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Abstract: Axion-Like Particles (ALPs), a generalization of standard axions, are well motivated dark-matter
candidates. ALPs convert to gamma rays in the presence of a magnetic field. Therefore, ALPs would be
found at extragalactic gamma-ray sources like Active Galactic Nuclei. Once generated, these ALPs would
then travel without experiencing attentuation by the extragalactic background light like gamma rays do.
When encountering the Galactic magnetic field, ALPs could convert back to gamma rays. In this scenario,
gamma-ray observatories would observe high-energy gamma rays beyond the expected cutoff of the host
source. Detection of these high-energy gamma rays from extragalactic sources would be a strong indication
of ALPs. In this letter, we discuss the impact of the proposed Southern Wide-field Gamma-ray Observatory

(SWGO) on ALP searches with cosmic gamma rays.

*This Letter contains excerpts and material from White Papers submitted for the Astro2020 Decadal Survey '



Axion-like Particles (ALPs) are hypothesized in many theories beyond the Standard Model®. They
are similar to axions (which were theorized to solve the “Strong CP Problem” in particle physics*), ex-
cept their mass and coupling strength to photons are independent of each other. ALPs would be produced
non-thermally in the early Universe and could constitute some or all of the dark matter that exists today?
according to their mass and interaction strength. These particles could also be formed today through high-
energy interactions with magnetic fields.

One potential ALP signature would be the detection of an unexpected contribution of 210 TeV photons
from an extragalactic source. Very-high-energy photons produced in extragalactic sources are difficult to
observe at Earth since they suffer extinction through interactions with the Extragalactic Background Light
(EBL). However, gamma rays produced at the source could convert into ALPs in its strong magnetic fields
or the intergalactic magnetic field. These ALPs would then travel to us unimpeded. They would then convert
back into gamma rays in the Milky Way’s magnetic field and then be detected at Earth .

We propose a next-generation gamma-ray observatory that will have the best sensitivity at high ener-
gies (> 10 TeV), making it well equipped to search for these ALP gamma-ray signatures. The Southern
Wide-field Gamma-ray Observatory (SWGO)®” is planned to be located in the Southern Hemisphere and
have a sensitivity ~ 10x better than the High-Altitude Water Cherenkov (HAWC) Observatory '°. Both
measure relativistic particles in extensive air showers caused by cosmic-ray and gamma-ray interactions in
the atmosphere. These arrays have a wide field-of-view and observe ~ 2/3 of the sky every day, operating
all the time with a near-100% duty cycle. They complement Imaging Atmospheric Cherenkov Telescopes
(IACTs), which have smaller fields-of-view and only a nocturnal duty cycle. Also, air-shower arrays are
more sensitive than IACTs at higher energies (see Figure 1).
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Figure 1: Gamma-ray source sensitivity of current and future gamma-ray observatories. H.E.S.S.!! is a
current IACT array and CTA '? is a future IACT array currently being constructed. 50 hours is a typical
exposure of a single source. HAWC is a current air-shower array and SWGO is a future air-shower array.

Several extragalactic sources that are promising for ALP searches are present in the Southern Hemi-



sphere; e.g. PKS 0447-439 (z = 0.343) %1% and 1RXS J023832.6-311658 (z = 0.232) . Observations of
many sources of this nature by a wide-field-of-view observatory like SWGO would also allow for a stacked
analysis to improve the search. As a concrete example, we consider IRXS J023832.6-311658. We match an
EBL-corrected ' spectrum to the observed spectrum '’ to produce the expected observed emission in Fig-
ure 2. We include the case where no ALPs are produced at the source and the case where ALPs are produced
assuming an ALP mass of m, = 5 neV and ALP-photon coupling constant of g, , = 5 X 1071 GevV!
(values that are allowed with current ALP constraints '®). Because SWGO’s sensitivity would be the world’s
best for E > 10 TeV, the difference between a cutoff or flattening of the observed spectrum would be clearly

distinguishable.

It should be noted that ALP conversions could also produce sharp spectral features in the observed
spectrum of extragalactic sources '%!°. However, excellent energy resolution (< 10%) is needed to resolve

these features, while SWGO’s energy resolution is predicted to be ~ 35%.
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Figure 2: The RXJ1713.7-3946 source reported by H.E.S.S. gamma-ray spectrum with and without ALPs?".
Also shown is the expected differential sensitivity of SWGO.
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