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*For everyone who has ever done the math and not liked the answer.*
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## EPIGRAPH
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*"The greatest risk to sustained human presence in the cislunar environment remains the solar energetic particle event. Unlike galactic cosmic radiation - which is chronic, predictable, and largely manageable through shielding - a major solar particle event is acute, potentially catastrophic, and occurs on timescales that challenge every warning system currently in operation. Models improve each decade. The gap between model and event has not closed."*

- Adapted from space medicine risk assessments, various sources
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*"The margin is always thinner than the model."*
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## ACT I - IMPACT
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### Chapter 1 - The Numbers Don't Lie
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The thing about solar monitoring was that it was, in its essence, the practice of patience applied to violence. The sun was always doing something. Loops of magnetized plasma the size of Earth's orbit flexed and snapped above the solar surface with the slow inevitability of geological processes; charged particles streamed outward at hundreds of kilometers per second in a constant invisible wind that had been blowing for four and a half billion years and would keep blowing long after there was no one left to measure it. Watching the sun was not like watching a storm system move across a weather map. It was more like watching a living thing: incomprehensibly large, occasionally hostile, and operating on timescales that only became legible when translated into numbers. Numbers were the only language fast enough to matter.

Arjun Mehta had been translating those numbers for four years at Polar Station 7. He was thirty-four years old, had not been to Earth in twenty-two months, and found genuine satisfaction in this work - not the performed contentment of a man who had made peace with his circumstances, but the real thing, the satisfaction of a person doing precisely what he was suited for. He liked the monitoring station because it was small: two workstations, three screens, one set of instrument feeds, one notebook. He liked the ninety-second update cycle of the primary feed because it imposed a rhythm on the work, a slow regular pulse that meant there was always something to attend to, always a next moment that might clarify the last. He liked, more than he had ever admitted in any professional setting, the act of writing readings into a physical notebook with a mechanical pencil, because the notebook would survive radiation events that could corrupt any digital record, and because his handwriting was small and precise and the act of writing felt like the act of thinking.

The monitoring station itself smelled of recycled air and the dry, slightly metallic tang of electronics that had been running continuously for years in a sealed environment. The ventilation was adequate but not generous - you were always aware of the air, aware that you were breathing the same processed atmosphere that the scrubbers had cleaned and recirculated a thousand times over. After four years Arjun had stopped noticing it the way you stopped noticing the hum of a refrigerator in a kitchen you lived in long enough. He noticed it today, for some reason. He noticed the smell of the workstation's cooling fan, the faint warmth that came from the server rack behind Monitor 2, the slight chill at floor level where the insulation in the subsurface wall was thinner than the specification called for. He noticed these things and set them aside. They were not data.

The current readings, as of 14:20 lunar standard time, were: Class M solar activity trending toward resolution; proton flux elevated but within the upper bound of the predictive model's confidence interval; no anomalous readings in any of the three independent sensor channels. Fourteen hours ago, he had filed a standard advisory notice to Earth: elevated solar activity, monitoring status heightened, no current action required. The reply had arrived in the usual eighteen-minute round-trip delay - a constraint of physics, not technology, the time required for light to travel from the Moon to Earth and back - and the message was three lines. The Space Weather Prediction Center acknowledged. The SWPC concurred with his assessment. The current probability of significant escalation was eleven percent. Continue monitoring.

Eleven percent. He had spent some time in the middle of the afternoon thinking about what eleven percent meant in practical terms. It was less than one in eight. It was approximately the probability of drawing a face card from a standard deck if you could only try once. It was, in the long actuarial history of solar event forecasting, a number that corresponded to *elevated caution* rather than *immediate action*, and there was a documented reason for that: if every eleven-percent warning triggered a full emergency response at every lunar and near-Earth installation, the economic cost of false positives would eventually undermine the credibility of the warning system itself. Eleven percent meant: we see this, watch it, be ready to move faster if it changes.

He had watched it. It had not changed in a way that required faster movement. At 14:15, he had allowed himself to think that the advisory notice would resolve uneventfully, as the vast majority of advisory notices did, and that his shift notes would make dull reading. He had, in that moment, been thinking about dinner - the meal rotation had a lentil dal option on Tuesdays that someone in the food services group had managed to get almost right, which was as much as you could hope for at this distance from the subcontinent - and this small domestic thought was exactly what he was entertaining when Monitor 2 changed everything.

At 14:27, he stood to stretch and walked the three steps to the coffee station.

The anomaly flag triggered on Monitor 2 while his hand was reaching for the mug.

He was back at the screen before he had processed the decision to move. Later, reflecting on this, he would think of it as the body knowing before the mind does - some faster, quieter system that had been trained by four years of watching instruments and had learned to recognize the specific color and cadence of a flag that mattered. He had not consciously decided to move. He had simply been at the screen, the coffee unreached, the mug left on the counter where it would sit for the next several hours and grow cold.

The proton flux reading at 10 MeV had not drifted. It had stepped. The distinction was critical and Arjun knew it with the bone-deep certainty of a man who had spent four years learning to read exactly this instrument: instruments drifted, accumulating slow deviations from baseline through thermal cycling and mechanical fatigue and the gradual radiation darkening of optical components. Drift looked like a slope. What he was looking at was vertical - a discrete jump in the data that corresponded to a real physical event, not to any kind of gradual instrument failure.

He bypassed the smoothing algorithm and pulled the raw sensor feed. The raw number was worse than the smoothed number by a margin that produced a specific physical sensation in his chest: a pressurized feeling, like something compressing behind his sternum. He recognized this sensation. He had felt it twice before in his career - once during a training exercise that had turned real, once during an advisory at his previous post that had resolved without incident - and he had learned that the sensation was not fear, exactly, but something adjacent to it: the recognition that the situation had changed in ways that required him to be fully present, fully accurate, in a way that the normal rhythm of his work did not demand.

He opened the STEREO satellite relay confirmation channel. STEREO-A was in solar orbit, independent of the Earth-Moon system, carrying its own sensors and feeding through a relay that had no connection to the primary monitoring network. If this was an instrument artifact - a cosmic ray depositing charge directly into the sensor electronics, a stuck bit in the readout pipeline - the STEREO data would not show it.

He waited thirty-one seconds.

He spent those thirty-one seconds perfectly still, hands flat on the workstation surface, watching the relay status indicator cycle through its handshake protocol. The room was very quiet. The cooling fan in the server rack behind him made its constant sound. The ventilation pushed recycled air past his left ear. He was aware of his own breathing - steady, not fast - and aware of the clock in the lower right corner of Monitor 1, its seconds indicator advancing with a precision that felt obscene given what was happening on Monitor 2.

The STEREO data confirmed the spike. The two datasets agreed on magnitude within four percent.

Arjun opened the CME propagation model and began entering parameters. His hands were steady. He had noticed this about himself years before, in a different facility at a different moment of professional crisis, and had arrived at an understanding of it: precision was the only available response to disaster, and his hands seemed to know this before his conscious mind had finished evaluating the situation. He was not brave. He was someone whose training had made him useful in exactly the circumstances that frightened him most, which was a different thing.

He input the current flux density at 10 MeV: 7.4 × 10⁴ particles per square centimeter per second. The predictive model had called for a peak of 4.0 × 10⁴. He input the CME velocity estimate derived from STEREO's spectral data. He input the timestamp and the lunar orbital position.

The model output an arrival time.

He looked at the arrival time. He looked at the clock on the lower right corner of Monitor 1.

The model said the coronal mass ejection had arrived four minutes and seventeen seconds ago.

He sat with that for exactly one breath. The event had already begun. The flux spike he was watching was not a leading indicator. It was the body of the storm. The warning that the predictive model was supposed to issue had not arrived because the model had not predicted this magnitude, and the escalation had been too fast for the automated flagging system to catch before the particles already had. He thought: the model was wrong on magnitude by roughly a factor of two. He thought this with the professional part of his brain that was still running calculations, and simultaneously felt the weight of it drop into the non-professional part - the part that knew that magnitude-two-wrong meant the people outside, the surface workers, the crew member doing a hull inspection, meant Kovács two kilometers southwest in a geological rover - and he picked up the handset before that weight could make itself fully felt.

He picked up the emergency broadcast handset.

"This is Dr. Mehta in Solar Monitoring. I am declaring a Class One radiation emergency. All personnel shelter immediately. This is not a drill. Repeat: all personnel shelter to the emergency bunker immediately."

He released the key and did not wait for acknowledgments. He turned to the crew location board.

Nineteen dots on the installation schematic, color-coded by location. He read them quickly: surface habitat cluster, four dots. Main subsurface corridor, seven dots. Operations bay, two dots. Eastern maintenance corridor, two dots. And three rover GPS tags at distance from the main installation: R2 and R3 both within three hundred meters, easily retrievable. R4, tagged to E. Kovács, showing a position two kilometers southwest in the geological survey grid.

Two kilometers. He stared at that dot for a moment - not longer than he could afford, not as long as some part of him wanted to - and did the math that he knew the math would require him to do. The rover was not retrievable. The crew driving out to collect her would absorb a dose that would represent a medical emergency of its own, and the rover drive itself, cross-country on degraded terrain at this radiation level, was not a fifteen-minute trip in either direction.

He opened the rover comm channel before he had made a conscious decision to do so. "Rover Four, this is Mehta. Are you monitoring the emergency broadcast?"

Her voice came back immediately, with the particular clipped quality of a competent person already doing their own math. "Monitoring. Dosimeter on the dash is moving. What am I looking at?"

"The model underestimated the event magnitude by roughly a factor of two. Current flux is already above what we'd see at CME peak under normal parameters. I need you to stay in position."

A brief silence. "I can run the numbers on the drive back."

"I've already run them. At current flux and projected trajectory, nine minutes in a suited transit gives you approximately three gray. Acute radiation syndrome is certain at that dose."

Another silence, shorter. "What about the rover shielding?"

"Aluminum equivalent point eight five millimeters. Marginal for this event class, but you are stationary, not moving across open ground in a degraded suit, and you have the crater depression for additional shielding. Staying put is significantly better than transit." He checked the dosimetry spec for the rover one more time. "You will accumulate dose, but at a manageable rate for the early part of this event. I am not able to tell you what the full event duration will look like yet."

"Understood." Her voice was steady. "What do you need me to do?"

"Seal your suit. Get the rover as low as possible in the crater. I will contact you from the bunker with updated projections as soon as I have them." He paused with the transmit key half-depressed. "Kovács. I am telling you to shelter in place because the numbers support it, not because I have a better option. I want that to be clear."

"I know," she said. "Go."

He gave himself ninety more seconds at his instruments. He wrote every reading in the notebook - raw values, timestamps, the channel identifiers, the discrepancy between the predicted and observed magnitudes annotated with the word *significant* underlined once. This was part of the official record of an emergency declaration and it would be reviewed. He wrote carefully. The flux at his final reading: 9.3 × 10⁴, the slope still positive, still climbing. He noted this. He dated and initialed the page the way he always did, a habit from the first week of his first professional posting that had become so automatic he no longer noticed doing it, but today he noticed - the initials were his, the date was today, and when someone read this page later it would be read either as a record of a crisis that had resolved or as a record of the last measurements taken before something worse.

He did not let himself think about which one it might be.

He closed the notebook, stood, and left the monitoring station.

The subsurface corridor outside was cycling to standby lighting - amber strips at floor level, the main overheads at thirty percent. The automated conservation protocol had engaged, which meant the central systems had registered his broadcast and were beginning the facility lockdown sequence. He could see, through the viewport at the main habitat junction, the surface array field: most of the panels had rotated to their storm-protection angle, flat-down, minimizing exposure. Three in the eastern row had not. Their automated shutdown had failed. He made a note. He made it in his head rather than in the notebook because there was no time to stop, but he made it with the specific intention of writing it down the moment he reached the bunker.

Two crew members passed him moving toward the bunker: Petrov, the junior drilling technician, with eyes that were slightly too wide, and Santos, the medic, who had one hand on Petrov's shoulder in a way that was more navigation than comfort. They did not speak. There was nothing useful to say in a corridor at this moment and they all knew it.

He walked the hundred and forty meters to the bunker access door at a controlled pace. The bunker was rated for twelve. He had read the yellow placard beside the door so many times it had become a feature of the visual landscape rather than a piece of information, but he read it now with the specific attention of a man who has just been reminded that information has weight: *EMERGENCY CAPACITY: 12 PERSONS. AIR RECYCLING RATED AT 12 PERSONS / 72 HOURS.*

He stood at the door for three seconds and did the count in his head: nineteen people on the installation. Minus Kovács in the rover. Eighteen people for a space rated twelve.

He went in.

Marcus Doyle stood at the threshold, arms folded, counting arrivals with the focused quiet of a man who took accountability seriously. Arjun went through. Doyle's eyes tracked him.

"Mehta. Sixteen counted plus you."

"Three surface workers were in the equipment yard when I issued the broadcast. R4 is sheltering in place at the survey position - two kilometers out, not retrievable."

Doyle nodded once, very slightly, and returned his attention to the corridor.

The bunker interior was familiar from drills and foreign from overcrowding. Arjun knew the layout: three-tier bunks on two walls, emergency supply lockers, the medical station, the communications panel with its radiation-hardened antenna array. He knew the CO₂ scrubber units mounted in the ceiling - two of them, each rated for six people, their hum a constant slightly higher than anything else in the installation. He had been in this room in drills with twelve people and it had felt adequate. It did not feel adequate now. The volume of the space was fixed, the same square footage as always, but the presence of bodies changed it - the noise of people settling, the shuffle of feet finding space, the warmth of exhaled breath accumulating in a room whose ventilation was designed for fewer exhalations. It felt smaller. Not by any measurement. By the simple arithmetic of too many people in a fixed space, which was its own kind of physics.

He found space along the equipment-locker wall. The air was already carrying a slight heaviness - a warmth and density that was the early sign of elevated CO₂, not dangerous, not yet, but detectable if you were a person who paid attention to things. He opened his notebook to a fresh page. His hands were still steady. He thought about this - still steady - and understood it as neither bravery nor detachment but as the function of a trained mind that had been given a clear problem, and the mind was grateful for the clarity, because clarity was something to hold onto.

At the top of the page, he wrote two numbers in his small precise handwriting: *19* and *12*.

He drew a line between them.

The door sealed at 14:32. Doyle gave the handle one final check and turned to face the room.

Eighteen people in a space designed for twelve. Kovács in a rover with half a millimeter of aluminum between her and the sky.

Arjun turned to the next page in the notebook and began the first calculation.
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### Chapter 2 - Nineteen

—-
[image: ]


The alarm found her mid-sentence.

She had been in the operations bay conference room - a generous name for a space with a folding table, four chairs, and a wall-mounted screen - walking through the weekly logistics report with Doyle and the supply coordinator, a methodical woman named Fisk who annotated every figure in the printout before the meeting and had an expression of permanent low-level concern that Vance had come to find reassuring rather than worrying, because it meant Fisk was always watching the right things. They were three items into a twelve-item agenda. The CO₂ scrubber maintenance schedule, which had been flagged for two weeks, was item four. Vance had been in the middle of a sentence about the deferral timeline when the room changed.

The emergency broadcast came through the wall speaker and the handheld at Vance's hip simultaneously, and she was out of her chair before Mehta had finished the second sentence.

She did not run in the corridor. Running communicated loss of control, and at the precise moment when loss of control was most possible, the appearance of its opposite was not vanity - it was a tool. She walked quickly, her radio already in her hand, pulling up the crew location board on the small screen. In fourteen months as installation commander she had drilled this: the board, the dots, the pattern-reading that let her translate position data into action requirements in the time it took to walk from the operations bay to the main corridor hub. The drill was not the same as the event. She was aware of this difference - aware of it in the way that her pulse was slightly elevated, that her mouth had gone dry, that she was breathing deliberately rather than automatically - and she set it aside. The drill was preparation for exactly this moment, and the preparation was holding.

Nineteen dots. She had nineteen people on her site. She knew all of them by name and by role and by the specific patterns of their professional reliability, and she read the board the way a pilot reads instruments: fast, without sentiment, translating position data into action requirements.

The surface habitat cluster: four people. Three of them were within direct bunker access distance. The fourth was Nakamura, who had been doing a hull inspection on Module C's exterior - suited, on the surface, a position that meant his route to the bunker ran past the open equipment yard. She keyed her radio. "Nakamura, this is Vance. Confirm you've heard the emergency broadcast."

A three-second delay - he was outside, comm relaying through the surface repeater. "Confirmed. Moving."

"Don't stop for anything in the yard. Straight to access point three." She was already moving to the next problem. The operations bay: both people there would have heard the broadcast in the room, no action needed. Eastern maintenance corridor: two people, both with direct bunker access. The subsurface cluster would route automatically.

The rover tags. R2 and R3 were close - she could see their GPS dots within the main installation perimeter. "Chavez. Osei. You two in the yard rovers?"

Osei came back first. "R3, yes ma'am. Inside the perimeter fence."

"Get to access point one on foot. Leave the rovers where they are."

"Copy."

Then R4. Two kilometers southwest, a dot that was not moving. She had seen Mehta's notation in the advisory he'd filed fourteen hours ago: *Kovács survey mission, Rover Four, survey grid seven, est. return 1700.* It was now 14:28. Kovács was not due back for ninety more minutes. Two kilometers in a rover that, according to every spec sheet Vance had memorized during safety certification, had shielding rated for moderate solar events. She did not yet know what this event's classification was. She did not yet have enough information to have anything useful to say to Kovács, and reaching out to a person in a dangerous situation without a plan was not reassurance - it was offloading your own anxiety at their expense. She moved on.

She did not open that comm channel yet. She needed more information before she had anything useful to say, and she had learned long ago that reaching out to a person in a dangerous situation without a plan was not reassurance - it was offloading your own anxiety at their expense.

She reached the main corridor hub and took a left toward the bunker access passage, working her radio with her left hand and the wall-mounted emergency station with her right. The emergency station gave her the current status of every automated system in the installation: array shutdown at eighty-three percent complete, habitat pressure protocols engaged, external locks cycling. The remaining seventeen percent of the array shutdown was the eastern row - she could see it clearly, the three panels that hadn't responded. She noted them and pushed forward. The corridor was amber-lit at floor level, the main overheads dimmed to thirty percent - the conservation protocol had engaged, which meant the central systems were already responding. The lights made the corridor feel different: not dark but interior in a way the full-overhead lighting never did, a quality of being underground, contained, which was of course exactly what they were, but she noticed it now.

"Fisk." She had kept the supply coordinator on her earpiece. "I need an immediate inventory status on the bunker emergency stores. Specifically oxygen capacity and scrubber expendables."

"Already pulling it." Fisk's voice was even. This was why Vance valued her: the woman moved into uncertainty without flinching because she had done her preparation and trusted it. "Bunker oxygen: two primary tanks, rated at seventy-two-hour supply for twelve personnel. One emergency backup, rated at twelve hours. CO₂ scrubber cartridges: full load plus one spare set."

Vance did the arithmetic as she walked. Seventy-two hours rated for twelve. She had eighteen people in the bunker plus Kovács in the rover - she hadn't confirmed the final count yet, but eighteen was her working number. Twelve people's worth of oxygen and scrubber capacity for eighteen people. The discrepancy was not new. She had put it in every annual safety review since she took command of this installation. The bunker expansion had been approved in principle eighteen months ago, been scheduled for construction, and then been deferred when the consortium had a difficult quarter. She had filed three formal objections to the deferral. The third had received a two-paragraph reply about near-term budget constraints and a commitment to revisit the project in the next planning cycle.

She was not thinking about the quarterly report right now. She was noting the gap between twelve and eighteen and holding it as a number that would need to be translated into decisions, and she was doing this while walking at the precise speed that communicated urgency without panic, and she was doing both of these things at the same time because this was what the job required.

"Fisk, when you get to the bunker, find Mehta and tell him I need updated resource projections based on actual crew count as soon as he can run them."

"Understood."

She passed the main habitat junction. Through the viewport she could see the surface: stark white regolith under the permanent black sky, the array field stretching in two directions, three panels in the eastern row standing at full exposure angle while the rest lay flat. The contrast was sharp in the stark directional light - the flat panels were shadowed on their undersides, the standing ones bright, and they made her think of the difference between a door that had closed and a door that hadn't, which was exactly what they were. She noted them the way she noted everything: a fact about the current situation, a problem that would need to be addressed when addressing it became possible.

Not yet.

The bunker access passage was forty meters from the junction, marked by the amber emergency lighting that had come on throughout the subsurface sections. She could see people ahead of her, the organized urgency of a crew that had drilled this, moving quickly without chaos. The sound of the corridor was footsteps and the low mechanical undertone of the installation's systems running at reduced capacity. No one was shouting. She registered this as a fact about her crew and felt something that was not quite relief - relief was for after - but was adjacent to it.

Doyle was at the door - she had expected this, had known without thinking about it that Doyle would position himself at the threshold because that was who he was, the person who stood at the boundary and counted, who needed to know that the number was right before the door closed.

She reached the door and stopped beside him rather than going through. "Count."

"Sixteen not including you. Waiting on Nakamura and the two yard workers."

"Nakamura's coming from surface access point three." She checked her radio. "Nakamura."

Static, then: "Forty meters. Moving fast."

She looked down the corridor. Two more figures coming from the operations bay direction - Chavez and Osei, both at a near-run. She watched them reach the door. Doyle counted them through.

Nakamura arrived two minutes later, still in his partial EVA suit, the outer layer showing the flat matte look of hardware that had been sitting in direct exposure. His face behind the visor was composed, deliberately so - the look of a man managing himself under external pressure. He nodded at Vance once as he went through the door. She nodded back. There was nothing to say that the nod didn't cover.

Vance counted heads inside: seventeen, plus Doyle, plus herself. Nineteen minus Kovács. Eighteen in the bunker.

She looked back down the corridor. Empty.

She thought about Yuen.

Yuen Pak was a surface instrumentation technician. His dot on the location board had last shown him in the eastern maintenance corridor at 14:20. That was eight minutes ago. The eastern maintenance corridor's nearest bunker access point was access point four, which was eighty meters from this door. At 14:20 he should have had enough time. At 14:28 when Mehta issued the broadcast he should have heard it on the corridor speakers. Eight minutes between his last known position and the broadcast was enough time. Eight minutes was also not enough time, depending on where precisely he was in the corridor, whether he had been in the subsection nearest the surface, whether the corridor's own secondary shielding had been between him and the bunker or between him and the surface.

She keyed his channel. "Yuen. Confirm you heard the broadcast."

Silence.

"Yuen, this is Vance. Report your position."

Fifteen seconds of silence. Then, from behind a wall of static, something that might have been a voice, fragmented beyond recognition by what she realized was interference - the proton flux hitting the surface repeaters, degrading the secondary comms network. The surface repeaters were already going. Whatever Yuen was trying to say, the channel was gone before his words were.

She looked at Doyle. He looked back at her. His expression was the expression of a man who had already done the same calculation and was waiting to see if she'd done it differently.

She had not.

"Dose rate outside right now," she said quietly.

"Mehta said one gray per hour and climbing," Doyle said. "Sent a text broadcast before he left monitoring."

One gray per hour. Rising. At that rate, two minutes in the maintenance corridor - which was partially shielded but not adequately, nowhere near adequately - meant a dose that would produce severe acute radiation syndrome. At the rate the flux was climbing, each additional minute was materially worse than the last. She held this fact and did not let it move her toward anything except the next decision, because the next decision was what she had.

She keyed Yuen's channel one more time. "Yuen. If you can hear this: get to the nearest wall junction and seal your suit if you're suited. Get as far below grade as you can. Respond when you are able."

No response. The static had consumed everything.

She looked at the corridor one more time. She looked at the door. She thought about what it meant to close it, and she thought about what it meant not to. These were not equivalent thoughts. One of them had a duration attached to it - the door, once open, could always be opened again, until the moment it couldn't - and the other had a population attached to it, eighteen people standing in a bunker that was already sealed in every sense except the mechanical one. She ran through it one more time. The math was not ambiguous.

"Close it," she said.

Doyle pulled the handle. The door sealed with a pressure-equalization sound and then a mechanical thunk as the bolts engaged, and the corridor outside vanished and was replaced by the smooth gray surface of a rated radiation-shelter door, and Vance turned away from it and walked into the bunker. She did not look back at the door. Looking back was not a thing she was going to do right now.

Eighteen people in the space built for twelve. The noise of that many people in that volume was different from the noise she knew from drills - fuller, slightly warmer, with an undertone of controlled breathing that she recognized as the sound of people trying not to panic and largely succeeding. She scanned faces. She saw fear in most of them and competence in enough of them. Santos had Petrov's arm. Fisk was already at the supply lockers, clipboard in hand. Nakamura had found a wall section and was working at the clasp of his outer suit layer with the focused attention of a man with something specific to do, which was exactly the right response.

She climbed onto the lowest bunk on the near wall, not to sit but to be visible, and waited for the room to notice her. It didn't take long.

"Listen up," she said, without raising her voice. In her experience, the quieter a person in authority spoke in a crisis, the more carefully people listened, because quiet implied control and control implied information, and information was what a room full of frightened people wanted most.

The room settled.

"The installation is in full lockdown. The solar event is larger than the models predicted. We are in the emergency bunker, which is where we are supposed to be, and the bunker is doing its job." She looked around the room slowly, making brief eye contact with each person in sequence. "We are going to be in here for a period of time that is not yet fully determined. Dr. Mehta is running updated projections. I will share those projections with you as soon as I have confidence in the numbers."

A hand from the back of the room - Petrov, still wide-eyed. "What about Yuen?"

She had known this question was coming within thirty seconds of the door closing. She had spent those thirty seconds deciding exactly how to answer it, which word to use and which word not to use, because the words she chose now would carry through the next several hours and she needed them to be precise without being brutal, honest without being a door shut in someone's face. "Yuen's last known position was in the eastern maintenance corridor. His comms are down due to surface relay interference. I am not able to confirm his status at this time."

The room processed this. She watched them do it. A few faces shifted; a few didn't. Doyle, leaning against the wall near the door, watched her with an expression she couldn't quite read.

"Kovács," said another voice - Santos, the medic.

"Rover Four, two kilometers out, sheltering in place. In contact with Dr. Mehta. Her rover's shielding and the crater position she's occupying give her a viable survival window." She said this with precision, not warmth - *viable survival window* rather than *she'll be fine* - because the people in this room were professionals and they would hear false reassurance as exactly what it was, and it would cost her their trust at the moment she needed it most.

"What are our oxygen margins?" That was Doyle. He had waited exactly as long as it would take a person of his intelligence to count heads and do the arithmetic, and he was asking the question directly because he knew the answer and wanted to know if she did.

"Dr. Mehta is running those numbers now. We will have a full briefing within the next two hours." She held his gaze. "We are not in immediate danger of anything except confinement, and confinement is manageable."

Doyle looked at her for a moment longer than the question required, then nodded once and moved his gaze elsewhere. She noted the nod, its brevity, its studied neutrality. She would need to talk to him privately, soon. He was going to be either a significant asset or a significant problem in this room, and the difference would depend almost entirely on how much truth she gave him and how soon.

"One more thing," she said, still to the room. "I need everyone to move as little as possible. Sit when you can stand, lie down when you can sit. Every calorie your body burns consumes oxygen. We will have rationing protocols in place within the hour and I need your cooperation before I can enforce them. This is not a request to panic. It is a request to be still. Can everyone do that?"

A murmur of assent. One or two nods. Most people were already sitting. She looked at them - eighteen faces, eighteen sets of eyes - and felt the weight of what was outside the door settle against her in a way she would not show and would not put words to, not now, not in a room full of people who needed her to not have weight on her.

She stepped down from the bunk and found the corner near the communications panel. She opened her notebook - she kept one, had kept one since her first mission, because the habit of writing things down had saved her from assuming she remembered things she had actually misremembered - and she wrote the time, the crew count, the last known positions of Yuen and Kovács, and the phrase *Mehta projections pending*.

Underneath that, she wrote: *No miracle options. Work the problem.*

She underlined it. Then she closed the notebook and went to find Mehta.
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### Chapter 3 - Two Kilometers
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The alarm came through the rover's comms at the same moment the dosimeter on the dashboard moved.

Elena had been in the middle of logging a core sample reading - the third of the afternoon, pulled from a depth of forty centimeters in the regolith at a position the geological survey grid designated 7-Foxtrot-12, and the sample had shown an unusually high concentration of ilmenite that she'd wanted to annotate properly before driving back. The annotation was half-written when Mehta's voice came through the speaker and the dosimeter needle ticked upward in a single smooth motion that was unmistakably not drift.

She had been forty centimeters below the surface of the Moon, in terms of what the shallow crater wall gave her, which was not forty centimeters of useful shielding against anything arriving at 600 kilometers per second from ninety-three million miles away. She understood this. She also understood that she was two kilometers from the installation's bunker access point, that her rover's maximum speed on this terrain was fourteen kilometers per hour, and that she had spent enough time watching solar event data to do the math on those three facts in approximately the time it took Mehta to finish his broadcast.

She stayed in the rover.

She didn't panic. She had never been a person who panicked in the precise moment that panic would be most understandable, which was a quality she'd had since childhood and had always attributed not to bravery but to a slight delay in the connection between her brain's threat-detection system and whatever part of her body was supposed to respond to it with fear. The panic came later - sometimes much later, when the immediate problem was solved and her nervous system finally found the time. For now she was a geologist in a rover on the Moon and there was a radiation storm and she had work to do.

She pulled up her inventory checklist on the secondary display. Then she stopped, and looked at the display, and thought: *be specific about what you actually need to know*. Not the checklist - the checklist was a procedure, and procedures were designed for situations that fit within their parameters, and this situation did not fully fit. She needed to know the numbers that would govern the next forty-eight to seventy-two hours, and she needed to know them as precisely as the rover's instruments allowed, and she needed to know them now, before she talked to anyone else about plans and options.

Primary oxygen: the rover carried two dedicated tanks, each rated at twenty-four hours for single-person consumption at rest. Forty-eight hours total, minus the two hours she'd already been out here. Call it forty-five hours of usable oxygen if she kept her metabolic rate low - no movement, no exertion, normal rest cycle. The rover's life-support scrubbed CO₂ directly from the cabin atmosphere. She checked the scrubber status: cartridge at seventy-one percent, adequate for the oxygen supply duration.

Battery: sixty-three percent. The rover drew power continuously for life support, heating, and comms. She ran through the loads: heating was the largest draw by far - the lunar night temperature at this latitude was approximately negative 170 degrees Celsius, and while the crater depression gave her some thermal advantage, the rover's heating system was working constantly. She opened the battery management display and calculated the projected depletion rate at current draw. She did this twice, because the first time she thought she might have made an error, and the second time returned the same number.

Thirty-eight hours to battery failure at current consumption.

She looked at the oxygen number and then the battery number. Thirty-eight hours to battery failure. Forty-five hours of oxygen. The battery would fail before the oxygen ran out. When the battery failed, the heating would fail. She had been on the surface long enough to know what happened to temperature inside a rover when the heating failed: it dropped quickly at first, then more slowly as the rover's thermal mass stabilized, but it dropped until the cabin reached equilibrium with the environment, and the environment was going to kill her long before the oxygen ran out. She sat with this for exactly as long as it took to confirm she had understood it correctly, then moved on.

She noted this and moved on to the next number, because this was how she worked: identify the constraint, hold it, look at the next one, come back.

Suit: charged, sealed, fully functional. If the rover's life support failed she could go to suit-only support, which meant pulling oxygen from the suit tanks - she had four hours of suit oxygen at rest. That number was small but it was a backup, not a primary, and she noted it without assigning it too much weight.

Communications: the surface repeaters were degrading - she could see it in the signal quality indicators, which were dropping in a pattern that corresponded to radiation hitting the repeater electronics. She had a direct line to the installation's bunker antenna, which was hardened. That line was currently holding. She tested it with a brief carrier signal and it confirmed connection. Good. While that line held, she was not alone, which was the only piece of information in the current inventory that felt like something other than a constraint.

She keyed Mehta's channel.

"Mehta, I've done my inventory. Walk me through the rover's shielding spec."

His voice came back with the faint hesitation of someone juggling multiple tasks. "Aluminum equivalent point eight five millimeters on the cabin panels. The floor has additional regolith shielding from the underbody structure - approximately equivalent to two millimeters. Your best position is flat on the floor with the maximum amount of rover mass between you and the solar vector."

She looked at the solar vector indicator on her navigation display and then at the interior of the rover. There was approximately one and a half meters of floor space between the equipment racks and the driver's seat. The floor was cold through her suit - she could feel it even through the insulation, a baseline chill that would worsen every hour the heating worked harder against a rising exterior radiation load. She noted this sensation in the same way she noted the battery reading: data, not complaint. "I can lie on the floor with the equipment racks between me and the solar vector."

"That helps. How deep is the crater depression?"

"Approximately forty centimeters at the deepest point where I'm parked. Slight southern slope, which means the crater wall is providing some additional shadow on the solar-facing side."

"I'll update the shielding model with those parameters. Give me ten minutes."

She gave him ten minutes. She used them to think.

The problem as she understood it: she had approximately thirty-eight hours before battery failure and the consequent loss of heating. The question was whether the solar event would resolve before that constraint became critical. If the storm ended in, say, twenty hours, someone could drive out to retrieve her or escort her back with the dosimetry risk of a much-reduced flux environment. If it lasted forty hours - past her battery margin - the retrieval window closed. She thought about this with the part of her mind that had spent twelve years learning to sit with geological timescales, with evidence that required patience to accumulate and more patience to interpret. She was good at waiting for data. She was less practiced at waiting for data when the data concerned her own survival, which was a distinction she recognized and acknowledged and filed in the same category as the battery readout.

She pulled up every piece of solar event data she had available from the rover's science instruments, which included a basic proton flux sensor she'd been using for her geological survey work. The instrument wasn't designed for the resolution Mehta had back in the monitoring station, but it was something. She looked at the slope of the flux curve on the display. She had been watching it rise since the alarm, and the slope had not flattened in a way that suggested an imminent peak. The curve looked like a ramp. She knew what ramps did: they eventually leveled off and then descended. She did not yet know when.

The slope was not reassuring.

Mehta came back on the comm. "Updated projection. With the crater position and rover geometry, your dose rate is approximately point-three gray per hour at the current flux level. That will increase as the flux peaks. My best estimate for your cumulative dose over the first twelve hours is one-point-eight to two-point-two gray, assuming the flux peaks and begins declining within four hours of its current level."

Elena did the math: two-point-two gray was in the acute radiation syndrome range. Not the upper end. Not the part of the range where the outcome was predetermined. But not nothing. She had read the ARS literature during her surface certification - read it the way she read all the required safety material, carefully and without the assumption that it would remain theoretical. She knew what two gray produced: nausea within six hours, fatigue, reduced white cell count, a recovery window that stretched across weeks. Uncomfortable, debilitating, survivable with medical support. She noted this and looked at the next number.

"And if the flux doesn't peak in four hours?"

A brief pause. Mehta was a man who was constitutionally incapable of giving imprecise answers to precise questions, which was one of the reasons she liked talking to him. "Then the projection is worse. I don't yet have confidence in the peak timing. The original model was wrong on magnitude. I don't know if it is also wrong on duration."

"Best case and worst case for event duration."

"Best case: peak within four hours, flux at survivable outdoor levels within sixty hours. Worst case: I genuinely don't know. The original model's confidence interval for duration was plus or minus twenty percent at one sigma. But a model that's wrong by fifty percent on magnitude is a model I have limited confidence in for any parameter."

"Understood." She put the comm on speaker and lay down on the rover floor, orienting herself with the equipment racks between her body and the solar vector. The floor was cold through her suit. She put her hands on her stomach and looked at the rover's ceiling - the slightly yellowed white of the acoustic panels, a screw head she'd noticed on her first day in this rover and had looked at enough times to have memorized its position - and thought clearly and methodically about what she could control, what she couldn't, and which category deserved her attention.

She was a scientist. She had spent her professional life measuring things that could not be measured casually - the composition of ancient rock layers, the crystalline structure of material deposited by processes that predated any life on Earth, the kind of evidence that required patience and precision to read. She was good at sitting with uncertainty and working it down. She was good at not knowing things and continuing to function.

She was less good, she was discovering, at not knowing things when the thing she didn't know was whether she was going to see another person within the next forty hours.

She noted this about herself with the same neutrality she applied to the battery readout. It was a data point about her current state. It would affect her decision-making if she let it. She would not let it. She breathed slowly and looked at the ceiling and waited for the next number to arrive.

"Mehta," she said. "What's the status on the surface workers who were in the yard?"

A longer pause this time. "The current count in the bunker is eighteen. One crew member is unaccounted for. Yuen Pak, eastern maintenance corridor. Comms down."

She absorbed this. The name landed differently than a statistic would have. Yuen Pak was twenty-six years old, had been on the installation for five months, had a habit of bringing extra instant coffee to the geological lab on the days when Elena's work was running late. These were the facts she had about him. She held them alongside the mathematical fact - eastern maintenance corridor, comms down, not in the bunker - and let both of those facts be true at the same time without resolving the tension between them into a conclusion she didn't yet have data to support
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