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CMS light ion crew: ~15 months ago
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Oxygen-Oxygen Luminosities



CMS light ion crew: ~15 months ago

4Figures from Roderik Bruce

Oxygen-Oxygen Luminosities

Thank you to the accelerator team for amazing datasets! 



Questions and motivation
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• How do dynamics of heavy ions 
translate to intermediate-sized system 

• OO/NeNe probe a similar multiplicity 
region as pPb 

• Initial state more well-defined as 
compared to pPb 
• Less chance for selection biases 
• More likely to create a QGP? 

Oxygen-Oxygen Event Display



Particle production in OO
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Submitted to PLB 
arXiv.2606.02285

•  0-5% OO on AA power law vs.  

• Similar translation of energy to 
entropy 

• Not a superposition of pp collisions! 

• What about full centrality-
dependence? 

sNN



Centrality dependence
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• Characterize the geometry and entropy density of OO collisions 
• Centrality-dependence can be used to tune MC models  Submitted to PLB 

arXiv.2606.02285



Azimuthal anisotropies in OO and NeNe
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• Collectivity effects hypothesized to be present in OO/NeNe 
• Proposed as a way to explore nuclear structure (i.e., bowling pin Ne)

PRL 135 (2025) 012302



Azimuthal anisotropies in OO and NeNe
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•Measured v2{2}, v3{2}, v2{4} in OO and NeNe collisions 
• v2 dips towards central events - geometry changes with impact parameter 
• v3 increases
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https://arxiv.org/abs/2510.02580
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• Ratio cancels hydrodynamic 
response: sensitive to geometry 

• Clear uptick for central events 

• Model differences from treatment 
of deformed nuclear geometry 

• Having both NeNe and OO data 
valuable for nuclear structure PRL 135 (2025) 012302

PRL 135 (2025) 022302

PRL 137 (2026) 082302

http://dx.doi.org/10.1103/k8rb-jgvq
http://dx.doi.org/10.1103/gf4y-p5j7
https://arxiv.org/abs/2510.02580


v0(pT) in small systems
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• Quantifying event-by-event radial flow fluctuations  
• Comprehensive evaluation of v0(pT) in small systems over large Ntrk range 
• Similar behavior across systems for Ntrk>20 and pT/<pT> < 2 
• Potential signature of collective behavior, but to be discussed further 

• Lots of data for Bayesian analyses!

OO Data NeNe Data



High-pT charged particle v2
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• Nonzero v2 observed up to 50 GeV 
• Consistent with pQCD parton model with T constraint and radiative energy loss 
• Model with coherent energy loss is below data 
• Energy-loss signature or continuation of small-systems high-pT v2 puzzle?

CMS-PAS-HIN-26-005



Charged particle RAA
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• Observation of suppressed high-
pT particle production in OO/NeNe 

• Clear hierarchy with system size 

• Likely from parton energy loss, 
but nPDFs also important 

• Radial flow bump also visible

OO: PRL 136 (2026) 162301

NeNe: PLB 880 (2026) 140679



Comparison with Models
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• Models with energy-loss 
describe the data better 
than baseline models 

• But nPDFs important 
when interpreting the 
data!

PRL 136 (2026) 162301



System-size scan without centrality
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•  as proxy for nuclear radius 

• Clear evolution seen with size 

• Provides an unbiased method to 
evaluate particle suppression vs. 
system size 

• Greatly constraining on models of 
energy loss

A1/3

PLB 880 (2026) 140679



Identified neutral hadrons
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• Low combinatorial backgrounds in light ions make V0’s very clean 
• Even without explicit PID

arXiv:2608.18256

https://arxiv.org/abs/2608.18256


Identified neutral hadron RAA
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• Charged hadrons extended down 
to 500 MeV 
• Clear radial flow bump 

•  similar to charged hadrons 

•  less suppressed for 2-5 GeV 

• All particles merge at pT>10 GeV 
• From energy loss + nPDFs

K0
s

Λ

arXiv:2608.18256

https://arxiv.org/abs/2608.18256


Identified neutral hadron RAA
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•  ratio significantly enhanced 
in OO relative to pp 

• Baryon anomaly likely related to 
radial flow + quark coalescence 

• Roughly comparable to peripheral 
PbPb in nature

Λ/K0
s

arXiv:2608.18256

https://arxiv.org/abs/2608.18256


Upsilon Invariant Mass Peaks
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• Clear  peak in OO collisions, but not visible for NeNe 

• 5.36 TeV pp reference also analyzed 

Υ(3S)

arXiv:2607.13758

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-015/index.html


Double Ratio Results - 2S/1S

20arXiv:2607.13758

• 2S/1S: 
• OO between pPb and PbPb 
• NeNe lower, with large 

uncertainty 

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-015/index.html


Double Ratio Results - 3S/1S
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• 2S/1S: 
• OO between pPb and PbPb 
• NeNe lower, with large 

uncertainty 

• 3S/1S: 
• Clear ordering seen with 

system size 

arXiv:2607.13758

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-015/index.html
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Compilation of Ntrk-dependent results
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• OO 2S/1S single ratio follows 
pPb, PbPb trend 

• OO 3S/1S tends to be lower 
than pPb, PbPb at higher Ntrk 

• Potentially creating a denser 
QGP for a fixed Ntrk? 

• But different volumes, 
temperature, lifetimes, etc. 
• Need model guidance! 

arXiv:2607.13758

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-015/index.html
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Lessons learned and outlook
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• Essentially every observable examined so far is qualitatively similar to larger systems 
• In particular, parton energy loss strongly indicated for smaller systems 

• Measurements in the soft sector show a new avenue for studying nuclear deformations 
• Wealth of data for further model constraints - likely highly valuable for Bayesian methods 

• Just getting started! 
• To come: pO data, nPDF studies, jets + substructure, charm sector, UPCs..… 
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Backup
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Azimuthal anisotropies in OO and NeNe
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• Clear ridge structures seen in OO and NeNe collisions!

arXiv:2510.02580

https://arxiv.org/abs/2510.02580

