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It can be (usually) originated from

1) Spontaneously broken accidental symmetries (pseudo-Goldstone boson)
2) Dimensional reduction of higher-dimensional gauge fields
3) Longitudinal mode of anomalous gauge fields in effective field theories
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Why axion?

● Axion appears ubiquitously at various UV completions of particle theory.

● Theoretically,

- commonly expected to appear at low energy spectrum of the theory.
  (ex. string theory)

● Phenomenologically, 

- suggested to resolve Strong CP problem

- could explain some fraction of dark matter/dark energy?

- (what else?)



Axions are usually expected to be

● Light : since it is usually pseudo-goldstone boson
            (its precise mass depends on non-perturbative effects)

● Feebly interact with gauge and matter fields
(suppressed by large scale of axion decay constant)

● Its CP-odd parity determine the shape of the interaction with matter



QCD axion: special case
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Primordial Black Holes

● Expected to be formed from gravitational collapse of large primordial density 
fluctuations

● A promising and natural candidate for explaining a major fraction of dark 
matter

● Can be considered a source of various particle emissions through Hawking 
radiation

Hawking Temperature

Emission rate of 
Hawking radiation



Ballpark of PBH as a DM candidate



Our question: Can we probe 
the ballpark of PBH DM with 

Axions?   



Signal: Axions from PBHs



PBH-Axions vs. Other source of Axions in the universe 
                          (from astrophysical processes)



Are PBH-Axions dominate over other possible sources of 
relativistic axions from astrophysical process?



Directionality



How to detect (PBH-)Axions?
Large volume neutrino detector: ex. JUNO, Hyper-K, DUNE, etc.

Signal: Inverse primakoff process in the detector ⇒ A hard photon + soft e,N recoils 



A possible background in the detector?
Solar neutrino interact with electrons could be a possible source of background?



e/gamma discrimination efficiencies at water cherenkov detectors



Expected Sensitivity to PBH abundance



Conclusion

Axions and PBHs are both interesting and motivated topics in particle physics.
In this talk, we discuss the feasibility of the probe of PBH Dark matte scenarios in 
the presence of Axion, of Axion-like particles in the low energy spectrum.

The Water-Cherenkov detector for neutrino physics are expected to have a great 
potential to be sensitive Axion detections in the PBH DM ballpark window 
especially.


