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				Deep Timeline

			

		

		
			
				13.77 bya

				The Big Bang: Time and space begin with a colossal expansion from a point of infinite density, known as a singularity.

			

		

		
			
				13.77 bya + 1 second

				Decoupling: Changes in the density of the newborn universe allow neutrinos, almost massless ‘ghost’ particles, to roam free for the rest of time.

			

		

		
			
				13,770,380,000 years ago

				First radiation: The universe becomes transparent to light; the radiation from this moment can still be seen today in the form of the Cosmic Microwave Background.

			

		

		
			
				13.52 bya

				Era of star and galaxy formation: The first stars and galaxies begin to form as clouds of gas collapse under the influence of gravity, igniting fusion and blazing into life.

			

		

		
			
				4.56 bya

				Formation of the solar system: The centre of a huge disc of gas and dust collapses to form our star, while around it smaller aggregations coalesce.

			

		

		
			
				4.55 bya

				Formation of the Earth: A ball of rock and dust aggregates to form the young planet.

			

		

		
			
				4.51 bya

				Formation of the Moon: A small planetoid smashes into the baby Earth, disintegrating into a cloud of rock and dust that coalesces to form the Moon.

			

		

		
			
				4.5 bya

				Moon lava: Basaltic flows on the Moon create the oldest rocks that can be seen there today.

			

		

		
			
				4.49 bya

				Fire from the sky: Meteorites bombard the young Earth, bringing water and potentially leaving traces of rock that is older than the Earth.

			

		

		
			
				4.49 bya

				Hell on Earth: The Hadean Eon begins, so named because most of the Earth is a hellish inferno of molten rock for most of this period. Incredibly some fossils suggest that life exists right in the middle of this era, around deep-sea vents.

			

		

		
			
				3.9 bya

				Start of the Archaean Eon: The Earth’s oldest rocks date to around now, as does the first bacterial life, which left structures known as stromatolites. The atmosphere at this time is a toxic mix of methane and ammonia.

			

		

		
			
				2.5 bya

				Start of the Proterozoic Eon: Many of the greatest events in Earth’s biological history take place in this eon, which lasts until 542 mya.

			

		

		
			
				2.5 bya

				Start of the Great Oxygenation: Photosynthetic bacteria start to produce oxygen, beginning a process of atmospheric transformation known as the Great Oxygenation Event.

			

		

		
			
				2.45 bya

				Snowball Earth: Oxygen reacts with methane in the atmosphere to produce carbon dioxide, which has a much weaker greenhouse effect. The Earth is plunged into a global glaciation for hundreds of millions of years.

			

		

		
			
				1.5 bya

				Complex cells: First eukaryotic cells are created when endosymbiosis leads to origin of mitochondria.

			

		

		
			
				730 mya

				Avalonia: Formation of the first rocks of what will become Britain, with the creation of an ancient geological formation known as the Avalonia terrane.

			

		

		
			
				575 mya

				Strange creatures: A sudden flowering of evolution leaves a trail of weird fossils in the Ediacara Hills of Australia and elsewhere.

			

		

		
			
				541 mya

				Cambrian Explosion: All of the branches of modern multicellular life appear overnight, in geological terms, near the start of the Cambrian Period.

			

		

		
			
				488 mya

				Ordovician Period: In this period most of the land mass is gathered together into the Gondwana supercontinent, where the ecology is dominated by the marine ecosystem of shallow seas. The first bony fish appear and the first organisms begin to colonize the land.

			

		

		
			
				c.400 mya

				Creepy-crawlies: During the Devonian Period, the first insects evolved.

			

		

		
			
				c.330 mya

				Black stuff: The waterlogged forests and swamps of the Carboniferous Period lay down vast deposits of peat, which will eventually form into coal.

			

		

		
			
				c.275 mya

				Permian Period: The supercontinent Pangaea contains most of the landmass, and mammal-reptile hybrids known as synapsids dominate terrestrial ecosystems.
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				c.4,789 years ago

				Methuselah germinates: The oldest tree still alive today germinates in the White Mountains, California.
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				251 mya

				Extinction: The greatest mass extinction of all time wipes out 90 per cent of species and clears the way for new life forms to dominate on land and in the sea. The cause may have been the colossal volcanic eruptions that formed the Siberian Traps.

			

		

		
			
				c.125 mya

				Life in bloom: The first flowering plants appear around this time. 

			

		

		
			
				c.200 mya

				Age of the dinosaurs: From the Triassic Period onwards, dinosaurs dominate the land while ammonites thrive in the seas.

			

		

		
			
				c.180 mya

				The break-up: The Americas split from Africa 

				and begin their long journey west.

			

		

		
			
				c.175 mya

				Jurassic park: The Jurassic Period sees the evolution of massive dinosaurs, the first birds and the formation of North Sea oil. 

			

		

		
			
				66 mya

				Impact: A huge asteroid slams into the coast of Mexico, wiping out the dinosaurs and many other life forms and marking the transition between the Cretaceous and Tertiary Periods.

			

		

		
			
				c.50 mya

				Pile-up!: The Indian landmass collides with the Asian landmass, pushing up a huge mountain range – the Himalayas.

			

		

		
			
				c.6 mya

				Forebears: Hominids evolve in Africa, with early species such as Ardipithecus.

			

		

		
			
				c.300,000 years ago

				Walking tall: Anatomically modern humans evolve in the East African Rift Valley. They have a sophisticated tool set and can alter local ecology through burning.

			

		

		
			
				c.100,000 years ago

				Out of Africa: Successive waves of migration of anatomically modern humans leave Africa, initially spreading through the Near and Middle East and into Asia and southern Europe.

			

		

		
			
				c.60,000 years ago

				Land down under: Humans reach Australia, although the exact date of arrival is contested.

			

		

		
			
				c.13,000 years ago

				Coming to America: The first humans reach the Americas from Siberia, probably following the coast to skirt the massive ice sheets that still blanket the north.

			

		

		
			
				c.10,500 years ago

				Neolithic Revolution: Humans start to domesticate plants and animals, marking the start of farming.

			

		

		
			
				c.10,000 years ago

				Defrost: The end of the last Ice Age sees the retreat of the ice caps to their last redoubts in Antarctica and Greenland. 

			

		

		
			
				c.5,000 years ago

				Tablet time: The first written records mark the end of prehistory and the beginning of recorded history, as the first civilisations arise in Mesopotamia.

			

		

		
			
				c.4,500 years ago

				The Great Pyramid: Ancient Egyptian Pharaohs rule over the whole Nile Valley and construct great monuments. Meanwhile in Britain, neolithic peoples are constructing Stonehenge.

			

		

		
			
				c.4,000 years ago

				The last mammoth: Woolly mammoths may have survived until now on Wrangel Island in Siberia.

			

		

		
			
				c.3600 years ago

				Cataclysm: The eruption of Thera in the Mediterranean devastates the region and helps to end the Minoan civilization.

			

		

		
			
				c.3000 years ago

				Iron Age: Ancient peoples master metal working and start to make tools, armour and weapons of iron.

			

		

		
			
				1,893 years ago

				Another brick in the wall: Romans in England complete Hadrian’s Wall.

			

		

		
			
				8,000 years ago

				Under the wave: The area between ancient Europe and England called Doggerland is flooded by a tsunami.
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				What is time?

			

		

		
			
				Above Due to the arrow of time, we often see cups shatter, but we never see shattered pieces spontaneously assemble themselves into a cup. 

				Opposite GPS satellites need to correct their clocks to allow for the warping of space-time caused by the Earth’s gravitational pull. 

			

		

		
			
				Our lives are ruled by time. There are time spans for our lives, our expectations and what we wish for the future, all fractions of a history that stretches billions upon billions of years into the past. In fact, time seems so ever-present that it’s easy to take it for granted. But time as we know it did not have to exist as it does for us. At the beginning of our journey into Deep Time, it’s first worth asking what time is.
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				The glib answer to what time is might come from your watch, computer or phone. But that’s simply a way we count time rather than time itself. Looked at one way, time is a series of events stretching from the past through the present and into the future. Change and difference are inherent to time itself. If nothing ever changed, the universe would truly be timeless. 

				Then again, we might take a more technical stab at the question. Time is actually a dimension – a part of what makes up our universe – that allows an object in space to be in more than one position in that space. Think of the last time you walked from one end of a street to the other as you were on your way somewhere. The fact that you were able to exist at the start of the street and move along the pavement to a totally different position in space, on a rotating planet, moving through its orbit in a solar system, spiralling in a galaxy, is a sign that we live in a universe with time. 

				The arrow of time

				That’s not to say that this is all there is to time. It’s just a starting point, the barest minimum that then opens up to other possibilities. One of the fundamental aspects of time is that it is directional. Time is not a cycle where the past becomes the present and then circles back around. Our universe is shaped by time’s arrow, the movement from the was to the is to the many variations of the unknowable 
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				Above British physicist Julian Barbour has suggested that the Big Bang represents a ‘Janus Point’ from which time heads off in two directions, one of which we experience as our universe. 

				Opposite The Greek god Chronos is often depicted with a scythe, reflecting the destructive nature of time. 

			

		

		
			
				future, always in a single direction. We are at the tip of that arrow, with moments of the past as inaccessible as the future.

				Another way to think about time is through the phenomenon of entropy, or a measure of what might be called disorder. If you make a sandwich and leave that sandwich on the counter, even in a room with no hungry pets to eat it, microorganisms and other processes will eventually break down your lunch and turn it into something very different. The universe, in a sense, is much the same. Entropy has been increasing since the first moment of time, and that is an inescapable fact of life. 

				Figuring out why our universe started with relatively low entropy but experiences increasing entropy over time is a task that continues to confound physicists and cosmologists, but it might be a clue to something else. We often speak of the Big Bang as if it came from absolutely nowhere and was the beginning of everything. But that’s an assumption. If the Big Bang emerged from something earlier, then those earlier conditions might have influenced what our early universe was like and how time would play out as we experience it.

				Other universes?

				Much remains hypothetical, but it’s possible that our universe began as part of another that did not have directional time as we do. Without the arrow of time, this predecessor would have had time that was impossible to perceive because there would be no 

			

		

		
			
				before or after. But if the Big Bang started by splitting off from such an existing universe, that might explain why our universe went through an earlier period of low entropy and increases in entropy over time. The beginning might not be the ultimate beginning but a starting state that carried certain conditions with it.

				Even as our understanding of what time is has changed and brought up new questions, though, we know time exists because we perceive it. We feel the passing of time in our own bodies and see it with our own eyes. That’s part of why we wish to keep track of it all. Long before our present era, people kept track of time by digging pits to track lunar phases, created sundials, invented calendars, and even named deities – like the ancient Greek god Chronos – to try to understand this fact of nature. Where time came from is still difficult to grasp, held in a past that’s difficult to see, but we can at least get back nearly to the moment when our universe’s clock started ticking. Even if there is an older beginning, there’s hardly a better place to start than with the Big Bang.
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				Neutrinos

			

		

		
			
				Below Clyde Cowan Jnr (front left) and Frederick Reines (front right) with the Project Poltergeist team in 1955.

				Opposite Scientists work on the Baikal Deep Underwater Neutrino Telescope, which was placed at the bottom of Lake Baikal, Russia, in 1990.

			

		

		
			
				Just how deep is time? We now have increasingly precise answers to this question. According to the latest measurements, our universe started 13.77 billion years ago, give or take about 40 million years, with the Big Bang. This was the moment at which both space and time came into existence. The moment itself remains shrouded in mystery, but we are surrounded by relics from the second after the Big Bang. These are neutrinos.
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				The moment of the Big Bang is theorized to have occurred as a singularity – a dimensionless point containing all the energy needed to make a universe. If you find the concept of a singularity difficult to grasp, don’t worry. You’re in good company. A gravitational singularity (or space-time singularity) is a location where the quantities that are used to measure the gravitational field become infinite. Currently, physics as we know it only starts to make sense a tiny fraction of a second after the singularity, following a period of rapid expansion known as cosmic inflation. Inflation is thought to have occurred between 10-36 seconds and 10-32 seconds after the Big Bang. In this time, the universe doubled in size at least 85 times, reaching a volume somewhere between that of a grain of sand and a football. A moment later, the first neutrinos were created.

				Neutrinos are very tiny subatomic particles with nearly zero mass. Physicists calculate that neutrinos have maybe a millionth as much mass as an electron. And they’re everywhere. The universe is full of them, and yet, because of their almost immeasurably low energy, neutrinos hardly interact with the matter of the universe at all. This makes them difficult to detect, even as neutrinos are constantly passing through our bodies every second of every day. Their existence was confirmed in 1956 in an experiment dubbed ‘Project Poltergeist’. After five years of trying, American physicists Frederick Reines and Clyde Cowan Jnr detected neutrinos by observing their 

			

		

		
			
				so-called inverse beta-decay interaction with matter. This was Big Physics, using a nuclear reactor to create streams of neutrinos and detecting them with huge tanks filled with a water and cadmium chloride solution. The tanks had to be buried underground to shield them from cosmic rays that would have messed up the results. 

			

		

		
			
				13.77 bya 

				+ 1 second
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				Above The IceCube Neutrino Observatory at the South Pole.
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				Neutrinos

			

		

		
			
				Cosmic Neutrino Background

				Now that we have found them, neutrinos offer researchers an opportunity to delve into Deep Time. Many of the neutrinos around today are left over from the earliest moments of the universe, almost-indiscernible time capsules that record the conditions in the first second after the Big Bang. The key piece of evidence comes from what researchers call the Cosmic Neutrino Background. 

				In the moment of the Big Bang, the heat of the early universe created a huge amount of electromagnetic radiation as well as a massive quantity of neutrinos and their antimatter counterparts called antineutrinos. The number truly is astronomical. Pick any cubic metre of space in the universe and within it there will be about 100 million neutrinos. Some of these were more recently created in high-energy events like supernovae, but many are nearly as old as the universe itself. These are known as relic neutrinos.

				Given their low energy and minuscule mass, neutrinos mostly keep to themselves. They don’t have a charge, they don’t emit light, and, as their name suggests, they often seem rather neutral. Physicists estimate that the Cosmic Neutrino Background has a temperature of about minus 271 degrees Celsius (2 Kelvin – two degrees above absolute zero), and a huge input of energy is needed to warm them up to a state where they begin to interact with matter. Sometimes neutrinos can pick up energy from radiation inside the sun or in supernovae, but for the most part, they are just part of the fabric of the universe. And this is precisely what has inadvertently preserved neutrinos since the moment after the Big Bang. 

				Ending interactions

				While the Big Bang released an incredible amount of heat and energy, the rapid expansion of our universe caused temperatures to plummet very quickly. Almost as soon as they were created, neutrinos were deprived of the massive energy input required to allow interactions with matter. In a snap of the fingers after the Big Bang, in the very first second of the universe, there was no longer enough heat and energy for the just-created neutrinos to do much of anything. Since neutrinos don’t decay or transform into other particles, they’ve persisted all this time. There may not be anything else in the universe that is as long-lived. 

				Detecting neutrinos in their typical, low-energy state has proved nearly impossible, but scientists have been able to identify their presence by looking at how they have affected other parts of the universe. The cool temperature of the universe’s neutrinos affects the Cosmic Microwave Background, the faint background radiation that fills our universe. By looking at these clues, the dramatic changes that happened in the first second of the universe’s existence begin to come into focus.
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				13.77 bya + 

				370,000 years

			

		

		
			
				Baryon acoustic oscillations

			

		

		
			
				Above Protons (left) and neutrons (right) are baryons made of three quarks. 

				Opposite Top The Cosmic Microwave Background fills space. It was emitted at the time the baryon acoustic oscillations were produced. 

				Opposite Bottom Pairs of galaxies are commonly separated by one length of the standard ruler. 

			

		

		
			
				While it may be difficult to come up with the standard measure of all things, the universe itself has something that scientists call a standard ruler. This is a way to understand and compare distance in the universe. 
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				The standard ruler has a length of 490 million light years. While that might seem like an awfully long ruler, consider how big the universe is. Physicists estimate that the observable universe is about 93 billion light years in diameter, which is over 189 standard rulers wide.

				Scientists have settled upon a length for the standard ruler through studying a phenomenon called baryon acoustic oscillations. A baryon is a composite subatomic particle made up of at least three quarks. The most familiar baryons to us are protons and neutrons, each made of three quarks, which form most of the mass of visible matter. 

				Conservation of particles

				Owing to the way that matter and energy are conserved, the number of particles in the universe has been the same ever since the Big Bang. However, the behaviour of these particles was changed by the expanding universe, which created a greater volume and therefore caused matter to be less dense within it. The way this expansion altered the behaviour of particles left literal ripples in space.

				Think back to the time soon after the Big Bang began our universe’s expansion. Following the Big Bang and the rapid cooldown that caused neutrinos to become so neutral in the first second of existence, the universe was made up of an extraordinarily hot and dense plasma that was brimming with subatomic particles such as electrons, protons and neutrons.

			

		

		
			
				Charged plasma

				Plasma is a tricky substance to categorize. It is a state of matter similar to a gas, but in plasma, some or even all of the electrons have been winnowed away such that positively charged ions can move freely. Effectively, plasma is a charged gas and, despite its rarity on Earth, it may be the most common state of matter in the entire universe. This was true during the earliest phases of our universe, too, when primordial plasma created a vast sea of charged ions in space. Rather than being even, however, some spots in the primordial plasma were much denser than others, and this was the key to the production of what were essentially shock waves in space.
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				Baryon acoustic oscillations

			

		

		
			
				Left The distribution of galaxies across the universe is not random. They form clusters whose positions are predicted by the theory that they were determined by the baryon acoustic oscillations. 

			

		

		
			
				Agglomerating pockets of matter in space gain gravity, pulling more matter towards them. This is how many of the planets and other celestial bodies eventually formed, with clumps of matter attracting more matter to themselves through time. During the early days of the universe, however, this form of interaction was more complicated. As gravity pulled on accumulating, dense clumps of matter to bring more particles together, it also generated heat. The heat, in the form of photons, created a pressure that pushed matter apart. When that matter cooled, gravity once again took hold and started to pull more matter together. This cycle kept repeating itself as the universe continued the early phases of its expansion.

				Acoustic waves

				This constant push and pull, which occurred about 370,000 years after the Big Bang, created waves through the universe. These are the phenomena that scientists have called baryon acoustic oscillations, which eventually set the length of the standard ruler. The waves in the primordial plasma were similar in structure to sound waves, which are longitudinal waves in which particles oscillate along a direction parallel to the direction of propagation. Imagine protogalaxies scattered along the peaks and troughs of a wave. Eventually, gravity started to win out and the universe’s first electrically neutral atoms began to form from the plasma. Matter could now cool more quickly, which meant that gravity suddenly had an edge. 

				While they happened well over 13.7 billion years ago, the pattern of the baryon acoustic oscillations can still be seen today. The waves were like a set of cosmic wrinkles that determined where galaxies would form in the universe. In fact, part of the evidence for these oscillations comes from the way that galaxies seem to cluster along lengths predicted by such interactions. The standard ruler is defined as the maximum distance the acoustic waves could travel before atoms could form, and pairs of galaxies seem to be separated by this distance more than by other lengths. Their distribution isn’t random, in other words, but is informed by the early perturbations in the primordial plasma. Armed with this knowledge, researchers have a means to calculate the rate of retreat of pairs of galaxies, whose separation appears to get smaller as they move further away. These measurements are used to calculate how fast the universe is expanding, shedding light on the nature of dark energy, the mysterious force that drives cosmic expansion.
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				13.2 bya

			

		

		
			
				The Hubble Deep Field

			

		

		
			
				Opposite The Hubble Space Telescope has made more than 1.4 million observations since its launch in 1990. It takes images that range from ultraviolet through the visible spectrum into the near-infrared.
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