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Can stitching up
Spacetime di�erently give
us di�erent Quantum

Mechanics?

Jake Xuereb

S-Cubed Annual Science
Conference, 2019
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Premise - QM & Gravity have marital problems
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What are we going to be talking about?

1. General Relativity - How the box where
we do things works
I Problems with Einstein’s most

celebrated work
I Possible directions in altering it

2. Quantum Mechanics - How we
describe what we can do in the box
I Problems with Quantum Mechanics
I The Necessity of Quantum Field

Theory
3. What we’re working on - Does

changing GR change your QFT?
I What’s a Blackhole
I The No-Hair Theorems
I Hawking Radiation

By Je�rey Phillips for Cosmos
Magazine.
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General Relativity?

Everyday sandbox and analogue for a 4-D spacetime manifold

I This is where and when (3+1) we can do things. Special
Relativity is the theory which explains how where and when
work together.
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I It is the presence of the things themselves
that dictates the shape - Mach’s Principle.

I Things move along the shape of the box.
I Gravity is nothing more than spacetime

curvature.
I General Relativity is about understanding

the shape of the box!
I General Relativity is a theory of Gravitation.



5/24

I It is the presence of the things themselves
that dictates the shape - Mach’s Principle.

I Things move along the shape of the box.
I Gravity is nothing more than spacetime

curvature.
I General Relativity is about understanding

the shape of the box!
I General Relativity is a theory of Gravitation.



5/24

I It is the presence of the things themselves
that dictates the shape - Mach’s Principle.

I Things move along the shape of the box.

I Gravity is nothing more than spacetime
curvature.

I General Relativity is about understanding
the shape of the box!

I General Relativity is a theory of Gravitation.



5/24

I It is the presence of the things themselves
that dictates the shape - Mach’s Principle.

I Things move along the shape of the box.
I Gravity is nothing more than spacetime

curvature.

I General Relativity is about understanding
the shape of the box!

I General Relativity is a theory of Gravitation.



5/24

I It is the presence of the things themselves
that dictates the shape - Mach’s Principle.

I Things move along the shape of the box.
I Gravity is nothing more than spacetime

curvature.
I General Relativity is about understanding

the shape of the box!

I General Relativity is a theory of Gravitation.



5/24

I It is the presence of the things themselves
that dictates the shape - Mach’s Principle.

I Things move along the shape of the box.
I Gravity is nothing more than spacetime

curvature.
I General Relativity is about understanding

the shape of the box!
I General Relativity is a theory of Gravitation.



6/24

Capturing this idea mathematically

I The �at Minkowski
Spacetime was a good
approximation for a local
region.

I Grab the �at local pieces
and connect them in such
a way as to capture the
shape of spacetime.
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General Relativity! - The Einstein-Hilbert Action

SGR =
1

16πG

∫
d4x

√
−g R(g)

I Metric Tensor
I Curvature from Levi-Civita

Connection



8/24



9/24



10/24



11/24

Possible Solutions - Alternate formulations of Gravity

The Levi-Civita Connection is not the only connection we can use!

Figures from arXiv:1903.06830
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Quantum Mechanics?

Which graph models the
pattern that light will make on
the wall at the end? Top or
bottom?
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Quantum Mechanics!

Quantum states can be in superpositions =⇒ |top〉+ |bottom〉√
2

.
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Measurement
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I Wave like objects can superimpose, giving credence to
quantum states being probability waves.

I Measurement eliminates superposition, reducing the system to
an eigenstate, giving us a sensible classical state.
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A Quantum Field Theory
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Newtonian Blackholes - John Michell & Escape Velocity

”How fast do you have to be moving to escape some massive object’s
Gravitational pull?”

Earth

÷
~ve? T + UG = 0

mv2e
2
− GMEm

rE
= 0

mv2e
2

=
GMEm
rE

∴ ve =

√
2GME
rE

.

For Earth ve =11 kms−1.
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Newtonian Blackholes - John Michell & Dark Stars

”Well what about stars then?”
3× 108 ms−1

But what
if the
star was
larger?

Dark Star
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Modern Blackholes through General Relativity

Karl Schwarzschild

Uncovering the viable
mathematical landscape!

David Finkelstein

The one directional
membrane!
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Blackholes are the meeting ground for GR & QM
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What we’re trying to do

SGR =
1

16πG

∫
d4x

√
−g R(g) → STP =

1
16πG

∫
d4x

√
−g T(g)
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Thanks for sticking around!
Have you got any Questions?


