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GWTC-3
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Bubbles from Inflation

Slow-roll Inflation
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Bubbles from Inflation

L
2 of]

Slow-roll Inflation

bubble interior

our vacuuinl

R(t) ~ H; ' [eMilt=t) — 1]

|Garriga, Vilenkin, JZ, JCAP (2016)]



Bubbles from Inflation

V Slow-roll Inflation
b /]\ o Y O

@ )

our vacuuinl O

£y
./

R(t) ~ H; ' [eMilt=t) — 1]

|Garriga, Vilenkin, JZ, JCAP (2016)]



Bubbles from Inflation

Nucleation rate X\ Slow-roll Inflation

Size distribution
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Bubbles from Inflation

Slow-roll Inflation
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Bubbles from Inflation

Israel’s matching condition

Mz gw(pb — pz-)R?’ + 4o R? [R2 +1— H5R2]1/2 — 8m°Go? R’
Q',?/Q’T

At the end of inflation

4 4 :
S TPm(t) R R + Amo RY[RY + 1 — Hy R} — 8°Go” R

3

: 1 H?

fi= H, "

B — H;R; + a;r!
L \/1 L 2 ds?=—dt* 4+ a’(t)(dr® + r’dQ?)

— ;T
1 H,;
Lorentz factor = ~—>1

Vi =
\/1 _a2? Mo

Schwarszchild-de Sitter

Pb

Pi

CIiE\/SWG,Oi/BNHE/Mpl \

Hy = /37Gpy/3 ~ 13 [Mp)
H, =21Go ~ n5 /M3,

K??a ~np LN K< Mpr H < Hy K Hy

|Garriga, Vilenkin, JZ, JCAP (2016)]



Post-inflation evolution
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Post-inflation evolution
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A pedagogical model
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Post-inflation evolution

A pedagogical model
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Post-inflation evolution

Strong interaction with radiation .
] Radiation FRW

Pb

[Deng+, JCAP (2017)]



Post-inflation evolution

Strong interaction with radiation

Radiation FRW
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Post-inflation evolution

No interaction with radiation .
] Radiation FRW
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Mass distribution [LVC, Astrophys. J. Lett. (2021)]
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Implications from GWTC-3

Posterior Mass distribution
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Parameter  Prior ABH-PBH ABH-PBH ABH ABH Description
Broken Power Law PBH
M, /M, [5,50] 31.43*14¢ 1 30.54%137 The critical mass
Logarithmic fraction of PBHs in dark matter
_ _ +0.07 § _~ Q&g+0.05
log, fosu  [4,0] 2.9917007 | —2.951302 at the time of formation
@, [0, 10] 8.807215 I 8.52+23¢ Spectral index of subcritical PBHs
@, [0,-10] —5.657)%; | —3.917073 Spectral index of supercritical PBHs
Truncatep ABH
R,5::/Gpc3yr~! [0,50] 23.807%20 24.30%%7) 2639449 Integrated merger rate of ABHs at z = 0
B [-4, 30] 578432 5.21%3% 10214373 Exponent of the symmetric mass ratio factor
l [0, 3] 1.607037  1.787337  1.10701° ABH mass distribution power law scaling
Mnin /Mo [2,10] 6.02+02  6.03*03.  5.94703% Minimum mass of the primary mass distribution
[30,100] 85.28*106 75.45+2381 : ) L
Mimax /Mo (30, 60] 36.1 41697111 5.18 Maximum mass of the primary mass distribution
BrokeN Power Law ABH
Rysu/Gpe3yr~! [0,50] 23.00%$3¢ Integrated merger rate of ABHs at z = 0
Power-law slope of the primary mass distribution
- +0.42
B [-4,12] 2.287) 359 for masses below mpeax
8, (-4, 12] 673208 Power-law slope of the primary mass distribution
143 for masses above Mpreqx
B, [—4,12] 0.83*297 Spectral index for the power-law of the mass ratio distribution
Mnin /Mo [2,10] 5.2479%7 Minimum mass of the primary mass distribution.
Mmax /Mo [30, 100] 86.73fg:.% Maximum mass of the primary mass distribution.
b [0,1] 0.43+0.09 The fraction of the way between m,;, and m,,,, at which
’ ©7-007 the primary mass distribution breaks
Om/ Mo [0, 10] 4.873:‘1’% Range of mass tapering on the lower end of the mass distribution

TABLE I. Prior and 68% credible intervals of the hyperparameters. We show the posteriors of the ABH-PBH model with different choices of
prior on my,,x (the third and fourth column), the truncated ABH model (the fifth column), and the broken power law ABH model (the sixth

column).

[He, Deng, Piao, JZ (2023)]
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Mnin /Mo [2,10] 5.24*9¢7 Minimum mass of the primary mass distribution.
Mmax /Mo [30, 100] 86.73f§:,% Maximum mass of the primary mass distribution.
b [0,1] 0.43+0.09 The fraction of the way between m,;, and m,,,, at which
’ ©7-007 the primary mass distribution breaks
Om/ Mo [0, 10] 4.87+39%7 Range of mass tapering on the lower end of the mass distribution

TABLE I. Prior and 68% credible intervals of the hyperparameters. We show the posteriors of the ABH-PBH model with different choices of
prior on my,,x (the third and fourth column), the truncated ABH model (the fifth column), and the broken power law ABH model (the sixth

column).
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Posterior Mass distribution
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Outlook

* Analyzing with more sophisticated ABH model

[in the next version]

* Bubble dynamics in FRW universe
|Huang, JZ, Piao, in progress]

* Digging more information from GWTC-3

* Possiblility of seeding supermassive black holes
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