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TeV mass dark matter has been extensively searched for: 
 
 
 
 
 
 
 
 
Bounds on coupling between dark matter and standard model are very strong 

What if dark matter couples instead to BSM fields? 

Can we set constraints on dark matter coupled to axions? 
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Photon Flux from Dark Matter Decays via Axions
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Conservative benchmark improves current bounds
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Cosmological filaments provide an indirect probe of models with 
 dark matter coupled to axions

Next: survey of models that give rise to  decaysχ → aa
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Axion photon conversion probability 

We can model length axions travel through filaments as Gaussian variable  with 
average , second moment  and deviation . 

Two regimes*: 

lf
⟨lf⟩ ⟨l2

f ⟩ σ = ⟨l2
f ⟩ − ⟨lf⟩2

Gaussian Approximation to Filament Diameter

⟨lf (z)⟩ ≈
4

1 + z
Mpc, ⟨l2

f (z)⟩ ≈
64

3(1 + z)2
Mpc2

P̄(1)
a→γ(z) ≈

g2
aγγB2(z)l2

osc(z)
8 [1 − e− 2σ2

l2osc(z) cos (
2⟨lf(z)⟩
losc(z) )]

P(1)
a→γ =

g2
aγγB2(z)l2

osc(z)
4

sin (
lf(z)

losc(z) )
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Oscillation length plays important role 

Two regimes*: 
    

    
   

ma ≫ mEH

ma ≪ mEH

losc(z) =
4 Ea (1 + z)

m2
γ (z) − m2

EH(z) − m2
a

Axion energy ( )z = 0

Photon plasma 
mass

Euler-Heisenberg  
mass

Cosmological 
Filaments

⃗B

a γ

⟨lf(z)⟩

*For all relevant redshifts mγ ≪ ma, mEH

 dominatedma

 dominatedmEH

Axion-Photon Conversion in Cosmological Filaments

Axion mass
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