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Axion-like Particles (ALPs)

* A class of hypothetical pseudo Nambu-Goldstone bosons

associated with U(1) symmetries

« Many models

. [Wilczek PRL 40 (1978) 279,
v'QCD axions Weinberg PRL 40 (1978) 223.]

v'String axions  [Svrcek & Witten JHEP 2006 51.]

T

A candidate of dark matter!

https://www.tuhogar.com/es-mx/productos/axion/limon



Constraints on ALPs

« ALPs can couple with photons: falGeV]
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Di Luzio et al. Phys. Rep. 870 (2020) 1.



ALP Production Process

[e.g. di Lella et al. PRD 62 (2000) 125011.]

ALP Emissivity

Primakoff process 0, lerg/cm3/s]
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k. photon wave number in plasma
p: ALP momentum
k : Debye-Hickel scale

ALP emissivity is a steep function of 7
—Hot astrophysical plasma is preferred
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Supernova Progenitors
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Temperature becomes higher as the star evolves
—Massive stars in O- and Si-burning phases as

an ALP factory?

Mukhopadhyay et al. ApJ 899 (2020) 153.
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ALP-photon Conversion by Magnetic Field

[Raffelt & Stodolsky PRD 37 (1988) 1237.]

ALPs are converted into photons by Galactic magnetic field

— Y -ray may be observable
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Stellar Model

[Joyce et al. ApJ 902 (2020) 63.]

 We adopt parameters for Betelgeuse as a benchmark

e MIESA [Paxton et al. ApJS]
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y-ray Spectrum
« 20M, model just before
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« d=168 pc (Betelgeuse)
 The peakis at ~1-5 MeV
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Energy [MeV |

d? 1 E d2n,
RS 47 P, / b 2dr
0

y -ray telescopes
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v-ray Flux and its Observability

e v -ray flux increases as a

function of time
* Y -ray may be observable

— 100 observations following
pre-SN neutrino alarms are

desirable
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Summary

 We calculated ALP emission from an SN progenitor

e Y -ray from a nearby star (e.g. Betelgeuse) may be observable by

MeV y -ray telescopes
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