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Lecture Overview

• The Death of Classical Physics

•  The Birth of Quantum Mechanics

• Interpretations & the Multiverse

• The Birth of Quantum Field Theory

• The Particle Zoo

• The Standard Model

• Dark Matter

• Future Theories

• Q&A (Questions welcome 
throughout the talk!)
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Theory vs Experiment



wrong.” – R.P. Feynman

However… Wrongness is a spectrum!

“Absolute truth” is a challenging 
concept, and not one we grapple with 
in the sciences. 

Science deals with models:

A description of a physical system that 
allows us to understand some aspects 
of the phenomena and make testable 
predictions. This does not mean that 
the model has to work in all 
circumstances.

Theory vs Experiment



Einstein vs Newton is a good example.

Newton’s theory of gravity allows us 
to (mostly) explain the orbits of 
planets in our solar system, and the 
dynamics of our galaxy. Newton’s 
theory allowed us to get to the moon.

Einstein’s theory of gravity (General 
Relativity) predicts the existence of 
black holes, and solves subtle 
problems related to the orbit of the 
planets that Newton’s theory cannot 
explain.
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Even Einstein’s theory of gravity 
(General Relativity) is not the final 
picture!

As we will see later today, it has flaws, 
and there are limits to what it can 
describe (i.e. the singularity of a black 
hole!).

Eventually, Einstein’s theory of gravity 
will need to be replaced with a 
Quantum Theory of Gravity.

Theory vs Experiment
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Planck and Quanta

E.g. McDonalds Chicken Nuggets come in 
packets of 4, 6, 9, 20. No single intermediate 

values are possible.
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This is the key insight into grasping the 
quantum mechanical description of nature.

The fully deterministic view of Classical 
Physics, is replaced by the probabilistic 
view of Quantum Physics.

The Laws of Quantum Mechanics do not 
allow us to compute the exact trajectory of 
subatomic particles, in the way we did for a 
golf ball at the start of the lecture… 

The Laws of Quantum 
Mechanics
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SOMEWHERE.
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But SURELY… The electron must really be 
SOMEWHERE.

YES, AND NO
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There are different kinds of hypothetical 
multiverses described by theoretical 
physicists, including:

Level 1: ‘Eternal Inflation Multiverse’.

A consequence of the hypothetical rapid 
expansion of the Universe (inflation), which 
leads to pockets of space causally 
disconnected from out own Universe. This 
type of Multiverse is basically just ‘more 
Universe’.

Level 3: The ‘Everett Multiverse’.

Named for Hugh Everett’s ‘Many Worlds 
Interpretation’ of quantum mechanics. 

‘The Multiverse’
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The Quark is Fundamental (to our best 
knowledge!).



This fusion of Quantum Mechanics and Special 
Relativity, is called Quantum Field Theory.

Special Relativity
 + 

Quantum Mechanics
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The Particle Zoo



The Eightfold Way



The Standard Model

All visible matter is composed 
of Quarks and Leptons.

Nearly all of the forces of 
nature, are described by force 

carrying particles called Gauge 
Bosons.



visible 

Nearly all 

What’s going on here?…



The rotation of the galaxy suggests an excess of non-
visible matter, gravitationally interacting and 
changing the rotation of the galaxy.

If Dark Matter is not accounted for, our calculations 
for the rotational speeds of stars in the outer regions 
of the galaxy are totally wrong.

Comparing the observed rotation curves for various 
galaxies with the theoretical prediction, accounting 
for the presence of dark matter, we find that about 
95% of the matter in the Universe is Dark Matter.

Dark Matter



But what is Dark Matter?

We don’t know!

The standard model of particle physics describes all 
of the known visible matter, and most of the known 
forces in our Universe. It does not include DM.

Many models: including extra dimensions, WIMPs, 
axions, primordial black holes. Some models even 
doubt whether DM is a particle, instead it as a gap in 
our understanding of how gravity works on large 
scales.

Dark Matter



How are we searching for Dark Matter?

• Direct Detection Experiments:
Search for instances of Dark Matter particles colliding 
with detectors on the Earth. Very tough, as Dark Matter 
only interacts gravitationally, and perhaps by the weak 
force.

• Indirect Detection Experiments:
Search for the particles produced by Dark Matter 
particles interacting, rather than the direct interactions 
themselves.

• Astrophysical Detection:
Looking to the cosmos for evidence of Dark Matter. E.g. 
the bullet cluster.

Dark Matter



Questions!



Coming Up…
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