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Finding Exotic Particles with 
Fireballs

https://arxiv.org/abs/2303.11395


Hot Neutron Stars
A powerful tool for exploring dark matter and beyond the standard 
model (BSM) particles

Core Collapse Supernovas
Binary neutron star mergers

ÅǮ~ρπ

g/cm

ÅT> 30 MeV

/ŀƴ ǘƘŜǊƳŀƭƭȅ ǇǊƻŘǳŎŜ ǇŀǊǘƛŎƭŜǎ ǿƛǘƘ ƳŀǎǎŜǎ ǳǇ ǘƻ мллΩǎ ƻŦ aŜ±Σ ŀƴŘ 
couplings to the SM weaker than neutrinos



Use hot neutron stars to look for BSM particles  that escape the 

star, but decay to the SMbefore reaching Earth with masses 

between 1 MeV and 1 GeV
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Axions 
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ÅMassive psuedo-scalar

ÅCouples to Ὁɇὄ

ÅThermally produced in NS

ÅCan decay to two photons before reaching earth
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The Fireball
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From source to signal
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Exotic particles radiated by 
source

Decay to standard model

Pair production and 
scattering are fast

Reprocessed thermal Fireball

Pair production and 
scattering are slow

Decay products free stream.                           
No fireball

Expanding plasma shell



The Fireball
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An opaque thermalized expanding shell of photons and eand e

Thermal energy drives accelerated relativistic expansion until the shell becomes 
cool/diffuse enough to be transparent


