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Primordial Black Holes as Dark Matter
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Primordial Black Holes as Dark Matter
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Musco (2019), Escriva (2022)

0.4 < 6. <0.66



Overdensities into Black Holes
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mpgH (kpBH) ~ YMuy (kpBH)

where v = 0 (0.1)
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Primordial Perturbation Spectrum
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Primordial Perturbation Spectrum
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at ~ 30 — 35 e-folds after the pivot scale exits
the horizon.
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Primordial Perturbation Spectrum
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Running-Mass-Inflation
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PBH Overproduction and Graceful Exit
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PBH Overproduction and Graceful Exit
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Tachyonic Trap
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Tachyonic Trap
Dimopoulos, MK, Owen (2019), MK, Rusak, Saez (2022)
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The Plan

1. Find models consistent with CMB observations;
2. Find parameters for PBHs
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CMB Constraints
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As = 3.044
ns = 0.9587 4+ 0.0056
as = 0.0134+0.012
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and (Ade+ (2021))

r < 0.036



CMB Constraints
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Resonance Parameters
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Resonance Parameters
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Resonance Parameters
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Perturbations

Newtonian gauge:
ds® = — (14 20)dt® + a° (t) (1 4 20) §;dx dx’
Perturbations:
. . k2 ..
8¢ + 3HSpy + (?2 + V,¢¢) Oy =2 <2¢¢k = V,qa‘bk) = Vi ox0Xk
k2 .
85k + 3HE Kk + (?2 + V,XX) Sk = 2 (25bk = Vix®x) = Vg8
. 1/. ]
&)+ HOy = > <¢5¢k + X5Xk>
Hartree approximation

NN <X2>



Perturbations

Curvature and isocurvature perturbations:

; 1 k2
Qi+ HOy (14 3 272

G = O +2H i
¢2+X2

28V [3H (82 +53) + V] + [dadk + xoxs + 0 (62 +32) ] V
-3 (42 +%2) [3H (82 +52) +2V]




Simulation Results
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Simulation Results
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Gravitational Waves



Induced Gravitational Waves
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Binary Mergers

Merging PBH binaries produce a stochastic GW background
Sasaki+ (2018), Wang+ (2020), Kohri4 (2025)
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Summary

® 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

® QObservable gravitational waves:

® Scalar induced
® Black Hole mergers

Furuta, Karciauskas, Kohri, Saez JCAP08 (2026) (arXiv:2511.23182)
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