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Where we are
Where visit goes
LHC (2008)
and SPS (1976)
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3rd point recent : we will see connection next few slides
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Origin of mass: answer may be ‘Higgs mechanism’: whole space filled with a ‘Higgs field’.
Particles that interact intensely with Higgs field are heavy, while those that have feeble interactions are light. The Higgs field has at least one new particle associated with it, the Higgs boson. If such a particle exists experiments at the LHC will be able to detect it.
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Matter AND energy…

Einstein’s cosmological constant - a kind of anti-gravity… 
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And finally…. Big Bang an explosion of energy


So now we have seen lots of questions… questions that are puzzling physicists today… 
Lets look at how we are trying to answer those questions at CERN today.
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So how does an accelerator work?
1.Source - hydrogen atoms, electrons stripped off   ->  Show where beams travel on pic.

2. RF cavities - delivering radio frequency power to the particles

3. 1232 Dipoles - bending
High magnetic fields needed can only be reached using superconductors - 300 degrees below room temp.
Need to have extremely uniform field. First time such precision achieved at such high currents
Temperature is measured to five thousandths of a degree, the current to one part in a million

4. Quadrupoles - to squeeze the particles together so more collide when the beams cross
Particles stored for about 10 hours in the LHC (400 million revolutions - distance equiv diameter of solar system)

Magnet coils are made up of copper-clad niobium-titanium cables
The cables carry up to 12 500 amps (30 000 the current in a 100W light bulb) -> must withstand enormous electromagnetic forces At full field, the force on 1m of magnet comparable to the weight of a jumbo jet.

The LHC will be the world’s largest cryogenic installation
40 000 leak-proof pipe junctions
12 million litres of liquid nitrogen used for the initial cool-down of 36 000 tonnes of equipment
Then 800 000 litres of superfluid helium to cool magnets down to 1.9 degrees above absolute zero.
Cooldown - each 15m long magnet shrinks by 4.5cm on its way down to 1.9 degrees above absolute zero. 

Coil winding v. important. Must not move as field changes. Friction -> hot spots quench the magnet, ruining its superconductivity.
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Show where you will be visiting



��04������ �
������6�	�	�������	��
���	������	
�������
�
����	�	�����
�
��	������������	��
�����	��������	���)������ �����
�������8�����	���&	�)���	��	�	����$��������	�����
��	���� ����
�����

�������
%	����):����	����:�	�	��):���	����)����	
��� �
�����	�
�	�	�
�	�������	����������


We apply Einstein’s equation to make

Very big concentration of energy in a very small point. 
We do this by colliding 2 beams of particles.

New particles created - short lived - transform into other particles that cross the experiment / detector 
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We apply Einstein’s equation to make

Very big concentration of energy in a very small point. 
We do this by colliding 2 beams of particles.

New particles created - short lived - transform into other particles that cross the experiment / detector 
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Fundamental research  (pursuit of knowledge, not making money)
Pooling resources (money and intellectual) 
training
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We apply Einstein’s equation to make

Very big concentration of energy in a very small point. 
We do this by colliding 2 beams of particles.

New particles created - short lived - transform into other particles that cross the experiment / detector 



F  ��	��	���
A"���������	��
DA��������	�

����
F  ��	��	���
A"���������	��
DA��������	�

Fundamental research  (pursuit of knowledge, not making money)
Pooling resources (money and intellectual) 
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We apply Einstein’s equation to make

Very big concentration of energy in a very small point. 
We do this by colliding 2 beams of particles.

New particles created - short lived - transform into other particles that cross the experiment / detector 
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We apply Einstein’s equation to make

Very big concentration of energy in a very small point. 
We do this by colliding 2 beams of particles.

New particles created - short lived - transform into other particles that cross the experiment / detector 
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We apply Einstein’s equation to make

Very big concentration of energy in a very small point. 
We do this by colliding 2 beams of particles.

New particles created - short lived - transform into other particles that cross the experiment / detector 
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Collision rate - around 600 million per second - can’t record it all
Even so, information flow enormous -> data transmitted in 1s equiv information exchanged by world phone calls 100 million phone calls 
Can well imagine huge computing challenges for recording, storing, analysing and making all this data accessible to the world’s physicists.

Looking for a needle in a haystack (Higgs into 4 muons 1 in 10^43 collisions)
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VELO
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We apply Einstein’s equation to make

Very big concentration of energy in a very small point. 
We do this by colliding 2 beams of particles.

New particles created - short lived - transform into other particles that cross the experiment / detector 
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We apply Einstein’s equation to make

Very big concentration of energy in a very small point. 
We do this by colliding 2 beams of particles.

New particles created - short lived - transform into other particles that cross the experiment / detector 
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Very big concentration of energy in a very small point. 
We do this by colliding 2 beams of particles.
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We apply Einstein’s equation to make

Very big concentration of energy in a very small point. 
We do this by colliding 2 beams of particles.
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Beampipe
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We apply Einstein’s equation to make

Very big concentration of energy in a very small point. 
We do this by colliding 2 beams of particles.

New particles created - short lived - transform into other particles that cross the experiment / detector 
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We apply Einstein’s equation to make

Very big concentration of energy in a very small point. 
We do this by colliding 2 beams of particles.

New particles created - short lived - transform into other particles that cross the experiment / detector 



Tracks left by particles.  (see also top of screen)
Curved -> charged
Unstopped -> muons
Bars -> energy deposited in calorimeters…

Collision rate - around 600 million per second - can’t record it all
Even so, information flow enormous -> data transmitted in 1s equiv information exchanged by world phone calls 100 million phone calls 
Can well imagine huge computing challenges for recording, storing, analysing and making all this data accessible to the world’s physicists.

Looking for a needle in a haystack 
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