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Chapter 1: The Unexpected Star


Lights in the Desert

As was usual, on afternoons in the Atacama desert the sky took on a purple hue that stirred an almost imperceptible sense of peace. The clearest skies in the world drew the finest light from the firmament before the sun was lost behind the eternal bank of cloud heaped against the coastal massifs.

The view from Armazones towards the west was magnificent at that hour: over a ridge of peaks set against the ether of the sky rose the silhouette of the Cerro Paranal Observatory, and further back the colours of the infinite pierced the photosphere and conjured a majestic spectacle, multicoloured photons striking the cushion of cloud and turning that downy bed into a sea of indescribable brilliance.

A perfect, almost idyllic scene for a perfect romance — but that was not what Javi was after. His feelings were not bent on the search for an ideal companion. His love was the infinite, the cosmos that by its own right had earned a place in perpetuity.

It had not taken Javi long to work out that his passion was watching the stars, for as a young man he had had the chance to work on part of the construction of the ELT. Those were his rebel years, as he called them, when, in one of life's chance turns, he happened to meet one of the engineers in charge of the building work in a restaurant in Antofagasta.

His adventures had always begun and ended with him sprawled on the beach beneath the stars, but this time something inside him gave him pause, and he persuaded Jimmy — the engineer — to give him the contact details of the people who might offer him a chance on site.

After all, Javi had only just finished secondary school, and his plan was a gap year of discovery and self-knowledge. He reckoned that whatever money he might earn would be an excellent incentive to find his own way out into adult life.

With that in mind, and through Jimmy's contact, he landed a labourer's post on the construction. He had no experience whatsoever, but he did have plenty of goodwill. It was there that he came to know the grandeur of the universe through the natural lens of the most pristine skies on the planet.

These were not the stars of the beach at Antofagasta or La Portada; this was different — so different it seemed impossible to believe. There were far too many stars in a universe that looked like another world, one he was stepping into, and that world he liked very much indeed.

The first time he saw a segment of the M1 mirror lifted, Javi had to close his eyes. Not because of the glare of the glass hexagon reflecting the midday sun, but because he felt, in the soles of his feet, the vibration of the crane carried up through the steel floor — that dull tremor that told him something enormous was happening, and that he, a beach boy from Antofagasta with hair full of desert dust, was part of it.

When the segment hung suspended in the air, still for a moment before being guided into place, one of the engineers shouted a number in German. Javi did not understand the word, but he understood what it meant: that the thing was perfect, that it fitted.

In that moment he knew he wanted to spend the rest of his life chasing that kind of precision.

His interest led him to study astronomy and to enrol in the development, exchange and science-outreach programmes; he knew he might one day take part, alongside other students, in the night-time observations of the university programmes. And so he returned to Armazones, but this time not to the construction site — rather to the Belgian university programme at the OCA Observatory, that small observatory he had always watched from the camp of the ELT project, next to Cerro Armazones.

From a distance the OCA looked like an insignificant scrap of basic technology beside the imposing ELT, the telescope that had at last managed to begin operations after years of construction. The eye of the world, with a pupil thirty-nine metres across, with which the most distant stars and the most elusive exoplanets of the firmament are observed, had suffered many setbacks; the most modern aberration-correction system in all of the ESO's technology had taken two decades to come into service, its construction interrupted by countless factors.

In the beginning there had been trouble with the international firms in charge of the build. It was only to be expected that engineering changes and the development of prototypes would need more time to be settled into the project; in those years there was nothing else like it, so there was no starting point for such a structure, and humanity had no plans to build another observatory of similar character in the future either.

Every piece of that high-precision machinery was therefore something new and unique in style and in function.

In the first half of the twenties, amid social and labour conflicts, there were considerable delays — not to mention that the terrible pandemic hampered progress through the shortage of available resources and the suppliers forced to shut their doors.

They were years of uncertainty in which the project's directors suffered under the commitments they had taken on and the promises of guaranteed observing hours for all the interested parties: the governments of the scientific community that backed the ESO, plus the Chilean government itself, which had ceded the land for this monster of remote observation, all expecting to claim the time they had been promised.

The Oil War had left the ELT a sleeping giant on the summit of Armazones. For months the metal structure gleamed uselessly under the desert sun, awaiting funds that never came and suppliers trapped in a world that was burning for fuel.

For Javi, every visit to that silent dome was an uncomfortable reminder of how fragile even the most ambitious science could be.

Javi remembered the many times he had attended the ESO's conferences and outreach talks on the capabilities and innovative mechanisms of the ELT. The Project Director himself inspired each gathering with his customary passion for the technological development of "the Beast." Tamai, speaking with eloquence and with eyes that mirrored his own conviction:

"The ELT will have a heart of crystal known as the M1, the primary mirror, with an aperture of thirty-nine metres made up of seven hundred and ninety-eight hexagonal segments, each one of one point four metres."

But the marvel did not end there. As the project director explained:

"The photons will bounce between the M1 and the M3 mirrors, concentrating the beam of light and directing it to the M4, a mirror of two point four metres which, with its five thousand actuators, will correct atmospheric distortions in milliseconds" — that is, a marvel of technology that strips away the imperfections of the image and lays it down on the M5, a flat, tilting mirror that steadies the image so it can be studied, clean and polished.

On one occasion when he spoke with Tamai, the man told him:

"It will be as if you stood on the tallest tower in Santiago and could see the flame of a single lit candle in Antofagasta."

It was against that kind of technology that Javi had to measure himself at the OCA, but it did not trouble him. First, he would have to learn to develop his observer's eye, to grow over the years into an expert watcher of the skies; and so, with the OCA, they tracked patterns of galaxies and nebulae against the star charts drawn up by the university.

His observing partner was Elara, an astronomy student from Belgium, who was likewise moved by the immensity of the universe and the great secrets of the cosmos. She had arrived with the rotation's observing group in the north of Chile, to those enviable skies of other latitudes — especially those of the eastern hemisphere.

For Elara this exchange at the OCA was her treasure; she had won a scholarship at the University of Leuven thanks to her talent and her passion for research. Her parents were very proud of her: a working-class family from Brussels, where Elara had had the chance to read books on astronomy in the local library.



The Discovery

That night would not be like other ordinary nights. They had been several weeks into their night-observation rotation at the little OCA, but the two students were decent people, with histories and families of their own, and so they decided to hold a small Christmas celebration.

Javi had arranged to have a Pan de Pascua sent up — as Chile calls its local panettone — and with it they could give the meal that night a more traditional flavour. Christmas had to be marked, even if it was far from home and done modestly.

It was ten in the evening when Javi began to serve a chicken casserole with rice, water, and a slice of Pan de Pascua for them both. And so as not to be left out of the Christmas spirit, they exchanged gifts.

Javi gave Elara his tactical pen, the one with which he had written more than a thousand pages of technical observing notes; he had promised to hand over to his fellow night-watcher that writing instrument which, as he liked to say, already had "experience of its own."

Elara, for her part — she came from Brussels and had seen the world through different eyes in her home city — told Javi how many nights she had spent watching the firmament from her window, with only a guide to the sky: a star map of the northern hemisphere that she had owned since childhood, which helped her steer her dreams towards the world of astronomy.

That map would be the ideal gift for a Javi who did not know the vastness of the celestial hemisphere where the pole star rules the zenith, and so the exchange was deeply moving for them both — carried out in the style of the "amigo secreto," the national tradition played in schools and workplaces across Chile as an anonymous swapping of presents.

Elara opened the star map carefully, as if the paper might tear under too much light. It was old, its folds marked by years of opening and closing in the darkness of a small room in Brussels.

The northern hemisphere unfolded across the dining table in all its ancient geometry: Polaris at the centre, the constellations radiating towards the edges, the names in the small, imprecise type of a popular nineteen-nineties edition. Elara took the tactical pen Javi had given her moments before and, in the white margin of the map, wrote her first annotation: 24.12.2040 / OCA / 22h07. Then she looked towards the telescope. It was time to work.

The metallic clatter of cutlery rang out in the observatory's little dining room. Elara Dubois, her mouth still full of a piece of Panettone half-melted by the warmth, got up in a hurry. She took her plate and set it on top of Javi's. "It's your turn to clear the table today," she said, handing the chore to her observing partner.

Javi, still in the mood to celebrate, smiled and said, "Elara, there's still some Pan de Pascua left — I can wash up later, but let's enjoy this untraditional Christmas a little longer."

"Sorry, Javi! I have to get back. You know — the night is young and the cosmos won't wait," she said with a nervous smile, brushing the crumbs from her jumper with a paper napkin.

Javier "Javi" Ramírez, with that eternal woollen hat covering his jet-black hair, smiled back. "All right, off you go! I'll finish up here and catch you in ten minutes. But save some of the excitement for me, eh?" And he headed for the station's little sink.

It was not as though there were many comforts at the OCA; the time had to be given over to observing, to taking notes, and to transmitting the results to the University at the proper intervals.

Elara left the dining room almost at a run, leaving Javi with the remains of his improvised Christmas dinner. They had shared a modest meal, but a pleasant one for them both, and that was enough. The thrill of the occasion, plus a couple of calls to their families — Elara to her parents in Brussels, Javi to his grandmother in Antofagasta — had been the real feast; and that symbolic exchange of gifts had been the finishing touch to Christmas at the OCA.

On the short walk to the telescope dome, Elara rubbed her hands together against the dry desert cold. The conversation with her parents had been pleasant and, as usual, her father — ever practical — had reminded her not to forget to wrap up warm and to eat well.

Her mother, on the other hand, more given to fancy, had asked her to keep an eye on the night sky; perhaps she might see Father Christmas crossing it.

"Right then, Mr Universe, what have you got for us to celebrate this Christmas at home?" Elara said in front of the telescope, and she uncapped the lens to begin her observations. On the other side of the small room Javi was finishing tidying away the dining things and the few items they had used for dinner.

"On my way," he told Elara. "The night is very young and, luckily, we've got a new moon — that leaves the whole spectrum clean for us." Indeed, the new-moon phase is the best time to look at the stars, for the reflection of sunlight off the moon creates too much pollution; that is why moonlit nights are not prized by an astronomer, even though, for everyone else, a full moon reflects the beauty of a sky. That lunar glow hides the light of the faintest stars.

"Quite right," said Elara. "Tonight we can look at what's hiding on the horizon, since in the morning we'll be after the moons of Jupiter — they're on the other side. Let the ELT keep an eye on those while we rummage through the infinity of the west."

Pointing her telescope towards the West — the sun had already set by that hour in the great north and left the stars stacked along the horizon — Elara began to enumerate and note the heavenly bodies against her star charts.

As she swept across the small quadrant the telescope allowed her, she noticed an object behaving differently, between Aquila and Aquarius; both constellations were clearly visible and faced towards the dusk, above the solar horizon. It looked like an asteroid, twinkling softly.

Elara adjusted the tension of the eyepiece and began to sweep the quadrant with the methodical patience of someone who has spent weeks doing the same thing. It was on the third pass that she saw it: a point of light that matched no entry on her star chart.

She adjusted the focus. She looked again. She shut her left eye more tightly, as if that might sharpen the right. There it was once more, between Aquila and Aquarius, twinkling with the softness of something asking permission. She did not call Javi at once.

She looked five more times, in silence, the pen lying still on the notebook. Only when the sixth confirmation proved identical to the first — when she could find no reasonable explanation for it — did she let the pen fall to the table.

"Javi, I think I've found something interesting. It wasn't on my star charts before. I want to understand whether it's down to the clarity of the night or some other reason that I'm only seeing it now. Give me a hand?"

Javi hurried over to take a look as well. Sometimes the shadows of the night work against us, he told himself, and he turned his attention to the object Elara had pointed out. "Yes, there's a body there, but I hadn't seen it before either — though I haven't trained on that quadrant for months." With that, he took up his notes and set about searching the records of past observations, but he found no data that might reveal an earlier presence.

"Well, it's Christmas Eve — maybe it's a late Christmas star," Javi said in a sarcastic tone. "We'll have to keep watch and see how it behaves."

Indeed, it showed itself with a timid brightness, like a heavenly body asking permission to light the patch of sky it was peeping into. "Who knows how long it's been there and we hadn't seen it," Elara concluded.

They both took notes and kept their vigil as the horizon shifted quadrant with the passing hours; and so they brought their night's observation to a close and went off to rest after pouring all the data into the centre's computers.

They saved their notes and hurried to shut the dome — the dawn cold in the most arid desert on earth is penetrating, and they would not let it slip into the OCA through carelessness.

The day passed, and they were back in action after a restorative rest. Such is the astronomer's life, inverted with respect to ordinary people: they sleep by day, doing their best to rest as much as possible so as to have whole nights of observation through the lenses of the telescopes or watching the instrument screens.

And so, with renewed spirits, Javi and Elara began their routine with a good breakfast — which was, in fact, supper.

Elara rounded off her routine by tidying and cleaning up after the meal, since it was her turn, while Javi immersed himself in notes and earlier observation logs. "I'm sure we can report the discovery of this body we saw yesterday — I think it's just another asteroid wandering near us." This would be the version they set down in their observation report for the university.

Elara began to scour the sky again in the same direction as the day before, curious to see whether her Christmas asteroid would start to move, taking a course towards the void between the sun and Venus, since it caught certain flashes of light, like the reflection of coronal mass ejections from the far side of the sun.

"Javi, it's still there — I think it's dancing like a classical ballerina between the sun and Venus," she observed. "We'll leave it there to its dance and change quadrant at dawn."



Deciphering the Truth

Before the year was out, Javi and Elara sent their report to the university, announcing the discovery of that asteroid found on the night of the twenty-fourth, including among their notes the relevant information on its behaviour, the brightness detected, and its position in the quadrant near the horizon after dusk, noting that this heavenly body showed flashes of luminosity that they put down to reflections from possible solar flares on the sun's far side.

The university, as part of its science-outreach and shared-knowledge programmes, sent a copy of the report to the astronomers at Cerro Paranal, where all the work of the ELT was controlled by telemetry, along with the VLT, VISTA and NGTS — all observing instruments under the direct control of the ESO and its associates.

They had been working there since the end of the previous century, with the commissioning of their telescope Antú.

At Paranal they saw the need to fold the University's data into the control parameters for the ELT's night observations. Although the ELT was focused on the search for exoplanets, the story of this mysterious asteroid caught their attention; for if it lay in the vicinity of Venus, yet on the opposite side of the sun, then to be visible through the OCA's telescope it must have either appreciable dimensions or a composition that reflected the sun's light — and its flares during solar eruptions — off a rocky surface containing metallic or crystalline compounds.

The team in the Paranal control room had specific missions, owing to the observing commitments taken on with all their stakeholders; and on the ELT side there was a tight, specific work plan for the discovery of exoplanets capable of sustaining life. It was work that kept most of the astronomers assigned to the ELT project fully occupied.

Curiosity killed the cat, as the common saying goes in our society. For that very reason, the researchers and astrophysicists of the ELT wanted to fold into their work plan the analysis and assessment of this Christmas asteroid. The invitation was arranged through the university, who sent a message to the students on rotation at the OCA telling them to get a good rest and, the next day, to make contact with the head of the ELT's scientific team.

For Elara and Javi this was a unique opportunity: a pair of students at their level, invited to join such a prestigious team of scientists — a pride that had to be shared with their loved ones. They both got in touch with their families and gave them the good news, which would turn them from would-be astronomers into part of a team of astrophysicists with years of experience and careers that had clocked up more hours of observing the universe than all the hours the two of them could aspire to at this stage of life.

Gastón received them at the ABC — the Armazones Base Camp — where a pickup truck was waiting to take them to the Paranal Hotel and the offices of the director of the ELT's exoplanet-observation project. For them it was another feat: to visit the famous centre they had only seen on television, and in the famous James Bond film shot at Paranal.

Now they would be there and would see with their own eyes the technological marvels hidden behind those buried walls and the control rooms of Paranal.

And so Gastón introduced them to Xavier, who for the past twenty years had been part of the exoplanet-search team and remained its director. "It's obvious that you've made a great discovery," Xavier said. "What we've seen from here suggests it's something more than an ordinary, run-of-the-mill asteroid, but we need to follow it and verify a great many parameters. So you'll be brought into the team and put in charge of operating the auxiliary controllers connected to the TwinCAT and EtherCAT, to decode the data we need so we can deliver the definitive verdict on this heavenly body."

They did not have to wait long. Night was already falling, and they were led through the corridors towards the control room. Gastón then explained that everything ran on telemetry, but that there was nevertheless the option of working inside the ELT's own facilities, should they find it more comfortable.

Elara and Javi asked for training in handling the systems and requested to move to Cerro Armazones; they were already used to that area and would have complete control of their work, and besides, they would always have the OCA as a base — which was, in theory, where they "lived."

The training would take place at the ESO's nerve centre in Paranal, a space where the scientists stayed absorbed before screens of glittering equipment, monitors with all manner of readouts, and practically no sound at all.

"This is a little frightening," Javi exclaimed; but Elara, more focused on the training, paid him no attention. She gave herself over, essentially, to asking about every monitor — the kind of signal it tracked, the reading intervals, and the interpretation drawn from them — since the signals went from being optical to a beam of light that transformed and broke them down into the wavelengths needed to separate the spectrum and analyse every detail in depth.

The technicians and researchers explained the workings in detail, from the individual labour of each mirror to the combined work through interferometry, which used auxiliary equipment to analyse the light of every celestial object captured. It was an immersion in knowledge of a finer grain that took roughly an hour; but the aim of the training was the ELT — to be able to go in and work with the Beast they watched day after day from their little windows at the OCA, an imposing structure that rose above their heads and stirred in them an indescribable sense of smallness and vulnerability.

It was the crucial moment. There, facing the screens in that building of exposed concrete, lit dimly — not to say barely — a giant screen displayed the status of the ELT on Cerro Armazones; it was as though they stood before a monitor of electromagnetic pulses.

There were many readouts, bars, codes and a series of pixels that graphically displayed data on wind, external and system temperatures, the structure's own vibrations and ambient vibrations — very precise monitoring signals, for the ELT was the most sensitive optical instrument ever designed by humankind, and those characteristics made it a unique scientific and technological instrument: not only for its size, but also for the special and different technology it still kept under lock and key, in the patents of the laboratories that had taken part in its construction, as well as those of its designers.

After completing the training under the direct supervision of Xavier and Gastón, Elara and Javi were now in a position to handle the instruments and operate the systems, all with a view to recognising the signals the asteroid was sending.

They were to complete a first report at the end of their first night at Paranal, then return to rest at the OCA and resume the monitoring directly from the ELT the next day.

After a few hours in front of the equipment, adjusting their glasses, Javi looked at Elara and said in a low voice, "Look at this. I've set up a low-latency scan on the EtherCAT bus. If Xavier is right and this isn't an ordinary asteroid, the tracking system should be 'feeling' a resistance."

Elara, for her part, typing rapidly in that style so characteristic of her sharp mind, replied, "Javi, the M4 is behaving erratically. Look at the five thousand actuators. According to the system's official report, they're correcting standard atmospheric turbulence — but the oscillation frequency is far too high… it's rhythmic."

"Give me access to the Working Counter — the WKC — of the M1 segments," said Javi.

On the screen appeared a matrix of the seven hundred and ninety-eight hexagons. Most were green, but those on the southern edge were beginning to flicker a persistent orange. An error code appeared in the bottom corner: Error 0x4470 (Sync Management Failed).

Something they had not managed to deal with during their training, for the typical errors were common to all the instruments, even to the little telescopes at the OCA — but this kind of error seemed to be something more.

"What does that mean? Why are they losing sync?" Elara wondered.

"I think it means that the ELT's six-thousand-one-hundred-tonne structure stays unmoved by the gravitational tugs of the elements — it's designed for that — but the M4 correctors are managing, in their readings, to pick up the data coming from the asteroid. I think the sensors are simulating the physical flexing towards the coordinate of your 'Christmas star.' It isn't wind, Elara. It's a gravitational tide. That thing 'way out there'… is generating a gravitational pull that only the instruments can perceive."

"That's impossible — it's a simple asteroid. How can it have the capacity to produce such effects on the instruments? I've never seen anything like it before," Elara answered Javi's explanation.

They had to deliver this information; it was their task and their purpose at the ELT, and so they decided to go and speak with Xavier.

When they reached the Paranal laboratory, they asked to be admitted while Xavier stood behind the glass, ordering some documents. He did not attend to them at once but made a gesture with his hand for them to wait. He looked at the two of them for a long moment from the other side of the window, calculating.

Javi had learned to read that kind of pause in the older engineers he had known during the construction of the ELT: it was not doubt, it was measurement. Xavier already knew what he was going to tell them. What he was deciding was the limit of what he would share. Enough to make them useful. Not so much that they became a problem.

At that point Xavier rose and stepped out of his cubicle, leaning out from a shadowed corner that shielded him from the prying eyes of any observer in the operations centre of the control building. "It hasn't taken you long to find the anomaly. Welcome to the team — that's exactly why we recruited you. We need to track it and understand what we're dealing with, because if you look at the other screen" — pointing to a small monitor — "you'll see that that point of light is neither an asteroid nor anywhere near Venus."

Just then Javi, still focused on the correctors and image stabilisers, said, "Xavier, the TwinCAT is trying to scrub the torque spikes from the azimuth motors. Someone has programmed a filter, so the system ignores the deviation. Why are we dressing up the data?"

Xavier hurried to answer in a measured voice, almost a murmur, without taking his eyes from the giant screen where the purple point of the celestial body flickered. "Because if the ESO governments find out that the ELT is detecting an object of planetary mass on a possible collision course, the Oil War will look like a schoolyard scuffle. I need the two of you to keep digging through that EtherCAT bus. Find the exact mass of this body, and plot a corrected trajectory. We've confirmed there's still data missing, and that will be your task in what's coming."

Elara, who had been listening in silence, considered for a few seconds before venturing, in a trembling voice, "Xavier… if the M4 is already saturated like that at this distance… what more could happen if its trajectory brought it towards us?"

"That's what the two of you are going to work out," Xavier concluded. "Tomorrow the sun rises at 06:12. Enjoy it before you go to sleep — dark and uncertain times are coming."

Javi and Elara woke at the OCA as usual, just as the sun was beginning to touch the horizon. Though for the rest of the world that hour marked the end of the day, for them it was the start of the heaviest watch of their lives.

They made themselves a quick coffee, wrapped up to withstand a fifteen-minute walk to the control building at the ATP, and set out for their destination.

The silence of dusk in the Atacama desert was overwhelming. The sun swept the spectrum from a faint sky-blue, through every possible shade of orange, to end in a deep red that within minutes turned into the half-light of the setting sun.

A fantastic sight, with no urban noise, no rumours or murmurs, no signs of life, so that their climb towards the ELT control centre seemed less a forced march than a procession — one in which the noise of their own minds seemed to break that fearful silence of the gloom rising from the east, as though that nocturnal mantle were about to cover them for ever.

In the distance the cut silhouette of the coastal range could be made out; above their heads thousands of stars were beginning to appear like fireflies, lights that could not be seen from other points on the planet. Here the sky looked like a dense carpet of light, painting itself with diamonds of every size as the darkness advanced.

The telescope dome rose imposing against the starry sky, a sanctuary of science and mystery. Elara keyed the code into the security panel and the heavy door opened with a faint groan.

Inside, the dim red light lit the gigantic telescope, a beast of metal and mirrors ready to scour the secrets of the universe. Elara breathed deeply, feeling the adrenaline race through her veins. It was time to enter the control room and connect to the beast, as though Elara, Javi and the ELT were a single entity.

There, in the immensity of the desert, beneath a clear and untroubled sky, they managed to access the control systems and connect the tracking terminals in manual mode to begin their delicate mission.

"Right then, old friend, let's see what tonight has in store for us," she murmured, as she approached the control console. Then she switched on the screen and entered the coordinates of the object she had been tracking over the past few days: a near-Earth asteroid with an unusual trajectory.

But since something did not fit in all this analysis, and remembering Xavier's words, she concentrated and pressed her lips together, as if bracing for the unexpected.

Javi's sense of insignificance before that six-thousand-one-hundred-tonne beast left him dumbfounded; he remembered his days as a labourer and felt



















































The Beginning of the End…
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