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Introduction



Here’s a puzzle for you: what do the big bang, a curse of death, men’s nipples, antimatter traps, superconductors, penguin chicks and xenon have in common? The answer is, of course, nothing.


That is to say, I don’t mean they are unrelated in any way. Quite the opposite. They are all connected by the notion of nothing – nada, nichts, niente.


You might think a book about nothing sounds suspiciously like an oxymoron. But fortunately there’s plenty to explore, because nothing has been a topic of discussion for more than 2,000 years: indeed, the ancient Greeks had a lively disagreement about it. And such have been the changing fortunes of nothing that you can pretty much tell where you are in history just by finding out the prevailing views on nothing.


Take zero, for example, the symbol for the absence of things. Part of it came into being in Babylonia around 300 BC. The rest of it emerged 1,000 years later when the Indians fused that idea with an ancient symbol for nothingness. Another 400 years passed before it arrived in Europe where it was initially shunned as a dangerous innovation. By the 17th century it had gained acceptance, and today it is critical to the definition of every number you use.


You’ll find out about all these events in the pages that follow. But there’s much more besides.


The word ‘nothing’ is applied in all manner of settings and in every case it reveals a different aspect of reality. Can something really come from nothing? Why do some animals spend all day doing nothing? What happens in our brain when we try to think about nothing? These are all questions scientists have asked and gained intriguing results.


In this way, nothing becomes a lens through which we can explore the universe around us and even what it is to be human. It reveals past attitudes and present thinking.


One example is the vacuum, the void, which is what the Greeks argued about all those centuries ago. First it didn’t exist, then in the 17th century it did. During the 18th century, it was filled with a mysterious substance called luminiferous aether. That was thrown out at the start of the 20th century. But by 1930, the void had become the vacuum of quantum theory, which is about as far from nothing as you can get – it is a space packed with particles popping into and out of existence.


As this example demonstrates, nothings are usually extremes. They tend to sit at one end of a spectrum. And when scientists want to explore a phenomenon they look for an extreme version of it, because the contributory factors are often easier to spot. So if you want to measure the impact of inactivity on the body, you send your subjects to bed for a long time and order them to do absolutely nothing. The results of that particular experiment changed medical practice overnight.


Another extreme is absolute zero, the coldest cold that can exist, where the thermal jiggling of atoms all but disappears. Our journey towards absolute zero has been a tortuous one, filled with misconceptions and blind alleys. Yet the human impulse to explore eventually revealed a world of bizarre behaviours that we could never have predicted.


Nothings can be difficult to attain: we haven’t reached absolute zero and most likely never will. Nothings can also be messy: what is described as the vacuum of space turns out to be not one, but many. And nothings can be powerful: sick people can get better after talking with a doctor even though nothing material passes between them. This effect, which is perplexing some of the best brains in medical science, has an equally powerful evil twin.


These are just a few ways in which nothing can reveal glimpses of our universe. It would have been relatively easy to corral these stories into chapters themed along conventional lines – cosmology, mathematics and so on. But in New Scientist, where most of these essays originated, we have found that variety is highly prized and it is always wise for every issue of the magazine to offer something for everyone.


In that spirit, I have instead created chapters around topics such as beginnings, mysteries and surprises. So if physics is not your bag, it won’t be long before you reach something more to your taste. I hope to intrigue you with the sheer breadth of the ways in which nothing has influenced our thinking.


Themes such as the birth and death of the universe, the vacuum, the power of nothing, zero and absolute zero run through the chapters. For those who wish to read all the essays on a specific theme, there’s a signpost at the end of each essay pointing you to the next one in the chain.


One use of the word nothing implies a lack of value: if something is insignificant, people say ‘it’s nothing’. That meaning clearly comes from a time before we realised quite how valuable nothing is. I hope I can convince you it is a concept rich in meaning and implication.


Jeremy Webb





1
Beginnings



‘Astronomy leads us to a unique event, a universe which was created out of nothing,’ said Arno Penzias, the American physicist and Nobel laureate. He was talking about the mother of all beginnings, the big bang. It’s the obvious place for us to start. To add some variety, we’ll bounce you to ancient Babylon and then to the most modern of brain-scanning laboratories. You’ll find out about the birth of a symbol that you almost certainly take for granted and discover that your head is home to an organ you’ve probably never heard of. Along the way, we’ll look at the fruits of an infant scientific field – the mind’s power to heal the body.



The big bang



Our universe began in an explosion of sorts, what’s called the big bang. The $64,000 question is how the cosmos emerged out of nothing. But before we tackle that, we need to understand what the big bang entailed. Here’s Marcus Chown.


In the beginning was nothing. Then the universe was born in a searing hot fireball called the big bang. But what was the big bang? Where did it happen? And how have astronomers come to believe such a ridiculous thing?


About 13.82 billion years ago, the universe that we inhabit erupted, literally, out of nothing. It exploded in a titanic fireball called the big bang. Everything – all matter, energy, even space and time – came into being at that instant.


In the earliest moments of the big bang, the stuff of the universe occupied an extraordinarily small volume and was unimaginably hot. It was a seething cauldron of electromagnetic radiation mixed with microscopic particles of matter unlike any found in today’s universe. As the fireball expanded, it cooled, and more and more structure began to ‘freeze out’.


Step by step, the fundamental particles we know today, the building blocks of all ordinary matter, acquired their present identities. The particles condensed into atoms and galaxies began to grow, then fragment into stars such as our sun. About 4.55 billion years ago, Earth formed. The rest, as they say, is history.


It is an extraordinarily grand picture of creation. Yet astronomers and physicists, armed with a growing mass of evidence to back their theories, are so confident of the scenario that they believe they can work out the detailed conditions in the early universe as it evolved, instant by instant.


That’s not to say we can go back to the moment of creation. The best that physics can do is to attempt to describe what was happening when the universe was already about 10–35 seconds old – a length of time that can also be written as a decimal point followed by 34 zeroes and a 1.






Looking backwards in time





Physicists can run the expansion of the universe backwards. In this way, they can watch it get hotter as it gets smaller, just as the air in a bicycle pump heats up as it is compressed. But theory proposes that, at the big bang itself, the temperature was infinite. And infinities warn physicists that theories are flawed.


At the moment, the theories which take us furthest back in time are the Grand Unified Theories. These GUTs are an attempt to show that three of the basic forces that govern the behaviour of all matter – the strong and weak nuclear forces and the electromagnetic force – are no more than facets of a single ‘superforce’.


Each force of nature arises from the exchange of a different ‘messenger’ particle, or boson. The messenger transmits a force between two particles, just as a tennis ball transmits to a player the force of an opponent’s shot. At high enough temperatures – such as those when the universe was 10–35 seconds old – physicists believe the electromagnetic and strong and weak nuclear forces were identical, and mediated by a messenger dubbed the X-boson.


Physicists want to show that gravity, too, is a facet of the superforce. They suspect that gravity split apart from the other three forces at about 10–43 seconds after the big bang. But before they can ‘unify’ the four forces, they must describe gravity using quantum theory, which is hugely successful for describing the other forces. To say that physicists are finding this difficult is an understatement.


When they have their unified theory, physicists believe that they will be able to probe right back to the moment of creation and explain how the universe popped suddenly into existence from nothing 13.82 billion years ago.





This is an exceedingly small interval of time, but you would be wrong if you thought it was so close to the moment of creation as to make no difference. Although the structure of the universe no longer changes much in even a million years, when the universe was young, things changed much more rapidly.


For example, physicists think that as many important events happened between the end of the first tenth of a second and the end of the first second as in the interval from the first hundredth of a second to the first tenth of a second, and so on, logarithmically, back to the very beginning. As they run the history of the universe backwards, like a movie in reverse, space is filled with ever more frenzied activity.


This is because the early universe was dominated by electromagnetic radiation – in the form of little packets of energy called photons – and the higher the temperature, the more energetic the photons. Now, high-energy photons can change into particles of matter because one form of energy can be converted into another, and, as Einstein revealed, mass (m) is simply a form of energy (E), hence his famous equation E=mc2, where c is the speed of light.


What Einstein’s equation says is that particles of a particular mass, m, can be created if the packets of radiation, the photons, have an energy of at least mc2. Put another way, there is a temperature above which the photons are energetic enough to produce a particle of mass, m, and below which they cannot create that particle.


If we look far enough back, we come to a time when the temperature was so high, and the photons so energetic, that colliding photons could produce particles out of radiant energy. What those particles were before the universe was 10–35 seconds old, we do not know. All we can say is that they were very much more massive than the particles we are familiar with today, such as the electron and top quark.


As time progressed and temperature fell, so the mix of particles in the universe changed to a soup of less and less massive particles. Each particle was ‘king for a day’, or at least for a split second. For the reverse process was also going on – matter was being converted back to radiant energy as particles collided to produce photons.


What do physicists think the universe was like a mere 10–35 seconds after the big bang?


Well, the volume of space that was destined to become the ‘observable universe’, which today is 84 billion light years across, was contained in a volume roughly the size of a pea. And the temperature of this superdense material was an unimaginable 1028 °C.


At this temperature, physicists predict, colliding photons had just the right amount of energy to produce a particle called the X-boson that was a million billion times more massive than the proton. No one has yet observed an X-boson, because to do so we would have to recreate, in an Earth-bound laboratory, the extreme conditions that existed just 10–35 seconds after the big bang.


How far back can physicists probe in their laboratories?


The answer is to a time when the universe was about one-trillionth (10–12) of a second old. By then, it had cooled down to about 100 million billion degrees – still 10 billion times hotter than the centre of the sun. In 2012, physicists at CERN, the European centre for particle physics in Geneva, recreated these conditions in the giant particle accelerator called the Large Hadron Collider. They conjured into being a particle that resembles the Higgs boson, a particle that vanished from the universe a trillionth of a second after the big bang.


The gulf between 10–35 seconds and a trillionth of a second is gigantic. We know that for most of this period, matter was squeezed together more tightly than the most compressed matter we know of – that inside the nuclei of atoms. And, as the temperature fell, so the energy level of photons declined, creating particles of lower and lower masses.


At some point, the hypothetical building blocks of the neutron and proton – known as quarks – came into being. And by the time the universe was about one-hundredth of a second old, it had cooled sufficiently to be dominated by particles that are familiar to us today: photons, electrons, positrons and neutrinos. Neutrons and protons were around, but there weren’t many of them. In fact, they were a very small contaminant in the universe.


About one second into the life of the universe, the temperature had fallen to about 10 billion °C, and photons had too little energy to produce particles easily. Electrons and their positively charged ‘antimatter’ opposites, called positrons, were colliding and annihilating each other to create photons. However, because of a slight and, to this day, mysterious lopsidedness in the laws of physics, there were roughly 10 billion + 1 electrons for every 10 billion positrons. So, after an orgy of annihilation, the universe was left with a surplus of matter, and with about 10 billion photons for every electron, a ratio that persists today.


The next important stage in the history of the universe was at about one minute.


The temperature had dropped to a mere 1 billion °C – the temperature in the hearts of the hottest stars. Now the particles were moving more slowly. In the case of protons and neutrons, it meant that they stayed close to each other long enough for the strong nuclear forces, which bind them together in the nuclei of atoms, to have a chance to take hold. In particular, two protons and two neutrons could combine to form nuclei of helium.


Solitary neutrons decay into protons in about 15 minutes, so any neutrons left over after helium formed became protons. According to physicists’ calculations, roughly ten protons were left over for every helium nucleus that formed. And these became the nuclei of hydrogen atoms, which consist of a single proton.


This is one of the strongest pieces of evidence that the big bang really did happen. For much, much later, when the temperature had cooled considerably, the hydrogen and helium nuclei picked up electrons to become stable atoms. Today, when astronomers measure the abundance of elements in the universe – in stars, galaxies and interstellar space – they still find roughly one helium atom for every ten hydrogens.


The point at which it was cool enough for electrons to combine with protons to make the first atoms was about 380,000 years after the big bang. The universe was now cooling very much more slowly than in its early moments, and the temperature had reached a modest 3,000 °C. This also marked another significant event in the early history of the universe.


Until the electrons had combined with the hydrogen and helium nuclei, photons could not travel far in a straight line without running into an electron. Free electrons are very good at scattering, or redirecting, photons. As a consequence, every photon had to zigzag its way across the universe. This had the effect of making the universe opaque. If this happened today and light from the stars zigzagged its way across space to your eyes, rather than flying in straight lines, you would see only a dim milky glow from the whole sky rather than myriad stars.


We can still detect photons from this period. They have been flying freely through the universe for billions of years, and astronomers observe them as what’s called the cosmic microwave background. Whereas these photons started their journey when the temperature was 3,000 °C, the universe has expanded about 1100 times while they have been in flight. This has decreased their energy by this factor, so that we now record the signals as just 2.725 degrees above absolute zero.


The temperature dropping to about 3,000 °C also signalled another event – the point at which the energy levels of the radiation, or photons, in the universe fell below that of the matter. From then on, the universe was dominated by matter and by the force of gravity acting on that matter.


The building of elements, which had begun when the universe was about one minute old, had stopped by the time it had been in existence for ten minutes, and the protons and neutrons had formed the nuclei of hydrogen and helium. For elements such as carbon and oxygen to form, hotter and denser conditions were needed, but the universe was getting colder and more rarefied all the while. The heavy elements in the planets and in your body were created, billions of years later, in the nuclear furnaces of stars.


Instead, as the universe continued to expand, gravity caused clumps of matter to accumulate in large islands. Those islands were to become the galaxies. The galaxies continued their headlong rush into the void, fragmenting into smaller clumps which became individual stars, producing heat and light by nuclear reactions deep in their cores. At one point, about 9 billion years after the big bang, a yellow star was born towards the outer edge of a great spiral whirlpool of stars called the Milky Way. The star was our sun.






How do we know there was a big bang?





Our modern picture of the universe is due in large part to an American astronomer, Edwin Hubble. In 1923, he showed that the Milky Way, the great island of stars to which our sun belongs, was just one galaxy among thousands of millions of others scattered throughout space.


Hubble also found that the wavelength of the light from most of the galaxies is ‘red shifted’. Astronomers initially interpreted this as a Doppler effect, familiar to anyone who has noticed how the pitch of a police siren drops as it passes by. The siren becomes deeper because the wavelength of the sound is stretched out. Similarly with light, the wavelength of light from a galaxy which is moving away from us is stretched out to a longer, or redder, wavelength.


Hubble discovered that most galaxies are receding from the Milky Way. In other words, the universe is expanding. And the farther away a galaxy is, the faster it is receding.


One conclusion is inescapable: the universe must have been smaller in the past. There must have been a moment when the universe started expanding: the moment of its birth. By imagining the expansion running backwards, astronomers deduce that the universe came into existence about 13.82 billion years ago.


This idea of a big bang means that the red shifts of galaxies are not really Doppler shifts. They arise because in the time that light from distant galaxies has been travelling across space to Earth, the universe has grown, stretching the wavelength of light.


The picture of a universe that is expanding need not have been a surprise to anyone. If Albert Einstein had only had faith in his equations, he could have predicted it in 1915 with his theory of gravity, known as the general theory of relativity. But Einstein, like Newton before him, hung on to the idea that the universe was static – unchanging, without beginning or end. He can be forgiven because, at the time, he did not even know about the existence of galaxies.


The vision of a static universe also appealed strongly to astronomers. In 1948, Hermann Bondi, Thomas Gold and Fred Hoyle proposed the steady-state theory of the universe. The universe was expanding, they said, but perhaps it was unchanging in time.


Their theory said that space is expanding at a constant rate but, at the same time, matter is created continuously throughout the universe. This matter is just enough to compensate for the expansion and keep the density of the universe constant. Where this matter would come from, nobody could say. But neither could the proponents of the big bang.


The steady-state theory held its own as the principal challenger to the big bang theory for two decades. Then, in the 1960s, two astronomical discoveries dealt it a fatal blow.


The first discovery came from Martin Ryle and his colleagues at the University of Cambridge. They were studying radio galaxies – enormously powerful sources of radio waves. In the early 1960s, the Cambridge astronomers found that there were many more radio galaxies at large distances than nearby.


The radio waves from these distant objects have taken billions of years to reach us. Ryle and his colleagues, therefore, were observing our universe as it was in an earlier time. The excess of radio galaxies at great distances had to mean that conditions in the remote past were different from those today. A universe which changes with time ran counter to the steady-state theory.


Then in 1965, Arno Penzias and Robert Wilson, two scientists at the Bell Telephone Labs in Holmdel, New Jersey, detected an odd signal with a radio horn they had inherited from engineers working on Echo 1 and Telstar, the first communication satellites.


The signal did not come from Earth or the sun. It seemed to come from all over the sky, and it was equivalent to the energy emitted by a body at about 3 degrees above absolute zero (–270 °C).


There could be no doubt. Penzias and Wilson had discovered the ‘afterglow’ of the big bang fireball – the cosmic microwave background. For their proof of the big bang, they shared the 1978 Nobel prize in physics.





[image: image]For more cosmology, go to ‘The day time began’ on page 44.



Secret life of the brain



People have been rummaging around inside the human body for millennia, so to find a new organ in the 21st century is an extraordinary achievement. That’s effectively what two researchers have done. Their discovery came from asking a simple question: what happens when the brain is resting – when it’s doing nothing? Douglas Fox takes up the story.


In 1953, a physician named Louis Sokoloff laid a 20-yearold college student onto a gurney, attached electrodes to his scalp and inserted a syringe into his jugular vein.


For 60 minutes the volunteer lay there and solved arithmetic problems. All the while, Sokoloff monitored his brainwaves and checked the levels of oxygen and carbon dioxide in his blood.


Sokoloff, a researcher at the University of Pennsylvania in Philadelphia, was trying to find out how much energy the brain consumes during vigorous thought. He expected his volunteer’s brain to guzzle more oxygen as it crunched the problems, but what he saw surprised him: his subject’s brain consumed no more oxygen while doing arithmetic than it did while he was resting with his eyes closed.


People have long envisaged the brain as being like a computer on standby, lying dormant until called upon to do a task, such as solving a sudoku, reading a newspaper or looking for a face in a crowd. Sokoloff’s experiment provided the first glimpse of a different truth: that the brain enjoys a rich private life. This amazing organ, which accounts for only 2 per cent of our body mass but devours 20 per cent of the calories we eat and drink, fritters away much of that energy doing, as far as we can tell, absolutely nothing.


‘There is a huge amount of activity in the [resting] brain that has been largely unaccounted for,’ says Marcus Raichle, a neuroscientist at Washington University in St Louis. ‘The brain is a very expensive organ, but nobody had asked deeply what this cost is all about.’


Raichle and a handful of others are finally tackling this fundamental question – what exactly is the idling brain up to, anyway? Their work has led to the discovery of a major system within the brain, an organ within an organ, that hid for decades right before our eyes. Some call it the neural dynamo of daydreaming. Others assign it a more mysterious role, possibly selecting memories and knitting them seamlessly into a personal narrative. Whatever it does, it fires up whenever the brain is otherwise unoccupied and burns white hot, guzzling more oxygen, gram for gram, than your beating heart.


‘It’s a very important thing,’ says Giulio Tononi, a neuroscientist at the University of Wisconsin-Madison. ‘It’s not very frequent that a new functional system is identified in the brain – in fact it hasn’t happened for I don’t know how many years. It’s like finding a new continent.’


The discovery was slow in coming. Sokoloff’s experiment in 1953 drew little attention. It wasn’t until the 1980s that it started to dawn on researchers that the brain may be doing important things while apparently stuck in neutral.


In the 1980s a novel brain-scanning technique called PET (for positron emission topography) was all the rage. By injecting radioactive glucose and measuring where it accumulated, researchers were able to eavesdrop on the brain’s inner workings. In a typical experiment they would scan a volunteer lying down with their eyes closed and again while doing a mentally demanding task, then subtract one scan from the other to find the brain areas that lit up.


Raichle was using PET to find brain areas associated with words when he noticed something odd: some brain areas seemed to go at full tilt during rest, but quietened down as soon as the person started an exercise. Most people shrugged off these oddities as random noise. But in 1997, Raichle’s colleague Gordon Shulman found otherwise.


Shulman sifted through a stack of brain scans from 134 people. Regardless of the task performed, whether it involved reading or watching shapes on a screen, the same constellation of brain areas always dimmed as soon as the subject started concentrating. ‘I was surprised by the level of consistency,’ says Shulman. Suddenly it looked a lot less like random noise. ‘There was this neural network that had not previously been described.’


Raichle and Shulman published a paper in 2001 suggesting that they had stumbled onto a previously unrecognised ‘default mode’ – a sort of internal game of solitaire which the brain turns to when unoccupied and sets aside when called on to do something else. This brain activity occurred largely in a cluster of regions arching through the midline of the brain, from front to back, which Raichle and Shulman dubbed the default network.1


The brain areas in the network were known and previously studied by researchers. What they hadn’t known before was that they chattered non-stop to one another when the person was unoccupied, but quietened down as soon as a task requiring focused attention came along. Measurements of metabolic activity showed that some parts of this network devoured 30 per cent more energy, gram for gram, than nearly any other area of the brain.


The brain in neutral
When you switch off, the default network bursts into action


[image: image]


All of this poses the question – what exactly is the brain up to when we are not doing anything? When Raichle and Shulman outlined the default network, they saw clues to its purpose based on what was already known about the brain areas concerned.


One of the core components is the medial prefrontal cortex (see figure above), which is known to evaluate things from a highly self-centred perspective of whether they’re likely to be good, bad or indifferent. Parts of this region also light up when people are asked to study lists of adjectives and choose ones that apply to themselves but not to, say, Madonna. People who suffer damage to their medial prefrontal cortex become listless and uncommunicative. One woman who recovered from a stroke in that area recalled inhabiting an empty mind, devoid of the wandering, stream-of-consciousness thoughts that most of us take for granted.


Parts of the default network also have strong connections to the hippocampus, which records and recalls autobiographical memories such as yesterday’s breakfast or your first day of kindergarten.


To Raichle and his colleague Debra Gusnard, this all pointed to one thing: daydreaming. Through the hippocampus, the default network could tap into memories – the raw material of daydreams. The medial prefrontal cortex could then evaluate those memories from an introspective viewpoint. Raichle and Gusnard speculated that the default network might provide the brain with an ‘inner rehearsal’ for considering future actions and choices.


Randy Buckner, a former colleague of Raichle’s, now at Harvard, agrees. To him the evidence paints a picture of a brain system involved in the quintessential acts of daydreaming: mulling over past experiences and speculating about the future. ‘We’re very good at imagining possible worlds and thinking about them,’ says Buckner. ‘This may be the brain network that helps us to do that.’


There is now direct evidence to support this idea. In 2007, Malia Mason, now at Columbia Business School, New York City, reported that the activity of the default network correlates with daydreaming. Using the brain-imaging technique functional magnetic resonance imaging (fMRI), Mason found that people reported daydreaming when their default network was active, but not when it dimmed down. Volunteers with more active default networks reported more wandering thoughts overall.2


Daydreaming may sound like a mental luxury, but its purpose is deadly serious: Buckner and his Harvard colleague Daniel Gilbert see it as the ultimate tool for incorporating lessons learned in the past into our plans for the future. So important is this exercise, it seems, that the brain engages in it whenever possible, breaking off only when it has to divert its limited supply of blood, oxygen and glucose to a more urgent task.


But people now suspect that the default network does more than just daydream. It started in 2003 when Michael Greicius of Stanford University in California studied the default network in a new way. He got his subjects to lie quietly in an fMRI scanner and simply watched their brains in action. This led him to find what are called resting state fluctuations in the default network – slow waves of neural activity that ripple through in a coordinated fashion, linking its constellation of brain areas into a coherent unit. The waves lasted 10 to 20 seconds from crest to crest, up to 100 times slower than typical electroencephalograph (EEG) brain waves recorded by electrodes on the scalp.


Until then scientists had studied the default network in the old-fashioned way, subtracting resting scans from task scans to measure changes in brain activity. But Greicius’s work showed that you could eavesdrop on the network by simply scanning people as they lay around doing nothing. This allowed scientists to study the network in people who weren’t even conscious, revealing something unexpected.


Raichle reported in 2007 that the network’s resting waves continued in heavily anaesthetised monkeys as though they were awake.3 More recently, Greicius reported a similar phenomenon in sedated humans, and other researchers have found the default network active and synchronised in early sleep.4


This derailed the assumption that the default network is all about daydreaming. ‘I was surprised,’ admits Greicius. ‘I’ve had to revamp my understanding of what we’re looking at.’


Given that the default network is active in early sleep it’s tempting to link it with real dreaming, but Raichle suspects its nocturnal activity has another purpose – sorting and preserving memories. Each day we soak up a mountain of short-term memories, but only a few are actually worth adding to the personal narrative that guides our lives.


Raichle now believes that the default network is involved, selectively storing and updating memories based on their importance from a personal perspective – whether they’re good, threatening, emotionally painful, and so on. To prevent a backlog of unstored memories building up, the network returns to its duties whenever it can.


In support of this idea, Raichle points out that the default network constantly chatters with the hippocampus. It also devours huge amounts of glucose, way out of proportion to the amount of oxygen it uses. Raichle believes that rather than burning this extra glucose for energy, it uses it as a raw material for making the amino acids and neurotransmitters it needs to build and maintain synapses, the very stuff of memory. ‘It’s in those connections where most of the cost of running the brain is,’ says Raichle.


With such a central role, it shouldn’t be surprising that the default network is implicated in some familiar brain diseases. In 2004, Buckner saw a presentation by William Klunk of the University of Pittsburgh School of Medicine. Klunk presented 3D maps showing harmful protein clumps in the brains of people with Alzheimer’s disease. Until then scientists had only looked at these clumps in one brain location at a time, by dissecting the brains of deceased patients. So when Klunk projected his whole-brain map on the screen, it was the first time many people had seen the complete picture. ‘It was quite surprising,’ says Buckner. ‘It looked just like the default network.’
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