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Results from the recent 2025 light ion LHC run by 
ALICE, ATLAS, CMS and LHCb — Sep 16, 2025



2025 LHC special run: p-O, O-O and Ne-Ne
From 29 June to 9 July: 
• 2 days — p-O; 
•2 days — O-O; 
•2 days — Ne-Ne;



Goals and requests for the run

p-O O-O Ne-Ne

ATLAS 1.5 0.8 0.1

ALICE 5 0.5 0.1

CMS 3 0.8 0.1

LHCb 2 0.5 0.1

Luminosity targets in nb−1

- official target 

Beam energy: 
• p-O: 6.8 TeV 
• O-O, Ne-Ne: 5.36 TeV



O-O and Ne-Ne beam transmutation
Colliding 16O8+ also with other ions – 
“pollution” 

– New beam physics effect not seen 
previously at LHC!

Simulations done to estimate contamination 
(J. Jowett et al.): 
– From simulation, expect <<1% of total integrated 

luminosity from O-[other ion] or Ne-[other ion]



Overview of the Run



Luminosity

1/nb
p-O O-O Ne-Ne

target delivered ratio target delivered ratio target delivered ratio

ATLAS/
LHCf

1.5 1.8 1.2 - - - - - -

ATLAS - 6.9 - 0.8 8.2 10.3 0.1 1.0 10

ALICE 5 6.9 1.6 0.5 5.15 10.3 0.1 0.91 9.1

CMS 3 7.85 16 0.8 9.4 11.8 0.1 0.91 9.1

LHCb 2 33.1 16.6 0.5 5.75 11.5 0.1 0.61 6.1



Summary 1/5
• First LHC runs with oxygen and neon done 

summer 2025 

• 9 days assigned in total for p-O, O-O, Ne-Ne 
(commissioning + physics); 

• Never switched particle species so quickly in 
LHC before; 

• All luminosity targets met and most were 
exceeded by large factors; 

• Now looking forward to seeing the physics 
results from these data sets!
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Phenomenology HydrodynamicsC
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Collective flow v2
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Nuclear Shape Imaging
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Quenching parton energy loss in medium
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Test Knowledge of Quenching Across A
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Summary 2/5

• Hydrodynamic models predict data;

• The smallest collision system where suppression is observed up to now;

• Central OO reaches multiplicity per participant nucleon comparable to 

heavy ions;

• Initial Ne nuclear shape probed by final-state particle correlation;
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Emergence of the quark-gluon plasma

Lattice QCD predicts rapid change in 
thermodynamic properties at critical 
temperature Tc ≈ 155 MeV

Formation of QGP — quarks and gluons 
are no longer confined
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QGP in Pb+Pb

Measured anisotropic expansion in Pb-Pb described by hydrodynamics for produced hadrons 

✓Achieved with QGP equation of state and small but finite QGP viscosities
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Jet interactions with the QGP

Measured anisotropic expansion in Pb-Pb described by hydrodynamics for produced hadrons 

✓Achieved with QGP equation of state and small but finite QGP viscosities
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Features of QGP formation in pp and p-Pb
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Jet interactions with the QGP

Hydrodynamic calculations employ QGP equation of state in OO and Ne-Ne to predict  

✓Modern low energy nuclear structure models e.g PCGM or NLEFT can be input

vn
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Imaging the  nucleus20Ne
Phys. Rev. Lett. 135 (2025) 012302
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Jet quenching predictions
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Particle production in O+O and Ne+Ne collisions
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Anisotropic flow in O+O and Ne+Ne collisions

First O+O and Ne+Ne flow paper 
submitted for publication! 

arXiv:2509.06428

ALICE measurements well described by geometry-induced hydrodynamic flow predictions 

✓NLEFT nuclear structure best favoured → some tension with other hydrodynamic implementations
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Anisotropic flow in O+O and Ne+Ne collisions

Models with PGCM Ne and  nuclear 
structures favoured by ALICE data 

✓Smaller sub-nucleon width gives best 
description 

20Ne 16O

→ v ≈ 0.1 fm
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Searches for jet-quenching in OO collisions

Nuclear modification factor  of  
suppressed at higher momentum 

 shape similar to  &  

 shape opposite to 

ROO π0

ROO RPbPb RXeXe

ROO RpPb
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Searches for jet-quenching in O+O collisions
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More to come…
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Summary 3/5
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Heavy Ion collisions
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2-Particle Correlation analysis: results
v2 > v3 > v4
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Dijet momentum imbalance - in a nutshell
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Jet reconstruction performance in O+O vs HI

Significantly lower underlying event in O+O compared to Pb+Pb and Xe+Xe
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Results
Ongoing effort to significantly 
reduce uncertainties for final results 
( jet calibration, data overlay)
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Results
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Summary 4/5

• The v2 coefficients show clear evidence for a difference between Ne and O shapes, 
consistent with a bowling-pin structure of the Ne; 

• Do initial state quantum fluctuations wash out the effects of the initial nuclear 
geometry? No; 

• We see clear indications of quenching in O+O: significantly less than in central Pb+Pb, 
but compatible with peripheral.This is indicative of the path-length dependence of ;Eloss
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Motivation: Nuclear structure & medium properties in nuclear collisions
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Motivation: Nuclear structure & medium properties in nuclear collisions

The theory predicts that the elongated shape of neon creates a larger elliptical flow v₂. 
Therefore, a comparison of Pb+Ne and Pb+Ar may reveal the effect of nuclear deformation. 
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The cumulant method

We measure the flow using cumulants, a method that reduces the contribution 
of the nonflow and uses multiple correlations. This was first applied at LHCb!
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The LHCb experiment
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The LHCb experiment
We see that v₂ is higher for 
PbNe than for PbAr, 
especially in central 
collisions—this is consistent 
with hydrodynamic 
predictions taking into 
account the deformation of 
the neon nucleus. 
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NeNe/OO data-taking: Colliding mode
Very clean charm and beauty signal

With pO data, will enable 
providing very precise 
constraints to nPDF

With OO and NeNe data, studying 
plasma signatures in small 
systems (energy loss, collectivity, 
quarkonia suppression)
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NeNe/OO data-taking: Fixed-target
Unique opportunities for cosmic-
ray measurements (air showers 
and muon puzzle), as well as 
nuclear imaging and collective 
dynamics in small systems
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Summary 5/5
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