


THE MOVIE



THE PLOT

Antimatter is stolen from
CERN'’s Large Hadron
Collider and hidden in
Vatican City.

Countdown to Vatican
annihilation begins.

Race through Rome to
avert death and
destruction.



HOLLYWOOD'S CERN



REAL-LIFE CERN

Near Geneva, Switzerland

Not top secret

© CERN



CERN

European Laboratory for
Particle Physics

Founded in 1954

20 member countries
More than 9,000 scientists
Over 100 nationalities

More than 1,000 from U.S.
universities and labs

© CERN



HOLLYWOOD'S LARGE HADRON COLLIDER



THE REAL LHC

The world’s most powerful particle accelerator
16.8 miles around, 330 feet underground

© CERN



THE LHC

Will smash particles into ...to solve some of the
each other... universe’s biggest mysteries

© CERN
© CERN



ANTIMATTER



ANTIMATTER

It’s real

It's produced at the Large
Hadron Collider

Enough of it could
destroy Rome

What is it?



WHAT IS MATTER?

Particles in various combinations

up
charm electron muon tau

top

down strange bottom electron muon tau
neutrino neutrino neutrino



BUILDING A UNIVERSE

electron

proton neutron

Multiply by billions and billions and billions and billions...



BUILDING A UNIVERSE

(VS3/19S1S) Jayseqoy 'g/yoa}ed-1dr/vS3 ‘'VSYN

VSVN @



WHERE DOES ANTIMATTER FIT?

For every particle There is an antiparticle
up electron (T positron
down electron anti-down Anti-electron
neutrino neutrino

Particles and antiparticles have opposite electric charge
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CAN WE MAKE ANTIMATTER?

Nature can, too

© L.Bret / Novapix /ASPERA



MATTER VS. ANTIMATTER

Anti-Tom Hanks Tom Hanks

Would look
very much
like



E

MC?



ANGELS & DEMONS & ANTIMATTER

Rome is threatened by Y4 gram of
antimatter

Annihilation of 2 g matter + 72 g
antimatter = 10,000 kilotons of TNT

More than enough to destroy the Vatican

Ya gram



ANTIMATTER’'S NO THREAT

We make very little antimatter, a particle accelerator like
Fermilab (in lllinois) creates 2 nanograms of antiprotons
per year

It would take 109 million years to make %2 gram



ANTIMATTER’'S NO THREAT

It's not portable






ANTIMATTER CAN BE USED FOR

Positron Emission Tomography Scans

Courtesy NIH



ANTIMATTER CAN BE USED FOR

Solving some of the biggest mysteries in science

Why do we exist?
Why do we have mass?
What is most of the universe made of?



THE MYSTERY OF ANTIMATTER

We exist because there

IS almost no antimatter
around

It wasn’t always that
way

NASA/STScl/G.Bacon



MATTER ANTI-MATTER




WHAT HAPPENED TO THE ANTIMATTER?

After 40 years of research we know:

Some particles behave differently from their
antiparticles

The difference is very slight — not enough
There must be another explanation



MYSTERIES: WHY DO WE HAVE MASS?

One possibility: Higgs field
Predicted in 1964
Still unconfirmed

Can prove it by finding the Higgs Boson
“Angel?”



WHAT'S A HIGGS BOSON?

© CERN



DARK MATTER







ER A SOLUTIC
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Could the LHC find new forces and
extra ‘hidden’ dimensions ?

Is the rest due to Dark Matter Particles ?



HY THE LHC"

Wilkinson Microwav
Measurements of the

Red warmer by 0.0002 degrees
Blue cooler by 0.0002 degrees

Results imply a specific geometry and density for the Universe

Caused by phase transitions during evolution of the universe (like water =ice)
LHC studies the phase transition where particles shifted from massless to massive
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The calculated makeup of the Universe
We only understand 4.6% of it
after 100s of years of trying !!
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CMS

LHC

Control

[oom o

SPS

CERN (Meyrin)




100 m below the surface
27 km in circumference



3 principal components of an accelerator




The LHC tunnel — with bending magnets as far as the eye can see






The LHC dipole magnets

Beam energy equivalent to 80kg of TNT !



Lowering one of the 1232
15m long dipoles 100m down into the LHC

There are another 8000 magnets of

different types as well
15t magnet lowered in March 2005




A set of radiofrequency cavities

Accelerating field 5 Million Volts per meter
Frequency 400 MHz




—ADRON
HC accelerator is enor

E=q9g.AV=1.12=12¢eV

You would need 1.17 Trillion car batteries to compete!



RACETRACK

Methodology



THE EMPTIEST SPACE IN THE SOLAR SYSTEM...

To accelerate protons to almost the speed of light, we need a vacuum
similar to interplanetary space. The pressure in the beam-pipes of the
LHC will be about ten times lower than on the moon.



oNE OF THE COLDEST PLACES IN THE UNIVERSE. ..

With a temperature of around -271 degrees Celsius, or 1.9 degrees
above absolute zero, the LHC is colder than interstellar space.



Simulation of a collision in the CMS experiment Simulation of a collision in the ALICE experiment
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OF THE LRC A



CCD Camera

Lens '\?

[
Beam)|

Screen

Beam

(a single proton
bunch) enters
and does a
complete circle
around the LHC




Inside the 2 beam pipes the Protons are BUNCHED together

There are ~100 billion protons in each bunch
2835 bunches in each beam pipe circulate around the ring







THE ENVIRONMENT: COLLISIONS AT LHC

One per day?



EXPERIMENTAL CHALLENGE
"DEMONS”

High Interaction Rate
1 billion proton-proton interactions per second

Large Particle Fluxes

~ 1000 tracks stream into the detector every 25 ns
= a large number of channels (~ 100 M ch)

High Radiation Levels

= radiation hard (tolerant) detectors and electronics



LHC proton
collision point

Note the
people !

'



Barrel rings
each 1300 tons

CMS \ \\
2930 Scientists

Note the
184 Institutions person I

Endcap dISkS
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Tracker

\ Electromagnetic
1 !
J ,i, |' Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed
with Muon chambers

Transverse slice
through CMS

Pions Iron return
Electrons Protons 3'8.T
Photons Solenoid

Neutrons

Febricuy 2004



C

Iron for magnetic field
return

Outer vacuum tank

3.8T solenoid insertion

Slots for
detectors

2000 MJ stored in the CMS
magnet, enough to melt 18
tons of solid gold



Gentle lowering of $100M of equipment weighing 1920 tons



It just fits in the shaft !



Arrival of the solenoid in the cavern



Some of the cabling !



Scale
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Muon chambers

Iron flux return

Solenoid

Hadron Calorimeter

Electromagnetic
Calorimeter

Silicon Tracker

The barrel section of CMS completed
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Courtesy of IBA

Hadion Therapy
[2)
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t at CERN changed the world

supervisor Mike Sendall entitle



IMPACT OF SCIENTIFIC RESEARCH

“No one can predict what new applications will be born of
basic research: new treatments in our hospitals; new sources
of efficient energy; new building materials; new kinds of crops
more resistant to heat and drought.

It was basic research in the photoelectric effect that would one
day lead to solar panels. It was basic research in physics that
would eventually produce the CAT scan. The calculations of
today's GPS satellites are based on the equations that
Einstein put to paper more than a century ago....”

-- President Barack Obama,
Speech to National Academy of Sciences, April 27, 2009



CONCLUSIONS

The LHC is the world’s largest and most complex scientific
iInstrument ever.

First collisions expected this Fall

It promises to open up hitherto unreachable areas of particle
physics

Just as Albert Einstein revolutionized physics 100 years ago,

in 1908, could we be at the threshold of a new revolution in
our understanding of the Universe with the LHC?






ADDITIONAL MATERIAL






theories predict

Black holes don’t suck everything in.

Only stuff inside the

But what if Hawking’s wrong? Schwarzschild radius.

_ _ _ — The Schwarzschild radius of a 1

Cosmic rays reach much higher energies TeV black hole is about 10-18 m
than the LHC and have been having | — that's about 1/1000t of the size of
collisions for billions of years — any black a proton.
holes created have not done much damage. There’s nothing around such a
black hole for it to suck in!




