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the sun is rising for the 14th time today, firing the Saharan landmass like a match flame in darkness. 

i am sitting in the cupola, watching the earth spin below me, desert rolling past the window of the Moon 2 space station, dunes like waves, sunlight flooding westward. 

i don’t move. soon, we’re over the coast of Africa. sketches of towns. u don’t c them so well in the daytime, which means that they almost extinguish before my eyes, the tracery of light blinking off as the wall of sun advances. 

then sea.

it’s always the sea.

people down there call their planet the earth, but it’s mostly water. i know every fifth grader knows that. it’s just, when u’re in orbit, it’s really obvious. sometimes Grandpa vidlinks me from down there & he asks me where we are & i don’t even look out a porthole, i just say over the ocean & usually i’m right. 

Grandpa says it’s called the earth because of how farming shaped modern people, or something. he says we learned how to grow things 9,000 years ago & raise animals, & it tied us to the land, like tight. like love. he says when the soil is warm from the sun & u hold it in ur hands, let it run thru ur fingers, u feel a sensation like it’s ur mother u’re touching.

i wouldn’t know. i was born up here.

& my mother is not the touching type.

soon i’ll be there tho. that’s why i’m in the cupola instead of in class. in a couple of months it’s my 16th birthday, & Libra & Orion are already 16, which is the age they always said we would be strong enough. strong enough to go home. they call it home, even tho we’ve never been there. 

in fact: i just had a medical & they think my weight is ok now. my bone density. so it looks like we will be going back on the next shuttle. 

back: another strange word, for a place we’ve never been before.

click: “Leo?”

it’s the intercom system. i push up, float over to the nearest terminal. “yes?”

“i’ve got a problem with the auto cargo docking parameters for the day after tomorrow. u want to help?”

it’s Virginia. i’ve known Virginia all my life. she is 1 of 2 babysitters, we call them. there’s vid footage of Virginia encouraging us to crawl, as babies, on the station’s treadmill. strapped down, to simulate gravity. then to walk. sometimes we watch the vids in class, to remind us that we have had to learn everything that comes naturally to those on earth. but i can remember anyway, or at least i think i do: i remember the weights, the straps, the monotony of putting 1 foot in front of the other, again & again. 

she’s been here 3 months this time, but she rotates in every year for a couple of months. usually people don’t visit for much longer than that. even my mother only comes for 1 month a year. they worry about bones. about eyes. about the body going soft in the wrong places. hard in the wrong places.

Virginia is here for that, in part—to test the limits. a human guinea pig. they take all kinds of data from her body, send it back to Nevada. every 24 hours she has to have an ultrasound of her heart. sometimes she lets me do it. she knows i’m interested in that kind of stuff. by that kind of stuff i mean: everything. 

also we test her eyes every week, & when she gets back to Nevada, she’s having a spinal tap for the second time, which she says is going to suck in more ways than 1. she’s a scientist & a subject at the same time: long-term effects of 0 g. 

i always say: they should really look at me & Libra & Orion if they want to study that.

oh don’t worry, she says. they will.

“u in the command module?” i say to Virginia over the intercom.

“affirmative.”

“u mean yes?” it annoys me when they speak like astronauts. i mean they are astronauts. but still.

“yes.”

“ok, i’m coming.”

i leave the cupola & torpedo thru the station. torpedo, verb: to move across different modules, floating, arms in front, grabbing handles to pull oneself forward, crouching to touch down on a corner, pushing off again. i’ve seen vids of people swimming, & i suppose it’s a little like that.

but faster.

but freer.

i cross a couple of experiment modules—infrared absorption arrays; alpha spectrometer; solar radiation measurement—& take a shortcut up thru the relaxation module where we watch vids & read & hang out. the station is arranged like a big plus sign, with huge solar panel wings on each of the 4 ends, & now i’m in the vertical arm. vertical is a pretty conceptual idea, of course, up here.

i fire past the entertainment consoles & grab an instrument panel that i use to propel myself thru a hatch into the conservatory, which opens up around me. they called it the conservatory after some kind of structure made of glass that people used to have hundreds of years ago, but really it’s a big module full of plants, on tables, with UV lights hooked up above them & drainage in the tables.

the plants are to eat, & also for making oxygen. we have other systems too—there’s 1 that gathers & condenses all the moisture we breathe out & sweat out, & splits it into hydrogen for fuel & oxygen to breathe. but Moon 2 is big on efficiency, so there are the plants too.

no one is surprised, & especially not me, to c Libra in there. she dreams of being a botanist. i mean that literally; she probably really does dream about it. that’s how much she wants it. if Libra ever disappeared, which is unlikely in the confines of a space station, i know, but bear with me, & the authorities asked if there was anywhere she might go, u would say somewhere with plants. 

that’s mean of me. she’s actually very sociable. more so than me & Orion, really.

when i scoot closer to her, i c she’s planting seedlings. i think, anyway. 

i’m more equations & velocity & the relative motion of objects; Libra is more growing things, & animals. often she watches these old documentaries about lions & chimps & elephants & coral reefs. a lot of those things are extinct now because of everything getting too hot, but it doesn’t stop her.

“hey,” i say.

“hey.”

“where’s Orion?” i say. 

she shrugs. “his bunk, i guess.”

they’re twins, but u wouldn’t know it to look at them.

Libra is pushing tiny plants into this kind of foam stuff that the plants grow in. u can’t use soil—it would disperse, float around, get into the vents. “weeks now,” she says. “days.”

“uh-huh,” i say.

“i’ll be touching the earth, Leo,” she says. we’re all named after constellations. i got lucky with mine. it’s a pretty normal name.

“yeah.”

“imagine. imagine how it will feel between ur fingers. between ur toes.” she lifts her hand to her necklace—she doesn’t even realize she’s doing it. it’s a little metal tube & inside is some soil from Florida, where her mother was born. her mother brought it up years ago. Libra wears it like it’s precious. she & my grandpa should get together down there, i think. talk about mother earth.

me: i want to feel gravity. not earth. i want to throw a ball & c a parabola drawn in the air, not just watch the ball float away from me. i want to c & feel the equations i have learned. but i don’t say any of that.

Libra puts down the foam & drifts over to me. her fingers brush my arm. “u ok?”

i nod. i don’t know. “just nervous, i think.” 

she smiles. she’s pretty. she is. freckles, oval face, brown skin. but i can’t meet her eyes. “u’d have to be crazy not to be nervous,” she says. “we’ve been here all our lives.”

“yes.”

“but it’s exciting too,” she says. “think about it. air on our faces! breeze. the sea. our toes in the sand.” behind her is a porthole & she turns to it. she gestures at the star-filled universe beyond, as if to disperse the blackness of space, like smoke. “real sky. clouds.”

i nod. “waves,” i say. “low-pressure systems. precipitation. the sound of an echo.”

she rolls her eyes. “i’m talking about sensations. not physics.”

“sensations are physics.”

“yeah, yeah. tho i think Orion would agree with u about the echo.”

“about what?” says another voice. deeper.

that’s Orion: floating down in a ball from the module above, unfolding, landing neatly beside us. he’s holding his flute, like always. he plays it ok. he never seems to get very much better, or rather, he never learns very long pieces: just little snatches of tunes. 

but anyway, he says, the purpose of art is art, not accomplishment. me, i think he says this only because there’s a difference between playing & practicing. practicing takes work.

Orion leans in & looks at the plants. same oval face as Libra, but stronger, thicker, the jaw firmer. same freckles. “what would i agree with?” he continues.

“Leo was saying about echoes. how he’d like to hear 1.”

“when we’re down there?”

“yeah.”

Orion smiles. it’s like he makes his own light, inside him. he plays a few notes on the flute. they ripple thru the module—u can almost c them, silver on the air. “i can’t wait,” he says. “proper acoustics. music needs a wider space.”

“we all need a wider space,” says Libra.

Orion & i don’t say anything. because now there’s a hope-tinged sadness in the module, almost audible, like the little tune from the flute. Libra & Orion ended up here by accident. it was a big joint-venture flight—a load of Russian cosmonauts & Americans too. the most people ever in space, for the longest time. it was when they first found an earthlike planet within a few generations’ travel distance: there was a whole plan to send a ship up there & colonize it, because it had fresh water, unlike the earth, which was slowly running out, & so step 1 was to c how long people could manage to live in 0 g. 

1 of the results of the experiment was unexpected: if u put male & female astronauts in a confined space for 2 years, they will eventually have sex. & 1 of the women, in this case, will end up having twins on board.

they hadn’t thought of the regular cardiovascular ultrasounds then either: with the 2 years in space, & the pregnancy, Libra & Orion’s mother’s heart ended up shot. she’s been up here a couple of times since, but she can’t do it for long. they vidlink all the time tho. especially Libra.

me, i was more deliberate. my mother was an astronaut to the core. 2 PhDs, military-flight tester, astrophysicist. she was in every accelerated program NASA ever had & then Moon 2 when NASA was privatized. she says she didn’t know, when she finally got the call to go up to the station, that she was pregnant; she’d had a fling a few nights before she launched, some Russian ritual involving vodka. so maybe i’m half-Russian; i don’t know.

Grandpa says, if it was a fling, it was the only fling she ever had, in her whole entire life.

anyway, she’d had all the scans already, so just before the mission began they gave her the usual physical, blood pressure & resting pulse rate & chest scan for embolisms & that was that.

until i came along.

in space.

9 months later. 

& since then we’ve all been stuck here, for the same reason they wouldn’t let our mothers fly back during pregnancy, because they say that a child’s body can’t handle reentry, can’t handle landing, so we’ve always known we had to wait till we were 16, & everything i know about anatomy says they’re probably right.

a hand crosses in front of my eyes. “Leo, u with us?” it’s Libra, frowning, looking concerned now, which i suppose is better than looking sad.

“sorry,” i say. “just thinking.”

“about earth?”

“um,” i say. “yes.”

Libra leans forward & gives me a hug, & i tense, so she pulls away, still smiling tho. “soon,” she says. 

yes. soon. soon the waves, soon the wind, soon all the things we have seen on vids but never felt. even just a big room: the acoustics of it. a full day, not 1 that swings around every 90 minutes. colors that are not metal gray, or plastic white. what it feels like to be pulled down to the ground—in the station there is no up & no down & no weight, we all just tumble around. even liquids, they turn into balls, into globules, & float in front of u—u can suck them up with a straw from the air. 

the intercom: “Leo, u coming?”

i give Libra & Orion an apologetic look. “c u,” i say.

“Virginia need u?” says Libra. 

“yeah, she wants some help with the cargo docking or something,” i say.

Libra smiles, but it doesn’t reach her eyes. “go on then,” she says. “work ur math magic.”

Orion nods at me & starts playing the flute again. his expression, like always, is hard to read. u can’t really c into him, he’s like a device screen in bright daylight. i c the muscles around his mouth tighten as he purses his lips; a short phrase of music falls like liquid from his flute, flows—not that i’ve ever seen anything falling, or flowing, except on a vid screen, but still.

when we were kids, we were close, me & Orion & Libra. u c that, on the vids of us crawling, of us walking. & we still come together sometimes, like for the aurora. 

but now Libra is always studying. Orion is always…doing Orion things. if Orion disappeared & the authorities asked where he was, i’d say look for anyplace where there is poetry. or movies. or music. 

anyplace where there are no people but there are things that people have made, to tell stories.

which makes it ironic, then, that i’m the 1 telling this 1.
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i kick off & haul on a handrail & float up thru the hatch & thru another couple of modules & then i’m in the upper command module, right next to the solar wing, 1 of them anyway. Virginia looks back at me from the terminal where she’s working. 

she’s young, Virginia. maybe 40. she’s not 1 of the hard ex-military astronauts like my mother. she & Lakshmi, who rotates with Virginia, are more the maternal kind, which is weird to say, since it’s my mother who’s the actual mother. 

still, even tho my mother is dismissive about Virginia & her skills, Virginia is here because 1/ she’s a qualified air force pilot, just like my mother, & 2/ she has a doctorate in math from MIT & 3/ she’s getting those medical tests all the time to c what being up here for a long time does to someone who wasn’t born here & 4/ someone was needed to look after me & Orion & Libra. which is more than my mother has ever done. 

of course, these days, we need very little babysitting. which means that the Company is using the regular rotation astronauts for more & more testing.

specifically, right now, Virginia is here because the day after tomorrow—shortly after my mother & some engineer guy called Brown arrive—there is going to be an unmanned cargo ship bringing long-term supplies & docking with the station. the idea is that, in the future, they can send stuff up here without using a rocket or any kind of piloted craft; they just fire off an unmanned vehicle & it takes care of everything. 

& Virginia: Virginia helped to develop the program that’s going to handle the automated docking. she’s hardcore. sometimes i wonder if it bothers her, that she’s so qualified & yet she ended up spending years feeding us, making up games to get us to walk a little further on the treadmill, teaching us to read & write. but it’s not the kind of thing u can ask.

“hey, V,” i say.

“hey, u,” she says.

“hey, x,” i say.

“hey, q,” she says.

it’s a stupid game. a game from when i was a kid. but we still play it.

Virginia is the most beautiful person i have ever seen & that includes in movies. if she went missing & the authorities asked me to describe her, i would say she has green eyes & cheekbones that could cut you & she is so impossibly gorgeous that a person who didn’t know her would think song would come out of her mouth, instead of speech.

it doesn’t. actually her voice is kind of raspy. i think she smokes, down there on earth. not up here, of course. that would be a death risk in a whole other way.

Virginia’s hair is spiked & pink, & she has tattoos of snake scales over her neck & some of her jaw. she points at the screen with an olden-days pencil—my mother says they don’t really use them on earth anymore, but they’re useful up here. there’s a legend that the Russians spent millions developing a pen that would work in 0 g & then the Americans just took up pencils, but i don’t think it’s true. i think it was just a story to make us look clever during the space race, which is lame & also unnecessary, since we won. 

won. well, that’s debatable, now.

Virginia, the point is, gestures at the screen in front of her with the pencil. i c she’s chewed the end of it to pulp. a small bubble of her spit floats between us, glinting in the sunlight coming thru from the earth side of the module.

“so i’m running the h-infinity model, & there’s a problem,” she says.

“now?” i say. “the docking is in 2 days.”

“yeah, well, when we designed this we were on the ground. now there’s…stuff we didn’t anticipate.”

“like?”

“like this thing”—she touches the side wall of the module—“is vibrating. u feel it? 1 of the gyroscopes is off. faulty bearing, i think.”

there are gyroscopes built into the 4 arms—it’s 1 of the things that keeps us in the right position, relative to earth. there are systems that are constantly measuring the angle of incidence of the sun, the height of the horizon, the position of the moon & stars, & a dozen other parameters, then instructing the gyroscopes to turn in their gimbals, absorbing undesired momentum, making sure we stay in a consistent orbit & orientation.

“&?” i say.

“& it’s screwing the outputs from our control system,” says Virginia. “the cargo container’s gonna fail to lock to the hatch & it’s going to crash into us.”

“hmm,” i say. “that wouldn’t be good.”

“ur talent for understatement continues, i c.”

i come & hover by the terminal next to her. “show me.”

she pulls up the g graph of the gyroscope vibration. i c where it’s spiking, when it should be flat. 

“it’s under 0.2 g, so it’s not triggering the automated command to take it out of the steering law,” she says. “but it’s still upsetting the z output of my model. we need to swap it out really, & we have a spare gyro ready to go, but we can’t install it till Flight Officers Brown &…& ur mother are here to do the EVA.”

EVA: extra-vehicular activity. a space walk.

“i could do the EVA,” i say. “i already did 1 with Chang.” this is true. the Asian astronaut took me out of the loading bay for a 10-minute walk. it was the greatest experience of my life—the unbounded sky around me, the blue ball of the earth below, the stars jeweling the dark. 

“for like 4 minutes & Chang’s gone now; no way u could do it alone. & i’m not doing my first EVA with a kid. no offense.”

fine. ok. 4 minutes. 

but it felt like 10.

it felt like 100.

it felt like forever, like i’m still there in some way, floating in nothingness.

i frown. “so take the gyro out of the steering law manually & use the boosters instead.” we can adjust our attitude using rocket power, if the gyroscopes fail, or if they saturate because their combined momentum is smaller than the external torque on the station, say if u get hit by an asteroid & u’ve already got atmospheric drag & gravity gradient operating on the ship.

“i thought of that,” she says, “but the boosters aren’t fine-tuned enough; u can’t micromanage the orientation. the z output would get worse. plus, this thing uses single gimbal gyros because some genius figured they were simpler to maintain, which is true, but with only 3 running, there’s also a risk of getting a singularity & canceling out the gyros completely.”

“& then the cargo container crashes.”

“yes. & then the cargo container crashes.”

“u told Nevada?” i say.

“not yet. but they can c the vibration, i guess.”

i turn to another screen, where her program is running. “show me the outputs,” i say. she’s using an h-infinity model, which is basically a piece of genius that the Russians came up with decades ago, another thing that undermines the whole pen story. in essence, u envision the motors controlling the cargo ship not as a system intended to produce the right results but as a system intended to minimize the wrong results. the outputs from the system are ur undesirable results & u try to minimize them by feeding in the right data. 

u make the whole program about stopping the cargo container from not docking; not about making it dock. 

like i said, it is kind of brilliant.

i look at the outputs. the vibration of the ship is messing everything up, just like Virginia said. in the model, it’s making the cargo ship run off course by .08 of a degree & fail docking.

i think for a second. i think about docking, 2 bodies coming together in space. in my head, it’s Orion & Libra’s birthday again. Virginia carries a disk of a cake into the cupola, which she brought up here in a can. on it are 16 LED candles, & when the twins blow, she presses a hidden button somewhere & the candles switch off.

“for my 17th,” says Libra, “on earth, i’m having the whole deal. limo, restaurant, club.”

“i’m in for the restaurant part,” says Orion. “club: no.”

“we don’t need a club,” says Virginia, & she floats to a panel & presses a switch. 

then music, & then dancing: me & Libra twirling each other around the glass module, spinning, Virginia laughing as she somersaults in the air. & at a certain moment, me, flipping over & reaching out to stop & my hands closing on Orion’s arms & for a moment we dance together, he & i, round & round, faster & faster, until we bump into the wall & are pressed together & Orion hugs me & grins—

& i feel something different, like Orion’s body that i have known since i was born, more or less, has been swapped for something else, something more…physical, something more present.

i pull away, & feel my face go hot, & he looks at me, & does he pull back a little? i wonder if he knows, if he feels uncomfortable now; unsettled.

or if he felt it too.

“um, earth to Leo?” says Virginia.

i snap back into the command module. 

“harmonics,” i say.

“what?”

“take the g output from the faulty gyro & run it thru a Fourier transform & u’ve got the frequency of the vibration. then u just need to reverse that & feed it into the other gyros & a couple of boosters maybe & they can adjust the yaw & pitch of the ship rhythmically to cancel out the vibration. then the vibrations disappear from ur z output.”

she nods slowly. “huh,” she says. “complicated. but that could work.”

“yeah, but what if it doesn’t?”

she winks & taps my hand. “then u’re going home early. & most probably on fire.”
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on Libra & Orion’s birthday, i hand Libra her gift. it’s a sunflower seed, set in a ring. Grandpa sent it up for me when Virginia rotated in.

she puts it on. “i love it,” she says.

then i give Orion his. a slim, leather-bound book: the poetry of e. e. cummings.

Orion stares at it. “wow. i never had a real book before.”

“it’s old,” i say stupidly.

“obviously. & i love cummings.”

“i know,” i say. “i mean, i remember u reciting 1 of the poems.”

“ ‘Space being (don’t forget to remember) Curved,’ ” he says. he pauses for a moment, looks around. “cummings really would have understood living up here, i think.”

he hugs me, & this time—thank god—i don’t feel anything but a body, next to mine, no strange & extra awareness.

“this is our last birthday up here,” says Libra. 

“yeah,” says Orion. “next year we’ll have candles that are on fire.”

“we’ll burn up the dance floor,” i say. “instead of hovering above it.”

“i’ll…um…bring the heat with my moves,” says Libra.

Orion groans.

& then we’re laughing, the 3 of us, spinning & holding each other’s hands & laughing so hard.

later, Orion & Libra go to their quarters to give each other their gifts. i guess they don’t want me to c. i don’t know why. i guess that’s how it is with twins. sometimes they’re so close together, there’s no crack in between for anyone else to fit in.
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i check my watch. it’s an Omega Speedmaster from the early 2000s that Grandpa wore on the international space station, the ISS. space is in my blood, in more ways than 1. i have an hour before our vidlink call, so i say bye to Virginia & torpedo to my quarters—my record is 1 minute 14 from the command module, & i do it in 1.20, which is not bad. 

i strap into my bunk & close my eyes for a moment. when u do that in space u c stars, just like when u look out the porthole on the dark side of the station—bursts of light, flickers, meteors, from radiation particles hitting ur cornea. sometimes i worry about all that radiation we’ve been absorbing since we were born & i know the doctors down in Nevada worry about it too because they’re always asking on vid about whether we have any nausea & stuff, especially Dr. Stearns. 

i get bored of lying there with my eyes closed, so i sit up & eat a freeze-dried cereal bar—everything i eat, pretty much, is freeze-dried; 1 of the things i’m looking forward to on earth is real food—& then i try to read. Walt Whitman. it’s an assignment from Mr. Obiekwe, the English teacher who vids us from Connecticut somewhere. Libra will get an A on it, i’ll get a B, like i generally do on anything that’s not math or science, & Orion will fail. Orion always fails. even tho he has read more books than Mr. Obiekwe, probably.

i stare at the page, try to follow the words, but it’s hard work—it mostly presupposes being in a body in a world with sky & ground & birds & fish & leaves on trees. & colors. 

here, we’re more like ghosts in an attic. & everything is white or black or silver.

plus, there are a lot of distractions. like noise. sometimes little meteoroids—really tiny ones—hit the outside of the station & they ping & bang; it drives Orion mad when he’s listening to Bach or what have u. also there’s no gravity, so air doesn’t move or rise when it gets warm; it just sits there, & that means there are pumps whirring all the time & air-conditioning & cooling systems & the gyros turning & the net result equals a ton of creaking & hissing & grinding constantly.

also the view. 

1 of the things they did when they built this place out of the ISS was to create these new modular units with more portholes so that people could c out more easily, which they figured might make those astronauts like my mother & Libra & Orion’s mother less likely to go stir-crazy & kill each other. instead they had a romantic view of the blue-green earth below, & Orion & Libra were conceived.

good for me, i suppose. it would be really lonely up here without my sort-of siblings.

the view of the earth is beautiful too. islands scattered on blue seas, cloud formations above swirling like milk in water, mountains rising up, snow. entire countries & continents swinging past, sometimes black & laced with lights, sometimes lit with sunshine. sometimes u get the aurora too—mostly it’s at the poles—& we only c it as a kind of halo, but every now & then it flames across the sea, the land, & then we always call each other, me & the twins, & we meet up to c it. 

i mean, short of studying & watching vids, there isn’t much else to do. we have screens but most of the internet, apart from encyclopedias, is blocked by some kind of super Company firewall. operational security. really the screens are just for films & vidlinks, & even those are limited to preapproved contacts.

i’m still looking out the porthole when Grandpa’s vidlink bongs into the module, bong bong bong. i reach over & take my screen & unroll it. 

Grandpa’s face appears, against a wood-paneled wall that’s hung with rugs. it’s his living room. behind him is a window, which opens onto the ranch, tho all i can c is bright daylight, making a glare around the frame. i think how weird it must be to spend so long in daylight, a whole 12 hours or more. up here we’re orbiting at 17,500 miles an hour & the earth below goes dark every hour & a half. 

“hey, Grandpa,” i say. 

“hey, kid. 2 more moon orbits.”

“yeah. i can’t wait to c u. i mean, for real.”

he takes a breath. “then i get to hug u. would that be ok? if i hugged u. i mean…i’m ur grandpa & i’ve never…” he breaks off. “sorry, i’m rambling like an old man.”

i smile. “it’s ok with me,” i say. Grandpa’s not been up here since i was born—they say he’s too old, his body couldn’t deal with the forces. he’s a trained astronaut & has been in orbit before tho, of course. working in space: it’s pretty much the only thing his daughter, my mother, ever got from him. 

she comes up, once a year.

but she is not interested in hugging.

“how’s the ranch?” i say.

Grandpa shrugs. “holding on. but they say the aquifer’s nearly dry. don’t know how long it will last.” he shakes his head, then looks up, smiling. “still be here when u come home tho.” 

i smile back. it’s weird to think of Grandpa’s ranch as home, when i’ve never been there. but i am looking forward to seeing it. he has 5,000 acres in Sonoma County in California. cattle mostly, some feed crops. most of the ranchers have left, Grandpa says, because of the drought. but he’s still there, & a few others too. 

“got a pony for u,” he says. “thought u could learn to ride. the Westerson boy was just giving it away. said it ate too much grass.”

“oh,” i say. i’ve never thought about riding a horse. but it’s never been possible of course. “thanks.”

“no problem. lot of things to do when u arrive. take u swimming. teach u to play catch.”

“i can catch fine.”

“not in 1 g, i bet. gravity is a bitch.”

“yeah, u’re probably right.” i think about this. i’m going to have to learn everything. how to walk. how to sit, when there’s a force pulling u down. i don’t really want to think about it because i’ll only get worried about how much is going to be different, so i say, “what’s happening with u?”

“tomorrow i’m driving up to the mountains with Zeke,” he says. “we’re going to pack a load of snow into barrels. keep it in the cellar. he did it last year. says it kept his sheep alive.”

“wow,” i say. “sounds amazing.”

Grandpa makes a face. “hard work, more like.”

“i meant driving. in the mountains. feeling snow. all of those things.”

now he grimaces. “shit. sorry, son. always forget, don’t i?”

“that i grew up in a tin can in space & haven’t seen anything or felt anything?”

“yeah. that.”

we laugh then. Grandpa asks me a bunch more questions. am i scared about reentry? am i looking forward to seeing my mother? would i like to choose a puppy when i get there because the ranch dog, Elsa, just had a litter?

(yes. no. of course.) 

“hey,” i say. “is Mother there?”

he laughs. the word they use in old books is ruefully. “what do u think? she’s in Nevada at the base. preflight prep, etc. been prepping for the last 10 months, working sims of the cargo container docking.”

“u haven’t seen her in 10 months?”

“son, u’ve seen her more recently than i have.”

that was a year ago. ouch. “sorry,” i say.

“not ur fault,” he says. “least she gave me u. & soon i’m going to c u. i mean really c u, face to face.”

i take a deep breath. “yeah,” i say. it’s a yeah that has other words in it, words like: i can’t wait, & i’m finally going to hug u & know how u smell, words i can’t say out loud.

it’s awkward to carry on the conversation after that, so we soon break it off. i go & train on the ARED exercise machine for a while because we’re supposed to do an hour a day of weight resistance, pulling these cables attached to vacuum cylinders to keep our muscle mass up & maintain bone density; Dr. Stearns is always worrying about our muscle mass & bone density. 

the whole time, i keep my sweatband around my head. u don’t want sweat, or any kind of liquid, spinning around the station. it could get in people’s eyes. that’s also why i pee in a bag that i have to seal afterward & dispose of in the trash condenser that goes in 1 of the burn-up cargo ships. then they get sent down at an angle deliberately calculated to make them disintegrate when they hit the atmosphere.

afterward i look at my watch & c that it’s nearly bedtime, which is of course not something u can tell from looking out the window. i glide along the crossarm of the station toward my bathroom pod & have a space shower, which means i get a little bag of premixed water & soap & squeeze out a tiny amount & rub it over myself & then i dry myself with a towel, being careful not to let any of the liquid fly off because: people’s eyes.

it takes a long time.

as i get dressed again, the shutters come down. they do this when we’re sleeping, covering the windows, in case a bigger micrometeoroid breaks 1. i don’t know why that’s not a concern in the day. maybe it’s just an old human fear of disaster striking when u’re sleeping, the same thing that made people build fires to keep wolves at bay. 

this whole ship is basically a machine for keeping us alive, is what i think when the shutters come down. as i said, it’s arranged like a plus sign—4 radial tubular sections, made of cylindrical modules held together by hatches. trusses run down all 4 arms, outside, allowing an astronaut doing an EVA to move along, & there are also rails for remote machines & robot arms & so on to run on. 

at the end of each arm is a huge solar panel, like a wing, for all our power. & built into each arm orthogonally, at 90 degrees to each other, are 4 moment gyros spinning 6,600 times a minute & generating a momentum storage of 3,500 ft-lb/sec, which can be used to adjust the yaw or roll or pitch of the station, just by turning the gyro within its gimbal. 

there is also a rocket in each arm, developing 1,000 ft-lb of thrust, just in case the gyros fail. or, you know, roughly. (sorry, space geek.)

& that’s not all. there are:

cooling panels on all the modules, with a simple ammonia heat exchange system, because bodies moving around in a closed system make lots of heat & so does the sun thru the windows & so otherwise we’d all cook.

oxygen candles, burning sodium chlorate & iron powder to make oxygen.

a condensate water processor for sucking up our sweat & breath & turning it into more oxygen via electrolysis.

& as i mentioned already the plants for oxygen too. 

(if u’re engineering a space station, u worry about oxygen a lot.) 

(also the plants are to eat & to admire if u’re Libra, of course, but mainly they’re for oxygen if u read the manuals, which Libra doesn’t but i do.) 

a life-support system generating 14.7 lb/sq-in of environmental pressure using oxygen & nitrogen because there’s a vacuum outside & it wants us dead, it wants us hollowed out.

sun, star, & horizon sensors for feeding attitude information to the gyros.

VHF transmitters, antennas, satellite dishes. 

fire detectors.

gas analyzers.

air pumps.

fire extinguishers. 

& on

& on

& on

& all of it there, in essence, to keep us from having our breath pulled out of our bodies, to keep the station’s equilibrium so that we don’t all die.

the intercom buzzes. “hey, Leo, it’s Orion,” says Orion redundantly.

“hey,” i say. “what’s up?”

“death sim,” he says. 

“now? it’s bedtime.”

“don’t think they care in Nevada. it’s all prep time all the time. so get lively. meet us on the bridge, 5 minutes. they want to talk about what happens if we all die.”
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Libra & Orion & Virginia are already on the bridge when i get there. we’re the only people on Moon 2 at the moment. it’s 0 g, so we can’t exactly sit around a table. instead, the other 3 are holding on to handrails on the command desk. they’ve spread out a screen on it, & when i float over & grab a handrail myself, i c the boardroom in Nevada. 

“Leo, glad u could join us for this simulation,” says Commander Boutros. he’s the big guy in charge down there. he always wears this shimmery purple eye shadow & matte-effect lipstick. 

“hi,” i say.

“Leo,” says my mother, nodding. she’s sitting next to Boutros. she’s not wearing any makeup. she doesn’t understand the point of it. not that she needs it. skin like polished mahogany. still young. i’ve seen Orion forget to close his mouth when he’s looking at her. not that she cares about that, of course—i mean being beautiful, not Orion’s mouth being open.

there’s also Dr. Stearns & Flight Officer Brown. i’ve never met Brown but i’ve seen him on sims before. he’s the 1 who’s coming up with my mother, ahead of the arrival of the self-flying cargo unit. Nevada has been planning this space walk for a year now. they’re serious about detail.

my mother & Flight Officer Brown will stay for 2 months. till my 16th birthday. then they’ll take us all home.

me & Libra & Orion. to earth.

around the boardroom table, there are also several other men & women, & Boutros asks them to introduce themselves.

“Tomlinson. systems.”

“Ravzi. engineering.”

“Mankiewicz. medical.”

“Santiago. PR.”

etc.

basically a whole tableful of scientists & astronauts. we can just c the windows & it’s dark down there, but the room in the base is lit by bright fluorescent light, & the table is covered with unrolled screens & documents, as well as the green cards for the sim. 

at our end, we give our names too, which is redundant really because everyone knows who is up here. 

“ok,” says Boutros. “so we’re launching at dawn. weather seems conducive. orbital trajectory has Flight Officer Brown & Chief Officer Freeman docking with Moon 2 at 09 hundred the day after tomorrow. the unmanned cargo container will arrive 3 hours later, carrying additional fuel for the station & other sundry supplies.”

“oh!” says Orion. “is it the kittens i asked for?”

“ur humor is duly noted, Orion.” they always use our first names, like we’re kids. which we are, but still. “do remember that this is a contingency simulation tho.”

“death sim,” says Libra. 

“we don’t call it that,” says Boutros.

“literally everyone does,” says Libra. me, i keep silent. i usually leave the talking to the twins. 

“& we should get on with it,” says Orion. “everyone knows no one has died up here for generations. i was watching Battleship Potemkin.”

i don’t know what Battleship Potemkin is. but it sounds like exactly the kind of thing Orion would be watching.

“because of our protocols,” says Boutros. “so we’re all going to take this seriously. is that understood?”

Orion raises his eyes but nods. so does Libra. 

“Leo?”

“yes. yes, understood,” i say. 

“Good,” says Boutros. “ok. here’s the scenario for the sim. the launch goes smoothly. Flight Officer Brown & Chief Officer Freeman are on Moon 2. then the cargo container successfully docks too. but its momentum throws the station out of correct attitude. the only way to stop it from reentering the atmosphere is to fire the primary booster. Freeman?”

“naturally, i give the order to fire the booster,” says my mother.

“Ravzi: green card,” says Boutros.

Ravzi—mustache & eyeliner ticked up at the edges to look catlike—picks up 1 of the cards. “fuel line to the booster is shot. only way to fix it is to EVA. immediately.” 

Mankiewicz from medical stops spinning her pen on her fingers. “procedure is 24 hours in hi-ox before a space walk.”

“in 24 hours they’re burning up on reentry,” says Ravzi.

“but if they get the bends it’s going to cause problems later on,” counters the medic.

“well then,” says my mother, “we use the old Russian system. 1 hour of pure ox & good to go.” 

“ok,” says Boutros. “so u exit the station. u take the new RCV to tow u along the truss to the main booster. Duncan?”

“uh-huh, i monitor on the screens & drive the RCV,” says Virginia. 

“then we reconnect the fuel supply,” says Officer Brown. he says it confidently, even tho he has never been up here. but then i suppose he has always been elite: as a pilot, as an academic. u have to be to get into the program. 

“fine,” says Boutros. “green card, Tomlinson.”

Tomlinson picks up a card. “fuel is ejecting into space. Duncan can’t turn it off from command. what do u do?”

it goes on like this for 15 minutes. all kinds of permutations of things going wrong. until:

“Freeman: green card.”

my mother turns 1. “we reconnect the fuel supply & the booster fires without warning, creating a g-force so great that our safety cables are cut & we are thrown away from the station.”

“u & Brown are no longer slaved to its momentum & u are quickly lost,” says Ravzi. 

“yay!” says Orion. “death sim!”

Boutros glares at him. “Freeman & Brown drift until their oxygen runs out,” he says. “then they die.” he holds Orion’s eyes, across the vidlink. “u think that’s funny, Orion?”

Orion swallows. he looks at me. his meteor eyes. “no. sorry.”

my mother makes an impatient hand gesture. “how do the others on the station get the booster under control? that’s the important thing.”

“more important than u being dead?” says Boutros.

“yes. we’re dead. that’s done. but the station needs to reorient.” her tone is the way a rock might speak.

“depends on the booster,” says Virginia. “is it under control or is it just blasting fuel?”

“it’s firing continuously,” says Ravzi. “out of control.”

“ok,” says Virginia. “so i use that. i take any gyros out of law that i don’t need & i use the others to complement the torque from the booster, adjusting our pitch & yaw, etc., bringing us farther up & away from the atmosphere & back into most efficient altitude.”

“then?”

“then i jettison the booster & go back to full gyro attitude management.”

“problem is u’ve already got 1 gyro putting out 0.2 g of vibration,” says Ravzi. 

Boutros turns to him. 

“that’s not in the sim, that’s IRL,” Ravzi adds.

Boutros raises his eyebrows. 

“it’s just under 0.2 actually,” says Virginia. “not high enough to come out of law.”

Boutros is frowning now. “did we know about this?” he says. “will it affect docking? i mean, in real life, not in this sim.”

“for Brown & Freeman, definitely not,” says Virginia. “for the automated docking of the cargo ship…it isn’t ideal. but the program can handle it. i figure it’s a minor bearing malfunction. long as it stays low, we’re ok.”

“& if it doesn’t?”

“the cargo container arrives after the astronauts, right?” says Virginia. “so Officers Freeman & Brown could install a new gyro. we have 1 on board. we were planning to replace it anyway.”

“yes,” says Boutros. “but later. that’s a big job, & there’s no time. we have a narrow window for the cargo container launch. anything else?”

“Leo had an idea about—”

Brown turns to face me, meaning he turns to face the screen. “Leo had an idea? the 15-year-old had an idea?”

“& we’re going to listen,” says Boutros. “kid’s been up there since he was a baby, remember?”

Brown sits back in his chair. to his credit he flashes me a chastened smile. “sure, yes, i was out of line,” he says. “go ahead, Leo.”

“yeah,” i say. “we identify the frequency of the vibration with a Fourier transform & use the other torque generators to modulate the movement of the ship such that we cancel out the vibration from the gyro.”

Ravzi thinks for a second, playing with his mustache. “nice in theory,” he says. “but we have no models for that.”

“what then?” says Boutros.

“boldface says if a gyro is malfunctioning we take it offline & use the boosters instead,” says Ravzi. boldface is anything in a manual that’s highlighted in bold type. there are a lot of manuals & there is a lot of boldface. Grandpa says boldface is written not in ink but in blood. pretty much everything that’s bolded is bolded because it saved someone’s life, back in the days of the ISS & before, or because not doing it made someone die.

u always follow the boldface, says Grandpa. u follow it because it’s written in the blood of those who went before. so i know already how this is going to go.

“so that’s what u do,” says Boutros to Virginia. “u follow the boldface.”

“but—”

“that’s an order, Duncan,” says Boutros.

“boldface only says that because it makes sense for a normal situation,” says Virginia. she’s moved a little closer to me in the command module, defensively. i don’t think she realizes she’s done it. “where micro disturbances don’t matter. docking of an unmanned cargo container is not a normal situation. the boosters would lose me the fine control i need.”

Ravzi shrugs. “then we ditch the cargo container,” he says. “better than risking the position of the station with an untested idea.” he glances at me across the screen, then away. 

Virginia reaches out & touches my shoulder. she gives me a “well, we tried” smile. “fine,” she says.

my mother sighs. “can we get back to Brown & me being dead?” she says. 

“yes, of course,” says Boutros. “so, ur oxygen has run out. u’re gone. Duncan has saved the station. Tomlinson: green card.”

Tomlinson reaches out for 1. but another woman leans forward, young, glasses. she’s new & i don’t recall who she is. she has a beard that i figure is a gene-mod because over the hi-res connection i can tell it’s real. 

“wait,” she says. “i have 1. Brown’s family, or Freeman’s family, starts demanding answers. the press gets the story & soon it’s on all the apps. ‘disaster on Moon 2,’ that sort of thing.”

“ok,” says Boutros slowly. “so we put out a statement. we try to anticipate every scenario but we can’t preempt everything, it’s a terrible tragedy.”

“meanwhile a lot of press attention is focused on Moon 2,” says the woman. she has a light Hispanic accent.

Boutros looks over at her. “Santiago, i know u’re new here at INDNAS, but—”

Santiago: PR, i remember.

“my job is to contain things. to manage information,” says Santiago. “this is relevant.”

“so?” says Flight Officer Brown. “everyone knows about Moon 2. it’s not a secret.”

on the screen, Santiago mimes turning over a green card. “fine. the New York Times digs deeper. they interview some ex-employees. start talking about the experiment. then before we know it—”

but we don’t find out what happens before we know it because Boutros raises a hand. “yes, yes, we get the—”

“what experiment?” says Orion, from up here.

“the unmanned cargo container,” says my mother. “it’s still experimental. if we died because of a problem with it—”

“there have been some high-profile cases with self-driving cars,” says Boutros. “the public is primed. it could really screw us if they come after us for the automatic cargo program. Santiago’s right.”

“but—” says Santiago.

“no, listen,” says Boutros, his hand up, “everyone, we have to—”

but again we don’t find out what we have to because the screen cuts off & Libra & Orion & Virginia & i are standing there looking at a black sheet of roll-LED on the table. 

“huh,” says Libra. “solar flare?”

Virginia looks out the porthole & shrugs. all we can c is blackness & stars. 

a minute later the screen flicks on again.

“sorry for the interruption,” says Boutros. “we’re back.” this seems unnecessary to point out. it’s also not, entirely, true. Santiago isn’t sitting in her seat anymore.

he sees us looking. “Santiago had to step out,” he says. “shall we continue?”

“yes,” says my mother. “let’s get back to me & Brown being dead. what about notifications?”

let’s not, i think. let’s go back to the scandal. let’s go back to the New York Times. because there’s something they’re not telling us. i look at Orion & Libra, & i can c they’re thinking the same thing—but they don’t say a word, & neither do i, & i think i know why. because there’s an atmosphere in the room down there, u can hear it over the speakers in the station. it’s a tension. a vibration, from something being stretched. something we can’t c. it feels muscular. full of energy, of potential. like something that could snap.

& hurt people.

an image crosses my mind & i don’t know why: Santiago being dragged down a hallway, a suited security officer on either side. i shake my head. what am i thinking? 

i focus on the screen again. people have been talking but i missed it.

Flight Officer Brown reaches into his suit pocket & takes out a letter. “i want this delivered to my wife & kids,” he says. 

Boutros nods, leans over, & takes it. a sim is just a sim but it’s also real. it’s prep, for if this really happens. “Freeman? any message for ur family?”

“my family is there,” she says, pointing to me. “half of it anyway.”

pause.

“so? any message for him?”

she turns her hands over, as if surprised to c them connected to her arms. my mother doesn’t deal well with this kind of thing: she finds it hard to know what is expected of her. i almost feel sorry for her. “as always,” she says. “work hard. focus. that’s all.”

wow. great, Mother. 

even Boutros looks a bit pale, tho that may be his foundation, i don’t know. Virginia touches my shoulder again, & Libra floats over & squeezes my hand.

“what about other practicalities. bodies?” says Ravzi. “do we recover them? cremation? burial?”

now Brown looks pale too. “leave me,” he says. “space is what i wanted since i was a kid. if i’m gonna be dead anywhere, it might as well be up there.”

my mother purses her lips. “fine. me too.”

“legal?” says Boutros to someone we can’t c.

“Leo’s a minor,” says this person, a man, it sounds like. “who would take custody?”

“my father,” says Mother. 

Flight Officer Brown’s eyes widen. Grandpa is pretty famous. not Armstrong famous but close. the most flights to the ISS of any living astronaut, etc. appearances on The Tonight Show. an autobiography that was on the New York Times bestseller list. a children’s book. “Bob Freeman?” he almost whispers. 

“yes,” says my mother. she nods, matter-of-fact. “everything’s arranged.” in fact this is the first i’ve officially heard about what is going to happen if my mother dies. 

great, i think.

everything is arranged. even me.
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the next day passes slowly. i’m worried about my mother, not that i would ever tell her that. i doubt she’s nervous, down there. she doesn’t really seem to feel those kinds of emotions. 

nerves.

fear.

affection.

love.

instead i imagine she’s going thru the manuals, the boldface, before being railed to the rocket on the maglev from base. 

Nevada patches us in via vidlink, so Virginia & i can watch the launch on the screen in the bridge. Libra & Orion are doing their own thing. but i know they didn’t move from in front of the vidlink last time their mother came up. 

i left them alone then, just like they’re leaving me alone now.

on the screen, Mother & Flight Officer Brown are 2 specks climbing the outside of the rocket, then they disappear inside. i know they’ll be checking all the instruments, making sure their small personal bags are secured. my mother’s is extremely small, i imagine. she doesn’t even wear any jewelry. she doesn’t believe in ornamentation. or sentimental value.

they’ll be running thru the manual yet again. every possible variation, every possible problem. checking all the formulas & outputs. fuel. barometric pressure. everything.

Virginia holds my hands when the countdown begins. 10, 9, 8, etc.

then the rocket blasts off. we c the flames & the smoke, smoke like clouds, like the rocket is making its own weather, but the vidlink filters out the shaking of the earth that i know is happening—every action has an equal & opposite reaction—the roar even, it’s all muted from up here, & then the rocket is an arrow loosed into the sky, accelerating all the time, full burn, pulling away from gravity’s clinging love, into blueness. 

we c the back section of the rocket fall to earth, when the fuel is burned out, & i know my mother is feeling maybe 4 g’s of force as the secondary rockets kick in &—zip—the tiny pencil end of the rocket is gone, into the atmosphere.

“they made it,” says Virginia.

“of course,” i say. systems do what they’re designed to do. it’s people who are more complicated.

she smiles. “yes. of course. u want me to sync their updates to ur personal screen?”

“yes please,” i say. 

i take my screen everywhere with me for the rest of the day. launch out of the atmosphere is only the first stage, since we don’t have shuttles anymore. the rocket module has to get into low earth orbit, then fire small nuanced burns, bit by bit, to rise up to meet the space station—all the time very complex calculations being made, so that the 2 ships will meet, so that they will be angled correctly to each other when they do. 

i carry the screen into the relaxation module, where Libra & Orion are watching Wile E. Coyote cartoons. well, Libra is watching them. Orion is playing something on his flute, softly, a little refrain over & over. he has a screen propped on his knees—he almost always has, with a book on it, or his flute, or both, like now. i glance at it. the screen, i mean. James Bond. Orion likes old stuff.

Libra too, if by old stuff u mean Wile E. Coyote, which is this show from—i don’t know—before the dawn of time. every TV show & movie ever made available to us on the cloud & this is the only thing she watches. she says it’s because of the rules. she told me once how Chuck Jones, who made the cartoon, supposedly had some list of rules for the writers to follow, like: 

–the Road Runner can only ever say beep beep. 

–the Road Runner can’t ever hurt the coyote.

–the coyote can hurt only himself, as a result of his plans to catch the Road Runner, which must always go wrong. 

–the coyote must only use items from Acme Corporation to further his plans & these items must always backfire on him.

etc.

Libra said, i like that because it’s like being up here. which is kind of true. i mean, our whole life is a list of rules. we’re even discouraged from crying, to prevent rogue balls of moisture, same as with the sweat. of course, it’s also just because she likes rules. Libra legit looks forward to going to real high school & having a locker & color-coded folders & prom, with all its codes of dress & behavior. i know because she is always telling us.

Orion: well, if they get him to enter the school premises, that would be an achievement.

i hover next to them. 

“again?” i say to Libra, indicating the screen.

“always,” says Libra. she laughs as the coyote takes out a dehydrated boulder (Acme Corporation) & it immediately rehydrates into an enormous boulder & crushes him.

“ur mom’s launch ok?” says Orion without looking up.

“yeah,” i say. 

from my screen, my mother’s voice: “orbital pattern 1 achieved. programming booster sequence for next shell.”

“cool,” says Orion. “u’ll c her in the morning.”

“i will.”

he nods. i wonder if he’s thinking about his mother. about seeing her. different for him, of course, because his mother hugs him, used to read him stories, that sort of thing. 

Libra is still laughing. 

“i don’t get it,” i say. “i mean, i know the rules & all that. but u’ve seen all the episodes before.”

she gestures to the screen. the coyote is running after the Road Runner & then the Road Runner stops & the coyote goes over a cliff. he keeps running for a while, grinning. then he slows, stops. frowns. he is floating in nothing. he looks down, realizes he’s in thin air. 

then he falls—whoosh.

“c?” says Libra. “it’s a cartoon but it’s got, like, the whole meaning of life in it. i mean, what does it tell u? it tells u that ur body can be broken but it will mend. it tells u that if u do bad things they will rebound on u. it tells u that death is the end. it tells u that u can walk on air, as long as u don’t realize u’re doing it.”

“profound,” says Orion, playing a sad mournful tune on his flute. “or it tells u that there’s no point chasing road runners.”

“like i said,” says Libra, “meaning of life, right there.”

from my screen: “shell 2 achieved. recalibrating. t minus 14 hours to docking.”

“14 hours,” says Orion. no inflection. there’s something unspoken in the module & it’s my mom & what she means. what she means to me.

“i’m going to my quarters,” i say. 

“sure,” says Orion. his eyes are dark as deep space, flecked with stars too. “u know where we are.”

“that’s kind of the whole problem,” i say with a smile.

“yeah, well, a few more days & then we’re earthside,” says Libra. “i’m going to drink a milk shake. then watch the sunset. then ride a bike.”

this is an old game.

“i’m going to swim in the ocean,” i say. “then…light a bonfire on the beach. then i’m going to sleep on a real mattress with springs in it & that i don’t need to be strapped into.”

“i’m going to run in the rain,” says Orion. “then watch birds, flying. any birds. then i’m going
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