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AXion ‘“stars”

Fermionic stars: gravity vs. thermal/degeneracy pressure
Can bosonic equivalent objects exist?

For non-relativistic scalars bound by gravity, solve Gross-
Pitaevskii-Poission equations
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AXion stars

Energetics

(N

E~ MR? — Gy




AXion stars
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AXion stars

Levkov, Panin, Tkachev PRL118, 2017
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Supercritical stars shrink, explode and emit (semi)
relativistic axions, leaving a remnant



AXion stars
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Supercritical stars shrink, explode and emit (semi)
relativistic axions, leaving a remnant



Axion star formation and growth

Axions have high phase space density
Bose enhancement

Star forms in a gas of axions: condensation and
evaporation
P 1 dM,
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AXxion star growth timescales

Bose enhanced kinetic relaxation time
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Axions can also evaporate from the star




Chan, Sibiryakov, Xue (2207.04057)
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Chan, Sibiryakov, Xue (2207.04057)
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Chan, Sibiryakov, Xue (2207.04057)
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AXxion star simulations

Chan, Sibiryakov, Xue (2207.04057)

Heavy Solitons
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AXxion minihalos

 PQ breaking after inflation
* Multiple causally disconnected patches
- Domain walls, strings, small scale power
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Oscillation temperature
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Oscillation starts when m,(7T) ~ (2+b)H
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Oscillation temperature
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AXxion minihalos

Press-Schechter to determine halo mass function
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AXxion minihalos
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Put it all together
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Put it all together
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Decaying DM constraints

Nygaard, Tram, Hannestad (2011.01632)
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Recurrent Axinovae constraints
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https://cajohare.github.io/AxionLimits/
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https://cajohare.github.io/AxionLimits/

Model Building

» Getting correct relic abundance requires delaying

oscillation
* Higher DS temperature
* First order phase transition
» Kinetic misalignment
* Friendly axions
* Or increasing self coupling
» Clockwork
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Conclusions

» Bosonic stars have stable configurations of (eg) axions
supported by gradient pressure

» Can process large fraction of mass into k.e. which
redshifts away

* Recurring process

* Only relies on gravity and self coupling

» Constrained by CMB observations

* Possible associated visible channels?



