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Axion-Like Particles (ALPs) are predicted in a variety of theoretical frameworks, and in particular, ultralight
ALP dark matter (DM) has been proposed as a potential solution to the small-scale problems of cosmology.
Through a Chern—Simons coupling, ALP DM interacts with photons, imparting distinct dispersion relations to
right- and left-handed circular polarization modes. As a result, a background filled with ALP DM induces
cosmological birefringence, leading to time-dependent oscillations of the linear polarization angle with a
period determined by the ALP mass. This effect allows direct constraints on the ALP—photon coupling constant
to be obtained via time-series polarization observations.

Previous studies have placed constraints based on the expected displacement of the polarization angle from
single-epoch observations. In contrast, our study applies the method to time-series data, directly testing for the
presence of periodic oscillations—an approach that represents a novel advancement.

As part of this practical training, I conducted research under the supervision of Dr. Tomohiro Fujita at
Ochanomizu University, in close discussion with Dr. Ryo Tazaki at the University of Tokyo. We focused on
probing ALP DM using protoplanetary disks as polarization sources. Specifically, we analyzed multi-epoch
near-infrared polarization data of the disk around HD 163296 obtained with the Very Large Telescope. From
this analysis, we derived the mean polarization angle and its statistical uncertainty, successfully placing the
first direct constraint on the ALP—photon coupling with this method. Furthermore, by generating mock datasets
to assess future prospects, we demonstrated that high-cadence monitoring with polarization angle uncertainties
suppressed to 0.01° could dramatically improve upon existing upper limits, reaching the world’s highest
sensitivity. These results have been presented at the Physical Society of Japan and are currently being prepared
for submission to a peer-reviewed journal.
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