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Prologue: Kolodets, 1981
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It took four hours to kill the reactor by hand.

The manual said two men, one on the crank and one on the gauges. Pavel Sorokin did it alone, because there was no one left, and because he had written most of the manual himself and knew which parts were there to make Moscow feel better.

Six rods. Each had its own red crank set into the shielding wall, with a brass counter above it. Three hundred and twelve turns to drive a rod fully home. He counted out loud to keep his mind on the numbers. By the fourth rod he had to change hands every fifty turns. The needle on the core temperature gauge went down very slowly, as if it did not believe him.

When the sixth rod was in he sat on the floor of the vault with his back to the shielding and listened to the coolant pumps run down. They did not stop all at once. They laboured, and slowed, and then there was a sound like a held breath let go, and then nothing.

The cold would come now. A few days to reach the bottom of the tube, a few weeks to reach the bottom of everything. He had done the sums on a sheet of graph paper and folded it into his breast pocket.

* * *
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A hundred and twenty metres of corridor from the vault to the Hub. The ceiling lights were dying in sections. Frost had begun on the quilted insulation. Ordinary frost, from the last moisture in the air. He looked at it closely anyway.

At the cross-corridor he kept his eyes on the floor. Yuri Gromov sat where he had sat since February, against the wall, his knees drawn up and his hands in his lap. Pavel did not look at his face. He had looked once.

The others he did not let himself think about, except to count. Nine names on the board in the living module. Gromov here. Fedorov, Lebedev and Zaitsev behind the medical door. Colonel Belov gone down the tube to the Kolodets four days ago with the torch and the last full cylinder, saying he would see for himself, saying that was an order. Lidiya, Oleg and Viktor somewhere in the walls between the modules, where the insulation had been torn open from the inside.

Nine. Himself.

The medical module was the third door on the left. He had welded it himself on the first of March, a bead all round the frame and then a second over the first because his hands had been shaking. The seam was dull grey and good.

Someone was knocking on the other side.

It was not loud. It had never been loud. A single knock, with the flat of a hand or the side of a head, at about the height of a man's chest. He stood in front of the door and took off his watch and held it in his palm and waited.

The next knock came after forty seconds.

That morning, before he went down to the vault, it had been eleven. Last week it had been continuous, a patient drumming that went on through the night shift and the day shift, and Viktor had played music over the intercom to cover it until Viktor stopped coming to the radio room.

He waited for the next one. Fifty-two seconds.

"Good," he said to the door. "Good. Sleep."

He put his watch back on.

* * *
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The galley calendar had a photograph for each month. March was a birch forest in snow. He had drawn a circle round the third in pencil. That was the day Viktor sent the morning report and Bear Lakes did not acknowledge it, or any of the reports that followed, until Viktor could no longer hold the handset.

Eleven days. No last order. The relay was still working; he had checked it himself. They had simply stopped listening.

He had hated them in 1979, when the relief flight was cancelled, and in 1980 when the order came to continue the study. He had no hate left. There was only a list of tasks, and he was most of the way down it.

* * *
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The suit room held nine racks. Belov's was empty. Pavel took down his own Orlan and climbed into it through the back, the way you climbed into a wardrobe, and swung the backpack door closed behind him and locked it. The suit smelled of himself and of old rubber. His fingers in the gloves felt thick and slow, and when he made a fist the knuckles ached in a way he did not like.

He had noticed it three days ago. The cold in the ends of his fingers that did not go away when he held a cup of tea. He had told himself it was the cranks, the work, the hours in the vault.

The airlock took eleven minutes to cycle. He stood in it with the tool bag and the plate in its cloth wrapping and watched the pressure needle fall.

Outside, there was nothing.

There was never anything. He had been on the surface more than two hundred times and it still took him a minute to accept it. His helmet lamp threw a cone of light a few metres wide onto grey regolith furred with white, and beyond the cone there was no ground and no horizon, only black. Above him were stars, more than anyone on Earth had ever seen, and very high up and far away to the south a thin grey line where sunlight caught the topmost edge of the crater rim. It never came down. It had not come down for two billion years. Kuznetsova had said that once, at dinner, and laughed, and nobody had laughed with her.

The mast stood beside the berm, a lattice tower twice his height. At its foot the small RTG sat in its fins, faintly warm. He had built it to bring the landers in. Mayak, the beacon. The small plate at the top still said so: ZVEZDA-3, and below it, MAYAK.

He opened the transponder housing with the hex key. Inside, under a frost-beaded cover, the mode switch. ПОСАДКА. Landing. He turned it to the other position, the one they had wired in at Barmin's insistence and never used, and below it he set the pulse interval by hand on the thumbwheels. Slow. A slow pulse, so slow that any operator anywhere would know it was not an invitation.

Then the plate.

He had cut it from a spare hull panel the night before and stamped the letters one at a time with the punch set, a hammer blow for each. He fixed it to the mast below the old one with four bolts and torqued each one to the figure in the manual, out of habit.

He stood back and lit it with his lamp.

ЗВЕЗДА-3. ЗАПРЕТНАЯ ЗОНА. НЕ ПРИБЛИЖАТЬСЯ.

Forbidden zone. Do not approach.

Below that a fourth line, the only one that mattered, the one he had stamped last and hit hardest. He read it twice to make sure there were no mistakes. Then he picked up the tool bag and turned away.

Somewhere beyond his lamp, Romashka stood on her four legs with her hatch shut and the name Oleg had painted on her flank. Pavel did not swing his lamp round to look at anything. He went back down into the lock and closed the hatch above his head and spun the wheel until it stopped.

* * *
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In the suit room he got out of the Orlan and hung it on its rack and took off the inner gloves.

He held his hands up under the lamp.

There was frost on his fingernails. Not on the skin, which was pale and dry and perfectly ordinary, but on the nails themselves, fine white lines branching outward from the cuticles like the frost that grows on a window in Kalinin in January. The room was at plus four. Nothing should have frozen. He breathed on the nails, close, the way he had breathed on Andrei's hands when Andrei was small and had lost his mittens, and the frost did not melt.

He looked at it for some time. Then he put his hands in his pockets.

* * *
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The living module was dark. He brought a battery lamp from the Hub and set it on the table, turned low.

Nine bunks, the blankets tucked tight on all but two. The photograph wall over the table: wives, children, a dacha with a crooked roof, Vera in her green coat at Yalta, laughing at him for taking so long with the camera. Brezhnev in his frame by the hatch. The chess set where he and Lebedev had left it in January, with Lebedev to move. Pavel looked at the board and saw the move, and reached out, and stopped with his hand above the knight.

No. Let it be Lebedev's.

He fetched the Krasnogorsk from the radio room, loaded a fresh reel, wound the clockwork and set the camera on its little tripod with the lens towards the bunk. He had written what he meant to say on the back of the graph paper with the sums. He unfolded it and read it through, and folded it again, because he found he knew it.

The heaters had stopped an hour ago. His breath showed in the lamplight. When the film was done he would go to the Hub and open the vents, and then there would be no air in Zvezda-3 to hold the warmth, and the cold could come down the tube as fast as it liked.

Somewhere along the corridor, very faintly, there was a single knock.

He sat on the edge of his bunk with his hands in his lap and the frost hidden under his fingers. Then he leaned forward and pressed the button, and the camera began to whirr, and he told his wife that he was well.
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Chapter 1: Selene
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"Selene, Houston. You are go for undock."

Kate Mercer had her hand on the grab rail above the forward window and her eyes on the docking camera, where the white flank of Gateway filled the screen edge to edge. She could see the scuffs on the thermal blanket near the port. She could see a loose cable tie someone had missed on the last EVA, three years ago, waving very slightly in the airflow from a vent that had nothing to do with air.

"Houston, Selene, copy go for undock. Tom?"

"Hooks are yours, Boss."

"They're always mine. Yelena?"

"Hooks open on your command. Pressure good both sides. Hatch closed and verified." Yelena Sorokina said it the way she said everything, in order and complete, and then she added, "Twice," because Kate had once asked her whether she'd checked it twice and she had never forgotten.

"Right. Open hooks."

Twelve latches let go, one after another, a long soft rattle through the frame like someone running a stick along railings. Then the springs. Selene drifted backwards out of the port at a few centimetres a second and Gateway did not move at all, as if they had simply been shrugged off.

"Physical separation," Tom said. "Selene's a free woman. Mind your heads, folks, I'm going to back us out like a pickup truck at a Whataburger."

"Please don't," said Henrik.

Kate watched Gateway shrink in the camera until the whole station fitted on the screen, with Orion docked on the far side. Their ride home. It would wait there with nobody aboard for eight days, talking to Houston about its own health the way an old man talked to his doctor. She found she wanted to keep it in sight.

"Selene, Houston. Good separation. Dana says nice work, and she says Tom isn't allowed to say Whataburger on an open loop."

"Copy, Houston. Tell Dana it's a regional cultural reference."

* * *
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The cabin was four metres across and held six people, which the designers had described as generous. It was a squat cylinder sitting on top of the descent stage like a tin on a table, with two forward windows angled down for landing and a single hatch on the side that led into a lock the size of a phone box, and beyond that the porch and the ladder. Six fold-down couches. Lockers in every wall. Everything that could fly loose was strapped, netted or velcroed, and everything else was Henrik's drill.

They were in their suits for the descent. The white surface suits filled the cabin and made everyone look like each other until you read the stripes: red on Kate's upper arms and helmet, blue for Tom, green for Yelena, yellow for Anil, orange for Fiona, black for Henrik. Henrik had asked for black because it was slimming. Gloves and helmets were clipped to the couch frames within reach. The drill was sixty seconds from the first alarm to a sealed suit, and they had all done it so many times in Houston and Cologne that Kate had once found herself doing the motions in her sleep, in a hotel in Toulouse, reaching for a helmet that wasn't there.

Each backpack held a full charge. Eight hours of oxygen, power and cooling, near enough, and the little readout on Kate's wrist showed it in hours and minutes: 8:04. It would start counting down the moment they disconnected from the cabin umbilicals and not before. Kate liked that number. She liked that the suit told you how long you had.

"Heart rates," Fiona Grant said from the aft couch, tablet on her knee. "Since you're all wondering. Henrik, sixty-two, you're a corpse. Anil, ninety-eight. Yelena, seventy, very nice. Kate, seventy-four. Tom, a hundred and twelve."

"That's my resting rate."

"That's a hummingbird's resting rate, you big liar. You're excited."

"I'm a professional."

"You're a professional with a heart rate of a hundred and twelve. I'm logging it. I'm putting a wee note next to it that says excited."

"There's no field for that."

"There is now."

Anil Varma was at the right-hand window with his face so close to the glass that his breath fogged it. Below them the Moon had swung up from a curve into a floor. They were still high, still in Gateway's long looping orbit, and the surface was grey and brown and lit hard from one side, the craters full of black.

"Look at that," Anil said. "Look at it. That's Schrödinger. You can see the rilles."

"I can see your nose on my window," said Tom.

"It's my window. It's the science window."

"There's no science window."

"There is now," said Fiona.

Anil was fifty-two and had spent eleven years getting on this flight. He'd spent the last six months of training telling anyone who would stand still about volatiles in polar cold traps, and the cleaning crew at the Cologne astronaut centre now knew more about comet-delivered ice than most undergraduates. He had a cricket ball in his personal kit, a real one, signed by somebody Kate had never heard of, that he intended to leave on the Moon. He had asked her permission formally, in writing.

"And before anybody says it," he said, "we are not going to the dark side."

"Here we go," said Tom.

"The far side gets exactly as much sunlight as the near side. It's just never facing us. It's the shy side. It's the side that doesn't want its photo taken. Calling it the dark side is a Pink Floyd problem."

"We're landing in a crater that hasn't seen the sun in two billion years," said Henrik. "I'm going to call it dark."

"That's the crater. The crater is dark. The crater is allowed."

"Thank you, Anil," said Kate. "We'll file that."

"Under P," said Fiona. "For pedant."

Anil looked delighted. He usually did.

* * *
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The burn to drop them out of Gateway's orbit came at 09:41 GMT, thirty-one seconds on the descent engine, a shove in the back like a car pulling away. After that there were hours of coasting and checklists. They ate, which meant squeezing paste out of pouches. Henrik went through his drill deployment sequence for the sixth time. The rig sat in a cradle on the descent stage, folded like a heron, and it would walk itself to the edge of the rim on its own six legs once they were down. He talked to it under his breath while he worked, in Norwegian, and when Kate asked what he was saying he said, "Encouragement."

Their target was the rim of a crater with no name. It had a catalogue number, PSR-117, which meant Permanently Shadowed Region one hundred and seventeen in a list somebody at Arizona State had drawn up from the orbiter data. It was fourteen kilometres across and two kilometres deep, a hole close to the south pole on the far side, so near the pole that the sun never rose high enough to see into it. The floor had never been lit. The orbiters had measured it by its own faint glow in the infrared and put it at about two hundred and thirty-five below zero. Comets had fallen there for billions of years and left their ice, and the ice had stayed, because nothing had ever been warm enough to take it away.

They weren't going down into it. Nobody was mad enough for that. They were landing on the high rim, on a flat shelf that caught sun for a few hours each month, where they could run the solar arrays and walk the drill to the edge and let it bore sideways into the ice-bearing layers. Six surface days. Then home.

Kate ran the consumables before they went round the limb. She did it on paper as well as on the screen, because she'd been an RAF navigator for nine years, sitting in the back of a Tornado with her knees round her ears, and in the end you only really believed what you'd written yourself. Cabin oxygen in the descent stage tanks. Reserve in the ascent stage. Six suits at full charge. Water. Fuel cell reactants. Battery state. Everything had a margin and every margin had a margin. She wrote the numbers in a column and drew a line under them and was satisfied.

* * *
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At 12:20 she unstrapped and went aft to the stowage nook behind the galley locker, the only place in the cabin where you could be half out of sight. She pulled her knees up and held the tablet so the camera saw her face and the red stripe and none of the mess.

"Hello, love," she said. "It's me. We've undocked, we're coasting, everyone's well. Tom's being Tom. Anil's being Anil. We go round the back in about an hour and after that it's all through the relay, so this might take a while to reach you, but I wanted to send something before we went."

She stopped. Thought about deleting it and starting again. Didn't.

"I know you think I'm being dramatic about this being the last one. I'm not. I'm forty-eight and my knees make a noise like gravel when I get out of a couch and I've done this twice now, which is twice more than I ever thought I would. When I come back I'm going to sit in your flat and drink your terrible coffee and you can play me whatever you're mixing and I'll tell you it's very good and I won't know what I'm talking about."

She smiled at the camera. It was easier than she'd expected.

"Say hello to Jas. Eat a vegetable. I'll see you in a fortnight. Love you."

She sent it before she could watch it back. A small bar crept across the screen and turned green. Somewhere in Houston it would go into a queue, and somewhere in Bristol, later, a phone would buzz on a mixing desk and Ollie would look at it and say, "Oh, Mum," the way he did, as if she'd embarrassed him in front of his friends, and then he'd watch it twice.

When she came back up the cabin, Fiona was looking at her tablet and not at Kate.

"Seventy-eight," Fiona said. "For the record."

"Thank you, Fiona."

"I'm just saying. You were very calm. I'd have been bawling."

* * *
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They went round the limb at 13:31.

Kate had seen it before, on her first flight, but only from the station, and from low Earth orbit you never lost the Earth. You only turned your back on it. This was different. She stood at the left window with Yelena beside her, both of them holding the rail, and watched the Earth sink towards the Moon's edge.

It was small. That was what nobody told you properly. A blue and white marble you could cover with your thumb at arm's length. It touched the grey horizon, and the horizon was perfectly sharp, with no air to soften it, and the Earth went down behind it the way a coin goes into a slot. A thin bright crescent. A line. Then the Moon was all there was, grey below and black above.

"Houston, Selene. LOS on direct, switching to relay."

The delay came back into the voice from the ground, the extra second while it went out to LUMEN-2, hanging out there in its halo orbit tens of thousands of kilometres beyond the Moon, and bounced back home. "Selene, Houston, we have you through LUMEN. Good signal. You are on the far side."

"Copy. We are on the far side."

"Dark side," said Henrik, very quietly.

"Shy side," said Anil.

Yelena didn't say anything. She was watching the place where the Earth had gone. Kate had trained with her for three years and knew that Yelena's silences came in different kinds, the way the beeps from a monitor did.

"All right?"

"Yes." Yelena paused. "I was thinking that my grandfather was a cosmonaut."

Kate turned. "You've never said."

"He never flew. There is not much to say." Yelena's hands were still on the rail. She had very neat hands, short nails, a burn scar across one knuckle from a soldering iron when she was twelve. "He was an engineer in the programme, at Star City. He died in 1979. A training accident, my grandmother said. I never met him. My father was a boy."

"I'm sorry."

"It is a long time ago." She looked at the grey ground passing below, the craters and the long shadows. "My grandmother used to say he would have liked to see this. She said it as if she were annoyed with him. As if he had not tried hard enough." The corner of her mouth moved. "She was annoyed with everyone. I think she would have been annoyed with me, for coming."

"Annoyed or proud?"

Yelena considered it properly. "Both," she said. "She would have said it was the same thing."

* * *
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The descent orbit burn came at 14:08 and put them on a long, falling path towards the south pole. The shadows below grew longer and longer as they went, the sun dropping behind them towards the horizon, until every crater was a black pool with one bright lip and every hill dragged a shadow kilometres long behind it. Ahead, at the bottom of the world, the ground was mostly black. Lit ridges stood up out of it like islands.

"There she is," said Tom.

On the navigation display, in false colour from the orbiter maps, PSR-117 was a perfect blue circle. Through the window it was nothing. A gap in the lit ground. The near rim caught a little low light, a silver thread, and inside the thread the dark began and did not end.

Kate looked at it for a long moment. She'd spent two years studying that circle. She'd never really looked at it.

"Gloves on," she said. "Helmets to hand. Let's do it properly."

The rule for landing was gloves locked and helmets clipped beside each couch, not worn. The pilots needed their heads free to see down through the steep forward windows, and the engineers had argued for a year and lost. Kate checked her wrist rings and then Tom's, and Tom checked hers, and in the back Fiona went round the others tugging each glove like a teacher counting heads on a school trip. Kate put her hand out and touched her helmet where it hung, once, to know where it was. Her wrist display said 8:04 and stayed there. Still on the umbilicals. Still borrowing the cabin's air.

"Selene, Houston. Dana's on the loop."

The voice changed. Older, flatter, Texan worn smooth by thirty years of control rooms. Kate had met Dana Whitlock at a barbecue in Clear Lake and watched her eat a rib like she was defusing it.

"Selene, Houston, flight. All stations are go. Guidance is go. You are go for powered descent. Kate, take your time. We'll be here."

"Thank you, Houston. Copy go for PDI."

She looked across at Tom. He had his right hand on the stick and his left hand on the throttle and he wasn't joking now. Behind his visor his face was perfectly still, and she knew that his heart rate was a hundred and twelve and climbing and that it didn't matter at all, because he was the best pilot she had ever flown with.

"Right," she said. "Take us down."

	[image: ]
	 	[image: ]


[image: ]

Chapter 2: False Return
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The engine lit at 14:40:12 and Tom Reyes felt it through the soles of his boots before the numbers moved.

It wasn't much. The descent engine on Selene throttled down to a fraction of its rated thrust, and at the start of the braking burn it pushed them at less than a third of a g. But they'd been weightless for five days, and his body took the push the way a dry field takes rain. His arms were heavy on the rests. His spine settled into the couch. Somewhere behind him a pen that had escaped the nets rattled down the cabin and hit the aft bulkhead.

"Good light," Kate said beside him. "Thrust nominal. Ninety-two per cent."

"Ninety-two," Yelena said from the systems station. "Chamber pressure good. Propellant feed good both tanks."

"Copy," said Tom. "She's flying herself. I'm just a passenger with a really nice seat."

He wasn't. Not really. The guidance computer was flying the braking phase, and he'd let it, because it was better at this than he was, but his right hand was on the stick and his thumb was resting on the mode switch and he was watching every number on the panel as if it owed him money. He'd flown this approach eleven hundred and four times. Houston, Cologne, the big dome sim at Ames with the projectors that made you feel sick if you turned your head too fast. He knew the rim of PSR-117 the way he knew the road to his sister's house in San Antonio. Turn left at the boulder field. Mind the crater that looks like a thumbprint. Don't go past the gas station or you'll end up in the river.

"Selene, Houston. You're looking good. Go to continue."

"Copy, continue."

Out of the forward windows there was nothing much to see yet. They were on their backs, more or less, the engine pointed along their line of flight to slow them down, and the windows faced up at a black sky full of stars. Tom didn't need to see. He had the map display on the centre screen, the orbiter's terrain model laid out in false colour, with their track drawn across it as a green line and the landing site as a small white cross on the rim shelf. The green line crept towards the cross.

"Altitude eleven thousand," Kate said. "Velocity twelve hundred. On profile."

"Nine minutes to touchdown," said Yelena.

In the back, nobody said anything. That was good. Anil had promised to keep quiet during the descent and so far he'd been as good as his word, though Tom could hear him breathing in quick little bursts over the intercom like a kid at a fireworks show. Fiona had gone silent too, which Tom liked less. Henrik never said much anyway.

* * *
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The landing radar was supposed to find the ground at six thousand metres.

It found something at seven thousand eight hundred.

"Radar lock," said Yelena. "Early. Altitude data good." A pause. "Delta four hundred and ten metres."

Tom looked at it. The radar was telling the computer that the ground beneath them was four hundred and ten metres closer than the map said it should be. Not an error of a few metres. A whole hill's worth.

"That's a big delta," Kate said.

"It is a solid return," Yelena said. "Signal strength very high. Higher than predicted for regolith."

Tom had a second to think about it and he used it. Every trainer he'd ever had had told him the same thing. The maps near the poles were rubbish. The orbiters had looked down at those rims at grazing angles, with the sun on the horizon, and built the terrain models out of shadows and guesswork, and the models could be off by hundreds of metres. The radar was the truth. The radar bounced a signal off the actual ground under your actual feet. If the radar and the map disagreed, you believed the radar. That was the rule. People had written papers about it.

"Houston, Selene. We have a radar delta of four-one-zero."

The loop hissed. Two seconds, three, while his words went up to LUMEN-2 and down to Texas and came back. Too long. They'd known it would be too long. That was why the crew had the call.

"Accept radar," he said. "Kate?"

"Concur. Accept."

Yelena touched the screen. "Radar accepted. Navigation updated."

On the map display the green line jumped. Not much. The computer had taken the new altitude and done its sums and decided it was a little lower, and a little to one side, of where it had thought. The white cross moved half a centimetre on the screen. The guidance swung the engine a degree to compensate, and Tom felt the tug in his stomach as the attitude changed.

"Selene, Houston, we see your delta. Recommend accept radar."

"Thanks, Houston," Tom said. "Already did."

* * *
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At two thousand metres the computer pitched them upright and the Moon came into the windows.

He had seen it in the sim a thousand times, but the sim was a picture on a wall and this was a world. The surface came up into view from below as the lander tipped, a long grey slope lit hard from the left, every rock with a black blade of shadow behind it. Ahead, the slope flattened into the rim shelf. And beyond the shelf, filling the right half of both windows, was the dark.

It wasn't a shadow. Shadows had shapes. This was an absence, a hole cut out of the world with a knife. The rim ran across it in a thin bright thread, silver where the low sun touched the very edge, and inside the thread there was simply nothing at all.

"Holy shit," said Anil softly.

"Quiet in the back," said Fiona, but she sounded the same.

Tom didn't look at it. He looked for the landing site. He knew what it should look like, a flat patch on the shelf just short of the rim, with a pair of boulders like a dog's ears off to the north. He found the boulders.

They were in the wrong place.

"Crossrange," he said. "Kate, I've got the site visual. We're long and right. The computer's aiming us past it."

Kate leaned towards her window. "I see it. How much?"

"Six, seven hundred metres. It took the radar update and it thinks we're somewhere else."

"Yelena?"

"Navigation says we are on profile." Yelena's voice was perfectly level. "Navigation is wrong. I agree with Tom."

"Right," said Kate. "Your aircraft."

"My aircraft." He flipped the mode switch, and the stick under his hand came alive.

The lander answered him the way a good horse answers. He rolled her left and pitched her back and felt her drift, slow, heavy, a whole six-tonne house on a column of fire, back towards the shelf. The engine growled up through the frame. Propellant numbers on the right of the panel ran down like a gas pump in reverse.

"Eleven hundred metres," Kate said. "Descending twenty. Fuel at forty-one per cent."

"Copy."

"Tom," said Yelena. "The radar."

"What about it?"

"The return is pulsing."

He looked. On the systems page, beside the altitude, the radar's lock indicator was flicking from green to amber and back again. Green. Amber. Green. Not random dropouts, which he'd have expected over a broken rim. It was steady. Regular. Like a heartbeat, or a lighthouse.

"Say again?"

"Pulsed return. Approximately one per second. Strong when it is present. When it is present it gives an altitude of ninety metres."

"We're not at ninety metres."

"No," said Yelena.

The thing in his stomach that had been quiet for five days woke up and turned over. Ground didn't pulse. Ground didn't flash on and off like the beacon on a radio mast. Ground was just ground. Whatever the radar had been listening to since seven thousand eight hundred metres, it wasn't the Moon.

"Deselect radar," he said. "Kill it. Kill the update."

"Deselecting." Yelena's hands moved. "Radar deselected. Navigation is on inertial only. Navigation still holds the bad altitude. It will take time to correct."

"How much time?"

"I don't know."

And then the shelf went under them, and the bright thread of the rim went under them, and Tom understood what the computer had done before anybody said it.

It had believed the ground was four hundred metres higher. So it had slowed them early, and burned harder to hold them up, and then the crossrange update had pushed their track long. He'd fought it back left. But he'd been fighting the position in the window, not the speed over the ground, and the speed over the ground was more than he'd thought, and the rim slid past under the nose like the edge of a table, and then there was nothing below them.

He looked down through the window and saw stars. Not overhead. Below, past his own feet, where the ground should have been, a scatter of faint stars reflected in nothing, or his own eyes making them up out of the black.

"We're over the rim," Kate said. "Tom, we're over the Pit."

"I know."

"Radar reselect," said Yelena. "I am taking one reading." A second. "Altitude two thousand three hundred and forty metres."

Two kilometres. Two kilometres more of fall than they'd planned for, and the fuel at thirty-four per cent.

"Abort," said Kate. "Abort stage."

He'd known she would say it. He'd already got his hand on the guard. He flipped it and pressed the button, and the panel lit amber and a word came up on the screen that he'd only ever seen in failure sims.

ABORT INHIBIT. ALT LOW.

"It thinks we're at ninety metres," Yelena said. "It will not stage below one hundred. It will not stage into the ground."

"Override."

"The override needs a guidance reset. I'm starting it. Forty seconds."

"Forty seconds," Kate said. She was looking at him. "Tom."

"I hear you. I'll hold her."

The lander was falling. Not fast yet, but falling, because he'd pulled the throttle back to save propellant and the Moon wanted them. Down there in the dark was a floor nobody had ever seen, and he was flying blind towards it with a computer that believed a lie and a radar that was listening to a ghost.

"Lights," he said.

Kate threw the switches. Four floodlights on the descent stage came on and shone down into nothing. They lit no ground. They made two cones of white in the dark beneath the lander, two long empty searchlights reaching down, and somewhere at the bottom of them, very far away, something faintly grey.

* * *
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"Fifteen hundred," said Kate. "Descending forty. Fuel twenty-nine."

"Reset twenty seconds," said Yelena.

"Tom, you're fast."

"I know." He brought the throttle up. The engine dug in and the floor of the cabin pushed against his back. Forty metres a second to thirty. Thirty to twenty-five. The propellant numbers fell faster. This was the bit nobody could win. Every second he held her up cost fuel he'd need to hold her up later.

"Low level," said Yelena. "Descent propellant low level."

A tone sounded in his headset, soft and very insistent. He'd heard that tone in the sim a hundred times. It meant: you have about a minute left. It meant: make your mind up.

"Nine hundred," said Kate. "Descending twenty."

The grey in the lights was getting bigger. It was white, he saw now, not grey. Frosted. A white floor, ridged and dimpled like the skin on hot milk, coming up out of the black.

"Reset complete," said Yelena. "Abort available."

"Six hundred," said Kate. Her voice hadn't changed at all. "Tom. Your call."

He had about three seconds to make it, and he used one of them to think about the abort. Stage now and the ascent engine would light and kick the cabin off the descent stage and up into the dark, towards a rim two kilometres overhead that he couldn't see. A guidance system he'd just told everyone was wrong would fly them out of a hole it couldn't find. Into walls it didn't know were there.

Or he could put her down.

"We're landing," he said.

"Copy. Landing."

"Four hundred," Yelena said. "Fuel nine per cent."

The floor came up into the lights with terrible speed. Ice ridges, long and low, running from left to right like ploughed furrows. Black pits between them. A boulder the size of a car, white on top. He pitched back to kill the drift and the white slid sideways underneath them, slowing, slowing.

"Two hundred. Down twelve. Fuel six."

"Talk to me, Kate."

"Hundred. Down eight. Drifting left two. Forward one."

Dust came up, or frost. A white mist boiled out from under the engine and flew outward in straight lines with no air to hold it, a flat bright sheet that spread to the edge of the lights and vanished. He couldn't see the ground through it. He was flying on numbers now, on the inertial altitude Yelena had dragged back into line, on the feel of the thing through his hands.

"Fifty. Down six. Fuel three."

"Come on, baby."

"Twenty. Down four. Ten. Left drift. Left drift, Tom."

He saw the ridge too late. In the last of the lights, through the sheet of frost, a long hump of ice and rock under the left side of the stage. He tried to roll away from it. The engine coughed.

"Contact," said Kate.

The right legs touched first, softly, the way they were supposed to. For half a second Tom thought it was going to be all right. Then the left aft leg came down on the ridge and something under the floor gave a long, grinding shriek, and the whole cabin dropped away to the left like an elevator with a cut cable.

He was thrown sideways in his straps. Kate's helmet came off its clip and hit him in the arm. There was a bang so loud and sharp that he thought something had exploded, a gunshot right by his head. Somebody shouted. Something heavy went past behind him and hit metal with a sound like a sack of cement dropped off a truck.

Then the lander stopped falling, and lay on its side at an angle, and was still.

The engine had cut. The lights were still on, shining sideways now across the white floor. Frost was still falling out of the dark in front of the windows, very slowly, settling on the glass in a fine bright powder.

Tom took his hand off the stick. It was shaking. The clock on the panel said 14:52:07.

"Kate," he said.

She was hanging in her straps beside him with her face turned away. When she lifted her head there was blood running down from her right eyebrow into her eye, and she blinked it away and looked at him.

"I'm all right," she said. "Everyone sound off."

"Yelena. Okay."

"Anil. Christ. Okay. I think okay."

"Fiona, okay. Henrik? Henrik."

Henrik didn't answer.

And under Fiona's voice, under the tick of the cooling engine and the soft alarm tone that nobody had silenced yet, Tom heard a thin, high, steady hiss coming from the side of the cabin where the hatch was, the low side, the sound a tyre makes when you've run over a nail.
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Chapter 3: The Pit
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"Helmets," Kate said. "Helmets on, now. Sixty seconds."

Her own helmet wasn't on its clip. She knew that before she looked, because her hand went to the place and found nothing, and for a moment she simply hung in her straps with the blood running into her right eye and the hiss going on and on behind her like someone saying shh to a child.

"Under your feet, Boss." Tom was already reaching. The helmet had rolled down the slope of the floor and fetched up against the base of her couch. He got it by the neck ring and shoved it into her hands. "Go."

She lifted it over her head and brought it down and twisted. The ring caught on the first try. The world went small and close and loud with her own breathing. A green light came up on the display at her chin: suit sealed. She checked Tom's ring and he checked hers, and she hit the release on her straps and slid sideways off the couch onto a floor that wasn't a floor any more but a ramp, tipping down to the left at an angle that made her stomach lurch.

Twenty degrees. It looked like more. Everything loose had gone downhill: ration packs, a torch, a sock, a cracked tablet still glowing. At the bottom of the slope was the hatch, and the systems console, and Henrik.

Fiona was there before her, kneeling on the bulkhead, both hands on him.

"Helmet," Kate said. "Fiona, his helmet."

"I know. I've got it. Henrik, love, I need your head. Stay still for me." Fiona's voice was very calm and very fast. She had Henrik's helmet in her lap. "Anil, hold his shoulders. Gently. Gently. Like he's made of eggs."

Henrik was half on his back across the corner of the console where his couch had torn loose from its mounts. The couch itself lay twisted beneath him, one leg of its frame sheared clean through. His face was grey. His eyes were open and moving. When Fiona lifted his head to get the helmet over it, he made a sound Kate would hear for a long time afterwards, not a scream but a kind of surprised grunt, as if someone had told him a joke he hadn't expected.

The helmet went on. Fiona locked it and checked the seal twice.

"Pressure," Kate said.

"Ten point one and dropping." Yelena had wedged herself into the angle between the systems rack and the wall, her green stripe bright under the lights. "Dropping slowly. Point one every forty seconds. The leak is small."

"Where?"

"I don't know yet."

Kate didn't need her to. She could hear it. She went down the slope on her hands and knees, the way you'd go down a steep roof, and put her helmet close to the hatch frame and turned her head slowly from side to side, listening.

There. Low on the frame, on the aft side, below the lower hinge. A white line was growing on the metal as she watched, thin as a hair and branching. The air in the cabin was going out through a crack too small to see, and the moisture in it was freezing on the way. It drew itself across the paintwork in tiny white feathers.

"Got it," she said. "Hatch frame, aft lower. Tom, repair kit."

"Coming."

* * *
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The repair kit was a grey bag the size of a briefcase, and it held everything the engineers had been able to think of for a hole in a spacecraft they hoped would never have one. Aluminium foil tape in a heavy roll. Two-part epoxy in a gun with a mixing nozzle, the kind that set at temperatures that would stop ordinary glue dead. Patch plates in three sizes. A scraper. A tube of sealant. A laminated card of instructions that someone had decorated, in biro, with a small cartoon of a sad face.

"I hate this card," Tom said, kneeling beside her.

"Read it to me."

"Clean surface. Apply primer. Apply bead of compound around the defect at a distance of no less than..." He gave up and threw it over his shoulder. "I know what it says. I'll do the bead. You do the tape."

They worked with their knees on the bulkhead and their boots braced against the console frame. Gloved hands were stupid hands. The foil tape stuck to her fingers and to itself and to everything except the place she wanted it. She tore three strips before she got one down straight across the crack. The white feathers vanished under it. The hiss changed note but didn't stop.

"It's still going," said Yelena. "Nine point eight."

"I know."

"There's more of the crack," said Tom. "Look. Under the hinge. It runs under the hinge plate."

He was right. The line went in under the steel plate of the hinge and came out the other side, and kept going, very faint, another four or five centimetres towards the floor. The whole frame had flexed when the leg went. Kate thought about what that meant and decided not to think about it yet.

"Epoxy round all of it," she said. "Bead, then tape, then plate, then bead again. Belt and braces."

"Belt and what?"

"Just do it."

He did it. His hands were steadier than hers. He ran the bead of grey compound along the edge of the tape and round the hinge plate in one long movement, like a man icing a cake, and she pressed the patch plate down over the top and held it there with both palms while the epoxy took. Her arms began to ache within a minute. Behind her she could hear Fiona talking to Henrik in a low murmur, the words lost, just the tone, and Anil saying "yes, yes, all right" to something, and Yelena calling the pressure.

"Nine point six. Nine point five. Nine point five." A pause. "Nine point five."

Kate kept her hands where they were.

"Nine point five," said Yelena. "Holding. It is holding."

* * *
[image: ]


They gave the epoxy twenty minutes before they trusted it, and then Yelena brought the cabin back up from the tanks. Kate watched the pressure climb and watched the oxygen reserve fall to pay for it, and wrote both numbers down on the back of her hand in marker because her kneeboard had gone downhill and she couldn't be bothered to fetch it.

Then helmets off. The cabin smelled of hot metal and epoxy and something like burnt toast that she supposed was the engine.

Fiona came up the slope to her with the medical kit.

"Sit."

"I'm fine."

"You've got a hole in your face and you're bleeding into your eye like a bad horror film. Sit down, Kate." Fiona pushed her onto the edge of a couch and turned her head to the light with one hand. Her fingers were cold. "Aye. That's deep. You'll have a scar. Very distinguished. Hold still."

She cleaned it with something that stung like a wasp and squeezed the edges together and ran glue along them. Kate looked past her shoulder at the low side of the cabin, where Henrik lay. They'd got him off the console onto the floor, on a sleeping bag, and he was still in his helmet with the visor up. Anil was sitting beside him holding his hand.

"How is he?" Kate said quietly.

Fiona didn't answer straight away. She finished with the glue and pressed a strip over it.

"His chest went into the corner of the console when the couch let go," she said, just as quietly. "Ribs, at least four on the left. Maybe a flail segment, I can't tell yet. He's breathing badly and his pressure's low and his belly's tender, and I don't like the colour of him." She snapped the lid on the glue. "I'll tell you more when I know more. Don't ask me in front of him."

"All right."

"I mean it."

"I said all right."

Fiona looked at her for a second longer, then went back down the slope.

* * *
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"Damage," Kate said.

Yelena had the systems pages up on the one screen that wasn't cracked, and she went through them in the order she'd been trained to go through them, which was the order Kate wanted to hear them in.

"Descent stage. Left aft leg has failed. The strut has collapsed and the footpad is not in contact with the surface. The other three are loaded. That is the tilt. Descent propellant is at less than one per cent. It doesn't matter now." She scrolled. "Ascent stage. Fuel tanks one and two are good. Oxidiser tank one is good. Oxidiser tank two reads zero."

"Sensor?"

"I don't think so. The pressure dropped to zero over eleven seconds, starting at the moment of contact. Temperature dropped with it. It vented." She looked up. "Something from the leg went into it. Or the frame twisted and a line failed."

"Can we fly on one oxidiser tank?"

"No."

Kate had known that. She'd wanted to hear it said, the way you want to hear the doctor say it even when you've read the scan yourself.

"Can we move oxidiser across?"

"There is nothing to move. Tank two is empty. Tank one alone is half of what the ascent engine needs to reach orbit. Not half to Gateway. Half to anywhere." Yelena's voice didn't change, but she stopped scrolling. "We cannot fly, Kate."

"Right," Kate said. "Comms."

"The high-gain shows no position feedback and no current draw. I think it is gone. The low-gain is working, but I have no lock on LUMEN-2. I have tried for six minutes. I don't believe we can see it from here." Yelena turned the tablet towards her. A simple plot, a circle of sky with the crater wall drawn as a thick grey band all the way round, and a small dot for the relay sitting below the top of the band. "The wall is in the way. All of it is in the way."

Across the cabin, Anil had come up from Henrik's side. He had his own tablet, the one with the inertial data from the descent, and his face had the look it had when he'd been working something out and didn't want to tell you the answer.

"I've got our position," he said. "Roughly. From the last good inertial fix and the drift. We're on the floor. Three point two kilometres from the north wall, give or take a couple of hundred metres." He swallowed. "Two point one kilometres down. Near enough."

"From the rim."

"From the rim."

Nobody said anything for a moment.

"I trusted the radar," Tom said. He was sitting on the high side of the cabin, by the windows, with his helmet in his lap and his hands round it. He was looking at the floor. "I took the update. It was a lock, it was strong, I took it."

"So did I," said Kate. "I said concur. You heard me."

"You concurred with me."

"I concurred with the rule. So would anyone. So would Dana, and so would every instructor we've ever had, and so would the board at the inquiry." She waited until he looked up. "We'll talk about the radar. Not now. Now I need you."

He held her eyes for a second and nodded once.

"Right," she said. "I'm going outside. I need to see it."

* * *
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The lock was the size of a phone box and took two suited people only if they were friendly. Tom came with her. He'd fly this lander again in his head every night for the rest of his life, however long that turned out to be. He might as well see what it looked like.

Her wrist display said 8:04 when they disconnected from the umbilicals, and then 8:03.

The outer hatch opened onto the porch, a little grated platform at the top of the ladder, and the porch tilted down to the left like everything else. She stood on it and held the rail and looked out.

Her helmet lamp made a cone. Inside the cone there was ground: grey dust, and on the dust a skin of white frost that glittered faintly when her light moved, like sugar on a pavement. A few metres out, the cone simply stopped. Not faded. Stopped. There was no edge to the light, no gradual dimming into dusk. There was lit ground and then there was black, and the black went on for ever.

She went down the ladder one rung at a time. At the bottom her boot sank into the frost with a crunch she felt rather than heard, and she stood on the floor of PSR-117 and turned slowly round.

Tom came down after her. They didn't speak.

They walked round the stage in their two small circles of light. The left aft leg had folded up under itself like the leg of a dead insect, the footpad shoved up into the body of the stage, the strut snapped and splayed. Below the ascent stage, on the near side, a white crust had sprayed out over the gold foil in a long fan where the oxidiser had blown out of tank two and frozen solid before it could go anywhere. Above it, on the top of the cabin, the high-gain mast stood up a metre and then stopped in a stump of torn metal. The dish was gone, somewhere out in the dark.

"Jesus," Tom said.

"Yes."

She looked at it a while longer. Then she said, "Turn your lamp off."

"What?"

"Just for a minute. Mine too."

She reached up and found the switch on the side of her helmet and turned it off, and Tom did the same, and the world went out.

It was the darkest place she had ever been. She had flown night sorties over the North Sea with no moon and thought she knew what dark was. She hadn't. This was a dark that had never had light in it. Her eyes reached for anything at all and found nothing. Not her own hand. Not the stage a metre away. Not Tom.

Then, slowly, the stars.

They came out overhead the way they came out in the desert, only more, thicker and harder and perfectly still, no twinkle, a whole sky of them. And around the edge of the sky, very far up, a ragged black band where there were none, where the crater wall stood against them two kilometres high.

And on the southern side, high on the top of the wall, a thin grey line. Sunlight, catching the very edge of the rim and going no further. It looked further away than the stars. It looked like the light under a door in a house where everyone else was awake.

Kate stood and looked at it.

The floor under her feet had been there for two billion years. Nothing had ever lit it. No one had ever stood on it. That morning Fiona had read their hearts out like a register, sixty-two and ninety-eight and seventy and seventy-four and a hundred and twelve, and somewhere in Houston the relay had gone quiet and Dana Whitlock was looking at a dead screen.

"Boss," Tom said in the dark. His voice was very quiet. "Can we turn the lights back on now?"

"Yes," said Kate. "Yes, of course."

	[image: ]
	 	[image: ]


[image: ]

Chapter 4: Nine Days
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The chest drain went in at twenty past six, Greenwich time, and the blood came out of Henrik Dahl the colour of claret.

Fiona Grant watched it run down the tube into the collection bag and did the sums she always did. Five hundred millilitres straight off. That was all right. That was what had been sitting in the bottom of his chest since the console, squashing his left lung flat. She'd expected that. She waited, one hand on the bag and one on his wrist, while the lung came back up and his breathing eased and some colour crept into his lips. Then she kept watching, because the first five hundred wasn't what mattered. What mattered was what came after.

"Better?" she said.

"Much." Henrik's voice was thin and careful, a man stepping over broken glass. "Thank you. Did you do this before?"

"Loads of times."

"How many is loads?"

"Three. Four, counting the pig." She taped the tube to his side, under the cut-away flap of his undersuit. "The pig was in Houston. Very brave pig. You're doing better than the pig."

"That's good to know."

They'd moved him off the floor an hour before, all five of them, onto Anil's couch at the low end of the cabin. Yelena had worked out how to unbolt it and lay it flat, and Tom had lashed him to it with cargo nets so he wouldn't slide down the twenty degrees every time he moved. He lay there now like
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