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Big Bang 

Evolution of the Universe 

Today 
13.8 Billion Years 

1028 cm 

Only particle 
physics can 
tell us what 

happened here 



All matter is made of 
the same constituents 

What are they? 
What forces between them? 

Inside Matter 



The ‘Standard Model’ of 
Particle Physics 

Proposed byAbdus Salam,  
Glashow and Weinberg 

Tested by experiments 
at CERN 

Perfect agreement between 
theory and experiments 

in all laboratories 



The matter particles 

The ‘Standard Model’ 

The fundamental interactions 

Gravitation 	
electromagnetism     weak nuclear force 	
   strong nuclear force	


= Cosmic DNA	


Where does 
mass 

come from? 



Why do Things Weigh? 

0 

Where  do  the  masses  
come from ? 

Newton: 
 Weight proportional to Mass 

 
Einstein: 

 Energy related to Mass 
 
Neither explained origin of Mass 

Are masses due to Higgs boson? 
    (the physicists’ Holy Grail) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Think of a Snowfield 

Skier moves fast: 
Like particle without mass 
e.g., photon = particle of light 

Snowshoer sinks into snow, 
moves slower: 
Like particle with mass 
e.g., electron 

Hiker sinks deep, 
moves very slowly: 
Particle with large mass 

The LHC will look for 
the snowflake: 

The Higgs Boson 



A Simulated Higgs Event @ LHC 



The Large Hadron Collider (LHC) 

Several thousand billion protons 
Each with the energy of a fly  
99.9999991% of light speed  
Orbit 27km ring 11 000 times/second 
A billion collisions a second 

Primary targets:  
• Origin of mass 
• Nature of Dark Matter 
• Primordial Plasma 
• Matter vs Antimatter 

To answer these questions: 



ATLAS: Higgs and dark matter 

CMS: Higgs and dark matter 

ALICE: Primordial cosmic plasma 

LHCb: Matter-antimatter difference 



Interesting Events 

All particles known previously rediscovered 



Is the Higgs Boson finally being Revealed? 

Mass Higgsteria 



Interesting Events 



July 4th 2012 
The discovery of a 

new particle 



Higgsdependence Day! 



How the Higgs Signal has Grown 



How the Higgs Signal has Grown 



 
 
 
 
 
 

Unofficial Combination of Higgs Search 
Data from March 6th 

Is this the 
Higgs Boson? 

No Higgs here! No 
Higgs 
here! 



The Particle Higgsaw Puzzle 

Is LHC finding the missing piece? 
Is it the right shape? 
Is it the right size? 

 



JE & Tevong You, arXiv:1303.3879	


Summary of the Story so far 

Signals compatible (so far) with the Standard Model 
JE & Tevong You, arXiv:1303.3879	




Without Higgs … 

… there would be no atoms 
–  Electrons would escape at the speed of 

light 
… weak interactions would not be weak 

–  Life would be impossible: everything 
would be radioactive 

Its existence is a big deal! 



Conversation with Mrs Thatcher: 1982 

What do you do? 

Think of things for the 
experiments to look for, 

and hope they find 
something different 

Wouldn’t it be 
better if they 
found what 

you predicted? 

Then we would not 
learn so much! 



Science is ever more global 



CERN: where the World-Wide 
Web was born 

Tim Berners-Lee 

Invented to enable physicists around the world to collaborate 

The first on-line community 



Accelerators are Us 

30000 accelerators in the World 
Most are used for medicine 

Particles for diagnosis, therapy 
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Shukran! 


