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Abstract. Measurements of the ratios of hadronic resonance yields to non-resonance yields
can be used to study the properties of the hadronic phase of high-energy heavy-ion collisions.
A change in resonance masses or widths could be an indication of chiral symmetry restoration.
Measurements of resonances in proton-proton collisions provide an important baseline for
measurements in heavy-ion collisions as well as data for tuning QCD-inspired particle production
models. The ALICE collaboration has measured the K*(892)° and ¢(1020) resonances in Pb-Pb
collisions at /sy = 2.76 TeV and the K*(892)°, ¢(1020), and %*(1385)* resonances in pp
collisions at v/s = 7 TeV. These measurements — including transverse momentum spectra, ratios
to non-resonances, masses, and widths — are discussed and compared to theoretical predictions.

1. Introduction

These proceedings report measurements of resonances in pp collisions at /s = 7 TeV and Pb-Pb
collisions at /sy = 2.76 TeV. The study of resonance production yields in pp collisions
provides an important baseline for comparison with results in Pb—Pb collisions. Resonance
spectra in pp collisions can also be used to tune the predictions of QCD-inspired event generators
such as PYTHIA [1] and PHOJET [2].

In nucleus-nucleus collisions, resonances can be used to study the properties of the hadronic
phase and to search for the signatures of chiral symmetry restoration in the medium. Resonances
may be produced through regeneration in the hadronic phase and the observable resonance signal
may be reduced through the re-scattering of the decay daughters [3-6]. Statistical models [4, 7, 8]
can be used to predict the ratios of resonance yields to the yields of non-resonances as functions
of the chemical freeze-out temperature T, and the time At between chemical and thermal
freeze-out; simultaneous measurements of at least two resonance-to-non-resonance ratios (e.g.,
K*/K and A*(1520)/A) may allow constraints to be placed on T, and At. It is expected that
chiral symmetry will be restored at approximately the same critical temperature as the phase
transition to the QGP [9]. Resonances that interact with and decay inside the medium (when
chiral symmetry is at least partially restored) may be shifted off-shell and may also have shorter
lifetimes than observed in vacuum [10-12]. It is expected [13,14] that it would be easiest to
observe the signatures of chiral symmetry restoration in the range 2 < py < 10 GeV/c at LHC
energies, due to regeneration and re-scattering at low pr and the time dilation of decays for high
pr.

The ALICE detector is described in [15]. The analyses described in these proceedings
use the Inner Tracking System (ITS, for tracking and vertex finding), the Time Projection
Chamber (TPC, for tracking and particle identification through energy loss), the Time-of-Flight
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(TOF) detector (for particle identification), and the VO detector (which provides minimum-bias
triggers).

2. Resonances in pp Collisions at /s = 7 TeV

The analyses of the K*® and ¢ mesons! in pp collisions at /s = 7 TeV are described in detail
in [16]. The K** (&) meson is reconstructed in 80 (60) M minimum-bias pp collisions via the
decay channel K*¥ — n*KT (¢ — K~K*) which has a branching ratio of 0.666 (0.489) [17].
The decay products of the K** are identified using the TOF; the TPC is used if no TOF
signal is present. The decay products of the ¢ are identified using the TPC, with the addition
of TOF information if a signal is present. The invariant-mass distributions of unlike-charge
K and KK pairs (with |[ypair] < 0.5) in the same event are constructed. Two methods are
used to estimate the combinatorial background. First, the background is extracted from the
distributions of like-charge pairs in the same event. Second, each decay product is paired with
unlike-charge tracks from a different event (with a similar primary vertex z position and charged
track multiplicity). The like-charge (event mixing) method is the default used for the K*¥ (¢)
analysis. The background-subtracted K* (¢) invariant-mass distributions are fitted with a
Breit-Wigner (Voigtian?) peak added to a 2"d-order polynomial (which describes the residual
background). The product of the efficiency and acceptance is extracted from 60 M Monte-
Carlo collisions. The systematic uncertainties in the corrected spectra account for variations
due to changing the track selection cuts, the combinatorial background, the mass range of the
fit, and the order of the residual-background polynomial. The corrected transverse-momentum
spectra cover the ranges 0 < pr < 6 GeV/c for the K*® and 0.4 < pr < 6 GeV/c for the ¢.
These spectra are fitted with Lévy-Tsallis functions [18], which are used to extract the mean
transverse momentum (pr) and to estimate the ¢ meson yield for low pr. The ratios of the
pr-integrated K*0 and ¢ yields to the yields of charged kaons are calculated.

The ©** and ¥ baryons are reconstructed in 211 M minimum-bias pp collisions in the
rapidity range |y| < 0.8 via the decay channel ©** — 7*A — mfn~p. The two steps of the
decay process have a combined branching ratio of 0.56 [17]. The A baryons are identified by cuts
on their decay topology and invariant mass, and additional topological cuts are applied the 7TA
pairs. The combinatorial background is constructed using the event mixing technique (each A
is paired with a 7t from 5 other events). The residual background is parametrized by the sum of
a 3"d-order polynomial and a Gaussian, which accounts for correlated mA pairs from A*(1520)
decays. The product of the efficiency and acceptance is calculated using simulated pp collisions.
The systematic uncertainties from sources including the track selection cuts, topological cuts,
combinatorial background normalization, residual background parametrization, and the material
budget in the simulations have been evaluated.

The corrected K*0, ¢, and %(E*Jr + i*_) spectra are shown in Figure 1 and compared to
predictions from PYTHIA and PHOJET. The PYTHIA Perugia 2011 tune describes the K*°
spectrum and the ¢ spectrum for pr > 3 GeV/e well, while the Perugia 0 tune underestimates
the spectra. PHOJET and the PYTHIA ATLAS-CSC tune describe the meson spectra for
pr > 1 GeV/e. The PYTHIA D6T tune deviates from the measured spectra for pr > 2 GeV/e.

The o*t +3°7F spectra are well described by the PYTHIA ATLAS-CSC tune for pp > 2 GeV/c,
while other models under-predict the data.

3. Resonances in Pb—Pb Collisions at ,/syy = 2.76 TeV
The K*¥ (¢) meson is reconstructed in 8.2 (9.5) M Pb—Pb collisions. The decay products are
identified using TPC energy loss measurements. For the K** (¢) meson, the combinatorial

1 K* refers to both the K*(892)° and its antiparticle; masses are omitted from all particle symbols
2 A Breit-Wigner function convoluted with a Gaussian, which accounts for the detector resolution
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Figure 1. Resonance spectra in pp collisions at /s = 7 TeV compared to

event generators: K** (a), ¢ (b), 3(Z*F +57) (c).
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Figure 2. (a): Mean transverse momentum for ¢ mesons in pp and A-A collisions measured
using the ALICE detector and the STAR detector [19,20]. (b): The K**/K~ and ¢/K~ ratios
measured in Pb-Pb collisions at \/syn = 2.76 TeV as functions of (Npart).

background is calculated using the like-charge (event mixing) method, the residual background
is parametrized using a 1%%- (2"9-)order polynomial, and the peaks are fit using a Breit-Wigner
function. The systematic uncertainties in the corrected spectra account for variations due to
changing the track selection cuts, particle identification cuts, the combinatorial background, the
mass range of the fit, the order of the residual-background polynomial, and the method used to
extract the particle yield (integrating the histogram and subtracting the residual background
fit or integrating the peak fit itself). The corrected spectra are fitted with Boltzmann-Gibbs
Blast-Wave functions [21]; the ¢ meson fits are used to estimate the yields for pr < 0.5 GeV/e.
The values of {(pr) and the ratios of the pr-integrated K** and ¢ yields to the yields of charged
kaons [22] are calculated.

The masses and widths of the K** and ¢ mesons were extracted from the Breit-Wigner peak
fits. The K** mass deviates from the vacuum value by about 10 MeV/c? for pr < 2 GeV/e.
Similar deviations in the K** mass are observed in pp collisions at /s = 7 TeV, suggesting that
the deviations in Pb-Pb collisions are instrumental effects (K** peaks from GEANT simulations
are being studied to verify this). Furthermore, the deviation occurs in a momentum range where
the fraction of regenerated resonances (which would have vacuum properties) would be large and
the signal would be heavily modified by re-scattering [13,14]. The K*¥ width is consistent with
the vacuum value. The ¢ mass (width) deviates from the vacuum value by 0.5 (1-2) MeV/c2.
When ¢ peaks from GEANT simulations are fitted using the same procedure, similar deviations
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from the vacuum value are observed.

The values of (pr) for ¢ mesons in pp and nucleus-nucleus collisions at RHIC and LHC
energies are shown as functions of (Npar) in Figure 2a. The (pr) values measured in pp
collisions ((Npart) = 2) at /s = 7 TeV are consistent with the values measured in peripheral
Pb-Pb collisions at /sy = 2.76 TeV. Higher (pr) values are observed for K** and ¢ in A-A
collisions at LHC energies than at RHIC [19, 20] energies; increases in (pr) from RHIC to LHC
energies are also observed [22] for charged pions and kaons and appear to be due to increased
radial flow in A—A collisions at LHC energies.

The ratios of the pr-integrated yields K**/K~ and ¢/K~ in Pb-Pb collisions at
V5NN = 2.76 TeV are shown as functions of (Npar) in Figure 2b. While the ¢/K ratio is
independent of centrality, the K**/K ratio decreases for more central collisions (which is an
indication that re-scattering effects become larger in central Pb—Pb collisions). The statistical
thermal model of Ref. [7] has been used to predict particle yields in central Pb—Pb collisions
at /sy = 2.76 TeV, assuming a temperature of 164 MeV. The model prediction (without re-
scattering) of ¢/K~ = 0.128 is consistent with the measured value, while the prediction of
K*9/K~ = 0.31 is larger than the measured value. From RHIC [19] to LHC energies, the K**/K
and ¢/K ratios are independent of \/syn; the ¢/K ratio is independent of the collision system.

4. Conclusions

The spectra of the K*0, ¢, ©**, and >** resonances in pp collisions at /s = 7 TeV have been
compared to predictions by event generators. The PYTHIA Perugia 2011 tune describes the
K*Y spectrum and portions of the ¢ spectrum well; the PHOJET model and the PYTHIA
D6T and ATLAS-CSC tunes describe only portions of the K*® and ¢ spectra. The PYTHIA

ATLAS-CSC tune describes the §(X*% + ) spectra for pr > 2 GeV/e. The values of (pr)
in Pb-Pb collisions at /sny = 2.76 TeV are observed to be higher than measured at RHIC,
consistent with previous observations of larger radial flow at LHC energies. The K**/K~ ratio
decreases for more central Pb—Pb collisions, suggesting that re-scattering effects are larger in
central collisions.
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