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CP-odd scalar that can be 
light                  !

How can we look for it ? 

CP-odd
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     and                            is enhanced

   so it’s difficult to disentangle
 and

       



Mixing quarkonium - A

   and       have the same quantum numbers

⇒ they mix

                                     



Theoretical mass vs experimental mass
[MeV]
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Resonance pole dominance



In blue, allowed region to be 
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Radiative decay                

In blue, allowed region to be 
compatible at       with            

These limits are disputable!

As the photon is very soft (                       ), it is a difficult measurement 
whose value is still debated!

Way out : investigate a radiative decay with a harder photon 

⇒                       

!
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Radiative decay                          

The width is too imprecise to 
obtain constraints !

Let’s see what constraints (     ) 
we can obtain by dividing the 
uncertainty by 10



Radiative decays                          

Improving the precision on the 
width can provide insight on 
both radiative decays!

Similarly, measuring the width 
of       would allow us to 
constrain      . All theoretical 
inputs (Form Factors) are 
already known!



Outlook

We can test the possibility of a light CP-odd higgs through :

● their mixing with pseudoscalar quarkonia  thanks to radiative decays,
● leptonic decays of pseudoscalar quarkonia, especially

Radiative decays are theoretically well known in the SM thanks to LQCD, and a 
better experimental handle of the particle widths (       )  would help solve the 
question of the light CP odd higgs existence.

NB: this is valid for any pseudoscalar boson (ALP, majoron, ...)



Paths to New Physics 

Heavy new physics ? 

⇒ the SM is an EFT : exploration of NP through SMEFT higher dimensional operators, for 
example 

Light new physics ? 

⇒ Strong CP problem, Dark Matter, neutrino physics can push us towards light BSM too

                                                      

                                       

FIP
(feebly interacting)

WIMP
(weakly  interacting)

ALP
(axion-like)

CP-odd 
Higgs!HNL

(heavy neutral leptons)

Dark 
photons


