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QCD Axion

13 21

Ø Axion potentially addresses the Strong CP problem

Ø 𝜃 promoted to a dynamical field:

Ø QCD potential relaxed dynamically to zero:



Oscillating axion DM

13 21

Ø An axion contribution to DM density is unavoidable 
so it is a natural DM candidate

Ø In a misalignment mechanism the DM axion field 
induces a time varying 𝜃-term

Preskill, Wise, Wilczek ‘83,
Abbott, Sikivie ‘83,
Dine, Fischler ‘83



𝛼-radioactivity and axion DM

13 21

Non vanishing 𝜃-term impacts nuclear physics 

For a recent study of time modulation signals on 𝛽-decays, see
Zhang, Houston, Li  arxiv:2303.09865

Time modulation of radiative decays

Ø Search for time modulation of 𝛼-radioactivity from axion DM Broggini, Di Carlo, Di Luzio, CT
arxiv:2006.12321

Lee, Meißner, Olive, Shifman, Vonk arxiv:2006.12321

For its impact anthropic context, see
Ubaldi arxiv:0811.1599



Theory of 𝛼-decay
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Gamow theory of 𝛼-decay
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Signal estimate

13 21

Ø Halftimes are highly sensible to the Q-value, i.e. the 
energy released in the decay

Question: how the 𝜃-term impacts the 𝑄?



Signal estimate
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Ø The 𝜃-term changes the size of the scalar 
(attractive) and vector (repulsive) nuclear 
interaction that contributes to the BEs

Question: how the 𝜃-term impacts the 𝑄?Ø Halftimes are highly sensible to the Q-value, i.e. the 
energy released in the decay

Damour, Donoghue arxiv:0712.2968
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Exp. set-up

13 21

A picture of our experiment, 
based on Americium-241, placed 

under Gran Sasso

Ø A 3’’x3’’ NaI crystal detects the gamma rays which are subproducts 
of the 𝛼-decays, primarily (85% of the time) at 59.5 keV

Ø The crystal is closed inside a cooper-lead shield

Similar studies have already been 
performed, see for example:
Bellotti, Broggini, Di Carlo, 

Laubenstein, Menegazzo
arxiv:1802.09373
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Exp. prospects
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Prospect limits from measurements 
of Americium-241 𝛼-decay
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Prospect limits from measurements 
of Americium-241 𝛼-decay

Ø Phase I, one month of data:
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Prospect limits from measurements 
of Americium-241 𝛼-decay

Ø Phase I, one month of data:

Ø Phase II, three years of data:
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The End

THANK YOU
FOR THE

ATTENTION!


