CENTER
FOR PHYSICAL SCIENCES
AND TECHNOLOGY

Council of
Lithuania

Primordial Black Holes from Resonances in the
Running-Mass-Inflation Model

Mindaugas Karciauskas

Center for Physical Sciences and Technology,
Vilnius, Lithuania

Furuta, MK, Kohri, Saez (2511.23182)



Dark Matter

Atoms
Dark
4.6% Energy
72%
Dark ’
Matter

23%




Primordial Black Holes as Dark Matter
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Primordial Black Holes as Dark Matter

MpBH [g]

101? 1022 1027 1032 1037
Evaporation 1 ‘ l\'Iicrulenéing L 'LT
1071_

v
o
=103
SU 1 1
10757 S VR Ve 10°




Overdensities into Black Holes
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Overdensities into Black Holes
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Musco (2019), Escriva (2022)

0.4 < 6. <0.66



Overdensities into Black Holes

6 =dp/p

0 > 00

kI:]éH 2((LH)_I

Comoving distance

mpgH (kpBH) ~ YMuy (kpBH)

where v = 0 (0.1)



Inflation Produces Overdensities

Comoving scales




Inflation Produces Overdensities
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Primordial Perturbation Spectrum
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Primordial Perturbation Spectrum
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Primordial Perturbation Spectrum

S [Hz]
110-1610-1410—1210-1“ 10°3

1076 107 102 10°
CMEB T y I LR

10*
102

10?

s .

¥ BBN
A
&y
i
t
i
1074+ :
@:n y-distortion u-distortion
10-%;

SKA

(design)

T
1073} cMB & Lss
Pe (k)

DECIGO

10710

107t 10" 10° 10° 107 10° 10" 10 10'5 107 10"
k. = ().051\1})(?7l k [Mpe ™"
Adapted from Inomata and Nakama (2019)



Primordial Perturbation Spectrum
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Primordial Perturbation Spectrum
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Primordial Perturbation Spectrum
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Pemax =~ 1071° at ~ 30 — 35 e-folds after the pivot scale exits
the horizon



Running-Mass-Inflation



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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PBH Overproduction and Graceful Exit
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PBH Overproduction and Graceful Exit
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PBH Overproduction and Graceful Exit
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Tachyonic Trap



Beauty is Attractive
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Beauty is Attractive

Kofman +, “Beauty is attractive: Moduli trapping at enhanced symmetry points” (2004)
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Beauty is Attractive

Kofman +, “Beauty is attractive: Moduli trapping at enhanced symmetry points” (2004)
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Kofman +, “Beauty is attractive: Moduli trapping at enhanced symmetry points” (2004)
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Beauty is Attractive

Kofman +, “Beauty is attractive: Moduli trapping at enhanced symmetry points” (2004)
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Beauty is Attractive

Kofman +, “Beauty is attractive: Moduli trapping at enhanced symmetry points” (2004)
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Kofman +, “Beauty is attractive: Moduli trapping at enhanced symmetry points” (2004)
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Beauty is Attractive

Kofman +, “Beauty is attractive: Moduli trapping at enhanced symmetry points” (2004)
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Beauty is Attractive

Kofman +, “Beauty is attractive: Moduli trapping at enhanced symmetry points” (2004)
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Tachyonic Trap
Dimopoulos+ (2019), Karciauskas+ (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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CMB Constraints
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Perturbations
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Perturbations
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Perturbations
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Perturbations
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Perturbations
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Perturbations
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Perturbations
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Simulation Results
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Simulation Results
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Gravitational Waves



Induced Gravitational
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Binary Mergers

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

-6
10 ! V ‘ Resonant Cavities
H
10-10} HIFK ]
ETy/

Cv\]‘\"
- CE
10 K<C|G 1
25
S X7 PrimapyGW

10—18 L BBO 4

10722} — mppH = 3 X 1019g |

1 10* 108 10'? 106 102

fH7]



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

® QObservable gravitational waves:

® Scalar induced
® Black Hole mergers

Furuta, MK, Kohri, Saez (2511.23182)



