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Quark-gluon plasma and its evolution
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e Quark-gluon plasma

(QGP)

* Mot and dense nuclear

matter of deconfined
quarks and gluons

+  Strongly interacting liquid
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»  Existed right after the Big RETEQOIIBRUM coroovnarucs HADRONC
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* Created in ultrarelativistic Initial conditions Hydrodynamic expansion
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Flow measurements in heavy=ion collisions

ALICE Pb-Pb Hydrodynamics -
0.15H5.02 TeV 2.76 TeV 5.02 TeV, Ref. [27]
mv, {2 |[An|>1} 0 Vv, {2, |An|>1} —v, {2, [An|>1}
oVv,{2 [An|>1} o Va{2, |An|>1} =Vv,3{2, |An|>1}
’ V4 {2’ An >1}
Partial nuclei overlap = Spatial anisotropy = Different pressure LV {6)
0.1 KV, {8}

gradients = Particles flow anisotropically in transverse plane

»  Quantified using flow coefficients v, obtained from the Fourier

expansion of final-state particles:

AN o0 0.05
= ol -F?2 vhcosn(p — W
dg& Z n ((P n) -
=1 o
*  Fow coefficients v, provide detailed information on the initial p W
conditions and transport properties of the 0 10 20 30 40 50 60 70 80
created medium Centrality percentile
- Well described by hydrodynamic models ALICE, Phys. Rev. Lett. | 16, 132302 (2016)
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Flow of identified particles in Pb-Pb collisions
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ALICE, arXiv;: 2206.0458/, accepted by [HEP
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https://arxiv.org/abs/2206.04587

Contribution of the quark coalescence
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Hydro+coal+frag: Contributions from
hydrodynamics, quark coalescence, and jet fragmentation

Hydro+frag: Contributions from hydrodynamics and
jet fragmentation
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The model with quark coalescence describes the data
better

Baryon-meson crossing is not unique for the model| with
quark coalescence
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https://arxiv.org/abs/2206.04587

Collectivity in small collision systems

e lBiciclo = a sichiol cellectivity observed In
both pp and p-Pb collisions

(ol Uil siidllis /Sstemis Were considered only a

paseline for heavy-ion collisions

ALICE Preliminary
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VOM: (0.0-0.1%)
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Sizeable flow observed across all collision systems

logether with multi-particle long-range correlations
confirmed collectivity in small systems
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I he origin of collectivity in small collision systems

& 5 = dlon the dlrrent Understanding, the collectivity: in small systems
s driven by the initial geometry via system dynamic
evolution

* But we do NOT know:
- (an there be partonic interaction with the quark-gluon plasma?

* Are there any potential contributions from colour glass
condensate!?

& @ rion cseapey

=L modeenle IRteractions!

s O
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ALICE detector — A Large lon Collider Experiment

. Inner Tracking System (ITS)
» Tracking and triggering |

2d. VO detector

* Inggering and event multiplicity
determination @

Je. Forward Multiplicity
Detector (VD)
& nl@le pseliclorapldity coverage
s
e L =n=50
3. Time Projection Chamber (1PC)
» [racking and particle identification
>. Time=-of-Flight detector (10f)
» Particle identification

Mm
L)
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Non-flow treatment

«  Small systems dominated by non-flow, correlations not associated with the
common symmetry plane

«  Different methods of non-flow suppression:

& Benpiera sUbiraciion metnod

- Pseudorapidity separation (| Ay | > ¢) 'Eg ALICE Pre”mi'nary | ' L
- Higher order correlations E ;:_i 0.15 - %ib 3/_827802 002 Tiv _
* Subtraction of low multiplicity ; < m] x : ; : e
(peripheral) collisions: o0 S 01— :;mmm T oe _
S s
=

Peripheral subtraction
& laslatcie e 0.05 Template fit

Improved template fit

Vil = (2l (il Z 2V A cos(nAp)]
="

» Improved template fit, as above with a parametrisation for the
multiplicity dependence, as introduced in ATLAS, Phys. Lett. B
e (Ui
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Flow of identified particles in p-Pb collisions
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e R 2o clal Bhys Revi Leth (125, 072 501 (2020}, combines
hydrodynamics, quark coalescence, and jet fragmentation,

Observation of partonic collectivity

with their relative contributions fixed from the fit of p spectra

*  Model without quark coalescence cannot qualitatively describe trends seen

lfl @cfa

» Partonic collectivity further confirmed in p-Pb collisions with ALICE
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Flow of identified particles in pp collisions

* Same observations as in p-Pb and Pb-Pb collisions

* Mass ordering at low pt region — presence
of the radial flow In agreement with observations
in the spectra of high-multiplicity collisions

* Baryon-meson splitting at
intermediate p1 region with 36, observed for the
first time in pp collisions!

»  Model description of pp results currently not available

| |
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Conclusion

Mass ordering and baryon-meson grouping, potential QGP signals in heavy-ion collisions,
are observed in both pp and p-Pb collisions

Il iiedc Vilneoltdleikicedeseence falls to describe (ne data [ p-Fbicollisions == thicie el
partonic collectivity in small systems Is strengthened

These results provide new Insights into the origin of collective effects in small collision

systems
ALICE, arXiv: 2206.0458/, accepted by JHEP
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