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Strong CP problem
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Ø Strong CP problem is a puzzle of the SM:

Ø 𝜃 promoted to a dynamical field:

Ø QCD potential relaxed dynamically to zero:
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QCD Axion and ALPs
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Ø The QCD axion is the pseudo-Goldstone 
boson of a Peccei-Quinn (PQ) U(1) 
symmetry anomalously broken by QCD:

Ø QCD potential relaxes dynamically to zero 
and induces an axion mass:
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Axion-like particles (ALPs) are a generalization of the axion 
with uncorrelated mass 𝑚! and effective scale 𝑓!,

thus not providing any solution to the Strong CP problem.



Axion couplings to quarks
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Ø Axion couplings to quarks are allowed by 
the SM symmetries:
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where at low energies
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Charge conjugation

where at low energies

Axion mediated
𝑠 → 𝑑 transitions



Axion couplings to quarks/hadrons
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Axion couplings to quarks/hadrons
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Ø Axion couplings to quarks are allowed by 
the SM symmetries:
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where at low energies

Ø Chiral perturbation theory (ChPT) is an effective 
description of hadronic degrees of freedom based 
solely on the QCD global symmetries:



Axion couplings to quarks/hadrons
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Ø Axion couplings to quarks are allowed by 
the SM symmetries:
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where at low energies

Ø Chiral perturbation theory (ChPT) is an effective 
description of hadronic degrees of freedom based 
solely on the QCD global symmetries:

Ø Following Georgi, Kaplan & Randall (PLB, 1986):



𝐾! → 𝜋!𝑎 decay
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Ø The decay is mediated by the (vectorial) axion-down-
strange coupling:

Strong contribution

∝ (𝑘!)"#
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Ø The decay is mediated by the (vectorial) axion-down-
strange coupling:

Strong contribution Weak contribution

Ø The decay is mediated by weak interactions and it is 
suppressed by the Fermi constant:

∝ (𝑘!)"#



𝐾! → 𝜋!𝑎 decay
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Ø The decay is mediated by the (vectorial) axion-down-
strange coupling:

Strong contribution Weak contribution

Ø The decay is mediated by weak interactions and it is 
suppressed by the Fermi constant:

Unless (𝑘")#$	< 𝑂(10%&), the weak contribution is 
completely negligible compared to the strong one.

∝ (𝑘!)"#



𝐾! → 𝜋!𝑎 at NA62

13 21
14

If the axion decays invisible, the experimental signature of such decay is the 
same of the 𝐾$ → 𝜋$𝜈�̅� decay whose search is performed at NA62.

2021-2022 data from [NA62 coll., arXiv:2412.12015]



𝐾! → 𝜋!𝑎 at NA62
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If the axion decays invisible, the experimental signature of such decay is the 
same of the 𝐾$ → 𝜋$𝜈�̅� decay whose search is performed at NA62.

The question is: can we get a bound on the axion couplings 
from the NA62 data available to us?

2021-2022 data from [NA62 coll., arXiv:2412.12015]



Reinterpretation of NA62 public data
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To do so, we perform an unbinned profile likelihood ratio test statistic, based solely on public data,
following the same procedure used in the past by the collaboration itself (see [NA62 coll., arXiv:2011.11329]).
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To do so, we perform an unbinned profile likelihood ratio test statistic, based solely on public data,
following the same procedure used in the past by the collaboration itself (see [NA62 coll., arXiv:2011.11329]).

Ø First term: Poisson distribution for the number of expected events 𝑛%&% = 𝑛' + 𝑛(, given by the 
sum of background events (including di-neutrinos with SM BR assumed) 𝑛' and axion mediated 
events 𝑛(.
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Ø First term: Poisson distribution for the number of expected events 𝑛%&% = 𝑛' + 𝑛(, given by the 
sum of background events (including di-neutrinos with SM BR assumed) 𝑛' and axion mediated 
events 𝑛(.

Ø Second term: multinomial distribution where:

q 𝑔'(𝑚") is a normalized pdf digitized from public plot of [NA62 coll., arXiv: 2412.12015].
q 𝑔((𝑚") is a Gaussian centered at axion mass value with uncertainty given by the 

experimental invariant mass resolution taken from [NA62 coll., arXiv:2011.11329].
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To do so, we perform an unbinned profile likelihood ratio test statistic, based solely on public data,
following the same procedure used in the past by the collaboration itself (see [NA62 coll., arXiv:2011.11329]).

Ø First term: Poisson distribution for the number of expected events 𝑛%&% = 𝑛' + 𝑛(, given by the 
sum of background events (including di-neutrinos with SM BR assumed) 𝑛' and axion mediated 
events 𝑛(.

Ø Second term: multinomial distribution where:

Ø Third term: Poisson-like distribution constraining the number of backgrounds events from mean 
value 𝜇' and uncertainty 𝜎' estimated from NA62 with:

q 𝑔'(𝑚") is a normalized pdf digitized from public plot of [NA62 coll., arXiv: 2412.12015].
q 𝑔((𝑚") is a Gaussian centered at axion mass value with uncertainty given by the 

experimental invariant mass resolution taken from [NA62 coll., arXiv:2011.11329].
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Ø The number of axion mediated events is related to the 
𝐾$ → 𝜋$𝑎 branching ratio (BR) trough the single event 
sensitivity (SES): 

Ø is taken from [NA62 coll., 
arXiv:2011.11329] for the 2017 data and rescaled 
according to by a factor equal to the ratio of the        
𝐾$ → 𝜋$𝜈�̅�	 SESs
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Bound on axion-down-strange coupling
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At 𝑚( = 0 we get

The current bound for a massless axion reads 
[Camalich et al., arxiv:2002.04623]:

A factor of ~2 of improvement!



Conclusions
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Ø In this talk we present a reinterpretation of the 𝐾$ → 𝜋$𝜈�̅� search at NA62 to constraint the 𝐾$ → 𝜋$𝑎 decay:

Ø In terms of couplings, we get:

Ø A similar study of 𝐾$ → 𝜋$𝜋)𝜈�̅� would allow to constraint also (𝑘*)"# coupling.

Meson decays with missing energy are a powerful probe of 
the QCD axion in a controlled environment.



The End

THANK YOU
FOR THE

ATTENTION!

26



Crosschecks with NA62
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[NA62 coll., arXiv:2103.15389][NA62 coll., arXiv:2011.11329]



NA62 bound from 2016-18 data
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Bound on axion effective scale
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with .

Assuming instead no flavour violating axion 
coupling:

At 𝑚( = 0 we get


