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Collectivity across systems

Long-range (“ridge”) correlations in all systems
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Possible universality in the underlying dynamics
What is common? What is different? (Flow vs

non-flow)
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Why study light ions?

QGP formed in large systems (PbPb, XeXe) - heavy-ion
collisions

Small systems (pp, pPb) show “medium-like” effects

Light ions provide the missing link in the system-size scan

o Test onset of collectivity & QGP formation

o Study geometry and clustering effects in light nuclei

o Bridge the gap between small systems and heavy-ion
collisions using both soft and hard probes

System size
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Nuclear structure from heavy-ion collisions
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Charged-particle multiplicity in OO 5.36 TeV

e C(Central OO (per N _ ) is HI-like in terms of
part

e Central PbPb : N /dn ~ 2032 + 91 (syst) multiplicity production

o Central XeXe : dN;/dn ~ 1190 & 40 (syst) e Very far from superposition of pp or pA
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Two-particle correlation - the ridge
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Peripheral subtraction for nonflow removal - HIJING

VR = Va—Vaa(cent : 70—80%)
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e Sanity check in HIJING shows good removal of non-flow




Peripheral subtraction for nonflow removal - Data

V3% = Vo=V, (cent : T0—80%)
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e Subtraction with 5.36 TeV PYTHIA shows reasonable agreement with 70-80% centrality
(within 2%)
e The unsubtracted results are main results while subtracted results provided



v {2, 4} (n =2, 3) vs centrality

arxiv:2510.02580, accepted by PRL
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® v,{2} and v,{4} show similar trend as large AA collisions — increase and decrease starting
from central region
® v.{2} decrease monotonically from central, different than large AA
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v, ratio : Probe of nuclear deformation
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v, ratio : Probe of fluctuation dynamics

CMS?

arxiv:2510.02580, accepted by PRL
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High-p. tflow in large collision systems
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Small system puzzle
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Light ions?
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Model predictions for v,(p.) in OO
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Analysis technique - scalar product (SP) method
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2-subevent SP method with |An| > 4.0 Q. q, a, Qs
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Nonflow subtraction technique
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<Z cos n(¢p, — ¢z)> = M vy, (pt) U, + {nonflow}

Applying to OO and pp :
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Nonflow subtraction validation : Angantyr
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Nonflow with scalar product (n = 2)
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Nonflow with scalar product (n = 3)
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v,(p,) in OO and NeNe collisions
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v,(p;) in OO - n gap dependence before and after subtraction
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v,(p;) in OO - n gap dependence before and after subtraction
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v,(p,) in OO - 1 gap dependence before and after subtraction
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v,(p;) in PbPb vs OO at same Np
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v,(p,) in OO : Comparison with theory
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https://link.aps.org/doi/10.1103/PhysRevC.109.064917
https://link.aps.org/doi/10.1103/nw2z-pr7j
https://arxiv.org/abs/2603.21861

Summary

Soft collectivity

e [ong-range collectivity persists from heavy ions to light ions, reinforcing the system-size evolution
picture.

e OO and NeNe exhibit significant collective flow.

e The NeNe/OO ratios provide new sensitivity to nuclear deformation and fluctuation dynamics.

High-p_ v,

e First measurements of high-p_ flow in OO and NeNe using the scalar-product method.
Nonflow is carefully evaluated using pp subtraction and validated with Angantyr studies.

e After subtraction, the high-p.. signal is significantly reduced, but greater than 0 upto 30-40% centrality
in OO/NeNe.

Light-ion collisions bridge the gap between small and large systems, providing a unique
laboratory to simultaneously probe the onset of collectivity, nuclear structure, and jet-medium
interactions.
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Subtraction with 60-70% centrality
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Size of PbPb and OO collisions

https://arxiv.org/pdf/1710.07098

PbPb at /sny = 5.02 TeV

https://arxiv.org/pdf/2507.05853

Centrality
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https://arxiv.org/pdf/2507.05853

Nonflow systematic uncertainty
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e Nominal : [An| > 4.0
e Systematic variation :
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Cross-check with zero input signal
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e Confirmed that the scalar-product method is robust.

e Using real data to study this effect.

e The actual phi angle of tracks and HF towers are replaced with random numbers from a uniform
distribution.

o The expected flow is 0 in this case.
e To increase the statistics, the full dataset is run 12 times for the uniform phi study.



v, with different eta gaps
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e C(lear nonflow contribution with |An| > 3
e Not clear how much nonflow left even with |An| >4



Nonflow subtraction with and without quenching in HIJING
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Testing nonflow subtraction using HIJING W|thout quenchlng

arXiv:1705.08856
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» Residual correlations in HIJING persist after pp baseline
subtraction, even with jet quenching turned off

HIJING ~ not independent superposition of pp

Shengquan Tuo Hard Probes 2026, Nashville 8



