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Abstract

We present measurements of hadronic resonance, strange and multi-strange particle production in collisions of Xe-Xe
and Pb-Pb at the center-of-mass energies of /syy = 5.44 and 5.02 TeV, respectively, by the ALICE collaboration at the
LHC. Particle ratios are presented as a function of multiplicity for K%, A, Z-, E*, Q~, Q*, p(770)°, K*(892)°, $(1020)
and A(1520). Our results are discussed and compared with predictions of QCD-inspired event generators. Additionally,
comparisons with lower energy measurements and smaller systems are also presented.
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1. Introduction

The measurement of strange and resonance particle production in relativistic heavy-ion collisions is
of great interest to investigate the properties of hadronic matter under extreme conditions. The enhanced
production of strange and multi-strange hadrons with respect to non-strange particles was historically con-
sidered as one of the signatures of the formation of a partonic phase during the evolution of the system
created in such collisions [1]. Moreover, short-lived hadronic resonances have a lifetime shorter or compa-
rable to the lifetime of the fireball [2], and thus can undergo re-scattering and regeneration processes [3, 4],
causing their yield to deviate from expected thermal model predictions [5, 6, 7, 8]. Therefore, the study of
resonances with different lifetimes is interesting to characterize the late stages of the fireball evolution. The
ALICE detector is especially suited for the study of the Quark-Gluon Plasma (QGP) via relativistic heavy-
ion collisions because of its exceptional particle identification capabilities. Recently, a systematic study
was performed with a wide range of strange particles and hadronic resonances being measured in different
colliding systems and at various energies, including the new Xe-Xe data sample collected in late 2017. The
full description of the ALICE detector can be found in [9, 10] and for further information regarding the
techniques used for the measurements reported here see [11, 12, 13, 14, 15].
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2. Strangeness Enhancement

The enhancement of strange particles in heavy-ion collisions was historically quantified by calculating
the strange particle yield per participant pair, as estimated with the Glauber model [16], and comparing the
result to the values obtained in proton-proton (pp) collisions at the same center-of-mass energy [12]. In
recent results, we see that this might not be the best approach, since the production rate of strange particles
in pp collisions also increases with the event multiplicity [17].
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Fig. 1. Ratio to pion of integrated yields for p, K, A, ¢, Z and Q. The evolution with multiplicity at mid-rapidity, dNen/dnlipi<o.5, is
reported for several systems and energies, including pp at /s = 7 TeV [17, 18], p-Pb at VNN = 5.02 TeV [19, 20, 21], and also the
ALICE preliminary results for pp at v/s = 13 TeV, Xe-Xe at \/s\n = 5.44 TeV and Pb-Pb at \/syy = 5.02 TeV are included for
comparison. Error bars show the statistical uncertainty, whereas the empty boxes show the total systematic uncertainty.

A better way to quantify this enhancement would be to normalize the total yield of strange particles to
the yield of pions. Moreover, to overcome the difference in colliding systems and energies, the yield ratios
are studied as a function of charged particle multiplicity at mid-rapidity. The evolution of this ratio with
multiplicity is reported in Figure 1 for p, K%, A, ¢, Z and Q for all the available colliding systems.

We observe a smooth evolution with multiplicity across all systems, from low multiplicity pp to central
AA collisions. Furthermore, despite differences in initial conditions and collision energy, p-Pb results follow
the trend observed in pp collisions. The enhancement is observed to be more pronounced for particles with
a larger strangeness content, with the ¢ exhibiting a behavior that is intermediate between K and E. A
saturation value seems to be reached in AA collisions for (dNen/dn);<05 2 100, in close agreement with
predictions from statistical hadronization models (SHMs) [8]. Ultimately, the new measurements in Xe-Xe
collisions further corroborate the observation that, for a given particle species and multiplicity, particle ratios
are independent of energy and system.

3. Resonance yields and properties of the hadronic phase

The measured hadronic resonance yields may be influenced by several factors: initial yield at chemi-
cal freeze-out, resonance lifetime, scattering cross-section of resonance decay daughters and lifetime of the
hadronic phase of the system evolution. Therefore, a comparison of measured resonance yield to the pro-
duction rate of its stable counterpart can provide information about the late stage of the system evolution.
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Hadronic resonances reported here are reconstructed via the detection of their strong-decay daughters. The
lifetimes of the measured resonances vary significantly, as indicated in Table 1.

p(770)°  K*(892)° A(1520) 4(1020)

Lifetime (fm/c) 1.3 4.2 12.6 46
Decay mode atn” Ktn~ pK~ K*K~
B.R. (%) ~ 100 ~ 66.6 22.5 48.9

Table 1. Lifetime values, reconstructed decay mode and branching ratio for p(770)0, K*(892)°, A(1520) and $(1020).

The ratio of integrated yields is shown in Figure 2 for pp, Pb-Pb and Xe-Xe collisions, for 2p(770)°/(x* +
77), (K*(893)° + K*(893)%)/(K* + K7), (A(1520) + A(1520))/(A + A) and 2¢(1020)/(K* + K~), henceforth
denoted by the shorthand notation p°/x, K*°/K, A(1520)/A and ¢/K. Short-lived resonances show a siz-
able dependence on multiplicity. A clear suppression is observed for p° going from pp to Pb-Pb collisions
at \/sx\y = 2.76 TeV [15]. This evolution with multiplicity is well described by the EPOS3 event gen-
erator [22, 23, 24], which includes UrQMD [25, 26] for the late stage hadronic cascading. The attempt to
describe the p°/x ratio without the UrQMD component of the evolution fails to reproduce the data, with an
overestimated and multiplicity-independent p° /7 ratio [27].
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Fig. 2. Ratio of resonance and stable counterpart yields is reported as a function of multiplicity for the hadronic resonances, p°/x
[15], K*°/K, A(1520)/A [14] and ¢/K from INEL> 0 pp, Pb-Pb and Xe-Xe collisions. The error bars show the statistical uncertainty,
while the empty and dark-shaded boxes show the total systematic uncertainty and the uncorrelated contribution across multiplic-
ity bins, respectively. A comparison to model is also reported by showing the ratios predicted by the EPOS3 model for Pb-Pb at
VSNN = 2.76 TeV, where the late hadronic cascading is simulated with UrQMD. STAR data are also shown for the A(1520)/A ratio
[28].

The same behavior is observed in the K*°/K ratio, where the suppression can be observed in a wider
multiplicity range with data from pp at Vs = 7 TeV [29], Pb-Pb at y/s\w = 5.02 TeV and Xe-Xe at
\snn = 5.44 TeV. Predictions from EPOS3 describe the evolution of particle ratios with multiplicity.

Despite having a lifetime almost ten times longer than the p°, new measurements of the A(1520) produc-
tion in Pb-Pb reveal that it is suppressed with respect to the A production [14], similarly to what is observed
for other short-lived resonances. However, at present, EPOS3 predictions can only qualitatively describe the
data, showing a similar decrease with multiplicity but with a higher A(1520) yield. It is also worth noting
that the results are in agreement with previous measurements by STAR [28].

Finally, there is small dependence of the ¢/x ratio with multiplicity for all measured systems. This is
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expected in the context of re-scattering, considering that the ¢-meson lives longer than the expected fireball
lifetime and therefore its decay daughters will not undergo re-scattering.

4. Conclusions

Latest results on strange, multi-strange and resonances in heavy-ion collisions are reported here, includ-
ing new results from the Xe-Xe collisions at y/sxy = 5.44 TeV. Comparing the yield of strange particles
to the yield of pions, an enhancement of strange particle production is observed as the event multiplicity
increases. The enhancement is more pronounced for particles with higher strangeness content and, for a
given multiplicity, there is no dependence with both the colliding system and energy.

The measurement of hadronic resonances is also performed for various systems (from pp to Pb-Pb,
including Xe-Xe) and one can observe that, similarly to the ground state, particle ratios seem to depend
solely on the final charged-particle density for all systems. A comparison of the resonance suppression
with EPOS3 prediction indicates that re-scattering and regeneration processes are required to describe the
measurements.
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