
Photon-ALP conversion probability curves averaged for turbulent magnetic fields

• The magnetic field along the 

line of sight is modeled as a 

series of cells of extent Δz. 

• Model 1 : draw coherence 

lengths randomly from (1+r/

50 kpc)×3.5 kpc to (1+r/50 

kpc)×10 kpc, with a power-

law fall-off as p(Δz) µ 

Δz−1.2 since coherence 

lengths are expected to grow 

with distance from the 

cluster center. 

• Model 2 : the value of Δz is 

chosen according to a 

probability distribution 

function p(Δz), typically a 

power law, p(Δz) µ Δz−1.2 

spanning 3.5–10 kpc. 
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Axion-like particles (ALPs) constitute well-motivated dark matter (DM) candidates and naturally appear in theories beyond the Standard Model. 
ALP-photon interactions facilitate conversion of X-ray signals into ALPs propagating through astrophysical magnetic fields. Active galactic nuclei 

(AGNs) are especially promising targets for sensitive tests of photon-ALP couplings, since ALP-induced oscillation features can be easily 
distinguished from the source emission spectra. We systematically analyze ALP-photon conversion in three distinct systems: (1) background 

AGNs at a line-of-sight passing through a foreground intracluster magnetic field, (2) central AGNs whose line-of-sight passes through the 
magnetic field of its own DM halo, (3) Galactic X-ray sources interacting with Milky Way's magnetic field. We establish

the ALP-photon coupling sensitivity reach considering observations of the recently launched X-ray telescope XRISM as well as future detectors 
such as Athena and Arcus. The impact of uncertainties of the magnetic field and photon statistics on constraining photon-axion conversion is 

discussed.
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