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CERN Seen from the Air

• Tunnels of CERN accelerator complex 
superimposed on a map of Geneva.

• Accelerator is 50 m underground



LHC Tunnel

This is an arc of the circular tunnel
Circumference 26.7 Km







Higgs Boson

• Electromagnetism on its own can be made 
to give finite results for all calculations.

• Unified Electroweak theory gives infinite
results for process like:

• Become finite if include new particle 

Higgs boson

• Higgs makes                massive, and 
actually generates masses of fundamental 
particles. It is a quantum field permeating the 
universe.

W Z± 0



How Does Higgs Generate Mass?
• In vacuum, a photon:

has velocity c and has zero mass

• In glass a photon

has velocity < c , same as an effective mass

• This is due to photon interacting with

electromagnetic field in condensed matter

• By analogy can understand masses of particles

generated by Higgs Field in vacuum



Grand Unification.

• At a high enough energy

electromagnetism
weak force
strong (colour) force

become aspects of Grand Unified Force



Understand History of Universe?

• What we think (thought?) visible matter is 
made of.














