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Abstract. I summarize recent results of low-mass vector meson measurements in high-energy
nuclear collisions.

1. Introduction
Hadronic resonances are important tools to study the properties of the hot and dense medium
created in high-energy nuclear collisions. Table 1 summarizes the properties of low-mass vector
mesons discussed in this article, ρ, ω, φ and K∗ [1]. Due to the variations in the lifetimes and
the decay modes, these resonances are sensitive to different aspects of the space-time evolution
of the medium.

For example, the ρ meson has a short lifetime of 1.3 fm and is expected to decay inside the
hot medium. Dilepton decays of the ρ meson directly carry the information about its in-medium
properties, because leptons do not suffer from final state interactions with the medium. On the
other hand, hadronic decays, such as ρ → π+π−, are also sensitive to the later stage of the
system evolution through the final state interactions of the daughter particles.

In contrast to the ρ meson, the φ meson has a long lifetime and decays after freezout of the
hot medium. Since the hadronic-interaction cross section of the φ meson is small, the φ meson is
expected to be frozen at an early stage and carry the information from the quark-gluon plasma
(QGP).

2. Dilepton decays
In the hot and dense medium created in heavy-ion collisions, chiral symmetry is expected to
be restored, and consequently, the spectral shapes of low-mass vector mesons could undergo
modifications from the shapes in vacuum. Dilepton decays are suitable for the detection of such
spectral modifications.

Dilepton measurements in the low-mass region below 1 GeV/c2 are performed by SPS
experiments, such as CERES and NA60 [2–7]. These experiments observed an enhancement
from cocktail calculations of known hadronic sources at dilepton invariant mass (mll) around 500
MeV/c2. This excess is identified as the contributions from the pion annihilation into dileptons,
mediated by the ρ meson (ππ → ρ → γ∗ → ll), inside the hot medium. Two main approaches
are taken to describe the in-medium ρ spectral shapes: “broadening” and “mass shift”. There
seems now to be consensus that the “broadening” models are successful in describing the excess
in the invariant mass spectra at SPS energies [8–13].



Table 1. Properties of low mass vector mesons [1].

ρ ω φ K∗

Mass (MeV/c2) 775 783 1019 896
Lifetime (fm/c) 1.3 23 46 4.2
Decay modes l+l−, π+π− l+l− l+l−, K+K− K+π−

The connection between the ρ broadening models and the chiral symmetry restoration is
currently being studied theoretically. For example, Ref. [14] demonstrates that the broadened
ρ spectra get degenerated with its chiral partner, the a1 meson, at high temperature, which is
an indication of the chiral symmetry restoration.

Many experiments are ongoing to perform further studies of the in-medium ρ spectral shape
at different collision energies. Here, most recent results from PHENIX, STAR, ALICE and
HADES are summarized.

2.1. RHIC and LHC
At RHIC energies, PHENIX and STAR are performing dielectron measurements at midrapidity
in heavy-ion collisions. There used to be discrepancies between PHENIX [15] and STAR [16,17]
in Au-Au collisions at

√
sNN = 200 GeV.

Recently, PHENIX published new dielectron results, which solves the discrepancies. Those
new results are obtained with the data sets taken in the 2010 RHIC run [18], in which
PHENIX installed a new detector, called hadron-blind detector (HBD), to improve the signal-
to-background ratio of the dielectron measurements. The enhancement factor in the mass region
0.3–0.76 GeV/c2 reported by PHENIX is 2.3± 0.4(stat)± 0.4(syst)± 0.2(model) [18], which is
consistent with 1.76 ± 0.06(stat) ± 0.26(syst) ± 0.29(model) reported by STAR [16, 17]. These
two results are consistent with each other including the centrality and pT dependence of the
excess.

The PHENIX and the STAR results are well described by the ρ broadening models, which
were successful at SPS energies. STAR is further studying the excess as a function of collision
energy down to

√
sNN = 20 GeV [19] and also in a heavier system, U-U collisions [20]. Currently,

all the available experimental data at RHIC are well described by the same ρ broadening models.
At this conference, ALICE presented dielectron spectra below mll < 1 GeV/c2 in Pb-Pb

collisions at
√
sNN = 2.76 TeV for the first time [21]. Figure 1 shows the dielectron spectrum

(blue points) compared to the cocktail calculations of hadronic sources (black solid line) for the
0-10% centrality bin. They are applying single pT cut of 0.4 GeV/c, which is stronger than
the cut of 0.2 GeV/c used by the RHIC experiments. No significant enhancement from the
cocktail is observed in the ALICE data, which could be attributed to the large experimental
uncertainties and large contributions from heavy-flavor decays. The upper limits on the excess
do not contradict with the RHIC experiments and also with the real photon measurements
performed by ALICE.

One of the difficulties of dilepton measurements at high energies are in the huge contributions
from open-charm semileptonic decays, cc̄ → l+l−X, as is shown as a magenta line in Fig. 1.
The large model dependence of cc̄ calculations is recently discussed by PHENIX [18]. The
enhancement factor of the new PHENIX data is 2.3 ± 0.4(stat) ± 0.4(syst) ± 0.2(model) when
pythia [22] scaled by Ncoll is used for the cc̄ calculation, while the enhancement factor becomes
1.7 ± 0.3(stat) ± 0.3(syst) ± 0.2(model) when mc@nlo [23, 24] is used instead of pythia In



addition, the simple Ncoll scaling of pythia or mc@nlo does not take into account the energy
loss of charm quarks inside the QGP. Thus, further studies of the cc̄ contribution both in
elementary and heavy-ion collisions are essential to define the excess precisely.

2.2. HADES
Dielectron spectra at lower energies are systematically studied in various collision systems, such
as pp, p-Nb, Ar-KCl and Au-Au, by HADES [25]. Figure 2 shows the excess spectrum in Au-
Au collisions at 1.23A GeV presented at this conference. In the figure, the data points are
compared to theoretical model calculations both including the in-medium broadening of the ρ
meson [26, 27]. These models also describe the dielectron excess in a smaller collision system,
Ar-KCl collisions [28].

Figure 1. Dielectron spectra in the most
central Pb-Pb collisions measured by ALICE
[21]. The solid lines show the cocktail
calculations of hadronic sources.

Figure 2. Dielectron excess spectra in
Au-Au collisions measured by HADES
[25]. The data points are compared
to the model calculations (solid lines)
including the in-medium broadening of
the ρ meson.

3. Hadronic decays
The reconstruction of low-mass vector mesons with their hadronic decays is affected not only
by the chiral symmetry restoration but also by the final state interactions of daughter particles.
Therefore, to understand their spectral shapes and yields, a full description of the medium
evolution is required.

The detection of spectral shape modifications using hadronic decays is experimentally
challenging. The background contributions in the invariant mass spectra are usually subtracted
by fitting the spectra with a combined function describing the background and the signal peak.
In this way, the strongly modified signal is indistinguishable from the background. Small
modifications can be detected as a change in the signal peak, however, such modifications are
not detected, for example, in a K∗ measurement by ALICE [29].

In this section, recent results on the yields of ρ and K∗ are summarized.

3.1. ρ meson
Figure 3 shows the ρ → π+π− invariant mass spectra in Pb-Pb collisions reported by ALICE
at this conference [30]. Even in the most central and also in the very low pT bin, the ρ meson



peak is clearly visible.

Figure 4 shows the ρ/π ratio as a function of (dNch/dη)
1
3 in pp and Pb-Pb collisions. The

ρ/π ratio is suppressed in central collisions compared to peripheral and pp collisions. This result
indicates that rescattering processes dominate over regeneration processes during the hadronic
phase. Figure 4 also shows the EPOS3 calculations with and without UrQMD afterburner,
which describes the interactions in the hadronic phase [31]. While EPOS3 without UrQMD is
not able to describe the decreasing trend of the data points, EPOS3 with UrQMD qualitatively
describes the trend. Thus, the description of the hadronic phase is crucial to understand the
measured yields.
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Figure 3. The π+π− invariant mass
spectra in pp (top), in the central Pb-Pb
collisions (middle) and in the peripheral
Pb-Pb collisions (bottom) measured by
ALICE [30].
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Figure 4. The ρ/π ratio as a function

of (dNch/dη)
1
3 in pp and Pb-Pb collisions

measured by ALICE [30].

3.2. K* meson
Figure 5 shows the K∗/K ratio (and the φ/K ratio) as a function of (dNch/dη)

1
3 in various

collisions systems [29, 30, 32, 33]. A similar suppression pattern as the ρ/π ratio is seen for Pb-
Pb collisions. The suppression pattern is again qualitatively described by the EPOS3 calculation
with the UrQMD afterburner [31].

In the same figure, the multiplicity dependence of the K∗/K ratio in pp and p-Pb collisions
is also shown. Similarly to the Pb-Pb collision results, the ratio decreases towards higher
multiplicity bins. These results could be suggestive of the presence of rescattering effects even
in such small collision systems.

4. φ meson
The φ meson is expected to be a penetrating probe of the hadronic phase due to its long lifetime
and also due to its small hadronic interaction cross sections. In this section, as an example of
the measurements using its penetrating nature, the elliptic flow (v2) measurements by STAR
are presented.
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Figure 5. The K∗/K ratio as a function of a
cube root of dNch/dη in pp, p-Pb and Pb-Pb
collisions measured by ALICE [29,30,32,33].

4.1. Elliptic flow (v2)
Hydrodynamical models predict the mass ordering of v2 at low pT , e.g. vπ2 > vK2 > vp2 . However,
this mass ordering can be broken between proton and the φ meson due to large rescattering
effects in the hadronic phase only on the proton v2 [34].

Figure 6 shows the φ v2 divided by the proton v2 as a function of pT in Au-Au collisions
measured by STAR [35, 36]. Although the φ meson is heavier than proton, the ratio is above
unity, an indication of violation of the mass ordering, in the pT region below 0.5 GeV/c. In the
top panel of the figure, the data points are compared to the hydrodynamical model with and
without a hadron cascade model (JAM). By taking into account the hadron interactions, the
breakdown of the mass ordering is well described by the hydro model.

Figure 6. The ratio of φ v2 and proton v2 as
a function of pT for 0-10%, 30-80% and 0-80%
centrality bin in Au-Au collisions measured by
STAR. The bands in the top and bottom panels
show the hydro models and transport model
calculations, respectively [35,36].

5. Summary
A broad range of new experimental results on low-mass vector meson measurements is presented
at this conference.

Dilepton decays of low-mass vector mesons are studied by various experiments over wide
ranges of energies. So far, all the available data sets are well described by theoretical models
including the broadening of the ρ meson. At high energies, the understanding of the open-charm
contributions are essential to study the in-medium ρ spectra in a more precise way.

In hadronic decays, the suppression of the K∗ meson and the ρ meson are observed in central
heavy-ion collisions. These results are indicative of the significant role of the hadronic phase in



the understanding of the resonance production. Similar suppression pattern is also observed in
small collision systems, such as pp and p-Pb collisions.

Lastly, the breakdown of the mass ordering between proton v2 and φ v2 is observed at top
RHIC energies. This result is consistent with a view that the φ meson has a small hadronic-
interaction cross section and is not strongly affected by the final state interactions with the
hadronic medium.
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