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Axion Like Particles (ALPs)
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Stars as Axion Laboratories
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“xternal Magnetic Fields
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NuSTAR X-ray Telescope
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X-ray Telescopes tor Axion Searches
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X-ray Telescopes tor Axion Searches
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The Betelgeuse case

Red Supergiant Star Magnetic dipo\e (M1) Nuclear transition
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The Betelgeuse case

Red Supergiant Star Magnetic dipole (M1) Nuclear transition
57F6* A ]
J 14.4 keV
°"Fe
Q FCL
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Galactic Magnetic Field NuSTAR

_ Br\~ d \” sin®(qd)
P, =87x10%7% [ —
! " 9”(1MG> (197pc> (qd)?

F.R. Canddn IDM Zaragoza 7/



Galactic Magnetic Field NuSTAR

_ Br\~ d \” sin®(qd)
P, =87x10%7% [ —
! " g”(luG> (197pc> (qd)?

1. Stelar simulations 3. Bftield and conversion. 5. Observational data -
2. Theoretical axion flux. 4. Axion induced photon 6. Unbinned likelihood
flux at NuSTAR analysis.
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Stellar simulations

Modules for Experiments in Stellar
Astrophysics
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Stellar simulations

He Burning

Modules for Experiments in Stellar
Astrophysics
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Stellar simulations

He Burning

All Fe57 excited Modules for Experiments in Stellar
Astrophysics
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Observed NuSTAR spectra
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NASA data analysis tools: HEASOFT, NuSTARdas, XSPEC
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Betélgeuse constraints

CAST (°'Fe)
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Betélgeuse constraints

CAST (°'Fe)
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The M82 case

« M82 is a starburst galaxy at 3.8 Mpc.

« Heavy Axion emission dominated by
young massive stars.

Ntot = 1.8 X 1010
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The M82 case

Production in the individual stars of M82 via:

Primakoft Conversion  Photon Coalescence
v+ Ze —a—+ Ze Y+ Y >

« M82 is a starburst galaxy at 3.8 Mpc.

« Heavy Axion emission dominated by
young massive stars.

Ntot = 1.8 X 1010
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Heavy ALPs Decay
m, ~ 30 — 500keV

dN,
dlb,

dN*

= Nuoo [ dMdt, TVIF (M,) SFH (1,) .-
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The axion-photon flux

NuSTAR
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M82 axion decay constraints
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Overview

14.4 keV excited state of Fe57 in nearby RSG provides a stable,
narrow line-like axion X-ray signature.

The decay of slow axions from starburst Galaxies |eads the
strongest constraints for masses between 30 MeV - 500 MeV .

X-ray Telescopes like NuUSTAR, Chandra, and future missions
ike Athena and HEX-P, are key in the quest of axions. .
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Probability conversion

GMF (reg. only)

—— GMF (reg.+turb.) _i
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Axion flux

dNa(E) B 1 Rstar
dFE B 47Td2 0

N, ()G(E, o(r)) p(r)4nr?

Where A/, is the axion rate that depends on the Fe57 number density, the occupation of the first excited
state and the branching factor ratio
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Axion flux
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Likelinood analysis
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M82 FOV
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M82 FOV
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M82 Spectra
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NuSTAR as Axion Helioscope

1 Production due to the
electric fields in the core 3 X-ray detection
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