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Lecture Overview

ÅWhat Science Means to Me

ÅMatter and Energy

ÅQuantum Mechanics

ÅDark Matter

ÅQuantum Gravity

ÅQ&A (Questions welcome throughout the talk! )



Part I - What Science Means to Me



Collaboration



Mentorship

џìőĲŰЮfЮƚŔƣƣŔŰŊЮőĲċƖĬЮƣőĲ
astronomer where he lectured with
much applause in the lecture-room,

How soon unaccountable I became 
tired and sick,

ÑŔũũЮƖŔƚŔŰŊЮċŰĬЮŊũŔĬŔŰŊЮŸƨƣЮfЮƽċŰĬĲƖѢĬЮ
off by myself,

In the mystical moist night-air, and 
from time to time,

xŸŸťѢĬЮƨƓЮŔŰЮƓĲƖŉĲĦƣЮƚŔũĲŰĦĲЮċƣЮƣőĲЮ
ƚƣċƖƚдѠ

From When I Heard the xĲċƖŰѢĬ 
Astronomer - Walt Whitman



Discovery



Perspective



Part II - Taking a Closer Look at Matter



Matter

"What is mind? No matter. What 
ŔƚЮůċƣƣĲƖлЮ ĲƻĲƖЮůŔŰĬдѠЮ

George Berkeley (as quoted by 
Homer Simpson)

Matter is stuff. 

Matter has weight, if you could 
hold it in your hand on the Earth.

All solids, liquids, and gasses are 
types of matter.



Energy

Energy is something that makes 
matter move or change.

EŰĲƖŊǃШĦċŰШċũƚŸШĤĲШћƓŸƣĲŰƣŔċũќШт 
meaning it is the potential to 
cause matter to move or change.



The Particle 
Physicists Mantra

џÑŸЮĬŔƚĦŸƻĲƖЮƣőĲЮĤċƚŔĦЮĤƨŔũĬŔŰŊЮ
blocks of all the matter in the 
Universe, and to understand 
how these building blocks fit 

ƣŸŊĲƣőĲƖдѠ



The Particle 
Physicists Mantra

 basic building 
blocks 

What do we mean here?



Looking Closer at 
~ċƣƣĲƖв

Take Three Particle Physicists

We are all made out of matter

Human Length Scale ~ 1m
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Looking Closer at 
~ċƣƣĲƖв

Atoms

we can see 

Atomic Length Scale ~ 0.1nm

We will return later, to things we 
ĦċŰŰŸƣШƚĲĲв



Looking Closer at 
~ċƣƣĲƖв

Atoms

All the stuff we can see on the 
Earth is made out of atoms.

xĲƣќƚШǍŸŸůШŔŰШĲƻĲŰШůŸƖĲ

Atomic Length Scale ~ 0.1nm
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Nuclear Particles

The center of an atom (the 
nucleus) is made out of particles 

called Protons and Neutrons.

Nucleon Length Scale ~ 1fm
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Looking Closer at 
~ċƣƣĲƖв

Quarks

Protons and Neutrons are made 
up of yet smaller particles, called 

Quarks.

But what are quarks made of?!

Quark Length Scale ~ 0.1am



Looking Closer at 
~ċƣƣĲƖв

Beyond Quarks?

љ7ƨƣШƽőċƣШċƖĲШƕƨċƖťƚШůċĬĲШŸŉегњ

ìĲШĬŸŰќƣШťŰŸƽгШÄƨċƖťƚЯШљJust 
areњг



Looking Closer at 
~ċƣƣĲƖв

Beyond Quarks?

љ7ƨƣШƽőċƣШċƖĲШƕƨċƖťƚШůċĬĲШŸŉегњ

ìĲШĬŸŰќƣШťŰŸƽгШÄƨċƖťƚЯШљjust 
areњг

 basic building 
blocks 

This is what we meant earlier.



What other things 
љjust areње

The Standard Model of 
Elementary Particles

This is our best theory of matter 
and its interactions.

Arguably, this is the most 
experimental successful theory in 
all of science, with some 
predictions tested to an accuracy 
of one part in a trillion. 



Much more than the 
Periodic Table

The Standard Model is far more 
ƣőċŰШŢƨƚƣШћÑőĲШÂĲƖŔŸĬŔĦШÑċĤũĲЯШĤƨƣШ
ŉŸƖШÂċƖƣŔĦũĲШÂőǃƚŔĦƚќвШ

Under the bonnet of this  
seemingly simple and arbitrary 
list of particles, are layers of 
complexity, beauty, and mystery.

At its heart, is the bizarre science 
of Quantum Mechanics.

>



Fundamental 
Forces

ÑőĲƚĲШƓċƖƣŔĦũĲƚЯШƣőĲШћGauge BosonsќШШ
communicate (mediate) forces 
between the Matter Particles.
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various kinds of particle decay.

What is missing?



Fundamental Matter 
Particles

These particles, make up all of the 
visible matter in the Universe.
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types of Neutrino (a nearly massless 
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Are we Finished?
џÑŸЮĬŔƚĦŸƻĲƖЮƣőĲЮĤċƚŔĦЮĤƨŔũĬŔŰŊЮ
blocks of all the matter in the 
Universe, and to understand 
how these building blocks fit 

ƣŸŊĲƣőĲƖдѠ

Does the Standard Model describe all 
Matter, and all Interactions of Matter?



Are we Finished?

NOT EVEN CLOSE



Are we Finished?

NOT EVEN CLOSE

We will talk more about what is missing 
ũċƣĲƖв



Part III - Quantum Mechanics



What is a Particle?

We have been using the term 
ћParticleќШƕƨŔƣĲШũŔĤĲƖċũũǃЯШƽŔƣőŸƨƣШ
really pausing to think about what 
this term means.

Classical Physics would have us 
believe that these particles 
behave rather like snooker balls, 
pinging around and bumping off 
each other.

The reality is far more interesting.



Classical Physics

https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing
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Classical Physics


