Lower Mass Limit for the Axion
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The axion is a (pseudoscalar) spin-0 boson predicted by Wilczek [[1] and Weinberg [2] as
a solution to the so-called strong-C'P problem identified by Peccei and Quinn [3].

Since axions are bosons they can in principle form a Bose-Einstein condensate with
characteristic radius L. There is recent evidence [4] that the formation of such a condensate
has a coherence length [ < L whose growth is related by
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where m is the mass of the boson. Supposing that dl/dt is limited by the speed of light, ¢,
we infer that
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for [ in meters, where m, ~ 1073° kg is the mass of the electron. For [ ~ L = 1 m, as might
be achieved in an experiment [5] where axions are confined in a long optical fiber coiled into
a circle of 1-m diameter inside a strong magnetic field, eq. () implies that m 2 6 x 10~ m,
and m/c®* 2 3 x 107° eV which is somewhat above the lower end of the stated range of
sensitivity of the experiment. For a fiber coiled into a circle of 10-cm diameter the mass
limit would be 10 times higher.

References

[1] F. Wilczek, Problem of Strong P and T Invariance in the Presence of Instantons, Phys.
Rev. Lett. 40, 279-282 (1977). https://doi.org/10.1103/PhysRevLett.40.279
https://kirkmcd.princeton.edu/examples/EP/wilczek_prl_40_279_78.pdf

[2] S. Weinberg, A New Light Boson? Phys. Rev. Lett. 40, 223-226 (1978).
https://doi.org/10.1103/PhysRevLett.40.223
https://kirkmcd.princeton.edu/examples/EP/weinberg_prl_40_223_78.pdf

[3] R.D. Peccei and H.R. Quinn, C'P Conservation in the Presence of Pseudoparticles, Phys.
Rev. Lett. 38, 1440-1443 (1977). https://doi.org/10.1103/PhysRevLett.38. 1440
https://kirkmcd.princeton.edu/examples/EP/peccei_prl_38_1440_77.pdf

[4] G. Martiroysan et al., A universal speed limit for spreading of coherence, Nature 647,
608-612 (2025). https://doi.org/10.1038/s41586-025-09735-z
https://kirkmcd.princeton.edu/examples/QM/martirosyan_nature_647_608_25.pdf

[5] D.D. Yavuz and S. Inbar, Generation and detection of axions using guided structures,
Phys. Rev. D 647, 074012 (2022). https://doi.org/10.1103/PhysRevD.105.074012
https://kirkmcd.princeton.edu/examples/EP/yuvaz_prd_105_074012_22.pdf


https://doi.org/10.1103/PhysRevLett.40.279
https://kirkmcd.princeton.edu/examples/EP/wilczek_prl_40_279_78.pdf
https://doi.org/10.1103/PhysRevLett.40.223
https://kirkmcd.princeton.edu/examples/EP/weinberg_prl_40_223_78.pdf
https://doi.org/10.1103/PhysRevLett.38.1440
https://kirkmcd.princeton.edu/examples/EP/peccei_prl_38_1440_77.pdf
https://doi.org/10.1038/s41586-025-09735-z
https://kirkmcd.princeton.edu/examples/QM/martirosyan_nature_647_608_25.pdf
https://doi.org/10.1103/PhysRevD.105.074012
https://kirkmcd.princeton.edu/examples/EP/yuvaz_prd_105_074012_22.pdf

