HOW DID THE UNIVERSE BEGIN?

Our knowledge of the early universe is obtained from observations of both the astronomic and the miniscule.  Since the discovery of cosmic microwave background radiation in 1965, we know that the universe had a beginning in a ‘Big Bang’.  All the matter and energy in our present universe are just the remnants of this very big firework party that occurred over 13 billion years ago. The universe in its infancy was extremely small – smaller that the size of an electron at its birth, but it rapidly expanded – and is still expanding today.  If we want to observe the universe in its early ‘days’, we have to go back in time, and there are two ways to do this.  We need to be either astronomers or particle physicists, or both!

It is easy to go back in time by looking at very distant galaxies, but not quite so easy to observe events very soon after the Big Bang by trying to observe the very small.

The Big Bang
The universe was once believed to be infinite and without beginning or end, but the Big Bang theory shows us how the Universe began about 13 billion years ago – not 15 as written in the diagram - and how it has changed since then. In 1923, by observing light coming from distant galaxies, Edwin Hubble discovered that this light had a longer wavelength than it should have had, showing that these galaxies were moving away from us. We hear this same effect when a siren on a speeding police car is moving away from us. We hear the siren/alarm at a lower pitch (longer wavelength) than when the police car was level with us and just passing us. (We hear it at a higher pitch when the siren is approaching us.) The light from galaxies even further away were shifted even more than others, thus suggesting that the further these galaxies are from us, the faster they are moving away from us. It was concluded from this that the whole cosmos is expanding. This suggests that the universe must have emanated from a single point, or singularity, from which the whole universe was created. 

All of the mass of the universe was concentrated in this infinitely small, infinitely dense point. This ‘singularity’ didn't appear in space; rather, space began inside the singularity. Prior to the singularity, nothing existed, not space, time, matter, or energy - nothing. So where and in what did the singularity appear if not in space? Ask Stephen Hawking. We don't know. We don't know where it came from, and why it is here, or even where it is. The Big Bang was not a conventional explosion but rather an event filling all of space with all of the particles of the embryonic universe rushing away from each other. The Big Bang actually consisted of an explosion of space within itself unlike an explosion of a bomb where fragments are thrown outwards. The galaxies were not all clumped together, but rather the Big Bang lay the foundations for the universe. 

Immediately after its creation, the universe was enormously hot as a result of particles of both matter and antimatter rushing apart in all directions. As it began to cool, at around 10-43 seconds after creation, there existed an equal amount of matter and antimatter. Antimatter is the 'mirror image' of matter, being the same size but having opposite properties - such as electrical charge. Because of their differences, when these two adversaries (matter and antimatter) meet, they completely annihilate each other, resulting in a release of pure energy. In the history of the universe all the matter and antimatter should have exterminated each other, leaving nothing apart from an afterglow of energy from these collisions. However, for some unknown reason, there was an asymmetry in favour of matter. As a direct result of an excess of about one part per billion, the universe was able to mature in a way favourable for matter to persist. As the universe first began to expand, this discrepancy grew larger. The particles which began to dominate were those of matter. 

As the universe expanded further, to the size of a grape and thus cooling a bit, familiar but different particles began to form. As well as the photons, which are massless lumps of light energy, neutrinos, electrons and quarks appeared, and they would become the building blocks of matter and life. During this period there were no recognizable heavy particles such as protons or neutrons because of the still intense heat.

After the universe had cooled to about 3000 billion degrees Kelvin, a second or so after its start, a radical transition began. Quarks became joined in composite particles such as protons and neutrons, called hadrons.  However, more complex matter was still unable to form at these temperatures. Although lighter particles, called leptons which include electrons and neutrinos, also existed, they were prohibited from reacting with the hadrons to form more complex states of matter.  Their energy was simply too great as they were jumping around too fast.

After about one to three minutes had passed since the beginning of the universe, protons and neutrons began to react with each other to form deuterium, an isotope of hydrogen. Deuterium, or heavy hydrogen, soon collected another neutron to form tritium. Rapidly following this reaction was the addition of another proton which produced a helium nucleus. (No other elements were created at this time.  All others were created in stars much later and when those stars died and exploded, these heavier elements were in the spewed-out dust.) Scientists believe that there was one helium nucleus for every ten protons within the first three minutes of the universe. After much further cooling, and a very long time later – about 380,000 years later, these excess protons would be able to capture an electron to create common hydrogen. (This was the time when the universe became transparent to ‘light’, and is the reason why we now observe cosmic microwave background radiation.  Particles of light (photons) no longer interacted with electrons because the electrons were firmly bound by a proton or two).   Today’s universe is seen to contain one helium atom for every ten or eleven atoms of hydrogen. 

The aim of the Large Hadron Collider (LHC) at CERN is to recreate the conditions very soon after the Big Bang, when the temperatures and pressures were high enough so that not only were atomic nuclei not yet formed, subatomic particles like quarks existed individually, in a quark-gluon plasma, and hadn’t yet coalesced to form protons.  Using the LHC in this way we may be able to detect particles not yet discovered.
Cosmic Background Radiation
The remnants of the Big Bang can be seen on this untuned TV set. Cosmic microwave background radiation is the left-over energy from this historic cosmic event, an event so powerful that its effects filtered all the way through space and time to be detected today. However it was first discovered accidentally in 1965 by Arno Penzias and Robert Wilson who were awarded the Nobel Prize in Physics for their discovery. 

This radiation is thought to fill the entire universe and has more or less the same intensity whatever direction it comes from.  It is the echo of the grand firework party - the origin being the Big Bang. Immediately after its creation, the universe was an incredibly hot fireball and space was full of tiny particles. Light could not move anywhere. It was immediately halted by all the particles that were flying around. So space was completely opaque, a concept which is very hard for us to imagine, as we are used to being able to see everything around us.  But after 380,000 years, the universe had cooled to about the same temperature as the surface of the Sun. This was when particles began to join to form atoms. Atoms of hydrogen do not interfere with light, letting it travel by unimpeded. So light began to pour through the Universe.  The afterglow from this momentous event formed a bright halo, whose light then began gradually to filter down through space and time. As we look out into space we are looking back in time. If it were possible to see out this far, this cosmic halo would form the furthest visible point in the Universe. Everything beyond this, from the birth of the universe until this epoch of 'first light’, will be invisible to us for ever.

Red-shift in distant galaxies

Observations of distant galaxies show that these objects are red-shifted. This means that the light emitted from them has been shifted over time to longer wavelengths. This can be explained in one way by the Doppler Effect as previously mentioned.  If an object is emitting waves at a constant frequency, and is moving away from you, the distance between wave crests reaching you (the wavelength) will be larger than otherwise, because in the time between waves being emitted, the object has moved further away.  The later crests have further to travel, so arrive at you later!  As already mentioned, this effect can be experienced in everyday life when you hear the different pitches in sounds of a police car (with a siren) coming towards you or going away from you. But by looking at how much the wavelength of the light leaving the object has increased you can work out the speed at which the object is moving away from you. 

Observation has shown that the speed at which galaxies are moving away is proportional to the distance they are away from us. I.e. the further away they are, the faster they are moving. This supports the theory of the Big Bang, because if the universe did start at a singularity, it makes sense that those objects which are now furthest away are moving fastest away too. This is because if objects started to move away from each other at the same time, those objects moving quickest will end up the furthest away.

Therefore the recessional velocity of the object should be proportional to the distance to the object – and it is. This is known as Hubble’s Law.

TRAVELLING BACK IN TIME – OBSERVING VERY DISTANT GALAXIES - Astronomy

Light and radio waves take time to travel large distances, so when we look at very distant objects, we see them as they were when the light left them - a long time ago.  The further away we look, the further back in time we go.  Light and radio waves coming towards us from deep space are absorbed and distorted by our atmosphere, so any ground-based telescopes are ineffective ‘time machines’. The Hubble Telescope however is a telescope that orbits Earth above the atmosphere, and it gives us a view of the universe that far surpasses that of ground-based telescopes. The Hubble has allowed us to see further back in time/space than we could have imagined in 1980, and is without doubt one of NASA's most successful achievements. It has beamed hundreds and thousands of images back to Earth, unveiling many of the great mysteries of astronomy.  Every 97 minutes Hubble completes one orbit around Earth.  As it travels, its mirrors direct light to the instruments of the telescope. Hubble is a Cassegrain reflector telescope, and when light hits its main mirror, it is reflected to another mirror which directs the light to the scientific instruments within the telescope. These instruments work together to process the image and allow us to observe the universe. All of Hubble’s functions are powered by solar energy. Some of this energy is stored in batteries which then become useful when the telescope is blocked from light.

During its lifetime, Hubble has peered ever further in distance (and therefore further back in time), viewing galaxies at successively younger stages of evolution. The most distant galaxy Hubble has observed has been at redshift 7, corresponding to a time of 13 billion years ago, just 500 million years after the start of the universe.  Light coming from a distant source in an expanding universe has itself expanded over the long time of travel. This is just another way of explaining redshift and avoids use of the Doppler Effect described earlier. This means its wavelength has got bigger over time. A bigger wavelength means that the colour of the light is ‘redder’ – hence the term redshift.  The number 7 after the redshift indicates that the wavelength is now approx. 7 times larger than it was when it left the early galaxy. This actually makes the light so red that it is not visible. It is infra red!  But Hubble can still cope, although it has to use the gravity of much nearer galaxies to bend the faint radiation. The energy can then be focused and therefore magnified so that it can be detected.  (This is an example of a gravity lens.)

Going back 13 billion years in time is the most we can achieve using this method.  Even if we could look further back, our vision would eventually be blocked by the opaque universe of 380,000 years post Big Bang.  If we want to go back further towards the Big Bang, we have to change the design of our time machine.

TRAVELLING BACK IN TIME - THE VERY SMALL – Particle Physics

To turn the clock back so that we can observe the very early universe – to well within one billionth of a second after the Big Bang – we have to spend lots of cash, designing and building a particle accelerator which can recreate the conditions existing at the moment of the birth of time.  We have nearly done it.  The Large Hadron Collider (LHC) in Geneva is the product, and it is scheduled to start operating in July 2008.  (A hadron is subatomic particle that consists of quarks, and is susceptible to the strong interaction.  In our universe today, there are three known interactions between particles, and the link between them, if any exists, may be found by the LHC.  The known interactions are STRONG, ELECTRO-WEAK, and GRAVITY.)  CERN is the organisation which houses the world’s largest particle physics laboratories, and is the site for the LHC.  It has been visited by eighteen year olds from the City of London School every year (except one) for the last 15 years.

CERN

CERN is the European Organisation for Nuclear Research.  It was founded on the 29th September 1954, with 12 nations initially taking part in it.  The number of member nations is now 20. Its main site is in the village of Meyrin, on the Swiss-French border.  The main aims of CERN are to provide particle accelerators, and the infrastructure needed for high energy physics. It has approximately 8000 scientists and engineers actively involved in its work, and this is about half the world’s particle physics community. 80 nationalities and 500 universities are represented.

Important historic events at CERN include:

· the discovery of the bubble chamber – a way to detect moving charged particles.

· the confirmation of the existence of the W and Z particles, which convey the weak interaction.  This has unified the electromagnetic and the weak interactions into different manifestations of the electro-weak interaction.

· The first nine atoms of antimatter. This was anti hydrogen, which consists of an anti proton with an orbiting anti electron – a positron.

There are currently several particle accelerators at CERN, but at the moment the most important one is the Large Hadron Collider (LHC).  In general the older particle accelerators are used to speed particles up for injection into LHC. The oldest accelerators (two linear ones – not circular) feed particles into the next oldest (the circular Proton Synchrotron - PS) and so on until the particles are injected at high energy into LHC.  HHowever the separate accelerators can themselves be used for experiments, like the anti hydrogen experiments now being performed in the AD lab at Meyrin.

The LHC tunnel is located 100 metres underground, in the region between Geneva airport and the nearby Jura mountains. It uses the 27 km circumference circular tunnel previously used for the LEP synchrotron which was dismantled in 2000.  It is seven times more powerful than any other particle accelerator.  Visitors have been able to go deep down and have a look at the vast detectors, but all this will finish soon.  In preparation for switch on, temperatures and pressures have to be reduced to being lower than those of deep space in order for the LHC magnets and the beams to ‘work’ properly. During the weekend of 5/4/08, CERN’s open day allowed members of the public to go down to the ring and inspect most of the big detectors.  It will not happen again.  Once the LHC starts operating in a few weeks time, it will be out of bounds to everybody except the operators.
C  represents the SPEED OF LIGHT, which is 3,000,000 km per second.  (Generally, it will be protons which are to be accelerated to 99.999999c, two lots in opposite directions.  The two beams are then made to collide.)

