Time-delayed gamma-ray signatures
of heavy axions from core-collapse
supernovae
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AXxion

* Light pseudoscalar boson

» Addresses the strong CP problem Y a

e Dark matter candidate
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AXxion

* Light pseudoscalar boson

 Search in core-collapse supernovae
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Core-collapse supernovae
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Axion production!

Core-collapse supernovae a
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Previously in TeVPA 2024..

Light axion production
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Nucleon bremsstrahlung Pion conversion

Along with conversion in progenitor magnetic field...



Previously in TeVPA 2024..

Bounds In parameter space
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Shift to higher masses

Heavy axion production
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Photon coalescence
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Heavy axion spectrum

Production mechanism
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Supernova simluations

Garching Core Collapse Supernova Archive
SFHo-18.6, SFHo-18.8, SFHo-20.0



Pion conversion

Bremsstrahlung

Primakoff

Photon coalescence
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Heavy axion decay

Schematic
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Heavy axion decay e

Differential gamma-ray flux
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Heavy axion decay

Differential gamma-ray flux
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Heavy axion decay

Differential gamma-ray flux
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Heavy axion decay

Differential gamma-ray flux .7

Exponential decay of axions
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Enforces decay outside
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Fermi data analysis

e Fermi observation for different SN

 Full archive used for SN1987A
and Cas A

e Data in relevant time windows
used for SN2023ixf and
SN2024ggl
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Best fit SN1987A: Fermi
SN1987A

Cas A

SN2023ixt: vl
SN2024¢gei: vl
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SN1987A (SMM)
— SN2023ixf + SN2024ggi (Fermi)
— SN1987A (Fermi)
— Cas A (Fermi)
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Summary

 Heavy axion produced from
supernovae

 Decay to photons and give time-
delayed signals

 No evidence of gamma-ray excess

and excluded regions of parameter SNI9STA (SMM)
space —— SN2023ixf + SN2024ggi (Fermi)

— SN1987A (Fermi)
— Cas A (Fermi)




Back-up slides



Heavy Axion Theory

Heavy axion couples to QED and QCD through operators
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FE . electromagnetic anomaly coefficient
N : color anomaly coefficient

1) 3

— Used as benchmark

N — 3
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Heavy Axion Theory

Vanishing photon coupling

Caryy (1 < Aqep)
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