
Particle Physics:
The Future



The Future

Open questions
What do we want to explore/understand in the future?

Large Hadron Collider (LHC) at CERN
Experiments at the LHC
Some basics on how a detector works

Look in more detail at one of them: ATLAS
Conclusions



What questions remain?
Standard Model answers lots                     
of questions of the structure           
and stability of matter 

6 quarks 
6 leptons 
Force carrier particles like                
the photon

It is a good theory, but … it cannot 
explain everything, for example

Why are there 6 quarks and 
leptons?
Are quarks and leptons really the 
smallest fundamental particles?
Where does gravitation come in?

And we havn’t “seen” yet the Higgs



Higgs Particle: what is it?

Higgs directly related to particle mass and thus to all 
masses

Why do some particles have large masses, while others 
very very small ones?

Carrier of 
weak force

Carrier of electro-
magnetic force



Higgs Mechanism

Imagine a room full of physicists 
quietly discussing. It’s like space 
filled with Higgs field

… a famous physicist arrives: he 
creates a disturbance as he moves 
across the room and he attracts a 
cluster of admirers with each step

… this increases his resistance to 
movement, he acquires mass, just like 
a particle moving through the Higgs 
field. 

Analogy by Prof. David J. Miller (UCL)



Higgs Mechanism (2)

… if a rumour crosses the room … 

… it creates the same kind of 
clustering, but this time among the 
scientists themselves

In this analogy, these clusters are 
the Higgs particle

Analogy by Prof. David J. Miller (UCL)



Are quarks the ‘smallest’ fundamental particles?

Quarks and electrons are < 10-18 m (1 billionth of a billionth 
of a meter)
It might be they are composites of even smaller particles 
or are 1 dimensional strings



Unified Theories

One of our goals is to draw seemingly unrelated theories 
together into a simple elegant unified ones
Examples: 

Maxwell explained interrelation between electric and 
magnetic fields  ⇒ unified theory of electromagnetism
Combination of weak                                             
and electro-magnetic                                                        
interactions:                                                   
Electroweak theory

Now we try to unify                                             
strong, weak and                                                
electromagnetic                                                 
interactions:                                                   
“Grand Unified Theory”



Supersymmetry
Previous findings: For every type of matter particle we've 
found a corresponding antimatter particle, or antiparticle

look like the “normal” particles, except having opposite charge
Now we do the same and postulates every particle has a 
massive “shadow” partner 

Predicted by ‘favourite’ theory called “supersymmetry”



Dark Matter

Astronomical observations have shown that “observable” 
mass represent not even 1/3 of the mass of the universe
Deficit in mass attributed to "dark matter"

What is dark matter?
We don’t really know …
Possibly composed of neutrinos, or neutralinos particles 
predicted by supersymmetry? 

Dark matter

Not dark matter



The Unit of energy

Energy expressed in electron Volt
Energy acquired by electron when accelerated in electric field 
by a potential difference of 1V

Typical energies
Few eV in atomic processes
~1 million eV in nuclear reactions
~1 million million eV (1TeV) by Fermilab accelerator
7 TeV protons at LHC

1 TeV is like having 1 
battery for every star in 
our galaxy



How do we hope to answer these open questions?

During collisions in an accelerator: 
incoming energy used to create                                  
new particles

The more massive new particles                                  
are the more energy is needed                                   
to create them: 

E=mc2

So to “see” particles which we                                  
have not observed yet, we need 

more powerful source to create                                  
energy new accelerator!
Better “digital camera” to see                                  
them our detector

LHC will be largest particle accelerator in the world



LHC ring

LHC ring

CERN

airport

Lake

Mont Blanc



The LHC Tunnel

27 km long             
100 m under ground



What determines the energy for the collisions at LHC?

We have heard: protons are made up of quarks and 
gluons
On average each quark carries ~10% of the energy, 
gluons even less

Most interesting collisions are those if quarks and gluons 
collide head-on



How does the LHC work?

protons travel inside                                          
vacuum pipes in an                            
underground tunnel.
two proton beams                                             
are in separate                                         
beam pipes in                                     
opposite directions
An electrical field                          
accelerates the protons
They are kept in approximately 
circular orbits by strong magnetic 
fields produced by 
superconducting magnets



How to collide protons

Protons are in separate beam                                    
pipes 
At certain locations around the                                 
ring the beams collide

protons have been forced into roughly cylindrical bunches a 
few centimeters long and a few millionths of a meter in 
radius (less than a hair)

~100 million protons per bunch 
Converted into time: 40 million collisions per second 
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So this is how it works
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So this is how it works



The four LHC experiments

ATLAS
CMS

One specialised for B-physics
One specialised for heavy ions collisions 
e.g. lead-lead collisions 

CMS

2 general-purpose detectors



That’s my experiment

Here at RAL physicists, engineers and technicians work on 
ATLAS, CMS and LHC-B

ATLAS 
experimental 
area

Let’s look more closely at one of the LHC 
experiments: ATLAS



The detector
Length: ~40m
Radius: ~10m
Weight: ~ 7000 t
~100 times more 
volume than BaBar

For com-parison

Consists of different components
Each component specialised in 
testing another aspect of the event



The detectorThe detector

in which the particles leave signals in which the particles leave signals 

is made of is made of 
different partsdifferent parts



Tracking Detector: Measure momentum and charge

the inner parts of the detector, the 
tracking device, are in a strong 
magnetic field 
Moving positive and negative particles 
curve in opposite directions in the 
same magnetic field
Measure momentum as particles with 
greater momentum bend less than 
those of lesser momentum



The traces are recorded in terms of:The traces are recorded in terms of:

locationlocation
chargecharge
momentummomentum

from which the particles are identifiedfrom which the particles are identified



Highly specialized electronicsHighly specialized electronics

transform the particles into electric transform the particles into electric 
signalssignals



27

Hundreds of crates filled with thousands of modulesHundreds of crates filled with thousands of modules

digitise the signals for the computerdigitise the signals for the computer
100101001010001111001010010100011110010100101000111100
110011100101000111100101

In total 3000km of cables

100 million channels



Data analysis via computer

Detectors record 
millions of points of 
data during collision 
events
it is necessary to let a 
computer look at this 
data, and figure out the 
most likely particle 
paths and decays

−+→ eeZ 0

muonmuon

electronelectron

electronelectron

−+−+→ eeH µµ



Event selection

Remember: 40 million collisions per second!
Many of them not very interesting

“online” selection which selects 1                              
event out of 5 million to be stored                             
for “physicists”

Keep “only” interesting events
Very fast electronics for 1st

level selection
Thousands of computers for 2nd and 3rd level

300 million bytes per second 
This will fill 1/2 CD’s per second

We’ll collect ~1 Peta Byte = 1 million billion Byte per year
~1.4 million CD’s
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Reject!
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Reject!
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muonmuon

electronelectron

Accept!
Higgs boson

electronelectron

−+−+→ eeH µµ
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Reject!
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muonmuon jetjet

Accept!
boson Higgs

jetjet

bbHW µνµ ++ →
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Accept!
supersymmetry
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WithWith the help ofthe help of

to to findfind new new physicsphysics and test the and test the 
underlyingunderlying theoriestheories

STORAGE

thousandsthousands of computersof computers

PhysicistsPhysicists willwill
analyse the dataanalyse the data



Where are we now

Start of data taking 
summer next year
Accelerator people working 
hard on installing the ring
The 4 experiments work 
hard on putting the 
detectors together 





JuliJuli 20032003



Oktober 2004



Juli 2005
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Dec 2005



Where are we now

We are very much looking 
forward to “see” the first 
events … and to start our 
search for new particles
We will be running for at 
least 10 years
Hurry up and you could 
work with us



Conclusions

physicists use accelerators to "peek" into the world of 
particles
Detectors collect data which are then analysed by 
computers                                                      
Then it’s up to us to interpret what we “see”
Still lots of “problems”/”puzzles” to be solved 
LHC will be largest particle accelerator in the world
LHC will help solving these problems and we should see 
new never seen particles



Conclusions

… and the search for the fundamental 
underlying theory goes on …
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