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What is Primordial Black Holes ?

{PBH formation
BH formed before any astrophysical objects exists

z ≫ 103 z ≲ 30
Star formation{
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PBHs formation during supercooled phase transition 

Guth 1980 "Old inflation idea"
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𝒫coll = exp −∫
tni

tc

dt′￼Γ(t′￼)a(t′￼)3 4π
3 ( 1

a(tmax)H(tmax)
+ ∫

tmax

t′￼

dt̃
a(t̃) )

3

ρR(tmax; tni
) − ρR(tmax; tc)

ρR(tmax; tc)
≃ 0.45 ,

ρV(t; tni
) = ΔV exp −∫

t

tni

dt′￼Γ(t′￼)a(t′￼)3 4
3

π (∫
t

t′￼

dt̃
a(t̃ ) )

3

·a(t)
a(t)

=
ρV(t; tni

) + ρR(t; tni
)

3M2
pl

·ρR(t; tni
) + 4HρR(t; tni

) = − ·ρV(t; tni
)

Friedmann equation :

Vacuum energy :

Radiation energy :

PBH formation threshold :

Collapse probability :
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ϕ4
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PT completion rate:

PBH from conformal Higgs

log(Teq/Tn) ≃ g−3
D

PT supercooling amount:

https://arxiv.org/abs/2311.13640
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4) Scale-invariant U(1) extension of SM: • Explain HSC lensing anomaly ( )vϕ ∼ 20 TeV
• Explain 100% of DM ( )vϕ ∈ [300 TeV, 300 PeV]
• Explain 511-keV line ( )vϕ ∼ 5 × 108 GeV

Only two additional parameters gD and vϕ

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

YG, Volansky 2305:04942
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Mbackground ≃
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PBH from conformal Higgs

Vtree( |Φ | , |H | ) = λh |H |4 + λϕ |Φ |4 − λhϕ |Φ |2 |H |2 ,

VT=0(ϕ) = βλ
ϕ4

4
log ( ϕ

vϕ ) −
1
4

, βλ ≃ 6α2
D .
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