
The	  Physics	  of	  Dilepton	  Measurements	  in	  A+A	  
low	  invariant	  mass	  (Mee<1.1GeV/c2)	  

–  study	  of	  ρ	  meson	  spectral	  func?on:	  
probe	  of	  chiral	  symmetry	  restora?on	  

–  emission	  rates	  depend	  on	  T,	  total	  
baryon	  density,	  and	  life	  ?me	  

intermediate	  mass	  (1.1	  <	  Mee	  <	  3	  GeV/c2)	  
– slope	  represents	  the	  average	  
temperature	  of	  the	  medium	  
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FIG. 25. (Color online) Inclusive mass spectrum of e+e− pairs in
the PHENIX acceptance in p+p collisions compared to the expecta-
tions from the decays of light hadrons and correlated decays of charm,
bottom, and Drell-Yan. The contribution from hadron decays is in-
dependently normalized based on meson measurements in PHENIX.
The bottom panel shows the ratio of data to the cocktail of known
sources. The systematic uncertainties of the data are shown as boxes,
while the uncertainty on the cocktail is shown as band around 1.

charm cross section, measured in p+p, σcc̄ = 567 ± 57stat ±
224syst µb [48], has been scaled by Ncoll (given in Table I).
For each centrality class, the data and the cocktail are
absolutely normalized. Each data set is compared with two
corresponding cocktail lines, shown in solid and dotted curves.
The difference between the cocktails is due to uncertainty in
the cc̄ contribution (see discussion below).

Unlike the p+p mass spectrum, the Au+Au mass spectra
show enhancement above the cocktail, in particular for the
LMR (0.15–0.75 GeV/c2). There is little enhancement for pe-
ripheral (60–92%) data, but very strong enhancement for two
most central classes (0–10% and 10–20%). The enhancement
increases rapidly with increasing centrality.

In order to quantitatively describe this enhancement, more
information is needed about other components that can
potentially contribute to the LMR, namely the open heavy
flavor and internal conversion of real direct photons. We
discuss them in the next sections.

B. Open heavy flavor contribution

The dilepton yield in the IMR is dominated by semileptonic
decays of charm hadrons correlated through flavor conser-
vation. Small contributions also arise from bottom hadrons
and Drell-Yan. For p+p data we determine the heavy flavor
contribution by subtracting the hadronic cocktail from the
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FIG. 26. (Color online) Inclusive mass spectrum of e+e− pairs
in the PHENIX acceptance in minimum-bias Au+Au compared to
expectations from the decays of light hadrons and correlated decays
of charm, bottom, and Drell-Yan. The charm contribution expected
if the dynamic correlation of c and c̄ is removed is shown separately.
Statistical (bars) and systematic (boxes) uncertainties are shown
separately. The contribution from hadron decays is independently
normalized based on meson measurements in PHENIX. The bottom
panel shows the ratio of data to the cocktail of known sources. The
systematic uncertainties of the data are shown as boxes, while the
uncertainty on the cocktail is shown as band around 1.

dilepton data. We integrate the subtracted yield in the IMR,
extrapolate to zero e+e− pair mass to get the entire cross
section, correct for geometric acceptance, and convert to a
production cross section using known branching ratios of
semileptonic decays [54]. Details of the analysis of the charm
cross section are reported in [38].

We find a rapidity density of cc̄ pairs at midrapidity:

dσcc̄

dy

∣∣∣∣
y=0

= 118.1 ± 8.4stat ± 30.7syst ± 39.5modelµb.

This corresponds to a total charm cross section of
σcc̄ = 544 ± 39stat ± 142syst ± 200modelµb, consistent with
previous measurement of single electrons by PHENIX
(σcc̄ = 567 ± 57stat ± 224syst µb) [48] and with a
fixed-order-plus-next-to-leading-log (FONLL) pQCD
calculation (σcc̄ = 256+400

−146µb) [78].
In Au+Au the dynamic correlation of c and c̄, which

is essential to determine the mass spectral shape, could
be modified compared to p+p collisions. The observed
suppression and the elliptic flow of nonphotonic electrons
indicates that charm quarks interact with the medium [6],
which should change the correlations between the produced
cc̄ pairs. We also note that the pT distribution for electrons
generated by PYTHIA [55] is softer than the spectrum measured
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(Nbin) to obtain the contribution in the Auþ Au collisions.
The systematic uncertainty on the cocktail is dominated by
the experimental uncertainties on the measured particle
yields and spectra. In particular, the large uncertainty in the
cocktail in the mass region of 0.15–1 GeV=c2 is mainly
attributed to the unmeasured low-pT η mesons and the
input charm cross section.
In Fig. 2(a), a comparison is shown between the hadronic

cocktail simulations and the efficiency corrected dielectron
yield in 200 GeV minimum bias Auþ Au collisions, in the
STAR acceptance range of pe

T > 0.2 GeV=c, jηej < 1, and
jyeej < 1. The hadronic cocktail simulations exclude con-
tributions from the ρ meson to avoid double counting when
compared to models. The ratios of our measured data
to the cocktail are shown in panel (b) of Fig. 2. Panel (c) in
Fig. 2 shows an expanded view of the excess mass
region with the cocktail subtracted. An enhancement of

1.77"0.11ðstatÞ"0.24ðsystÞ"0.33ðcocktailÞ is observed
when compared to the hadronic cocktail without the ρ
contribution in the mass region of 0.30–0.76 GeV=c2. This
enhancement factor, determined within the STAR accep-
tance, is significantly lower than what has been reported by
PHENIX [12]. We have compared the STAR and PHENIX
cocktail simulations and applied PHENIX azimuthal accep-
tance. We found that neither differences in the acceptance
nor the cocktail simulations can explain the difference in
the enhancement factor measured by the two experiments.
Also included in Figs. 2(b) and 2(c) are two theoretical

model calculations within the STAR acceptance: model I,
by Rapp et al., is an effective many-body calculation
[3,13,31]; model II, by Linnyk et al., is a microscopic
transport model—parton-hadron-string dynamics (PHSD)
[16,32,33]. Both models have successfully described the
dimuon enhancement observed by NA60 with a broadened
ρ spectral function due to in-medium hadronic interactions.
The models, however, failed to reproduce the dielectron
enhancement reported by PHENIX [12,32]. Compared to
our data in the mass region below 1 GeV=c2, both models
describe the observed dielectron excess reasonably well
within uncertainties. Other theoretical model calculations
can also reproduce the dielectron excess at low mass
in our measurement [34,35]. Our measurements disfavor
a pure vacuum ρ spectrum for the excess dielectrons
(χ2=NDF ¼ 26=8, where NDF is the number of degrees
of freedom, in 0.3–1 GeV=c2) .
We integrated the dielectron yields in three mass regions:

0.30–0.76 (ρ-like), 0.76–0.80 (ω-like) and 0.98–1.05 (ϕ-
like) GeV=c2, and present the centrality and pT dependence
of the ratios of data to cocktail within the STAR acceptance
in Figs. 3(a) and 3(b). The cocktail calculation can repro-
duce the dielectron yields in the ω-like and the ϕ-like
regions. The ratios to cocktail in the ρ-like region show a
weak dependence on the number of participating nucleons
(Npart) and pT . Both models show excesses comparable
to the data in the centrality and pT regions investigated.
Figure 3(c) shows the integrated yields scaled by Npart for
the ρ-like with cocktail subtracted, the ω=ϕ-like without
subtraction as a function ofNpart. The ω=ϕ-like yields show
a Npart scaling. The dashed curve depicts a power-law fit
(∝ Na

part) to the Npart scaled ρ-like dielectron excess with
cocktail subtracted, and the fit result shows a¼0.54"0.18
(statþ uncorrelated syst), indicating that dielectrons in the
ρ-like region are sensitive to the QCD medium dynamics,
as expected from ρ medium modifications in theoretical
calculations [31,36].
Figure 4 shows a comparison of the invariant mass

spectra between 0%–80% minimum bias and 0%–10%
most central Auþ Au collisions. Both spectra were scaled
by Npart in Fig. 4(a), and the ratios of the two scaled spectra
are presented in Fig. 4(b). Horizontal bands on the right
side depict the Npart and Nbin scaling. We note the
following. (i) The dielectron production starts with the
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FIG. 2 (color online). (a) eþe− invariant mass spectrum fromffiffiffiffiffiffiffiffi
sNN

p ¼ 200 GeV Auþ Au minimum bias (0%–80%) collisions
compared to a hadronic cocktail simulation. The vertical bars on
data points depict the statistical uncertainties, while the systematic
uncertainties are shown as gray boxes (smaller than the marker).
(b) Ratios to cocktail for data and model calculations [31,32].
Green bands depict systematic uncertainties on the cocktail.
(c) Mass spectrum of the excess (data minus cocktail) in the
low-mass region compared to model calculations. Green brackets
depict the total systematic uncertainties including those from
cocktails. Systematic errors are highly correlated across all data
points.
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Recent	  Progress:	  RHIC	  Beam	  Energy	  Scan	  
Ø  Temperature	  dependence	  of	  the	  ρ	  spectral	  func?on	  

–  Ini?al	  state	  and	  temperature	  evolu?on	  is	  different	  
•  broadened	  spectral	  func?on	  describes	  e+e-‐	  excess	  from	  

top	  RHIC	  energy	  at	  200	  GeV	  down	  to	  SPS	  energies	  at	  
19.6	  GeV	  
Ø  beam	  energy	  range	  where	  final	  states	  are	  similar	  

•  Npart	  dependence	  as	  an	  another	  knob	  
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Npart scaling in the π0 and η dominant region and then rises
towards the Nbin scaling at ∼0.7 GeV=c2. This can be
explained by the hadronic medium ρ contribution, which
is expected to increase faster than Npart [31,36], and the
contribution from correlated charm which, if not modified,

should follow the Nbin dependence. Possible charm decor-
relation has negligible impact in this mass region. (ii) In the
mass region of 1–3 GeV=c2, the ratio between the central
and minimum bias spectra shows a moderate deviation
from the Nbin scaling (1.8σ deviation for the data point at
1.8–2.8 GeV=c2). We have used two extreme scenarios to
model the charm decay dielectron pairs: The dashed line in
Fig. 4(a) depicts the PYTHIA calculation with charm corre-
lations preserved; the dotted-dashed line assumes a fully
randomized azimuthal correlation between charmed hadron
pairs, and pT the suppression factor on the single electron
spectrum from RHIC measurements is also included [37].
The difference in themass region 1–3 GeV=c2, if confirmed
with better precision, would constrain the magnitude of
the de-correlating effect on charm pairs while traversing
the QCD medium and/or possible other dielectron sources
(e.g., QGP thermal radiation) in this mass region from
central Auþ Au collisions.
In summary, we present STAR measurements of dielec-

tron production inAuþ Aucollisions at
ffiffiffiffiffiffiffiffi
sNN

p ¼ 200 GeV.
The dielectron yields in the ω and ϕ mass regions are well
described by the hadronic cocktail model while yields at
higher mass, 1–3 GeV=c2, can be understood as mostly
fromdecay leptons of charmpairs. In the0.30–0.76 GeV=c2

region, however, there exists a clear excess over the hadronic
cocktail that cannot be explained by a pure vacuum ρ. This
enhancement is significantly lower than what has been
reported by PHENIX. Compared to the yields in the ω
and ϕ regions, the excess yields in the ρ region exhibit
stronger growth with more central collisions. Theoretical
model calculations that include a broadened ρ spectral
function from interactions with the hadronic medium can
describe the STAR measured dielectron excess at the low
mass region.
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FIG. 3 (color online). Integrated dielectron yields in the mass
regions of 0.30–0.76 (ρ-like), 0.76–0.80 (ω-like), and 0.98–1.05
(ϕ-like) GeV=c2 compared to hadronic cocktails within the
STAR acceptance as a function of centrality (a) and dielectron
pT (b). Panel (c) shows the yields scaled by Npart for the ρ-like
region with cocktail subtracted, the ω-like and ϕ-like regions
without subtraction as a function of Npart. Systematic uncertain-
ties from data are shown as gray boxes, and green brackets depict
the total systematic uncertainties including those from cocktails.
For clarity, the ω=ϕ-like data points are slightly displaced
horizontally.
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mass	  ranges	  
A=	  ρ-‐like	  
B=ω-‐like	  
C=φ-‐like	  



Ruan/Rapp	  at	  BNL-‐RIKEN	  TPD’14	  Future	  Prospects	  …	  
BES	  Phase	  1:	  	  19.6	  –	  200	  GeV	  
•  Dilepton	  emission	  dominant	  in	  TC	  region	  and	  

constant	  baryon	  density	  
Ø  emission	  propor?onal	  to	  life?me	  
	  
BES	  Phase	  2:	  7.7	  –	  19.6	  GeV	  
Ø  Probe	  life	  ?me	  +	  baryon	  density	  dependence	  

of	  the	  ρ	  spectral	  func?on	  
	  
Down	  to	  FAIR	  energies	  

–  CBM,	  HADES	  
•  probe	  life?me,	  total	  baryon	  density,	  and	  

temperature	  dependence	  
At	  SPS:	  proposed	  NA60+	  
•  overlap	  with	  RHIC	  and	  FAIR	  	  	  

…	  &	  Needs	  
•  Include	  dimuon	  measurements	  
•  Improve	  charm	  measurements	  
•  Improved	  sta?s?cs	  

Ø RHIC	  BES	  Phase-‐2	  
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