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Outline

1. Kaon isospin anomaly: brief recall

2. Quark recombination model

3. A ratio that does not depend on energy

4. Consequences of a large isospin-breaking

5. Conclusions
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Nucleus-nucleus collion with equal numbers of 

protons and neutrons

Iz = 0 (typically also I =0 for each nucleus, thus total isospin also vanishing)

Oxygen-16 Oxygen-16
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Expected kaon multiplicities

Charge symmetry means that strong interactions are invariant under the 

inversion of the third component of the isospin of hadron of the initial and 

final states. 
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Popular theoretical approaches

• HRG (hadron resonance 
gas approach) 

• UrQMD (Hadron-String 
transport model, fully 
integrated Monte Carlo 
simulation of nucleus-
nucleus simulations)
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Experimental results (NA61/SHINE plus others)

Note, however, most experiments have Q/B < 0.5 
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Experiment vs theory (HRG): ratio 

The exp/th missmatch is 4.7σ.
.







ISO-BREAK 2025

https://indico.cern.ch/event/1557894/
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White paper:  2604.16005 [nucl-ex]



Toward a simple ‘quark counting’ model:
quark recombbination (or coalescence) model

• Provided the large isospin-symmetry breaking is true, 

two questions can be asked: why and which are its 

consequences.

• ‘Why’ is, as usual, a difficult question. Can 

electromagnetic interaction enhance K+K-? We argued 

that this is not the case. But…

• What about a sum over many small effects? All phi-f0-a0

etc effects would lead to the measured results.

• Eventually a combination of both QED and many small 

contributions… 



Quark recombination model: references



Valence and sea quarks



Kaon probabilities



‘Grundschulmathematik’ leads to: 



From RK to RtildeK

2504.02113

See J. Stepaniak and D. Pszczel, EPJC 83 2023



Proton-proton results: isospin ok

2504.02113



Nucleus-nucleus results for RtildeK:

consistent with being a constant but not 1

This is 6.4 σ away from 1. 

2504.02113



Nucleus-nucleus results for RK: 

constant, not 1, and compatible with RtildeK

2504.02113



Predictions

2504.02113



Predictions
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Pion-nucleus scattering

antiquarks in the initial state

This is the case for pion-carbon. 

(In fact for π+C: n_u = 18+1, n_ubar =0, n_d =18, n_bbar = 1)

But isospin-symmetry is broken. 

Hence our predcition for pion-carbon:  

See NA61/SHINE

PRD 107 (2023) 062004

Where RK is about 1.2



Francesco Giacosa

25



BESIII results
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Charged kaon excess or not?

M. Ablikim et al [BESIII], Phys. Rev. Lett. 135 (2025), 151901



Quark recombination model: idea



Quark recombination model: result
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Dependence on alfa, beta, gamma

Fits needed (onging work)

Flavor-symmetry limit:



JLAB study via QR model: idea



JLAB study via QR model: result

Dependence on all quark types
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Summary and conclusions

• A simple quark-counting scheme valid for any Q/A shows: 

proton-proton data agree with isospin symmetry, 

but nucleus nucleus do not. 

• This model reproduces data for a large isospin breaking (about 20% 
more u than d quarks from QCD vacuum)

• In the future: scattering of nuclei with Z = N = A/2 highly desired.

• Study ratios of other isospin multiplets (nucleons, hyperons) 

• Predictions for novel reactions involving photons (including gamma-
deuteron) are ongoing
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Thanks!
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HRG for Q/B=1/2

If we enforce isospin symmetry to be exact, RK = 1 for any energy. 



RtildeK for (anti)quarks u and d



Most general case
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