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Quantum aspects of gravitational

collapse
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“Nonlocal (but also nonsingular) physics at the last stages of gravitational collapse”
Anshul Saini, Dejan Stojkovic
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Motivation

< Most interesting and intriguing objects in our Universe
& Singularity and horizon are roots of many problems
“ Full QM treatment might resolve some of them

< A lot of words and nice pictures (complementarity, firewalls...)

B - Very few concrete calculations




e Singularities — some basic facts

Gravitational collapse — infalling
observer - Schrodinger equation

 Non-local equation as R—0

 Non-singular wave function

Quantization can remove singularities!
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Gravitational potential is singular as 1/r




Coulomb potential is also singular as 1/r




Gravitational potential is singular as 1/r




Coulomb potential is singular as 1/r

Negatively charged
electron

In Rutherford's model of the atom,
an accelerating electron should
gradually lose energy and event-
ually spiral into the positively
charged nucleus.

Positively
charged
nucleus




Hydrogen Wave lf‘gxaqtioln
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Beneftits?

What do we gain by removing singularities from gravity?




singularity

forward

collapsing
matter













However, we want to study the process of collapse from a
point of view of an observer who can see past the horizon

l.e. an infalling observer
Classically, he can reach singularity in finite time

and witness what is going on there




The Setup
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ds® = —( —&) dv? + 2dvdr + r*dQ?
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s Kinetic energy represented by RO ZAR/AT










Use the things that we understand welli

MIIU PpuUSlii i.lIUllI do Idl do WEC Udll...
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¥/ Solving Schrodinger equation for gravitational collapse

we learned:

2. Physics becomes non-local in strong gravity regime

(L







4 5

€—— radially infalling particle
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