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Bubble nucleation in FOPT

• The bubble nucleation rate generically 
depends on temperature (or time);
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Axion mass in FOTP
The topological suceptibility changes 
discontinuously at the transition.
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Classification of the axion dynamics
The most important criterion is whether the axion can move 
inside the bubble during the FOPT.
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Bubble-induced axion dynamics
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Bubble-induced axion dynamics
① Axions are expelled from the inside of bubbles.

No axions
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Bubble-induced axion dynamics
① Axions are expelled from the inside of bubbles.

For  , axion shock wave is induced outside the wall.mb < Hb
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Bubble-induced axion dynamics
② Axion waves accumulate outside the bubbles and repeatedly scatter 

off the bubble walls. They are accelerated with each scattering.

Axions waves

This is analogous to Fermi acceleration！
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Bubble-induced axion dynamics
Axion waves enter the bubbles when they gain enough energy. 
The axion number increases at the transmission.

③

Lee, Murai, FT and Yin 2402.09501 

https://arxiv.org/abs/2402.09501


Bubble-induced axion dynamics
① Axions are expelled from 

the inside of bubbles.

No axions
<latexit sha1_base64="CWCA1BQ4I9tfYG3l6Hd1/uCUy+w="></latexit>

� ⇡ 0

② Axions waves are accumulated outside the bubbles and 
repeatedly scatter off bubble walls.

Axions waves

③ Axions waves enter the bubbles if they acquire enough 
energy.

 Fermi acceleration∼

Lee, Murai, FT and Yin 2402.09501 

https://arxiv.org/abs/2402.09501




Viable region for axion dark matter
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Summary
• We studied the axion evolution in the FOPT, taking account of the 
bubble dynamics;  “Bubble misalignment mechanism”

• We find that axion is expelled from the interior of the bubbles and 
that Fermi acceleration occurs.

• The axion abundance can be significantly increased compared to the 
case of constant axion mass.

• Much to be done: analysis of realistic bubble nucleation, oscillon/I-
ball formation, axion minicluster, production of dark photon dark 
matter, etc.


