PARTICLE PHYSICS – The idea

Together with the basic laws of physics learnt at school, there are many other laws which physicists have to deal with, but there is only ONE other (called a theory) which has to be understood to appreciate this display; Einstein’s Special Relativity  (E=mc2).  The equation is actually a simplified form of the theory but helps the understanding of what this kind of physics is all about.  Even though Einstein’s theory can be applied to very large and fast moving objects, it also applies to the very small.  What it says is that energy and mass are two sides of the same coin.  This ‘equivalence’ means that from energy, mass can form (like condensation) - and from mass, energy can be created.  The equation shows the mathematical conversion from units of energy (Joules) into those of mass (kilograms), ‘c’ in the equation being the speed of light.  When energy produces mass (particles) as in a particle collider, equal amounts of matter and anti-matter are created.  This happened at the Big Bang but on a bigger scale!
In a particle accelerator, the energy achieved by the fast moving particles (e.g. protons) can be realised as mass - if a collision occurs.  The larger the energy of the collision, the larger the possible mass of the particles (and anti-particles) produced.  Therefore if two protons collide head on, both travelling at 99.9999% of the speed of light (0.999999c), the products of that collision are not simply the bits of the original protons.  There’s going to be more, with anti-matter and exotic bits and pieces thrown in – all created by the energy of the original collision.  In this way, new particles which have not seen light since the year 13,694,875,532 BCE can be created and tracked, before they are annihilated, or decay to more normal bits.  That is what LHC at CERN is all about.  There is no danger of Geneva being sucked into a black hole.  Microscopic black holes are being created all the time by cosmic rays of extremely high energy hitting the earth’s atmosphere.  These microscopic black holes evaporate very quickly.  LHC particle energy, although a big amount for such tiny particles, is about the same energy as these cosmic rays - about the same amount of energy as a flying mosquito. It is the media which likes to dramatise this nonsense re. the danger to Geneva and the earth, and by doing so, devalues the science surrounding LHC.  (However, nothing is impossible in science, and so it is just possible – but it is probably more likely that pigs will fly.)
There are three categories of particles, each having distinct characteristics.  The categories are:

LEPTONS,

 which do not experience the ‘strong force’, a force which binds quarks and nuclei together.

QUARKS,

 which only stick in twos (mesons) and threes (baryons). These are all hadrons.  There are many different quarks so there are many hadrons,
 and

GAUGE BOSONS,

 which convey the basic forces by interactions between other particles.

Particles can decay from one group to another, but there are basic laws (like conservation laws) which mean that some decays are not possible.  In general, the more massive the unstable particle, the more likely it is to decay quickly into less massive ones. Some particles, like leptons, are fussy and anti-social and do not like clubbing together.  They are said in physics to have ‘half-integer spin’.  They are exclusive in that they are very particular in the energy or position they choose to take.  They are called fermions and obey Pauli’s exclusion principle.

	Generation
	                                 Leptons
	                        Quarks

	1            small mass
	ELECTRON
	ELECTRON NEUTRINO
	UP
	DOWN

	2            medium mass
	MUON
	MUON NEUTRINO
	CHARMED
	STRANGE

	3            large mass
	TAU
	TAU NEUTRINO
	TOP
	BOTTOM


(Only the first generation particles are observed in our universe.  The other ones, which are more massive, have decayed [up the table] towards the more stable and less massive first generation ones.  Second and third generation particles (and their anti-equivalents) can be created in particle accelerators and collisions, if the energy is big enough (to create their large masses), but they quickly disappear/decay.)
The particles with ‘whole integer spin’ are sociable and can club together in large numbers.  The gauge bosons are examples of these as, for example, photons of light can clump and travel together in beams of light.

	                 Influence
	                Gauge Bosons

	Strong
	GLUON

	Weak
	W+     W-      Z

	Electromagnetic
	PHOTON

	Gravity
	GRAVITON (assumed)


Gluons, photons and gravitons are massless, but the Ws and Z are quite massive.  This means that photons are easy to produce in a collision because not much energy is needed to produce them; sparks are seen all the time. But the Ws and the Z are more difficult to produce and decay quickly.  That’s why they were discovered only recently, are rare, and explain why the weak interaction is itself uncommon.  The sun shines slowly and has a long life!

Gluons are affected by their own influence – the strong force.

The electromagnetic and weak influences are really different manifestations of the same influence, now called electro-weak.  They separated a ‘long’ time after the Big Bang – about 10-10s!  This is one tenth of a billionth of a second after creation, which is the approximately the time that CERN experiments try to recreate.
EVERY LEPTON AND QUARK HAS AN ASSOCIATED ANTI – PARTICLE, SO THERE ARE THEREFORE 24 FUNDAMENTAL BITS, WITH A FEW GAUGE BOSONS.          Simple?

