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About PBHs...

Q@  The most standard mechanism for PBH production is from the collapse of sufficiently large
(very rare event) adiabatic fluctuations generated during inflation, which reenter the
cosmological horizon during the radiation epoch.

Q@  But indeed there are several mechanism for the production of PBHSs: collapse of adiabatic
fluctuations, isocurvature fluctuations, , domains walls, Q-balls , quark confinement, etc
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What about baby Universes? ( ~°
baby Universes: can be formed from false vacuum bubbles generated during
inflation Inside the bubble: an observer see an inflating Universe
J. Garriga, A. Vilenkin. Arxiv: 1210.7540
J. Garriga, A. Vilenkin, J. Zhang. Arxiv:1512.01819 H . H
" Dené;, > A ien Arxivm%m%s Outside the bubble: an observer will see a black hole (PBH)
A. Kusenko, M. Sasaki, S. Sugiyama, M. Takada, V. Takhistoy, E. Vitagliano. Arxiv:2001.09160 ay
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In this scenarios, tunneling is assumed to be a Poissonian
process which can happen with nearly constant probability per
unit time and volume

'

PBH mass function is rather broad.




Another scenario flutionary phtontil

False vacuum bubbles can be formed from large
backward fluctuations of the inflaton in single-field
inflationary models containing a bump.

V. Atal, J. Garriga and A. M. Caballero. Arxiv:1905.13202
V. Atal, J. Cid, A. Escriva, J. Garriga. Arxiv:1908.11357 ‘

Enhancement of
curvature modes

PBH scales
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l (Starobinsky type)(Gaussian bump)
Formation of localized false vacuum bubbles!
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From large adiabatic fluctuations

Two coexistent channels
for the production of PBHs Never explored

numerically!

From false vacuum bubbles —
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Full-non gaussian curvature fluctuation

V. Atal, J. Garriga and A. Marcos-Caballero. Arxiv:1905.13202

¢ # Ce PDF for the NG curvature fluctuation
l From della T formalism P[¢] = Pal¢e(Q)] dﬂ%
"Exponential tail”
G Pl e, (¢ - o0)

(=00 = (= Ha (e = M, Singular point

Pg¢e] normalized

P[] No normalized!

The singularity indicates the presence

/P[C] D = Pg[¢g]l D{g <1 ——®  of alternative channels for PBH
Co<px production, which restores unitarity.



We need the threshold and mass to make estimation of PBH abundances...

Make the full numerical simulation (_very difficult for

/ some cases of large NGs...) 5 Escriva. Arxiv:1907.13065

We can follow two procedures to obtain

the threshold: \
Use the analytical estimate based on the compaction function

M. Sasaki, M. Shibata. Arxiv:gr-qc/9905064
T. Harada, C.M. Yoo, T. Nakama, Y. Koga. Arxiv:1503.03934

M — M, (at super-horizon scales)

2
R C(r) = = [1 e +r¢'(r))2]
. 3
twice the local excess-mass over
the co-moving areal radius

C(r) =2



https://arxiv.org/search/astro-ph?searchtype=author&query=Koga%2C+Y
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What about the PBH mass near the critical regime?
N. Kitajima, Y. Tada, S.Yokoyama, C.M- Yoo. Arxiv:2109.00791
Mpgu(ta) =

Ka(pta,c) Mi(k)z2, (1a)e®m#Ha)) (g — pg )7

We need the threshold and mass to make estimation of PBH abundances...




Let’s move to the bubble channel->Numerical formation of bubbles

We need to solve the KG field equation taking into account a radial dependence

o+0(o-348) - (i) 2+ i —°

But we have a problem!: we need to find the correct initial conditions for bubble formation...

In general, we can consider:

¢(Nx, T) = Pp(Ny) + 0¢(Ny, T)
¢(N*7 7’:) — ¢b(N*) + 5¢(N*7 f)



Initial conditions for bubble formation

Let's consider first the perturbation for the field space
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(like in the adiabatic channel)




Initial conditions for bubble formation

What about the perturbation for the velocity?
Duning he affractor regime:
clear velltion Befuween position and momentum (uohich also holds fon the penturbations)
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Ratio of PBH production between the two channels
The prov. distriBution oft 6ubblls is
Peaks Eheony Gaussian

C.M. Yoo, T. Harada, J. Garriga, K. Kohri. ArXiv:1805.03946

Both channels give same
~~ 2.6 )
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Comparison between analytical and numerical
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Dynamics of bubble formation
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Let's study now the bubble size

We find a critical regime for the bubble size! Comoving size of the bubbles
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Inflaton at the end of inflation
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Qualitative picture

Fluctuations type I-> dominant contribution Fluctuations type II-> dominant contribution
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Mass function from both channels
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Thanks for your attention!

Conclusions and messages to take home:

e The dynamics of vacuum bubble formation has been studied and clarified.
We find a critical regime for the size of the bubbles.

e The log-relation for the full NG curvature fluctuation is successfully accurate
to predict the bubble channel of PBH production for small non-gaussianity
(atractor regime condition).

e Bubbles are more easily formed than previously expected. The bubble
channel is dominant for fnl>2.6

e The mass of PBHs from the bubble channel is dominated by a surrounding
fluctuation of type-IL.

e The presence of alternative channels for PBH production in models with local
type non-Gaussianity can be inferred from unitarity considerations.



