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It Is a huge scale to search!
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It Is a huge scale to search!
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You don’'t know where to look, so you have
to work hard and look everywhere.

—Nobel Telephone Interview of James Peebles
(October 2019)
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Axions are light (sub-eV) pseudo-Goldstone bosons, characterised
broadly by their mass and an overall scale (their decay constant)

They arise both as a minimal extension of the Standard Model, to
solve the Strong CP problem, whilst also being a generic prediction
of the exotic physics of string and M theory

(Planck 2015)
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In turn they can affect:

early Universe cosmology, intlation,

big bang nucleosynthesis, CMB formation,
dark matter, dark energy, stellar evolution,
galaxy formation, large scale structure...
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Converting Axions into photons
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How to calculate this flux?

Input: Standard dark matter density, velocity distribution. From Liouville’s theorem
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Conversion: Use a GJ model for the NS magnetosphere:
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Output: Use geodesic equations to propagate photons to Earth, ideally accounting for time dependence, gravitational,
plasma effects etc

First explored in Pshirkov et al, J.Exp. Theor.Phys. 108 (2009), arxiv: 0711.1264. However this was mostly ignored until Hook
et al, Phys.Rev.Lett. 121 (2018), arxiv: 1804.03145. Since then ©(20) theory/observational papers


https://arxiv.org/abs/0711.1264
https://arxiv.org/abs/1804.03145
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UHF Band MeerKAT
Target: neutron star RX J0806.4-4123
frequency range: 544-1,088 MHz

Axion mass range: 2.5-5 ueV
Frequency resolution: 16 kHz

Area observed: 19 arcmin X 14.9 arcmin
Time resolution: 8 seconds
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The Square Kilometre Array (SKA) in South Africa
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Mapping Data to Theory
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Following here the theoretical analysis of Hook et al, Phys.Rev.Lett. 121 (2018) X lOlo[GeV_l]
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Figure made using AxionLimits code ma [eV]

(https://cajohare.github.io/AxionlLimits/)
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https://cajohare.github.io/AxionLimits/

Summary:

* For 10-hours MeerKAT observations, we obtained the axion decay
constant upper limit g,,., < 4.6 x 10711 [GeV~!], over 769-1051 MHz,

corresponding to the mass range of 3.1-4.5 ueV.

Outlook (future experiment)

* Better frequency resolution
* Broader frequency range

* More isolated neutron stars/exotic candidate with strong magnetic field.



