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Motivation

" The framework falls down for everything
that one has ever called a law of physics”.
Wheeler

Is it possible to obtain a description/theory free
from problems that are present in General
Relativity?

With no new fields or degrees of freedom?

So that it could also successfully model our
universe?
Homogeneous dust ball collapse in GR.
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The picture of black hole formation and
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e No singularities
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e Global hyperbolicity
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Formation and evaporation of

A toy model consistent with Ashtekar-Bojowald
paradigm [2005] was proposed [Hayward, 2005]
No BH information paradox.

The metric describing the static part was later
known as Hayward black hole metric

g _omx?
P =1 x3422Mm°

The static metric spacetime is not globally
hyperbolic (backreaction is neglected)
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Husain-Kelly-Santacruz-Wilson-Ewing model

PHYSICAL REVIEW LETTERS 128, 121301 (2022)

Quantum Gravity of Dust Collapse: Shock Waves from Black Holes
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Fredericton, New Brunswick ESB 5A3, Canada
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Nonhomogeneous dust collapse model in effective
LQG.

The authors reported shock waves (metric
discontinuities) during the gravitational collapse.

This talk

What is the exact causal structure for
nonhomogeneous dust collapse (numerically
computed conformal diagrams)? Can the collapse
take place within single asymptotic region?
(Note that the backreaction was neglected.)

Consistent with Ashtekar-Bojowald paradigm?
No backreaction
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Model setup

e Classical level. Spherical symmetry. Gravity coupled to dust field.
ds® = —1dT? + h[T, x] (dx + N*dT)? + x*dQ?, (1)

Gauges are fixed: Painleve-Gullstrand gauge and areal gauge.
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e Quantization and effective dynamics. Discretization along radial coordinate — methods of
LQC. Effective dynamics. Continuum limit. Marginally bound collapse h[T, x] — 1. The
dynamics is governed by nonlinear PDE [Husain et al. 2022]
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e Conformal diagrams. Key observation: to construct pair of null coordinates (u, v) they have
to obey [MB, T. Pawtowski 2024]

d(du) =0 d(dv) =0 (3)

Initial conditions for the above determine the shape of a diagram!
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Oppenheimer-Snyder collapse

A collapse of homogeneous dust ball. Energy density at the initial slice

po for xo < xp, (interior)

pos(A =0,x) = { (4)

0 for xo > xp, (exterior)

Timelike geodesics on radial coordinate x vs. affine paramerter A plane [MB, T. Pawtowski, 2024]
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Nonhomogeneous dust collapse

Gaussian initial dust profile

Sho

(A=0,x) = —a
= X0 = X |
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Shell-crossing singularities. (seminally studied by [Fazzini et al., 2023])
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ok No analytic extension o
of 1 — (N®)? beyond o
the Cauchy horizon? :
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1 — (N*)? as the function of the affine parameter p on the null geodesic in
question.
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Conclusions

e OS collapse scenario in reduced effective LQG
central singularity resolved, two asymptotic regions, timelike singularity
Inflationary phase needed?
collapsing matter crosses Cauchy horizon
Hawking radiation included — \Wheeler bag of gold scenario or Ashtekar-Bojowald-like
picture?
Standard model field instead of dust?
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Thank you for your attention!
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