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Motivation

®* pp and p-Pb collisions:

v’ the baseline for heavy-ion collisions
v’ system size dependence
v" role of cold nuclear matter

®* AA collisions:

v" in-mediun energy loss
- resonance nuclear modification
factor

v’ restoration of chiral symmetry
- modification of width, mass and
branching ratio

v’ regeneration and rescattering effects

= modification of yield, «p;»>and
particle ratios

—> timescale between chemical and
Kinetic freeze-out

Resonance r
(MeV)

K*(892)° 50
$(1020) 4.3

Daughter momentum changed:
impossible to reconstruct inv. mass

A\

No interaction
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Decay Dataset E/_Is_,g{“/ |
2010 pp 7

T +K 2011 pp 2.76
K+ K 2010 Pb-Pb | 2.76
2011 Pb-Pb | 2.76

2013 p-Pb 5.02

\//' * Quasi-elastic interaction:

/ resonance re-generated in fireball




ALICE — particle identification

ALICE Coll. arXiv:1402.4476
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Particle identification (w, K
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VZERO scintillator detectors:

—centrality definition in Pb-Pb (VOA and VOC) [ ,
—multiplicity event classes in p-Pb (VOA)
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Signal extraction

Pb-Pb p-Pb
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combinatorial background: mixed-event or like-sign techniques
fit: Breit-Wigner (\Voigtian for ¢) + polynomial
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Pb-Pbh: mass and width

mass width
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masses and widths consistent with PDG values
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d®N/(dp_dy) (GeV/c)"

Pb-Pb: p; spectra
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2010 Pb-Pb data analysis : p:< 5 GeV/c (ALICE Coll. arXiv:1404.0495)
Analysis of Pb-Pb 2011 data extends measured p+
K*0: up to 10 GeV/c
¢ : upto 21 GeV/c
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p-Pb: p- spectra

K*O ¢
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Analysis of p-Pb 2013 data
Pt spectra measured in various multiplicity bins

K*0: 0<p;<15GeV/c
¢ : 0.2<p;<16GeVic
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Pb-Pb: < p»

K*0 ALICE Coll. arXiv:1404.0495 ¢
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Pb-Pb: < pr >, mass ordering

ALICE Coll. arXiv:1404.0495
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K*0and ¢: similar increasing trend with multiplicity as other hadrons

Central Pb-Pb collisions: particles with similar mass (K*° , p and ¢) have similar < pp>
— p+ distribution determined by particle mass, i.e. consistent with hydrodynamical picture
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(p.) (GeV/c)

pp, p-Pb: < p+ >, mass ordering ?

2 [ T T T T T 11 T T T 1T rrr] ] 18 LIS AL L S S N B S S N B S B S e
1 gl ALICE preliminary, p-Pb |sy, = 5.02 TeV ; [ = ALICE p-Pb 5.02 TeV 0-5% (VOA) ]
[ VOA Multiplicity classes (Pb side) : 1.6 1) ALICE p-Pb 5.02 TeV 0-20% (VOA) ]
16F o0 mK? 1 ‘4 [+ ALICE p-Pb 5.02 TeV 60-80% (v ]
- ALICE pp 7 TeV 3 ' [ Preliminary p-Pb: K*°, ¢ . :
T4 4o wk® i ] © 121 0 g,
~ - -
1.2F ' ; = 1k .
3 0 ] = o8} 2 :
i 0 ] ~ U8 *
L S < — :
0.8 - P ] S 0.6F 2
[ f -
0.6 B 7] 04F * ]
i o o o 00° Tci ] : ]
0'4 -_ 1 1 1 | | I 1 1 1 1 L1 1 1 I _- 0-2 r- Tci Ki Kg K*O p ¢ A -:
10 102 0 : 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1 :
(N /d n b>‘IJOAI . 0 200 400 600 800 1000 1200
A0 Vhap! < ™ Mass (MeV)
p-Pb: similar increasing trend for K*%and ¢ with multiplicity as other hadrons
PP, p-Pb: «<ppy > <(Ppixo > <Ppy
—> Do resonances not follow mass ordering or do protons deviate?
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« P> - system dependence

I L] L] L] L] L L | ll
& ALICE, pp 7 TeV

® ALICE, Pb-Pb 2.76 TeV
ALICE preliminary, p-Pb 5.02 TeV

steeper increase of < p; > for smaller systems

as also observed for charged particles in
ALICE Coll., Phys. Lett. B727(2013)371
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resonance ratio to K

K*0/K and ¢/K ratios

Pb-Pb:
05— K*0/K exhibits a strong suppression
[ 0 o ALICE, Pb-Pb 2.76 TeV ] going from peripheral to most central
[ m @ ALICE, pp 7 TeV I Pb-Pb collisions (i.e. increasing system
0.4F GC Thermal model (T=156 MeV) i size)
Z .H KK j — consistent with the rescattering of
03k HHH [ﬁ] [Hl ______________ ] K*0 daughters as the dominant effect
ﬁ * ¢/K in central Pb-Pb collisions
0.21 H 7 consistent with the value measured in
oK 8 8 g B ; pp collisions and with thermal model
0.1k 4}&@5@@ ' 8..8.8 ] prediction (Andronic et al., J. Phys.
"I ALICE preliminary, p-Pb 5.02 TeV (VOA multiplicity) j G38(2011)124081)
m (K4KT(K+K) o 20/(K'+K),-05<y <0
0 I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 ] p_Pb:

0 2 4 6 & 1012 L KoK sits along the extrapolation from

<dNCh/anab>I1y/|3< 05 pp to peripheral Pb-Pb collisions

» ¢/K rather independent from event
multiplicity class
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Central Pb-Pb: blast-wave predictions

Comparison of K*0 (¢) spectum with blast-wave model (BW) predictions.

* BW parameters (T,;,,n,and B,) from BW fit of =, K and p
(ALICE Coll., Phys. Rev. C88(2013)044910) .

« Normalization: measured K yields times the K*9/K (¢/K) ratio from the thermal model
(J. Stachel et al., J. Phys. Conf. Ser. 509(2014)012019).

ALICE Coll. arXiv:1404.0495

[ (a) Centrality 0-20% ¢ not suppressed in either

central or peripheral collisions

—_—
T TT

K*0 suppressed for

pr< 2 GeV/c in central
collisions. No suppression
in peripheral collisions.
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Central Pb-Pb: estimation t,;,-T.em

Thermal model with rescattering effect

e C. Markert, J. Rafelski and G. Torrieri, arXiv:0206260
 G. Torrieri and J. Rafelski, J. Phys. G28(2002)1911

F I','=50 MeV = lifeffm) |

:> the lower limit
Tkin~Tchem > 2 fm/c
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(P+P)/¢

p/¢ ratio

central Pb-Pb:
* p/oratiois flat for p;< 3-4 GeV/c, i.e.
similar spectrum shapes of p and ¢

" "TALICE Prefiminary | — _Iow—pT spe_ctral she_lpe dete_rmlned by
- p-Pb 15, =5.02 TeV,-0.5<y <0 - particle mass, i.e. consistent with
L VOA Multiplicity Event Classes (Pb-Side) - hydrodynamic description
12 | e0-5% -
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. - s =2. ev, |yl <0.0 ] : _ .
10 ﬂ o iiores ] peripheral Pb-Pb: N
[ 10-10% i « p/¢ ratio similar to pp collisions
8 4+80-90% ]
_ *ﬂ pp\s=7TeV,|y|] <05 .
6 * Eur. Phys. J. C 72, 2183 J central p-Pb:
| r Eﬁ g ] « Indication of flattening of the p/¢ ratio
4 0 H - below 1.5 GeV/c in most central collisions
i ﬂ,# ) — hint of the onset of collective
2r i ] behaviour?
i Uncertainties: stat. (bars), sys. (boxes) ]
0 o v by by by by _
0 1 2 3 4 5 6 peripheral p-Pb:
p. (GeV/c) « p/¢ ratio similar to peripheral Pb-Pb and
pp collisions
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High-p+: in most central collisions, a strong suppression is observed with respect to pp
collisions, both for resonances as well as stable hadrons.
Intermediate p+: Raa(d) < Raa(p). Since the p/¢ ratio in Pb-Pb is flat — differences due

to pp reference spectra.

Low p;: below 2 GeV/c larger suppression of K*° production with respect to charged
hadrons — can be explained in terms of rescattering effects
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no suppression with respect to pp
a moderate Cronin peak at intermediate momentum
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Summary

K*(892)% and $(1020) resonance production has been measured in a wide
momentum range in p-Pb and Pb-Pb collisions at the LHC, as a function of
multiplicity (centrality)

» In pp and in p-Pb the resonance « p; > does not follow the same mass ordering
as Iin central Pb-Pb, where it is compatible to that of stable hadrons
with similar mass

» K*0/K exhibits a strong suppression going from peripheral to most central
Pb-Pb collisions — K*0yield affected by rescattering in the hadronic phase
due to its short lifetime, while ¢ behaves as a long-lived particle

» In central p-Pb, ¢/p at low p;shows a hint of flattening — the onset of collective
behaviour?

> In central Pb-Pb collisions, similarly to other hadrons, high-p; resonances
are strongly suppressed
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