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Why anisotropic flow?

ALICE

» : . Expansion due to pressure Anisotropic distribution
Initial spatial anisotropy . s : :
gradients within the medium of final-state particles
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“how the 1nitial state 1s distributed” QGP-like phase n=1 1

“how strongly correlated is the
particle with the reaction plane y,,”
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Whyv are light 1ons so interesting?

oL oLl ol 104 0]

small systems

Dominated by QCD effects Collective behavior largely understood
Signs of collective behavior described by hydrodynamics
described by hydrodynamics

poorly constrained well constrained
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th are light 101S SO interesting?
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ALICE, Phys. Rev. Lett. 116.132302

Collective behavior largely understood
Quantitatively described by hydrodynamics

Collision geometry well constrained
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Whyv are light 1ons so interesting? %%

POV -V Y ALICE

o wof2, Anl > 1.4}

va{2}

o

o

&

A TT T T[T
AN
‘

FL =
- ]
e

; . 4

pp p-PbXe-Xe Pb-Ph
502 13 502 544 502 |5, (TeV)

& = B8P @ ALCE

oL oLl ol 104

small systems 0.02 NS 77 O [ P-GlasmasMUSICHUIQMD
’F — PYTHIA 8
0.04/— () —
B Fo om0 G 50 9090

0.02f; ﬁl“'.ia‘:ﬁ%‘ﬂ'ﬂ' %? Il"5+
Inl <08
0.2 < P, < 3.0 GeVic

Dominated by QCD effects 0.03f— (@ v,{2, 1an] = 1.0}

Signs of collective behavior Zj = §+ ' .%..-....'Em{}-a-;}-;{; AR
Qualitatively described by hydrodynamics . % i

v4i2}

N, (I < 0.8)

poorly constrained ALICE, Phys. Rev. Lett. 123.142301
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th are light 101S SO interesting? %

of 10 1010 101 ol 100 fof [of tof 101 [lof 1of 16l 10

small systems large systems

Newcomers at the LHC: 10 and 2%Ne!

The 1s better constrained than in pp by theoretical models!
Overlapping multiplicity with smaller systems with constrained
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th are light 101S SO interesting?

of 1o 10 0] ol 100 fof [of o O

small systems large systems

Newcomers at the LHC: 12O and 4°Ne!

The nitial state 1s better constrained than in pp by theoretical models!
Overlapping multiplicity with smaller systems with constrained collision gecometry
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The ALICE setup in Run 3 £s

ALICE

Inner Tracking System 2
tracking and vertex determination

(GEM)-Time Projection
Chamber
main tracking device
particle identification

Time Of Flight
particle identification

Cumulants ] _
_|_
TPC +ITS Fast Interaction Trigger
(A& CO)
— . .
Two-particle correlations (2PC) Centgigﬁ;?;gggﬂ o

+
TPC +ITS forward particle detection

(C:-3.3<n<-2.1)
(A:3.5<n < 4.9)

Three times two-particle correlations (3x2PC)
FTOC + TPC + ITS + FTOA
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The ALICE setup in Run 3 £s

ALICE

Inner Tracking System 2

(GEM)-Time Projection tracking and vertex determination
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Three times two-particle correlations (3x2PC)
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Probing the 1nitial geometry R

Cross collaboratlon observation: ATLAS, CMS
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ALICE, Phys. Rev. Lett. 137, 082301 (2026)
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Probing the 1nitial geometry R
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Probing the 1nitial geometry R
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Probing the 1nitial geometry R
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Geometry scan of flow at the LHC [two_pmle cumulams]
a_. — T T T T T T T T | I J
= £ (a V{2, A7 > 1.4)
> 01— @) NEW! 5 o, 9
— o ¢
[ O O % Y
O . O 8 g&w‘uﬂé»ﬁs:;sﬁﬁﬁﬂwﬁﬁﬁﬁﬁsﬂsﬁ\k‘%\%‘ﬂm;?w gxﬁ&l&ﬁm’ o
- | O ¥ OROK %
0.06F + g+ 03«&%\“‘15 fg o® ogo 8o . 2233500 XX X x
— pp | pO | p-Pb OO Ne-Ne Xe-Xe Pb-Pb
0.04— 13 |9.62| 5.02 5.36 536 544 502 |5y (TeV)
— Run 3 <+ % ALICE Preliminary
0.02—Run2 "o O & ALICE, PRL 123, 142301 (2019)
: AN NLEFT+3D-Glauber+MUSIC+UrQMD—
0— I . | I I I | | ! L —

10°

N, (Il < 0.8, 0.2 <p_< 3.0 GeVic)

EMMI Workshop: Light-ion collisions

alexian.lejeune(@cern.ch

23rd of September


mailto:alexian.lejeune@cern.ch

Geometry scan of flow at the LHC [two_pmde Cumulams]
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Geometry scan of flow at the LHC [two_pmde Cumulams]
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Constraining models even more . wo-particlo ) %%

correlations (+ template fit)
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(+ template fit)

g Yy HLICE

Towards the onset of collectivitz T %%
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Towards the onset of collectivitz

Low pr region
Pr <2 GeV/e

— Mass ordering

heavier particles are
pushed to higher py by
hydrodynamics
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ALICE
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Two-particle correlations
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Towards the onset of collectivitz T %%

(+ template fit) | ALICE
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Towards the onset of collectivitz
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(+ template fit)
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The three systems feature qualitatively the same behavior!
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Towards the onset of collectivitz

LR S
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2PC + 3x2PC
(+ template fit)

Hydrodynamical model implementing coalescence still only
qualitatively describes particle correlations in pp collisions...
In pp collisions, the initial state 1s still not fully understood
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Towards the onset of collectivitz
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Hydrodynamical model implementing coalescence still only

*p[) .
* A(R) "

(9T07) $8ST L1 unwiuio) JoN "dJI'TV

T 35) -

: ;
0 ALICE, Nat Commun 17,2585 (2026) I 10
P, (GeV/c) [ (GeVic) P, (GeVic)

ALICE

EMMI Workshop: Light-ion collisions alexian.lejeune(@cern.ch

23rd of September

23


mailto:alexian.lejeune@cern.ch
https://www.nature.com/articles/s41467-025-67795-1
https://www.nature.com/articles/s41467-025-67795-1
https://www.nature.com/articles/s41467-025-67795-1
https://www.nature.com/articles/s41467-025-67795-1
https://www.nature.com/articles/s41467-025-67795-1
https://www.nature.com/articles/s41467-025-67795-1

Towards the onset of collectivit
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Low pr mass ordering and intermediate pr
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Elliptic flow of strange hadrons in OO in backup!
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-meson grouping and splitting are present in both systems!

ALICE
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Towards the onset of collectivit T %%

(+ template fit)
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Elliptic flow of strange hadrons in OO in backup!
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Summag & take-home mMessages

Initial geometry

[Light-1ons have a well-constrained
initial state and

Bridge the gap in system size and
help us understand the onset of
collective phenomena

Anisotropic flow

Describes the interplay between
nitial-state and final-state interactions
— 1deal observable!

o

Well described when the initial state
and are well
constrained

ALICE

Understanding the initial state is
crucial for describing collectivity
in smaller systems

Onset of collectivity

Light 1ons display signs of
collectivity
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A Large Ion Collider Experiment

ALICE

Thank you very much!
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Why specifically 1O and 2YNe?
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- | .

“Ne, pn2 (X, ¥, 2) - PG> 4

4 50

2 . T

0 2y J8338828282 8 S e gessas: FHHE 126

¥ i L Doubly-magic 2°8Pb

28~
20

S 4 : :
.{:é q Bl Energy density functional
= ) o8 Atomic mass evaluation 2020
§ L § 20 B Ab initio
—
- Neutron number X

alexian.lejeune(@cern.ch



mailto:alexian.lejeune@cern.ch
https://www.int.washington.edu/sites/default/files/schedule_session_files/Bally_B.pdf

Template fit %

ALICE

Fit inputs: 3 Fit outputs:
— measurement at high multiplicity Y"'9e(Ap) = G |1+ 2 Z Vs - cos(nAg) —F, G,V
— measurement at low multiplicity n=2
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Identified particle elliptic flow i )
CNulic AdrticCic Cliiptic 110 2PC + 3x2PC
(+ template fit)
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