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Dark matter and the axion

e Based on galactic rotation curves, gravitational lensing and large-scale cosmological
structure, dark matter is known to constitute ~25% of the Universe’s energy density.

e Ultralight axion-like particles («eV mass) act as coherent fields. Can detect their
wavelike properties using interferometry.

e A suitable day-1 experiment for the FINESSE beamline at ESS.
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Ramsey interferometry
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Further reading: N. F. Ramsey. Phys. Rev. 78, 695 (1950). 3



Ramsey interferometry
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Further reading: N. F. Ramsey. Phys. Rev. 78, 695 (1950). 3



Ramsey interferometry

oo 9
©T /

I i

T
NG
P, =
%w If ( / - 0 "/T
1 wy —wp)T '
\_

Further reading: N. F. Ramsey. Phys. Rev. 78, 695 (1950).



A neutron beamline for Ramsey interferometry
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Further reading: P. Fierlinger et al. Phys. Rev. Lett. 133, 181001 (2024).



A neutron beamline for Ramsey interferometry
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Further reading: P. Fierlinger et al. Phys. Rev. Lett. 133, 181001 (2024).



Magnetics and spin dynamics simulations

Neutron trajectories
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Conclusion and outlook

e Ultralight ALPs have wave-like signatures detectable by Ramsey interferometry.

e Already mostly funded by the Swedish Foundation for Strategic Research (15 MSEK)
and Swedish Research Council (4.7 MSEK), intended for the FINESSE beamline.

e Ongoing work on neutronics, neutron optics, neutron detectors, polarization,
magnetics and spin dynamics.

e A 10-meter magnetic shield prototype soon to be procured.
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Backup: Axion interaction with neutrons
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Further reading: Y. V. Stadnik & V. V. Flumbaum. Phys. Rev. D. 89, 043522 (2014).



