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Abstract

The production of K(892f and ¢(1020) mesons has been measured in p—Pb collisiopsal =
5.02 TeV. K% andg are reconstructed via their decay into charged hadronstiétALICE detector

in the rapidity range —0.5 y < 0. The transverse momentum spectra, measured as a funttie o
multiplicity, have g range from 0 to 15 Ge\¢/for K*0 and from 0.3 to 21 Ge\/for ¢. Integrated
yields, mean transverse momenta and particle ratios amtegpand compared with results in pp
collisions at,/s = 7 TeV and Pb—Pb collisions gtSyn = 2.76 TeV. In Pb—Pb and p—Pb collisions,
K*0 and @ probe the hadronic phase of the system and contribute taublg ef particle formation
mechanisms by comparison with other identified hadrons. tiiierpurpose, the mean transverse
momenta and the differential proton-goratio are discussed as a function of the multiplicity of the
event. The short-lived ¥ is measured to investigate re-scattering effects, baliévde related to
the size of the system and to the lifetime of the hadronic@has
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1 Introduction

The phase transition predicted by QCD from ordinary matterdeconfined Quark-Gluon Plasma (QGP)
has been studied in high-energy heavy-ion collision (AA)eximents at the Super Proton Synchrotron
Spilﬂll:_lh], the Relativistic Heavy lon Collider (RHI@E@] and the Large Hadron Collider (LHC)
EE ]. In this context, hadronic resonances provide gmomant contribution to the study of parti-
cle production mechanisms and the characterisation ofyhardic evolution of the system formed in
heavy-ion collisions, during the late hadronic phase. Resun resonance production in different col-
lision systems at RHIC have been reportedﬂ —29]. At tRCLK*(892)f and ¢(1020) production
have been measured in pp collisions,& = 7 TeV by ALICE [30], ATLAS E{] and LHCb EIZ], and

in pp and Pb—Pb collisions §tsyv = 2.76 TeV by ALICE @ ]. Results obtained in p—Pb collisions
at/syzw = 5.02 TeV with the ALICE detector are presented in this paperaddeements in smaller
collision systems such as proton-proton (pp) and protarieis (pA) constitute a reference for the inter-
pretation of the heavy-ion results. In addition, protortieus collisions have proven to be interesting in
their own right, as several measurements @—39] inditetethey cannot be explained by an incoherent
superposition of pp collisions, but suggest instead thegmee of collective eﬁect@@ﬂ]. In heavy-ion
collisions, the presence of a strong collective radial fleweals itself in the evolution with centrality of
the transverse momentum spectra of identified hadfons T4 spectral shapes of ofkand ¢ follow

the common behaviour found for all the other particles arfuleixan increase of the mean transverse
momentum, dominated by the lopt region of the spectra where particle production is more daot
with centrality @3]. In central Pb—Pb events, particleshwdimilar mass such as tlgmeson and the
proton have similafpr) and, in addition, thep/p ratio as a function opr is flat for pr < 4 GeVj/c.
Both observations are consistent with expectations frodrddynamic models, where the mass of the
particle drives the particle spectral shapes at low mom@]a On the other hand, in most peripheral
Pb—Pb collisions, as well as in pp, tipp ratio exhibits a strongr dependence, suggesting that the pro-
duction of low and intermediate momentum baryons and mesotis's by means of other mechanisms
such as fragmentation or recombinatibrl @ 45].

Similarly to Pb—Pb, one is interested in searching for ctilte effects in p—Pb collisions and in studying
particle production as a function of the hadron multipicivhich strongly depends on the geometry of
the collision. In this respect, p—Pb collisions provide utva system whose size in terms of average
charged-particle density and number of participating emcs is intermediate between pp and peripheral
Pb—Pb coIIisionslﬂﬂ@@]. Measurements in an interatediize system as p—Pb can provide infor-
mation on the onset of the collective behaviour leading ¢éoditesence of radial flow.

The ¢ meson, with similar mass as that of the proton and rather liéeigme (1, = 46.3+ 0.4 fmkc
[@]) compared to that of the fireball, is an ideal candidatesuch study. The vyields of short-lived
resonances such as the®t,.o = 4.164 0.05 fmk [@]) instead, may be influenced by interactions
during the hadronic phase: the re-scattering of the decagugts in the fireball may prevent the de-
tection of a fraction of the resonances, whereas pseudtieel@gadron scattering can regenerate them.
The effects of re-scattering and regeneration depend oscttéering cross section, the particle density,
the particle lifetime and the timespan between chemicallkametic freeze-out, namely the lifetime of
the hadronic phase. Therefore, the observation of reesoajteffects would imply the presence of an
extended hadronic phase. The latter can be studied by corgpaarticles with different lifetimes, such
as the K9 resonance and thg meson, which has a ten times longer lifetime. ALICE has otmb@]
that in most central Pb—Pb collisions at the LHC th&/K ratio is significantly suppressed with respect
to peripheral Pb—Pb collisions, pp collisions and the valaglicted by a statistical hadronisation model
[E;Iﬁ. This is interpreted as a scenario where re-scattatiming the hadronic phase, dominating for
low-momentum resonancepr( < 2 GeV/c) [@@] reduces the measurable yield 6PKNo suppres-
sion is observed instead for the ten times longer-ligegdince it decays mainly after kinetic freeze-out.
Based on these observations, a lower limit of 2dfior the lifetime of the hadronic phase in 0-20% most
central Pb—Pb events could be estimalte [33]. THesKippression exhibits a monotonic trend with cen-
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trality, suggesting a dependence on the volume of the pagaurce at the kinetic freeze-out. A similar
measurement of resonance production as a function of thermsysze in p—Pb can provide information
about the lifetime of the hadronic fireball produced in sucmaller system.

The K0 and @ mesons are reconstructed using the ALICE detector in p—Misicns at\/sy\w =
5.02 TeV. Theiryields, mean transverse momenta and ratiaketdified long-lived hadrons in p—Pb col-
lisions are studied as a function of the system size or thépticity of the event, and compared with pp
and Pb—Pb. The experimental conditions are briefly predent8ec[R. Sectidnl 3 illustrates the analysis
procedure, including event and track selection, signaiaetion, efficiency correction and systematic
uncertainties. The results are presented inSec. 4 and ifd$lee conclusions are summarised.

2 Experimental setup

A complete description of the ALICE detector and its perfante during the LHC Run | are reported
in [@] and Et], respectively.

The analyses presented in this paper have been carried cutsample of p—Pb collision events at
VS\N = 5.02 TeV collected in 2013. The LHC configuration was such thati¢éad beam, with energy
of 1.58 TeV per nucleon, was circulating in the counterklagise direction, namely towards the ALICE
“A’ side (positive rapidity direction), while the 4 TeV prat beam was circulating in the clockwise
direction, towards the ALICE muon spectrometer, or “C” sidecording to this convention for the sign
of the coordinates, the nucleon-nucleon center-of-mastgsywas moving in the laboratory frame with
a rapidity ofyyy = -0.465 in the direction of the proton beam. In the followiygy (Niap) are used
to indicate the (pseudo) rapidity in the laboratory refeeeframe, whereag (n) denotes the (pseudo)
rapidity in the center-of-mass reference system.

Small acceptance forward detectors (VO, TO, and ZDC) ard fwmetriggering, event characterisation,
and multiplicity studies. The trigger is provided by twoays of 32 scintillator detectors, VOA and VOC,
that cover the full azimuthal angle in the pseudo-rapidégions 2.8< np < 5.1 (Pb-going direction)
and—3.7 < nap < —1.7 (p-going direction), respectively. VO information Is@used to classify events
in multiplicity classes (see Se¢._P.1). The two quartz Ohieve detectors TOA (4.6< Nap < 4.9)
and TOC (3.3 < nap < —3) deliver the time and the longitudinal position of the mdion. The
Zero-Degree Calorimeters (ZDC), consisting of two tungsieartz neutron and two brass-quartz proton
calorimeters placed symmetrically at a distance of 113 mmftiee interaction point, on both sides, are
used to reject background and to count spectator nucleons.

The reconstruction of the primary vertex of the collisiordahe tracking of particles in the ALICE
central barrel is provided by the Inner Tracking System Jlai&d the Time-Projection Chamber (TPC),
in the pseudo-rapidity randg;ap| < 0.9 and the full azimuthal angle. The ITS is a silicon-basector,
constituted by two innermost pixels layers (SPD), two imtediate drift (SDD) and two outer strip layers
(SSD), with radii between 3.9 and 43 cm from the beam axis. AINEE main tracker, the TPC, is a
90 n? cylindrical drift chamber filled with Ne-C®gas and divided in two parts by a central cathode.
The end plates are equipped with multi-wire proportionarabers whose readout cathode pads allow
to sample particle tracks up to 159 points (clusters). Initanidto tracking, the TPC allows particle
identification via the specific ionization energy lo$s/dx in the gas.

The Time-Of-Flight (TOF) detector, a large Multigap ResistPlate Chamber (MRPC) array covering
|n|<0.9 and the full azimuthal angle, allows for particle idéaétion at intermediate momenta and has
been exploited together with the TPC for the analysis pttesen this paper (see Séc. 13.1).

2.1 Event selection

The minimum bias trigger during p—Pb data taking was condiguo select hadronic events with high
efficiency, by requiring a signal in either VOA or VOC. The ukgg sample contains single-diffractive
(SD), non-single diffractive (NSD) and electromagnetidijgevents. Diffractive interactions are de-
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scribed in Regge theory by the exchange of a colour singligtcolwith the quantum numbers of the
vacuum (pomeron). In SD events one of the two nucleons brepk®oducing particles in a limited
rapidity interval. NSD events include double-diffractiveeractions, where both nucleons break up by
producing particles separated by a large rapidity gap, #met inelastic interactions. The offline analysis
selects events having a coincidence of signals in both V@GR in order to reduce the contamina-
tion from SD and EM events to a negligible amount. The triggest event selection efficiency for NSD
events is estimated @&gsp = 99.2% using a combination of Monte-Carlo event generatsslescribed

in [@,]. The arrival time of signals on the VO and the ZD@eguired to be compatible with a nom-
inal p-Pb collision occurring close to the nominal intei@aatpoint, to ensure the rejection of beam-gas
and other machine-induced background collisions.

The primary vertex of the collision is determined using ksaceconstructed in the TPC and hits from
the SPD. 98.5% of all events have a primary vertex. Minimuas levents with the primary vertex posi-
tioned along the beam axis within 10 cm from the center of théCk detector are selected offline. A
small fraction (0.2%) of pile-up events from the same buncssing has been removed from the sample
by rejecting events with multiple vertices. Events are ptex if the vertices separately measured by
the SPD and using tracks are within 0.8 cm, and if the SPD wéstdetermined by at least five track
segments defined by one hit in each one of the two layers ofateztbr.

After the trigger and offline event-selection criteria, Ssmple used for this analysis counts aboift 10
events, corresponding to an integrated luminosity of abBytb—. The minimum bias sample has been
further divided in several multiplicity classes, based loa total charge deposited in the VOA detector
positioned along the direction of the Pb beam.

The yield of K*0 is measured in five multiplicity classes, namely 0-20%, P0%4440-60%), 60—-80%
and 80-100%. In case ¢f seven classes, namely 0-5%, 5-10%, 10-20%, 20-40%, 40-683%0%
and 80-100% are used. In addition, minimum bias spectraalm®d to the fraction of NSD events are
measured for both particles.

In order to study the dependence of particle production erydometry of the collision, the VOA estima-
tor for the charged particle multiplicity has been used tiedrine centrality, by following the approach
based on the Glauber Monte Carlo model combined with a simplgel for particle productiorﬂ 71,
a strategy customarily employed in heavy-ion coIIisidE]{Sl’he average number of binary collisions
(Ncon) (related to the number of participant nucled¥s,: by the simple relatioNeoi = Npart -1), 0b-
tained with this method for each centrality class, aredisteTab.[1 for future reference, together with
the mean charged particle multiplicity densitgiNen/dnian) <05 [@,], here corrected for trigger and
vertex-reconstruction inefficiency, which is about 5.5%hia lowest multiplicity event class. In addition,
the averagd\.o has been determined with an hybrid method that uses the ZR@ssify the events
according to the energy deposited by the neutrons emittéaeifPb-going direction (by evaporation or
fragmentation) or the energy measured with the ZDC in thg®lbg direction and the assumption that
the charged-particle multiplicity measured at mid-ratyidé proportional to the number of participant
nucleons. This method was sho[49] to avoid possible iake event sample related to the fact
that the range of multiplicities used to select a given clags-Pb collisions is of similar magnitude as
the fluctuations on the same quantity. The variations of leeageN.o for a given multiplicity class,
obtained with different methods are found not to exceed 6&tinof the used classes.

3 Resonance signal reconstruction

K*(892f andp(1020) mesons are reconstructed through their decay imiget hadrons, ¥ — K* 1~ and
K*0 — K—7", B.R. = 0.666, andp — K*K~, B.R. = 0.489[50]. Since K892f andK*(892f are
expected to be produced in equal amounts, as measured indoery experimentﬂbQ], for this mea-
surement the yields of particle and anti-particle are cowdbin order to improve statistics. The average
(K*(892f + K*(892Y)/2 is indicated as K in the following. Theg(1020) meson is indicated gs
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Multiplicity class (%) (dNch/dNiab) | (<05 (Ncolr)

0-5 45+ 1 148+ 15
5-10 36.2+ 0.8 13.0£1.3
10-20 30.5£ 0.7 11.7+1.2
0-20 35.6£ 0.8 12.8+ 1.3
20-40 23.2:- 0.5 9.36+ 0.84
40-60 16.1+:0.4 6.42+ 0.46
60-80 9.8+ 0.2 3.81+ 0.76
80-100 4.16+ 0.09 1.94+ 0.45

Table 1: Average charged particle pseudo-rapidity denstcn/dnian) || <0.5, measured at mid-rapidity in visible
cross section event classes and average number of colfidizigons{Ncoi). Multiplicity classes are defined using
the VOA estimatoﬂﬂﬂg], as described in the text. Totategmatic uncertainties are reported, seb [49] for details,
that do not include the difference with respect to the othethmds used to estimate the averbigg. For minimum
bias collisions{dN¢h/dniap) = 16.81+ 0.71 and(Noy) = 6.87+ 0.5.

For these measurements, the reconstructétdald ¢ are selected in the rapidity ranged.5 <y < 0,
in order to ensure the best detector acceptance as the oémess of the nucleon-nucleon system was
moving with respect to the beam interaction point.

3.1 Track selection and particle identification

The charged tracks coming from the primary vertex of theigioth (“primary” tracks) withpr > 0.15
GeV/cand|nip| < 0.8 are considered for the invariant mass reconstructi¢tibandg in this analysis.
The selection of primary tracks imposes that they satisfydg@construction quality criteria. It is re-
quired that tracks have left a signal in at least one of therkagf the SPD and that the distance of closest
approach to the primary vertex of the collisions is withim2 along the longitudinal direction and lower
than 70,y in the transverse plane. The resolution on the distanceoskst approach in the transverse
plane,oyy, is stronglypr-dependent and lower than 10@n for pr > 0.5 GeV/c [@]. In addition tracks
are accepted if they have crossed at least 70 out of maxim@rhdiizontal segments (or “rows”) along
the transverse readout plane of the TPC.

Primary tracks have been identified m®r K based on the information of the TPC and TOF detectors.
In the TPC, charged hadrons are identified by measuring thafgpionisation energy loss Efdx) in

the detector gas. With a resolutiooirec) on dE /dx of 6%, the TPC allows a&rpc separation between
mmand K up topr~0.8 GeV/c and above 3 GeXt, in the relativistic rise region of thekfdx. The TOF
contributes to particle identification with the measuretwrthe time-of-flight of the particle, with the
start time of the event measured by the TO detector or usirgjgamithm which combines the particle
arrival times at the TOF surface. In p-Pb collisions, whem ¢lvent time is determined by the TOF
algorithm (available for 100 % of the events which have mbmantthree tracks) the resolution is 80
< otor < 100 ps. TOF allows a@ror separation between identifigdand K in the momentum range
0.7-3 GeVc, and between K and protons up to 5 C;‘/e\{@].

For the combined “TPC-TOF PID” approach, particles withgnal in the TOF are identified by requir-
ing that the measured time-of-flight and energy loss do neiatke from the expected values for each
given mass hypothesis by more thaoirdr and Sorpc, respectively. For tracks which do not hit the
TOF active region, a@rpc selection on the l/dx is applied. Variations of these cuts have been used
for systematic studies, as described in $ed. 3.4. Besi@eERIC-TOF, the measurement@has been
performed following two alternative strategies, one whistploits a 2rrpc Separation on the particle
energy loss in the TPC for the K identification, and the sedondvhich no PID cuts are applied. In
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the no-PID scheme all positively charged hadrons are cereidas K whereas all negatively charged
hadrons are considered as KThe no-PID approach extends the measurement of the yiadsgd; =

10 GeV/c, the upper limit reached by the PID analysis, to 16 Ge¥nultiplicity dependent) or 21
GeV/c (minimum bias). At lowpr, the TPC-TOF selection leads to a better separation beteigaal
and background with respect to TPC-only and no-PID, theeeitas used untilpr(@)cutoff = 3 GeV/c.

At high momentum, K andrt cannot be efficiently separated by TPC-TOF, therefore m»i®lsed for
pr(@) > 3 GeV/c to maximise the total reconstruction efficiency. The milittity-integrated yields of

@ (see Sed.]4) obtained with the no-PID, TPC only, and TPC-T@faaches are compared in Hif). 1a
in the common transverse momentum interval. Details onitirekextraction procedure and efficiency
correction are given respectively in SEC3.2 3.3. Ttie odithe data to the Lévy-Tsallis function
(see Sed.411) used to fit the TPC-TOF spectrum in the<Oi® < 10 GeV/c range (Fig[dLb) further
shows a good agreement among the three analyses, withintainties. In the case of R, which is a
wide resonance, PID is necessary also at high momentum tcedatie background and therefore the
TPC-TOF strategy has been applied in the full kinematic eang
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Fig. 1: (a) Comparison of the transverse momentum spectriy @prdy) of g-meson in non-single diffractive
(NSD) p—Pb events, reconstructed via the decay channekihto~ by exploiting three different strategies for K
identification: TPC only, TPC-TOF and no-PID. The reader iedtar to Sed_311 for details on the PID selection
and to Sed_3]2 for a description of the signal extractiorc@doire. The uncertainties are the sum in quadrature
of statistical and systematic. A Lévy-Tsallis functiomésEq.[4.11) is used to fit the TPC-TOF spectrum in 0.3
< pr < 10 GeV/c. (b) Ratio of each spectrum to the fit function, showing gogceament of the three PID
strategies within uncertainties.
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Fig. 2: Invariant-mass distributions for'R (a, b) andgp (c, d) in the transverse momentum range 4.pr < 1.4
GeV/c and multiplicity classes 0-20% and 0-5%, respectively. édgganels, (a) and (c), report the unlike-sign
invariant-mass distribution and the mixed event backgddiEB) normalised as described in the text. In lower
panels, (b) and (c), the distributions after backgroundrsigtion are shown. The'R peak is fitted with a Breit-
Wigner function whereas th@ meson peak is described by a Voigtian function. A secondrgpdé/nomial
function is used to describe the residual background.

3.2 Signal extraction

K*0 and @ signals are reconstructed in each multiplicity class aadswerse momentum interval, as de-
scribed in 3]. For each event, the invariant-massibligton of the K9 (¢) is constructed using
all unlike-sign combinations of charged K candidates wit(K) candidates. For K in the full mo-
mentum range and fap up to 3 GeV/c the TPC-TOF approach has been used for particle identditati
@ mesons withpr > 3 GeV/c have been reconstructed by applying no PID. In the follovtigK"™ and

rt candidates are labelled bS, the K~ andrr are labelled ab~. The combinatorial background due
to the uncorrelated pairs has been estimated in two wayshéynixed-event technique and from the
invariant-mass distribution of like-sign pairs from thersaevent. In the event-mixing method the shape
of the uncorrelated background is estimated from the iawimass distribution dith~ combinations
from five different events. Effects from multiplicity fluations are minimised by dividing the sample
into ten multiplicity classes and by performing event mgxinithin the same multiplicity class. In order
to minimise distortions due to acceptance effects withicheaultiplicity class, the events are further
sub-divided into twenty bins according to the relative eefposition along the-axis Az, =1 cm). The
final mixed-event distribution for each multiplicity clasfound by adding up th®li,, distributions from
each vertex\z, interval. For the K° analysis, the mixed-event distribution for egghbin is normalised

by the smallest factor that leads to a positive-defined ardign distribution after subtraction, within the
statistical error in all invariant-mass bins. The mixe@mvdistribution forg is normalised in the mass
region 1.04< Mgk < 1.06 GeVc?. The normalisation range for*R and ¢ is varied for systematic
studies. In the like-sign technique, the invariant-massridiution for the uncorrelated background is
obtained by combining the*h™ andh—h~ pairs from the same event according to a geometric mean
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(2y/(htht)-(h~h")), in order to reduce statistical fluctuations in the resgltdistribution. The like-
sign background is subtracted without normalisation frbenunlike-sign pairs distribution. The mixed-
event method has been preferred fof Kg) signal extraction in the range 0«4 pr < 15 GeV/c (0.3

< pr < 16 GeV/c), given the smaller statistical uncertainties on the iiargrmass distribution. At very
low momentumpr < 0.4 GeV/c, the like-sign distribution is found to reproduce better Hackground

of the K*% and not to be affected by the choice of the normalisationeatigerefore it has been preferred
over the mixed-event. Figuté 2 shows tkie ; and Mk invariant-mass distributions before and after
background subtraction in the transverse momentum iftér2a< pr < 1.4 GeVc, for the 0-20% and
0-5% VOA multiplicity classes, for K and g, respectively.

After background subtraction, the resulting distribui@xhibit a characteristic peak on top of a residual
background (lower panels of Figl. 2). The latter is only padile to imperfections in the description of
the combinatorial background and mainly due to correladsdrom jets, multi-body decay of heav-
ier particles or correlated pairs contribution to the baiokgd from real resonance decays where the
daughter particles are misidentified as Kroby the TPC-TOF PID. A dedicated study in Monte Carlo
simulations has been performed to ensure that the shape obtrelated background is a smooth func-
tion of mass and to verify that a second-order polynomiaVioies a good description of it.

As in [@], the signal peaks for R and ¢ are fitted respectively with a (non-relativistic) Breit-yiier
and a Voigtian function (convolution of Breit-Wigner and «aian) superimposed to a second order
polynomial function to shape the residual background. Eptemare reported in the lower panels of
Fig.[d, where fits are performed in the intervals 078y, < 1.04 Ge\/c2 and 1.0< Mgk < 1.05
GeV/c?. The fitting range is optimised for eagh bin across all multiplicity event classes. The mass
and width of K and¢ are found to be compatible with the measurements in Pb—fbicos @]. For
the measurement of the yields, the width 6Pknd @ have been fixed to their natural valu€gK %) =
47.4+ 0.6 MeV/c2, T (¢) = 4.26-+ 0.04 MeV/c? [50], whereas the resolution parameter of the Voigtian
function for @ has been kept as a free parameter. The meagureldpendent resolution on tlgmass
(sigma of Gaussian) varies between 0.9 and 1.5 f&Vand it is consistent with the values extracted
from Monte Carlo simulation. The sensitivity to the choidéhe normalisation interval, the fitting range,
the shape of the background function, the fitting range aaddmstraints on mass, width and resolution
parameters has been studied by varying the default setdsgescribed in Sec. 3.4.

In minimum bias collisions the sample of reconstructedigiag includes about 3:410° K*0 and 8.6<10°

@ in the transverse momentum range:Qpr(K*°) < 15 GeV/c and 0.3< pr(¢) < 21 GeV/c, respec-
tively. With the available statistics, the‘| production in the 80-100% VOA multiplicity event class has
been measured up t& = 6 GeV/c, while theg spectra extend up to 16 G&¥in the 0-60% multiplicity
percentile interval and up to 13 G@¥/in 60—80% and 80—100%.

3.3 Detector acceptance and efficiency

In order to evaluate the detector acceptance and recotistrigficiency, a sample of about 4®onte
Carlo simulated p—Pb events, based on the DPMJET 3.05 eeeerajorl], with the detector ge-
ometry and material budget modeled by GEANT 3l21 [62], haeenbanalysed. Thpr-differential
acceptance and efficiency correction, (Ace)(pr), has been obtained as the ratio between the number
of reconstructed signal pairs in thed.5 < y < 0 range and the number ofKor ¢ generated in the
same rapidity interval. The reconstructed signal pairsoatained upon combination of primaryand

K selected by applying the same kinematics cuts and trackasutn the data (see Séc.]3.1), including
TPC-TOF PID cuts for K2, and ¢ with pr < 3 GeV/c. For @ with pr > 3 GeV/c no PID cuts are
applied. The (Acc< €)(pr) for K*© and ¢ are reported in Fig.]3 for minimum bias events. Since only
events with reconstructed primary vertex have been coreida the computation of (Ace €)(pr), a
correction factor has to be applied to the total number ofpisx events in each VOA multiplicity event
class, to account for vertex reconstruction inefficienclie Torrection is about 0.995 for 60-80% class
and 0.945 for the lowest multiplicity events 80-100%, and @pplied as discussed in SEc.]4.1.
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Fig. 3: Detector acceptance and signal reconstruction efficiesrdf* andg mesons, which includes reconstruc-
tion, track selection and particle identification efficignEor K*® andg production belowpr < 3 GeV/c, the PID
efficiency is relative to the TPC-TOF approach, whereagfproduction withpr > 3 GeV/c no PID contribution

is included, as no particle identification is applied in thelgsis.

3.4 Systematic uncertainties

The measurement of *R and ¢ production in p—Pb collisions have been tested for systenedfiects
due to global tracking efficiency, track selection cuts, FIlgnal extraction, knowledge of the material
budget and of the hadronic interaction cross section in gteatior material, as summarised in Tab. 2.
The approach is similar to the one adopted for the study*8fafd ¢ in Pb—Pb coIIisionsIEB], but the
total average uncertainty evaluated in the p—Pb case igisagrily lower (about half of the relative un-
certainty in the Pb—Pb), mainly due to lower contributiormf global tracking efficiency and the signal
extraction procedure. No multiplicity dependence of aystc effects has been observed, therefore the
uncertainties presented in SEL. 2 have been averaged athongt#licity event classes. For each par-
ticle, they are quoted for two separate momentum interfatg<*°, one can distinguish a loyr range

(0 < pr(K*%) < 4 GeV/c) where the knowledge of the material budget and hadron@rastion cross
section in the detector material enter in the systematienainty, as opposite to the high range (4

< pr(K*%) < 15 GeV/c) where these contributions are negligibe §.5%). In they case, twapr inter-
vals are considered, according to the particle identificeéipproach used to identify the decay products,
namely the “TPC-TOF” and “No PID” strategies described i.&&1. Thepr region where the TPC-
TOF PID is applied pr < 3 GeV/c), coincides also with the range where effects of materidbletiand
hadronic interaction cross section are relevant for thesomemnent ofp production.

The main source of uncertainty, common t&°kand ¢, comes from the determination of the global
tracking efficiency. In p—Pb collisions this contributioasbeen estimated to bega-independent effect
of 3% for charged particleﬂ48], which results in a 6% eff@ben any two tracks are combined in the
invariant-mass analysis of'Rand .

The track selection was varied to study systematic effébtsanalyses are sensitive to variations of the
cuts on the number of crossed rows in the TPC and the distdmbesest approach to the primary vertex
of the collision. Track selection enters in the total uraiety with a relative contribution of 2.5 % for
K*0 and about 1.9 to 2.2% for thg case.

At high transverse momentum, namely far(K*°) > 8 GeV/c and pr(¢) > 12 GeV/c, the systematic



K*(892Y and¢(1020) in p—Pb at/sun = 5.02 TeV ALICE Collaboration

uncertainties are dominated by the raw yield extractiorc@dare. This contribution is labelled as “Sig-
nal extraction” in Tab 2 and it includes the background ralisation region, the choice of the fitting
range, the residual background shape and variations obifraints on the fit parameters. In addition
to the default strategy described in 9ec] 3.2, the mixedtéaackground distributions forR andg have
been normalised in different invariant mass regions thaibsad, but exclude the signal peaks. The sen-
sitivity of the K*0 (¢) yield extraction to the fit range has been studied by vargiach interval boundary
within =50 MeV/c?(+5 MeV/c?). As alternative to the second order polynomial, a third farst order
polynomial functions have been used to fit the residual backgl. The measurements for bottkand

@ turned out to be independent on the mass parameters, bun tia¢ @onstraints on the*R width and

@ mass resolution. Therefore, theéWvidth has been varied by50% for systematic studies, while the
@ resolution has been varied within the range of values obseiv the simulation. Due to the lower
particle multiplicity and the improved PID strategy thatsHad to a lower residual background after
mixed-event background subtraction, the contributionigfal extraction for K° is reduced by half in
p—Pb with respect to the Pb—Pb case, where the uncertaisgiated to the choice of the fitting range
was larger than 9"/@3].

In order to study the effect of the PID selection on signatastion, the cuts on TOF and TPC have been
varied to 35 and 40 with respect to the default settings described in §e¢. 8sylting in the average
contribution to the systematic uncertainty reported in. Thlas “particle identification”. For ¥ the
average contribution from PID is 1.1% in the Igwy-range, and 2.7% at high transverse momenta. The
contribution to thap uncertainty is 0.9% on average in the transverse momentoge rahere TPC-TOF
PID is applied.

The knowledge of the material budget contributes f&? Kp) with an average of 1.2% (2.2%) at low
transverse momentum, and a maximum of 3.5% (5.4%), reach@kf pr <0.2 GeV/c (0.8< pr <0.9
GeV/c). In both cases, it is negligible fgor > 3 GeV/c. The contribution from the estimate of the
hadronic interaction cross section in the detector matisria 9% (2.4%) for KO (¢) at low pr, negligi-

ble for pr > 4 GeV/c (pr > 3 GeV/c). These effects were evaluated by combining the unceeaifdr
armand a K (for K©), and for two K (in case of), determined as ilm 7], according to the kinematics
of the decay.

The systematics were studied independently for all eversisels, in order to separate the sources which
are multiplicity-dependent and uncorrelated across plidiiy bins. In particular, signal extraction and
PID are fully uncorrelated sources, whereas global tragkirack cuts, material budget and hadronic
cross section are correlated among different event classes

K0 ®
pr (GeV/c) 0-4.0 4.0-15.0 0.3-3.0 3.0-21.0
PID technique TPC-TOF TPC-TOF No PID
Global tracking efficiency 6% 6%

Track selection cuts 2.5% 1.9% 2.2%
Material budget 1.2% <0.5% 2.2% <0.5%
Hadronic interaction cross section 1.9% <0.5% 2.4% <1%
Particle identification 1.1% 2.7% 0.9% -
Signal extraction 3.8% 4.6% 1.8% 4.3%
Total 7.9% 8.4% 7.4% 7.7%

Table 2: Sources of systematic uncertainties fofind ¢ yields (6PN/(dprdy)). For each source and transverse
momentum range (see text for details), the average relaticertainty over all multiplicity classes is listed. For
eachpr range, the particle identification (“PID technique”) used the analysis is also indicated. The contribu-
tions have been summed in quadrature to estimate the ttatileesystematic uncertainty.

10



K*(892Y and¢(1020) in p—Pb at/sun = 5.02 TeV ALICE Collaboration

4 Results and discussion

4.1 Transverse momentum spectra

The multiplicity-dependent transverse momentum spedtka‘dand@ mesons measured in the rapidity
range—0.5 < y < 0 are reported in Figl4. Measured yields are corrected foemance, efficiency
and branching ratio, and normalised to the visible crossasem each VOA multiplicity event class, as
discussed in SeE. 3.3. The minimum bias spectra f8rad @ are also reported in Fif] 4 and have been
normalised to the number of NSD events after applying theection for trigger efficiency and event
selection éysp), vertex reconstructiong(yy) and vertex selection described in 9dc. 2, resulting ina tot
scaling factor of 0.964.

The pr-integrated particle yields,Nj/dy, and mean transverse momentu(py), are determined by
using the transverse momentum spectra in the measured aadd®y using a fit function to extrapolate
the yield in thepr range where no measurement is available. The same procidapplied to the
spectra of KO and ¢ for each event class. The Lévy-Tsallis parameterizaﬁ has been chosen to
fit the corrected ®N/(dprdy) spectra, as it has successfully been adopted to fit the leasgiectra in
pp collisions at RHIC and at LdeLB66]. The Lévy-Teafunctional form describes the shape of
the exponential spectra at low transverse momentum ancbthergaw distributions at largpr with an
inverse slope paramet€rand an exponent parameter

®N  dN (n—1)(n-2) H\/P%Hn%—mo B

dprdy _ PT dy nC[nC + mo(n— 2)] nC ’

(1)

wheremy is the mass of the particle, C and the integrated yielddNJdy are the free parameters. The
fits are performed in ther range where the Lévy-Tsallis function provides a satisigcdescription of
each spectrum, namely in the interval 0-10 Ge¥or K*® and 0.3-10.0 Ge)¢ for ¢. The values of the
fit parameter<C andn, as well as the reducexf are reported in Talh] 3, together with thi tly and
(pr) obtained using the data and the fit function in the extrafmiaegion.

For K*° the extrapolation, necessary only at high covers a fraction of the total yield lower than 0.1%.
For ¢ the extrapolated yield is dominated by the fraction of signahe low transverse momentum
region, which constitutes about 10.6% of the total in theiminm bias case. For all multiplicity classes
this fraction is reported in Tab] 3. It can be noticed thatitiverse slope paramet€rand the exponent
parametemn increase with multiplicity, reflecting the flattening of tepectra from peripheral to most
central events.

The uncertainty on M/dy and (pr) is dominated by systematics, which include the contrilbutid
the pr-uncorrelated systematic uncertainty on the measuredrapedin average about 6.3% for§
3.6% for @), the pr-correlated contributions from global tracking efficier(@@6 for K° and ¢, only on
dN/dy), and the extrapolation of the yield. The first contributives been estimated by repeating the
Lévy-Tsallis fits moving the measured points within thgistematic uncertainties, whereas in order to
evaluate the latter, a Blast-Wave function! [67] has beed afternatively to fit the spectra. The relative
systematic uncertainty or\y dy due to the choice of the fit function varies between 1.5% and@3%,
going from high to low multiplicity. Such a contribution iggligible in the case of ¥, due to the fact
that its production is measured down to zero transverse miume

4.2 Mean transverse momentum

In a hydrodynamically evolving system the spectral shapesieven by the expansion velocity, thus
by the mass of the particle and they are expected to follonsthwadering”. Viceversa, the observation
of mass ordering of particle spectra may be suggestive optasence of collective (hydrodynamic)
behaviour of the system. Although the presence of a strattiglriow is established in Pb—Pb collisions
[@], the measurements in p—Pb are not conclusive [47],easdmparison between data and models for
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Fig. 4: Transverse momentum spectréNd (dprdy) of K*0 (a) andg (b) for different multiplicity classes (VOA
estimator), measured in the rapidity rang@.5 < y < 0. K*? andK*0 are averaged. The multiplicity-dependent
spectra are normalised to the visible cross section, whdéheaminimum bias spectrum is normalised to the frac-
tion of NSD events (see text). Statistical (bars) and syatenfboxes) uncertainties are indicated. Dashed lines

represent Lévy-Tsallis fits, see text for details.

12




K*(892Y and¢(1020) in p—Pb at/sun = 5.02 TeV ALICE Collaboration

K +0
Multiplicity (%) C (GeV) n X2/Indf  Extr. d\/dy (data + extr.) (pr) (GeV/c)

0-20 0.440£0.010 11.14+05 1.7 <10* 0.616+0.008+ 0.0374+0.037  1.379 0.011+ 0.020
20-40 0.430:£0.009 9.7+0.4 1.7 <10*  0.426+ 0.0064 0.026+ 0.026  1.300+ 0.010+ 0.019
40-60 0.359+ 0.008 8.8+ 0.3 05 <10 0.3024+ 0.004+ 0.0194+ 0.018 1.2114 0.009+ 0.017
60-80 0.309t 0.008 7.8+ 0.3 06 <10 0.185+ 0.003+ 0.013+ 0.011 1.108+ 0.009+ 0.021
80-100 0.224+ 0.008 6.2+-0.3 0.4 0.002 0.083 0.001+ 0.005+ 0.005 0.943+ 0.009+ 0.016
NSD 0.388+0.003 9.4+0.1 1.8 <10 * 0.315+0.002+ 0.018+ 0.018  1.27Qt 0.005+ 0.017

¢

Multiplicity (%) C (GeV) n X2/Indf  Extr. d\/dy (data + extr.) (pT) (GeV/c)

0-5 0.472+-0.010 12509 15 0.094 0.37% 0.0044+ 0.020+ 0.023 1.4374 0.009+ 0.028
5-10 0.469+ 0.010 12.0:-0.8 1.1 0.094 0.288 0.003+ 0.014+ 0.017 1.442+ 0.009+ 0.025
10-20 0.453+ 0.010 11.3+0.6 1.2 0.097 0.244- 0.002+ 0.012+ 0.014 1.421+ 0.008+ 0.024
20-40 0.413-0.009 9.8+04 1.1 0.105 0.185% 0.001+ 0.009+ 0.011  1.35% 0.006+ 0.025
40-60 0.382- 0.009 8.8+-0.4 0.6 0.115 0.1229 0.0008+ 0.00644+ 0.0073 1.310t 0.006+ 0.031
60-80 0.349: 0.009 8.3-0.4 0.5 0.115 0.0695 0.00064+ 0.00374+ 0.0041 1.242+ 0.008+ 0.024
80-100 0.260t 0.010 6.74+0.3 0.4 0.163 0.029% 0.0004+ 0.0023+ 0.0018 1.055+ 0.010+ 0.030
NSD 0.412+0.014 10.0-05 0.8 0.106 0.1344 0.0005+ 0.0069+ 0.0081 1.355+ 0.003+ 0.030

Table 3: Parameters of the Lévy-Tsallis fit function and valueg@ind K° dN/dy and(pr) for different multi-
plicity classes. Th€ andn parameters with their statistical uncertainty, the redygeof the fit and the fraction

of the total yield obtained by extrapolation (“Extr.”) areported. The yields anfbr) are obtained considering
data in the measured range and using the result of the fit iexinapolation region, and are listed as (valustat.

=+ uncorr.=4 corr.), where the errors are the statistical uncertaihtyuncorrelated and correlated contributions to
the systematic uncertainty, respectively. In {pg) case, the contribution to the systematic uncertainty tated
across multiplicity classes is negligible. The minimumsbépectrum has been normalised to the fraction of non-
single diffractive events (NSD) and an additional 3.1 %tieéacontribution from the normalisation to NSD has to
be considered in the systematic uncertainty Nifdj.

pp collisions that incorporate final-state effects (suchasr-reconnection), shows that the latter could
mimic the presence of radial flow. The measurements ‘8fdid ¢ can further probe the presence of
“mass ordering”, since they have similar mass as the proton.

The transverse momentum spectra 6f kind @, reported in FiglK, become flatter, thus harder, going
from the most peripheral to the most central p—Pb eventsthierevords, the mean transverse momentum
increases with multiplicity. This is also shown in Fig. 5, evl the(pr) of K*® and ¢ as a function

of the average charged particle multiplicity densi{@Ncn/dniab)|nj<05) is compared to that of other
identified hadrons, including®, K=, K p,A, =~ andQ~, in p—Pb collisions at/Syy = 5.02 TeV E}’
@]. Going from the lowest to the highest multiplicity eventhe relative increase ¢pr) for K*° and

@ mesons is about 40%, common to a wide variety of particledyding K*, K2 A, =F andQ*. The
relative increase is smaller far (about 26%) but larger for protons (about 52%). Tipe) of K*¥ is
about 10% larger than that of proton in all event classes antpatible with(pr) of A. The (pr) of

@ is instead about 20% larger than proton and between 4% (0ab%B% (80—100%) larger thak

A similar hierarchy is also observed in pp collisions andggesral Pb—Pb collisions, but not in central
Pb—Pb collisions, where, as expected from hydrodynamarsicfes with similar mass have similgor).

In Fig.[8 the(pr) of K*9, proton andp are compared in the three collision systems as a functioheof t
cubic root of the average charged particle multiplicity sign (dNgp/dniap) /2. Based on the observa-
tion that the femtoscopic radii scale approximately limearith (dNch/dnjap)®/® [@], this observable

is used as a proxy for the system size, associated with thesrafithe fireball at freeze-out. In p—Pb,
where no extended hadronic medium is expected to be forrhedsytstem size can be associated to
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Fig. 5: Mean transverse momentum of identifigd, K*, Kg, K*°, p, @, A, =~ andQ~ measured by ALICE

in p—Pb collisions at/syv = 5.02 TeV m.@] as a function of the charged particle densigasured in the
pseudo-rapidity rang@iap| < 0.5 ((dNch/dNiab)|p|<05)- The K, A and=" points are slightly displaced along

the x-axis to avoid superposition with other points. Stiidd uncertainties are represented as bars, whereas boxes
indicate systematic uncertainties.

the width of the distribution of the particle emission peinfhe argument holding for Pb—Pb has been
extended in this paper also to the proton-nucleus cased lwaséhe linear trend of the measured radii
with (dNen/dnian) >3 in p—Pb collisions([69]. From Fid]6 one can see that at sinele@nt multiplicity,

the (pr) is larger in p—Pb than in Pb—Pb and the increase with mudiiplis steeper. An analogous
observation for unidentified charged particles has beeortegin @], where it is shown that in models
of pp collisions, the strong increase (pr) with (Ng,) can be understood as the effect of color recon-
nection between strings produced in multi-parton intépast Considering that for a given multiplicity
class in p—Pb and peripheral Pb—Pb events the geometry obllion and the dynamics of the systems
are different but the production of*Kk and ¢ mesons relative to long-lived hadrons is comparable (see
Sec[4.%), one can conclude that the sample of p—Pb cobissolominated by events with a larger frac-
tion of quadri-momentum transferred, thus “harder”.

In central Pb—Pb collisiongpr) of K*0, proton andg are consistent within uncertainties (Fig. 6), and
follow “mass ordering”. This is consistent with the hypatlsethat particle boost in the hadronic phase is
driven by radial flow! 2]. This mass ordering seems tok&aaoing towards peripheral Pb—Pb colli-
sions, where it is only approximate. In p—Pb and minimum pasollisions({pr) (@) > (pr)(K*%) > (pr)(p).

The (pr) for several particles as a function of their mass for 0-20%lpat,/Syv = 5.02 TeV and
minimum bias pp collisions ay/s = 7 TeV [30,(64] 66] are illustrated in Fifll 7. In p—Pb, ther) of

all particles but K® has been obtained as the average between the availablereteaalues weighted

by the particle integrated yields in 0-5%, 5-10% and 10-2@;@]. For KO, the direct measurement
of (pr) in 0-20% is available (see Tabl 3). For the pp case, also tenteneasurements on the short-
lived baryonic resonanc&{1385)" and=(1530) (indicated ag** and=*°) have been included in the
comparison. The mean transverse momentum is larger farlangsses, but Fifgl 7 shows that in pp and
p—Pb collisions thépr) values for K° and ¢ mesons are systematically larger with respect to a linear
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VSN = 2.76 TeV(red)[33, 42]. Statistical uncertainties are repnésd as bars, boxes indicate total systematic
uncertainties.
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are represented as bars, boxes indicate total systematctaimties.
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Fig. 8: The (p+ P/ ratio measured in p—Pb in 0-5% and 80—-100% VOA multipliclgsses, compared to the
same ratio measured in minimum bias pp collisiog/at= 7 TeV @,@], 0—10% central and 60-80% peripheral
Pb—Pb collisions ay/syn = 2.76 TeV [33].

trend which includes protons avdinstead. These results seem to suggest that a differenbfygoaling
holds in pp and p—Pb collisions and prepare the way for a metaldd investigation, which is however
outside of the scope of this paper.

4.3 Differential (p+p)/¢ ratio

The multiplicity dependence of the (p¥ ratio as a function of transverse momentum is studied to
compare the spectral shapes¢g@imesons and protonﬂ47]. The differential ratios for the%-&nd
80-100% VOA multiplicity event classes in p—Pb collisiome eeported in Fid.18 together with the ratios
in minimum bias pp collisions, 0-10% central and 60-80% gieial Pb—Pb. In peripheral p—Pb the
(p+ p/ g ratio exhibits a qualitatively similar steep decrease ggpinollisions, and it is consistent with
the ratio measured in 80-90% peripheral Pb—Pb coIIisi(@],(hot shown in Fig18). The flat behaviour
of (p+ p/¢for pr < 3 GeV/cin 0—-10% central Pb—Pb collisions has been previously démnuinEb]
and found to be consistent with the expectations of hydrathio models. In the 0-5% p—Pb, a hint
of flattening is observed fopr < 1.5 GeV/c, but systematic uncertainties are such that no conclusive
evidence can be derived. Despite being about 10-20% latgesdmpatible within uncertainties, the
best qualitative agreement g+ p /@ in high-multiplicity p—Pb (0-5% VOA multiplicity event cts)

is achieved with respect to the 60—-80% peripheral Pb—Pisiools, which has also a similar particle
multiplicity.

4.4 Integrated particle ratios

Particle ratios are useful observables to study partiabelyetion mechanisms by comparing particles
with similar or different strangeness content, mass amdirife. Short-lived particles such as%and

@ are used in heavy-ion collisions to derive information oa lifetime of the hadronic phase and on

the mechanisms which take place before the kinetic freezesoch as re-scattering and regeneration.
If dominant over regeneration, re-scattering is expectedetiuce the observed yield of resonances,
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especially at low momentum and in high particle density emrments 2]. For the ¥ resonance
re-scattering is the dominant effect at play in most cer®iatPb collisions (and at low transverse mo-
mentum,pr < 2 GeV/c). This observation comes from the strong centrality depeod of the KO/K
ratio (see Fig.19) and its direct comparison with the ratitheflonger-livedp meson relative to @3].

For p—Pb collisions, the ratios of*Rand g-meson production to that of long-lived hadrons have been
computed starting from the integrated yieldspK and proton measured by ALICE with the same data
sample@ﬂ, and are reported for each multiplicity clas$ah.[4. The systematic uncertainty on track-

K*O

Multiplicity (%)

(K *O+K*0)/(rrt+117)

(K*O+K0)/[(KF+K ™)

(K*0+K*0)/(p+p)

0-20
20-40
40-60
60-80
80-100

0.0379t 0.0006-+ 0.0028 (0.0026)
0.0392t 0.0006+ 0.0029 (0.0027)
0.0395k 0.00064+ 0.0030 (0.0028)
0.0393t 0.0006+ 0.0032 (0.0029)
0.0399t 0.0006- 0.0030 (0.0028)

0.27€ 0.004+ 0.027 (0.026)
0.28% 0.004+ 0.027 (0.026)
0.29& 0.004+ 0.028 (0.026)
0.308& 0.004+ 0.028 (0.026)
0.325% 0.005+ 0.028 (0.026)

0.676 0.009+ 0.062 (0.059)
0.698 0.009+ 0.063 (0.060)
0.708- 0.009+ 0.064 (0.060)
0.696€: 0.009+ 0.065 (0.061)
0.745% 0.011+ 0.067 (0.063)

9

Multiplicity (%)

2¢/(rrt+17)

20/(K++K")

2¢/(p+p)

0-5
5-10
10-20
20-40
40-60
60-80
80-100

0.0185+ 0.0002+ 0.0014 (0.0009)
0.0174+ 0.0002+ 0.0013 (0.0006)
0.0174t 0.0001+ 0.0012 (0.0006)
0.0170t 0.0001+ 0.0012 (0.0006)
0.0161 0.0001+ 0.0012 (0.0006)
0.0147 0.0001+ 0.0011 (0.0006)
0.0143t 0.0002-+ 0.0013 (0.0009)

0.129¢ 0.0013+ 0.0126 (0.0076)
0.124% 0.0013+ 0.0112 (0.0057)
0.1254 0.0010+ 0.0110 (0.0053)
0.125¢ 0.0008+ 0.0107 (0.0053)
0.1213 0.0009+ 0.0102 (0.0052)
0.1143 0.0012+ 0.0089 (0.0046)
0.116& 0.0018+ 0.0110 (0.0078)

0.33% 0.003+ 0.030 (0.016)
0.31% 0.003+ 0.028 (0.012)
0.318 0.003+ 0.027 (0.011)
0.303 0.002+ 0.026 (0.011)
0.286: 0.002+ 0.025 (0.011)
0.26% 0.003+ 0.022 (0.010)
0.26Z 0.004-+ 0.028 (0.018)

Table 4: Ratio of K*¥ resonance ang-meson yields to long-lived hadr0|Et47], for different miplicity classes

in p—Pb collisions at/syv = 5.02 TeV. The results are reported as vatuestat. += sys. (uncorr.), where the
first error is the statistical uncertainty, the second istthal systematic uncertainty and the value in parentheses
indicates the component of uncertainty uncorrelated aarastiplicity classes.

ing, track selection, material budget and hadronic intavaccross section are correlated among each
particle and its decay products, thus they partially canogin the propagation of the error to the final
ratio. The residual uncertainties after cancellation angetated across the event classes. Systematic
uncertainties derived from signal extraction and PID d&lacare uncorrelated.

Based on the results reported in Tab. 4, one can concludedhsignificant multiplicity dependence is
observed in the K/ and the K%p ratios. The @/(rt"+1m) ratio exhibits instead an increasing trend
with multiplicity, going from 0.0143+ 0.001 in the lowest multiplicity bin to 0.018% 0.001 in the
highest multiplicity class, for a total increase of 29% witt2.6o significance. A similar trend with
multiplicity is also observed for theg(p+p) ratio, which increases by about 24% with a significance of
1.30 going from 80—-100% to 0-5%.

The increase of the@(rr"+7) ratio with multiplicity can be interpreted in the contextstrangeness
enhancement. The enhancementgameson (S) production relative to pion has been observed in
Pb—Pb to follow the enhancement observed for other stramgjenalti-strange baryonﬂ%]. In p—Pb the
results are in general agreement with the resultS/enandQ/mratio @], that seem to indicate that the
strangeness content may control the rate of increase wilfipfiuity.

Most interesting are the ratios ofkand¢ to charged K, which have been compared to similar measure-
mentsinpp at/s =7 TeV @] and Pb—Pb collisions gtsyy =2.76 TeV @], looking for indications

of the presence of re-scattering effects in central p—Plisimois. K‘%/K and @/K in the three collision
systems are reported in Fig. 9 as a functiokiddn/dniap) /3. While spanning a smaller range of particle
multiplicities, the K%/K and ¢/K ratios in p—Pb cover within uncertainties the range ofiealmeasured
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Fig. 9: Ratio of K** andgto charged K measured in the three collision systems, asctidurof the cube root of the
average charged particle densi(;dchh/dn|ab)l/3) measured at mid-rapidity, used as a proxy for the systee siz
Squares represent¥K, circles refer top/K. Statistical uncertainties (bars) are shown togethén toital (hollow
boxes) and multiplicity-uncorrelated (shaded boxes)systic uncertainties. Measurements in pp/at=7 TeV
and Pb—Pb collisions gfSyv = 2.76 TeV are taken from [30] anf [33], respectively.

in peripheral (40-60% and 60—-80%) Pb—Pb and pp collisions.

In order to quantify the evolution of the p—Pb ratios with tiplicity class, the ratiosy) have been
fitted with a first order polynomialy = ax+ b, wherex = (dNch/dniap) /3. Only the statistical and -
uncorrelated systematic uncertainties, added in quaeérdtave been considered for the purpose of the
fit. In p—Pb collisions thep/K ratio follows the trend from minimum bias pp to peripheRd—Pb colli-
sions. The linear fit to the p—Pb data returns a positive ballsiope parametera= 0.008+ 0.004. A
similar fit to the K9/K ratio in p—Pb instead, results into a negative slope; a -0.030+ 0.018. The

pp value for the K%K ratio is consistent with the ratio in the lowest multigijcp—Pb events. The slope
obtained fitting the Pb—Pb datayga' = -0.016+ 0.006, is interpreted as due to re-scattering effects in
central coIIisions|E3]. The slopes in Pb—Pb and p—Pb arepatiivie within the uncertainties (about
60% in p—Pb and 27% for Pb—Pb), and the decreasing trend%KKnay be a hint of the presence of
re-scattering effects in high-multiplicity p—Pb eventslandicative for a finite lifetime of the hadronic
phase in p—Pb collisions. Further comparisons with modgis-Bb collisions which include resonances
and re-scattering effects would be useful to distinguidivben the different scenarios.

5 Conclusions

The production of K° resonances angi mesons in p—Pb collisions aSyy = 5.02 TeV has been mea-
sured with the ALICE detector, including multiplicity-depdent transverse momentum spectra, mean
transverse momentum and particle ratios to long-livedtdftvoured hadron production. The system
size dependence of these observables has been studied paramgnthe p—Pb results with previous
measurements in Pb—Pb and pp collisions. In all collisiatesys, the mean transverse momentum in-
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creases with multiplicity for all particle species. The sasdering observed in central Pb—Pb collisions,
where particle with similar mass have similgrr), can be attributed to the presence of radial flow. In
p—Pb as well as in pp collisiongr) mass ordering is not observed. The measuremefpoffor other
hadronic species could shed more light on whether the obdesffect is due to the mesonic (baryonic)
nature of the particles, or instead, this behaviour is comtn@esonances rather than long-lived hadrons.
Ratios of K© and ¢ production to charged K are found to be in agreement with dties measured at
similar multiplicities in pp and Pb—Pb collisions. The maasnents in p—Pb follow the trend observed
in Pb—Pb within the accessible multiplicity range and theantainties. The K/K ratio exhibits a finite
negative slope from the lowest to the highest multipliciyPp events, suggestive of a finite lifetime of
the hadronic phase in the small p—Pb system.
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