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The matter particles 

The Standard Model of 

Particle Physics 

The fundamental interactions 

Gravitation electromagnetism     weak nuclear force    strong nuclear force 

= Cosmic DNA 
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Big Bang 

Evolution of the Universe 

Today 

13.8 Billion Years (Planck Telescope) 

1028 cm 

NASA 

WMAP 

Telescope 
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Electro-weak phase transition 

(ATLAS, CMS) 

QCD phase transition 

(ALICE, ATLAS & CMS…) 

LHC will study the first  

10-10 -10-5 seconds…  
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Hubble 
ALMA 

VLT 

WMAP 

Atom 
Proton 

Big Bang 

Radius of Earth 

Radius of Galaxies 

Earth to Sun 

Universe 

Study physics laws of first moments after Big Bang. 

 Increasing Symbiosis between Particle Physics, 

 Astrophysics and Cosmology. 

Super-Microscope 

LHC 



From Cosmic Rays to CERN 

CERN set up in 1954 to study these particles in detail 

Discovered a century ago … 

… cosmic - ray 
showers were  
found to  
contain many 
different types 
of particles … 



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) 



Higgs Boson 

All particles generated at the Big Bang without mass.  

 Interacting with the Higgs field, particles acquire mass.  

 Greater the interaction, the greater the mass.  

Higgs field fills the whole universe. 

British physicist Peter Higgs proposed (1964) the so-called Higgs Boson 

particle associated with eponymous mechanism & field. 

 

  

Friction with 

viscous liquid 

≡ 

Interaction with 

the Higgs field 



Astronomers tell 

us that most of the 

matter in the 

universe is 

invisible

We will look for it

with the LHC

Dark Matter in the Universe

Astronomers say 

that most of the 

matter in the 

Universe is 

invisible  

Dark Matter  

‘Supersymmetric’ particles ? 

We shall look for  

them with the  

LHC 

    

Dark Matter in the Universe 
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Beyond the Higgs Boson  

Picture from Marusa Bradac 

 Supersymmetry: A New Symmetry in Nature 

SUSY particle production at the LHC 

Candidate Particles for Dark Matter 

 Produce Dark Matter in the lab 



Dirac predicted the existence of antimatter: 

 same mass 

 opposite internal properties: 

  electric charge, … 

Discovered in cosmic rays 

Studied using accelerators 

Matter and antimatter not quite equal and opposite: WHY? 

Is this why the Universe contains mainly matter, not antimatter? 

LHC experiments will look for answer 

2008 Nobel Physics Prize: Kobayashi & Maskawa 
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Pb Pb collisions may liberate quarks 



 … but he never succeeded 

Maybe with extra dimensions of space? 

Unify the 

Fundamental 

Interactions:  

Einstein’s Dream … 
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 Extra Space Dimensions? 

The gravity force becomes strong! 

      Signatures 
Eg monojet events  

     monophoton events 

     Z’ like resonances 
     KK excitations 

     …   

Microscopic black hole results in high-multiplicity, high sum-ET events 

 



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: 
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Start-up of the Large Hadron Collider (LHC), one of the largest and truly 
global scientific projects ever, is the most exciting turning point in 

particle physics. 

Exploration of a new energy frontier  
Proton-proton collisions at ECM = 14 TeV 

LHC ring: 
27 km circumference 

CMS 

ALICE 

LHCb 

ATLAS 



8.5 T 

nominal field 

 

12 kA  

nominal field 



The LHC Arcs 



Trillions of protons will race around the 27km ring in  
opposite directions over 11,000 times a second,  

travelling at 99.999999991 per cent the speed of light. 



To accelerate protons to almost the speed of light requires a  
vacuum as empty as interplanetary space. There is 10 times  

more atmosphere on the moon than there will be in the LHC. 



With an operating temperature of about -271 degrees  
Celsius, just 1.9 degrees above absolute zero,  

the LHC is colder than outer space. 



When two beams of protons collide, they will generate 
temperatures 1000 million times hotter than the  

heart of the sun, but in a minuscule space. 
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High repetition rate 

 

40 MHz or  

25 ns bunch spacing 



Number of scientists:                   ~3000 

Number of institutes: 176 

Number of countries: 38 

The ATLAS Experiment 





A billion people watched on TV 



“Well known”  

processes. Don’t 

need to keep all of 

them … 

      New Physics!! 

  We want to keep!! 
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4 July 2012 

 “CERN experiments observe particle consistent with long-sought Higgs boson” 



“      It’s very nice to be right sometimes …” Peter Higgs  

ATLAS-CONF-2013-014  



Signal strength with full statistics Couplings to  

fermions and 

bosons 

Higgs Mass 

Compatible with the Standard Model 
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The Highlight of a Remarkable Year 2012 



Missing energy  

taken away by dark matter particles 





 Hard work and lots of outstanding results. 

 Integrated luminosity records from accelerator. 

 Great performance of the experiments. 

 Grid computing performing exceptionally. 

 So, what next? 
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The International Linear Collider (?) 



shield wall removed 
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The LHC is helping to build the next generation of 
world scientists and engineers  

CERN Summer Student Programme  

and 
finally... 


