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Motivation ©

ALICE
* Resonances have different short lifetimes similar to Hadronic phase

- allows the study of properties of hadronic phase in terms of
regeneration and re-scattering effects

T T

Kinetic
freeze-out

Chemical
freeze-out

Resonance Regeneration Re-scattering
decay

Regeneration: pseudo-elastic scattering of decay products
— Enhanced yield

Re-scattering: resonance decay products undergo elastic scattering or pseudo-
elastic scattering through a different resonance state
— Not reconstructed through invariant mass
— Reduced yield
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Resonances in ALICE (¥

ALICE

Resonance t(fm/c) Decay BR

Pb-Pb Xe-Xe p-Pb

p(770)0 1.3 Tt 100

K*(892)0 42 KTT 66.6 2010-2011 5017 2013 2009-2013
¥(1385)- 55 Am 87 2015,2018 2016 2015-2018
_ ) | 2.76 5.02 |0.9,2.76,7, 8,
=(1820) ECA AK - unknown 502 | >* | 816 | 5.02 13
A\(1520) 12.6 pK 22.5

=(1530)° 21.7 =T 66.7 e Inner Tracking System (ITS)

$(1020) 46.4 KK 49 2 - Silicon detectors

- Trigger, tracking, vertex, PID (dE/dx)

* Time Projection Chamber (TPC)
- Gas-filled ionization detector
- Tracking, vertex, PID (dE/dx)

* Time Of Flight ( )
. = PID through particle time of flight

e VOA and VOC
- Trigger, centrality/multiplicity estimator
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T-spectra in pp and p-Pb collisions %

VOM Multiplicity Event Classes
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e Evolution of the spectral shape with increasing multiplicity for pt1<5 GeV/c

* The spectral shape is similar across multiplicity for pt>5 GeV/c
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pTt-spectra in Pb-Pb collisions

p(770)°
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Phys.Rev. C99 (2019) 064901
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ALICE

A(1520 =(1530)°
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pr-spectra in Pb-Pb collisions
ALICE
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 Hardening of particle spectra from peripheral to central collisions
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pt-spectra in Xe-Xe collisions

K*(892)°
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Integrated yield (dN/dy) ®

ALICE
> | | | | | | ] T T T T T T T T o>
> | ALICE ) Models: pp Vs = 13 TeV | 0.5 >
B 0.8} *P-Pb fsy=5.02TeV,-0.5<y<0 1t —— PYTHIAB Perugia 2011 1 ©

- mpp, \s=7TeV,|y| <05 | ---- PYTHIA8 Monash 2013 1o.4

- epp, 5=13TeV, |[y| <05 1 [ —— PYTHIA8 Without CR H |V
06-— H_ - == EPOS-LHC ]

| i DIPSY ! {03
0.41 : '-

- B T 0.2
02 B 1 L _ O.‘l
0 | | | | | | | | I P

0 5 10 15 20 25 30 35 O 5 10 15 20 25 30 35 40 45
<dNCh/d 77>|17|<0.5 <dNCh/d n>|17|<0.5

e dN/dy increases with increasing multiplicity
e K*0: described by EPOS-LHC and PYTHIA8 without color reconnection

e ¢: slightly overestimated by EPOS-LHC and underestimated by PYTHIA tunes
Jihye Song 9 arXiv:1910.14397



Integrated yleld (dN/dy) ®
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* Integrated yield normalized to (dNcn/dn) for K*0 and ¢

- Independent of collision energy and systems for pp and p-Pb

collisions
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mean pt
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e (pr) values in pp collisions atv¥s =7 TeV and 13 TeV follow approximately the
same trend and rise faster as a function of (dNcn/dn> than in p-Pb collisions

 (p71) values predicted by EPOS-LHC are consistent with the measured values for

¢, b

ut slightly below values for K*0
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mean pt
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e |n central Pb-Pb collisions
- similar {pT) for p, K*0 and ¢ have been observed

- expected from hydrodynamics as they have similar masses

e |n small collision systems

Jihye Song (p1> increases more steeply and similarity of p, K*® and ¢ is broken



mean pt
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* (pT1) obtained from Pb-Pb and Xe-Xe collisions are in

agreement with each other
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Particle yleld ratios (&)
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(p) — 1 r T :
O _ KOK ¢/K ALICE e Suppression of K*0/K in central
© - = e ppl13TeV : _ .
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S 04F m e Pb-Pb5.02TeV llisi
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: i TRITRE I Hint of suppression in gmall
0.1 i {1 systems at high multiplicity
e are o (00xeS) ] - hadronic phase also in small

% 2 4 6 8 10 12 Systems?
(dN_/dn )"
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e No suppression of ¢/K
- due to larger ¢ lifetime

Lifetime(fm/c): p(1.3) < K*0(4.2) < 3*(5.5) < A*(12.6) < =*(21.7) < ¢(46.2)
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Resonance to long-lived particle ratios

ALICE
S po/rt, K*0/K and A*/A in Pb-Pb:

_8 1 — L . :
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Lifetime(fm/c): p(1.3) < K*0(4.2) < 2*(5.5) < A*(12.6) < =*(21.7) < ¢(46.2)
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pr-differential yield ratios ()
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* Atlow pr, K*0/K for central collisions are lower than peripheral (pp) collisions whereas
¢/K are comparable within the uncertainties

- K*0yields are suppressed due to re-scattering in the hadronic phase
- most effect on low momentum particles

* At intermediate pr, ratios show greater enhancement for central Pb-Pb collisions than
peripheral and pp collisions
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Strangeness production
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Inl< 0.5

ALICE

Smooth evolution vs.
multiplicity in pp, p-Pb, Xe-Xe
and Pb-Pb collisions from
different energies

Strangeness enhancement
Increases with strangeness
content



Strangeness production (&)
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ALICE

Smooth evolution vs.
multiplicity in pp, p-Pb, Xe-Xe
and Pb-Pb collisions from
different energies

Strangeness enhancement
Increases with strangeness
content

Does ¢ behave as a

non-strange or double
strange particle?




Strangeness enhancement: ¢ %
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* ¢/m(|S|=0)/(|S|=0)
- large systems: described by thermal model
- small systems: increase with multiplicity
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Strangeness enhancement: ¢

ALICE
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Nuclear modification factor (Raa, Rppb)

ALICE
Yieldaa(pr)
mft | IALIICIIE Plrellimilnalryl - - | RAA(pT) = .
Pb-Pb |5, = 5.02 TeV (0-10 %) 1 Y|e|dpp(pT) x{Ncol)
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Ty I S S BT RTY
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Intermediate-pT (2 < pt< 8 GeV/c) High-pt (>8 GeV/c)
- hint of mass ordering among mesons - similar suppression for different
- higher Raa values for proton (might be light flavor hadrons
due to baryon-meson effect) - No flavor (u,d,s) dependence
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Nuclear modification factor (Raa, Rppb)

ALICE
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p. (GeV/c) P

Intermediate-pT (2 < pr< 8 GeV/c) High-pTt(>8 GeV/c)
- mass dependent for strange - no suppression for different light
baryons flavor hadrons

- No flavor (u,d,s) dependence
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Reconstruction of =(1 820) %

Counts/(10 MeV/c?)
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G. Aarts et al., Arxiv: 1710.00566v1
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S °F 4« Qpeak pp \/__13TeV INEL > 0
g 6 + 15<p <20 GeV/e, lyl <0.5
o 4F ' " (1820)'+:(1820) —AK+AK"
3 oF " ALICE Preliminary +
S of ‘ HoH T
8 b AT

_25_+ |+ =TT
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T

oF Iy —Residual Background

10k | + - Breit-Wigner fit

N B AR - - Y

M, (GeV/c?)

First measurement of =(1820) from a collider
experiment

Calculation from FASTSUM Collaboration shows
potential parity doubling

- signature of chiral symmetry restoration in
heavy-ion collisions

- expected signal: mass shift, width broadening or
change in yield ratio between =(1820) and =(1530)
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Conclusion (©

ALICE

 ALICE has a measured comprehensive set of resonance particles

* mean pr: steeper increase in small systems and similar {pT) for p, K*0
and ¢ in central Pb-Pb collisions

e Normalized integrated yield: independent of collision energy and
systems for pp and p-Pb collisions

* Particle yield ratios:
- suppression of short-lived resonances, p9, K*0, A* , has been observed
In most central collisions w.r.t. small collision systems
- No suppression observed for the longer-lived resonances, ¢

 Hidden strange particle: ¢ has effective strangeness 1-2 units

 Nuclear modification factor: at high pt suppression for Pb-Pb, no
suppression in p-Pb collisions

e Reconstruction of =(1820): first measurement and clear signal
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Energy dependence:¢/K ()

ALICE
HADES, arXiv:1703.08418v1 Phys. Rev. C 91 024509 (2015)
! - Ar+KClI é _ d-Au, p-Pb, and A-A Data: High Mult. -
~ [ Yy Al+Al 0.2 ] Grand Canonical
< | |- XA - ([ Thermal Model
I v Pb+Pb ok m | 4 Ton=156 MeV
0o - T mNA49 Iy % ..... m. 0
: . ® ¢
K | 0.1F STAR L :+ ALICE .
~ R
N ** 0.05 O pp ¢ Cu-Cu -
L e g T r " ALICE Preliminary ¢ d-Au @ Au-Au
0 R - pp \s=13TeV 0 p-Pb  m Pb-Pb
' ' | ' [0 T L Ll
3 4 5678 ° o 10° 10” 10°*
\ SNN [GeV] Sy (GeV)

* Flat behavior in wide range of energy (~10-104 GeV)

* |ncrease for low energies due to canonical suppression

- reproduced by statistical model calculation with strangeness
correlation radius parameter Rc = 2.2fm
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