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Late 19t Century: Atoms as nature’s basic
i building blocks »
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“There is nothing new to be discovered in physics now,
All that remains is more and more precise measurement.”
Lord Kelvin, 1900
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A much deeper (and simpler) structure has been revealed
in collisions of very high energy particles at accelerators



A Modern Picture of the Atom
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To probe even deeper inside
the protons and neutrons,
we hit them with very

high energy particles ...



The Modern Picture of Protons and Neutrons

In 1969, an experiment usinga
2-mile long electron accelerator
showed that protons have
structure 2> “quarks”

* Protons and neutrons made from
Up (u) and Down (d) quarks.
 u-quarks have +2/3 of electron
charge, d-quarks have -1/3

Proton Neutron




The Particle Physics view of Forces

Microscopic view: forces caused by more particles
being exchanged between the electrons and quarks

e ¢ e.g. Electric & magnetic forces are caused
4 by exchange of photons (particles of light)
e’ =)

Radioactive 3 decay is caused by exchange
of heavier particles called W and Z bosons
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WITH ASSOCIATED MISSING ENERGY AT Vs = 540 GeV
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- The present day ...
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Birmingham
Undergraduate
visit to CERN

March 2017

... the world’s
biggest physics

laboratory




R & ]
D ipe *“CERN l’.'é\‘(uxml‘

W, e




Colliding protons 7 1ev
each with about ==
the energy of a
flying mosquito
(7 trillion electron-volts )

_—

The LHC Beams

7Tev o Each proton goes
round ring 11,000
times per second.

« 10" protons per bunch,
"with 40 million bunch
crossings per second

= - About 20 collisions in
every bunch crossing.

* Total stored energy of
300 MJ ... equivalent to
a family car at 1000 mph




Detecting the Results of the Collisions: ATLAS

Cut-away view
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>3000 physicists from 174
institutes in 38 countries
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Prof Dave Charlton,
Birmingham University

ATLAS
Spokesperson
2013-2017







What has the LHC Discovered?...

2013 NOBEL PRIZE IN PHYSICS
Francois Englert

Peter W. Higgs

8 October 2013

The Royal Swedish Academy of Sciences
has decided to award the Nobel Prize in
Physics for 2013 to

Frangois Englert and Peter Higgs =

“for the theoretical dixcovery of a
mechanism that contributes to our
understanding of the origin of mass of
subatomic particles, and which recently was
confirmed through the dicovery of the
predicted fundomental porticie, by the
ATLAS and CMS experiments ot CERN's Lorge
Hadron Collider"

HIGGS BOSON

,\\ 1
/ DO YOU
. KNOW WHAT HIB6S

NERFNOW.COM

‘ DID YOU HEAR? LOOKS
LIKE CERN MAY HAD IDENTIFIED
THE HIGGS BOSON PARTICLE!

THE FUTURE
IS NOW.
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The Higgs Mechanism

For over half a century, we have had an incredibly successful
theory of all known particles and forces
... except that it predicts all particles are massless!

Peter Higgs and others proposed a
ﬂi*ﬁfﬁ*’f“"b‘wﬂéﬁz\rw "Higgs field’ present throughout the
[G@ =t —can g entire universe

N NS, ... grabbing hold of passing particles
with mass
... slowing them down compared with
massless particles like photons

The Higgs field is weird! Unlike force fields such as gravity:

- No preferred direction
- No need for a source ... equally strong in vacuum of
inter-galactic space as it is in this room ...



How to Prove the nggs theory7

Another prediction of Higgs
theory ... there should be a
new particle ... a Higgs boson

Very very hard to produce

... 1in every 10 billion
collisions at the LHC

It’s like looking for a piece of hay in
10000 haystacks



Looking for Higgs decaying to 2 photons
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Spotlight on Birmingham contributions ...

@ATLAS

EXPERIMENT

el Higgs candidate
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What Next at the LHC?... One Possibility

Looking at our Universe we see much more than ordinary
matter (or antimatter)

The dark side of
the universe...
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If dark matter is made up of unknown
elementary particles, they could be
discovered at the LHC... we are searching hard!




The Future?

- Early days ... Higgs discovered with 1% of total planned
collisions at half the design beam energy

- LHC collecting data 2015-2018 with energy doubled

- The LHC is scheduled to run for another 20 years ...

* Will we see a deeper structure to the quarks?
* Will we see Dark Matter, Supersymmetry, Extra Dimensions?
* Will we see something completely unexpected!

... WATCH THIS SPACE!!!

Lots more information on the LHC and how it relates to
our undergraduate degree programmes downstairs in Y1 Lab ...



