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First-order phase transitions
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First-order phase transitions

Decay of the vacuum
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Fermions get trapped!
Example: Firap = 98% for

M, /T, =12 and v, = 0.6
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Formation of Fermi-ball solitons
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Could be macroscopic DM
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Attractive force inside a soliton
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Fermi-balls may collapse when they cool down

What if the Yukawa energy dominates? 2
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Fermi-balls may collapse when they cool down

What if the Yukawa energy dominates? 2 2 2
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*Cooling of Fermi-balls
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PBHs from Fermi-ball collapse from a FOPT

Kawana and KPX, PLB 824 (2022) 136791
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Note: difference of two scenarios

Hong, Jung and KPX, PRD 102 (2020) 7, 075028
Kawana and KPX, PLB 824 (2022) 136791

Trapping fermions — forming
solitons — collapse to PBHs

Y,~0), xx - ¢¢ efficient,
pX(t)~p;q until Fermi-balls
form, needs y-asymmetry

Irrelevant to evolution history,
Analytical calculation is sufficient

Baker, Kopp and Mittnacht,
2105.07481; 2110.00005

Trapping fermions — direct
collapse to PBHs

Yy <1, xX » ¢¢ negligible,
py () &< R7*(t), energy density
increase rapidly!

Numerical simulation needed

Debates: y-induced friction stops

the wall, not forming PBHs
[Lewicki et al, 2305.07702]
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Conclusion

In a boiling Universe, fermions can be
trapped and compressed into solitons,
which can further collapse to PBHs

Thank you!




Backup: how to generate the y-asymmetry

XX — ¢P EI - yx(b)_(XE

Eventually to SM particles via
portal coupling Ay |H|?@?

To have a nontrivial result, there should be N(x) # N()

1 Thermal ﬂuctuation.[Asadi et al, PRL127 (2021) 21, 211101]
. V4
2. “Asymmetric dark matter” scenario;[Shelton et al, PRD 82 (2010) 123512]
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Backup: application to a first-order EW phase transition

Extending the SM: £L ¢ —V(H, S) — 7 (iy*d, — Mo)x — v, Skx
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