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Musco (2019), Escrivà (2022)

0.4 < δc < 0.66



Overdensities into Black Holes

mPBH (kPBH) ≃ γMH (kPBH)

where γ = O (0.1)
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Primordial Perturbation Spectrum

Adapted from Inomata and Nakama (2019)

Pζmax ≃ 10−1.5 at ∼ 30 − 35 e-folds after the pivot scale exits
the horizon.
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The Plan
1. Find models consistent with CMB observations;
2. Find parameters for PBHs
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Pζ = As
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6βs(ln k/k∗)
2

where (Akrami+ (2020))

As = 3.044

ns = 0.9587 ± 0.0056

αs = 0.013 ± 0.012

βs = 0.022 ± 0.012

and (Ade+ (2021))

r < 0.036
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Newtonian gauge:

ds2 = − (1 + 2Φ) dt2 + a2 (t) (1 + 2Φ) δijdx idx j

Perturbations:

δϕ̈k + 3Hδϕ̇k +

(
k2

a2 + V,ϕϕ

)
δϕk = 2

(
2ϕ̇Φ̇k − V,ϕΦk

)
− V,ϕχδχk

δχ̈k + 3Hδχ̇k +

(
k2

a2 + V,χχ

)
δχk = 2

(
2χ̇Φ̇k − V,χΦk

)
− V,ϕχδϕk

Φ̇k + HΦk =
1
2

(
ϕ̇δϕk + χ̇δχk

)



Perturbations

V (ϕ, χ) = V (ϕ)− 1
2
m2χ2 +

1
2
g2χ2 (ϕ− ϕSBP)

2 + . . .

Hartree approximation

χ2 →
〈
χ2〉
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Curvature and isocurvature perturbations:
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Simulation Results

101 105 109 1013

k [Mpc−1]

10−9

10−7

10−5

10−3

10−1

|P
ζ k
|

numerical
V

m4
Pl24π2ε

102 106 1010 1014

k [Mpc−1]

10−13

10−11

10−9

10−7

|P
S k
|



Simulation Results
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Binary Mergers

Merging PBH binaries produce a stochastic GW background
Sasaki+ (2018), Wang+ (2020), Kohri+ (2025)
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Conclusions

• Running-mass-inflation naturally gives a large running of the
spectrum ⇒ PBHs

• Non-perturbative processes at SBP provide:
• grateful exit
• the viable spectrum for PBH formation

• Observable gravitational waves:
• Scalar induced
• Black Hole mergers

Furuta, MK, Kohri, Sáez (2511.23182)


