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Abstract. Ultrarelativistic heavy-ion collisions provide a unique environment to study

the properties of strongly interacting matter. Dileptons, which are not affected by the

strong interactions, are an ideal penetrating probe. We present the dielectron results for

p+p and Au+Au collisions at
√

sNN =200 GeV, as measured by the STAR experiment. We

discuss the prospects of dilepton measurements with the near-future detector upgrades,

and the recent lower beam energy Au+Au measurements.

1 Introduction

Experimental results from heavy-ion collisions at the Relativistic Heavy Ion Collider (RHIC) have es-
tablished that strongly-interacting hot QCD matter is created in Au+Au collisions at

√
sNN = 200GeV

[1–4]. Leptons have a very low cross section with the strongly interacting medium. Dilepton pairs
are created throughout the evolution of the strongly interacting system with its sources varying as a
function of the kinematics. Thus, dileptons provide an excellent penetrating probe of the evolution of
a heavy-ion collision.

The dilepton invariant mass spectrum can typically be divided into three regions, each defined by
its dominant sources. In the lower mass region (LMR; mll < 1.1 GeV/c2) dilepton pairs originate from
the decay of vector mesons, such as the ρ(770), ω(782), and φ(1020). Here, the ρ meson is of special
interest given its relatively short lifetime of 1.3 fm/c, which is less than the expected lifetime of the
system. This provides an opportunity to study the in-medium properties of such a vector meson, and
relate any modifications of its spectral shape to a possible chiral symmetry restoration. Other LMR
sources include the Dalitz decays of the pseudoscaler mesons, such as the π0, η, and η′(958).

In the intermediate mass range (IMR; 1.1 < mll < 3 GeV/c2), the production of dilepton pairs
is closely related to the thermal radiation from the Quark-Gluon Plasma (QGP). However, significant
backgrounds exist, including the heavy-flavor leptonic decays.

In the high mass region (HMR; mll > 3 GeV/c2), the dilepton pairs are produced in the initial
hard collisions between the partons of the incoming nuclei, as described in the Drell-Yan processes.
In addition to these processes, another source of dilepton production in this range is the semileptonic
decays of heavy quarks such as charm and bottom. These heavy quarks have been produced in the
initial hard collisions. Dileptons in this region thus probe the initial stages of the heavy-ion collision.
Furthermore, in this mass range, the dileptons result from the decay of heavy quarkonia, such as the
J/ψ and Υ meson. Yield measurements of these charmonium and bottomonium states provide an ideal
opportunity to study deconfinement effects in the hot and dense medium.

Elliptic flow measurements are used to characterize the azimuthal asymmetry of momentum dis-
tributions. Dilepton elliptic flow measurements as a function of transverse momentum pT have been
proposed as an independent measure to study the medium properties [5]. The quantitative measure,
v2, is the second order harmonic of the azimuthal distributions with respect to the collision reaction
plane. In this paper we show the first preliminary results of the integral elliptic flow of the LMR and
IMR dielectrons. For the mass ranges of the two pseudoscaler mesons, π0 and η, we will also show the
transverse momentum dependence of v2 and compare to other elliptic flow measurements.
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In 2010, the Solenoidal Tracker at RHIC (STAR) completed its installation of the Time-of-Flight
(TOF) detector [6]. The TOF detector brings large-acceptance and high-efficiency particle identifica-
tion that not only extends the hadron identification reach to higher momenta, but also significantly
improves the electron identification in the low-momentum range. In this paper, we present the di-
electron invariant mass spectra, and transverse mass distributions, for p+p and Au+Au collisions at√

sNN =200 GeV. For the Au+Au system, we report the dielecton elliptic flow measurements. Finally,
we discuss the prospect of dielectron measurements at lower beam energy Au+Au collisions, and the
near future upgrade plans for STAR which includes the Muon Telescope Detector (MTD) [7].

2 Electron Identification and Background Reconstruction

The electron identification for the results reported in the next section, involve the STAR Time Projec-
tion Chamber (TPC) and the TOF detector. The TPC detector is the central tracking device of the STAR
experiment and allows the reconstruction of particle tracks and momenta. The energy-loss measure-
ments, dE/dx, in the TPC are used for particle identification. However, as can be seen in the upper-left
panel of Fig. 1, identified particle bands merge with increasing momenta p at relatively low values of
p. The TOF detector, with a 2π azimuthal coverage at mid-rapidity, extends the particle identification

Fig. 1. Particle identification in the STAR experiment. Upper left panel: energy-loss, dE/dx, measurements in the

TPC detector. Upper right panel: time-of-flight, 1/β, measurements in the TOF detector. Lower panel: improved

electron identification by combining the TOF and TPC measurements.

range to higher momenta, as can be seen in the upper-right panel of Fig. 1. The velocity information
distribution, 1/β, as a function of momentum shows the electron band merge at low momenta with π
mesons. On the other hand, the electron band in the dE/dx distribution suffers from contamination by
the intersecting hadron bands. By requiring |1−1/β| < 0.025 (0.03 in p+p collisions), the combination
of the TOF velocity information and the TPC energy loss allows the removal of slower hadrons. In the
lower panel of Fig. 1 the resulting n(σe) distribution is shown, as well as the selection window that is
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used in the Au+Au analysis. The value of n(σe) is based on the log of the ratio of the measured and
the expected average energy loss of electrons in the TPC

n(σe) =
1

σe

log
(dE/dx)measured

〈dE/dx〉electron
,

where σe is the pathlength-dependent energy-loss resolution for the electrons. With this selection
window and a single track momentum threshold of pT > 0.2 GeV/c, the electron purity in the p+p
analysis is 99% and in minimum bias Au+Au 97%.

The invariant mass distributions are reconstructed by combining electrons and positrons from the
same event. These so-called unlike-sign distributions have both signal and background contributions.
Especially in high-multiplicity events, the contribution of the combinatorial background is substantial.
The analyses that are presented in this paper use two different methods to determine the background.
Each method has advantages and disadvantages that will be briefly discussed.
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Fig. 2. Unlike-sign, like-sign, and mixed-event distributions in p+p [9] (left) and Au+Au minimum-bias events

[10] (right) at
√

sNN = 200 GeV.

The mixed-event method combines electrons and positrons from different events. The events are
categorized according to several characteristics such as the total particle multiplicity, event vertex lo-
cation, and in the case of Au+Au collisions, the event plane angle. While the statistical accuracy of the
background description can arbitrarily be improved by involving more events, the mixed-event method
fails to reconstruct correlated background sources. At the lower invariant masses, such correlated pairs
arise from jets, double Dalitz decays, Dalitz decays followed by a conversion of the decay photon, or
two-photon decays followed by the conversion of both photons [8]. A background determination in
which like-sign pairs of the same event are combined is able to account for such correlated contribu-
tions. Its drawback, however, is that the statistical accuracy of this like-sign method is only comparable
to the unlike-sign, i.e. original raw mass spectrum. Moreover, the like-sign method is more sensitive
to detector acceptance differences than the mixed-event methods when compared to the unlike-sign
spectrum.

In the left and right panel of Fig. 2, the unlike-sign, like-sign, and mixed-event distributions are
shown for p+p and minimum bias Au+Au events, respectively. In p+p collisions, the like-sign method
is used for mee < 0.4 GeV/c2, and the mixed-event method for the higher mass region [9]. In Au+Au
collisions, the like-sign method is applied for mee < 0.75 GeV/c2 and a combination of the mixed-event
and the like-sign method for the higher mass region [10]. The signal-to-background ratio is shown in
Fig. 3.

3 Dielectron Results

In this section we present the recent STAR results on the dielectron production in p+p and Au+Au at√
sNN=200 GeV. The p+p preliminary results are based on the data set that was taken in 2009. The
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Fig. 3. Signal-to-background ratios in p+p, Au+Au minimum bias, and Au+Au central events at
√

sNN = 200 GeV

[10].

results are based on 107 million events and includes 72% of the TOF detector, which at that time was
still in a commissioning phase. The Au+Au data was taken the next year, 2010, with the full TOF
detector installed and operational. The 2010 data set involves a total of 270 million minimum-bias and
150 million central events.

3.1 Dielectron spectra

In Fig. 4, we show the dielectron LMR and IMR invariant mass spectra within the STAR acceptance
(|yee| < 1.0, |ηe| < 1, and pT > 0.2 GeV/c2) for p+p, Au+Au minimum-bias, and central collisions
at
√

sNN=200 GeV. The spectra have been corrected for efficiency, but have not been corrected for
radiation energy loss and momentum resolution. The uncertainties on the data points include both
statistical and systematic errors.

The results are compared to a cocktail simulation of expected yields from several hadronic decays,
heavy-flavor decays, and Drell-Yan production. The hadronic decays includes the leptonic decay chan-
nels of the ω, ρ0, φ, and J/ψ vector mesons, as well as the Dalitz decays of the π0, η, and η′ mesons. The
input distributions to the simulations are based on Tsallis blast-wave function fits to the invariant yields
of the measured mesons [8]. These functions are used as the input distributions for the Geant detector
simulation using the full STAR geometry. In the IMR the dielectron production is dominated by the cc̄
cross section. This input, and the bb̄ cross section have been constrained by STAR measurements [11].
More details including the simulation of the Dalitz decays can be found in [8,12]. For the Au+Au
spectra, the ρ0 contribution has not been included in the cocktail as it may be sensitive to in-medium
modifications possibly affecting its mass and spectral line shape [13]. The individual contributions to
the cocktail as well as the sum of all contributions are shown in the upper subpanels of Fig. 4. The
lower subpanels show the ratio of the measured dielectron spectra to the cocktail. Uncertainties on
both the data and cocktail are included.

The upper panel of Fig. 4 shows the data and cocktail simulations for the p+p collisions. The data
is consistent with the cocktail and will provide a baseline for the Au+Au systems. In the lower left
panel of Fig. 4, the data from the minimum bias Au+Au collisions are shown. In the cocktail sim-
ulations, the cc̄→e+e− cross section is based on Pythia simulations scaled by the number of binary
nucleon-nucleon collisions [10]. We observe a hint of enhancement in the LMR. In comparison with
the minimum-bias data, we observe this enhancement to be more pronounced in central collisions, as
can be seen in the right panel of Fig. 4. To further quantify the observed enhancement, we report the
enhancement factor, i.e. the ratio of data to cocktail, in the range of 150 < mee < 750 MeV/c2. We find
the enhancement factors to be 1.53±0.07stat±0.41syst and 1.72±0.10stat±0.50syst for minimum-bias and
central events, respectively. These enhancement factors are based on cocktail simulations that do not
include contributions from the ρ0 meson. The LMR enhancement does not exclude possible in-medium
modifications of the vector mesons and differential measurements of centrality and transverse momen-
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Fig. 4. Background subtracted invariant mass distributions for p+p [9] (upper), Au+Au minimum-bias (lower

left), and Au+Au central collisions (lower right) at
√

sNN=200 GeV [10]. The grey and yellow bands are the

systematic uncertainty on the cocktail simulation. The blue and green boxes indicate the systematic error on the

data points.

tum need to be further studied. Measurements from both the Pioneering High Energy Nuclear Interac-
tion Experiment (PHENIX) [14] and the STAR experiment indicate an LMR enhancement. However,
a quantitative comparison of the published PHENIX enhancement factors with the STAR preliminary
results shows a significant difference: 4.7±0.04stat±1.5syst±0.9model and 7.6±0.05stat±1.3syst±1.5model

for minimum bias and top-10% central events, respectively. Further studies which carefully take ac-
ceptance differences into account are needed to help understand this discrepancy.

In the IMR for central Au+Au collisions, we observe the cocktail simulation to slightly overshoot
the data and while still consistent within uncertainties this may hint at an in-medium modification of
the cc̄ production. With the complement of future detector upgrades, STAR will be in an excellent
position to further study such modifications, as will be discussed in Sect. 4.

In the left panel of Fig. 5, the transverse mass distributions, mT − mee, for two IMR invariant
mass ranges are shown for the p+p and minimum bias Au+Au systems. In the right panel of Fig.
5, we observe that the transverse mass slope parameters in p+p collisions are consistent with Pythia
simulations. The Au+Au results are higher than the p+p slope parameters. This may be due to in-
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Fig. 5. Left panel: Transverse mass spectra for dielectrons in two invariant mass ranges, for p+p and minimum

bias Au+Au at
√

sNN=200 GeV. The dotted lines represent exponential fits in mT. Right panel: Transverse mass

slope parameters from RHIC and SPS measurements [10]. Uncertainties are statistical only.

medium charm modification or contributions from QGP thermal radiation. In the same panel of Fig. 5,
we compare with the SPS-energy dimuon results from the NA60 experiment [15]. The NA60 results
have contributions from open charm decay and Drell-Yan pairs subtracted. The inclusive transverse
mass slopes for dielectrons measured by STAR at top RHIC energies in Au+Au collisions are observed
to be larger than what has been measured for the SPS-energy dimuons.

3.2 Dielectron flow

In Fig. 6, we present the first STAR dielectron elliptic-flow measurements as a function of the dielec-
tron mass. The results are based on 220 million Au+Au minimum bias events at

√
sNN=200 GeV. The

elliptic flow, v2, is calculated using the event-plane method in which the event plane is reconstructed

from TPC tracks [16]. The “signal” elliptic flow, v
signal

2
, is calculated as follows [17]:

vtotal
2 (mee) = v

sign

2
(mee)

r(mee)

1 + r(mee)
+ v

bkgd

2
(mee)

1

1 + r(mee)
,

where vtotal
2

is the flow measurement of all dielectron candidates, v
bkgd

2
the flow measurement on the

dielectron background, and r(mee) the mass-dependent signal-to-background ratio, shown in Fig. 3.
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Fig. 6. Elliptic flow as a function of the dielectron invariant mass in minimum-bias Au+Au collisions at√
sNN=200 GeV. Uncertainties are statistical only.

In Fig. 7, the v2 differential as a function of pT is shown for the two dielectron mass ranges that
correspond to the π0 and η Dalitz decay ranges. The left panel shows v2 for the π0 Dalitz decay region,
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mee <140 MeV/c2. The measurements are compared with the π0 v2 measured by the PHENIX Collabo-
ration [18] and the π± v2 measured by STAR [19]. Furthermore, the published pion flow measurements
have been parametrized and used as input for a π0 Dalitz decay simulation to obtain the anticipated
dielectron v2. We observe that the dielectron v2 measurements agree very well [20].
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Fig. 7. Left panel: The elliptic flow as a function of transverse momentum for two dielectron invariant mass regions

in Au+Au at
√

sNN=200 GeV (red symbols). The π0 (open circle) and π± (triangle) elliptic flow measurements,

from [18,19], respectively, and the expected elliptic flow of dielectrons from π0 Dalitz decays (solid line). Right

panel: The elliptic flow of the dielectron in the η Dalitz decay region as a function of transverse momentum in

minimum-bias Au+Au collisions at
√

sNN=200 GeV (red symbols). The solid line shows the expected elliptic

flow of dielectrons from η Dalitz decays. Uncertainties are statistical only.

A similar procedure is applied to compare the measured v2 in the η Dalitz-decay range, 140<
mee <300 MeV/c2, with the expected v2 of the Dalitz-decayed η meson. In this case, however, the
input distribution is based on the published STAR K0

S
v2 measurements [16] since the masses of both

mesons are comparable. We observe that in this range the v2 data and simulations are consistent. The
agreement between measurement and expectation in both the π0 and η Dalitz-decay regions supports
the validity of the methods that we use to reconstruct the dielectron v2.

4 Summary & Prospects

We have presented the dielectron results for p+p and Au+Au collisions at
√

sNN =200 GeV. When
compared to a hadron cocktail, we observe the p+p data to be consistent with this cocktail and note that
the charm contribution dominates in the IMR. In minimum-bias Au+Au collisions, when compared
to the hadron cocktail, we observe a hint of an enhanced production in the LMR. This enhancement
is more pronounced in central Au+Au collisions. We have also reported on the first STAR dielectron
elliptic flow measurements. A comparison of the observed v2 in the π0 and η Dalitz decay regions with
other elliptic flow measurements shows reasonable consistency.

The results presented in this paper have all been based on data taken in 2009 (p+p) and 2010
(Au+Au). Recently, the STAR experiment significantly increased the statistics for both the p+p (2012)
and Au+Au (2011) data samples. In addition to these samples at the RHIC top energy, the STAR
experiment has collected data at the lower beam energies of

√
sNN = 19.6− 62GeV in 2010 and 2011.

At these energies, the dielectron analyses benefit from a fully installed TOF detector as well as a low
conversion material budget and systematically study the energy dependence of the pair production in
the LMR and IMR ranges. In Fig. 8, we show the raw and background-subtracted dielectron mass
distributions, based on 110 million minimum bias Au+Au collisions at

√
sNN = 39 GeV, taken by the

STAR experiment in 2010 [21]. The study of dielectron production at lower energies will allow us to
address the beam-energy dependence of the observed LMR dielectron enhancement, the in-medium
modifications of the vector mesons, as well as the IMR medium modifications to the charm decay, and
the possible QGP thermal radiation.
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In the intermediate invariant mass range, the cc̄ medium modifications and QGP thermal radiation
are difficult to disentangle. The upcoming Heavy Flavor Tracker upgrade [22] will provide very useful
tools that will allows us to measure the charm cross sections more precisely, but the cc̄ measurement
may still be very challenging. Alternatively, the MTD upgrade [7] will allow us to measure e+μ cor-
relations which measure the contributions from heavy-flavor decays to the dilepton continuum. This
should improve our access to the QGP thermal radiation in this region. The HFT and MTD upgrade
projects are scheduled for completion in 2014.
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