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It existed in the early Universe,
a few microseconds
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with a temperature at phase transition
T ~2-102K = 200 MeV

N | Heavy-Ion collisions at the LHC
' recreate the QGP of nuclear size
to study its properties and
evolution

Dynamical descri Jeavy-Ion collisions

from underlying | of QCD remains an
outstanding challenge!
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1. Pseudorapidity (n) is
used to represent an angle
of a particle relative to the

beam axis:

1 E+pL
—In
2 E_pL

y

m < |p|

(3]

2. Particle production is

often studied as a function & JEEPT \ ALICE
of the mid-rapidity charged SN\
particle multiplicity: Pb-Pb 5.36 TeV
LHC22s period
<chh > 18th November 2022
dn Inl<0.5 16:52:47 893
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Strangeness enhancement phenomenon

Strangeness originally proposed as a signature of QGP

lower effe_ nature : i voun woe
physics

deconfinement,—

Stranger and stranger says ALICE

/ —
71 /f\\ \

Nature Physics 13, 535 (2017)
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https://www.nature.com/articles/nphys4111

Strangeness enhancement phenomenon

Strangeness originally proposed as a signature of QGP
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Eur. Phys. J. C 80, 693 (2020)
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https://doi.org/10.1140/epjc/s10052-020-8125-1
https://doi.org/10.1140/epjc/s10052-020-8125-1

Strangeness reconstruction with ALICE

Art by H. Herde

The identification of (multi-)strange hadrons is based on two topologies:

VO. neutral particle decaying weakly into a pair of
" charged particles (V-shaped decay)

(ds) K% — #t+m

(uds) AX) — p@E+7 (1)
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Strangeness reconstruction with ALICE

Art by H. Herde

The identification of (multi-)strange hadrons is based on two topologies:

VO. neutral particle decaying weakly into a pair of
" charged particles (V-shaped decay)

(ds) K% — #t+m
(uds) A(A) — p@P +7x (nh)

Cascade- charged particle decaying weakly into a V°
"+ charged particle

(dss) 2 () — AN +71 ()

(sss) @ Q) — AWNMN+K (KH) _7/8
. // >4
Ppair /* v/ DCA, ITS, IS, TS,
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Multiplicity dependent < pr > of charged particles

o < pr > doesn’t connect between different collision
systems

TT T T TTTTTT T IIIIIIII T IIIIIIIl T IIIIIHI
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Multiplicity dependent < pr > of charged particles

L 2.5 ALICE Preliminary ALICE — systems
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Multiplicity dependent < pr > of charged particles

o < pr > doesn’t connect between different collision
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Charged particle production across different systems
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Roman Nepeivoda
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< pr > doesn’t connect between different collision
systems

Same mid-rapidity activity in pp and Pb—Pb
corresponds to harder spectra in pp

Influence of jets on < pt >
in high-multiplicity pp events

ALICE preliminary results on ratio of hadron yields
to (m~ + ™) confirm continuous trend observed
before starting from low-multiplicity pp

at+/s = 7and 13 TeV up to central Pb—Pb
collisions at /syy = 5.02 TeV

10° 10* Hadron yields depend only on the multiplicity,
(AN, fan) s while the py distribution of the formed hadrons is
affected by the hadronizing environment
Lund, December 11th 7



Strange hadron dynamics

Phys. Rev. Lett. 111, 222301 (2013)
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Anisotropic flow patterns are characterized using a Fourier expansion of

the invariant triple differential distribution:
vy = (cos[n(e — Pgrp)])

3N 1 d?N - .
E FE — (1 4+ 2 z vycos[n(p — ¢RP)]> v, — directed flow
P " PrepTay n=1 v, — elliptic flow

IMAGE: MUSIC
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https://doi.org/10.1007/JHEP09%282018%29006
https://doi.org/10.1103/PhysRevLett.111.222301
https://doi.org/10.1103/PhysRevLett.110.012302

Strange hadron dynamics
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Elliptic flow of strange particles follows mass ordering at low pt
and meson-baryon splitting at intermediate pr

Centrality-dependent pr-spectra hardening & baryon/meson ratio
» enhancement at intermediate pr can be explained by radial flow
and/or color reconnection

IMAGE: MUSIC
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https://doi.org/10.1007/JHEP09%282018%29006
https://doi.org/10.1103/PhysRevLett.111.222301
https://doi.org/10.1103/PhysRevLett.110.012302
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QGP in small systems? Ui

- S 7= AR A

« ALICE studies suggest that small systems, such as - POsPOOM 1706 20<ian <50 ]

proton-nucleus and even proton-proton collisions, may 0,15 Z4n>25 - b

i . ] L 20 < NI <60 sle ¥ ]

also exhibit QGP-like behavior [1, 2] emncenr y1t10 T ]

01" *.* ooo #_:

« Study of strangeness production in small systems, where ST ’ L

no QGP is expected, can help to disentangle 0.05- wf + b
initial-state effects from QGP-driven phenomena B l

N R R R

« Recent ATLAS studies reveal signatures of collectivity in PRC 104, 014903 (2021) P+ 1GeV]

photo-nuclear UPC Pb—Pb collisions!

§ i '. oy Ia’l olx . IA?'ILAIS;
Direct Anomalous VMD e ﬁ.NKS ELE (-2 Pb+Pb, 1.7 nb"
E [ Solid marker y: [-1.6,-0.8] \F =502 TeV
g 0.8 Open marker y: [0.8,1.6] On)(n:\l'\lz‘rﬂ.n"’°>2.5__
. 3 25 < N™° <60
¢ ] E
A | [)
[1] PLB 728, 24 (2014) |
[2] Nature Physics 13.6, 535 (2017) B —
p, [GeV]
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https://doi.org/10.1103/PhysRevC.104.014903
https://doi.org/10.48550/arXiv.2503.08181
https://linkinghub.elsevier.com/retrieve/pii/S0370269313009234
https://doi.org/10.1038/nphys4111

. - . [1] E. Fermi, Nuovo Cimento 2, 143-155 (1925) *
Ultra'penpheral COI|ISIOI‘IS [2] C.F. von Weizsacker, Z. Phys. 88, 612 (1934)

« Ultra-peripheral collisions (UPCs) occur at large
impact parameters (b > b,i, = 2R)

« The large Lorentz contraction of ultra-relativistic ions
creates extremely concentrated

electromagnetic fields (E and H)

. The quanta of these fields, photons, travel in the E x H
direction and are parallel to the ion velocity [1, 2]

e Photon flux in v = ¢ limit can be written as

dN A 1
d—E: = (gm E, (xKo () K1 (x) — > x*(K{(x) — K5 (x))>
where x = 221 and agMm IS @ structure constant

|4
K, (x) are the nthBessel’s functions of the 2 kind
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https://arxiv.org/abs/hep-th/0205086
https://arxiv.org/abs/hep-th/0205086
https://arxiv.org/abs/hep-th/0205086
https://link.springer.com/article/10.1007/BF01333110
https://link.springer.com/article/10.1007/BF01333110
https://link.springer.com/article/10.1007/BF01333110

Baryon-to-meson ratio in UPCs

Oxw 1 .2 _I LI | T T T T | T 11 T T T | LI | LI | T T T 1 T I ]
N ¢ st ALICE Preliminary i
= 1.0 [ Jsyst Pb-Pb, UPC |5, =5.36 TeV
; i [ ] syst. uncorr. +A/Kg (MB, SGA) i
—= 0.8 . MKg, p-Pb |5, =5.02 TeV ]
B 60-80%, PLB 728 (2014) 25
0.6 .
0.4 - —
i ——] I 5 i
0.2~ &* | s .
_I 1 1 1 | L1 1 1 | 111 1 | 111 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 I I_

0'00 1 2 3 4 5 6 7 8

[ (GeV/c)

- The enhancement of A/K{ observed in SG photo-nuclear collisions at pr ~ 2 GeV/c is qualitatively reminiscent

of that measured in low-multiplicity p—Pb ((d’\’ch-/dn)|77 s = 98%02)
lab .
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Baryon-to-meson ratio in UPCs
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- The enhancement of A/K{ observed in SG photo-nuclear collisions at pr ~ 2 GeV/c is qualitatively reminiscent

of that measured in low-multiplicity p—Pb ((d’\’ch-/dn)|77 s = 98%02)
lab .

« The ratio increases and approaches values measured in low-multiplicity p—Pb as one moves to higher
multiplicity event class (MB - HM)
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Baryon-to-meson ratio
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 Similar magnitude of QGP-like signals as in ATLAS results

« y—Pb collisions are dominated by vector meson dominance, making them effectively equivalent to hadronic
vector meson + Pb collisions

« Results pose a clear challenge to existing theoretical models
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https://arxiv.org/abs/2503.08181

ALICE ITS3 upgrade

ITS2 — largest pixel detector built:
« 24k chips, 12.5 GPixel
« 10 m2, 0.364% X, per layer

ITS2 Inner Barrel
Roman Nepeivoda Lund, December 11t 13



ALICE ITS3 upgrade

Cylindrical support structure

Half-layer
sensor

: Longeron
Half-ring ”

Beampipe :
266 mm

ITS2 — largest pixel detector built:
« 24k chips, 12.5 Gpixel
« 10 m2, 0.364% X, per layer

ITS2 to ITS3 upgrade:
« Replacement of the 3 innermost
layers for ALICE Run4
« Beam pipe radius:
18 mm — 16.5 mm
« Innermost layer radius:
24 mm — 19 mm

LO: 24 mm
pr

ITS2 Inner Barrel ITS3 Engineering Model
Roman Nepeivoda Lund, December 11t 13
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ALICE ITS3 upgrade

ITS2 — largest pixel detector built:
« 24k chips, 12.5 Gpixel
« 10 m2, 0.364% X, per layer

ITS2 to ITS3 upgrade:
« Replacement of the 3 innermost
layers for ALICE Run 4
« Beam pipe radius:
18 mm — 16.5 mm
« Innermost layer radius:
24 mm — 19 mm

ITS3 — 6 wafer-scale MAPs — half layers!
» Cylindrical layers by bending

50 pum silicon sensors
« Up to98 x 266 mm?

(stitching technology)
» Reduced average material budget

of 0.09% X, per layer LO: 24 m
- Air cooling . »

ITS2 Inner Barrel ITS3 Engineering Model
Roman Nepeivoda Lund, December 11t 14
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Chip characterization

Latest test beam program
@ Proton Synchrotron (PS)
3-10 September 2025:

* Threshold scans

 Tracking resolution

« Detection efficiency

« In-pixel efficiency

« Parameter scans

« Time-over-threshold
measurements (TOT)

« Testing of different
detector designs

A

Coding in progress

Endcap L Repeated Sensor Unit Endcap R
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Summary

« Fruitful 3 years of active broad range research within ALICE

It was shown that strange hadron yields depend only on multiplicity, while the < p; >
distributions of the formed hadrons are influenced by the hadronizing environment

« The study was extended to ultra-peripheral Pb—Pb collisions, the smallest and cleanest system
available at the LHC

 Signs of collectivity were observed, consistent with recent ATLAS results

» In parallel, development and testing of ITS3 detector chips as part of future hardware upgrades is
being carried out

Thank vou for attention!
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