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» problem: need tuning of the inflaton potential



There Is another inflationary mechanism for PBH production

Garriga, Vilenkin, Zhang (2015)

* consider a spectator scalar with spontaneously Deng, Garriga, Vilenkin (2016)

broken Z,-symmetry Basu, Guth, Vilenkin (1997)
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» spherical domain walls are nucleated during inflation by quantum tunneling
(which can also be thought as thermal excitation)

a= e
Lys ~ H
probability per Hubble time per Hubble volume:  p ~ SZ exp(—S;)

~ | / yd .

Euclidean instanton action 5, =

» at nucleation, DWs have horizon size, then they are frozen in comoving coordinares

» DW nucleation is a continuous process, lasting over the whole duration of inflation



* by the end of inflation: population of superhorizon domain walls with broad
distribution of comoving radlii: N IR
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* by the end of inflation: population of superhorizon domain walls with broad
distribution of comoving radlii: N IR

avdr ~ TR+

can be viewed as highly non-Gaussian density perturbations

- after reheating, DWs re-enter horizon and collapse into black holes

* MBH ~ Mre

2. "heavy" domain walls: M., > M, ... w9 Mgy~ M .0

1. "light" domain walls: M . < M, .
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independent of anything, but o'!



» distribution of BH masses: Ay L/4 Mppiy < Mppp ook (light)
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We missed something important: Shape perturbations of the domain walls

» Domain walls are not born exactly spherical. Garriga, Vilenkin (1992)

Their shape is perturbed by quantum fluctuations, which become classical
and freeze out when the wall is superhorizon
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shape perturbations

* When DW re-enters horizon, the asymmetry A,
decreases. High multipoles get strongly 10-
damped, but quadrupole survives 08

0.6

« Shortly after re-entry, the DW becomes 04

ultra-relativistic and oR remains constant 0.2
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» A domain wall collapses into a pancake, not a point!

If OR > R no black hole forms
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» A domain wall collapses into a pancake, not a point!

If OR > R no black hole forms

sch ?

The wall sloshes around and annihilates into radiation
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The light PBHs are cut away; the dynamics of heavy domain walls is hot modified
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v We will even discover multiverse

Baby universe Parent universe

each heavy black hole
contains a baby universe

Schwarzschild singularity

end of inflation

FIG. 6: A large domain wall causing the birth of a baby universe.

figure from Garriga, Vilenkin, Zhang, arXiv:1512.01819



Conclusions:

» The scenario with PBH production by relic domain walls has been included

. [t produces a broad spectrum of PBH from 10_16M<D to 104M®, without
fine-tuning of inflationary potential

* The shape of the spectrum is the smoking gun of the scenario

» The norm of the spectrum is directly related to inflationary physics

. 1()_16M® - 1()_11M@ PBHs can constitute all of DM

. 104M® PBHs can be seeds for supermassive black holes



