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Short lived hadronic resonances are sensitive to the properties of the
medium created in a heavy-ion collision, in particular to the temperature,
density and expansion velocity. Resonances decaying into hadrons are used
to estimate the hadronic lifetime and hadronic interaction cross section in
the hadronic phase between chemical and kinetic freeze-out. The detection
of early decoupled resonances aims at studying chiral symmetry restoration
via their mass shift and width broadening. There are reported the first
K∗(892) and φ(1020) results from Pb–Pb collisions at the LHC using the
ALICE detector, with excellent identification of the decay particles in a
large momentum range.
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1. Introduction

Hadronic resonances are sensitive to the transition, going from partons
to hadrons, occurring in the fireball created by a heavy-ion collision. Chi-
ral symmetry restoration is expected at the phase transition at a critical
temperature of about Tc = 160MeV [1]. The proposed signatures of chiral
symmetry restoration for resonances are mass shifts and width broadenings.
However, later interactions in the hadronic phase will contribute to the mea-
sured observables as well: the hadronic regeneration of resonances in the late
hadronic medium will add resonances with vacuum properties, which do not
show mass shifts or width broadenings. According to UrQMD calculations,
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the re-scattering of the resonance decay daughters and regeneration of reso-
nances will change the measured yield predominantly in the low momentum
region (pT = 0–2GeV/c) [2]. Therefore, high-momentum resonances and
their decay products are less likely to be affected by the hadronic medium.
At RHIC energies of

√
sNN = 200GeV, the lifetime of the hadronic phase

∆τ > 4 fm/c is derived from resonance measurements [3, 4]. The assump-
tion is made that the chemical freeze-out occurs at hadronisation. Although
they are not discussed here, leptonic decays are more sensitive probes for
chiral symmetry restoration due to the small interaction cross section of the
decay daughters with the hadronic medium. The leptonic decays allow us to
reconstruct resonances from earlier decay. The high-momentum resonances
(pT > 2GeV/c) are also sensitive probes of chiral symmetry restoration
due to the lower interaction rates of the decay hadrons with the hadronic
medium. A more detailed selection of resonances can be done via a jet-
triggered analysis to select for longer path lengths through the medium, i.e.
the selection of resonances from the away-side distribution of a triggered
di-jet or leading particle [5]. This removes from consideration resonances
created close to the surface of the interaction region, which have predom-
inately vacuum properties. This newly suggested analysis requires a large
jet production cross section and profits from a longer partonic lifetime (ex-
pected to be ∼ 10 fm/c at LHC). ALICE is the optimal detector for such
a study since it provides excellent particle identification capabilities for de-
cay particles and provides jet identification via leading particle selection or
full jet reconstruction using the Electromagnetic Calorimeter (EMCal) [6] in
addition. Preliminary results from the first Pb–Pb run in 2010 are reported.

2. Resonance reconstruction

The main ALICE detector components used to identify charged hadrons
are the Time Projection Chamber (TPC) [7], the Inner Tracking System
(ITS) [8] and the Time-of-Flight detector (TOF). The TPC and ITS are
used to measure particle momenta and reconstruct the main vertex posi-
tion. In this analysis, the position of the vertex is restricted to be within
10 cm of the centre of the ALICE detector. In the TPC, the particles
are measured over the pseudorapidity range |∆η| < 0.9. Resonances are
identified by reconstructing their invariant mass through their hadronic de-
cays: specifically, K∗(892)→ π± +K∓ and φ(1020)→ K±K∓. The decay
daughters are identified using TPC energy loss (at low pT) and their speed
measured by the Time-of-Flight detector (for pT > 0.7GeV/c) [9,10]. Uncor-
related hadron pairs form a large background to the resonance signal. The
background in Pb–Pb collisions is calculated via the mixed event technique
and subtracted from the signal histogram.
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3. Resonance mass and width

The K + π invariant mass distribution in the range pT = 2–2.5GeV/c
is shown in figure 1 (left) for the 0–20% most central Pb–Pb collisions at√
sNN = 2.76TeV. The corresponding signal from a HIJING simulation

including the ALICE detector acceptance is shown in figure 1 (right). The
extracted mass and width from a Breit–Wigner fit to the signal is shown as
functions of pT in figure 2. In the low momentum region (pT < 2GeV/c), the
measured masses are lower than expected from simulation, which includes
the PDG values (vacuum properties). However, we observe a similar mass
shift in p–p collisions, which indicates that this is not a medium effect.
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Fig. 1. Left: K + π invariant mass spectrum between pT = 2–2.5GeV/c in Pb–Pb
collisions at

√
sNN = 2.76TeV after subtraction of the mixed event background.

The mass and width were extracted from a Breit–Wigner function fit to the sig-
nal plus a straight line fit to the residual background. Right: K∗(892) (K + π)
invariant mass spectrum between pT = 2–2.5GeV/c from HIJING simulation of
Pb–Pb collisions at

√
sNN = 2.76TeV. The mass and width are extracted from a

Breit–Wigner fit to the signal.
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Fig. 2. Mass and width of K∗(892), extracted from Breit–Wigner function fits,
versus momentum for different collision systems and a HIJING simulation. The
measurements include the statistical uncertainties only.
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Above pT > 2GeV/c, the measured mass is consistent with the simulation
and the PDG value. The measured width is in agreement with the expected
value derived from the simulation throughout the whole momentum range.
The measurements include the statistical uncertainties only. The fluctuation
of one bin at pT = 1GeV/c indicates a systematic uncertainty of about
10–15% on the width.

4. Hadron–resonance correlation

Figure 3 shows the invariant mass distribution of φ(1020) (for pT >
1.5GeV/c) in p–p (left) and Pb–Pb (right) collisions; each event includes
a trigger hadron with pT > 3GeV/c. Charged hadron vs. φ(1020) angular
correlations are shown in figure 4 for

√
s = 7TeV p–p collisions (left) and the

corresponding PYTHIA simulation (right), which includes the effects of the
ALICE detector acceptance and efficiencies. The angular correlation (∆φ)
clearly shows a near- and away-side distribution of the correlated resonance
with respect to a higher momentum trigger particle. The width of the near-
side peak is about 25–30% larger in the data than in the PYTHIA simulation,
while the widths of the away-side peaks are in agreement within statistical
uncertainties. The angular correlation (∆φ) in Pb–Pb (figure 5) indicates
a broader width on the near-side than predicted by HIJING and PYTHIA.
Due to the low statistics we are not able to draw any conclusions from the
away-side distribution yet.
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Fig. 3. Invariant mass distribution of K+ and K− pairs showing the φ(1020) signal
for pT > 1.5GeV/c in 160 million p–p events at

√
s = 7TeV (left) and 16 million

Pb–Pb events at
√
sNN = 2.76TeV (right).
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Fig. 4. Charged hadron vs. φ(1020) resonance angular correlations with hadron
trigger pT > 3GeV/c and associated φ(1020) pT > 1.5 GeV/c for

√
s = 7TeV

p–p collisions normalized to the number of triggers (left) and the corresponding
PYTHIA simulation including the ALICE acceptance and efficiencies (right).
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Fig. 5. Charged hadron vs. φ(1020) resonance angular correlations with hadron
trigger pT > 3GeV/c and associated φ(1020) pT > 1.5GeV/c for

√
sNN = 2.76TeV

Pb–Pb collisions normalized to the number of triggers (left) and the corresponding
HIJING simulation including the ALICE acceptance and efficiencies (right).

The mass and width of the φ(1020) are constant over the full ∆φ range
in Pb–Pb (figure 6). The near-side peaks are used as reference data to can-
cel out detector effects on the mass shift and width broadening. We do not
observe a mass and width modification in the given momentum region. How-
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ever, this result is expected since the number of resonances from jets is about
10% of the number of resonances from the background. This analysis needs
more statistics of higher momentum resonances to enrich the contributions
from jets.
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Fig. 6. Normalized mass and width of the φ(1020) (pT > 1.5GeV/c) versus the
azimuthal angle with respect to the trigger particle (pT > 3GeV/c) in

√
sNN =

2.76TeV Pb–Pb collisions.
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