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Introducing the axion and Axion-Like-Particles

–    Elegantly solves the Strong CP problem;

Motivation

–    and the Dark Matter problem
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Chiral Perturbation Theory + a

Fundamental couplings of the axion to 
light quarks
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Light-meson interactions can be organized with a well-defined 
power counting: Chiral Perturbation Theory

 
[Georgi, Kaplan & Randall, PLB (1986)]

ChPT is an EFT based on global chiral symmetries of QCD



Chiral Perturbation Theory + a

Vectorial and axial currents, 
functions of the meson fields
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Light-meson interactions can be organized with a well-defined 
power counting: Chiral Perturbation Theory

 [Georgi, Kaplan & Randall, PLB (1986)]

ChPT is an EFT based on global chiral symmetries of QCD

 



 

This formalism allows the computation of these mesonic decays

 

 

*
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Tree-level decay, no loop suppression

Loop-level decay, but presents an 
accidental cancellation of divergences
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Identifying the signal

 

 

 

Pending an actual search, we identify the dominant backgrounds
to infer the signals’ sensitivities
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This approach is expected to produce “conservative” sensitivities

Dedicated searches are missing for 
most of these decays

However, we may obtain reference values from the uncertainty on the dominant 
backgrounds for each decay channel

Underlying idea: a signal must be contained within this background uncertainty

7

Missing FoM (reference) for the sensitivity 
one can achieve on these searches

 

Sensitivity estimate



 

 

Sensitivity estimate
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For each decay, we distinguish two situations depending on the ALP’s mass

  

Two reference cases for the background

In addition:



 

 

 

  

 

 

Sensitivity estimate
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Results
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(red line)



Ongoing project: study of the signal and its different backgrounds
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Experimental search: K → mumu X

We reconstruct several kinematic variables → identify which allow for great 
signal/bkg discrimination



Fast Simulation data
Dalitz plots of (some of) the backgrounds + signal (contour plot)
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Experimental search: K → mumu X



Fast Simulation data
Comparison Signal/Background

7

Experimental search: K → mumu X

Combination of                     +



Fast Simulation data
Comparison Signal/Background
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Experimental search: K → mumu X

(Zooming)



Recap / Outlook
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–   This procedure does NOT substitute actual searches, but indicates that these 
searches are very promising new ways to constrain the axion couplingS to matter

–   CouplingS         adding or removing a pion, we can probe both vector and axial couplings.

 

 

–   We defined a procedure to estimate the BR-limit reach for these channels at  
available facilities



Probing QCD Axions or ALPs in 
three-body K Decays

Thank you for your attention!


