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The ALICE detector at the LHC <

Detector sketches by D. Chinellato

Key characteristics:

= PID with dE/dx and time of flight

= Global tracking down to p1~150 MeV/c
Run 3 upgrades:

» GEM-based TPC: continuous readout

» ITS2: 35 uym pointing resolution at 1 GeV/c

‘\;—"" '; ‘_l A\ AW AT (4 im -

- » MFT: forward tracking and vertexing
N ) FIT: trigger and centrality estimation
» Integrated Online-Offline compute model

System Luminosity in Run 3

6.9 nb-1 (collected)
~120x Run 1+2 total

158.1 pb-1
pp 13.6 TeV iInspected via software triggers
~1000x Run 1+2 total

Extra: 5 nb-1 OO0, 0.8 nb-1 Ne-Ne, 7.2 nb-1 pO
mpuccio@cern.ch - QCD@LHC 2026 2
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Investigating QCD In different regimes with ALICE
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Investigating QCD In different regimes with ALICE

o et

Partonic scale: jets and heavy flavour production
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Investigating QCD In different regimes with ALICE
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QCD matter dynamics at high temperature
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Investigating QCD In different regimes with ALICE

\ N
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proton

Partonic scale: jets and heavy flavour production

@ @ Credits: Madai collaboration

Ops N ‘
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hadrons -

Qo’;‘

QCD matter dynamics at high temperature

Hadronic scale: strong interactions between hadrons

o v,
S 3 .-l“‘ -,
. 7 S .
Ses® 3'. R 2 ‘:‘%
-{.‘ ’ - - .
e
R -
f"é 3 ”
e‘t 4
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Partonic scale: jets and heavy flavour production



B meson production in pp collisions

ALICE, arxiv:2603.18904

T FALCE . "1 Measurements of open-beauty hadrons with ALICE in pp
8102__[;9' :o(l)ligions,@ 13.6 TeV 4 collisions using offline software triggers
Q F7 4 1 - | |
S phn= 0P B mesons 1 © BO production cross sections measured down to low pr at
O F —&— Data . m|d‘y
!E: i - FONLL i
% 10k —— NNLO+NNLL - » extension of kinematic region explored by CMS and LHCb
1 - =
; — :
- —=— )
| £89% Ly uncertainy E—
10 =+ 3.6% BR uncertainty _E_f
0 2 4 6 8 10 12 14 16 18 20 22

P, (GeV/c)
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B meson production in pp collisions

ALICE, arxiv:2603.18904

T FALCE . "1 Measurements of open-beauty hadrons with ALICE in pp
8102-—[}‘7 :o(l)ligions,@ 13.6 TeV 4 collisions using offline software triggers
k7' 1 . | |
2 pEn=®OPY B mesons 1 © BO production cross sections measured down to low pr at
-g.,_ - —&— Data . m|d‘y
o | - FONLL ]
@) : : : :
% 10k —— NNLO+NNLL - » extension of kinematic region explored by CMS and LHCb
Z l- : :
l - 1 et :
13 = 3 85 -
- — : e E . .
: == : 0:;_* ==_r—=—— » Results overall compatible with
Z : FONLL and NNLO+NNLL
L 39% Ly uncerainy  EEEEE—— U : predictions within uncertainties
: + 3.6% BR uncertainty _E_f 2 20F =
:lll O O O N 1 A AN MM MmN W ll: §§1'5§_ B
0 2 4 6 8 10 12 14 16 18 20 22 2 1 ob . =
p. (GeV/c) 0.53_* i AT

0 2 4 6 8 10 12 14 16 18 20 22
. p_ (GeV/c)
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D meson tagged jets angu\armes

See Y. Bailung, Mon. 16:20 ALICE, arXiv:2606.20028
o 3 _ T P : BEEEAREEEREEE | | | |
Ol 5 = D’ taggedI d 1 ©I© ALICE, pp, Vs=5.02 TeV
—|& | @ Inclusive, p*® > 5.33 GeV/ 8 Al
© e Inc us!ve Pr > He © 20r in charged jets, anti-k-, R = 0.4 |
] nclusive _ |
4 Lines: PYTHIA 8 Monash 2013 ; ; 10 <p2"'* < 20 GeVic, n,/<0.5
157 5.<pY’ < 20 GeV/c,ly_|<0.8
10" .
5:' T S e .
| ] ] ] | ] ] O-_I 1 1| ] |
g:_..\..l I BEEEE 4T T T
: ‘ o = 1 - \ o = 3
Ble 64— 3|e 3 '+'
SI2 4 T2 2 gy
o ——_ — o T, . . . .
al= ol T : ,,,,,,,,, “ al= 4 S — characterizes the radial distribution
ot Ikl R = N — of momentum within a jet, with a
0 0.1 0.2 0.3 0.4 0.5 0 0.020.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 controlling the relative sensitivity to
A A collinear and wide-angle radiation.

a=1: focus on small 8i = strong sensitivity to charm-mass / dead-cone effects in the jet core.

a=3: focus on large 6; = charm-mass effects fade, while quark—-gluon colour-charge differences dominate.

Both effects are qualitatively reproduced by PYTHIA
mpuccio@cern.ch - QCD@LHC 2026
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Energy-Energy Correlators in pp, p-Pb, and Pb-Pb

1 PPt ;
EEC(R) = — 2, 3, —5— (R~ R ;)
N}ets jets ij PT jet

EECs map the angular distribution of energy inside jets, probing
their evolution from perturbative splittings to hadronization and
medium modification.

mpuccio@cern.ch - QCD@LHC 2026 /
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Energy- Energy Correlators in pp, p-Pb, and Pb-Pb @

ALICE, arxiv:2606.18143

pT sz J @:' 3.5? ALI.CE p— P_b and pp {s,, = 5.02 TeV
EEC(R,) = Z 2 7 (R — Ry u) Db e e
JetS jets  1,j T,jet ~ - 20<ph“<4OGeV/c
: : : . : : , 2.5: == p—Pb 'o'...-o-'O'
EECs map the angular distribution of energy inside jets, probing = - pp o o
their evolution from perturbative splittings to hadronization and = o -
medium modification. 1 5E o *:&
Compared with pp, the EEC is modified in p-Pb at 20-40 GeV/c e e e
— o=
shift toward larger angular scales — broadening of the jet 0.5 4
energy flow? -
This establishes the p—Pb reference needed to disentangle .
nuclear effects from QGP-induced jet modification in Pb—Pb o
°
&

mpuccio@cern.ch - QCD@LHC 2026 3
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Energy- Energy Correlators in pp, p-Pb, and Pb-Pb

EEC(R,) =

z ZpszT]

jets  i,j pT]et

(G

EECs map the angular distribution of energy inside jets, probi
their evolution from perturbative splittings to hadronization an
medium modification.

Jets

ng
s

Compared with pp, the EEC is modified in p-Pb at 20-40 GeV/c

shift toward larger angular scales — broadening of the jet
energy flow?

This establishes the p—Pb reference needed to disentangle
nuclear effects from QGP-induced jet modification in Pb—Pb

Pb—Pb/pp shows a shift in the opposite direction

Not necessarily jet-focusing: jet pr selection biases toward
initially higher-energy and more quark-like jets, both of which

give narrower EECs.
mpuccio@cern.ch - QCD@LHC 2026

ZEEC

16

14

12

10

| ALICE Prellmlnary

ﬁ_sozTev

_Anti-k; charged-particle jets, R = 0.2

. 40 < P,

ch jet

<60 GeV/c, I | <0.7

- All pairs, pi*®“>1GeV/c

Hybrid
with elastic, with Wake

with elastic, no wake _
B no elastic, with wake 7

no elastic, no wake

8 JEWEL no recoil -
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QCD matter dynamics at high temperature




The LHC playground in the QCD phase diagram &

ALICE, Eur. Phys. J. C 84 (2024) 813

S00F Quark Gluon Plasma At high temperature, QCD matter forms
i a quark—gluon plasma (QGP), in which
guarks and gluons are deconfined.
>
% 200 - LHC: nearly zero net-baryon density at
< | LHC Lower energy collisions mid-rapidity, initial temperatures of a few
g Crossover (Lattice QCD) %("2’% e Different probes access different
g— 100 © %, stages of the system evolution
— 'g,_,: e Different observables are sensitive to
o% different properties of the medium
- Hadrons Nuclear Matter :’ ® [ogether, they map the phenomena
0 L 1(')1 S 1(')2 S 1‘()3 emerging in QCD matter at high T

Baryochemical potential ug (MeV)

mpuccio@cern.ch - QCD@LHC 2026 11
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Strangeness enhancement in hadronic collisions

Historically: strangeness er

hancement as one of the

main signatures of a QGP d
strange quarks in the QGP

mpuccio@cern.ch - QCD@LHC 2026
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Strangeness enhancement in hadronic collisions

Historically: strangeness enhancement as one of the
main signatures of a QGP due to larger production of
strange quarks in the QGP

o (Continuous evolution of hadrochemistry with
multiplicity, from pp to Pb—Pb

mpuccio@cern.ch - QCD@LHC 2026
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Strangeness enhancement in hadronic collisions

Historically: strangeness enhancement as one of the
main signatures of a QGP due to larger production of
strange quarks in the QGP

o (Continuous evolution of hadrochemistry with
multiplicity, from pp to Pb—Pb

® New OO results connecting high mult. pp to Pb-Pb
and overlapping with p-Pb

mpuccio@cern.ch - QCD@LHC 2026
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- ALICE Preliminary O p-Pb, (S =5.02TeV -
- ®00, sy =5.36TeV & Pb-Pb, Sy =5.02TeV
| Uncertainties: stat.(bars), syst.(boxes) i
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Strangeness enhancement in hadronic collisions

Historically: strangeness er

hancement as one of the

main signatures of a QGP d
strange quarks in the QGP

e to larger production of
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Historically: strangeness enhancement as one of the
main signatures of a QGP due to larger production of
strange quarks in the QGP

Continuous evolution of hadrochemistry with

multip

icity, from pp to

Pb-Pb

New OO results connecting high mult. pp to Pb-
and overlapping with p-Pb

Can be interpreted through either statistical

g

g

Ds/D yield ratio increasing from pp to Pb-Pb
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zat
izatl
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Onn

or de

S

meckt
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ity-dependent microscopic

ISMS

Charm hadronisation influenced by the higher
abundance of strangeness in the system
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See L. Dello Stritto, Thu. 14:20

ALICE Preliminary ly|<0.5

e Pb—Pb, \[s,, = 5.36 TeV
o pp, Vs=13.6 TeV |

pT>O

] g A8

PYTHIA 8 CRMode2 | I1CE-SHMc
PYTHIA 8 Angantyr [l ThermalFIST SHMc
EPOS4HQ GSl-Heidelberg SHMc

38 °% BR uncertainty not shown

pp uncertainty on x-axis scaled by 5
| IIIIIII| I IIIIIII| | IIIIIII|

10 107 10°
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Collective dynamics: /\¢ elliptic flow

ALICE, arXiv:2603.18966

>C\| _I I I | I I | I I_
- ALICE, Pb- Ph :
0.5 v,{SP, 1Al > 1.3}, s, =5.36 TeV, 30-50%
- e PromptD° ¢ Prompt D* _
()_4: + Prompt D B Prompt Ag :
- V,{2, IAnl > 2}, s\ =5.02 TeV, 30-40% -
03:_ von 8 [5 _:
i 8 A gg & |
0.2- ﬁI'I -' -
i & | ] _
0.1- e -
; ; :
O'O_I I | 1 1 | I I I I | 1 1 | I I 1]
0.5 2 4 6 810 20
P (GeV/c)
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Sketches by D. Chinellato

Spatial anisotropy creates anisotropic pressure gradients
that build up a collective momentum anisotropy

dN —
% x 1+ 2Zvncos [n(go — lPn)]

Fourier analysis of the

’ angular production
n=

The second coefficient, vo, quantifies the
resulting elliptic flow

= Charm hadrons participate in the global
expansion

= Intermediate pt: D mesons follow pions, /¢
follows the A

14
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Collective dynamlcs /\¢c elliptic flow

Models:

TAMU
Catania
== Langevin
= LBT-PNP
- = POWLANG IQCD
POWLANG HTL
. = EPOS4HQ

v, {SP, |An| > 1.3}

v, {SP, |An| > 1.3}

0.25

0.20

0.15

0.10

0.05

< < < ©
- O o 8
1

O
-
r.n

000

ALICE arX|v 2603 18966

l.lIIII|IIII|IIII|IIII|IIII

?:Fu

ALlCE -
Pb—Pb, 30-50% \ s, = 5.36 TeV -
0 ]
D, - ® Prompt D’ -
' e ¥+ Prompt D! .
a © S _
N B Prompt A} -

0

ALI-PUB-623008

| 8 10 1214 1618202224
o8 (GeV/c)
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Sketches by D. Chinellato

Spatial anisotropy creates anisotropic pressure gradients
that build up a collective momentum anisotropy

dN —
% x 1+ 2Zvncos [n(go — lPn)]

Fourier analysis of the

’ angular production
n=

The second coefficient, vo, quantifies the
resulting elliptic flow

= Charm hadrons participate in the global
expansion

= Intermediate pt: D mesons follow pions, /¢
follows the A

® Models with coalescence describe the data

15
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¥

Elliptic flow in OO collisions

@ 025 ™ -

Y - ALICE Preliminary 5-40% 10-40% -

— o K —

S [ 00,ys, =536TeV oK oS
V

0.20— Inl <0.8 +p ®wA —

=T ¥ -

g [ ¥ '| -

2.0.15 id —

N aldl = » ]

i ® - l | _

B * ~

I m }

0.10 - I —

e )

- . ¥ -

0.05 _

¥ i

B Centrality estimator: N, at midrapidity —

oot v b by b b b ey
1 2 3 4 5 6 /

ALI-PREL-623914 pT (GeV/C)
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¥

Elliptic flow in OO collisions

First measurement of the elliptic flow of 2 0.25 o —
identified hadrons in OO collisions ool ALICE Preliminary S S
3 - 00, s, =5.36 TeV K eo 0
V
0.20— Inl<0.8 +p ®A —
=T § -
g [ 3 g -
Q i ¢ _
>N 015_ e ‘ . -
_ e ® 5 * _
B * _
L e @ 4 N i 3
0.10 - i —
e _
. ¥ _
0.05 —
. _
B Centrality estimator: N, at midrapidity —

oot v b by b b b ey
1 2 3 4 5 6 /

ALT-PREL-623914 p_ (GeV/c)
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¥

Elliptic flow in OO collisions

Sirst measurement of the elliptic flow of @025
identified hadrons in OO collisions v " ALICE Preliminary ‘r"‘ff’% LOR%O% -
. - 00,Vs..=5.36 TeV 5 -

= Low pr mass ordering: the larger the mass 0200 In <"(§ :g ;j'; -
of the hadron, the smaller the v2 o S TETE e % -

g [ 3 g -

S i ¢ _

>N 015_ . ’_ . ~

_ e ® 5 * _

B * _

L e @ 4 m i 3

010 , & —

_® _

|

0.05 _

# Z

B Centrality estimator: N, at midrapidity —

0.00_""""""""""'""""""""_

1 2 3 4 S 6 /
ALI-PREL-623914 pT (GeV/C)
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¥

Elliptic flow in OO collisions

-irst measurement of the elliptic flow of 2 0.25 """'—
identified hadrons in OO collisions ool ALICE Preliminary S S
. - 00, Vs, =5.36 TeV S -

Low pt mass ordering: the larger the mass ?, 0501 Il J@ :g ; j’; -

of the hadron, the smaller the v» R her i W -

® Hadrons emitted from a common Q i % 'I -
collective velocity field e.g. v2 (p) = v2 (P) %0.15 s B ! —

i o ® = . ' _

n - _

- e s ¥ . _

0.10 - I —

e _

b

0.05 —

¥ Z

B Centrality estimator: N, at midrapidity —

oot v b by b b b ey
1 2 3 4 5 6 /

ALI-PREL-623914 p_l_ (GeV/C)
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¥

Elliptic flow in OO collisions

~irst measurement of the elliptic flow of © g5 T D
identified hadrons in OO collisions v " ALICE Preliminary S S
. - 00,Vs,, =5.36 TeV S -

Low pt mass ordering: the larger the mass ?, - VSun oK ¢ 9 -
0.20— Inl<0.8 +p ®A _

of the hadron, the smaller the v» o N 5 _
Hadrons emitted from a common O i -
collective velocity field e.qg. v2 (p) = v2 (P) %0.15 s B ! —

. L B » u -

= Intermediate pr baryon meson splitting - . -
B _

0.10~ , § —

e _

. ¥ _

0.05 _

¥ _

B Centrality estimator: N, at midrapidity —

0,00 el T

1 2 3 4 S 6 /
ALI-PREL-623914 pT (GeV/C)

mpuccio@cern.ch - QCD@LHC 2026 16



mailto:mpuccio@cern.ch

¥

Elliptic flow in OO collisions

~irst measurement of the elliptic flow of © g5 T D
identified hadrons in OO collisions vk ALICE Preliminary S M
. - 00, \s,, =5.36 TeV S -
Low pt mass ordering: the larger the mass ?, - VS SR -
0.20— Inl<0.8 +p ®A _
of the hadron, the smaller the v» o . 5 _
Hadrons emitted from a common O % -
collective velocity field e.qg. v2 (p) = v2 (P) %0.15 s B ! —
. L - » m B
Intermediate pr splitting - . . -
* indication that partonic degrees of 010 ° i -

: ' ¥*
freedom carry collective flow before :
hadronization - u -
0.05F -
® i
B Centrality estimator: N, at midrapidity —
oo ¢ VP I U U P P PO T

1 2 3 4 S 6 /
ALI-PREL-623914 pT (GeV/C)
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¥

Elliptic flow in OO collisions

First measurement of the elliptic flow of = 030 e
identified hadrons in OO collisions 1/—\ - ALICE Preliminary -
. 0.251 _ —20% —

= Low pt mass ordering: the larger the mass = - 00, (S =5.36 TeV, FTOC 0-20% -
of the hadron, the smaller the v» ﬁh i -

. n 020~ e PromptD® e Katz et al. —

® Hadrons emitted from a common 2 - = PromptD* L angevin -
collective velocity field e.g. v2 (p) = v2 (P) > 0.5~ ¢ PromptD;] "o EPOS4HQ

= Intermediate pt baryon meson splitting ) -
e . 0.10+ —

® Indication that partonic degrees of - -
freedom carry collective flow before I
hadronization i -
Extended to charm mesons as well confirming 0.00f :
the Same pattern :I I | 1 1 1 [ 1 1 1 [ 1 1 1 [ 1 1 1 [ 1 1 1 I I I I I I I:

= Consistent with transport models

ALI-PREL-622235
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/\ longitudinal polarisation >

Momentum anisotropies (V2) < velocity gradlents ALICE, arxiv:2606.18070

@, QA 001 L L Tl Fr b T L |
y P X o i | | | | [T
s R 1 = [ ALICE :
: 27 :  This generates vorticity in the produced QGP % gosl  Pb-Pb, /5y = 5.36 TeV, 20-60% —
| a. L ,"‘.f!:..:."! | l i /;+ K, pT > 0.5 GeV/c, V| < 0.5 |
A | Y AN N - —— [, _
X e . ’ Through spin=vorticity coupling the vorticity 0.006— D i 20 sin(2p — 2% ) —
polarizes emitted hadrons i 0 1 2 ]
0004  Eur-Phys.J.C 84 (2024) 9, 920 -
L =novis. =—={/s| -
The magnitude of the measured polarization depends C —=Ysll =ysli -
on the properties of the system 0002~ -
= New precise measurement longitudinal polarization of ol X
A\ and anti-/A\ hyperons.

o (Clear sine modulation vs. event plane, owing to the —0-0020 1 2 ! ! 5 é

origin of the polarization 2¢ - 2¥ (rad)

=+ Constrains bulk viscosity (¢/s) beyond standard flow =

observables.
mpuccio@cern.ch - QCD@LHC 2026 18
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/\ longitudinal polarisation

Momentum anisotropies (vo) <> velocity gradients

l N 2<1]0_3' o r b ! ' L -
N 8F =
’ This generates vorticity in the produced QGP - - 3 ALICE _Pre“mmary E
( -~ | ®JA+A|n|<08,p_>0.5GeV/c,00 VS = 5.36 TeV =
l 6 [%/A+A, |y <05 p_>0.5GeV/c, Pb-Pb s, =536 TeV -
Through spin-vorticity coupling the vorticity 5F Uncertainties: stat. (bar), total sys. (open box) =
polarizes emitted hadrons . - H E
3 kF | =
The magnitude of the measured polarization depends oF $ $ : 3
on the properties of the system 1B . E
=» New precise measurement longitudinal polarization of N T e

i 102 10°
/A and anti-/\ hyperons. N Jm, .

o (Clear sine modulation vs. event plane, owing to the o |

_ . . Non-zero polarisation observed In

=» Constrains bulk viscosity ({/s) beyond standard flow

observables.
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Evidence of partonic energy loss in OO collisions

>
o

ALICE, arxiv:2606.19967

1 4:_ ¢ | p—Pb, Ys,,=5.02TeV, %, 0-100% ALICE _:
~ [*] XeXe, {5y =5.44TeV, ", 0-80% -
1.2 [=] Pb-Pb, {5, =5.02TeV, ht, 0-100% —
1: TT? } ¢ + } * B
0.8 + -
0.6 =
0.4 | : | —
0.2— —— —:
O:I 1 | 1 | | | 1 1 I | I | 1 | | 1 1 | | 1 1 | | I I | | I | |1 1 | |:
0 2 4 o6 8 10 12 14 16 18 20

ALI-DER-638981
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P (GeV/c)

1 dNjA/dpy
<Nc011> dep/de

Ryp(pr) =

f collisions involving nuclel are simple incoherent
superposition of NN collisions, Raa="1

= |In Pb-PDb, large suppression not observed in
0-Pb collisions
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Evidence of partonic energy loss in OO collisions

ALICE, arxiv:2606.19967 R x(pr) = 1 dNjA/dpy
< _I [ | I | 0 | b | I | bl | I | b | I | T | I_ AA T —
0:< |+ | p-Pb, {5,=5.02TeV,n% 0-100% | * | Xe—Xe, s, =5.44TeV,h*, 0-80% _| <Ncoll> dep/ de
1.2~ [¢] 00,{5,,=5.36 TeV,x%, 0-100% [=] Pb-Pb, {5, =5.02TeV, h*, 0-100% —
- o 1 If collisions involving nuclel are simple incoherent
; IUVEA b 4 superposition of NN collisions, Raa=1
i l [ . . .
0.8:— S T : = n Pb—sz Igrge suppression Not observed In
i spereTel et _ p-Pb collisions
0.6F -
i 1 ™ |In OO collisions we observe as well a
0.4 : g : - suppression wrt unity!
0.2~ T — o Isitreal energy loss in a QGP or just cold
L Al'-'CEl _ nuclear matter effects” (e.g. NPDF)
% 24 6 8 10 12 14 16 18 20
P (GeV/c)

ALI-DER-639595
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Evidence of partonic energy loss in OO collisions

ALICE, arxiv:2606.19967 R x(pr) = 1 dNjA/dpy
< _I [ | I | 0 | b | I | bl | I | b | I | T | I_ AA T —
0:< | ¢ pO, {5,=9.62TeV,n% 0-100% | ¢ | p-Pb, {5,,=5.02TeV,n°, 0-100%  _ <Ncoll> dNPP/ dp !
1.2~ [¢] 00,{5,,=5.36 TeV,x%, 0-100% [=] Pb-Pb, {5,,=5.02TeV, h*, 0-100% —
- B 1 It collisions involving nuclel are simple incoherent
1; | T T — I 1 superposition of NN collisions, Raa="1
B 1 ) N . :
0'8;_ Sy B R - = In Pb—sz Igrge suppression not observed In
i SlereTel o2 - p-Pb collisions
0.6} -
i 1 ™ |In OO collisions we observe as well a
0'4/-\"’., | - suppression wrt unity!
0.2 —— - e Isitreal energy loss in a QGP or just cold
AT ALICE - nuclear matter effects? (e.g. NPDF)

I BN R R S S S N N N A N A A B A A A
0 2 4 6 8 10 12 14 16PT1(293/OC) “» In pO, Raa compatible with 1 above 2 GeV/c

ALI-DER-639600

mpuccio@cern.ch - QCD@LHC 2026 22



mailto:mpuccio@cern.ch
https://arxiv.org/abs/2606.19967

0.8

0.6

0.4

0.2

0

ALICE, arxiv:2606.19967

_I [ | [ | [ o | 1 1 | 11 | [ | I | o | I_
~ ALICE pQCD at NLO, no energy loss _
— 70 production === TUJU21 &= nNNPDF3.0 ]

--------- EPPS21 nCTEQ15HQ

, ‘
| | “
‘ ‘
|
‘
1 o
\“ “‘ . "'
]
]
[ ]
[}
n
[ ]
I

Energy loss models

©]JData @ fess Hybrid coupling approach
==+ Cape Town model

Roo: VS =5.36 TeV, |y|<0.8
Roo: Yo = 9.62TeV, —1.15 < y <0.45

III|III|III|III1

0

2 4 6 8 10 12 14 16 18 20
pT(GeV/c)

ALICE

1 dNjA/dpy
<Ncoll> dep/de

Rya(pr) =

f collisions involving nuclel are simple incoherent
superposition of NN collisions, Raa=1

In Pb-PDb, large suppression not observed in
0-Pb collisions

INn OO collisions we observe as well a
suppression wrt unity!

s it real energy loss in a QGP or just cold
nuclear matter effects” (e.g. NPDF)

In PO, Raa compatible with 1 above 2 GeV/c

Roo/R?p0 cancels cold-nuclear-matter effects,
revealing that the suppression in OO is
consistent with partonic energy loss.
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[ ooking for the LQCD crossover signatures >

A. Bazavov et al., Phys. Rev. D 101, 074502 (2020)

In OO we have all the signals pointing to the formation ofa QGP %277
. T,=156.5(1.5) MeV
o -
PDG-HRG — .
N,=8 &5

= We can look for the fluctuations of the baryon numier 0.1 |
expected by LQCD |

variance ko = ((AN)?) = o° 0.08 1 120 -
n 4 n '
Xp = 0 (p/T ) _ b skewness ks = ((AN)?) 0.06 |
O(pup/T) VT3 |
kurtosis ke = ((AN)*) — 3((AN?))> 004 7T
0.02
= Experimentally we measure the high-order cumulants of the | T [MeV]
net number of proton measured event-by-event “l30 140 150 160 170 18
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| ooking for the LQCD crossover signatures >

A. Bazavov et al., Phys. Rev. D 101, 074502 (2020)

In OO we have all the signals pointing to the formation ofa QGP %277
L A T,c=156.5(1.5) MeV .
: X cont. est. mm
=» We can look for the fluctuations of the baryon number 0.1 | "B MHAG — -
. PDG-HRG — |
expected by LQCD N,=8 5
variance ko = ((AN)?) = o° 0.08 f 126 -
o™ (p/T* K | 1
X% — (p / ) — B skewness K3 = ((AN)3) 0.06 | —
Npp/T)" VI | 4 AL A rdmy
kurtosis ke = ((AN)") — 3((AN?)) s 0 005 = 536 TeV E
lﬁ i 5] < 0.8 -
' : Q - <p.<1. -
= Experimentally we measure the high-order cumulants of the ¢ oss- ok eietee o
net number of proton measured event-by-event < o 1 &
o Significant tension with HRG models implementing local 0855_ E
baryon-number conservation a la PYTHIA ST :
. . 08__ ® —
= |s this the discrepancy we are after? al o & o [ 18-
0.75 —
- Local charge conservation -
0.7 — JHEP 08 (2024) 113, p = 0.97 = Ay __ = 2.1 _‘
_I | 1 1 | L 1 1 1 | L 1 1 1 | L 1 1 1 | L 1 1 1 | L 1 1 1 | L 1 1 1 | | 1 1 I-[
0 10 20 30 40 50 60 70 80
Centrality (%)
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In OO we have all the signals pointing to the formation of a QGP

We can look for the fluctuations of the baryon number
expected by LQCD

o"(p/T") K

variance ko = ((AN)?) = o°

X% = skewness k3 = ((AN)?)

kurtosis Rg = <(A/V)4> — 3<(AN2)>2

=xperimentally we measure the high-order cumulants of the
net number of proton measured event-by-event

Significant tension with HRG models implementing local
baryon-numlber conservation a la PYTHIA

s this the discrepancy we are after?
Other baryon number conservation models closer to data

Work ongoing to have a direct comparison between
LQCD EQOS and the net-proton results

0.12

0.1 r

0.08

0.06 r
0.9

K4(P - P)/x5(P - P)

0.8

0.75

0.7

o

ALICE

A. Bazavov et al., Phys. Rev. D 101, 074502 (2020)

0.85

vvvvvvvvvvvvvvvvvvvv

TpC=156.5(1 .5) MeV
cont. est.

QM-HRG — 7
PDG-HRG — .

N, =8

12 & 7

ALICE Preliminary
OO |s, = 5.36 TeV
In| < 0.8

0.5 <p_< 1.5 GeV/c

Thermal-FIST + BW, CE SHM ev. gen.
V. =3dV/dy, PRC 100 054906 (2019)

B(

10 20 30 40 50 60

80

Centrality (%)
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T ‘

HadroniC scale: strong interactions between hadrons

—



Momentum correlations as a gateway to interactions "

sreren bt S b, 2-particle correlations are sensitive

PR . _ .to .the na.ture Of .the interactions ;\ 3; I T T T[T [T T T T TT T T TTTT [ TTTT [T TTTT] |.| |.| [T 11 ~
, | x ALICE Preliminary _
among the particles: 5 op, Vs = 13.6 TeV -
. , O 7]
N, " 25 —
iy Ck*) = /=25 = [ S(n) | W(k*, )| dr | - -
__________ ) ) Pni ( ) Nmixed u ( ) ‘ ( ) ‘ - Py @ PL _
L — | D1 — Pio | Jillich '04 (Lednicky-Lyuboshits) 3
2 If C(k*™) > 1 attraction, otherwise repulsion NLO19(600) (Lednicky-Lyuboshits) —
NSC97f (Lednicky-Lyuboshits) _
SMS NLO(550) }
Coulomb only —

©

C

0 01 02 03 04 0.5
k* (GeV/c)
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Momentum correlations as a gateway to interactions "

Sketch by L. Serk$nyté

P 2-particle correlations are sensitive

RIS . - | ' % 3*''I""I""I""I""I'"'I""I""I""I""
to the nature of.the |.nteract|ons 3 | ALICE Preliminary
among the particles: 5 op, Vs = 13.6 TeV -

O

2.9

“‘\ ,"" N n
L 5, Ck*) = /=22 = [ () |W(k*, ) |*dr

| - = | N, mixed - P ©p= )
¥ — Pn1 — Pn2 Julich '04 (Lednicky-Lyuboshits)
2 If C(k*™) > 1 attraction, otherwise repulsion NLO19(600) (Lednicky-Lyuboshits)

NSC97f (Lednicky-Lyuboshits)
SMS NLO(550)
Coulomb only

First measurement of the p2.~ correlation

e 2~ — nm reconstructed from the kink topology in _
the ITS volume N —

e Shallow repulsion observed on top of the coulomb

baseline .
e Key input to the strong force modeling among =

these hadrons 2N | | | | E
e N2 interactions relevant for the Neutron Star EOS ) - - - O,'ﬁ (Gewg)'5
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—xtending interaction studies to 3- body INnteractions "

ALICE arxiv:2608.05708

Sketch by L. Serksnyté ph3 /\0025_ ........ LI S B e e e e e e rrrrrr]
3-particle femtoscopy turns S ﬁpLI%E n 6 Tey :
collisions at LHC into an effective <« 2 Be= pppOPPP ~
3—3 scattering experiment :_ 1B K s _

1.5¢ B AVi8 K, . =7

LT - Source:p = (2.54 +£0.04) fm |

_ 2 2 2 - 0 :
Q3 — \/_qlz — 413 — dx3 1 B ——
0.5F -

o OE— R R B 00 ® ) . ° o : : © 0 0 o 0 ° ._E

- C = Total n, = 23.6 =, ..: v "‘0’00:

-10F oTotaIn 10.9 =" e R L

e eTotaln=25 ST T
2000102 03 04 05 06 07 08 09 1

Q, (GeV/c)
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—xtending interaction studies to 3- body INnteractions

&

ALICE arxiv:2608.05708

Sketch by L. Serksnyté ph3 /\0025_ ........ LI S B e e e e e IR e
3-particle femtoscopy turns S ’spL'?SE n 6 Tey
o rr collisions at LHC into an effective <" 2p “ == pp-p @ pPP ’
3—3 scattering experiment | A AV
‘: 15 i | N [ Av18 Kinax = 7 -
L T e, . Source:p_ = (2.54+0.04) fm
--------- Pn Q3 o \/_ ql 2 ql 3 q23 Uy B =~
0.5F -
Another poorly constrained ingredient in NS EOS E :
modeling are the effective 3-body interactions I A PR EELRARE REE RS
—10F 0Tota|n—109 S muZWQ?—I
 eToaln=25 T
200701 02 03 04 05 06 07 08 09 1
Q, (GeV/c)
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—xtending interaction studies to 3- body INnteractions

&

ALICE arxiv:2608.05708

Sketch by L. Serksnyté ph3 /\0325_ ........ LI S B e e e e e IR e
3-particle femtoscopy turns S ’spL'%E n 6 Tey
o rr collisions at LHC into an effective <" 2p “ == pp-p @ pPP
3—3 scattering experiment | AL AV
.: 1.5T , N B AVi8K, . =7 1
L T e, . Source:p_ = (2.54+0.04) fm |
_ 2 9 9 i N et 0 i
.......... P Oz = \/ 412 — 913 — 423 1 e Tttty
0.5F -
Another poorly constrained ingredient in NS EOS ' :
modeling are the effective 3-body interactions o OF  swaoampgoo gett gttt erees
210: Pta:”‘?gg LM SIS
. — - ¢ Total n, = . mEE “ " a ow
e Direct access to I=3/2 component of the unbound 3k =Tokms2s 0
0 0.1 0.2 03 04 05 06 07 0.8 0.9 1
nucleons system Q, (GeVi/c)
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—xtending interaction studies to 3- body INnteractions "

Sketch by L. Serk$nyté p h3

3-particle femtoscopy turns
o . collisions at LHC into an effective

3— 3 scattering experiment

Copp( L)

Another poorly constrained ingredient in NS EOS

modeling are the effective 3-body interactions o o

® Direct access to |1=3/2 component of the unbound 3
nucleons system

e 3-particle attraction from pairwise interactions

mpuccio@cern.ch - QCD@LHC 2026

ALICE arxiv:2608.05708

257

I““\ ,,":: - p— 2 2 2 :
L Phi Q3 — \/_q12 — 413 7 43 I

] AVI8K,, =2
AVI8K. . =5

- AV18 Kmax =7

pp, Vs = 13.6 TeV :

- 5= pppOpDP _-

¢ + -
g Source: p 0~ (£.54£0.04) Im

T:Jté‘ln‘=‘2§6g";"'::‘3:::‘"0’:0“_5

+ Total n, = 10.9 I R R T

oTotaIn—25 -

01 02 03 04 05 06 07 08 09 1
Q, (GeV/c)
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—xtending interaction studies to 3- body INnteractions "

ALICE arxiv:2608.05708

Sketch by L. Serksnyté ph3 8’25- ........ |....|....|...AL.IC.E. ........ e rrrrrr]
) 3- pgrtlcle femtosqopy turns | % | o V= 13.6 TeV '
o . COllisions at LHC into an effective  o* 2¢ “ = pp-p @ p-pp p
3—3 scattering experiment : t A
: ": 1.0 B AVi8 K., =7 B
5 ] L T e, . Source: p_= (2.54+0.04) fm |
_ 2 2 2 - N 0 _
L ﬁhl Q3 —_ \/ _q 12 - q 13 T q23 1 N —~~ : ;1;:;\ *\*-}
0.5F -
Another poorly constrained ingredient in NS EOS : :
modeling are the effective 3-body interactions o OF R e R R R R R R
| _1 O :_ » Total n —10.9 = . ) o f ,3,_5
e Direct access to |=3/2 component of the unbound 3 F toeinzes . e =
=70 0.1 0.2 O. 3 0. 4 0. 5 0. 6 O /7 0. 8 0. 9 1
nucleons system Q, (GeV/c)
e 3-particle attraction from pairwise interactions oo 1 i s s
e High 3-body angular momenta are needed to sg| ©° o0 O—=90
JP=0* JP=0",17, 2" JP=2% . oo
reproduce the data - o | %0 T B
3 E =0 T =1 1,=0 1,=2
o |~+| =0
) Forbiden 3 j;c:(l) ‘ Z;i OTO Zzi
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—xtending interaction studies to 3- body INnteractions "

ALICE arxiv:2608.05708

Sketch by L. Serksnyté ph3 /\0325_ ........ LI S B e e e e e e rrrrrr]
3-particle femtoscopy turns S ’spL'%E n 6 Tey :
o . COllisions at LHC into an effective  o* 2¢ “ B8 pp-p ©PPP E
3—3 scattering experiment | t A
ISF % B AVA8 Koy, = 7 -
L T N Source:p_ = (2.54+0.04) fm |
_ 2 2 2 I Py 0 1
= 5 0; = \/ —qi, — 413 — G54 1k —~—— = ===
0.5F -
Another poorly constrained ingredient in NS EOS : :
modeling are the effective 3-body interactions o OF eeseaanzve aettyrgytiyeer s
. job o =238 Cammee MM E
e Direct access to I=3/2 component of the unbound 3 E  -To&ms2s e =
0 0.1 0.2 O. 3 0. 4 0. 5 0. 6 O /7 0. 8 0. 9 1
nucleons system Q, (GeV/c)
® 3-particle attraction from pairwise interactions oo 1 e s e
e High 3-body angular momenta are needed to sg| ©° o0 o0
JE =07 JP=07,17, 2" JF=2" oo o0
reproduce the data - o0 .- 0o . T B
e Opens a route to constraining genuine three-body g3 - - -
' 1 'E % Forbiden x— x— X
forces in future measurements. 'y o o NP S
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Sensitivity to (hyper)nuclear structure

Production cross section of hypernuclel at the LHC is sensitive to their structure

ALICE, arxiv:2604.07949

I 1 1 1 1 I 1 I 1 1 I

—_ —T—T— L oy - ;

= F o o Hon o S =\ -eseiimd  Fitting the production cross section

: LE_ ¢ ppfs=5Tev m pp.fs=7TeV o mis-tatev TV = 22655m T \with the RMS radius of the nucleus
125_ + p-Pbys,=502TeV % p-Pb,| s, =8.16TeV =\ - 1.99_0_-29fm_; as 3 free parameter:
T { = » Deuteron and 3He charge radi
= { = are well reproduced with this
o 4 = technique
‘e = » First extraction of the 3> H radius
7 -.'-i o----- . Y Trree o=n--t...... +Q------ oo mmmmmmm T A

E 4: 1 1 I 1 1 | | I 1 1 1 | I | | i = I 1 1 | | I 1 1 : 3

;‘é‘ R 6-.-0.4-04*--..-0-0-&»0--4---0:--+---¢---+----£----—-§ Copper AH
0’ 1 1 | 1 ] | | | 1 1 1 | | ] | 1 1 | 1 ] 1 | | 1 1 =

o

. _ £,
1 1.5 2 2.5 3 R..... (fm @ G\é Q®N

R~5fm Rirn ~ 9.5 fm

alo nucleus: wide d/\ molecule
mpuccio@cern.ch - QCD@LHC 2026 30



mailto:mpuccio@cern.ch
https://arxiv.org/abs/2604.07949

Sensitivity to (hyper)nuclear structure

Production cross section of hypernuclel at the LHC is sensitive to their structure

5 B 'A'LI'CE'P' 'I o Fitting the production cross section
> 0tk Riiald - with the RMS radius of the nucleus
O 74 e Run 3 pp, Vs=13.6 TeV - .
S R —\ ) - as a ree parameter:
- T SN L =63 pb -
% t:): i "\ +10%global unc. not shown - » Deuteron and °He charge radil
S PN - are well reproduced with this
N el B technigue
~ ¢ SA°He+m, lyl < N » First extraction of the ?\H radius
" arxivi2504.02491 (2025) - Copper AH
[_] Congleton Wave Function X £
107° | d-A Gaussian Wave Function = ® a@ ®N
L | I I | L1 1 1 | L1 1 1 | L1 1 || T { -
1 2 3 4 5 6 . ©
P (GeV/c) R~5fm Ran ~ 9.5 fm
Sensitivity not only to the radius, but also to the wave-
function shape through the prt spectrum. alo nucleus:
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Summary

- ® ALICE is working across different scales and flavours of the
- characterization QCD in different regimes

e Contributions to the study of hard processes

® Precision QGP properties determination

® Determination of the residual strong interaction among hadrons
» Harvest of the Run 3 results just started

e Stay tuned: upcoming upgrades for Run 4 and Run 5 will
significantly widen the scope and performance of ALICE



