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Not to scale! Most of an atom is 
actually empty space!



(AT LHC ENERGIES)
FORCES AND PARTICLES

•A force is another way of saying 
“an interaction”


•The range of a force depends on 
the mass of the particle that 
carries that force


•Most interactions we experience 
in daily life are based on the 
electromagnetic force
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THE STANDARD MODEL OF PARTICLE PHYSICS

(PRE 2012)
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THE WORLD’S LARGEST PARTICLE ACCELERATOR

HOME OF THE LARGE HADRON COLLIDER

•27 km tunnel 100m 
underground with more 
than 9000 magnets


•Sends protons round & 
round at 99.9999991% of 
the speed of light, and 
smashes them together 
millions of times per 
second
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(AT LHC ENERGIES)
INSIDE A PROTON

•The three “valence” quarks


•“Sea” quarks: quark-antiquark 
pairs popping in and out of 
existence


•Gluons holding them all together


•Ideal discovery machine!



A PARTICLE FACTORY
THE LHC

• Bunches of protons collide every 25 
nanoseconds at 4 points around the LHC ring


• At each of these points is a huge detector 
specially designed to “catch” all the outgoing 
particles
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MAKING SURE THE DETECTOR WORKS WELL
FIRST THINGS FIRST

• Basically every particle physics data 
plot ever:


• x-axis: range of something we’re 
measuring (like mass)


• y-axis: how many times the 
something has happened


• Smooth curve shows the 
background (random stuff)


• Spikes show a particle!



SO HOW DO WE FIND A HIGGS?
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IT’S LIKE THE “PERIODIC TABLE” OF PHYSICS
THE STANDARD MODEL OF PARTICLE PHYSICS
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THE FORMULA OF THE UNIVERSE
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WHAT’S THE (ANTI)MATTER?

• Despite popular fiction giving the 
impression otherwise, antimatter is 
perfectly normal, everyday stuff!


• Basically, it’s the same as normal 
matter, but with opposite charge


• and we make it all the time in our 
experiments!

Bubble chamber photo 
showing an electron and 
positron (anti-electron) 
pair being created and 
spiralling off in opposite 
directions
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THE PROBLEM WITH ANTIMATTER IS THERE ISN’T ENOUGH OF IT AROUND THESE DAYS
THE ANTIMATTER PROBLEM

Primordial 
matter


10 000 000 001

Primordial 
antimatter


10 000 000 000
MatterAntimatter



WEIRD LITTLE THINGS
NEUTRINOS

• Neutrinos are almost, but not quite, massless


• Each type of neutrino is made up of 3 different components in 
different quantities - kind of like three different cocktails, each 
with the same 3 ingredients, just in different quantities


• But the really special thing about neutrinos is that they change 
into other types of neutrino (or “oscillate”) as they travel



NEUTRINOS… OSCILLATE!
• The special thing about neutrinos is that they change into other types of neutrino 
(or “oscillate”) as they travel


• Do neutrinos and antineutrinos oscillate the same?
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Currently being built!

If neutrinos and 
antineutrinos oscillate at 
different rates,  this could 

explain the matter/
antimatter asymmetry in 

the universe!

1) Use a muon neutrino beam, and measure how much it oscillates
2) Then use a muon antineutrino beam, and make the same measurement
3) Compare the two measurements!
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N E U T R I N O S . F N A L . G O V  A N D  W W W. H O M E . C E R N

     @ C L A I R E _ L E E      

http://www.home.cern


QUARK AND NEUTRINO MIXING MATRICES



A DUNE PROTOTYPE
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Strength

Energy
102 1015 1019

Strong

EM

Weak
Gravity

Electroweak

Grand Unified 
Theory Theory of 

Everything

Here be dragons! 
(new physics)

GeV
Kingdom of the 

Standard Model

a LOT of space to hide

where we are now 
(experimentally)

where we want to be

S E A R C H I N G  F O R  D R A G O N S



Number 
of events

Mass

Our experimental 
reach… ever?

Super precise 
measurements could still 

indicate new physics 
even if it’s outside our 

direct reach

Higgs boson bump 
(for example)

H I D D E N  D R A G O N S



T H E  C O N T R O L  R O O M



• The LHC operators have a sense of humour sometimes :-)
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R E S E A R C H ,  S U M M A R I S E D

A C T U A L  S L I D E  

F R O M  A  S T U D E N T !
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University


School


CERN

Karate 
black 
belt SA karate team

SA rowing team

Moved to CERN

Postdoc at BNL

Associate Scientist 
at Fermilab

MSc in nuclear physics

BSc in physics

PhD in particle physics

Higgs boson 
discovery Leading groups 

in ATLAS

Dad 
diagnosed 
with cancer 

Failed 2nd year Math

Decide to study 
astrophysics

Didn’t like astrophysics, switched 
to nuclear/particle physics

First major 
depression episode

Got 
married

more on and off 
depression Had a 

childTeaching at uni

Diagnosed 
with bipolar

Dad 
dies

Covid-19
Next??

Funding issues

Dad’s cancer 
relapses #1 Dad’s cancer 

relapses #2

Husband in hospital for 
back surgery x2

Undergrad

Childcare

University 
volleyball team

First visit to 
CERN

UNESCO talk

TEDx
talk

Diagnosed with ADHD!

Father 
in law 
dies

Undiagnosed bipolar


