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Abstract: Singularities in general relativity and quantum field theory are often taken not only to motivate the search for a more-fundamental
(quantum gravity), but also to characterise this new theory and shape expectations of what it is to achieve. In this talk, | will explore how di
types of singularities play a role in the search for quantum gravity, and how different "attitudes' towards singularities can lead to different sce
for the new theory. [Based on joint work with Sebastian DeHaro].

Zoom Link: https://pitp.zoom.us/j/95721802052?pwd=TE1iTGxGLzNgeTFSZINGRXRYMHBCZz09
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Why do we need a theory of

e Not motivated by anomalous experimental data

The search for quantum gravity is motivated, guided and constrained by philosophical
and theoretical concerns

Different approaches towards QG: different aims, starting points, methodology, ...

How do we assess these? How do we judge success?
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Why do we need a theory of

e Not motivated by anomalous experimental data

The search for quantum gravity is motivated, guided and constrained by philosophical
and theoretical concerns

Different approaches towards QG: different aims, starting points, methodology, ...
How do we assess these? How do we judge success?

Project: Look at the basic motivations for the theory

Can help us better understand what the theory is supposed to be like, or should be like
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Introduction:

Singularities in GR and QFT are often taken to QG: guiding principle

Singularity resolution often taken as a constraint, or means of confirmation on QG

Question: Why? What’s the problem with singularities?

Do singularities represent an incompleteness of our theories?
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Introduction:

Lots of quotes...!

Spacetime singularities represent the “breakdown of spacetime”
GR “contains the seeds of its own destruction”

“That GR cannot be true at the most fundamental level is clear from the
singularity theorems: under very general conditions, singularities in space-

time are unavoidable, signalling the breakdown of GR." (Kiefer 2004, p. 2)

(Hawking 1967, p. 189)
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Introduction:

On the other hand...

“Suppose for the sake of discussion that the reader is willing to seriously
entertain my position that the fact that GTR entail the existence of spacetime
singularities need not mean that it contains the seeds of its own destruction
and that a generalized horror singulariti is not justified.”

(Earman 1995, p. 226)
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Introduction:

Singularities in GR and QFT are often taken to QG: guiding principle

Singularity resolution often taken as a constraint, or means of confirmation on QG
Question: Why? What’s the problem with singularities?
Do singularities represent an incompleteness of our theories?

Physicists tend to say yes, and philosophers tend to say |
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Why do we need a theory of

e Several different types of singularities in GR and QFT:

Which ones are problematic?

Why are they problematic?

Do they need to be resolved?

Do they need to be resolved by QG?

Can take different “attitudes” towards these questions, and can differ depending on
which singularities are being considered (Crowther & De Haro, 2022)
-- singularities, in general, are not necessarily problematic or unphysical

Pirsa: 23050117 Page 9/40




Why do we need a theory of

e Several different types of singularities in GR and QFT:

Which ones are problematic?

Why are they problematic?

Do they need to be resolved?

Do they need to be resolved by QG?

Can take different “attitudes” towards these questions, and can differ depending on
which singularities are being considered (Crowther & De Haro, 2022)
-- singularities, in general, are not necessarily problematic or unphysical

Rather than singularity resolution motivating QG -- consistency as basic principle
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2. Singularities in QFT

3. Four attitudes towards singularities
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singularities in GR

« Singularities in GR are pathologies of the spacetime, and can be of various types

* Earman (1996): ‘A large family of conceptually distinct but interrelated pathologies
that can infect relativistic spacetimes’.

e Penrose-Hawking singularity theorems: singularities are unavoidable in GR under
very reasonable conditions

e Notably: Black hole singularities; Big Bang singularity

Two main classes (see Curiel 2019, Earman 1996 for some other types):

1. Geodesicincompleteness

2. Curvature singularities
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Geodesic incompleteness

e Geodesic incompleteness: a spacetime is singular if and only if it contains an
incomplete, inextendible timelike geodesic (“official definition” of singularities)

Geodesic incompleteness corresponds to the intuition that “singular points, where
the metric tensor is not well-defined, have been cut out”
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Geodesic incompleteness

e Geodesic incompleteness: a spacetime is singular if and only if it contains an
incomplete, inextendible timelike geodesic (“official definition” of singularities)

Geodesic incompleteness corresponds to the intuition that “singular points, where
the metric tensor is not well-defined, have been cut out”

Curiel (2009) argues that it’s unclear in what sense spacetime singularities signal

incompleteness -- no “missing points” of spacetime

Earman (1996) “there are no singular points of spacetime where the laws of GTR fail
to apply” -- we should take the singularities as a prediction of GR

Misner (1969) “there is no reasonable point at which to anticipate a failure of the
theory”
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