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[image: ]


The Graveyard Shift

The lift down to Hall C took ninety-one seconds, and Tess Marlow had stopped counting them sometime in her second month. Now she just stood with her back against the steel wall and let the floor numbers fall past like a slow pulse. Ground. Minus one. Minus two. By minus four her ears had popped, and by minus six the air had taken on that dry, faintly metallic taste it always had down here, as if the whole place had been wrapped in tinfoil and left in a cupboard.

Ninety metres of rock between her and the moor. She liked that more than she should have.

The doors opened onto the long, yellow-lit corridor that ran beside the beam tunnel. The Aldermoor Collider was a ring nineteen kilometres round, buried under heather and sheep and the occasional bewildered hiker, and most of it was nothing but tunnel: grey concrete, cable trays, the fat blue pipe of the beamline running away into a curve so gentle you could never quite see where it bent. Every few hundred metres there was a fire door, a first aid point, and a laminated sign telling you not to touch anything. Tess had read every one of the signs. She had read them so many times that she could recite the evacuation procedure for Sector Four in the same flat voice as the man in the safety video.

She swiped her card at the Hall C door and went into the warmth.

"Evening," said Bern, without looking up.

He was in his usual place at the security desk, a big man folded carefully into a small chair, reading glasses halfway down his nose and the Telegraph crossword folded into quarters on the desk in front of him. A tartan flask stood at his elbow like a loyal dog. Bernard Achebe was sixty-four, had spent twenty-two years in the Royal Navy, most of it under the sea, and had come to Aldermoor because, as he put it, he missed being somewhere the sun couldn't find him.

"It's morning, technically," Tess said. "Ten past midnight."

"Not until I've had my second cup it isn't." He tapped the paper with his pen. "Eight down. Seven letters. 'Hold back some bacon, tainted.'"

Tess hung her coat on the hook behind him. "What've you got?"

"Nothing. That's why I'm asking."

She thought about it while she signed the night log. Hold back. Restrain, retain, detain. Bacon, tainted. Something gone off, something kept too long. "Larder," she said. "No. Six."

"You'll get it," Bern said, with the confidence of a man who had watched her get it every night for fourteen months. "Kettle's warm."

The night shift at Aldermoor was not a job anyone wanted. During the day the place hummed: a hundred and forty scientists and engineers, visiting groups from Geneva and Tokyo and Chicago, the canteen doing a brisk trade in flapjacks, someone always arguing in a corridor about beam luminosity. At night the beam was off more often than it was on, and the staff thinned out to a skeleton. There was an operator in the main control room up on the surface, usually asleep. There was Bern. And there was whichever cryogenics technician had drawn the short straw to babysit the superconducting magnets, which needed to be kept at a temperature only a couple of degrees above absolute zero and which had, on two occasions in the collider's history, decided not to be.

Tess had volunteered for nights. Nobody had argued.

She made tea in the little kitchen off the desk area, two sugars because it was going to be a long one, and carried it through to the cryo station. The station was a bank of screens set into a booth with a window looking out over Hall C itself. The hall was the biggest room she had ever been in, a cathedral blasted out of rock and filled with machines. The main detector sat in the middle of it, five storeys of layered steel and silicon and copper, looking from up here like an enormous mechanical eye that had been cut open for surgery. Gantries ran round it on every level. Cable bundles as thick as her waist poured over the edges like vines.

She sat, and logged in, and the magnets told her that they were fine.

They usually were. That was the strange secret of the job. For eight hours she watched columns of numbers that did not change, and every hour she walked a circuit of the hall checking valves and gauges with a torch, and at six in the morning she handed over to the day team and went home and lay in bed with her eyes open. Two years ago she would have called it a waste of a brain. Two years ago she had been halfway through a doctorate in theoretical physics at Durham, and she had believed, with the absolute certainty of a twenty-five-year-old, that she was going to see something no one else had ever seen.

She had, in a way. That was the problem.

She drank her tea and didn't think about it.

*   *   *
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At two o'clock she did her walk.

She liked the walk. Hall C at night was a different place from Hall C by day. The work lights were dimmed to amber, and the shadows of the gantries lay across the floor in long ladders. The detector ticked and creaked as it cooled. Somewhere, always, there was the sound of air moving, a deep slow breathing from the ventilation shafts that ran up through the rock to grilles hidden in the heather. Tess went down the steel stairs with her torch in one hand and her tablet in the other, and her footsteps came back at her from four directions at once.

She checked the helium return lines. She checked the pressure on the quench relief valves. She stood for a while at the bottom of the detector and looked up into it, the way some people look up at stars.

There was a newer piece of kit at the far end of the hall, beside the beamline where it came out of the tunnel wall. The engineers called it the Cradle. It was a squat silver cylinder about the size of a domestic boiler, wrapped in coils and hung with sensors, sitting on its own anti-vibration platform behind a yellow safety rail. Lindqvist's group had installed it in the summer. Officially it was a precision trap for studying the debris from high-energy collisions, a magnetic and electric bottle that could hold a charged particle suspended in a perfect vacuum, touching nothing, for as long as you liked. Unofficially it was the director's pet project, and nobody below the rank of senior scientist was allowed to touch it.

Tess had read the design documents anyway. She read everything.

She shone her torch along its flank and watched the light slide over the polished steel. There was nothing in it. There never was. It sat there with its sensors on and its field humming at a frequency just below hearing, holding an empty space very, very carefully.

"Waste of money, that," said Bern's voice behind her.

She jumped, and the torch beam swung up into the gantries.

"Sorry." He had come down the stairs without a sound, which he could do despite his size, and was standing by the rail with his hands in his pockets. "Didn't mean to make you jump. Thought you'd want this." He held up the flask. "Second cup."

"You'll give me a heart attack one of these nights."

"Not on my watch." He poured, and handed her the lid. The tea was strong enough to stand a spoon in. "What's it for, then? The bin."

"The Cradle."

"The bin," Bern said firmly. "I've seen the bills. Somebody left an invoice on the photocopier. You could buy a house in Whitby for what that thing cost. Two houses."

Tess smiled into the tea. "It's a trap. For particles. When the beams collide, they make all kinds of things, most of which fall apart in a fraction of a second. The idea is that if you made something heavy and charged, something new, you could catch it in there and keep it. Study it properly instead of just looking at the wreckage."

"And has it caught anything?"

"Not yet."

"Waste of money," Bern said again, comfortably, and took the lid back to pour himself one.

They stood together in the amber dark and drank. The Cradle hummed.

"Saturday," Bern said, after a while. "That's the big one, isn't it? Everyone's been running about like headless chickens."

"Run 4471." She had seen the schedule. Everyone had. "Highest energy they've ever tried. Lindqvist's been pushing for it for years. The upgrade finally got signed off."

"And what's it going to do?"

"Probably nothing," Tess said. "That's what usually happens. You smash things together very hard and look at the pieces and see if any of them are pieces you didn't expect."

"And if they are?"

She shrugged. "Then someone gets a Nobel Prize."

Bern considered this. "Not you, though."

"Not me. I'm the one making sure the magnets don't melt."

"Somebody's got to," he said. "Most important job in the building, that. Ask anyone who's been on a boat. It's never the captain who saves you. It's the lad in the engine room who notices the noise."

She didn't say anything to that. He didn't seem to expect her to. After a minute he screwed the lid back on the flask and went back up the stairs, slow and quiet, and Tess stood on her own beside the Cradle and finished the tea.

Somewhere in the dark the ventilation breathed in, and out.

*   *   *
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At ten past three she was back in the booth, watching numbers that did not change, when the thing she always waited for happened. Her mind slid sideways.

It was hard to describe to anyone who had not felt it. It wasn't sleep, and it wasn't quite a dream. It was more as if the part of her brain that sorted the world into sense and nonsense simply put down its tools for a moment and walked away. The columns of figures on the screen began to look like they meant something. Not what they actually meant, which was that the magnets were cold, but something else, something underneath, a rhythm in the way the last digits flickered. She caught herself leaning closer, and her heart began to beat faster, and some calm cold voice at the back of her head said, quite clearly: This is how it started last time.

She sat back. She closed her eyes and counted to ten, the way the counsellor had taught her. When she opened them the numbers were just numbers.

Two years ago, in an office in Durham with rain on the window, she had sat across a desk from Dr Kit Rahman while he scrolled slowly through eleven weeks of her work. She had found a signal in some old gravitational-wave data, a faint repeating structure, a pattern buried in the noise. She had not slept properly for most of those eleven weeks. She had stopped eating meals at regular times and had started talking to the data on her screen out loud, and she had been so sure. So completely sure. And Kit, who had been her supervisor and, she had thought, her friend, had looked up at her at the end with an expression she still saw sometimes when she closed her eyes, a kind of careful, frightened kindness, and had said, "Tess. There's nothing here. It's noise. I think you need to take some time."

She had taken some time. She had taken all of it. She had never gone back.

Now she did a job where noise was the enemy and nothing was the goal, and she was very good at it.

"Tess," Bern called through from the desk. "Eight down. You got anything?"

She went back to the crossword. Hold back some bacon, tainted. Seven letters.

"Smoked," she said, then counted. "No. Six."

"Cellar?"

"Six. And that's not even a word for hold back." She frowned at it, and for a second felt it there, just under the surface, the answer turning over like a fish. Then it was gone. She laughed. "I don't know, Bern."

"Me neither," he said happily. "That's what makes it interesting."

He wrote nothing in the squares. He never filled them in until he was sure.

*   *   *
[image: ]


At six the day shift came down in twos and threes, yawning and clutching coffee from the canteen, and the hall filled up with voices. Tess handed over to a cheerful lad called Owen who was doing a placement from Leeds, and walked him through the overnight log, which said that nothing had happened, because nothing had.

On the way to the lift she passed the main corridor noticeboard. Someone had pinned a fresh sheet to it in the night, printed in large letters with the Aldermoor logo at the top.

RUN 4471. SATURDAY 8 NOVEMBER. ALL HALLS TO FULL READINESS FROM 18:00. NON-ESSENTIAL STAFF TO VACATE UNDERGROUND AREAS BY 17:30.

Underneath, in smaller print: Thank you for your hard work. Let's make history. A.L.

Tess looked at the initials for a moment. Then she went up into the morning, where the sky over the moor was the colour of wet slate and a curlew was crying somewhere out in the heather, and she drove home to Pickering with the radio off and her hands at ten to two on the wheel, and lay in bed until noon with her eyes open, not thinking about anything at all.
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CHAPTER TWO
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Run 4471

On Saturday they let her stay.

She hadn't expected it. The run was scheduled for nine in the evening, and the cryogenics team would be at full strength for it, all seven of them, with the senior engineer, Martin Hale, in charge. Tess had assumed she'd be told to go home and come in for her usual shift once the excitement was over. But at four o'clock, when she arrived early to help with the pre-run checks, Martin had looked at the rota, then at her, then at the rota again, and said, "Actually, can you stay on? We'll want someone in the Hall C booth who knows the overnight behaviour. If anything goes funny after the run, I'd rather it was you."

So at half past eight she was in the booth, with the window full of light.

Hall C did not look like a cathedral tonight. It looked like a ship about to sail. Every work lamp was on, and the detector glittered with status lights, green and amber and blue, rising up its flanks in neat columns. The gantries were empty, since nobody was allowed in the hall itself during a run, but the booth was crowded: Tess and two other cryo techs, a vacuum engineer called Siobhan, and a nervous young postdoc from the detector group who kept wiping his glasses on his jumper. Through the headset Tess could hear the main control room up on the surface, a babble of voices and the occasional burst of laughter, the sound of a hundred people trying very hard to sound calm.

And over all of them, every few minutes, Lindqvist.

"Sector Three, can you confirm beam position?"

"Confirmed, Professor."

"Thank you. Lovely. Hall C, how are we?"

Martin's voice: "Hall C cryo nominal. All magnets at operating temperature."

"Lovely. Thank you, Martin."

Anders Lindqvist had a voice like a late-night radio host, warm and unhurried, with the faint sing-song of his native Swedish under thirty years of English. Tess had met him four times. On each occasion he had shaken her hand and asked her name and told her she was doing important work, and on each occasion she had come away feeling briefly as if she might be. That was his gift. He had used it to raise two billion euros, to persuade three governments that a collider under the North York Moors was a sensible idea, and to keep the whole enterprise alive through a decade in which most of his colleagues around the world had decided that high-energy physics had run out of surprises.

He did not believe that. He had said so in lectures, papers, television documentaries, and one rather notorious argument on Newsnight. Somewhere above the energies we've reached, he liked to say, something is waiting for us. We have only to knock loudly enough.

Run 4471 was the loudest knock anyone had ever tried.

"Hall C," said Lindqvist. "I'd like the Cradle live, please. Full field."

"Cradle live," said a voice Tess didn't recognise, someone from his own group. "Field at one hundred per cent. Vacuum at ten to the minus twelve."

"Lovely."

Tess glanced out of the window. At the far end of the hall the silver cylinder of the Cradle had woken up. A ring of blue indicator lights had come on round its base, and on one of her side screens, which showed the hall's environmental readings, she could see a faint new tremor in the floor sensors as its field reached full strength.

"Waste of money," she murmured.

"What?" said the postdoc.

"Nothing."

At eight fifty-eight the countdown started. Someone in the control room had the sense of occasion to do it out loud, and the voices on the headset fell quiet.

"Beams injected. Ramp to full energy. Sixty seconds."

Tess found she was holding her pen too hard. She made herself put it down.

"Thirty seconds."

In the window the detector's lights shifted from green to blue, all the way up.

"Ten. Nine. Eight."

She thought, for no reason at all, of Bern up at the security desk with the crossword and the flask, and wondered if he was listening.

"Three. Two. One. Collisions."

And for a moment nothing happened at all.

That was what Tess would remember afterwards, more than anything. Not the alarms, not the noise, but that first long, perfect second when the whole of Aldermoor held its breath and nothing happened. The numbers on her screens didn't change. The lights stayed blue. On the headset somebody let out a short, nervous laugh.

Then her lead magnet screen went red.

It went red all at once, every row, as if someone had thrown a pot of paint over it, and in the same instant a sound came up through the floor and the chair and the soles of her feet, a single deep note, like a struck bell the size of a church. The window flexed. She saw it flex, the whole pane bowing outward by a hair and snapping back. Every alarm in the booth went off together.

"Quench," Martin was shouting in her ear. "Quench in Hall C, quench in Hall C, dump the beams, dump the beams..."

Tess was already moving. Her hands knew this. Twelve months of drills: she hit the emergency dump on the magnet supply, she opened the helium relief, she watched the temperatures on the quench screen jump from two degrees above absolute zero to thirty, to forty, to eighty, the superconducting coils turning in a heartbeat back into ordinary metal and dumping their stored energy as heat. Somewhere in the hall a relief valve let go with a scream, and white vapour came boiling out across the floor like dry ice at a concert.

"Beams dumped," someone said on the headset. "Beams dumped. Run aborted."

The bell note was fading. It went on for a long time, lower and lower, until it was more a feeling in her teeth than a sound. Then it was gone.

The alarms kept going for another two minutes. One by one, people got them silenced.

*   *   *
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Afterwards nobody could quite agree on what had happened.

The beams had collided. That much was certain. For a little under a second, the Aldermoor Collider had smashed protons together at a higher energy than had ever been achieved on Earth, and the main detector had recorded it. Then something had gone wrong in the magnets of Hall C, a quench, a sudden loss of superconductivity, and the safety systems had done exactly what they were designed to do and dumped the beams into the absorber blocks before they could damage anything. Nobody was hurt. The helium vapour cleared in twenty minutes. The magnets would need to be warmed, checked, and cooled again, which would take weeks, but they did not seem to be damaged.

What nobody could explain was why the quench had happened at all.

Tess sat in the booth with the post-incident checklist and watched the senior people arrive. Martin came down from the surface first, red-faced and out of breath from taking the stairs instead of waiting for the lift. Then two engineers from the magnet group. Then three of Lindqvist's people, including a tall, unsmiling woman Tess knew only as Dr Sandhu, who went straight past the booth without a glance and out onto the hall floor towards the Cradle.

"Where's she going?" said Siobhan.

Nobody knew.

Martin dropped into the chair next to Tess and pulled the quench log towards him. "Talk me through it."

She talked him through it. Collisions at twenty fifty-nine and four seconds. Quench detected on all Hall C magnets simultaneously at twenty fifty-nine and four point three. Dump triggered at four point four.

"Simultaneously," Martin said.

"Every magnet in the hall. Same millisecond."

He rubbed his face. "That doesn't happen. A quench starts in one coil and spreads. It doesn't just... everywhere at once. Unless..."

"Unless something hit all of them at once," Tess said.

They looked at each other.

"A field spike," Martin said slowly. "Something produced a magnetic pulse big enough to tip the whole hall over."

"The Cradle?"

"The Cradle's field isn't strong enough. Wouldn't be close." He frowned at the screen. "And it should have tripped out in the quench like everything else. It's on the same safety loop." He scrolled. "Look. Cradle field... it didn't trip."

Tess leaned over. He was right. Every magnet in Hall C had dropped to zero in the quench, every single one, except a little cluster of readings at the bottom of the screen. The Cradle's field was still at one hundred per cent. It hadn't so much as wavered.

"Its independent supply," she said. "It's got a battery backup. The design spec said it's supposed to hold its field through anything, so you don't lose whatever you've caught."

"And it hasn't caught anything," said Martin, "so why's it holding?"

As if in answer, out on the hall floor, Dr Sandhu began to shout.

It wasn't panic. It was something closer to the opposite. She was standing at the rail beside the Cradle, with one hand on the yellow bar and the other holding a tablet up in front of her face, and she was shouting at the nearest of her colleagues to get Anders, get Anders down here right now, and the man was already running.

Tess looked at her own screens. The Cradle's sensor feed wasn't part of the cryo display, but the hall environmental monitor picked up some of its readings, and she pulled them up now with fingers that didn't feel quite like her own.

The trap's field was steady. Its vacuum was steady. And its central position sensor, the one whose job was to report whether there was anything held in the exact centre of that perfect empty space, was showing a number.

The number was not zero.

She read it twice. Then she read the units, because she thought she must have the units wrong.

Something was in the Cradle. Something smaller than an atom, held perfectly still in the centre of the field.

And according to the strain gauges on the anti-vibration platform beneath it, which measured the weight of the whole instrument down to a fraction of a gram, the Cradle had just become several thousand tonnes heavier.

Except that it hadn't, because the platform would have been crushed flat and the Cradle would be halfway to the centre of the Earth. The gauges were reading the pull of something, not the weight on the floor. A pull that came from a single point, in all directions.

Tess sat very still.

"Martin," she said. "I think you'd better look at this."
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