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Most of your body is empty space - very roughly
99.999 999 999 999% NOTHING by volume.
The REST is made of quarks and electrons.




Nature doesnt just sit
there. Nature DOES
things. And that requires
forces, such as gravity and
electromagnetism.

We don't understand a lot
of what Nature does.

So far, for example, there is no single and
complete theory that can describe all of
the forces (gravity, electricity and so on)
together. When we have such a theory we
will know Nature better. That is one aim
of the LARGE HADRON COLLIDER.

The LARGE HADRON
COLLIDER will change
the way we think
about the Universe.
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The LARGE HADRON COLLIDER will
concentrate energy so much that it will be
as intense as it was one billionth of a
second after the start of the Universe, in
the BIG BANG.




Hadrons are particles made of quarks.
Protons are one kind of hadron. Mostly the
Large Hadron Collider will accelerate protons
so that scientists can take a really

close look at how Nature does things.
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The Large Hadron Collider is
~ a BIG particle accelerator.

The tunnel that holds the
Large Hadron Collider is about
as long as the Circle Line on
the London Underground.

A proton takes about 0.1
milliseconds for one circuit of
the tunnel. (Not an ordinary
rush hour experience.)

X-ray machines contain
simple particle accelerators.

Many hospitals have their own small
accelerators for producing beams of
particles for radiation therapy. "f(

Particle accelerators are also
used for drying the ink on
soft drinks cans.

The vacuum inside the LARGE HADRON .
COLLIDER is as empty as outer space.

Creating the vacuum is equivalent to
pumping all of the air out of a cathedral.
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Nobody knows. BUT the LARGE HADRON
COLLIDER will put some ideas to the test.

Existing theory says that there were equal
amounts of MATTER and ANTIMATTER at the
BIG BANG. But nobody knows why we live in
a MATTER Universe. The LARGE HADRON
COLLIDER will test some ideas.

I am matter. YOU are antimatter

IS hard to fell whats matter and
what’s antimatter until they meet. Then
they annihilate each other, with a bang.
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We are conscious of space & time, a -
total of four dimensions. But there could il
be EXTRA DIMENSIONS that we can't
see directly. Maybe the LARGE HADRON
COLLIDER will tell us if they exist. F 4
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another
dimension?



There's a lot of STUFF out
there that exerts gravitational
pushes and pulls on other
STUFF. But it's invisible and
NOBODY KNOWS WHAT IT IS.
So it gets fo be called DARK
MATTER. The LARGE HADRON
COLLIDER will fest predictions
about the possible nature of
dark matter.

If all of nature's forces are just different

versions of a single type of inferaction then [
it's likely that for every kind of particle there

is a 'SUPERSYMMETRIC' or SUSY partner.
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Maybe ‘dark matter’ is made of SUSY particles. If SUSY
particles do exist then the Large Hadron Collider should
find them. That might be one mystery solved.
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Try it and see. That's something that
science does. It uses ideas to develop
PREDICTIONS about expected observations.

Then it sets up EXPERIMENTS
to TEST the ideas.

A lot of new ideas have

. to be thrown out because
Jarck tavows AOK\‘G}' Any scientific theory has to stand they do not produce good
A Jl“ ready to be questioned and tfested.

/ ontifi predictions. But some
That's what makes scientific theory survive repeated festing.
so strong. Only the best can

survive TEST AFTER TEST.

The LARGE HADRON COLLIDER is set
up to fest ideas. It is based at CERN
- the world$s largest laboratory
dedicated to fundamental science.

TRUE!

The flexings of the Earths crust due
to the Moon’s gravity and to the
weight of snow on nearby mountains
is detectable at CERN' particle
accelerator tunnels.




MASS seems to
be a pretty basic
feature of matter.

Or to put it another way,
why isnt everything as

insubstantial as light? '
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The best ideas about matter, so far,
have a big failing. They don't predict

the existence of MASS as we know it. 't n
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So there is an extra IDEA that MASS P 3 K. g
happens because of the action of a e RN
particle that hasnt been defected yet. . WF' =
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y Its called the HIGGS particle after Peter Higgs, TE‘*“.JL
? the British scientist who had the idea. B i
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The existence of the HIGGS particle is a PREDICTION
that scientists havent been able to TEST enough so far. 4 J
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® But the LARGE HADRON COLLIDER EXPERIMENTS will provide new fesf{l - !



BECAUSE
TS THERE
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Like astronomers, scientists at CERN
are looking for understanding, rather
than new tfechnologies. But because
their work is so new they develop new
skills and technologies nobody ever
needed before. Thats how the WORLD
WIDE WEB began. It began at CERN.

Who knows what new skills and
expertise will emerge in the future.

Lyn, from Aberdare in
Wales, has worked on
accelerators at CERN for
over 30 years and has been
the project leader for the
Large Hadron Collider since it
was first planned in 1983. He is
responsible for co-ordinating the
efforts of 2500 scientists and
engineers and a £1 billion budget.




Dave joined CERN after completing a PhD at Imperial College,
London in 1994. Since then he has worked on the CMS
experiment where he is director of outreach CMS.

Alison, from the University of Glasgow, has spent the last few
years based at CERN helping fo build the LHCb detector.

Lily is a PhD student at University College London
about to move fo CERN for 6 months to work on the
ATLAS Detector. She is one of many people who will
be looking for the Higgs particle.




The work of CERN is all about international
cooperation, not international confrontation.

Countries share the
costs, and the benefits.

Every aspect of CERN is international.
Firefighters at CERN come from
Bulgaria, The Czech Republic, Finland,
France, Germany, The Netherlands,
Italy, Spain and the UK.




It develops new technology (like the WORLD WIDE WEB).
1 1
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‘ It changes THE WAY WE THINK.7
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CERN began work in 1954, bringing

countries of Europe fogether after the As well as the WORLD WIDE WEB,
horrors of World War II. Since then, X-ray and radiopharmaceutical
people from 151 different countries have techniques in medical imaging were
worked there at one time or another. developed by particle physicists.
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In the 1960s scientists at CERN sent
tapes of experimental data to their
computer centre by BICYCLE.

CERN scientists developed
the WORLD WIDE WEB
so that they could
communicate with each
other, all over the world.

British industry is involved in
state-of-the-art technologies -
making precision electronic, magnetic
and vacuum components for the LHC




Working out whats happening in the Large
Hadron Colliders huge detectors will need
a LOT of ¢ mp‘rrafvfy

So scientists have developed THE GRID -
a global network of computers becoming
one huge interconnected machine.

British taxpayers each contribute the cost
of a couple of loaves of bread each year
to this world-leading project.
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ww.particlephysics.ac.uk

www.stfc.acuk/SciProg/PP/Projects/LHC.aspx
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The Councils Science in Socief§aunit offers a widéyrange
of'support for teachers, scientist§yand communica fo
facilitate greater engagement with{SIFC science w
includes astronomy, space science, particle physics an
nuclear physics:

FOR ScHool’

* Free Publications and resource guides suitable for
teaching ages 10-18. Go to www.stfc.acuk -\Public and
Schools - Schools and Education - Resources

* Funding schemes for projects ‘and school visits: Go fo
www.stfc.acuk - Public and Schools - Funding

* A Moon rock and meteorite loan scheme. Go
www.stfc.ac.uk - Public and Schools - Schools and
Education - Loan Scheme

* Visits to STFCS UK laboratories in Cheshire, Oxfordshire
and Edinburgh plus CERN in Geneva.

Go to www.stfc.ac.uk - Public and Schools -
Visits and Events

* Researchers in Residence. Teachers are placed in
partnership with young scientists who‘have been frain
to support the teacher, act as role els and introd:
their research. Go fo www.researc inresidence.a

FOR SCIENTISTS

* Communication and.media fraining courses;
schemes and Fellow: or public engagel . Go to
www.stfesac.uk blic and Schools —4F Ships and
Communi raining

For further information tele
or email neville.hollingw!




