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THE ALICE DETECTOR

Excellent track momentum
resolution and PID

a. ITS SPD (Pixel)
y _ b. ITS SDD (Drift)

¢. ITS SSD (Strip)

d. V0 and TO

e. FMD

Muon spectrometer:

I®

- E w M-tracking and trigger chambers
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FMD, TO, VO
TPC

TRD

TOF

HMPID
EMCal

DCal

. PHOS, CPV
10. L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD

17. AD

18.2DC

19. ACORDE

DEOND O AW LR

Central barrel: Forward detectors:
vertexing, tracking, PID, EM calos multiplicity, trigger, centrality, time zero
|n| < 0.9
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TRANSVERSE MOMENTUM SPECTRA

Excellent track momentum resolution is critical to reconstruct hadron
resonances down to p; below 1 GeV/c
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COLLISION EVOLUTION

Lorentz-contracted disks. Diameter ~14 fm, thickness ~14/y fm, ¥ = 2500 @ LHC
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Initial stage  Gluon and QGP: deconfined  Hadronization and Kinetic freeze-out
nPDF, quark-pair creation  nuclear matter chemical freeze-out  Elastic collisions cease
saturation,  All heavy quarks expanding Inelastic collisions Free streaming particles
shadowing  created at this stage hydrodynamically  cease to the detectors

QGP phase Hadron gas phase
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TEMPERATURE AT CHEMICAL FREEZE-OUT

Statistical Hadronization Model (SHM) » At hadronization th tam
dadaronization the system IS

Y = '+' LN L L s >
. C - > Crel s
Q 10°Fen | Pb-Pb \(5,,,=2.76 TeV j 2 close to thermal equilibrium
c 102E ._.K central collisions ] g. _ _
s E e BA 3 ~ ® Arapid hadrochemical freeze-out
o 10 - . N
o e L I takes place at the phase
1 Rl 3
5 ", 0 1%  boundary
< 107F *.d Jhy =l
§ R~ :
: .. o 1 2 ® Hadron abundances described b
107°¢ ER:
j02[ Data(ly|<0.5) ALICE ) 1w SHM over 9 orders of magnitude!
= e particles “3He 3 §
10*E  m antiparticles Y 15 ® Note that also loosely bound
10‘5;5 Statistical Hadronizatio ) ‘a ) Objects (||ght nudei and hyper_
e F total (+decays: +initiaTchs "».‘He . E )
10°F .. primordial (thomal) = 3 5 nuclei) and heavy-flavour
1075 s s g g5, hadrons (J/y) are described by
Mass (GeV) SHM

Total yields include contributions from resonance decays!
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HADROCHEMISTRY

Nat. Phys 13, 535-539 (2017) o Smooth evolution of particle
o pRe o ok 4 5 %m..mp 1 1s|=0 production from small to large
5 g cuseemBencn 8 ® 8B mEm | Is1=1 systems vs. charged-particle
A R L LTV NCEY multiplicity
o —@Q i
9 1 IS1= : . :
5 | waen O Strangeness production increasing

i B REEN g o |S|=2
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with multiplicity until saturation

— ﬂ%%**+9+9 (x12)5 |S]| =3 ' _
- ] (grand-canonical plateau) is
& Pp— 1 reached
r ALICE Preliminary @® pp,Vs=13TeV 7
p-Pb, |5, = 8.16 TeV O p-Pb, Y5 =5.02TeV . . .
J0SE % e s s % Xose fme s TV o Steeper increase for particles with
. B Pb-Pb, 5, =5.02TeV (K, A, Z,©) B Pb-Pb, {5,=5.02TeV (P, @) 4
T ST e E— more strangeness content
<chh/dr">|n|< 0.5 . . . .
o High-multiplicity pp: same
Common particle production hadrochemistry as larger (p-Pb,
mechanism for all systems? peripheral Pb-Pb) systems
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TEMPERATURE AT KINETIC FREEZE-OUT

s 02— Boltzmann-Gibbs Blast-Wave
S 018 2 %%‘W 3 fitsare used to determine
= 016 D %%QQ%% 1 parameters of the radial flow:
e ? M . 1 = T, —kinetic freeze-out
o.; 21: et Cp;r("’ %.%% : temperature
osf. i N3 B> transverse flow
006l [T ] veloy
0.04F o auoe prtminay, oo, 5y - 816 Tev 7 Fit parameters are
0'020—‘ | 10|.1I - I0{2I - IO.ISI B |0.|4I B I015l B IO!GI - I0_.7 extracted from
e @ simultaneous fitsto m, K, p

spectra
Results are sensitive to fitting range!
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RESONANCES IN THE HADRON GAS

Re-scattering (elastic or pseudo-elastic scattering of the decay products)
and regeneration modify the yield of reconstructible resonances

x10°
G 40001 ALICE « Data (stat. uncert)
% - — Breit-Wigner Peak Fit
= 3000f - Residual BG
o 08<p <1.2GeVic
[ I > 20000 e cent 0-20%
| P 5 K*0
I Regeneration | O o0
; I K*in Pb-Pb | s, =276 TeV
0 S
I 075 08 085 08 085 1 105
Rescattering : 7K Invariant Mass (GeV/c?)
% / I “’g ALICE e Data (stat. uncert.)
= 20000 — Voigtian Peak Fit
d \ l % ----- Residual BG
I - 15000 25<p <3 GeVic
I :_uci 10000 cent. 0-10%
| | sovofonPero -2t T
: 1 1.01 1.02 1.03 1.04 1.05
: Hadronic phase : KK Invariant Mass (GeV/c?)
1 1 g
Chemical freeze-out Kinetic freeze-out ¢ (fM/¢)
(> Particle yields) (= Spectral shapes)
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p~SPECTRA WITH PREDICTIONS

» Curves are obtained with a simultaneous fit to /K/p distributions
» Curves are normalized to the measured K" yield times the K*9/K- (¢/K)
ratio from the thermal model (T = 156 MeV)
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RATIO K*/K

s U . .
T(K*) = 4.16 fm/c K**/K shows a ~55% suppression going
from peripheral Pb—Pb collisions to
8 0.8 LI I L l LI I LI I LI I LI I LU
= ~  ALICE Preliminary - most central Pb—Pb
o [ ofbls.-sezTev  =HRGRCE 7 e consistent with the rescattering of
© - O K/K[PLB 802 (2020) 135225) - _
é_t‘,o.e e ;mg;g;gm::oﬁ—,_ the daughters as the dominant effect
| ppis=502Tev . * models with rescattering effect
op  K*/K[PLB 828 (2022) 137013]
i y (MUSIC+SMASH and HRG-PCE)
0.4 = e .
- B d gualitatively describe the data
0.2 g K** measurement is consistent with
i ootHtbbdoo g | previous results for K*°
Uncertainties: stat.(bars) sys.(boxes)
L1 1 l L1 1 I L1 1 I L1 1 I L1 1 I | I | [ [ |
%% 2 4 6 8 10 1214 MUSIC: D. Oliinychenko, arXiv:2105.07539

113
<chh/d’7>|,,|<o_5 PCE: A. Motornenko, Phys.Rev.C 102 (2020) 2, 024909
GCSM: V. Vovchenko, Phys.Rev.C 100 (2019) 5, 054906
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RATIO A*/N

T(A*) =12 fm/c
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Lo - App, Vs=13TeV -
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P @ Pb-Pb, |5, = 2.76 TeV
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A* /A shows a ~ 70% suppression

going from peripheral Pb—Pb

collisions to most central Pb—Pb

e consistent with the rescattering
of the daughters as the
dominant effect

e itislargerthan ~ 55% for K**
although T(A*) = 3 t(K*)

» MUSIC-SMASH reproduces the
multiplicity suppression trend

» thermal models overestimate
the ratio in central Pb—Pb
collisions
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RATIO 2* /1

T(2*)=5fm/c

= Suppression of 2**/mt*yield

_ooxt0c ratio in central Pb—Pb
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SUMMARY OF PARTICLES RATIOS
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MEASURING LIFETIME OF HADRONIC PHASE

Estimation of lower limit of the timespan
) ) ) - Sy = 5.02 TeV \Syy =276 Tev ~ Pb-Pb
between chemical and kinetic freeze-out (02 L WK x o e
by exponential law: E ALICE Preliminary - /K\O//P/(\
[ eK'k 5 #
— U *0
Fin = T'chem X exp(_(l—kin ~ tchem )/ Tres) £ [ *avA #*
= | # 3
g0 5
* r«=measured yield ratios in Pb—Pb Sl H ﬁﬂ? '
collisions = HH 'HHH :H H
. . . i [:]
* rqen=measured yield ratios in pp 1k H[H H ﬁ d
CO”iSionS || Uncertainties: stat.(bars) ]
* T.= lifetime of resonance el e BT e et
I L R i R e
Assumptions: (AN /Ay o5
P

i) Simultaneous freeze-out for all particles Lifetime of hadronic phase

i) Negligible regeneration smoothly increases with multiplicity
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SUMMARY

v ALICE continues to measure a varied set of resonances
with different lifetime, mass, quark content to probe
the hadronic phase

v" Dominance of rescattering effects over regeneration
effects for short lived resonances in the hadronic phase

v Lower limit of hadronic phase lifetime is obtained

v' Lifetime of hadronic phase smoothly increases with
multiplicity
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