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What is Primordial Black Holes ?

-y BH formed before any astrophysical objects exists

PBH formation Star formation
z> 10° z < 30
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PBHs formation during supercooled phase transition

Guth 1980 "Old inflation idea"
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than 14% of its age at that time

3) 1stOPT interpretation of NANOGrav signal produce ten-solar-mass PBHs

YG, 2307.04239, Phys.Rev.Lett. 131 (2023) 17

4) Scale-invariant U(1) extension of SM: - Explain HSC lensing anomaly (v, ~ 20 TeV)

Only two additional parameters gy, and v, « Explain 100% of DM (V¢ e [300TeV, 300 PeV])
YG, 2311.13640 » Explain 511-keV line (v, ~ 5 % 10° GeV)
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2023: Primordial Black Holes from Supercooled Phase Transitions,
YG, Volansky, 2305.04942

Ry, = 2G My,

Percolation

1 Nucleation starts 1

No nucleation inside that 4-volume

1 Nucleation becomes energetically allowed 1

1982: Kodama, Sasaki, Sato, Abundance of Primordial Holes Produced by Cosmological First Order Phase Transition
(Prog.Theor.Phys. 68 (1982) 1979)

2023: Primordial black holes from strong first-order phase transitions, Lewicki, Toczek, Vaskonen,
JHEP 09 (2023) 092, 2305.04924
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dr
M, = ?r3AV + 4xrioy

4r
~ 3
Mbackground — 3 r (pvac + Pwall + prad)

No nucleation inside that 4-volume

2021: Liu, Bian, Can, Guo, Wang, Primordial black hole production during first-
order phase transitions, 2106.05637, Phys.Rev.D 105 (2022) 2
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Hubble patch when 6p/p is max

Percolation

1 Nucleation starts 1

2022: Kawana, T. Kim, and P. Lu, PBH Formation from Overdensities in Delayed Vacuum Transitions,
2212.14037
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