High-Energy Nuclear Structure Tomography (HENST) at the LHC
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Niels Bohr & Yukawa

Niels Bohr, Hideki Yukawa, Sumi Yukawa and J. Robert Oppenheimer Hideki Yukawa, Niels Bohr
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Leading Japanese physicist at Niels Bohr Institute

Yoshio Nishina ([CUL7& & L&) in Copenhagen
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Large “Heavy-ion” Collider @ CERN

Large Hadron Collider, CERN, Geneva
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Study the QGP transport properties with collective flow

Initial state Final state

System
expansion

>

Initial shape «—— Anisotropic flow

shear viscosity of QGP
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Study the QGP transport properties with collective flow

Initial state Final state

expansion

>

Flow cumulants |dentified particle mean pr

30 40
Centrality %

30 40
Centrality %
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Primary goal of high-energy nuclear collisions: QGP

ALICE, Eur. Phys. J. C 84 (2024) 813 cer  Nature Phys. 15 (2019) 11,1113
Jyvaskyla: Phys.Rev.C 104,054904 (2021)

(571 citations) Trajectum: Phys. Rev. Lett. 126,202301 (2021)
: Phys. Rev. Lett.126,242301 (2021)
. Phys. Rev. Lett. 128, 042301 (2022)
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Current best understanding on the time evolution of QGP (Early Universe)

n/s(T) is very close to |1/4m (Quantum limit) -> Perfect fluid

Details, also see talk: Huichao Song @ WWednesday
Maxim Virta @ Thursday
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Nuclear Structure <— initial conditions <— QGP

Many-body interactions Quark-Gluon Plasma Multi-particle correlations in
of the colliding nuclei the final state
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[ ) [ )
New research directions
BNL (2022.01) F;’h‘)fs":(ﬁzsOpportumtles from the 30 participants

\ EMMI Rapid Reaction Task Force: "Nuclear physics
GS| (2022.05 & 10) ~ confronts relativistic collisions of isobars” éart 1/2) 50 participants

Saclay (2022.09) - iRy e ST 30 participants

INT (2023.2) werire oweess e [ 30 participants

it Stages o igh CncryMaclesr L SRS 220+ participants

Collisiora (52023), Copenhagen.

L;"_:) .» P e r— -
NBI (2023-6) - Tha Vii-th «u--numral Uonfararcs on the

PKU (2024.4) Exploring nuclear physics across energy scales 2024: intersection

between nuclear structure and high energy nuclear collisions

200+ participants

CERN (2024.10) I igla@ion collisigmesat the |LHC

200+ participants

Frankfurt 2025.4)  Quark Matter 2025 1100+ participants

Intersection of nuclear structure and high-energy nuclear collisions: 2025 100+ participants
Fudan (2025'5) Program and Workshop . 2 P P

Taipei (2025.8) — WIS 150+ participants <«—— New Track

| t 1l - 200+ participants
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A topical collection

EPJA Topical Collection: Intersection of Low-
Energy Nuclear Structure and High-Energy Nuclear
Collisions

Published on 10 February 2026

Guest Editors: Thomas Duguet, Giuliano
Giacalone, Vittorio Soma, You Zhou

High-energy heavy-ion physics and low-energy nuclear
structure physics have historically been disconnected fields. The
hydrodynamic description of the quark-gluon plasma (QGP)
requires input from nuclear structure to model the initial states of
the colliding nuclel, but until 2015 or so, most phenomenological
studies have relied on simplified nuclear models, assuming
spherical charge distributions and ignoring features like neutron
skins or deformations. Advances in both theory and experiment
now show that the hydrodynamic evolution of the QGP is
sensitive to the detailed features of the colliding nuclei, with
remarkable consequences for experimental observables.

You Zhou (NBI) @ Yukawa Institute, Kyoto

The European Physical Journal Topleal Collectlion

A

% Recoqnized by Eurcpean Physical Soclety

Hadrons and Nuclei

Topical Collection on Intersection of Low-Energy Nuclear Structure
and High-Energy Nuclear Collisions
Edited by Thomas Duguet, Giuliano Giacalone, Vittorio Soma and You Zhou
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Nuclear Structure @ HE: a paradigm-shift research

¢ Phase |: Emergence

= Emergence of Nuclear Structure Effects in Ultra-Relativistic Collisions

“*Phase II: Sensitivity — Extraction

= From Sensitivity to Extraction: Probing Nuclear Structure with Collective Flow

* Phase lll: Unification and validation

= Toward a Unified Framework: nuclear structure across energy scale

= Validation with Light-lon Collisions

¢ Phase IV: Tomography / Precision Era

= Toward Nuclear Structure Tomography at the LHC

You Zhou (NBI) @ Yukawa Institute, Kyoto April 23th, 2026



¢ Phase |: Emergence

= Emergence of Nuclear Structure Effects in Ultra-Relativistic Collisions
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Effect of Nuclear structure of 22Xe with flow v,

ALICE, Physics Letters B 784 (2018) 82
C lIIIIIIIIIIIIIIIIIIIIIIIIlllll

- ® Xe-Xe \s,=5.44 TeV: v,{2 |An]| > 2}
O Pb-Pb \s,,=5.02 TeV: v {2,|An| > 2}
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Physics Letters B 784 (2018) 82
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[P-Glasma+MUSIC+UrQMD (35 = 0)
[P-Glasma+MUSIC+UrQMD (3, = 0.18)

ALICE data —O—
[1805.01832)

centrality ()

¢ Significant v, enhancements in central Xe-Xe collisions than in Pb-Pb collisions

* The ratio between two similar systems (in size) cancel out most final state effect -> initial conditions

* The observed enhancement is due to the NS effect, originated from large 32 deformation
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Effect of Nuclear structure of '2?Xe on differential flow

T T 1 | 17 T T ]
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New publication in 2024

Phlys.Lett.I|3 850 (2024) 138477
[ I | (|

“*For the first time observe the impact of NS over a

very wide kinematic range (-3.5 <n < 5.0) .
= New input for the low-x physics | ety
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Meanwhile at RHIC: isobar runs
|

Isobar
B collisions

—

o?qu"‘ ° c NENP. o . : :
g Since then, pioneering work has been done,
X g % many of which are done by the participants in this workshop!

—\ S TOW Yy

QGZrJ.l:l '

SR B e = J ExtreMe Matter Institute EMMI

This workshop will be held virtually:

o S EMMI Rapid Reaction Task Force

Nuclear Physics Confronts
I——————— [ c|2t|Vistic Collisions of Isobars

Chiral Magnetic Effect (CME), vorticity, and effects of strong EM field

Heidelberg University, Germany, May 30 — June 3 & October 12 — 14, 2022

Longitudinal fluctuations and correlations related to the transport of conserved charges

Nuclear PDF and transition from collective flaw to jet quenching High-energy collisions of the A=96 isobars %8Zr and %Ru have been performed in 2018 at the Relativistic Heavy lon Collider (RHIC)

as a means to probe effects of lacal parity violation in the strong sector, that would manifest as deviations from unity in the ratio of
observables taken between %6Zr+75Zr and "Ru+Ru collisions. Recently released measurements of such ratios reveal deviations
from unity. However, such observations are primarily caused by the twa collided isobars having different radial profiles and intrinsic
deformations. To make progress in understanding RHIC data, we will gather nuclear physicists across the energy spectrum to
answer the following question: Does the combined effort of state-of-the-art low-energy nuclear structure physics and high-energy
heavy-ion physics allow us to understand the oabservations made in isobar collisions at RHIC?

You Zhou (NBI) @ Yukawa Institute, Kyoto April 23th, 2026 18




“*Phase |l: Sensitivity & Extraction

= From Sensitivity to Extraction: Probing Nuclear Structure with Collective Flow

o (B
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Probe Nuclear Structure with

¢ Shape of the fireball: Anisotropic flow Initial state Final state

small v2 large v2 |
VA ¥
‘ g S ) 0 System

expansion

c(€y 05 ) =0.990
C, =0.148

{s)

P(vma Un,y Uky -ey \Ijma \Ijna \Ijka )

20—30 % How does vi, How does Yn How do y»and
0.1 . . 0.4 0.5 . fluctuate fluctuate Pm correlate

P(vy) P(T,,) P(U,,, Uy, Ty, ..0)

[H. Niemi et al., PRC 87 (2013) 5, 054901

Details, also see talk: i l

Giuliano Giacalone @ Monday observables: v.(m Flow decorrelation
Wenyao Ke @ Monday ra(pT, pT°) Pm,nk

Non-linear flow

e ‘ o™
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sensitivity of to nuclear structure

Eur. Phys.J. A (2023) 39:279 THE EUROPEAN )
https:Aidoi.org/10. 1 1Aepja/s 10050 023 01194 2 PHYS'CAL JOURNAL A Slgw.m*“{ur

Regular Aracle - Theoreucal Physics

Probe nuclear structure using the anisotropic flow at the Large
Hadron Collider

Zhiyong Lu', Mingrui Zhao', Xiaamei Li', Jiangyong Jia**, You Zhon’-*

—-

: L. L. o AMPT
spheric ' ' OOt _
% b . \é* + =g Xe—Xe sy = 5.44 TeV
(B2=0) 0.2< p_< 3.0 GeV/c

ml < 0.8

- -ﬂ- -ﬂ--“- vam N aMa A m = mmy ym ‘-9.1-:‘:-
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18,y = 27°

42 42
Prolate —p = ¢ g gl
(B2 >0, y=0) | y y = x\x\x\‘

., '
& N & . \i x
Triaxial | ' ‘ - | 5 15 20 25 30
(BZ > 0, Y=3O°) = A Centrality percentile

Significant v2 enhancements in central Xe-Xe

t t . . .
Oblate N X\ collisions, originated from large deformation (3>
\»\x_> 4- \»\x No difference observed from the results with

2

Ratiotop =0

» > 0,y=60° . . . .
(B Y ) different y values, no impact of triaxial structure in v;

You Zhou (NBI) @ Yukawa Institute, Kyoto April 23th; 2026 21




Nuclear structure of 129Xe with systematic flow measurements

Phys. Lell. B B6Y (2025) 1548855

Contents lists available 4L SvienceDirect

Physics Letters B

journal hamepage: www.elsevier.com/locate/physlethb

Chacs for

Exploring nuclear structure with multiparticle azimuthal correlations at the | %
LHC ] ".
ALICE Collaboration’" Flow studies

European Orpuncution for Nuclewr Research, Gurwwe 23, CH-1211, Geneve Switzerlund

Centrality range: 0-20%¢

0 a,=057. B,=0

, ¥+ a,=057, §,=0.162
- ARG
Centrality range: 20-60%; ¢ a,=057, I3; _0.207

¥ oa,=0492p, =0207

:

'I'IT[I_|_I'I'ITITT| llllllﬂl IIIIIIH] T TTTTIm TﬂTl—l—l'l'ITﬂ]] Illlllﬂ] llllllﬂ] T TTTIT

| 1 | | |
nA2) w4 Q) Y R - Py NSC(32)

“*Overall, calculations with ap = 0.492 and 32 = 0.207 describes the flow measurements better in Xe—Xe collisions

= Compatible with low-energy nuclear structure (MeV energy scale).
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Probe Nuclear Structure with

“*Size of the fireball: radial flow, [ p]

' d(p;) N dbE small <pt> |, 06 <pt>
(Pt) E

P\

S. Bhatta etc., PRC 105 (2022) 2, 024904
E. G. Nielsen etc., EPJA (2024) 60, 38
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sensitivity of radial flow ([pT] fluctuations) to nuclear structure

n 4
Eur. Phys. ). A (2021) GOS8 THE FEUROPEAN m) : *
https:/Mdooeg/ 10,1140 epjas T0050-024-01 266 PHYSICAL JOURNAL A hack for =

Regular Article - Theoretical Physics

Generic multi-particle transverse momentum correlations as a :
ncw tool for studying nuclcar structurc at the cnergy fronticr 5 .

Emil (zorm Dahlbak Nielsen, Frederik K. Romer. Kristjan Galbrandsen, You Zhow®

Nicls Tiohr Tnstitute, University nf Copenhagzn, 2200 Conenhagen, Dienmerk
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e [pT] fluctuations, which reflect the initial size fluctuations, also bring new information on the NS.
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Latest measurements of [pTk]

Emil G.N (NBI) @QM2025

™ B B A B T T ™ T T

—.
I\J

® [pT] and its event-by-event fluctuations measured in
heavy-ion collisions at the LHC
-> probe initial size and size fluctuations

2
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““Reverse engineering” with collective motion

¢ Shape of the fireball: Anisotropic flow »Size of the fireball: radlal flow [pT]

(l<pt (]E small <pt>

small vz large vz ¢§ | <[) Iarge Pt
Ve i : t

LV, o &, |

i ” (n.)

<PL

cov(vy,, [pr])
B Current flow studies IO( [pT]) \/vafr TQL) \/Uar([pT])

- Current pr correlation studies P. Bozek etc, PRC96 (2017) 014904

] vn-pT correlation studies

% Considering v, « €, [pT] = Eo
. p(2, [pr]) = p(<2. [Eo)
R >

St final-state model Initial-state model
Flow studies . . )
calculation estimation

>

Transverse momentum studies
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Probe triaxial structure of 27Xe

ﬁ 1"""[lll|lll| T rrrror1t rrr[rrr[rrr1
ALICE Preliminary V. |[An| > 0.8

0'9; Pb—Pb sy, = 5.02 TeV [p.]: | < 0.4
0.8 Xe—-Xe |syy = 5.44 TeV

E h]|<:()l3 ii II
+

0.7

T T 1]

— >

Flow studies

W ALICE

TRENTo-IC
3 =0.207, v =0.0°
Xe-Xe

Xe—-Xe

3 = 0.207, v = 26.93°
Xe—Xe Xe—-Xe

Jlllllllllll] lllll lllllllllll

> 4 6 8 10 12 14 16 18 20
Centrality (%)

|ll IIIII]||I{

[ T T T

% Better agreement between LHC data and calculations with y = 26.93°
= First study of triaxial structure of 122Xe at high energy collisions at the LHC
= Similar results confirmed by ATLAS
B. Bally etc, PRL128 (2022) 8, 082301
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Nuclear Shape Phase Transition

Nuclear Shape Phase diagram

Prolate Triaxial Oblate Transitional
(“SOftH)

128Xe — 132Xe

u T Details, also see talk:
0.0 0.1 0.2 0.3 0.4 T W Huichao Song @ Wednesday

3
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Shape transition via high-order correlations of v, and pr

Physical Review Letters

Exploring the Nuclear-Shape Phase Transition in Ultrarelativistic
129%e + 12°Xe Collisions at the LHC

Shujun Zhao'%*, Hao-jie Xu (323! You Zhou (%#, Yu-Xin Liu'>®3, and Huichao Song (91561
1| Hao-Jie AU you Znou YU-AIN LIU g

y=0 f y =30 f y = 60°

™ =712 <73 J IMFNRFT3 TN <Th)=T3

prolate triaxial " | oblate

¢ To probe the relation of ri, r and r3, we need 3-particle correlations

“* To probe the Y fluctuations, we need 6-particle correlations

New proposal: P1.2 ((6;1;(23?;4) (e’%)(ld 3 [{36d7 ) + 4(e3)*(6d7 ) — (e3){0d7 ) — 4{e3)(e38d7 ) — 4{=38d )]

= The six-particle correlations allow to differentiate triaxial (fixed y = 30°)

and Y-soft (fluctuating y) structures
= The implementation is highly non-trivial!

You Zhou (NBI) @ Yukawa Institute, Kyoto

Phys. Rev. Lett. 133 (2024) 192301

10 (initial state calculations)

'*Xe+'*"Xe, s =544 TeV

[32=O-1 7, Y 'SOft (OOS’Y 3600)

X

B,=0.17, triaxial (y=30°) (a)
| 1 1 1 1 |

Y

4,2; y-soft

lp

4,2; triaxial

4,2: triaxial

Centrality(%)
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A Unified Algorithm makes them all possible

Cur. Phys. J.C  (2025) 85:1016 THE EUROPEAN L)
hups:/fdoi org/10. 1 140vepje/s 1 0052-025-1468 (-1 PHYS'CAL JOURNAL C cﬂ;cc;(égr

Regular Amicla - Experimental Physics

A unified algorithm for multi-particle correlations between
azimuthal angle and transverse momentum in ultra-relativistic

nuclcar collisions
bz Fliys ). A (2024} )38 THE EUROPEAN o
S PHYSICAL JOURNAL A i

Kegmtor Arhicle lesonetical Physies

Emil Goarm Dahlhaxk Nielsen() . Nina Nathanson(5), Kristjan Gulbrandsen(s. Yon Zhon®

Niels Bohr Institute, Jagtvej 155A, 2200 Copenhagen, Denmark

Generic multi-particle (ransverse momentum correlations as a
ncw tool for studying nuclear structurc at the energy frontier

Emil Gorm Dahlbxk Niclsen, Frederik K. Romer, Kristjan Gulbrandsen, You Zhou'
Nicls Bohr [=stitute, University of Copeshagen, 220C Copzchagen, Denmadk
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Multi-particle azimuthal correlations studies

PHYSICAL REVIEW C 103, 024913 (2021)

PHYSICAT. REVIEW C 89, 064904 (2014)

(:cneric framework for anisotropic How analvses with multiparticle azimuthal corrclations
Generic algorithm for multiparticle comulants of azimuthal correlations
Ante Bilandzic,! Christian 1lolm Christensen,” Kristjan Gulbrandsen,! Alexander lansen,' and You Zhou?? in high energy nucleus collisions
“Niels Bohr Instilute, Rlegdemovej 17, 2100 Copenbuigen, Denmark
Nikhef, Science Park 103, 1008 XG Amsterdam, The Netheriands Zuzana Moraveova®, Kristjan Gulbrandsen®,” and You Zhou @’
Ytrecht Universire, PO. Bax 80000, 3508 TA Utrecht. The Netherlands Niels Bohr Instituze, Ringdamsvef 17, 2100 Capenhagen, Denmark

—— T | —

Also see: Masakiyo Kitazawa etc., arXiv: 2510.13838
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Exploring nuclear shape phase transition

“* First ever experimental measurement on the multi-particle correlations of v, and pr

L IIIIIIIIIII]III]] IIIIIII lllllflll

ALlCE data | TrENTo+VISH(2+ 1)+ UrQMD ALICE Preliminary

e MAP, XeXe 5.44 TeV O ALICE, XeXe 5.44 TeV
=== NMAP, PbPb 5.02 TeV B ALICE, PuPb 5.02 TV

Unified | .0 SEYESED

algorithm

Maxim’s talk

MR YA. N
10 20 30 40 50 O 16
Centrality (%) Centrality (%)
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* Phase lll: Unification and validation

= [oward a Unified Frameworl: nuclear structure across energy scale

= \/alidation with Light-lon Collisions

pProlata

UNVEILING THe
NUCL=AR SHAPE
rHASE TRANSITION

Light nuclei

1 -
. » 11 . \.‘ J .&,\, t.‘ltl 1%
"‘ . > ,’
t > .. \ N

< ¢ Y, -.i 7 3
/ DRl B e IR
'|l|' Tk «_‘-. )

..........

. PRECISE
EXPLORING DSTERMINATION
THE UNIQUE OF NEUTRON

STRUCTURES
OF LIGHT IONS

SKIN THICKNzS5

-----
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i
8 COBE N A You Zhou (NBI) @ Yukawa Institute, Kyoto April 23th, 2026



arge ligl-'t-ion Collider @ CERN

july, 2025! Event display of O-O collisions in ALICE

ALICE
Run 3 O-0O
VSNN = 5,36 TeV

5th July 2025
05:37:11

You Zhou (NBI) @ Yukawa Institute, Kyoto April 23th, 2026




Combining NS + “heavy-ion theory”

Hydrodynamic | PRL135 (2025) 012302 Parton Transport | In preparation

CERN-TH-2024-021
Deciphering the Origins of Anisotropic Flow in the Small Systems using
Ne + Ne and O + O Collisions

The unexpected uses of a bowling pin: exploiting “’Ne isotopes for precision
characterizations of collectivity in small systems

Giuliano Giacalone,!** Benjamin Bally,? Govert Nijs,® Shihang Shen,* Xin-Li Zhao,»%3 Pei Li."»? Guo-Liang Ma.»»%* You Zhou® ' Jiangvong
B ) o - . ) < -

Thomas Duguet,”® Jean-Paul Ebran,”*® Serdar Elhatisan.” 'Y Mikael Frosini,* Timo A. Lihde,'% 3 .. 5.6, 1 oe 1.2 & rpe XxX7.* T 7 R
Dean Lee,'® Bing-Nan Lu,'" Yuan-Zhuo Ma,'* UI-G. MeiBuner,' " 77 Jacquelyn Noronha-Hostler, '™ Jia, Chuniian_Zhang, Zi-Wei Lin, _and Chao_Zhang

' . B ’ ” 20) 1 21 29 ¥ Y 393 2 e . 1 5
Christopher l’lluul)crg.“’ Tomas R. Rodriguez.?” Robert Roth.?! %2 Wilke van der Schee.® % % and Vittoric Soma

HEAVY IONS

(d) 0.5<ml<0.8, 0.2<pr<3 GeV/c
PGCM
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Evidence of nuclear geometry driven flow

LHC

ALICE, arXiv:2509.06428, submitted to Phys. Rev. Lett.

20Ne 20Ne

L OO, |5y =536 TeV
1 0.2< p_<3GeV/c

-1 L L] L}
1 Ne-Ne, \s,

= 5.36 TeV

Trajectum
NLEFT PGC

* 0
* 0

M
Vs

Unified Frameworlk: nuclear structure
across energy scale

Ll <0.87 . v +

| % Z Nicely described by predictions from
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* Nuclear geometry driven hydrodynamic flow
observed in light ion collisions
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* For the first time reasonable agreement
(equivalent if not better than Pb-Pb) between
hydro predictions and data in small systems
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Flow ratios (Ne-Ne / OOQO) tell us more

[ ALICE OO and Ne-Ne, {su. = 5.6 TeV - ** Enhanced v, in Ne-Ne than OO
0.2< pT<BGeV/C Data

ol M <08 v.12) * Driven by nuclear geometrical shape of 20Ne

vA4) (larger deformation compared to !¢QO)
V3{2} 7]

v,{2} [Ne-Ne / QO]

* Trajectum prediction using NLEFT-NS overestimates
the ratio

* Trajectum prediction using PGCM-NS agrees better
- although still overestimates the ratio

" 3DGlauber IP-Glasma  Trajectum * predictions from 3DGlauber and IP-Glasma using

PGCM  NLEFT PGCM (2} PGCM describes the data
v{2} ,_

* Data better described by the models using a
smaller sub-nucleon (~ 0.1 fm)

—
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T
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G
>

¢ v3 ratio is close to unity in the central

collisions due to large 33 from tetrahedral
d shape of ¢, then increases toward

Centrality (%) peripheral collisions
ALICE, arXiv:2509.06428, submitted to Phys. Rev. Lett.
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CERN Accelerating science Signed in as: yozhou (Drupal) Sigh out Directory

ABOUT NEWS.' SCIENCE RESOURCES O SEARCH| EN ~
7 ) ."c ~

of early Universe

First collisions between light nuclei at the LHC offer up a new tool to study the QGP

Read more —

d ..\ ’Jb,
.e*f-’u'n'-.a
=3 i%

) &
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** Phase IV: Tomography / Precision Era

Light nuclei

5@!«4’ UNIVERSITY OF

COPENHAGEN

= Toward Frecision Nuclear Structure Tomography at the LHC

Heavy nuclei
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Many new OO & Ne-Ne results

New resuits released for 50M2026+ many more to he availabie hefore this summer

] ] L] I L L ] ] I L] L] L L I L] L] L] L I ] I L] L]
ALICE Preliminary ¢ 2 AN > 1.4) + 2, |An| > 1.4}
Ne-Ne, {syy = 5.36 TeV ¥ v,{4, 1A >0} % {4, |An| > 0}

|0|2 <é7%< 3.0 GeV/e b v,{6) v {2, |An| > 1.4}
<0.
M V2{8}

’ LA IIIYIUYVI'T l'l'll’i'l‘tll"']’"'l"-
Y _ .

ALICE Preliminary . Centrality: 0-5%

Ne-Ne and OO, (s, = £.36 TeV

0.2 <p, < 3.0 GeVic Q0

Nl <08 == Ne-Ne

1
=
-

1

ALICE Prelli Ty I I
ODard Ne-Ne gy 1 =338TeV 0D Ne-Me
0.2 app e 5.0 GeMi "
W <05 b @ NSC12.3: [ar] = 0.2)

n

L

=
Centrality {%)

& 10°

_C'
L

rrrrmmg
Ll

=
[V

IPG as—a— VW < 4 MLS 4+ UrMD (PG
Q0 Ne-M=
N3T(2.51

o
—

3

—h

LTI
Ll lllllll

5 %

o
—

L1l llllll

]
n
o
o

| |
PR, |

|
=
(¥

+IllllllllllqlIIIIIIIIIIIIIIII
- . o - -
Qllllllllllllllllllllllll|llll|llll

+
» +
<=
4+
+
<
+
+
+
<=
+
e
+
-
+

s 4t

—
)

Il lllltlllllllllllllllllllllllllllll

S Ll Lo s b al ey lllllllllllllll}\llIl[ll%
0 0 002 0.04 0.06 008 0.1 0.12 0.14 0.16 0.18

Centrality (%) Vs

o

o Illll*llillllJllIIIIlIIIIIIIIIIII

(.

&)

T L) T L) ‘[ L L) T L} ] T L} L) L) I L) T L} L) LS 1 T T
ALICE Preliminary -
00 and Ne-Ne, {5, = 5.36 TeV " "2{;:’!’\” >1.4}
0.2<p, <3.0GeVic " ‘2{:#5'1 >0}
nl<0.8 ¢ v,{6)
\'2{3}

—h
N

Al LK I'relll—nnar,z
{7 yard Ne-Ne, gm -odB 12l Q1 MNe-Ne

. RS w ) el - .
||| ~0.2 + + NSL-{24 |,*'.r|| > 0-2}

L] 1 T I L] 1 T 1
ALICE Preliminary
OO and Ne-Ne, ys, = 5.36 TeV
0.2 <p,< 3.0 GeV/c

ml < 0.8

- .
O -
O -

Bessel-Gausian fluctuations fimit IPG a5~a — LIWWLS + NILS G + UrSMD (PGS

CQ  Ne-Ne
N332.4)

e o
© ©

O
O
)
<
)
=
E

N

o
~

t_h

va{4, |An| > 0}/ v,{2, |An| > 1.4}

o
&
8]
>
. 4
S 4

llllllllllllll|llll|llll|llll

llllllllllllllllllllllllllllll

llllilllllllll|llll|llll|lll

N 2 M N l \ M 2 " l 2 M M 2 1 [ L [ I 1 L [ 1 I 1 [ 1 1 I 1 L 1 1 I L 1 1 1 I 1 L 1 [ 2 l

>0 30 20 5 10 15 20 25 0 i 50
Centrality (%) Centrality (%) Cenlralily (%)

-
-
-
=
—
1

o IIIIIIIIllilllIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
w IIIIIIIIII[IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

e o o O
w A OO

o

(=

& (PGCM vs NLEFT vs other models)

You Zhou (NBI) @ Yukawa Institute, Kyoto April 23th, 2026




Identifying «-Cluster Configurations in “°Ne via

Ultracentral Ne -

One novel idea

&

- Ne Collisions

Pei Li (ZFjif) (0, Bo Zhou (&%)

Show more v

Phys. Rev. Lett. 136, 082302 - Published 27 February, 2026

ALICE data

?4‘«-

— ,
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*, and Guo-Liang Ma (BEZ)O!
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ALIGE measurements

“Trasy @
RE‘E
A .

(To he availablel

You Zhou (NBI) @ Yukawa Institute, Kyoto

Nucl. Phys. A 1006, 122077 (2021)
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Neutron skin study at High Energy

o 1
7.0, P) x . , —
Neutrons Pb-208 pur ) X 1 +exp([r— R(O,P)] /a)

Protons

l SNSRI " ’-
| +exp ([r,— R(O, d)] /a) L ap = 0.448 fm,

.

/)p(r O,P) x

\
= \A

Neutron skin "\, o - | !t R, = 6.680 fm, |

i trp = 5436 fm, §

N r, O, P) x - A 'R = 6.690 fm ¢
AT ) 1 +exp(n— R(O,P)]/a) et s

Quark-Gluon Plasma Multi-particle correlations in
the final state

Talks on neutron skin:
* Xavier R.M, Monday
* Huichao S.,Tuesday

* Bjoern S.,Wednesday
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Extracting neutron skin of 208Pb at the LHC

0.12}
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Thick-skinned: Using heavy-ion
collisions at the LHC, scientists
determine the thickness of neutron
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“skin” in lead-208 nuclei

This is the first measurement of the neutron skin of lead-208 using exchanges

SO ——— O
OO0 Wh
NGO SN W

model/data

hS WD

predominantly involving gluons and it can provide insight into the structure of nuclei
and neutron stars

centrality [%] centrality [%]

N

15 NOVEMBER, 2023 | By NzomiDinmore

PRL131, 202302 (2023)
— LHC [Trajectum] [0.217 + 0.058 fm]

— PREX

— ab initio

01 02 03
Arnp =Fn—7Fp [tm]
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What can we learn from 40Ca & 48Ca

Resolve the
tension between
PREX and CREX
(Current puzzle in

low-energy

No neutron skin Large neutron skin .
nuclear physics)

(Figed | ezt g [ R e
o ' a . (o o

[p1] fluctuations

neutron skin

You Zhou (NBI) @ Yukawa Institute, Kyoto April 23th, 2026



AMPT results for 4Ca-48Ca vs 10Ca-40Ca

arXiv: 2512.00114, submitted to EPJC

lllIlIllllllllllIlllllllllllllllllll l

MPT Ca+Ca\’s,, = 5.02 TcV, 0.2<p_<5.0 GeVlie
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Characterizing the Neutron Skin of “*Ca Through Collective Flow at the
CERN Large Hadron Collider
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w

Andreas Vitsos ', I.eonora Misciattelli Mocenigo Soranzo ', Emil Gorm Dahlbzk B °Ca + “Ca
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Searching for a tiny droplet of QGP

dense system
many interactions

. nature communications

Article https//dol.org 101038/ 54146 7-025-6T795.1

o 1 i Observation of partonic flow in proton— S E—
ALICE sees new sign of primordial proton and proton—nucleus collisions | EKRT

plasma in proton collisions TRENTo+VISHNU

o . . . . _ IP-Glasma+MUSIC
lhe ALICE Collaboration takes a step further in addressing the question of whether a Recaived: 12 July 2025 The AUCE Collaboration  *
quark-gluon plasma can be formed in proton-proton and proton-nucleus collisions Accepted 3 Decambar 2025

Jyvaskyla
Trajectum

[%iblishod onlire- 21 Mardh 207% Quantum Chromuodynarmics predicts o phase tronsition from Badronic matter
20 MARCH, 2026 | 3y ALICE collaboration toquark ploon plasma (OGP st high temperstores and enenpy dersicies,
R Chek for updstes where quarks and gluons (parrons) are no longer confined within kadrons. The

QGP tforms inulrrarelariviseic heavydon cnllisions. Ankocropic How coeffi-
vierrs, quantfymy the aamuthal expansion of pruduced matter, probe QUP
propertics. Flow measurements in high energy heavy-inn coflisions show a
distinctive grouping of anisotropic flow for baryons and mesons at inter- - . M
medite transverse momentum - a feacure associated with flow mparted « Q uantu m I l m It
the quark level, confinming QGP exisrence. The abservation of QGP like fea : l : L L 1 4

3 'l 'l ' 4 Il ' J I 'l 1
e S mres in proron praton and proton ion collisions has sparked dehace ahour 0 4 0 5

QGP formaton in smaller systems. lor the first ome, we demonstrate the

distinutive grouping of anisotrupiv How fur baryons and mesons in high Te mpe ratu re (GeV)

' mulzipliciry proron-lead and procon-proron collisions ar rhe | arge Hadron

e a n L Collider (LHC). These resuts are described by a model indudmyg hydro-
dynamic How folloawed hy hadron Farmacion via quark coalescence, oonsistent
wich the Formatinn of parcanic fowing systems in these callisions.

Details, also see talk:
Huichao Song (@ VVednesda
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QGP in p-Pb and pp collisions

LHC
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* Flow of identified hadrons in pp, p-Pb, OO and Pb-Pb

* Observation of partonic flow in small systems (> 50),

flow developed at the parton level.
Preet P. (NBl) @SQM2026
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QGP in *He-*He

dense system
many interactions

low multiplicity . high multiplicity

Preet P. @SQM2026 ALICE, JHEP05(2023)243

— ALICE Prellmlnary . ) s E
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ALICE, Nat Com 17, 2585 (2026)
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Summary

% Phase |: Emergence With the inputs on NS from low-energy

= Emergence of Nuclear Structure Effects in Ultra-Relativistic Collisions community, we have significantly improved

our understanding on the Quark-Gluon

*Phase ll: Sensitivity @ Extraction o ,
. Plasma (critical for the HI community!)

= From Sensitivity to Extraction: Probing Nuclear Structure with Collective Flow

** Phase lll: Unification and validation

= Toward a Unified Framework: nuclear structure across energy scale W|th the futu = developments, we Would
= Validation with Light-lon Collisions like to fully explore the potential of the
LHC as the most powerful Nuclear
Structure experiment, with a few

carefully-selected nuclei.

** Phase IV: Tomography / Precision Era

= Toward Nuclear Structure Tomography at the LHC

Details on the machine see talk:
Reyes Alemany Fernandez @ Tuesday
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New opportunity

Colliding mode
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AMPT: Z. Lu, M. Zhao, E. Nielsen, X. L1, YZ
CLLCTRICAL CONTINUITY

TG neaotmenior ] 217 - Ef_?r =S Phys. Lett. B 868 (2025) 139698
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STORAGE CCLL
SUSPENSIONS
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~ AMPT Pb-Ne, NLEFT
GAS FEED TUBEIN - —
THECELLCENTER | ' {Su = 68.5 GeV }Eg cI\?e NVIVEgT

CONICAL TRANS TICN | i 0.2<p_<5.0 GeV/c v {2} Pb-O, W-S

L FIXED HALF CELL SUPPORT - -
FLEXIBLE WAKE FIE.D SJPPRESSCR CORNECTED TO THE RF FOIL 2 O<n<5.0 O Eg% Eg (I\)Ie NITI_IEIIE:EFTZ%%CO?fﬁ -

FRAME

C
[ ]
O
A2
A2
A2

—1 |
Pb-Ne: ¢,{2} NLEFT /¢ {2} W-S
Pb-O: {2} NLEFT /e fz}ws
Pb-Ne: v,{2} NLEFT /v,{2} W-S
Pb-Ne: v.{2} NLEFT /v,{2} (NLEFT, ZPC offj
Pb-O: v,{2} NLEFT /v,{2} W-S
Pb-O: v2{2}NLEFT/v2{2}(NLEFT ZPC off) ]

208Ph-160 @ ~68 GeV

Oqj_EIDO.

* v2{2} ratio (Pb-Ne)/(Pb-0)

e With NLEFT, up to 20% increase in Pb-Ne - 1.4
® With W-§, down to 10% decrease in Pb-Ne \1 2

* Imprint of Light Nuclei Structure
» Same picture observed in hydro and AMPT models A T T B B

10 20 30 40
Robust signature independent on the system’s evolution Centrality (%

e,{2} Pb Ne /e {2} Pb-O, NLEF
82{2} Pb-Ne /¢ {2} Pb-O, W-S
v,{2} Pb—Ne IV, {2} Pb- O NLEFT
v{2} Pb—Ne /v,{2} Pb-O, W-S
v2{2} Pb-Ne /V2{2} Pb-O, NLEFT, ZPC off
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Explore nuclear shape phase transition with 27Xe

Phys. Rev. Lett. 133 (2024) 192301 _ _

Physical Review Letters 3-particle pr correlation

Exploring the Nuclear-Shape Phase Transition in Ultrarelativistic r,. — <5PT,ing,j§PT,k>2<[pT]>
129% e + 12°Xe Collisions at the LHC \OPT.i0PT )

Shujun Zhao'-2*, Hao-jie Xu (2231, You Zhou (44, Yu-Xin Liu'563, and Huichao Song (®1:56.

Transitional
(“SOft”)

Shape-size correlations

3-particle v,2 — [pr1] correlation

0 y 60°

cov(v2{2}?, [pr])

P2 = ar2)?) /var(pr

“*One can NOT distinguish triaxial (fixed y = 30°) and
{ Y-soft (fluctuating Y) structures with existing 3-particle §
correlations measurements |
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129 129 e —
p,=0.17, y-soft (0°<y=60°)
p,=0.17, triaxial (y=30°)

ALICE PL850 (2024) 138541

Centrality (%)

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
'%%Xe+'*"Xe, s\ =5.44 TeV

p,=0.17, y-soft (0°=y<60°)
$,=0.17, triaxial (y=30°)

ALICE PLB834 (2022) 137393
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Centrality (%)
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