@ Ultra-central collisions

(all nucleons involved)

Large-scale structures
from incoming nuclei !
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Finite number
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Po
p"V3(r)

~ 1+exp([r— R(6,9)]/a)

R(6) = Ra[L + BYYa0(0)] %

197Au 238U
Rg (fm) 6.620 7.068
a (fm) 0.519 0.538
M 0.145 0.247

Phys. Rev. Lett.
130, 212302 (2023)
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Predictions / Data

0.14
i s

0.1

0.08
0.06
0.04
0.02

0.75

PbPb 1.92 nb™t(5.36 TeV) + XeXe 3 42 uh (5 44 TeV)

AhAAAAL
A
“I.“""'°°OO.$‘;‘£
.... 05<p_<3.0GeV/c s
!'l' | < 24
—:‘ ® XeXe

........................

A PDPbD

IP-Glasma+MUSIC+UrQMD

Xe (a)/Pb

Xe (b) / Pb

Xe (c)/ Pb

Xe (d)/Pb

— TRENTo-IC : Xe (a) / Pb
— TRENTo-IC : Xe (b) / Pb

I"IIIlIII|III|III|II [0 N e A

LT e g
Y.
| ‘\: ;

o

~J I|IIII|IIII|IIII|IIII|IIII+IIIIIIII-

~10 20 30 40 50 60
Centrality (%)

0

R(0)

= Ry [1+ B2Yp0(0) + B4 Yy (0)]

Nucleus Rj(fm) ay(fm) B, B4
Xe (a) 5.601 0.492 0.207 —0.003
Xe (b) 5.420 0.570  0.000 —0.003
Xe (c) 5.420 0570 0.162 —0.003
Xe (d) 5.420 0.570 0.207 —0.003

Pb 6.647 0.537 0.006  0.000

CMS Collaboration
arXiv:2510.26766
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STAR Collaboration, Phys.Rev.C 105 (2022) 1, 014901
Phys.Rev.C 107 (2023) 2, L021901
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Ry (fm) ao (fm) B2 B3
Case 1: "R 5.09 0.46 0.162 0
Case 2 5.09 0.46 0.06 0
Case 3 5.09 0.46 0.06 0.20
Case 4 5.09 0.52 0.06 0.20
Case 5: %Zr 5.02 0.52 0.06 0.20
Ratios T et oy ot
Case 1 and 5 difference \ ARy Aa Ap: A
0.07fm -0.06 fm 0.0226 -0.04




M
6 —% ¢

0 - 0.5% Centrality

¢ U+U
“ Au + Au

C¢
N\
%O

0.2<p_<3GeVic

T T T T
-0.1 —-0.05

R T N R T
0 0.05

0.1

Q.

—0.1k

—0.2}

40

O

SpT/ ([pT]) Centrality [%)]

STAR collaboration
Nature 635 (2024) 8037, 67-72



P

ATLAS X E;-based +=05< p. < 2 GeV

- Three-subevent method @ 05<p <5GeV -
- Pb+Pb 5.02 TeV ml < 2.5 4
| Xe+Xe 5.44 TeV

'—\
I

vy =30°

T FETRFED

ratio (Xe+Xe/Pb+Pb)
\

triaxial

~0.5— ‘\‘\l\ _
. Trento \ \\ .
| - - Xe+Xe(B=0.2, y=0°)/Pb+Pb(B=0.06, y=27% * ' _
| —Xe+Xe(B=0.2, y=20")/Pb+Pb(B=0.06, y=27") .

— Xe+Xe(B=0.2, y=30%)/Pb+Pb(B=0.06, y=27°)  °
[ ....Xe+Xe(B=0.2, y=40°)/Pb+Pb(B=0.06, y=27°) ' ]|
O~ — Xe+Xe(B=0.2, y=60°)/Pb+Pb(=0.06, y=27°) 7

15 10 > _ 0 ATLAS Collaboration
Centrality [%]
Phys. Rev. C 107 (2023) 054910




@) UL LT P W] Lo ld L ] 3
5 1155 ATLAS 0.5<p_<5GeV h
- # " o RS A SRV A BT R
2 - O+0 5.36 TeV . ] A v o
33 i 5 | Ne+Ne 5.36 TeV |
> (et ]
IS - C I :
< 1.05— ! H w | H—
ad : n " = g | = T § ]
e i B -
= * """""""" L ~
- v :
0.95[ -
i 1 | 1 | I | 1 1 1 | | 1 1 I | | 1 | | 1 | B

0% 10 20 30 40 50

Centrality [%]

[ATLAS collaboration, arXiv:2509.05171]
e~ MGPhyS.ReV.Lett. [ALICE collaboration, arXiv:2509.06428]
~ 135(2025) 1, 012302 [CMS collaboration, arXiv:2510.02580]




Ri/2 r, = R_U"(J.-) T, = RA r, = 1.5R_4

0.0
M om0
2Ne NLEFT Ll_u_,r‘ 0.0 "-|_| l_|-'
m-less, SU(4) —0.1f LLL\_._IJ Lerl'l 0
—0.1 u —0.1} : T I N
-r =% 0 I -t -5 0 3 =« -r -5 0 F 7 -r -5 0 3
0.0 0.0 1
0.0 n...n
_0.1}+ [FO NLEFT o1l rr’—LLLlJ I_LrlJ"‘-I_l
w-less, SU(4) —0.1
-r -3 0 I 7 -t —3 0 § = -r -3 0 F = - —5 0 3
0.0 0.0
160 QMC 0.0 il 0.5¢
m-less LLJJJ
0.0
—0.1F . . . —0.1} . . . _02f . . , . . .
-t -5 0 F o« - —5 0 3 T -r -5 0 3 = - —5 0 5
0.0 0 QMO 0.0 0.0 1+
—0.1} |AV6+UIX —0.17 —0.1 - J_L o
0
—0.2 —0.2} —0.2} -'J = L

|
:-]
|
[S1E]
=
[SES
B
|
=
|
XIE]
=
[SIERS
=
|
|
[
[EIE]
=
v
=
|
=
|
[=1E
=
[SIERS

0.0 0.0 0.0 0.0 r
arXiv:2512.18926 0.1 w —0.1 ~0.17 —0.1p 1'11

16 2e i)
—02}t O Mean Field _0.2} _0.2} _09F
-t -5 0 I = -1 —5 0 5 T -z 0 Z 7 -t =5 0 3



Frontiers — Bayesian parameter inference

XeXe / PbPh dN_y/dy P22}, (pr)]ve @pr) pr) w2} V4] 1312 v4(2}
N PbPb; gz [GeV]
T fnct

[Giacalone, Nijs, van der Schee, PRL 131 (2023) 20, 20]

[Giacalone, Nijs, van der Schee, in preparation]
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Frontiers — How do we probe the nuclear force (as the EFT of low-energy QCD)?

[Weinberg, PLB 251 (1990) 288-292,

NPB 363 (1991) 3-18]
Modern paradigm of nuclear forces

Chiral EFT
= Expand around Q ~ my

Effective field theory of low-energy QCD

H = ZT+ZVU+ > Vijr+ -

1<J 1<j<k Keep pion dynamic explicit

1 X

N N N N

High-energy via contact interactions

my/Mmgep <K 1

r-process nucleosynthesis, neutron star EOS and mergers,
neutrinoless double (3 decay, direct DM searches, ...

[Hammer, Konig, van Kolck, RMP 92 (2020) 2, 025004]
[Epelbaum, Hammer, Meissner, RMP 81 (2009) 1773-1825]




Example of pipeline
Input from heavy-ion collisions!

En(ry,r) = 11 1) eMh1=92)
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Frontiers — How do we probe the nuclear force (as the EFT of low-energy QCD)?

A-full chiral EFT expansion at N2LO - 17 low-energy constants
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Frontiers — Asymmetric collisions in SMOG2 @ LHCDb

Nominal p-p
collision point
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Frontiers — Asymmetric collisions in SMOG2 @ LHCb

Lo LHCb Preliminary '
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Frontiers — Neutrinoless double beta decay

[PRL 135 (2025) 2, 022301]
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Intersection of nuclear structure and high-energy nuclear collisions 2026

Apr 13-24, 2026
Yukawa Institute for Theoretical Physics
Asia/Tokyo timezone

https://indico.yukawa.kyoto-u.ac.jp/event/75/

Overview -
Overview

i The purpose of this workshop is to review recent progress at the interface between the physics of low-

Participant List energy nuclear structure and high-energy nuclear collisions, and to explore future directions in this
rapidly developing interdisciplinary field. We will bring together theorists and experimentalists from both
communities to foster mutual understanding and initiate collaborations.

The workshop will be held in Yukawa Institute for Theoretical Physics, Kyoto University. (Access map)

Schedule

s 1stweek (Apr. 13-17): Discussion week
1~2 seminars per day and discussions
= 2nd week (Apr. 20-24): Workshop week
4~10 talks, including 1~2 seminars, per day, and discussions

Invited Speakers Organizers
e Thomas Duguet (CEA Saclay) Giuliano Giacalone (CERN), Kouichi Hagino (Kyoto U.), Tetsufumi Hirano (Sophia U.), Jiangyong Jia
* Reyes Alemany Fernandez (CERN) (Stony Brook U.), Masaaki Kimura (RIKEN), Masakiyo Kitazawa (YITP. Kyoto), Huichao Song (Peking U.),
. WaFaru Horiuchi (Osaka Metropolitan U.) Jiangming Yao (Sun Yat-sen U.)
* Weiyao Ke (CCNU)
» Takayuki Miyagi (Tsukuba)
» Oscar Garcia Montero (Santiago)
» Koichi Murase (RCNP) . .
« Shunji Nishimura (RIKEN) Light lon Collisions at the LHC
» Bjom Schenke (BNL) .
« Daisuke Suzuki (Tokyo) 21-25 September 2026. Heidelberg, Germany (C26-09-21.2)
» Kenichi Yoshida (RCNP) - =
» Chunjian Zhang (Fudan U.) Experiment-Nucl Phenomenology-HEP Theory-Nucl Accelerators Experiment-HEP Theory-HEP
* Shujun Zhao (Sophia U.)
« Pengwei Zhao (Peking U.) The 2026 Light lon Collisions at the LHC workshop will be held from September 21-25 at Heidelberg University, Germany. More details to follow.
e Zhes (MR Coprabepen) Contact: Mazeliauskas, Aleksas (a.mazeliauskas@thphys.uni-heidelberg.de)



https://indico.yukawa.kyoto-u.ac.jp/event/75/

New ions in LHC Run 47?

We will collect science cases and calculations

Short “pilot” runs to complement p/Pb program

We will write White Paper in the next ~3 years

Stay tuned ... and contribute!

Collect Science Cases
Share with the Core Working Group and add science cases to
this document.

Call for Abstracts for White Paper is Open (Indico)
Open call to the mclear physics community to contribute to
the selected science cases. Abstract implies commitment to
perform a study that will go in White Paper.

Call for Abstracts is Closed — Heidelberg Workshop
Review abstracts and prepare presentation for the Light lon

Collisions workshop in Heidelberg,

Call for White Paper Contributions is Open
1-2 page document inputs to be sent to us by Sept 2028, There

should be an Indico page with instructions.

Call for White Paper Contributions is Closed
Start editing White Paper

White Paper Writing Phase
Compilation and editing of all contributions_

-

Mar 31. 2026 (TBD)

Mav 1, 2026

Mid-Sept 2026
Sept 21-25, 2026

Oct 2026

Sept 2028

Oct 2028 — Mar 2029
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