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Slow

fast:
many small bubbles,

large 𝛽/𝐻

slow:
a few large bubbles, 

small 𝛽/𝐻 3
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Strongly supercooled
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Evolution of finite patches
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Large fluctuations in the times when jth 
bubble nucleates/reaches volume V(k):

β/H0=5, k=kmax/3
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Evolution of finite patches
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Fk(t) = F (jJ)
k (t)F (j>J)

k (t)

fluctuations from the first J bubbles: 

average evolution of the late bubbles: 
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J = 10
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Evolution of finite patches
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• distribution of the fluctuations has negative non-Gaussianity

• small 𝛽/𝐻! ⟹ slow transition    ⟹ large variance of 𝛿

Distribution of density constrast
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Primordial black holes
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GW spectrum from slow transitions
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1. GWs from bubble collisions:

2. GWs induced by curvature 
fluctuations:
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GW spectrum from slow transitions
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Prospects
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PTA fit
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negative non-Gaussianity ⟹ the fit is not in tension with PBH production



Summary

Slow and supercooled transition

Large density fluctuations

PBHs and secondary GWs
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