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QCD phase diagram
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Heavy-ion collisions

Freeze-out .
Hadronisation @ ...

Initial state QGP formation

Hadrop;
ronjc rescatte n

Time: 0 fm/c <1fm/c ~10 fm/c ~101° fm/c



Particle formation

—
-
@

¢ Pre-equilibrium phase T < 0.5 fm/c
, K, p, A, Q...
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Central region

e Quark-gluon plasma t ~ 10 fm/c
¢ Mixed phase

e Chemical freeze-out — Tch

= Particle composition is fixed

(to< 1 fm/c)

- e Kinetic freeze-out — Tkin

= Particle spectra are fixed
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e Measurements are weII descrlbed by statlstlcal
hadronization models fit over 9 orders of magnitude

Central region

2\
Che“‘ e

o

(to< 1 fm/c)

beam

(mod.-data) (mod.-data)

+

[I]I

cn
[I

“He °He f’\H -H *He *‘He

—-o--o- ALICE, O10%Pbe\[ 276Tev-
: : o g : mldrapldlty :

S A -o-.o. T
S “‘"‘ T

] Model T(MeV)  V (fm) ZINDF| & § Brisssy
| — THERMUS 3.0 155+2 5825411 45519 g i m |
]=+ = SHARE 3 156 + 3 4476 =696  27.6/19|
----- Thermal-FIST (energy dep. BW) 155 £ 2 4962 + 363 22.1/19
1= = = GSI-Heidelberg (S-Matrix) 157 +2 4175 =380  17.1/19}

e Chemical freeze-out temperature Tch ~ 156 MeV at ug ~ 0

ALICE arXiv:2211.04384
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e Test of CPT invariance of residual nuclear force by measuring mass difference in the
nuclei sector — Confirms CPT invariance for (light) nuclei
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Hypernuclel — probes of Y-N interaction = Bj = 102 + 63 (stat.) + 67 (syst.) keV
= E0S of neutron stars — hyperon “puzzle” (Mns > 2Me) o
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— 3-body coalescence
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e Two approaches that describe light/hyper nuclei production  (N,/dm),, s
= Statistical hadronization models (SHM): abundance is fixed at Tcn
= Coalescence of nucleons: associated with Txin

e Data of deuterium, tritium, S3He and hypertriton prefers coalescence
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o K*0/t: insensitive to multiplicity: strange enhancement vs. rescattering

= 0 and a conventional meson scenario
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Unveliling strong interactions
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e Further constraints on the residual strong
Interaction between NN, YN and YY

¢ |mportant input of E0S of neutron stars 13



Unveliling strong interactions
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_ _ Attractive potential C(k*) > 1
e Further constraints on the residual strong

Interaction between NN, YN and YY

¢ |mportant input of E0S of neutron stars
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ALICE Nature Physics 588 (2020) 232

e p—()- correlation signal is around two time larger
than p—=-, large difference in strong interaction

0 100 200 300

i (MeVic) e p—() bound-state is not yet observed in data
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p-D- mteractlons
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e Data is compatible with the Coulomb-only interaction within 1.1-1.50
e Scattering length 71 € [-0.4, 0.9] fm-1 for [ = 0 at 68% CL

= |ndicate either attractive interaction w/ or w/o bound-state formation

e Important for modeling charm quark transport in the quark-gluon plasma 19
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e Deviation between data and models including the strong interaction

= Challenging the current understanding on the residual strong
interaction between D mesons and pions

¢ |[ndicate small or almost vanished scattering of D mesons with hadrons
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(Anti-)nuclel factory
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Femtoscopic of the QCD
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0060 000006000 O0O00000

ACORDE | ALICE Cosmic Rays Detector
AD | ALICE Diffractive Detector

DCal | Di-et Calorimeter

EMCal | Electromagnetic Calorimeter

HMPID | High Momentum Particle
Identification Detector

ITS-IB | Inner Tracking System - Inner Barrel
ITS-OB | Inner Tracking System - Outer Barrel

MCH | Muon Tracking Chambers
MFT | Muon Forward Tracker

MID | Muon Identifier

PHOS / CPV | Photon Spectrometer
TOF | Time Of Flight

TO+A | Tzero + A

TO+C | Tzero + C

TPC | Time Projection Chamber

TRD | Transition Radiation Detector

VO+ | Vzero + Detector

ZDC | Zero Degree Calorimeter
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C(l;*) = JS(?*) | l//(l_c) 7)1 2 d3p G(7 *,r,,,.) Gaussian core

= Emitting source: hypersurface at kinematic freezout
of final-state particles

® Described with a Gaussian core

1 ( y *2 )
— * CXP
(471'7’ gore(mT))3/2 4r czore(mT)
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® Source size ~1tm makes the high-multiplicity pp system

& Phys. Lett. B 811(2020) 135849
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® Fit correlation functior
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