thermalization will be studied. In addition,
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Fig. 5. Proposed schedule of the heavy flavor upgrade for both PHENIX and STAR
experiments.

these upgrades provide opportunities to study the pQCD in multiparticle envi-
ronment created in high-energy nuclear collisions. Whence the charm cross sec-
tions are fixed by the precision measurements of the reconstructed D-mesons,
the exact cross section for bottom production can be extracted via the mea-
sured electron distributions. Note that at the similar period, LHC will deliver
its first data from collisions at /5. = 5400 GeV. A new era of deeper under-
standing of the partonic bulk properties will start.

The heavy flavor upgrade detectors will also offer the possibility of measuring
et and e~ pairs down to the vector meson mass region by effectively remov-
ing the photon conversion background. Vector mesons reconstructed in the
dilepton channel may have decayed at any stage of the systems evolution,
since leptons are very unlikely to re-interact. Thus, studying the low mass
ete™ spectrum may yield crucial insights into the nature of the system before
it reaches the low-density hadronic freeze-out stage. Measuring the low-mass
vector mesons through their leptonic decay channel may also yield information
about the possible of chiral symmetry restoration.
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