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The Standard Model of Particle Physics
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Francis Halzen’s IceCube Experiment




Three types (“flavours”) of neutrino

ELECTRON-NEUTRIND MUDON-NEUTRINO TAU-NEUTRIND

The second most common particle in the
universe after light.

They are as close to nothing as stuff can
get without actually being nothing....



If a neutrino weighs
as much as a penny...

..then a nice cup of tea wel



If a neutrino weighed

a penny...




If a neutrino weighed
a penny...

x 1,000,000



Neutrinos are very antisocial.

They refuse to talk to just about anything

A star Is just a light mist to a neutrino






So why are we Iinterested In trying to
study this most unsociable of particles?
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ntimatter was
roposed by
A.M Dirac In
028

It was observe
experimentally In
1932
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Light

‘ Antimatter

— ~  000,0000 m2s?



So, If you ever meet your anti-self, It IS
vitally important....




...never to shake hands




T
o
>
©
=
O
S
o)
=
=
o)
3]
3]
<




Matter

.

Light Antimatter
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matter and antimatter are always
destroyed/created in pairs




Equal amounts of
matter and antimatter




Equal amounts of
matter and antimatter

antimatter:matter=1:10°
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Where did all the antimatter go?
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An imbalance can occur If the laws
of physics act differently on matter
and antimatter.

So we need to study a process
which can be measured using both
matter and antimatter



Neutrinos Anti-neutrinos

Anti-Mario

Indiana Anti-Indiana



Neutrinos are Masters of Disguise — they
change their identity as they travel

Source Detector

“Flavour Change”



How can we use this effect?

If matter and antimatter behave differently

Prob (@—) @ # Prob (@"@ ?

An idea floating around suggests that,

if this happens, then we may be able to
explain the matter-antimatter imbalance
and hence, why are able to exist
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N j3 Hyper-Kamiokande
2 IC Experiment
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Easy, right ?7?7?
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At the core of Mt Nijugo....

Access Tunnel—»

Approach Tunnel
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Circular Tunnel

73m

B0

We are building a detector containing 200

kton of pure water
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Why are we here?

*The Universe displays a matter-antimatter
imbalance that we don’t understand.

* This is the reason why there is stuff.

* The lightest, most numerous, least studiable and
most grumpy particle in the universe, the neutrino,
may just hold the key to understanding why the
laws are different!

* Warwick are involved in new experiments now to
find out

* Check back around 2030’ish
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Other research in EPP

DUNE in the USA

ATLAS @ CERN

...and many other
programs and
experiments.







Economic Impacts

*5% of jobs in UK are in physics-based sectors

*Gross added value from physics sector was
estimated to be 70 billion pounds in 2015

*Synergy between PP projects and industry - industry
acquires added skills base for other applications
*Training - 50% of PP PhDs go into other sectors

Radioisotope production

Sensors for medical applications

High level computing for biological/climate modelling
Spin off tools for other science (e.g. DIAMOND)
Nuclear fusion research

Muon tomography in border security

Airport scanners

Rock Imaging

Cancer treatment using next gen cyclotrons

proton therapy



“...these kind of findings have implications that are not
limited to the laboratory. They affect the whole of
society — not only our economy, but our very view of
life, our understanding of our relations with others, and

our place in time.”

Bill Clinton



There is a difference between the physics
of matter and antimatter. It's name is CP Violation

The LHC will study this by looking differences
between particles called B° and B° mesons
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CHERENKOV EFFECT
P =v/c n{water)=1.33
cos B=1/pn

p=1 0 =42 degrees




4109 total p.e.
p= 480 MeV/c

ad |am

Mmels =
Superr- Kaami ok ange

4048 total p.e.
p =689 MeV/c

Electron-like : has a
fuzzy ring

Muon-like : has a
sharp edged ring and
particle stopped in
detector.
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