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Heavy-ion collisions
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Heavy-ion collisions
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see Chunjian Zhang’s talk on July 17
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Heavy-ion collisions
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Light-ion collisions

LHCb: Pb+Ne/Pb+Ar

arXiv: 2509.12399
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> Evidence for Bowling-Pin structure of the Ne nucleus.
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Clusters in 2'Ne
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> 20Ne with localized cluster with a+160 Or with nonlocalized cluster with 5-alpha
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Clusters in 2'Ne

Energy-density functionals

Algebraic Collective Model (ACM)

Nucl.Phys.A 1006 (2021) 122077 Nature 487 (2012) 341-344

relativistic functional non-relativistic

[
1
1
1
[
1
1
1
[
5 1
. ] Wy DD-ME2 Skyrme SLy4
1
% [
0.1F
A o o3 s i T A 001} 4%, I —n 5 v
. L]
L] | | | 4 |
f . |
0.01 L $ I ! {3}
§_ o 107 ‘ ! r 12 F
B2 7 ' = I
R 10°F A s | 11t
= ; £ i ! 1o}
3 2 T 10 ° 1
""""""" 4 - i 104} ‘ i | | 1-1t
B1 A Y I (ol |
1 !
105 = | =3r h
: B3 105k
: 4\
A7 e Y. 1 T 0‘2-50'2 0'1 5
SC 5 10—6% | T | | TR | = 10~5 i | | I I - '.3 = 5 g
0051 15 2 25 0051152253 p (fm) p (fm)

> Evidence

q(1/fm)

of 20Ne with D3, symmtery

q(1/fm)

July 16,2026, £ +=—E S kHELE LR




Clusters in 2'Ne

Two parameters: D; and D,
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Clusters in 2'Ne

Nucl. Phys. A 1006, 122077 (2021) Front.Phys. 15 (2020) 14401
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> How to estimate the systematic error of the theoretical model?

all parameters : D1 D2(Iocal structural parameters) and b (harmonic oscillator size parameter) 8
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Correlation observables

O How to explore more detailed structural effects:
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v The shape of 20Ne can be determined by the positive or negative NSC(2, 3) value.
v' Correlation strength NSC(2, 3) < k = D,/D;

Analytical results (b=0) only geometry effect!

w/o fluctuations N
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» Need to add full fluctuations!
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v The shape of 2°Ne can be determined by the positive or negative NSC(2, 3) value.
Shape mixing does not affect the sign of NSC(2, 3).
v The fluctuations of initial and final state do not affect the sign of NSC(2, 3).
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Analytical results w/o fluctuation » TRE.NTO resul’fs » Hydro reSUI.TS
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v The shape of 2Ne can be determined by the positive or negative pjvalue
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Analytical results w/o fluctuation »

: -"" (o) p(f%, 6d.1)
0o 1 2 3 4 5 6
D; (fm)

0.50
0.35
-0.20

0.05
-—0.05

—-0.20
—-0.35
—-0.50

p3 (&5, OE/S)

0.2

0.0

-0.2

cov(v2, 6pr)

i \/ Var(vZ)Var(dpr)

TRENTO results
w initial fluctuations

o 0 00006M,

10

i 5
Centrality (%)

50

»

Hydro results
w all fluctuations

._ o a+160 m 5a-Djy

p3 V3, 6lpr 1)

Centrality (%)

v The shape of 20Ne cannot be determined by p3 due to fluctuations.
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Expantion

20Ne VS. 160 » Candidate species for new ion collisions at LHC Run4.

The LHC (heavy-ion) programme

, pPb, 0, 09,
Collision systems pp, pPb, Pb—Pb Xef)l(’e pr—Pb ‘;gbp Pb—-Pb
LHC schedul @ >, Rund Ny Rund N
schedule a @ 2022 - 2025 4 2029 - 20324
‘HighA I'uminbsity ” .
for ions HL-LHC
Higher luminosities for ions
12C VS. °Be
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Ne+Ne vs. Net+Pb

TRENTo *°Ne+*°Ne
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1 510
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v" The correlation strength of Pb+Ne increases compared to Ne+Ne.

v" The distinguishable range of centrality of Pb+Ne increases compared to Ne+Ne.
(0-20%) ™~ (0-5%)

Pb+Ne paper in preparetion.
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Summary  pg 436, 082302 (2026) 3%;’

1. The Analytical method we developed can isolate the initial-state fluctuations,

thus clarifying pure clsuter geometry effect.

2. NSC(2,3) and p,(v,2, [pr]) are very good observables to probe the cluster structure of

20Ne and distinguish a+%O and 5a directly with positive and negative value.

3. The fixed-target experiment Pb+Ne has better theoretical superiority than the collider

experiment Ne+Ne ——an opportunity to cross-validate the theory

———___—__—_\
Thanks for attention!



hort-range correlations arxiv: 2511.23293

Short-range Correlations in Heavy-ion Collisions
Pei Li(ZE5h), " 2 Kai-Jia Sun(FMJHE),» 2 Bo Zhou([EK)," 2 Guo-Liang Ma(5E =), 2

{Key Laboratory of Nuciear Physies and lon-heam Application (MOE), Institute of Modern Physics, Fudan University, Shanghai 200433, China
2Shanghai Research Center for Theoretical Nuclear Physics, NSFC and Fudan University, Shanghai 200438, China

Abstract /[ a \b \
Protons and neutrons within atomic nuclei undergo intense and fleeting encounters driven by the strong, short-distance component of I

c Initial &

the nuclear force. These i generate close-proximity pairs, a ph known as short-range correlations (SRCs). While

the properties of SRCs have been extensively studied in cold nuclear matter, our understanding of their behavior under extremely hot
and dense conditions remains largely unexplored. Here, we introduce correlated nucleon configurations into relativistic heavy-ion

i ing the quark—gl plasma (QGP), a state of matter believed to have existed microseconds after the Big Bang, as a f 5 S =
sensitive diagnostic tool. We find that these correlations induce substantial modifications to event-by-event geometry, which are

ly identified through high d of the profile. Most i we find a surprising linear relation Wi h SRG
between QGP geometry fluctuations and the SRC scale factor across orders of magnitude, which reflects the universal impriting of ith
SRCs in relativistic heavy-ion collisions. Our findings reveal the emergence of short-range structural effects across vastly different
energy scales from low-energy electron scattering to high-energy nuclear collisions.
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For further details, see 2571.23293 (will be updated soon) or contact me at lip24@m.fudan.edu.cn
For SRC-related work, see Nature 566(7744), 354-358 (2019); Nature 609(7925), 41-45 (2022); Nature 654(8119), 619-621 (2026).
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Backup
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