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			Glossary

		

	
		
			One

			If nature can do it, so can you

			It was clear to the young astronomer that he was having some sort of breakdown. It was 1982 and Geoffrey Marcy was in his late 20s. Ironically, his dream was coming true; he was working with the most qualified professors, at the most prestigious observatories in America, yet he was weighed down by feelings of inadequacy and incompetence.

			He was discovering that science wasn’t so much collab­orative as cut-throat, and he wasn’t sure he had the strength to fight. His work was being publicly criticized, and he was in therapy for his emotional state.

			Academia had seemed such a natural path for him growing up, and astronomy was the discipline he fell in love with. He had lived his early life in the Los Angeles suburbs of the San Fernando Valley during the 1960s. His mother and father were both well educated with specialisms in anthropology and aerospace engineering. Neither was afraid to speak up for what they believed in. His mother was an active supporter of the civil rights movement for minorities. His father would enthuse about the latest aerospace technologies such as supersonic flight or the space shuttle.

			When Marcy was a boy, they bought him a small second-hand telescope. At night, he would climb out of his bedroom window onto the patio roof, carrying the present, so that he could observe the stars. At school he struggled to achieve in anything other than the physical sciences, so the correct path for him was clear. He followed it right into the physics faculty at the University of California, Los Angeles (UCLA), where he found the work challenging but satisfying, and so continued on to UC Santa Cruz as a graduate student. There he was taught the art of observing stars with large telescopes and worked towards a Ph.D. studying the magnetic field of stars like the Sun. He was supervised in these efforts by Steven Vogt, who had tried the self-same project for his own Ph.D. a decade before – and failed because the technology was not up to the job. Vogt had therefore dedicated himself to developing better instruments and, in the intervening years, succeeded to the point where he thought it was worth another go.

			Under Vogt’s guidance, Marcy became a skilled observer and succeeded in detecting these distant magnetic fields. His work earned him a Carnegie Fellowship at the Mount Wilson and Las Campanas Observatories in Pasadena. But it was here that things started to go wrong.

			His Ph.D. work, which had originally seemed so successful, was coming under sustained criticism by a respected astronomer from Harvard. It triggered feelings of inadequacy in Marcy. He couldn’t seem to find his feet, and his confidence began to tumble; everyone, it seemed, was smarter than he was, and he began thinking that the game was up. Any day he would be found out as a fraud who had been lucky to get as far as he had. With the self-doubt lodged firmly in his mind, his mental health deteriorated. He thought his career was over.

			Desperate for a meaningful, yet less competitive way of life, he was lingering in the shower one morning, talking himself into going to work. That’s when it hit him as searingly as a shaft of the dawn sunlight. Why not subvert the observational techniques he had learnt towards answering an almost forgotten question in astrophysics: how many planets like Earth were there in the Galaxy?

			Reason alone suggested such planets should be manifest. It was almost inconceivable that our Sun should be unique in this respect but proving it was a different matter entirely. The technological requirements were so exacting that Marcy knew of no one who was pursuing the goal. If anything, it was a discredited science. Since the 19th century there had been a number of astronomers who had claimed to have discovered planets but all had turned out to be embarrassingly wrong. Yet to Marcy, this was a freeing concept. His career, he thought, was over anyway. So why not spend what remained of it in pursuit of something that had little or no hope of success but in which he could at least believe.

			*

			Detecting planets is not yet as simple as pointing a telescope in their direction and taking an image. It relies on the Doppler effect. This phenomenon is a staple of school physics classes, both because it is fundamental to the way we perceive the world and because it is easily demonstrable with sound. Think of the whine of a siren as an emergency vehicle passes you in the street. On approach, the sound is squeezed, giving it a higher pitch. Once the vehicle has passed the opposite happens and the sound waves are stretched to lower pitch. Listening, we hear this as a continuous change when in reality the siren has not changed its pitch at all. The sound is modified because of the speed and direction of the vehicle.

			The effect owes its name to Christian Andreas Doppler, a 19th-century physicist who is persistently mis-named Johann Christian Doppler because of a mistake in the writings of influential German astronomer Julius Scheiner.

			Doppler was born on 29 November 1803 in Salzburg, Austria. He was never in the best of health and this presented his family with a problem. His father ran a successful stonemasonry and in the normal run of things would have expected his son to continue in the business. Christian’s physical frailty ruled out such demanding physical work, so they decided that academic education was the best route. Using some of the family’s accumulated wealth, they sent the boy away to secondary school in nearby Linz, and then to the Vienna Polytechnic Institute, where he showed a flair for mathematics.

			By 1829, Doppler had successfully studied mathematics, mechanics and astronomy and was looking for a permanent academic job. It was not easy; he was passed over time and again. The years slipped by and he found himself working as an accountant in a cotton-spinning factory. Growing despondent, he applied to emigrate to America. In preparation, he began to sell the possessions he had accumulated. Yet, at the last moment, he was offered a post teaching mathematics in Prague. He took it and over the next few years climbed the career ladder to end up as professor in practical geometry and elementary mathematics at the Prague Polytechnic. It was here in 1842 that he made his great breakthrough.

			There was a growing interest in understanding the nature of light. It was widely thought that light was a wave motion and that colour was a reflection of wavelength. Doppler’s genius was to recognize that the emission of the wave would take some time, so if the emitting object moved during that process, the light’s wavelength would be altered. It would either be squashed or stretched depending upon whether the light source was moving towards or away from the observer. The same would happen if the observer were moving because it would take time to absorb the wave. Any change in the wavelength of the light would translate into a change of colour.

			While physicists were interested in light, astronomers were fascinated by ‘double stars’. The general wisdom of the time was that most stars emitted more or less yellow light but there were a number of double stars in which the light components were strikingly different colours. Alberto in the constellation of Cygnus was seen through telescopes to be two stars closely separated, one yellow and the other blue. The same is true for Almach in the constellation of Andromeda. There are subtler variations too. Epsilon Lyrae is composed of four separate stars, leading astronomers to call it the double double. Each one is a different shade of blue. Some individual stars are distinctly non-white too. Betelgeuse and Rigel, both in Orion, are red and blue respectively.

			Doppler wondered whether motion was responsible for these different colours. For the double stars, orbital motion could be squashing the yellow light, turning it blue. In the case of the single stars, their movement through space could be altering the hue. He found that he could derive a formula that related speed to the change in wavelength, and presented it in a lecture given to the Royal Bohemian Society on 25 May 1842. It was accompanied by a paper titled ‘Über das farbige Licht der Doppelsterne und einiger anderer Gestirne des Himmels’ (‘On the coloured light of the double stars and some other stars of heaven’).

			He likened the phenomenon to ships in choppy waters. When navigating into the waves, a ship would encounter the peaks more rapidly than when motoring along with the current. In the first case, this increase in frequency translates into an apparent shortening of the wavelength (the distance between adjacent peaks). In the latter, the opposite situation occurs.

			Doppler stated that, if it was correct, his hypothesis could provide astronomers with a means of calculating the speed at which stars were moving. The question was how to prove it. You could not go to the stars and see if they really were moving. Nor could you control light accurately enough in a laboratory; the apparatus of the day was simply not up to the task. Fortunately, Doppler’s formula was completely general. His proposed effect would take place on anything that was composed of waves: sound, for example. But it wasn’t Doppler who translated this into an experimental test; it was a Dutch polymath and a group of musicians.

			*

			Christophorus Henricus Diedericus Buys Ballot was born in Kloetinge, The Netherlands. He studied for a degree at the University of Utrecht and remained there for his whole career. He studied geology and mineralogy but is mostly know for his contributions to chemistry and meteorology.

			In 1843, he rounded up a group of trumpeters, all of them with perfect pitch, and took them to the town of Maarssen, a stop on the Utrecht–Amsterdam railway line. There, the authorities placed a locomotive at his disposal, and he loaded some of the musicians onto an open truck and had others stand at the side of the track. The locomotive was to drive repeatedly to and fro, with the musicians on the truck blowing their trumpets and those on the side listening and commenting on the pitch. The trouble was it was chilly in December and a snowstorm soon convinced them all to return home.

			The experiment finally took place, with more people to listen and play, in June 1845. This time, they were beset by the summer heat but the experiment went ahead. Up and down went the train, altering its speed between the runs. Sometimes the trumpeters on the train would play and those at the trackside would listen, other times vice versa. At the end of it all, there was no doubt. Doppler was right, waves were modified by movement between the source and observer. This confirmation was, quite literally, accompanied by a fanfare.

			The Doppler effect is now ubiquitously used to measure movement in all scientific disciplines. Detectors for monitoring a patient’s heartbeat or an unborn child measure blood flow by bouncing ultrasound waves off the moving blood cells. Radar detection, which tells us the speed and direction of an object, is based on the Doppler effect, as are police speed guns. Musically, the effect was pressed into action by inventor Donald Leslie, who developed a rotating loud speaker in the 1940s to change a pure sound into a more ethereal one. The Leslie speaker became a staple for Hammond organ players throughout the 1950s and also gave George Harrison his distinctive guitar sound on the Beatle’s ‘Lucy in the Sky with Diamonds’.

			But for the effect to be used with the stars, as Doppler had originally hoped, some way of knowing the original wavelength at which the stars were emitting light had to be found. This too was discovered in the 19th century.

			*

			The path started with English physician William Hyde Wollaston, whose career only really took off after he had retired from the profession and reinvented himself as a chemist. One of 17 children, Wollaston had graduated from the University of Cambridge and practised medicine, but the suffering of his patients weighed so heavily on him that he began looking for a way out. Salvation came when he received a large gift of money from one of his brothers, allowing him to give up medicine and divert his energy to chemistry, his true love.

			At the turn of the 19th century, having moved to London, he established a company that traded in chemical products, and he became an influential member of the Royal Society, which had been founded in November 1660 to pursue the investigation of nature. He stood before the assembled fellows on 24 June 1802 and related a most curious discovery he had made while investigating the light-bending properties of various substances. Taking his cue from some of Isaac Newton’s work that had been described to the society back in 1672, Wollaston had blacked out a room, except for a tiny pinpoint of light at the window. Whereas Newton had passed the shaft of sunlight through a prism and shone the result onto the far wall, Wollaston stood some 10 or 12 feet away and observed the light through a prism of flint glass that he held to his eye.

			In Newton’s classic work on colours, the Cambridge don described how a shaft of white light was split by the prism into red, orange, yellow, green, blue, indigo, violet, each colour merging into the other. He had called this pattern a spectrum, a Latin word that means image or apparition, even spectre. Wollaston, in contrast, described how he had seen just four colours in the spectrum: red, yellowish-green, blue and violet. Most extraordinarily however, Wollaston told of how these colours appeared to be divided by black vertical lines.1 Intrigued, he had repeated the experiment with candlelight, and discovered that the pattern changed from black lines to bright lines of colour. He concluded his paper by confessing that he could not explain the phenomenon. No one could; it was entirely unanticipated and the matter rested for just over a decade until the German physicist Joseph von Fraunhofer took up the challenge.

			Born on 6 March 1787, Fraunhofer was orphaned at 11 and became an apprentice to a glassmaker in Straubing, Bavaria, who worked him like a slave. One day, disaster struck when the glassworks collapsed. Fraunhofer was pulled from the rubble under the gaze of Maximilian IV Joseph, the Prince Elector of Bavaria, and taken into his royal patronage. In 1806, he moved to a glassworks in the secluded Benediktbeuern Abbey, a former Benedictine monastery some 65 kilometres south of Munich. Following the secularization of Bavaria in 1803, it had become a great industrial research and development enterprise with the goal of making the finest glass in the world.

			Fraunhofer thrived, working in the toxic environment of the furnaces to develop new recipes for different types of glass. A key property for glass was its dispersive power, the measure of how widely it could spread the colours of a spectrum. In 1814, Fraunhofer invented a device called a spectroscope to measure this property in samples of glass.

			It was a tabletop device that allowed a prism to be fixed into place and observed through a small telescope, which magnified the resulting spectrum. Using the Sun as his source of light, Fraunhofer rediscovered Wollaston’s dark lines. As he developed the spectroscopes further, he found that increasing magnification revealed more dark lines in the Sun’s spectrum. In all he counted 574 of them, and they are still known today as the Fraunhofer lines. In time, astronomers would come to realize that these spectral lines are essential for measuring the movement of stars, and inferring the existence of planets around them, but at the time their origin was a complete mystery.

			Fraunhofer himself never found out what the spectral lines were. Like so many of his profession, he died young, perhaps as a result of working in the poisonous fumes of the glass furnaces. He died aged 39 on 7 June 1826.

			The next leap in understanding did not come until the middle of the century, more than 300 kilometres away in Heidelberg.

			*

			German scientists Robert Bunsen and Gustav Kirchhoff were working on techniques to prepare and ensure the purity of chemical samples. A widely used technique among chemists at the time was the flame test. This involved dropping a small sample of a substance into a flame and seeing what colour it flared. For example, table salt flares bright yellow because of the sodium it contains; calcium burns brick red. The test wasn’t definitive because many elements cause similar colours – aluminium and cobalt both give off a silver-white light – so the question was how to progress the analysis to reliably separate these identifications.

			Bunsen and Kirchhoff took as their starting point work that had taken place in England in the year after Fraunhofer’s death. John Herschel and William Fox Talbot had passed light from various flame tests through a prism and seen that instead of a continuous rainbow of colours, each chemical element gave off a unique pattern of coloured lines when burnt. They wrote, ‘A glance at the prismatic spectrum of a flame may show it to contain substances which it would otherwise require a laborious chemical analysis to detect.’

			In the case of lithium and strontium, both of which burnt with a red flame, when this light was passed through a prism, each element’s light resolved into a different pattern of red lines. It was as distinctive as a fingerprint. Bunsen and Kirchhoff extended this investigation and showed how the bright lines of the flame tests were related to the dark Fraunhofer lines.

			Fraunhofer had labeled some of the more prominent dark lines with letters. One of these, the D line, cuts through the orange part of the spectrum. Because sodium burns with a bright orange flame, some wondered whether the D line was somehow also linked to sodium. Instead of emitting the orange light, it was somehow absorbing it. There was also a strong similarity between potassium’s bright red lines and a group of dark lines clustered around what Fraunhofer had called the A line. But the question was how to prove this, and why were some lines bright while others were dark.

			The breakthrough came in 1859. Kirchhoff directed a beam of light from burning lime through a prism. The lime sample gave off a brilliant white light (this is why limelight was used to illuminate theatre stages). When passed through the prism, it produced a continuous spectrum of colours on a screen at the other end of the lab. To perform his experiment, Kirchhoff positioned a bunsen burner between the light source and the prism so that the beam of limelight passed through the flame before it hit the prism. The continuous spectrum remained. Next, he peppered the flame with sodium. As expected, it changed colour to become the chemical’s characteristic orange light but the revelation was what happened on the screen. When the sodium was burning in the flame, Fraunhofer’s black D line appeared in the spectrum on the screen. It showed that the sodium was absorbing that specific orange wavelength from the limelight and blazing it around the lab in the form of the yellow flame.

			So the dark lines signalled when light was being absorbed by specific elements, and bright lines showed when it was being emitted. Physicists started to refer to the unbroken rainbow of colours as a continuous spectrum. When there were dark absorption lines present, they called it an absorption spectrum because it showed that the light was passing through an intervening cloud of absorbing chemicals. A pattern of only bright lines, such as given by passing a flame test’s light through a prism, was termed an emission spectrum.

			Kirchhoff tried the experiment next on sunlight rather than limelight. The familiar pattern of Fraunhofer lines naturally present in sunshine appeared on the screen. This time he chose lithium to drop into the flame because, unlike sodium, it was a chemical that did not appear to have a corresponding Fraunhofer line. Dusting the flame, he watched a dark line appear in the red part of the spectrum, nestled between the naturally occurring absorption lines. At a stroke, Kirchhoff proved two things: there had to be sodium in the Sun because of the presence of Fraunhofer’s D line, but lithium was missing because of the lack of a lithium line.

			The spectral lines, whether absorption or emission, were unique to each element. They were indeed a chemical fingerprint, which meant that by studying the light from celestial objects astronomers could work out the distant orb’s composition. It was a watershed for the science because it gave the astronomers a way to investigate the very nature of the celestial objects rather than just chart their positions.

			More than this, the spectral lines gave physicists and astronomers a way to measure the Doppler effect on starlight. This was because the spectral lines were fixed points of reference that occurred only at specific wavelengths. If the stars were moving to or from Earth, the lines would be shifted from those wavelengths.

			Astronomers began building spectroscopes for their telescopes, firstly to analyse the stars chemically and then, as the instruments became more accurate, to measure the Doppler effect on them. The obvious first targets were the binary stars, as Christian Doppler had first suggested.

			In an orbiting pair of stars, one would always be moving towards Earth, while the other was moving away. This meant that the Doppler effect would always be blue-shifting (squashing) the light of one, while red-shifting (stretching) the light of the other. Indeed, astronomers began to clearly see Doppler shifts in the binary stars but the shifts were too small to account for the changes in the stellar colours. Nevertheless, the technique opened up a whole new way of investigating stars and, by the first half of the 20th century, a key goal of many of the major observatories around the world was to conduct surveys of the sky, measuring the movement of the stars towards and away from us using the Doppler effect.

			By the middle of the 20th century, about the same time that the Doppler-inspired Leslie speakers were taking the popular music world by storm, astronomers were turning away from the technique because most surveys had been completed. German-born astronomer Otto Struve thought that this was a lost opportunity and penned a two-page paper to describe a bold new use for the Doppler effect in stars: it could be used as a method for detecting planets.

			His paper is notable because it has the overtones of an impassioned plea. He writes, ‘One of the burning questions of astronomy deals with the frequency of planet-like bodies in the galaxy which belong to stars other than the Sun.’2

			Struve believed that extraterrestrial life was probably widespread in the Galaxy and had formed this opinion because of his studies into the rotation of stars. To measure the rotation of a star, it is necessary to take a spectrum and use the Doppler effect. The star itself cannot be resolved by the telescope because it is very far away, so the light from the entire surface of the star arrives together in a single beam. As the star turns, one hemisphere will be rotating towards the observer, while the other will be rotating away. So the side coming towards us will squash the light and the side moving away will stretch it. This will broaden the spectral lines by making them cover a wider range of wavelengths than normal. Struve had been measuring this broadening and using it to calculate the rotation speed of the star.

			He found that most stars rotate slowly, rather like the Sun, which takes almost a month to spin once. Such sluggish behaviour runs against expectations because, if stars are condensed gases from a widely spread-out cloud, then they should be rotating extremely quickly. It is the result of something known as the conservation of angular momentum.

			In the case of the Sun, astronomers had reconciled its slow rotation with the fact that the Sun is surrounded by planets. Indeed, although the mass of the Sun makes up more than 90 per cent of the mass of the entire solar system, the proportion is reversed when it comes to the angular momentum. The planets in their orbits carry most of the rotational energy. Struve thought that the same must be true for other slowly rotating stars. So finding planets around them was a key test of his hypothesis.

			Although planets are far too small and dim to be seen directly by the telescopes of his time, Struve pointed out that, while the Sun’s overwhelming gravity pulls the planets into orbit, the planets’ gravity has a reciprocal, though much lesser, effect on the Sun. Jupiter is forced to move at a speed of 13,000 metres per second around an orbit that takes 11.86 years to complete. In return, Jupiter pulls the Sun into a pirou­ette that similarly lasts for about a dozen years but moves only about 13 metres per second, roughly the sprinting speed of a world-class athlete. Although fast by human standards, this is painfully slow by celestial measures.

			Struve pointed out that the star’s motion in response to the planet’s gravity would produce a changing Doppler shift on the star’s light. During the pirouette, the star would sometimes be coming towards us, other times moving away, and this would result in the spectral lines moving from one side to the other of the spectrum. Although this movement was far below the detection threshold of the spectroscopes of the time, there was no reason why Jupiter-sized (and larger) planets might not be much closer to their parent stars. This would generate much larger orbital velocities, which it might just be possible to measure.

			Struve even calculated that there was nothing to stop a planet being extremely close to its parent star and completing a fast and furious orbit in just a day. How prescient these thoughts were in light of the discoveries that were to come, but at the time his suggestions were largely ignored. Stellar astrophysics in the 1950s was largely concerned with calculating the details of how stars generated their energy by converting one chemical element into another; no one went looking for planets.

			That changed when Marcy figured he had nothing to lose.

			*

			Working at Mount Wilson gave Marcy access to one of the most historic telescopes in the world. Constructed in 1917, the 100-inch Hooker telescope wears its age with pride. Its riveted metal frame gives it an almost Art Deco feel. Aesthetics aside, it has a special place in astronomy because American astronomer Edwin Hubble used it in the 1920s to show firstly that galaxies were distant collections of billions of stars, and secondly that the universe was in a constant state of expansion.

			Mount Wilson is a 1,740-metre peak in the San Gabriel Mountains. A century ago, it was surrounded by nothing but darkness. Now, the urban sprawl of Pasadena and Los Angeles has reached the mountains, and light pollution has severely restricted the kind of work that the telescope can perform. The faint galaxies that Hubble had made Mount Wilson’s stock in trade are lost to sight, and only bright stars can now be reliably observed.

			But these were exactly the kind of stars Marcy was interested in. He began to look at the movement of their spectral lines to gauge how precisely he could measure a star’s motion from their Doppler shift. What he found was initially not encouraging.

			Although he knew he was working with the most precise spectroscope in the world, it only appeared capable of detecting Doppler shifts that corresponded to a velocity of 300 metres per second and above. This was just not enough. Jupiter moved our Sun at just 13 metres per second.

			After two years of struggling at the telescope, Marcy finally realized the problem. There was nothing wrong with the instrument as such; it was capable of far better precision. The problem was the Earth’s atmosphere. When you look up into a clear sky, the stars appear to twinkle. This effect is caused by the starlight bobbing through the turbulent layers of Earth’s atmosphere. To the naked eye, it may look attractive but it foxes astronomers because the twinkling stars appear to dart around when magnified.

			Marcy discovered that this was the major limiting factor in the spectroscope’s detection because it blurred the resulting absorption lines, making them more difficult to measure accurately. It was a bittersweet revelation because it meant that simply building a better spectrometer wasn’t necessarily the route to better observations. Instead, what you really needed to do was remove Earth’s atmosphere so that the star would stop swimming around.

			All in all, it looked to Marcy like the naysayers could have a point after all. But to someone who already thinks he is a failure, such an inconvenient truth was not necessarily a reason to give up. Also, in the back of his mind was a phrase that a professor from his undergraduate years had used on him. At the time, Marcy had been despairing over failing to complete a calculation involving heat flow through an interstellar gas cloud but the professor had refused to let him admit defeat.

			His words were again echoing through Marcy’s mind: ‘If nature can do it, so can you.’

			But how?

			Marcy’s fellowship at Mount Wilson was coming to an end and he knew that if he were to continue the pursuit of planets, it would mean making a sacrifice. Such a project was just too speculative for the major establishments who employed him. They demanded publishable results on an almost monthly basis. A planet search would involve an extended period of technological development during which there would be little to publish. So he took a teaching job in the less pressured environment of San Francisco State University. There, working under the cover of his teaching commitments, he quietly began the programme that would help change our perception of the universe forever.

			It was slow going at first; he simply could not see a way of combating the blurring effects of the atmosphere. Then two great things happened. The first was that he went to a lecture given by a visiting astronomer named Bruce Campbell.

			Campbell was working with another astronomer named Gordon Walker. Both were at the University of British Columbia in Canada and had developed a new technique that involved passing starlight through a transparent container of gas just before it hit the spectrometer and was recorded. The gas they used was not for the faint-hearted. It was hydrogen fluoride, a highly corrosive substance that would transform into hydrofluoric acid upon contact with moisture, including that found naturally in human skin.

			Despite the dangers, they used it because it was a compound that was not naturally found in stars, so it superimposed a unique sequence of spectral lines on the starlight. These could be compared with the stellar lines, allowing wavelengths to be measured very accurately. Campbell and Walker then took many short exposures rather than fewer lengthy ones. These short exposures ‘froze’ the spectrum before the turbulent atmosphere had time to blur the lines, allowing the precise wavelength to be pinpointed more easily. Combining the results from all the short exposures allowed them to measure stellar motions to an accuracy of 10 metres per second.

			This was a number to make astronomers sit up and take notice because it was about the calculated velocity at which Jupiter’s gravity pulls the Sun. It wasn’t the end of the story, because to make a gold-standard detection, scientists talk about 5-sigma discoveries, where sigma (σ) stands for the signal-to-noise ratio. The precision of the instrument is effectively the noise level. So a precision of 10 metres per second means that this is the magnitude of the errors, or noise, that you can expect the instrument to give. To be absolutely certain that you are not being fooled by random noise, the signal has to be five times larger than the noise, in this case, 50 metres per second. Although you can be reasonably sure of a discovery at the 2–3σ level, you are not watertight until you reach 5σ. So it was impossible to detect Jupiter-like planets with Campbell’s spectrometer – that would require a precision of 2 metres per second – but the instrument was clearly nudging at the limit, placing the detection of giant planets on the technological horizon.

			Marcy was dumbstruck. This was the breakthrough he had been searching for. He had to find some way to replicate what he was doing and so began talking to other astronomers about the technique. In the course of these conversations, he discovered that the solar physicists used a similar technique with iodine, a far less hazardous gas.

			The second great thing that happened was that he met the student Paul Butler, an undergraduate studying both physics and chemistry. Butler’s interests and skills were perfectly fitted to Marcy’s ambition, and they began to develop an iodine cell to sit in front of a spectrometer and provide the reference wavelengths. Once they had the hardware, however, the next hurdle was how to test it. Every sensible astronomer ‘knew’ that searching for planets was beyond the grip of a spectroscope even of this precision, so no allocation committee would grant any time on a telescope with that as the aim. If they were going to get any time under the night sky, they needed a different angle.

			As luck would have it, astronomy at the time was alive with the idea of ‘dark matter’. This mysterious stuff was thought to be spread widely across space because almost everywhere that astronomers measured movement they detected too much. Only the planets in our solar system moved in a way that could be completely understood. This remains the case today. Stars and galaxies orbit faster than the visible matter suggests is possible. The most obvious way to speed things up is to add more matter, which generates more gravity, pulling things into faster orbits. Since the matter could not be seen, it was reasonable to suppose that it was not emitting much light.

			There are two possibilities for this dark matter: either it is a cosmic ocean of exotic subatomic particles or it consists of extremely dim celestial objects such as small stars that have failed to ignite or the mysterious stellar corpses called black holes. The failed stars are called brown dwarfs. They have condensed from the gas clouds of interstellar space just like other stars but they have not managed to accumulate enough mass to spark nuclear reactions at their heart. Without these reactions, they cannot generate energy and so cannot shine. A brown dwarf sits in space as nothing more than a big sphere of gas, rather like a bigger version of a gas giant planet. This fascinates astronomers: brown dwarfs form like stars yet end up like planets, putting them right on the dividing line between the two classes of celestial objects.

			Because they do not radiate visible light, however, brown dwarfs are very difficult to see. So astronomers were not sure how many of them there are. The only guide they had was that there are more smaller stars than larger ones. If brown dwarfs followed this trend then there could be an overwhelming number of them, yet in the 1980s astronomers had not glimpsed a single one for sure. Being larger than Jupiter by some 10–50 times, they would generate a much larger wobble in their parent star than a planet. As they had a suspected velocity of many dozens of metres per second, Marcy and Butler’s new device stood a chance of seeing them.

			So Marcy wrote the science case saying that he hoped to detect substellar objects, a euphemism for brown dwarfs. When the responses came back, however, they were not all he might have hoped for. He had been granted time but it was the least possible time you could imagine: one night every month or so at the University of California’s Lick Observatory, and right at the time of the full moon. Frankly, it was time that nobody else wanted and he suspected that he was given the time just to avoid the telescope standing unused. But it was a start.

			By now it was 1987, Butler had received bachelor’s degrees in physics and chemistry from San Francisco and was working towards a master’s degree in physics, but he was soon going to have to leave because the university did not offer doctorates in the subject. Having started to take data, Butler began writing computer code to analyse the results. It was a long-winded process and took many years of trial and error. Both he and Marcy were perfectionists and, besides, they did not think that they had any reason to rush.

			Contrary to Struve’s open mind of a century before, the theoreticians were very clear that a planet like Jupiter could only be built far from its parent star, where the gas was cold enough to condense. So any Jupiter-sized planets would be orbiting their stars at 3 to 5 times further away than Earth is from the Sun. That meant that it would take a giant planet 10–15 years to go round its star. Since the astronomers would need more than a full orbit to be sure of a detection, and the spectroscope wasn’t yet of the accuracy needed to see the planets in any case, they assumed there was no hurry. So they spent their time collecting data and perfecting their analysis software instead of searching the data for signals. That was a mistake.

			What they didn’t know was that across the Atlantic a pair of Swiss astronomers were puzzling over some data of their own, and coming to a startling conclusion.
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