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Dilepton production has been proposed as one of the most promising
observables to study QCD matter at extreme conditions. We review some
of the main theoretical and experimental results of dilepton production in
ultrarelativistic heavy ion collisions. We concentrate on dilepton emission
from partonic as well as from the hadronic sources. We briefly comment
about the status of theoretical calculations compared with available exper-
imental data.
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1. Introduction

The understanding of nuclear matter at high temperatures and/or high
densities is one of the major challenges in contemporary physics. For in-
stance, QCD has predicted that under extreme conditions, nuclear matter
presents different phases [1]. Lattice QCD has also provided some evidence
of this prediction at low nuclear densities and high temperatures. From this
calculations, there has been observed a transition from a deconfined state to
a confined one around Tc ∼ 180 MeV [2]. This deconfined state of matter
is known as Quark-Gluon Plasma (QGP), where quark and gluons are the
effective degrees of freedom of the system.

The experimental realization of a hot and dense interacting nuclear
matter is achieved in nucleus–nucleus collisions at ultrarelativistic energies.
These collisions are able to produce high temperatures and densities within
a small volume. The main objective of this experimental program is to
quantify the properties of nuclear matter at extreme conditions. During the
last years, different experiments performed at the Super Proton Synchrotron
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(SPS), the Relativistic Heavy Ion Collider (RHIC) and the ongoing experi-
ments at the Large Hadron Collider (LHC) have indicated the existence of
a strongly coupled plasma with partonic origin. Despite this great success,
it is still difficult to have an unequivocal identification of this novel state
of matter. What can be done is to have a broad set of data from different
observables which, taken together, would lead us to identify the presence of
a deconfined phase. Electromagnetic probes, such as high-energy photons
and dileptons, are sensitive observables to the dynamics of the deconfined
phase.

In this paper, we will briefly review some of the main aspects of what is
known about dilepton emission in ultrarelativistic heavy ion collisions. For
a more extended and completed discussion about this topic, we refer the
reader to Refs. [3, 4, 5].

2. Dilepton in heavy ion collisions

Dileptons have been proposed as one of the most clear signals of the
deconfined QGP [6]. These particles interact only electromagnetically, so
their mean free path is larger than the typical size of the fireball. As a result,
dileptons leave the strongly interacting medium created after the collision
and carry information about the dynamics of the deconfined phase. Another
advantage of analyzing dileptons is that their spectra are characterized by
three kinematic variables, their invariant transverse massM , their transverse
momenta pT and rapidity y.

In Fig. 1 we show a schematic view of dilepton production as a function of
the invariant mass of the dilepton pair. From this figure, we can distinguish
three kinematic regions that characterize the spectra:

1. Low mass regime (LMR): located below and around the φ meson, i.e.,
M . Mφ = 1.024 GeV. This region is dominated by π0 and η decays
and there are two peaks due to the vector meson decay of ρ, ω and φ.
Medium modification of light hadrons appear in the values of their
decay widths and masses.

2. Intermediate mass regime (IMR): located betweenMφ < M < MJ/Ψ =
3.1 GeV. Dilepton mass spectra is dominated by thermal emission from
partonic origin. Dileptons arise from the annihilation process between
quarks, q+q̄ → γ∗ → l++l− and jet conversion. The signal is obscured
due to large background sources.

3. High mass regime (HMR): situated above M > MJ/Ψ . Drell–Yan
production plays an important role in this regime. Medium effects
may be inferred from the suppression of heavy quarkonia like J/Ψ
and Υ .
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Fig. 1. A schematic view of dilepton spectra in ultrarelativistic heavy ion collisions.
Figure taken from Ref. [5].

2.1. Dilepton emission rate

To make predictions and compare with experiments one needs to cal-
culate dilepton spectra. Large mass dileptons can be calculated by using
perturbative QCD. The remaining part of the dileptons comes from sec-
ondary rescatterings between the produced particles. It is often considered
that dileptons are produced in a thermalized reservoir. Thus, emission of
dileptons from the medium is calculated by using techniques of equilibrium
thermal field theory.

The dilepton emission rate is number of dileptons per space-time per
momentum volume at certain temperature T . It can be expressed in terms
of the current–current correlator 〈jµ(0)jν(x)〉, where the electromagnetic
current is jµ(x) = ψ(x)γµψ(x). To leading order in the electromagnetic cou-
pling constantO(αe), dilepton production rate is given by (Q = (ω, q), Q2 ≡
ω2 − q2 > 0) [7, 8, 9]

dNl+l−

d4xd4Q
=

α2
e

3(π)2Q2

Bgµν

eω/T − 1
ImΠµν

ret(ω, q) , (1)

where Π<
µν(ω, q) is the electromagnetic polarization tensor

Π<
µν(ω, q) =

∫
d4x eiQ·x 〈jµ(0)jν(x)〉 , (2)
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and the factor B indicates a threshold at Q2 = 4m2
l ,

B ≡
(

1 +
2m2

l

Q2

)(
1−

4m2
l

Q2

)1/2

(3)

with ml the mass of the lepton. Eq. (1) is valid to all orders in αs. Dilepton
emission rate can also be calculated by using relativistic kinetic theory. Both
calculations are the same at leading order in O(αs).

To get the dilepton yields, Eq. (1) must be folded over the hydrodynam-
ical evolution of the fireball. This introduces additional uncertainties since
every evolution model has different assumptions which lead to different re-
sults when compared with real data. Different phenomenological studies
indicate that the uncertainties from the hydrodynamical model are larger
than the uncertainties from the thermal emission rates [10,11].

3. Dilepton emission from hadrons

Radiation from 2 or 3 body hadron decays are the dominant in the LMR
and also play an important role in the IMR. Thermal dilepton production
is mainly mediated by the meson ρ(770). This is a consequence of its short
life time as well as its strong coupling with the pion pair. In-medium ef-
fects on the ρ mass and its decay width near the critical temperature open
a window to study experimentally and theoretically the chiral symmetry
restoration [12].

The dilepton rate is related to the vector spectral density of the ρ me-
son. Medium effects are then included in this object by using many body
techniques based on effective interaction Lagrangians [9]. The parameters
used in the calculations (e.g., form factors) are determined by the radiative
decays measurements.

4. Dilepton emission from partons

Thermal dilepton emission from partonic sources are important at high
temperatures and large enough invariant masses. Two mechanisms of parton
radiation contribute to dileptons: the process qq̄ → l+l− and jet conversion
(annihilation between a highly energetic quark with a wavy parton of the
medium) [13]. Both processes must take into account the LPM effect. This
is done by using Hard Thermal Loop (HTL) technique to complete lead-
ing order O(αs) [14, 15]. All the phenomenological studies have assumed
a thermal QGP at early times, however, non-equilibrium effects can affect
the dilepton production [16]. It is also important to consider non-thermal
sources of dileptons. Depending on the kinematical cuts, these can be on
the same order or even higher than thermal emission. At high energies, the
most important background sources are Drell–Yan annihilation process and
heavy flavour decays (e.g., DD̄ → e+e− + µµ̄+X).
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5. Dilepton yields: predictions vs. experimental results

The pioneering experiments which started dilepton measurements were
performed by CERES/NA45 at CERN SPS [17, 18]. From the collected
data, it was found an excess of radiation below the φ mass. Similar results
were observed by Helios/3 [19] and NA38/NA50 collaborations [20]. It was
concluded that ππ annihilation can reproduce data as far as in-medium
properties of the ρ meson are included. Nevertheless, from the collected
data, it was not possible to disentangle between models suggesting drop of
the mass ρ and those suggesting an increase in its width [17, 18]. In 2006,
the high statistics data by the NA60 Collaboration for In+ In collisions
at SPS energies were able to measure in medium properties of the ρ [21].
From this result, they established experimentally the models advocating the
broadening of the decay of the ρ meson due to many body effects (see left
panel of Fig. 2) [21,22,23,24,25].
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Fig. 2. Left: NA60 dimuon excess [21] in central In+ In collisions at SPS compared
with theoretical predictions [22]. Right: Dilepton excess measured by PHENIX
Collaboration.

Recently, PHENIX Collaboration from RHIC for Au+Au collisions at√
s = 200 GeV has shown an evidence of dilepton radiation excess in the

LMR below φ (see right panel of Fig. 2) [26]. Different phenomenological
studies have not been able to describe the measured data from PHENIX
Collaboration [25, 26, 27]. QGP signal does not seem to be the mechanism
which leads to the observed enhancement [23, 25]. It may be possible that
the dilepton excess is due to some long-lived hadronic source. Still this is an
open question and we hope that future planned experiments at RHIC and
LHC will clarify a bit this puzzle.



640 M. Martinez

M.M. was supported by the Helmholtz International Center for FAIR
Landesoffensive zur Entwicklung Wissenschaftlich-Ökonomischer Exzellenz
program.

REFERENCES

[1] A. Andronic et al., Nucl. Phys. A837, 65 (2010).
[2] F. Karsch, Lect. Notes Phys. 583, 209 (2002).
[3] C. Gale, K.L. Haglin, in: Quark Gluon Plasma, ed. R.C. Hwa et al.,

p. 364–429.
[4] R. Chatterjee et al., Lect. Notes Phys. 785, 219 (2010).
[5] R. Rapp, J. Wambach, Adv. Nucl. Phys. 25, 1 (2000).
[6] E.V. Shuryak, Phys. Lett. B78, 150 (1978).
[7] L.D. McLerran, T. Toimela, Phys. Rev. D31, 545 (1985).
[8] H.A. Weldon, Phys. Rev. D42, 2384 (1990).
[9] C. Gale, J.I. Kapusta, Nucl. Phys. B357, 65 (1991).
[10] P.B. Gossiaux et al., arXiv:1102.1114 [hep-ph].
[11] P. Huovinen et al., Phys. Lett. B535, 109 (2002).
[12] R.D. Pisarski, Phys. Lett. B110, 155 (1982).
[13] R.J. Fries, B. Muller, D.K. Srivastava, Phys. Rev. Lett. 90, 132301 (2003).
[14] P.B. Arnold, G.D. Moore, L.G. Yaffe, J. High Energy Phys. 0112, 009

(2001); J. High Energy Phys. 0111, 057 (2001); J. High Energy Phys. 0206,
030 (2002).

[15] P. Aurenche, F. Gelis, G.D. Moore, H. Zaraket, J. High Energy Phys. 0212,
006 (2002).

[16] M. Martinez, M. Strickland, Phys. Rev. Lett. 100, 102301 (2008); Phys. Rev.
C78, 034917 (2008); Eur. Phys. J. C61, 905 (2009).

[17] D. Adamova et al., Phys. Rev. Lett. 91, 042301 (2003).
[18] G. Agakichiev et al., Eur. Phys. J. C41, 475 (2005).
[19] A.L.S. Angelis et al., Eur. Phys. J. C13, 433 (2000).
[20] M.C. Abreu et al., Eur. Phys. J. C14, 443 (2000).
[21] R. Arnaldi et al., Phys. Rev. Lett. 96, 162302 (2006).
[22] H. van Hees, R. Rapp, Phys. Rev. Lett. 97, 102301 (2006).
[23] K. Dusling, D. Teaney, I. Zahed, Phys. Rev. C75, 024908 (2007).
[24] E. Santini, J. Steinheimer, M. Bleicher, S. Schramm, arXiv:1102.4574v2

[nucl-th].
[25] E.L. Bratkovskaya, W. Cassing, O. Linnyk, Phys. Lett. B670, 428 (2009).
[26] A. Adare et al., Phys. Rev. C81, 034911 (2010).
[27] K. Dusling, I. Zahed, Nucl. Phys. A825, 212 (2009).

http://dx.doi.org/10.1016/j.nuclphysa.2010.02.005
http://dx.doi.org/10.1007/3-540-45792-5_6
http://dx.doi.org/10.1007/978-3-642-02286-9_7
http://dx.doi.org/10.1016/0370-2693(78)90370-2
http://dx.doi.org/10.1103/PhysRevD.31.545
http://dx.doi.org/10.1103/PhysRevD.42.2384
http://dx.doi.org/10.1016/0550-3213(91)90459-B
http://dx.doi.org/10.1016/S0370-2693(02)01721-5
http://dx.doi.org/10.1016/0370-2693(82)91025-5
http://dx.doi.org/10.1103/PhysRevLett.90.132301
http://dx.doi.org/10.1088/1126-6708/2001/12/009
http://dx.doi.org/10.1088/1126-6708/2001/12/009
http://dx.doi.org/10.1088/1126-6708/2001/11/057
http://dx.doi.org/10.1088/1126-6708/2002/06/030
http://dx.doi.org/10.1088/1126-6708/2002/06/030
http://dx.doi.org/10.1088/1126-6708/2002/12/006
http://dx.doi.org/10.1088/1126-6708/2002/12/006
http://dx.doi.org/10.1103/PhysRevLett.100.102301
http://dx.doi.org/10.1103/PhysRevC.78.034917
http://dx.doi.org/10.1103/PhysRevC.78.034917
http://dx.doi.org/10.1140/epjc/s10052-008-0851-8
http://dx.doi.org/10.1103/PhysRevLett.91.042301
http://dx.doi.org/10.1140/epjc/s2005-02272-3
http://dx.doi.org/10.1007/s100520000314
http://dx.doi.org/10.1007/s100520000373
http://dx.doi.org/10.1103/PhysRevLett.96.162302
http://dx.doi.org/10.1103/PhysRevLett.97.102301
http://dx.doi.org/10.1103/PhysRevC.75.024908
http://dx.doi.org/10.1016/j.physletb.2008.11.034
http://dx.doi.org/10.1103/PhysRevC.81.034911
http://dx.doi.org/10.1016/j.nuclphysa.2009.04.013

	1 Introduction
	2 Dilepton in heavy ion collisions
	2.1 Dilepton emission rate

	3 Dilepton emission from hadrons
	4 Dilepton emission from partons
	5 Dilepton yields: predictions vs. experimental results

