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Constraints on Extended Axion Structures 
from Lensing Effects of Fast Radio Burst
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Results

Sub-solar mass axion stars may be constrained by FRB lensing with non-
negligible finite-size and axion-induced lensing effects.
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• Flux Magnification + Time delay

FRB Lensing Signatures

Rf ≡ μ(θ̃1)
μ(θ̃2)

Δt ≡ t(θ̃1) − t(θ̃2)

α̂aγγ = −
g2

aγγ

8 |k0 |2 ∫ ∇⊥(∂a)2dt taγγ = −
g2

aγγ

8 |k0 |2 ∫ (∂a)2dt

Nlensed = (1 − e−τ̄)Nobs• Estimated # of lensed FRB:

Parameters with Nlensed>1 are excluded by CHIME.
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FRB Lensing Probability

• Lensing probability: Assume ASs at extragalaxy and the Milky Way.

τ̄(MAS) = ∫ dzS𝒩FRB(zS)∫
zS

0
dχ(zL)(1 + zL)2nAS(MAS)σ(MAS, zL),

Rf(β̃ ≤ β̃max) ≤ Rf, maxΔtthres ≤ Δt(β̃min ≤ β̃)σ(MAS, zL) ∝ (β̃2
max − β̃2

min)

β̃ = θ̃ − 1
θ̃ [1 − exp (−w2

Eθ̃2)] − Aw2
Eθ̃ exp (−w2

Eθ̃2)
Axion-inducedGravitational-induced

• Lens equation: Assume AS spatial profile is Gaussian

wE ≡ DLθE/RAS A ∝ g2
aγγ f −2

0


