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			I wake up with Rocky staring at me.

			It happens every morning now. But it never stops being creepy.

			How do I know that a pentagonally symmetrical creature with no eyes is “staring” at me? I just know. Something in the body language.

			“You awake,” he says.

			“Yeah.” I step out of bed and stretch. “Food!”

			The arms reach up and hand me a hot box. I open it up and take a peek. Looks like eggs and sausage.

			“Coffee.”

			The arms dutifully hand me a cup of coffee. It’s kind of cool that the arms will hand me a cup when there’s gravity, but a pouch when there isn’t. I’ll remember this when writing up the Hail Mary’s Yelp review.

			I look to Rocky. “You don’t have to watch me sleep. It’s okay.”

			He turns his attention to a worktable in his partition of the dormitory. “Eridian culture rule. Must watch.” He picks up a device and tinkers with it.

			Ah, the c-word. “Culture.” We have an unspoken agreement that cultural things just have to be accepted. It ends any minor dispute. “Do it my way because it’s how I was raised,” basically. We haven’t run into anything where our cultures clash…yet.

			
			I eat my breakfast and drink my coffee. Rocky doesn’t say anything to me during that time. He never does. Eridian courtesy.

			“Trash,” I say.

			The arms collect my empty cup and meal package.

			I head up to the control room and settle into the pilot’s seat. I bring up the telescope view on the main screen. Planet Adrian sits in the center. I’ve been watching it grow larger and larger for the past ten days. The closer we get, the more I respect Rocky’s astronomy skills. All of his observations on its motion and mass have been spot-on.

			Hopefully his gravity calculation is right too. Or we’ll have a very short and painful attempt to orbit.

			Adrian is a pale-green planet with wispy white clouds in the upper atmosphere. I can’t see the ground at all. Again, I’m amazed at the software that must have gone into this ship’s computers. We are spinning around as we hurtle through space. But the image on-screen is rock solid.

			“We’re getting close,” I say. Rocky is two floors below me, but I speak at a normal volume. I know he can hear it just fine.

			“You know air yet, question?” Rocky calls out. Just as I know his hearing prowess, he knows my hearing limitations.

			“I’ll try again right now,” I say.

			I switch to the Spectrometer screen. The Hail Mary has been incredibly reliable in almost every way, but you can’t expect everything to work perfectly. The spectrometer has been acting up. I think it has something to do with the digitizer. I’ve been trying it every day, and it keeps saying it can’t get enough data to analyze.

			I zero in on Adrian and give it another go. The closer we get, the more reflected light we’ll get, and maybe it’ll be enough for the spectrometer to tell me what Adrian’s atmosphere is made of.

			ANALYZING…

			ANALYZING…

			
			ANALYZING…

			ANALYSIS COMPLETE.

			“It worked!” I say.

			“Worked, question?!” Rocky says, a full octave higher than normal. He scampers up his tunnels to the control-room bulb. “What is Adrian air, question?”

			I read the results off the screen. “Looks like it’s…91 percent carbon dioxide, 7 percent methane, 1 percent argon, and the rest are trace gases. It’s a pretty thick atmosphere too. Those are all clear gases, but I can’t see the planet’s surface.”

			“Normally you can see surface of planet from space, question?”

			“If the atmosphere lets light through, yes.”

			“Human eyes are amazing organ. Jealous.”

			“Well, not amazing enough. I can’t see Adrian’s surface. When air gets really thick, it stops letting light through. Anyway, that’s not important. The methane—that’s weird.”

			“Explain.”

			“Methane doesn’t last. It breaks apart very fast in sunlight. So how is methane present?”

			“Geology creates methane. Carbon dioxide plus minerals plus water plus heat makes methane.”

			“Yes. Possible,” I say. “But there’s a lot of methane. Eight percent of a very thick atmosphere. Can geology make that much?”

			“You have different theory, question?”

			I rub the back of my neck. “No. Not really. It is odd, though.”

			“Discrepancy is science. You think about discrepancy. Make theory. You is science human.”

			“Yes. I’ll think about it.”

			“How long until orbit, question?”

			I switch to the Navigation console. We’re right on course, and the orbital-insertion burn is scheduled for twenty-two hours from now. “Just under one day,” I say.

			“Excitement,” he says. “Then we sample Astrophage at Adrian. You ship sampler working well, question?”

			
			“Yes,” I say, with no way to know if I’m telling the truth. There’s no reason for Rocky to know I only vaguely understand the operation of my own ship.

			I flip through the science instruments until I land on the controls for the External Collection Unit. I look at the diagram on the screen. It’s simple enough. The sampler is a rectangular box. When activated, it will pivot up to be perpendicular to the hull. Then, doors on both sides of the rectangle will open up. Inside, there’s a bunch of sticky resin—ready to catch anything that flies in.

			That’s it. Flypaper. Fancy space flypaper, but just flypaper.

			“After collection, how sample enter ship, question?”

			Simple doesn’t mean convenient. As far as I can tell, there’s no automated system to do anything with the sample. “I have to go get it.”

			“Humans are amaze. You leave ship.”

			“Yeah, I guess.”

			Eridians never bothered to invent spacesuits. Why would they? Space is devoid of sensory input to them. It would be like a human with scuba gear diving into an ocean of black paint. There’s just no reason to do it. Eridians use hull robots for EVA work. The Hail Mary doesn’t have one of those, so any EVA work has to be done by me.

			“Amaze is wrong word,” he says. “Amaze is compliment. Better word is ♫♪♫♪.”

			“What’s that mean?”

			“It is when person not act normal. Danger to self.”

			“Ah,” I say, adding the new chord into my language database. “Crazy. My word for that is ‘crazy.’ ”

			“Crazy. Humans are crazy.”

			I shrug.

			

			—

			“Gosh darn it!” I said.

			“Language!” came the voice over the radio. “Seriously, though, what happened?”

			The sample vial fell gently away from my hand to the bottom of the pool. It took several seconds to fall 3 feet but, wearing this EVA suit at the bottom of the world’s largest swimming pool, I had no chance of reaching out to grab it.

			
			“I dropped vial number three.”

			“Okay,” said Forrester. “That’s three vials so far. We’re going to have to work on the clamper tool.”

			“Might not be the tool. Might just be me.”

			The tool in my awkwardly gloved hand was far from perfect, but still pretty ingenious. It turned the clumsy pawing of an EVA suit glove into fine manipulation at the other end. All I had to do was squeeze a trigger with my index finger and the clamp constricted by 2 millimeters. If I squeezed a different trigger with my middle finger, it would rotate up to 90 degrees clockwise. My ring and pinkie fingers made it tilt forward up to 90 degrees.

			“Stand by, I’m checking the video,” said Forrester.

			NASA’s Neutral Buoyancy Lab at Johnson Space Center was a marvel of engineering in itself. The gigantic swimming pool was large enough to fit a full-size replica of the International Space Station inside. They used it to train astronauts on zero-g maneuvering while in EVA suits.

			After countless meetings (that I was unfortunately forced to attend), the microbiology community convinced Stratt the mission needed custom-designed tools. She agreed, on the condition that none of them be mission-critical. She was resolute on having all the important stuff be off-the-shelf products with millions of hours of consumer testing.

			And, being her little science lapdog, it fell to me to test out the IVME kit.

			IVME was an acronym that stood for four words God never intended to be together: “in vacuo microbiology equipment.” Astrophage lives in space. We could study them on Earth in our atmosphere all we wanted, but we wouldn’t get the full picture of how they worked until we studied them in vacuum and in zero g. The crew of the Hail Mary would need these tools.

			
			I stood in one corner of the NBL, the imposing figure of ISS behind me. Two scuba divers floated nearby, ready to rescue me in the event of an emergency.

			NASA had sunk a metal lab table into the pool for me. The biggest problem wasn’t making equipment that worked in vacuum—though they did have to completely redesign pipettes because there’s no suction force in space. The problem was the ham-fisted EVA gloves the user had to wear. Astrophage may like vacuum, but human bodies certainly don’t.

			But hey, at least I was learning a lot about how Russian EVA suits worked.

			Yes, Russian. Not American. Stratt listened to several experts and they all agreed the Russian Orlan EVA suit was the safest and most reliable. So that’s what the mission would use.

			“Okay, I see what happened,” said Forrester through the headset. “You told the clamp to tilt yaw, but it released instead. The internal microcable wires must be tangled up. I’ll be right there. Can you surface and bring the clamp with you?”

			“Sure thing.” I waved to the two divers and pointed upward. They nodded and helped me to the surface.

			I got hoisted out of the pool by a crane assembly and placed on the deck nearby. Several techs came forward and helped me out of the suit. Though it was pretty easy—I just stepped out the back panel. Got to love chrysalis suits.

			Forrester came from the control room next door and collected the tool. “I’ll make some changes and we can try again in a couple of hours. I got a call while you were in the pool; you’re needed in Building 30. Shapiro and DuBois have a couple-hour break while they reset the flight-control simulators. No rest for the wicked. Stratt wants you over there training them on Astrophage.”

			“Copy that, Houston,” I said. The world might have been ending, but being at NASA’s main campus was too awesome for me not to be excited.

			I left the NBL and walked to Building 30. They would have sent a car if I’d asked, but I didn’t want one. It was only a ten-minute walk. Besides, I loved walking around in my country’s space history.

			
			I walked in, through security, and onward to a small conference room they’d set up. Martin DuBois, in his blue flight uniform, stood and shook my hand. “Dr. Grace. Good to see you again.”

			His meticulous paperwork and notes were arrayed in front of him. Annie Shapiro’s sloppy notes and wadded papers lay strewn on the table next to him, but her seat was empty.

			“Where’s Annie?” I asked.

			He sat back down. Even while seated, he kept a firm, perfect posture. “She had to use the facilities. She should be back shortly.”

			I sat down and opened my backpack. “You know, you can call me Ryland. We’re all PhDs here. I think first names are fine.”

			“I’m sorry, Dr. Grace. That is not how I was raised. However, you may call me Martin if you wish.”

			“Thanks.” I pulled out my laptop and fired it up. “How have you been lately?”

			“I have been well, thank you. Dr. Shapiro and I have begun a sexual relationship.”

			I paused. “Um. Okay.”

			“I thought it prudent to inform you.” He opened his notebook and set a pen beside it. “There should be no secrets within the core mission group.”

			“Sure, sure,” I said. “I mean. It shouldn’t be a problem. You’re the primary science position and Annie’s the alternate. There’s no scenario where you would both be on the mission. But…I mean…your relationship…”

			“Yes, you are correct,” DuBois said. “I will be setting out on a suicide mission in under a year. And if for some reason I am deemed unfit or unable, she will go on the suicide mission. We are aware of this, and we know this relationship can only end in death.”

			“We live in bleak times,” I said.

			He folded his hands in front of him. “Dr. Shapiro and I do not see it that way. We are enjoying very active sexual encounters.”

			
			“Yeah, okay, I don’t need to know—”

			“No need for condoms either. She is on birth control and we have both had extremely thorough medical examinations as part of the program.”

			I typed on my computer, hoping he’d change the subject.

			“It’s quite pleasurable.”

			“I’m sure it is.”

			“In any event, I thought you should know.”

			“Yeah, no, sure.”

			The door opened, and Annie trotted in.

			“Sorry! Sorry! I had to pee. Like…so bad,” said the world’s smartest and most accomplished microbiologist. “My back teeth were floating!”

			“Welcome back, Dr. Shapiro. I’ve told Dr. Grace about our sexual relationship.”

			I put my head in my hands.

			“Cool,” said Annie. “Yeah, we’ve got nothing to hide.”

			“In any event,” said DuBois, “if I remember the previous lesson correctly, we were working on the cellular biology within Astrophage mitochondria.”

			I cleared my throat. “Yes. Today I’ll be talking about the Astrophage’s Krebs cycle. It’s identical to what we find in Earth mitochondria, but with one additional step—”

			Annie held up her hand. “Oh, sorry. One more thing—” She turned to DuBois. “Martin, we have about fifteen minutes of personal time after this lesson and before our next training exercise. Want to meet up in the bathroom down the hall and have sex?”

			“I find that agreeable,” said DuBois. “Thank you, Dr. Shapiro.”

			“Okay, cool.”

			They both looked to me, ready for their lesson. I waited a few seconds to make sure there was no more oversharing, but they seemed content. “Okay, so the Krebs cycle in Astrophage has a variant—wait. Do you call her Dr. Shapiro while having sex?”

			“Of course. That’s her name.”

			
			“I kind of like it,” she said.

			“I’m sorry I asked,” I said. “Now, the Krebs cycle…”

			

			—

			Rocky’s data about Planet Adrian was dead-on. It’s 3.93 times Earth’s mass and has a radius of 10,318 kilometers (almost double Earth’s). It’s plugging along around Tau Ceti with an average orbital velocity of 35.9 kilometers per second. Plus, he had the position of the planet correct to within 0.00001 percent. That data was all I needed to work out the insertion thrust needed.

			It’s a good thing those numbers were right. If they hadn’t been, there would have been some serious scrambling when the orbital insertion went wrong. Maybe even some dying.

			Of course, to use the spin drives at all, I had to take us out of centrifuge mode.

			Rocky and I float in the control room, he in his ceiling bulb and me in the pilot’s seat. I watch the camera-feed screen with a stupid grin on my face.

			I’m at another planet! I shouldn’t be this excited. I’ve been at another star for the past several weeks. But that’s kind of esoteric. Tau Ceti is pretty much like the sun. It’s bright, you can’t get too close to it, and it even emits the same general range of frequencies. For some reason, being at a new planet is much more exciting.

			The wispy clouds of Adrian coast by beneath us. Or, more accurately, the wispy clouds barely move at all and we zoom by overhead. Adrian has a higher gravity than Earth, so our orbital velocity is just over 12 kilometers per second—far more than what’s needed to orbit Earth.

			The pale-green planet that I’ve been watching for eleven days has a lot more detail now that we’re on top of it. It’s not just green. There are dark and light bands of green wrapping around it. Just like Jupiter and Saturn. But unlike those two gas-giant leviathans, Adrian is a rocky world. Thanks to Rocky’s notes, we know the radius and mass, which means we know its density. And it’s far too dense to be just gas. There’s a surface down there, I just can’t see it.

			
			Man, what I wouldn’t give for a lander!

			Realistically, it wouldn’t do me any good. Even if I had some way of landing on Adrian, the atmosphere would crush me dead. It’d be like landing on Venus. Or Erid, for that matter. Heck, in that case, I wish Rocky had a lander. The pressure down there might not be too much for an Eridian.

			Speaking of Erid, Rocky’s calibrating some kind of device in his control-room bubble. It looks almost like a gun. I don’t think we’ve started a space war, so I assume it’s something else.

			He holds the device with one hand, taps it with another, and uses two more to hold a rectangular panel that is connected to the device by a short cable. He uses his remaining hand to anchor himself at a handhold.

			He makes some more adjustments to the device with what looks like a screwdriver, and suddenly the panel springs to life. It was completely flat, but now has a texture to it. He waves the gun part left and right and the patterns on the screen move left and right.

			“Success! It functions!”

			I lean over the edge of the pilot’s seat for a better look. “What’s that?”

			“Wait.” He points the gun part at my external camera readout screen. He adjusts a couple of controls and the pattern on the rectangle settles into a circle. Looking closer, I see some parts of the circle are a little more raised than others. It looks like a relief map.

			“This device hear light. Like human eye.”

			“Oh. It’s a camera.”

			“♫♪♫,” he says quickly. Now we have “camera” in our vocabulary.

			“It analyze light and show as texture.”

			“Oh, and you can sense that texture?” I say. “Cool.”

			“Thank.” He attaches the camera to the bulb wall and fixes its angle to point at my central screen. “What are wavelengths of light humans can see, question?”

			“All wavelengths between 380 nanometers and 740 nanometers.” Most people don’t just know that off the top of their head. But most people aren’t junior high schoolteachers who have giant charts of the visible spectrum on their classroom walls.

			
			“Understand,” he says. He turns a few knobs on his device. “Now I ‘see’ what you see.”

			“You’re an amazing engineer.”

			He waves a claw dismissively. “No. Camera is old technology. Display is old technology. Both were on my ship for science. I only modify to use inside.”

			I think Eridians have a lot of modesty in their culture. Either that, or Rocky is one of those people who just can’t take a compliment.

			He points to the circle on his display. “This is Adrian, question?”

			I check the exact region of Adrian he’s pointing at, then compare to my screen. “Yes, and that part is ‘green.’ ”

			“I not have word for this.”

			Of course the Eridian language has no words for colors. Why would it? I never thought of colors as a mysterious thing. But if you’ve never heard of them before, I guess they’re pretty weird. We have names for frequency ranges in the electromagnetic spectrum. Then again, my students all have eyes and they were still amazed when I told them “x-rays,” “microwaves,” “Wi-Fi,” and “purple” were all just wavelengths of light.

			“You name it then,” I say.

			“Yes yes. I name this color: middle-rough. My display pattern is smooth for high-frequency light. Rough for low-frequency light. This color is middle-rough.”

			“Understand,” I say. “And yes, green is right in the middle of the wavelengths humans can see.”

			“Good good,” he says. “Is sample ready, question?”

			We’ve been in orbit for about a day now and I activated the sampler right when we got here. I flip to the External Collection Unit screen. It reads as fully functional and even reports how long it’s been open: 21 hours and 17 minutes.

			“Yeah, I guess so.”

			“You get.”

			“Ugh,” I groan. “EVAs are so much work!”

			“Lazy human. Go get!”

			
			I laugh. He has a slightly different tone when he’s joking around. It took a long time for me to identify. It’s like…it’s in the timing between words. They don’t have the same cadence. I can’t really put my finger on it, but I know when I hear it.

			From the External Collection Unit screen, I order the sampler to close its doors and return to its flat configuration. The panel reports that it’s been done, and I confirm it with hull cameras.

			I climb into the Orlan EVA suit, enter the airlock, and cycle it.

			Adrian is absolutely gorgeous in person. I stay out on the hull staring at the huge world for several minutes. Bands of dark and light green cover the orb, and the reflected glow from Tau Ceti is simply breathtaking. I could stare at it for hours.

			I probably got to do this with Earth too. I wish I could remember. Man, I really wish I could remember that. It must have been every bit as beautiful.

			“You out long time,” comes Rocky’s voice through the headset. “You are safe, question?”

			I set up the EVA panel to always play my radio feed over speakers in the control room. Plus, I taped a headset microphone to Rocky’s control-room bulb and set it to be voice-activated. All he has to do is talk and it broadcasts.

			“I’m looking at Adrian. It’s pretty.”

			“Look later. Get sample now.”

			“You’re pushy.”

			“Yes.”

			I climb along the hull, bathed in Adrian-light. Everything has a light-green tinge to it. I find the sample collector right where it’s supposed to be.

			It’s not as big as I expected. It’s a half-meter square or so. There’s a lever beside it with red and yellow stripes all around it. Text on the lever reads PULL LEVER TO RELEASE ECU—ПОТЯНУТЬ РЫЧАГ ЧТОБЫ ОСВОБОДИТЬ ECU—拉杆释放ECU.

			I clip a tether to a convenient hole on the unit (presumably put there for this exact use), and pull the lever over to the open position.

			
			The sampler floats free of the hull.

			I work my way back across the hull to the airlock with the sampler in tow. I cycle my way back in and climb out of the suit.

			“All is good, question?” Rocky asks.

			“Yes.”

			“Good!” Rocky says. “You inspect with science gear, question?”

			“Yes. Now.” I bring up the Centrifuge panel. “Prepare for gravity.”

			“Yes, gravity.” He grips handholds with three of his claws. “For science gear.”

			Once the centrifuge spins up, I get to work in the lab.

			Rocky scurries into his tunnel in the lab ceiling and watches intently. Well, not “watches.” Listens intently, I guess.

			I lay the sampler on the lab table and open one of the panels. This is the side that faced Tau Ceti. I smile at what I see.

			I crane my head to look up at Rocky. “This panel was white when we started; now it’s black.”

			“Not understand.”

			“The sampler’s color changed to the color of Astrophage. We got a lot of Astrophage.”

			“Good good!”

			Over the next two hours, I scrape everything off of both halves of the sampler, putting each group in their own containers. Then I give each sample a good rinse with water and let the Astrophage settle to the bottom. I’m sure a lot of that sticky substance came with the Astrophage when I scraped it off, and I want it gone.

			I perform a series of tests. First I run a few Astrophage through DNA-marker testing to see if they are identical to the Astrophage found at Earth. They are—at least, the markers I checked are identical.

			Then I check overall population of each sample.

			“Interesting,” I say.

			Rocky perks up. “What is interesting, question?”

			“Both halves had approximately the same population.”

			“Not expected,” he says.

			
			“Not expected,” I agree.

			One side of the sampler pointed toward Tau Ceti, while the other pointed toward Adrian. Astrophage migrate to breed. For every frisky Astrophage that heads to Adrian with a twinkle in its eye, two should return. So, broadly speaking, there should be twice as many Astrophage going from Adrian to Tau Ceti as there are going the other direction. But that’s not what’s happening. The outgoing population is the same as the incoming population.

			Rocky climbs along the tunnel that runs across the roof of the lab to get a better look. “Flaw in counting, question? How you count, question?”

			“I measure total heat energy output of both samples.” It’s a surefire way to know how much Astrophage you’re dealing with. Each one insists on being 96.415 degrees Celsius. The more of them there are, the more total heat will be absorbed by the metal plate I put them on.

			He taps two claws together. “That is good method. Population must be same. How, question?”

			“I don’t know.” I smear some of the “returning” Astrophage (that is, the Astrophage that was on the way from Adrian to Tau Ceti) onto a slide. I take it to a microscope.

			Rocky scampers along his tunnel to keep up. “That is what, question?”

			“Microscope,” I say. “It helps me see very small things. I can see Astrophage with this.”

			“Amaze.”

			I take a look at the sample and gasp. There’s a lot more than just Astrophage in there!

			The familiar black dots of Astrophage are all over the sample. But so are translucent cells, smaller bacteria-looking things, and larger amoeba-like things. There are thin things, fat things, spiral things…too many to count. Too many different kinds of things to count. It’s like looking at all the life in a drop of lake water!

			“Wow!” I say. “Life! There’s a whole bunch of life in here! Not just Astrophage. A bunch of different species!”

			Rocky literally bounces off the tunnel walls. “Amaze! Amaze amaze amaze!”

			
			“Adrian isn’t just a planet,” I say. “Adrian is a planet with life, like Earth or Erid! That explains where the methane comes from. Life makes methane!”

			Rocky freezes. Then he shoots bolt-upright. I’ve never seen him raise his carapace so high. “Life is also reason for population discrepancy! Life is reason!”

			“What?” I say. He’s more excited than I’ve ever seen him. “How? I don’t understand.”

			He taps the tunnel wall with his claw, pointing at my microscope. “Some life on Adrian EATS Astrophage! Population in balance. Natural order. This explains all things!”

			“Oh my God!” I gasp. My heart just about beats out of my chest. “Astrophage has a predator!”

			There’s a whole biosphere at Adrian. Not just Astrophage. There’s even an active biosphere within the Petrova line.

			This is where it all started. Has to be. How else can we explain countless extremely different life-forms that all evolved to migrate in space? They all came from the same genetic root.

			Astrophage was just one of many, many life-forms that evolved here. And with all life, there is variance and predation.

			Adrian isn’t just some planet that Astrophage infected. It’s the Astrophage homeworld! And it’s the home of Astrophage’s predators.

			“This is amazing!” I yell. “If we find a predator…”

			“We take home!” Rocky says, two octaves higher than normal. “It eat Astrophage, breed, eat more Astrophage, breed, eat more more more! Stars saved!”

			“Yes!” I press my knuckles against the tunnel wall. “Fist-bump!”

			“What, question?”

			I rap the tunnel again. “This. Do this.”

			He emulates my gesture against the wall opposite my hand.

			“Celebration!” I say.

			“Celebration!”

		

	

		
		
			
			
				
					[image: ]
				

			

		

	
		
		
			
			
				[image: Chapter 5]

			

			I glared at the Astrophage. “Why the heck do you go to Venus?”

			The microscope view was displayed on the big wall-mounted monitor. Each of the three little cells were a foot across at this magnification. I watched for any clues to their motivations, but Larry, Curly, and Moe offered no answer.

			I’d named them, of course. It’s a teacher thing.

			“What’s so special about Venus? And how do you even find it?” I crossed my arms. If Astrophage understood body language, they’d know I wasn’t messing around. “It takes a room full of really smart people at NASA to work out how to get to Venus. And you do it as a single-celled organism with no brain.”

			It had been two days since Stratt left me alone with the lab. The army guys were still at the doors. One was named Steve. Friendly guy. The other never spoke to me.

			I ran my hands through my greasy hair (I’d neglected to shower that morning). At least I didn’t have to wear the hazmat suit anymore. Scientists in Nairobi had taken a chance with one of their Astrophage and exposed it to Earth atmosphere to see what happened. It was unaffected. So, thanks to them, labs all over the world could breathe a sigh of relief and stop working in argon-filled rooms.

			
			I glanced at the pile of papers on a desk. The scientific community had moved into overdrive in a very unscientific way. Gone were the days of careful peer review and published articles. Astrophage research was a free-for-all where researchers posted their findings immediately and without proof. It led to misunderstandings and mistakes, but we just didn’t have time to do things the right way.

			Stratt kept me in the loop on most stuff. Not everything, I was sure. Who knows what other weird things she was up to. She seemed to have authority everywhere.

			A Belgian research team was able to prove that Astrophage reacts to magnetic fields, but only sometimes. Other times, it seems to ignore magnetic fields entirely, no matter how powerful. Still, the Belgians were able to (very inconsistently) steer Astrophage around by putting it in a magnetic field and changing the field’s orientation. Was that useful? No idea. At this point the world was just collecting data.

			A researcher in Paraguay showed that ants will get disoriented when they’re within a few centimeters of Astrophage. Was that useful? Okay, that one probably wasn’t useful. But it was interesting.

			Most notably, a group in Perth sacrificed one of their Astrophage and did a detailed analysis on all the organelles inside. They found DNA and mitochondria. In any other situation, this would have been the most important discovery of the century. Alien life—indisputably alien—had DNA and mitochondria!

			And…grumble…a bunch of water…

			Point is: The inside of an Astrophage wasn’t much different from the inside of any single-celled organism you’d find on Earth. It used ATP, RNA transcription, and a whole host of other extremely familiar things. Some researchers speculated that it originated on Earth. Others postulated this specific set of molecules was the only way for life to occur and Astrophage evolved it independently. And a smaller, vocal faction suggested life might not have evolved on Earth at all, and that Astrophage and terrestrial life have a common ancestor.

			“You know,” I told the Astrophage, “if you boys weren’t threatening all life on my planet, you’d be pretty awesome. You have mysteries within mysteries.”

			
			I leaned against a table. “You have mitochondria. Okay, so that means you use ATP as your energy storage, just like we do. But the light you use to move around requires waaaay more energy than your ATP can hold. So you have another energy-storage pathway. One we don’t understand.”

			One of the Astrophage on-screen darted slightly to the left. It was pretty common. Once in a while, for no real reason, they’d just wiggle.

			“What makes you move? Why move? And how does this random jerky motion get you from the sun to Venus? And why do you go to Venus at all?!”

			Lots of people were working on the internals of Astrophage. Trying to figure out what made it tick. Analyzing its DNA. Good for them. I wanted to know the basic life-cycle. That was my goal.

			Single-celled organisms don’t just store buttloads of energy and fly through space for no reason. There had to be something Astrophage needed from Venus or it would just stay on the sun. And it needed something from the sun, too, or it would stay on Venus.

			The sun part was pretty easy: It was there for the energy. Same reason plants grew leaves. Got to get that sweet, sweet energy if you’re going to be a life-form. Makes perfect sense. So what about Venus?

			I picked up a pen and fidgeted with it as I thought.

			“According to the Indian Space Research Organization, you guys get going up to 0.92 times the speed of light.” I pointed at them. “Didn’t know we could do that, did ya? Figure out your velocity? They used Doppler-shift analysis of the light you emit to work it out. And because of that, they also know you’re going both directions: to and from Venus.”

			I frowned. “But if you hit an atmosphere at that speed you should die. So why don’t you?”

			I rapped my forehead with a knuckle. “Because you can handle any amount of heat. Right. So you blast into the atmosphere, but you don’t get any hotter. Okay, but you’d have to at least slow down. So you’d just be in the upper atmosphere of Venus. Then you…what? Turn around and go back to the sun? Why?”

			
			I stared at the screen for a solid ten minutes, lost in thought.

			“All right, enough of this. I want to know how you find Venus.”

			I went to the local hardware store and bought a bunch of two-by-fours, three-quarter-inch plywood, power tools, and other stuff I’d need. Steve the army guy helped me carry a lot of it in. Jerk army guy did nothing.

			Over the next six hours, I built a lightproof closet with a shelf in it. It was just big enough for me to get in and out. I set the microscope on the shelf. The “door” was a plywood panel that I could remove with screws.

			I ran power and video lines into the closet through a little hole that I plugged up with putty to make sure no light could get in through there either. I set my IR camera up on the microscope and sealed up the closet.

			Out in the lab, the monitor showed the infrared light the camera saw. It was basically a frequency shift. Very low bands of IR would show up as red. Higher-energy bands would be orange, yellow, and so on up the rainbow. I could see the Astrophage cells as little red blobs, which was expected. At their constant temperature of 96.415 degrees Celsius they would naturally emit an IR wavelength of 7.8 microns or so—the low end of what I’d set the camera to look for. It was good confirmation that the setup was working.

			But I didn’t care about that dark-red color. I wanted to see a bright-yellow flash. That would be the Petrova frequency that Astrophage spit out to move around. If any of my Astrophages moved even the tiniest amount, I’d see a very obvious yellow flash.

			But it never came. Nothing happened. Nothing at all. Usually, I’d see a jerky motion from at least one of them every few seconds. But now there was nothing.

			“So,” I said. “You little brats have settled down, eh?”

			
			Light. Whatever their navigation system was, it was based on light. I suspected that would be the case. What else could you use in space? There’s no sound. No smell. It would have to be light, gravity, or electromagnetism. And light’s the easiest of those three to detect. At least, as far as evolution is concerned.

			For my next experiment, I taped a little white LED and a watch battery together. Of course, I wired it backward at first and the LED didn’t light up. That’s pretty much a rule in electronics: You never get diodes right on the first try. Anyway, I rewired it correctly and the LED lit up. I taped the whole contraption to the inside wall of the closet. I made sure to position it so the Astrophage on the sample slide would have a direct line of sight on it. Then I sealed everything up again.

			Now, from the Astrophage’s point of view, there was a lot of black nothingness and one shining spot of white. That’s kind of what Venus might look like if you were out in space and looking directly away from the sun.

			They didn’t budge. No hint of motion at all.

			“Hmph,” I said.

			To be fair, it wasn’t likely to work. If you were at the sun, looking away from it for the brightest splotch of light you could see, you’d probably zero in on Mercury, not Venus. Mercury is smaller than Venus, but it’s a lot closer so you’d see more light.

			“Why Venus?” I mused. But then I thought of a better question. “How do you guys identify Venus?”

			Why did they move randomly? My theory: By pure chance, every few seconds or so, an Astrophage thought it had spotted Venus. So it thrusted in that direction. But then the moment passed, so it stopped thrusting.

			The key had to be frequencies of light. My boys didn’t wiggle at all in darkness. But it wasn’t just about the sheer volume of light, or they would have gone for the LED. It had to be something about the frequency of the light.

			Planets don’t just reflect light. They also emit it. Everything emits light. The temperature of the object defines the wavelength of light emitted. Planets are no exception. So maybe Astrophage looked for Venus’s IR signature. It wouldn’t be as bright as Mercury’s, but it would be distinct—a different “color.”

			
			A little googling told me Venus’s average temperature was 462 degrees Celsius.

			I had a whole drawer full of replacement bulbs for microscopes and other lab stuff. I grabbed one and hooked it up to a variable power supply. Incandescent bulbs work by getting the filament so hot it emits visible light. That happens around 2,500 degrees Celsius. I didn’t need anything so dramatic. I just needed a measly 462 degrees. I adjusted power going through the bulb up and down, watching with an IR camera, until I got exactly the light frequency I wanted.

			I moved the whole contraption into my test closet, watched the monitor with my boys on it, and turned on the artificial Venus.

			Nothing. Absolutely no movement from the little jerks.

			“What do you want from me?!” I demanded.

			I pulled my goggles off and threw them to the ground. I drummed my fingers on the table. “If I were an astronomer, and someone showed me a blob of light, how would I know if it’s Venus?”

			I answered myself. “I’d look for that IR signature! But that’s not what Astrophage does. Okay, someone shows me a blob of light and says I’m not allowed to use emitted IR to work out the temperature of the body. How else could I find out if it’s Venus?”

			Spectroscopy. Look for carbon dioxide.

			I raised an eyebrow as the idea came to me.

			When light hits gas molecules, the electrons get all worked up. Then they calm down and re-emit the energy as light. But the frequency of the photons they emit is very specific to the molecules involved. Astronomers used this for decades to know what gases are out there far, far away. That’s what spectroscopy is all about.

			Venus’s atmosphere is ninety times Earth’s pressure and almost entirely carbon dioxide. Its spectroscopy signature of CO2 would be overwhelmingly strong. Mercury had no carbon dioxide at all, so the nearest competitor would be Earth. But we had a minuscule CO2 signature compared to Venus. Maybe Astrophage used emission spectra to find Venus?

			
			New plan!

			The lab had a seemingly infinite supply of light filters. Pick a frequency, and there’s a filter for it. I looked up the spectral signature of carbon dioxide—the peak wavelengths were 4.26 microns and 18.31 microns.

			I found the appropriate filters and built a little box for them. Inside I put a small white lightbulb. Now I had a box that would emit the spectral signature of carbon dioxide.

			I put it in the test closet and went out to watch the monitor. Larry, Curly, and Moe hung out on their slide, just like they had all day long.

			I flicked on the light box and watched for any reaction.

			The Astrophage left. They didn’t just meander toward the light. They were gone. Absolutely gone.

			“Um…”

			I had been recording the camera input, of course. I ran it back to watch frame by frame. Between two frames they simply disappeared.

			“Um!”

			Good news: Astrophage were attracted to carbon dioxide’s spectral signature!

			Bad news: My three irreplaceable, 10-micron-wide Astrophage had launched off somewhere—maybe at velocities approaching the speed of light—and I had no idea where they went.

			“Craaaaaap.”

			

			—

			Midnight. Darkness everywhere. The army guys changed shift to two guys I didn’t know. I missed Steve.

			I had aluminum foil and duct tape up over every window of the lab. I sealed the cracks around the entrances and exits with electrical tape. I turned off every piece of equipment that had a readout or LED of any kind. I put my watch in a drawer because it had glow-in-the-dark paint on the hands.

			
			I let my eyes adjust to the total darkness. If I saw so much as a single shape that wasn’t my imagination, I sought out the light leak and put tape over it. Finally, I reached a level of darkness so intense I couldn’t see anything. Opening or closing my eyes had no effect at all.

			The next step was my newly invented IR goggles.

			The lab had many things, but infrared goggles were not among them. I’d considered asking Steve the army guy if he could score some. I probably could have called Stratt and she would have had the president of Peru personally deliver them or something. But this was faster.

			The “goggles” were just the LCD output screen of my IR camera with a bunch of tape around them. I pressed them to my face and added more tape. Then more and more and more. I’m sure I looked ridiculous. But whatever.

			I fired up the camera and looked around the lab. Plenty of heat signatures. The walls were still warm from sunlight earlier that day, everything electrical had a glow, and my body shined like a beacon. I adjusted the frequency range to look for much hotter things. Specifically, things over 90 degrees Celsius.

			I crawled into my makeshift microscope closet and looked at the light box I’d used for the CO2 spectral emission.

			Astrophage are only 10 microns across. No chance I’d see something so small with the camera (or with my eyes, for that matter). But my little aliens are very hot, and they stay hot. So, if they’re not moving, they will have spent the last six hours or so slowly heating up their surroundings. That was the hope.

			It panned out. I immediately saw a circle of light on one of the plastic light filters.

			“Oh thank God,” I gasped.

			It was very faint but it was there. The spot was about 3 millimeters across and grew fainter and colder away from the center. The little fella had been heating up the plastic for hours. I scanned back and forth across the two plastic squares. I quickly found a second spot.

			
			My experiment worked way better than I expected. They saw what they thought was Venus and beelined for it. When they hit the light filters, they couldn’t go any farther. They probably kept pushing until I turned off the light.

			Anyway, if I could just confirm that all three Astrophage were present, I could bag the filters, then spend however long I needed to find and harvest the boys from them with a microscope and pipette.

			And there it was. The third Astrophage.

			“The gang’s all here!” I said. I reached into my pocket for a sample bag and got ready to very carefully pull the filter off the light box. That’s when I saw the fourth Astrophage.

			Just…minding its own business. A fourth cell. It was right in the same general cluster as the first three, on the filters.

			“Holy…”

			I’d been staring at these guys for a week. There’s no way I would have missed one. There could only be one explanation: One of the Astrophage divided. I’d accidentally made the Astrophage reproduce.

			I stared at that fourth spot of light for a full minute, taking in the magnitude of what had just happened. Breeding Astrophage meant we would have an unlimited supply for study. Kill them, poke them, take them apart, do whatever we wanted. This was a game changer.

			“Hello, Shemp,” I said.

			

			—

			I spent the next two days obsessively studying this new behavior. I didn’t even go home—I just slept in the lab.

			Steve the army guy brought me breakfast. Great guy.

			I should have shared all my findings with the rest of the science community, but I wanted to be sure. Peer review may have fallen by the wayside, but at least I could self-review. Better than nothing.

			
			The first thing that bothered me: CO2 spectral emissions are 4.26 and 18.31 microns. But Astrophage are only 10 microns across, so it couldn’t really interact with light that had a larger wavelength. How could it even see the 18.31 micron band?

			I repeated my earlier spectral experiment with just the 18.31 micron filter and got a result I didn’t expect. Strange things happened.

			First off, two of the Astrophage whipped over to the filter. They saw the light and went right for it. But how? It should be impossible for Astrophage to interact with a wavelength that big. I mean…literally impossible!

			Light is a funny thing. Its wavelength defines what it can and can’t interact with. Anything smaller than the wavelength is functionally nonexistent to that photon. That’s why there’s a mesh over the window of a microwave. The holes in the mesh are too small for microwaves to pass through. But visible light, with a much shorter wavelength, can go through freely. So you get to watch your food cook without melting your face off.

			Astrophage is smaller than 18.31 microns but somehow still absorbs light at that frequency. How?

			But that’s not even the strangest thing that happened. Yes, two of them took off for the filter, but the other two stayed put. They didn’t seem to care. They just hung out on the slide. Maybe they didn’t interact with the larger wavelength?

			So I did one more experiment. I shined the 4.26 micron light at them again. And I got the same results. The same two went right for the filter as before, and the other two just didn’t care.

			And there it was. I couldn’t be 100 percent certain, but I was pretty sure I’d just discovered the whole Astrophage life-cycle. It clicked in my mind like puzzle pieces finally fitting together.

			The two holdouts didn’t want to go to Venus anymore. They wanted to go back to the sun. Why? Because one of them just divided and created the other.

			Astrophage hang out on the surface of the sun gathering energy via heat. They store it internally in some way no one understands. Then, when they have enough, they migrate to Venus to breed, using that stored energy to fly through space using infrared light as a propellant. Lots of species migrate to breed. Why would Astrophage be any different?

			
			The Aussies already worked out that the inside of Astrophage wasn’t much different from Earth life. It needed carbon and oxygen to make the complex proteins required for DNA, mitochondria, and all the other fun stuff found in cells. There’s plenty of hydrogen on the sun. But the other elements just aren’t present. So Astrophage migrates to the nearest supply of carbon dioxide: Venus.

			First, it follows magnetic field lines and goes straight away from the sun’s North Pole. It has to do that, or the light from the sun would be too blinding to find Venus. And going straight up from the pole means the Astrophage will have a full view of Venus’s entire orbital path—no portion of it occluded by the sun.

			Ah, and that’s why Astrophage is so inconsistent on reacting to magnetic fields. It only cares about them at the very beginning of its journey and at no other time.

			Then it looks for Venus’s massive carbon dioxide spectral signature. Well, not really “looks for.” It’s probably more a simple stimulus-response thing initiated by the 4.26 and 18.31 micron light bands. Anyway, once it “sees” Venus, it goes straight to it. The path it takes—straight away from the solar pole, then sharply turning toward Venus—that’s the Petrova line.

			Our heroic Astrophage reaches the upper atmosphere of Venus, collects the CO2 it needs, and can finally reproduce. After that, both parent and child return to the sun and the cycle begins anew.

			It’s simple, really. Get energy, get resources, and make copies. It’s the same thing all life on Earth does.

			And that was why two of my little Stooges didn’t walk toward the light.

			So how does Astrophage find the sun? My guess: Look for the extremely bright thing and head that way.

			I separated Moe and Shemp (the sun-seekers) from Larry and Curly (the Venus-seekers). I put Larry and Curly on a different slide and put it in a light-sealed sample container. Then I set up an experiment in the dark closet for Moe and Shemp. This time, I put a bright incandescent bulb in there and turned it on. I expected them to head right toward it, but no dice. They didn’t budge. Probably not bright enough.

			
			I went to a photography store downtown (San Francisco has a lot of photography enthusiasts) and bought the largest, brightest, most powerful flash I could find. I replaced the lightbulb with the flash and did the experiment again.

			Moe and Shemp took the bait!

			I had to sit down and take a breath. I should have taken a nap—I hadn’t slept in thirty-six hours. But this was too exciting. I pulled out my cell phone and dialed Stratt’s number. She answered halfway through the first ring.

			“Dr. Grace,” she said. “Find something?”

			“Yeah,” I said. “I figured out how Astrophage reproduce and managed to make it happen.”

			Silence for a second. “You successfully bred Astrophage?”

			“Yes.”

			“Nondestructively?” she asked.

			“I had three cells. I now have four. They’re all alive and well.”

			Silence for another second. “Stay there.”

			She hung up.

			“Huh,” I said. I put the phone back in my lab coat. “Guess she’s on her way.”

			Steve the army guy burst into the lab. “Dr. Grace?!”

			“Wha…uh, yeah?”

			“Please come with me.”

			“Okay,” I said. “Let me just get my Astrophage samples put away—”

			“There are lab techs on the way to deal with all that. You have to come with me now.”

			“O-Okay…”

			

			—

			
			The next twelve hours were…unique.

			Steve the army guy drove me to a high school football field where a U.S. Marine Corps helicopter had already landed. Without words, they hustled me into the chopper and up we went into the sky. I tried not to look down.

			The chopper took me to Travis Air Force Base, about 60 miles north of the city. Did the marines often land at air force bases? I don’t know much about the military, but that seemed odd. It also seemed a bit extreme to send in the marines just to keep me from driving through a couple of hours of traffic, but okay.

			There was a jeep waiting for me on the tarmac where the helicopter landed, with an air force guy standing next to it. He introduced himself, I swear he did, but I don’t remember his name.

			He drove me across the tarmac to a waiting jet. No, not a passenger jet. And not a Learjet or anything like that. This was a fighter jet. I don’t know what kind. Like I said, I don’t know military stuff.

			My guide hustled me up a ladder and into the seat behind the pilot. He gave me a pill and a little paper cup of water. “Take this.”

			“What is it?”

			“It’ll keep you from puking all over our nice, clean cockpit.”

			“Okay.”

			I swallowed the pill.

			“And it’ll help you sleep.”

			“What?”

			Away he went, and the ground crew pulled away the ladder. The pilot didn’t say a word to me. Ten minutes later, we took off like a bat out of hell. I’d never felt acceleration like that in my life. The pill did its job. I definitely would have puked.

			“Where are we going?” I asked through the headset.

			“I’m sorry, sir. I’m not allowed to speak to you.”

			“This is going to be a boring trip, then.”

			“They usually are,” he said.

			I don’t know exactly when I fell asleep but it was within minutes of taking off. Thirty-six hours of mad science plus whatever was in that pill put me right into dreamland regardless of the ridiculous jet-engine noise surrounding me.

			
			I awoke in darkness to a jolt. We’d landed.

			“Welcome to Hawaii, sir,” said the pilot.

			“Hawaii? Why am I in Hawaii?”

			“I wasn’t given that information.”

			The jet taxied onto some side runway or whatever and a ground crew brought a ladder. I hadn’t gotten halfway down the ladder yet when I heard “Dr. Grace? This way, please!”

			It was a man in a U.S. Navy uniform.

			“Where the hell am I?!” I demanded.

			“Naval Station Pearl Harbor,” said the officer. “But not for long. Please follow me.”

			“Sure. Why not?”

			They put me in another jet with another non-talkative pilot. The only difference was that this time it was a navy jet instead of an air force jet.

			We flew for a long time. I lost track of the hours. Keeping track was meaningless anyway. I didn’t know how long we’d be in the air. Finally, I kid you not, we landed on an honest-to-God aircraft carrier.

			Next thing I knew, I was on the flight deck looking like an idiot. They gave me earmuffs and a coat and shuffled me over to a helipad. A navy chopper was waiting for me.

			“Will this trip…end? Like…ever?!” I asked.

			They ignored me and got me strapped in. The chopper took off immediately. This time, the flight wasn’t nearly so long. Just an hour or so.

			“This should be interesting,” said the pilot. It was the only thing he’d said the whole flight.

			We descended and the landing gear deployed. Below us was another aircraft carrier. I squinted at it. Something looked different. What was it…oh, right. It had a big Chinese flag flying over it.

			“Is that a Chinese aircraft carrier?!” I asked.

			“Yes, sir.”

			
			“Are we, a U.S. Navy helicopter, going to land on that Chinese aircraft carrier?”

			“Yes, sir.”

			“I see.”

			We landed on the carrier’s helipad and a bunch of Chinese Navy guys watched us with interest. There would be no post-flight servicing of this chopper. My pilot leered through the windows at them and they leered right back.

			As soon as I stepped out, he took off again. I was in China’s hands now.

			A navy man came forward and gestured for me to follow him. I don’t think anyone spoke English, but I got the general idea. He led me to a door in the tower structure and we went inside. We wound through passageways, stairwells, and rooms I didn’t even understand the purpose of. All the while, Chinese sailors watched me with curiosity.

			Finally, he stopped at a door with Chinese characters on it. He opened the door and pointed inside. I walked in and he slammed the door behind me. So much for my guide.

			I think it was an officer’s conference room. At least, that was my assumption based on the big table with fifteen people sitting at it. They all turned their heads to look up at me. Some were white, some were black, some were Asian. Some wore lab coats. Others wore suits.

			Stratt, of course, sat at the head of the table. “Dr. Grace. How was your trip?”

			“How was my trip?” I said. “I got dragged across the gosh-darned world without any notice—”

			She held up her hand. “It was just a pleasantry, Dr. Grace. I don’t actually care how your trip was.” She stood and addressed the room. “Ladies and gentlemen, this is Dr. Ryland Grace from the United States. He figured out how to breed Astrophage.”

			Gasps came from around the table. One man shot to his feet and spoke with a thick German accent. “Are you serious? Stratt, warum haben sie—?”

			
			“Nur Englisch,” Stratt interrupted.

			“Why are we only hearing of this now?” the German demanded.

			“I wanted to confirm it first. While Dr. Grace was en route, I had technicians pack up his lab. They collected four live Astrophage from his lab. I only left him three.”

			An elderly man in a lab coat spoke Japanese in a calm, soothing voice. Next to him, a younger Japanese man in a charcoal suit translated. “Dr. Matsuka would like to respectfully request a detailed description of the process.”

			Stratt stepped aside and gestured to her chair. “Doctor, have a seat and lay it out for us.”

			“Hold on,” I said. “Who are these people? Why am I on a Chinese aircraft carrier? And have you ever heard of Skype?!”

			“This is an international body of high-level scientists and political operatives that I have assembled to spearhead Project Hail Mary.”

			“What’s that?”

			“That would take a while to explain. Everyone here is eager to hear about your Astrophage findings. Let’s start with that.”

			I shuffled to the front of the room and sat awkwardly at the head of the table. All eyes turned to me.

			So I told them. I told them all about the wooden closet experiments. I explained all my tests, what I did for each one, and how I did them. Then I explained my conclusions: I told them my hypothesis about the Astrophage life-cycle, how it works, and why. There were a few questions from the assembled scientists and politicos, but mostly they just listened and took notes. Several had translators whispering in their ear during the process.

			“So…yeah,” I said. “That’s pretty much everything. I mean—it’s not rigorously tested yet but it seems pretty simple.”

			German Guy raised his hand. “Would it be possible to breed Astrophage on a large scale?”

			Everyone leaned forward a little. Apparently this was a pretty important question and it was on everyone’s mind. I was taken aback by the sudden intensity of the room.

			
			Even Stratt seemed unusually interested. “Well?” she said. “Please answer Minister Voigt.”

			“Sure,” I said. “I mean…why not?”

			“How would you do it?” asked Stratt.

			“I guess I’d make a big elbow-shaped ceramic pipe and fill it with carbon dioxide. Make one end of it as hot as you can get it and have a bright light there. Wrap a magnetic coil around it to simulate the magnetic field of the sun. Put an IR light emitter at the other end of the elbow and have it emit light at 4.26 and 18.31 microns. Make the inside of the pipe as black as you can. That should do it.”

			“How does that ‘do it’?” she said.

			I shrugged. “The Astrophage will gather energy at the ‘sun’ side and when they’re ready to breed, they’ll follow that magnetic field to the pipe’s elbow. They’ll see the IR light at the other end and head toward it. Seeing that light and being exposed to carbon dioxide makes them breed. Then the parent and daughter cells will go back to the sun side. Simple enough.”

			A political-looking man raised his hand and spoke with some kind of African accent. “How much Astrophage could be made this way? How fast is the process?”

			“It would have a doubling time,” I said. “Like algae or bacteria. I don’t know how long it is, but considering the sun is getting dim it must be pretty quick.”

			A woman in a lab coat had been on her phone. She set it down, then spoke with a thick Chinese accent. “Our scientists have reproduced your results.”

			Minister Voigt scowled at her. “How did you even know his process? He just told us!”

			“Spies, presumably,” said Stratt.

			The German huffed. “How dare you circumvent us with—”

			“Shush,” said Stratt. “We’re past all that. Ms. Xi, do you have any additional information to share?”

			“Yes,” she said. “We estimate the doubling time to be just over eight days, under optimal conditions.”

			
			“What does that mean?” the African diplomat said. “How much can we make?”

			“Well.” I launched my phone’s calculator app and tapped a few buttons. “If you started with the one hundred and fifty Astrophage we have, and bred them for a year, at the end of it you’d have…about 173,000 kilograms of Astrophage.”

			“And would this Astrophage be at maximum energy density? Would it all be ready to reproduce?”

			“So you want…I guess you’d call it ‘enriched’ Astrophage?”

			“Yes,” he said. “That’s a perfect word for it. We want Astrophage that is holding as much energy as it can.”

			“Uh…I guess that could be arranged,” I said. “First, breed up the number of Astrophage you want, then expose them to lots of heat energy but don’t let them see any carbon dioxide spectral lines. They’ll collect energy and just sort of sit there waiting until they can see somewhere to get CO2.”

			“What if we needed two million kilograms of enriched Astrophage?” said the diplomat.

			“It’s doubling every eight days,” I said. “Two million kilos would be another four doublings or so. So, one month longer.”

			A woman leaned forward on the table, her fingers steepled. “We might just have a chance.” She had an American accent.

			“An outside chance,” said Voigt.

			“There is hope,” said the Japanese translator—presumably speaking for Dr. Matsuka.

			“We need to talk amongst ourselves,” said Stratt. “Go get some rest. The sailor outside will show you to a bunk.”

			“But I want to know about Project Hail Mary!”

			“Oh, you will. Believe me.”

			

			—

			I slept for fourteen hours.

			Aircraft carriers are awesome in many ways, but they aren’t five-star hotels. The Chinese had given me a clean, comfy cot in an officer’s bunkroom. I had no complaints. I could have slept on the flight deck I was so tired.

			
			I felt something weird on my forehead when I woke up. I reached up and it was a Post-it note. Someone put a Post-it on my head while I slept. I pulled it off and read it:

			
				Clean clothes and toiletries in the duffel under your bunk. Show this note to any sailor when you’ve cleaned up: 请带我去甲板7的官员会议室

				
					—Stratt

				

			

			“She is such a pain in my butt…” I mumbled.

			I stumbled out of my cot. A few officers gave me passing glances but otherwise ignored me. I found the duffel and, as promised, there were clothes and dental-hygiene stuff and soap. I glanced around the bunkroom and saw through a doorway into a locker room.

			I used the bathroom (or “head” I guess, because I was on a ship). Then I took a shower with three other guys. I dried off and put on the jumpsuit onesie Stratt had left me. It was bright yellow, had Chinese writing along the back, and a big red stripe down the left leg of the pants. My guess was to make sure everyone knew I was a foreign civilian and not allowed in certain places.

			I flagged down a passing sailor and showed him the note. He nodded and gestured for me to follow. He led me through a maze of twisty little passages, all alike, until we arrived back at the room I’d been in the previous day.

			I stepped in to see Stratt and some of her…teammates? A subset of the previous day’s gang. Just Minister Voigt, the Chinese scientist—I think her name was Xi—and a guy in a Russian military uniform. The Russian had been there the previous day but hadn’t said anything. They all looked deep in concentration and the table was littered with paper. They mumbled to one another here and there. I didn’t know the exact relationships going on, but Stratt was definitely at the head of the table.

			
			She looked up as I entered.

			“Ah. Dr. Grace. You look refreshed.” She gestured to her left. “There’s food on the credenza.”

			And there was! Rice, steamed buns, deep-fried dough sticks, and an urn of coffee. I rushed over and helped myself. I was hungry as heck.

			I sat at the conference table with a full plate and cup of coffee.

			“So,” I said with a mouth full of rice. “You gonna tell me why we’re on a Chinese aircraft carrier?”

			“I needed an aircraft carrier. The Chinese gave me one. Well, they lent it to me.”

			I slurped my coffee. “There was a time when something like that would surprise me. But…you know…not anymore.”

			“Commercial air travel takes too long and is prone to delays,” she said. “Military aircraft work on whatever schedule they want and travel supersonically. I need to be able to get experts from anywhere on Earth in the same room with no delays.”

			“Ms. Stratt can be extremely persuasive,” said Minister Voigt.

			I shoveled more food into my mouth. “Blame whoever gave her all that authority,” I said.

			Voigt chuckled. “I was part of that decision, actually. I am Germany’s minister of foreign affairs. The equivalent of your country’s secretary of state.”

			I paused my chewing. “Wow,” I managed to say. I gulped down the mouthful. “You’re the most high-ranking person I’ve ever met.”

			“No, I’m not.” He pointed to Stratt.

			She put a piece of paper in front of me. “This is what led to the Hail Mary Project.”

			“You’re showing him?” Voigt said. “Now? Without getting him a clearance—”

			Stratt put her hand on my shoulder. “Dr. Ryland Grace, I hereby grant you top-secret clearance to all information pertaining to Project Hail Mary.”

			“That’s not what I meant,” Voigt said. “There are processes and background checks to—”

			
			“No time,” Stratt said. “No time for any of that stuff. That’s why you put me in charge. Speed.”

			She turned toward me and tapped the paper: “These are readings from amateur astronomers all over the world. They show something very important.”

			The page had columns of numbers. I noticed the column titles: “Alpha Centauri,” “Sirius,” “Luyten 726-8,” and so on.

			“Stars?” I said. “These are all stars in our local cluster. And wait—did you say amateur astronomers? If you can tell the German minister of foreign affairs what to do, why don’t you have professional astronomers working for you?”

			“I do,” Stratt said. “But this is historical data collected over the past several years. Professional astronomers don’t study local stars. They look at faraway things. It’s the amateurs who log data on local stuff. Like train spotters. Hobbyists in their backyards. Some of them with tens of thousands of dollars’ worth of equipment.”

			I picked up the paper. “Okay, so what am I looking at?”

			“Luminosity readings. Normalized across thousands of amateur-generated data sets and corrected for known weather and visibility conditions. Supercomputers were involved. The point is this: Our sun is not the only star that’s getting dimmer.”

			“Really?” I said. “Ohhh! That makes perfect sense! Astrophage can travel at 0.92 times the speed of light. If it can go dormant and stay alive long enough, it could infect nearby stars. It spores! Just like mold! It spreads from star to star.”

			“That’s our theory, yes,” said Stratt. “This data goes back decades. It’s not deeply reliable but the trends are there. The NSA back-calculated that—”

			“Wait. NSA? The U.S. National Security Agency?”

			“They have some of the best supercomputers in the world. I needed their supercomputers and engineers to try all kinds of scenarios and propagation models for how Astrophage could get around in the galaxy. Back to the point: These local stars have been dimming for decades. And the rate of dimming increases exponentially—just like we’re seeing with the sun.”

			
			She handed me another piece of paper. It had a bunch of dots connected by lines. Above each dot was a star name. “Owing to the speed of light, our observations of the dimming had to be adjusted for the distances of the stars and whatnot, but there’s a clear pattern of ‘infection’ from star to star. We know when each star was infected and by which infected star. Our sun was infected by a star called WISE 0855–0714. That star was infected by Sirius, which was infected by Epsilon Eridani. From there, the trail goes cold.”

			I peered at the chart. “Huh. WISE 0855–0714 also infected Wolf 359, Lalande 21185, and Ross 128.”

			“Yes, every star eventually infects all of its neighbors. Judging from our data, we think Astrophage has a maximum range of just under eight light-years. Any star within that range of an infected star will eventually be infected.”

			I looked at the data. “Why eight light-years? Why not more? Or less?”

			“Our best guess is the Astrophage can only survive so long without a star and it can coast about eight light-years in that time.”

			“That’s sensible, from an evolution point of view,” I said. “Most stars have another star within eight light-years, so that’s as far as Astrophage had to evolve to travel while sporing.”

			“Probably,” Stratt said.

			“Nobody noticed those stars getting dimmer?” I said.

			“They only get to about ten percent dimmer before they stop dimming. We don’t know why. It’s not obvious to the naked eye, but—”

			“But if our sun dims by ten percent, we’re all dead,” I said.

			“Pretty much.”

			Xi leaned forward on the table. Her posture was extremely proper. “Ms. Stratt has not told you the most important part yet.”

			The Russian nodded. It was the first time I’d seen him move at all.

			Xi continued. “Do you know what Tau Ceti is?”

			
			“Do I know?” I said. “I mean—I know it’s a star. It’s about twelve light-years away, I think.”

			“Eleven point nine,” said Xi. “Very good. Most would not know that.”

			“I teach junior high school science,” I said. “These things come up.”

			Xi and the Russian shot each other surprised looks. Then they both looked at Stratt.

			Stratt stared them down. “There’s more to him than that.”

			Xi regained her composure (not that she’d lost much of it anyway). “Ahem. In any event, Tau Ceti is very much inside the cluster of infected stars. In fact, it is near the center.”

			“Okay,” I said. “I’m sensing there’s something special about it?”

			“It is not infected,” Xi said. “Every star around it is. There are two very infected stars well within eight light-years of Tau Ceti, yet it remains unaffected.”

			“Why?”

			Stratt shuffled through her papers. “That’s what we want to find out. So we’re going to make a ship and send it there.”

			I snorted. “You can’t just ‘make’ an interstellar ship. We don’t have the technology. We don’t have anything close to the technology.”

			The Russian spoke for the first time. “Actually, my friend, we do.”

			Stratt gestured to the Russian. “Dr. Komorov is—”

			“Please call me Dimitri,” he said.

			“Dimitri heads up the Russian Federation’s research into Astrophage,” she said.

			“It is pleasure to meet you,” he said. “I am happy to report that we can actually make interstellar voyage.”

			“No, we can’t,” I said. “Unless you’ve got an alien spaceship you never told anyone about.”

			“In a way, we do,” he said. “We have many alien spaceships. We call them Astrophage. You see? My group has studied the energy management of Astrophage. It is very interesting.”

			I suddenly forgot everything else going on in the room. “Oh God, please tell me you understand where the heat goes. I can’t figure out what the heck it’s doing with the heat energy!”

			
			“We have figured this out, yes,” said Dimitri. “With lasers. It was very illuminating experiment.”

			“Was that a pun?”

			“It was!”

			“Good one!”

			We both laughed. Stratt glared at us.

			Dimitri cleared his throat. “Er…yes. We pointed tight-focus one-kilowatt laser at a single Astrophage cell. As usual, it did not get hotter. But after twenty-five minutes, light starts to bounce off. Our little Astrophage is full. Good meal. It consumed 1.5 megajoules of light energy. Does not want more. But this is very much energy! Where does it put all this energy?”

			I’m leaning way too far forward over the table, but I can’t help myself. “Where?!”

			“We measure Astrophage cell before and after experiment, of course.”

			“Of course.”

			“Astrophage cell is now seventeen nanograms heavier. You can see where this goes, yes?”

			“No, it can’t be. It must have gained that weight from reactions with the air or something.”

			“No, it was in a vacuum for the test, of course.”

			“Oh my God.” I was giddy. “Seventeen nanograms…times nine times ten to the sixteenth…1.5 megajoules!”

			I flopped back into my chair. “Holy…I mean just…wow!”

			“This was how I felt, yes.”

			Mass conversion. As the great Albert Einstein once said: E = mc2. There’s an absurd amount of energy in mass. A modern nuclear plant can power an entire city for a year with the energy stored in just one kilogram of Uranium. Yes. That’s it. The entire output of a nuclear reactor for a year comes from a single kilogram of mass.

			Astrophage can, apparently, do this in either direction. It takes heat energy and somehow turns it into mass. Then when it wants the energy back, it turns that mass back into energy—in the form of Petrova-frequency light. And it uses that to propel itself along in space. So not only is it a perfect energy-storage medium, it’s a perfect spaceship engine.

			
			Evolution can be insanely effective when you leave it alone for a few billion years.

			I rub my head. “This is just crazy. In a good way, though. Is it internally producing antimatter, you think? Something like that?”

			“We do not know. But it definitely increases in mass. And then, after using light as thrust, it loses mass appropriate to energy released.”

			“That’s…! Dimitri, I want to hang out with you. Like—can we hang out? I’ll buy you a beer. Or vodka. Or anything. I bet there’s an officers’ club on this boat, right?”

			“It would be my pleasure.”

			“Glad you’re making friends,” said Stratt. “But you’ve got a lot of work to do before you start hitting the bars.”

			“Me? What do I have to do?”

			“You need to design and create an Astrophage-breeding facility.”

			I blinked. Then I shot to my feet. “You’re going to make an Astrophage-powered ship!”

			They all nodded.

			“Holy cow! It’s the most efficient rocket fuel ever! How much would we need to—oh. Two million kilograms, right? That’s why you wanted to know how long it would take to make that much?”

			“Yes,” said Xi. “For a one hundred thousand kilogram ship, we would need two million kilograms of Astrophage to get it to Tau Ceti. And, thanks to you, we now know how to activate the Astrophage and make it generate thrust at will.”

			I sat back down, pulled out my phone, and launched the calculator app. “This would take, like…a lot of energy. Like, more energy than the world has. It would be around ten to the twenty-third Joules. The largest nuclear reactor on Earth makes about eight gigawatts. It would take that reactor two million years to create that much energy.”

			
			“We have ideas for finding the energy,” said Stratt. “Your job is to make the breeder. Start small and get a prototype going.”

			“Okay, sure,” I said. “But I didn’t exactly love the ‘militaries of the world’ grand tour on the way here. Can I take a passenger jet home? Coach is fine.”

			“You are home,” said Stratt. “The flight hangar is empty. Just tell me what you need—including staff—and I’ll make it happen.”

			I looked at the others in the conference room. Xi, Voigt, and Dimitri all nodded. Yes, this was real. No, Stratt wasn’t kidding.

			“Why?!” I demanded. “Why the heck can’t you just be normal, Stratt?! If you want fast military transport, well, okay, but why not just work at an air base or something sane people would do?!”

			“Because we’ll be experimenting with a bunch of Astrophage once we breed it up. And if we accidentally activate even a couple of kilograms of that stuff, the resulting explosion will be bigger than the largest nuclear bomb ever made.”

			“Tsar Bomba,” said Dimitri. “Made by my country. Fifty megatons. Boom.”

			Stratt continued. “So we’d rather be out in the middle of the ocean where we won’t eradicate any cities.”

			“Oh,” I said.

			“And as we get more and more Astrophage, we’ll go further and further out to sea. Anyway. Head down to the hangar deck. I have carpenters building accommodations and offices as we speak. Pick some you like and lay claim.”

			“This is our life now,” said Dimitri. “Welcome.”
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			My timer beeps at me. I’d set it for a two-hour countdown. It just reached zero. I blink a couple of times. I’m floating in a fetal position in the control room. I didn’t even make it to the dormitory.

			I am not rested at all. Every pore of my being yells at me to go back to sleep, but I told Rocky I’d be back in two hours and I wouldn’t want him to think humans are untrustworthy.

			I mean…we’re pretty untrustworthy, but I don’t want him to know that.

			I trudge (can you trudge in zero g? I say yes) through the airlock. Rocky is there waiting for me in the tunnel. He’s been busy in my absence. There’s all sorts of stuff in there now.

			The Eridian clock is still ticking away—now mounted to one of the lattice poles. But more interesting to me is the box that’s been added to the dividing wall. It’s a 1-foot cube and it juts out into my half of the tunnel. It’s made of the same transparent xenonite that the rest of the wall is made of.

			On Rocky’s side, the box has a flat panel door with an opaque xenonite border. Also, there’s a square hole with a perfectly fitted square pipe leading away.

			
			There are some…controls?…on the pipe near the box. Buttons, maybe? A wire coming from the control box snakes along the pipe, disappearing into the hull where the pipe does.

			Meanwhile, on my side of the cube is a crank, roughly the same shape as my own airlock door’s crank. And that’s attached to a square panel like the one on Rocky’s side and—

			“It’s an airlock!” I said. “You made an airlock in our airlock tunnel!”

			Brilliant. Simply brilliant. Rocky and I can both access it. He can control the air in that little chamber by means of the mystery pipe, which presumably leads back to some pumps or something in the Blip-A. And those buttons or whatever are the controls. Just like that, we have a way to transfer stuff back and forth.

			I do jazz hands. He does them back.

			Hmm. Again with the square, flat panels. Who makes a square airlock? Especially one designed to handle Eridian atmospheric pressure. Even the pipe that runs the mini-airlock is square. I know they can make round xenonite—the cylinders he sent me when we first met were round. This tunnel is round.

			Maybe I’m overthinking this. Xenonite is so strong you don’t have to carefully shape it into pressure vessels. Flat panels are probably easier to make.

			This is awesome. I hold up a finger—he returns the gesture. I fly down to the lab and grab a tape measure. He showed me a unit of time, so I’ll show him a unit of length. The tape measure is metric, thank God. It’s going to be confusing enough using base-6 Eridian seconds. The last thing I want to throw in there is imperial units—even if they are natural to me.

			Back in the tunnel, I hold up the tape measure. I pull it out a bit, then release it to let it retract. I repeat the process a few times. He does jazz hands. I point to the “squarelock” (well, what else should I call it?) and he does jazz hands again.

			I hope that means there isn’t 29 atmospheres of ammonia in there at the moment. I guess we’ll see….

			
			I turn the crank and open my door. It swings outward toward me easily.

			Nothing explodes. In fact, I don’t even smell ammonia. And it wasn’t a vacuum in there either. I wouldn’t have been able to pull the door open at all if it had been. Rocky set that up to be exactly my atmosphere. Considerate of him.

			I put the tape measure in the approximate center of the box and let it float there. I close the door and turn the crank.

			Rocky presses a button on the controls and I hear a muffled fwump followed by a steady hiss. A foggy gas rushes in from the pipe. Ammonia, presumably. The tape measure bounces inside—pushed around like a leaf in the wind. Soon, the hiss dulls to a trickle.

			And then I realize my mistake.

			The tape measure is one of those solid, construction-site kinds that are made of metal with tool-grade rubber grip pads. Thing is, Eridians like it hot. How hot? I can’t say for sure, but I now know it’s hotter than the melting point of the rubber on the tape measure.

			The blob of liquid rubber undulates on the tape measure, sticking to the tool via surface tension. Rocky opens his door and carefully grabs my faulty present by the metal. At least that’s still solid. I think it’s made of aluminum. It’s nice to know Eridian air isn’t hot enough to melt that too.

			As Rocky pulls the tape measure toward him, the rubber blob separates from it and floats off in his side of the tube.

			He pokes the rubber blob and it sticks to his claw. He shakes it off without much trouble. Obviously the temperature doesn’t bother him. I guess it’s no different from a human shaking water off his hand.

			In my atmosphere, rubber that hot would burn. There’d be all these nasty, noxious gases coming off of it too. But there’s no oxygen on Rocky’s side of the wall. So the rubber just kind of…stays a liquid. It floats off to the tunnel wall and sticks there.

			I shrug at him. Maybe he’ll know that means “I’m sorry.”

			
			He sort of shrugs back. But he does it with all five shoulders. Looks weird and I don’t know if he caught my meaning.

			He pulls the tape out a bit, then lets it snap back. He’s clearly surprised, even though he must have known it was coming. He releases it entirely and lets it spin in front of him. He grabs it and does it again. Then again.

			And again.

			“Yeah, it’s fun,” I say. “But look at the markings. Those are centimeters. CEN-TI-ME-TERS.”

			The next time he pulls the tape out, I point to the tape. “Look!”

			He just keeps pulling it out and back again. I don’t see any indication that he cares about what’s written there.

			“Ugh!” I hold up a finger. I go back to the lab and get another tape measure. It’s a well-stocked lab and no space mission would be complete without redundancy. I come back to the tunnel.

			Rocky is still playing with the tape measure. Now he’s really having a ball. He pulls the tape out as far as he can, which is about a meter, then releases both the tape and the tape measure at the same time. The resulting recoil and snap-back makes the tape measure spin wildly in front of him.

			“♩♪♫♪!!!” he says. I’m pretty sure that was a squeal of glee.

			“Look. Look,” I say. “Rocky. Rocky! Yo!”

			He finally stops playing with the unintentional toy.

			I pull some tape out on my tape measure, then point to the markings. “Look! Here! See these?”

			He pulls his own out to approximately the same distance. I can see the markings on his are still there—they didn’t get baked off in the blistering Eridian heat or anything. What is the problem?

			I point at the 1-centimeter line. “Look. One centimeter. This line. Here.” I tap the line repeatedly.

			He holds the tape out with two hands and taps it with a third. He matches my tempo, but he’s nowhere near the 1-centimeter mark.

			“Here!” I tap the mark harder. “Are you blind?!”

			
			I pause.

			“Wait. Are you blind?”

			Rocky taps the tape some more.

			I’ve always assumed he had eyes somewhere and I didn’t recognize them. But what if he doesn’t have eyes at all?

			The airlock of the Blip-A was dark, and Rocky didn’t have any problem with it. So I figured he saw in frequencies of light I can’t see. But the tape measure has white tape with black markings on it. Any vision in any spectrum should be able to discern black on white. Black is the absence of light and white is all frequencies equally reflected.

			Wait—this doesn’t make sense. He knows what I’m doing. He mimics my gestures. If he doesn’t have vision, how can he read my clock? How can he read his own clock?

			Hmm…his clock has thick numbers. Like an eighth of an inch. And, thinking back, he actually did have some trouble with my clock. He needed me to tape it to the divider wall. When it floated an inch away he got upset. Just being close to the divider wasn’t enough. The clock had to be touching it.

			“Sound?” I say. “Do you ‘see’ with sound?”

			It would make sense. Humans use electromagnetic waves to understand our three-dimensional environment. So why couldn’t a different species use sound waves? Same principle—and we even have it on Earth. Bats and dolphins use echolocation to “see” with sound. Maybe Eridians have that ability, but on steroids. Unlike bats and dolphins, Eridians have passive sonar. They use ambient sound waves to resolve their environment instead of making a specific noise to track prey.

			Just a theory. But it fits the data.

			That’s why his clock numbers are thick. Because his sonar can’t perceive things that are too thin. My clock was a challenge to him. He can’t “see” the ink, but the hands are solid objects. So he knew about them. But the whole thing is encased in plastic….

			I slapped my forehead. “That’s why you needed the clock pressed against the wall. You needed the sound waves bouncing around in it to get to you more easily. And the tape measure I just handed you is useless. You can’t see the ink at all!”

			
			He plays with the tape measure some more.

			I hold up a finger. He’s more focused on the tape measure toy, but he absently returns the gesture with one of his spare hands.

			I fly back into the ship, through the control room, and into the lab. I grab a screwdriver and head farther down to the dormitory. I detach a storage panel from the floor. Simple aluminum sheet stock. Maybe one-sixteenth of an inch thick, with the edges rounded so we don’t cut ourselves. Strong, durable, and light. Perfect for space travel. I fly back to the tunnel.

			Rocky has wrapped one end of the tape around one of his tunnel’s grab-handles and tied it in a somewhat crude knot. He hangs on to the dispenser with one hand and uses the other four to climb backward along the bars.

			“Hey,” I say. I hold up my hand. “Hey!”

			He stops playing with the tape measure for a moment. “♩♪♩?”

			I hold up two fingers.

			Rocky holds up two fingers.

			“Yeah. Okay. We’re in mimic mode again.” I hold up one finger, then switch to two, then back to one, and then finally three.

			Rocky repeats the sequence, just as I hoped he would.

			Now I put the aluminum panel between my hand and Rocky. Behind the panel, I hold up two fingers, then one, then three, then five.

			Rocky holds up two fingers, then one, then all three. He brings in a second hand to hold up two more fingers for a total of five.

			“Wow!” I say.

			One-sixteenth-inch aluminum will stop pretty much all light. Some absurdly high frequencies can get through, but those frequencies would also pass right through me. So he wouldn’t see my hands. But sound travels through metals just fine.

			That’s proof. He’s not using light to perceive what’s going on. It has to be sound. To Rocky, that metal plate is like a glass window. Maybe it muddles the image a little, but not much. Heck, he probably knows what the Hail Mary’s control room looks like. Why not? The hull is just more aluminum.

			
			How did he see me out in space? No air in space. So no sound.

			Wait. No. That’s a dumb question. He’s not a caveman wandering around in space. He’s an advanced interstellar traveler. He has technology. He probably has cameras and radar and stuff that translate data into something he can understand. No different from my Petrovascope. I can’t see IR light, but it can and then it shows it to me on a monitor with light frequencies I can see.

			The Blip-A control room probably has awesome-looking Braille-like readouts. Well, I’m sure it’s way more advanced than that.

			“Wow…” I stare at him. “Humans spent thousands of years looking up at the stars and wondering what was out there. You guys never saw stars at all but you still worked space travel. What an amazing people you Eridians must be. Scientific geniuses.”

			The knot in the tape comes loose, recoils wildly, and smacks Rocky’s hand. He shakes the affected hand in pain for a moment, then continues messing with the tape measure.

			“Yeah. You’re definitely a scientist.”

			

			—

			“All rise,” said the bailiff, “the United States District Court for the Western District of Washington is now in session. The Honorable Justice Meredith Spencer presiding.”

			The entire courtroom stood as the judge took her seat.

			“Be seated,” the bailiff said. He handed the justice a folder. “Your Honor, today’s case is Intellectual Property Alliance v. Project Hail Mary.”

			The judge nodded. “Plaintiff, are you ready for trial?”

			The plaintiff’s table was crowded with well-dressed men and women. The eldest of them, a man in his sixties, stood to answer. “We are, Your Honor.”

			“Defense, are you ready for trial?”

			Stratt sat alone at the defense table, typing away on her tablet.

			
			The justice cleared her throat. “Defense?”

			Stratt finished typing and stood. “I’m ready.”

			Justice Spencer gestured to Stratt’s table. “Counselor, where is the rest of your team?”

			“Just me,” she said. “And I’m not a counselor—I’m the defendant.”

			“Ms. Stratt.” Spencer took off her glasses and glared. “The defendant in this case is a rather famous intergovernmental consortium of scientists.”

			“Led by me,” said Stratt. “I move to dismiss.”

			“You can’t make motions yet, Ms. Stratt,” said Spencer. “Just tell me if you’re ready to proceed.”

			“I’m ready,”

			“All right. Plaintiff, you may begin your opening statement.”

			The man stood. “May it please the court and ladies and gentlemen of the jury, my name is Theodore Canton, counsel for the Intellectual Property Alliance in this action.

			“During this trial, we will show that Project Hail Mary has overstepped its authority in the matter of digital data acquisition and licensing. They have, in their possession, a gigantic solid-state-drive array upon which they have copied literally every single piece of software that has ever been copyrighted, as well as every single book and literary work that has ever been available in any digital format. All of this was done without payment or licensing to the proper copyright holders or intellectual property owners. Furthermore, many of their technological designs violate patents held by—”

			“Your Honor,” Stratt interrupted. “Can I make motions now?”

			“Technically,” said the justice, “but it’s irregul—”

			“I move to dismiss.”

			“Your Honor!” Canton protested.

			“On what grounds, Ms. Stratt?” said the justice.

			“Because I don’t have time for this bullshit,” she said. “We are building a ship to literally save our species. And we have very little time to get it done. It will have three astronauts—just three—to do experiments we can’t even conceive of now. We need them to be prepared for any possible line of study they deem necessary. So we are giving them everything. The collected knowledge of humankind, along with all software. Some of it is stupid. They probably won’t need Minesweeper for Windows 3.1, and they probably don’t need an unabridged Sanskrit-to-English dictionary, but they’re going to have them.”

			
			Canton shook his head. “Your Honor, my clients don’t dispute the noble nature of the Hail Mary Project. The complaint is in the illegal use of copyrighted material and patented mechanisms.”

			Stratt shook her head. “It would take a ridiculous amount of time and energy to work out licensing agreements with every company. So we’re not doing it.”

			“I assure you, Ms. Stratt, you will comply with the law,” said the justice.

			“Only when I want to.” Stratt held up a sheet of paper. “According to this international treaty, I am personally immune from prosecution for any crime anywhere on Earth. The United States Senate ratified that treaty two months ago.”

			She held up a second piece of paper. “And to streamline situations like this, I also have a preemptive pardon from the president of the United States for any and all crimes I am accused of within U.S. jurisdictions.”

			The bailiff took the papers and handed them to the justice.

			“This…” said the justice, “this is exactly what you say it is.”

			“I’m only here as a courtesy,” said Stratt. “I didn’t have to come at all. But since the software industry, patent trolls, and everyone else related to intellectual property banded together in one lawsuit, I figured it would be fastest to nip this in the bud all at once.”

			She grabbed her satchel and put the tablet inside. “I’ll be on my way.”

			“Hold on, Ms. Stratt,” said Justice Spencer. “This is still a court of law, and you will remain for the duration of these proceedings!”

			
			“No, I won’t,” said Stratt.

			The bailiff walked forward. “Ma’am. I’ll have to restrain you if you don’t comply.”

			“You and what army?” Stratt asked.

			Five armed men in military fatigues entered the courtroom and took up station around her. “Because I have the U.S. Army,” she said. “And that’s a damn fine army.”

			

			—

			I browse through my available software while munching on a peanut-butter tortilla. I know that doesn’t sound tasty, but it is.

			I’ve learned how to grip the lab chair with my legs so I don’t float off as I use the laptop. Turns out I have a bunch of laptops. At least six that I’ve found in the storage area so far. And they’re all connected to a shipwide Wi-Fi network. Handy.

			If memory serves, I should have pretty much all the software lurking around somewhere on the ship. The trick is finding the one I need. I wouldn’t even know what it’s called. Fortunately, one of the books in the digital library is a list of software applications. So that helped.

			Ultimately I find something that will work: “Tympanum Labs Waveform Analyzer.” There are all sorts of waveform-analysis software packages in my library. This one just has the highest reviews according to a 2017 computer magazine that reviewed waveform analyzers.

			I install the software on one of the laptops. It’s pretty simple to use and has a plethora of features. But the one I’m most interested in is the Fourier transform. It’s the most basic tool in sound-wave analysis and arguably the most important. There’s a lot of complicated math on how to make it happen, but the end result is this: if you run a sound wave through a Fourier transform, it will give you a list of the individual notes being played at the same time. So if I played a C-major chord and let this app listen to it, the app would tell me there’s a C, an E, and a G. It’s incredibly useful.

			
			No more pantomime. It’s time to learn Eridianese. Yes, I just made up that word. No, I don’t feel bad about it. I’m doing a lot of things for the first time in human history out here and there’s a lot of stuff that needs naming. Just be glad I don’t name stuff after myself.

			I launch Microsoft Excel on another laptop and tape the two laptops together back to back. Yes, I could just run both applications on one laptop, but I don’t want to switch back and forth.

			I fly up through the ship and back into the tunnel. Rocky isn’t there.

			Hmph.

			Rocky can’t just spend all day waiting around for me, but why don’t they have someone in the tunnel at all times? If my crewmates were still around, we would definitely rotate a watch or something. Heck, Ilyukhina would probably be camped out here nonstop and only leave when she had to sleep.

			What if they are having different people in the tunnel? How do I know Rocky is just one person? I don’t know how to tell Eridians apart. Maybe I’ve been talking to six different people. That’s an unsettling thought.

			No…that’s not it. I’m pretty sure Rocky is just Rocky. The ridges on his carapace and rocky protrusions on his hands are unique. I remember there’s an irregular craggy bit sticking up out of one of his fingers…yeah. It’s the same guy.

			If you looked at a rock for several hours, and someone replaced it with a very similar, but slightly different rock, you would know.

			Okay, so where is the rest of the crew? I’m alone because my crewmates didn’t make it. But Eridians have better technology, space-wise. Bigger ship, nigh-indestructible hull material. There has to be a crew in there.

			Ah! I bet Rocky’s the captain! He puts himself at risk by talking to the scary alien. Everyone else stays back on the ship. That’s what Captain Kirk would do. So why not Captain Rocky?

			Anyway, I have cool stuff I want to do and I’m impatient.

			“Yo! Rocky!” I yell. “Come here!”

			
			I listen for any sounds of movement. “Come on, man! Your entire ranged sensory input is sound—I bet you can hear a pin drop a mile away! You know I’m calling you! Move your…whatever serves as your butt! I want to talk!”

			I wait and wait, but no Rocky.

			My guess is I’m a pretty high priority to him. So whatever he’s doing must be really important. After all, he’s got a ship to deal with. He probably needs to eat and sleep. Well, he has to eat, anyway—all biological organisms need to get energy somehow. I don’t know if Eridians sleep.

			Come to think of it…sleep might not be such a bad idea. Out of the past forty-eight hours I’ve had a two-hour nap and nothing else. Rocky’s clock is still there, wedged between a grab bar and the divider wall. It’s ticking away as normal. It’s interesting that his clock only has five digits. By my math, it’ll roll over back to ℓℓℓℓℓ every five hours or so. Maybe that’s the length of an Eridian day?

			Speculate later. Sleep is the priority. I set up a spreadsheet on my Excel laptop to convert from Rocky time to mine and vice versa. I want to sleep for eight hours. I enter the current time on Rocky’s clock, which is IℓIVλ, and have the spreadsheet tell me what that clock will say eight hours from now. The answer: Iλ+VVλ.

			I hurry back to the lab to pick up a bunch of Popsicle sticks and tape. Rocky can’t see ink, so I have to improvise.

			I tape the sticks to the divider wall to let Rocky know when I’ll return: Iλ+VVλ. Fortunately, the symbols are mostly made of straight lines, so my little craft project should be good enough for him to read.

			Interestingly, my return time has six digits. One more digit than Rocky’s clock shows. But I’m sure he’ll figure it out. If Rocky said “I’ll be back at thirty-seven o’clock,” I’d understand what he meant.

			Before I hit the hay, I harvest a mini-camera from the lab’s vacuum chamber. It’s just a small wireless camera that talks to a portable LCD clipped to the chamber. I tape the camera up in the tunnel, pointed at the divider wall. I bring the readout screen with me to my bunk.

			
			There. Now I have a baby-monitor setup in the tunnel. There’s no audio—the camera is for watching experiments, not chatting with people. But it’s better than nothing.

			I tuck the bunk’s sheets and blankets in tight all around the oval mattress pad. I shimmy in between the tight bedding. This way I won’t just float around while I sleep.

			My grand plans for communicating with Rocky will have to wait. I’m a little frustrated, but not for long. I conk out almost immediately.
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			It’s been a few hours. But I just have to know. How does he modify the tunnel?

			He needs massive atmospheric pressure to stay alive. My hull can’t handle that. And he can’t handle being in a vacuum. So how does he make modifications?

			I hear clinks and clanks from the other side of the airlock. This time I’m going to find out!

			I enter the airlock and look through the porthole. The Blip-A’s hull robot has removed the old tunnel and is installing a new one.

			Oh. Well. That’s anticlimactic.

			The old tunnel drifts off into space—its use is at an end, apparently. The robot places the new tunnel in position and administers xenonite glue along the edge of the Blip-A’s hull.

			How did Eridians pilot a ship that traveled near the speed of light without using computers? Dead reckoning? They’re pretty good at doing math in their heads. Maybe they never needed to invent computers. But still. No matter how good they are at math, there are limits.

			The clunking stops. I peek out the window again. The tunnel has been fully installed.

			
			It looks like the previous tunnel, except it has a much larger airlock section. Pretty much the entire divider wall is a cabinet large enough to hold Rocky with room to spare. It is not, however, large enough to hold me. I guess I won’t be visiting the Blip-A anytime soon.

			“Hmph,” I say. I try not to let it bother me, but come on. He gets to see an alien spaceship. How come I don’t get to see one?

			Rocky’s side of the tunnel no longer has the network of gripping bars. Instead, there is a metal stripe running along the long axis of the tunnel. It extends into the divider airlock and further into my side of the tunnel. It leads right up to my airlock door.

			Opposite the metal stripe is what looks like a pipe. It’s made of the same drab xenonite browns and tans that the tunnel wall is made of. And it’s square. It also runs the long axis of the tunnel.

			With a whoosh, Rocky’s side of the tunnel fills with fog. Then a second whoosh fills my side. That’s what the pipe was for, I guess. Delivering the appropriate atmosphere to both sides. I’m glad Rocky has a supply of oxygen to work with.

			The Blip-A door opens, and Rocky emerges, encased in his geodesic ball. He wears something like overalls with a bandolier across the bottom of his carapace. The AC unit is on his back. Two of his hands hold metal blocks. The other three are free. One of them waves to me. I wave back.

			The spaceball (what else should I call it?) floats into the airlock and then sticks to the metal plate.

			“What?” I say. “How…”

			Then I see it. The ball didn’t magically move. Those blocks Rocky is holding are magnets. Fairly powerful ones, I guess. And the metal strip is obviously magnetic. Probably iron. He rolls the ball along the metal line and into the divider airlock. He manipulates metal controls through the xenonite shell with his magnets. It’s mesmerizing to watch.

			After some hissing and the sound of pumps, he repels a plate away, which opens up the door on my side of the airlock. From there, he rolls along the metal line to my door. I open it.

			
			“Hello!”

			“Hello!”

			“So…do I carry you around? Is that the plan?”

			“Yes. Carry. Thank.”

			I gingerly grab the ball, worried it might be hot. But it isn’t. Among other things, xenonite is an excellent insulator. I pull him through and into the ship.

			Rocky is heavy. Much heavier than I thought he would be. If there were gravity, I probably wouldn’t be able to lift him at all. As it is, he has a lot of inertia. It takes a lot of oomph to pull him along. It’s like pushing a motorcycle in neutral. Seriously—he’s as heavy as a motorcycle.

			I shouldn’t be surprised. He told me all about his biology and how it uses metals. Heck, his blood is mercury. Of course he’s heavy.

			“You are very heavy,” I say. I hope he doesn’t take that to mean Hey, fatty! Go on a diet!

			“My mass is one hundred sixty-eight kilograms,” he says.

			Rocky weighs over 300 pounds!

			“Wow,” I say. “You weigh a lot more than me.”

			“What is you mass, question?”

			“Maybe eighty kilograms.”

			“Humans have very small mass!” he says.

			“I’m mostly water,” I say. “Anyway. This is the control room. I operate the ship from here.”

			“Understand.”

			I push him ahead of me down the tunnel to the lab. He skitters around within his ball. He tends to shift around when he’s looking at something new. I think it helps him get a better “view” of things with his sonar. Kind of like a dog tilting its head to get more information about a sound.

			“This is my lab,” I say. “All the science happens here.”

			“Good good good room!” he squeals. His voice is a full octave higher than normal. “Want to understand all!”

			“I’ll answer any questions you have,” I say.

			
			“Later. More rooms!”

			“More rooms!” I say dramatically.

			I push him along into the dormitory. I give us a very slow velocity so he can take it all in from the center of the room. “I sleep here. Well, I used to. Then you made me sleep in the tunnel.”

			“You sleep alone, question?”

			“Yes.”

			“I also sleep alone many times. Sad sad sad.”

			He just doesn’t get it. A fear of sleeping alone is probably hardwired in his brain. Interesting…that might have been the beginning of their pack instinct. And a pack instinct is required for a species to become intelligent. That weird (to me) sleep pattern could be the reason I’m talking to Rocky right now!

			Yeah, that was unscientific. There are probably a thousand things that led to them being sapient and stuff. The sleep thing is likely just one part of it. But hey, I’m a scientist. I have to come up with theories!

			I open a panel to the storage area and push his ball partially inside. “This is a small room for storage.”

			“Understand.”

			I pull him back out. “That’s all the rooms. My ship is much smaller than yours.”

			“You ship has much science!” he says. “Show me things in science room, question?”

			“Sure.”

			I take him back up to the lab. He shifts around in the ball, taking it all in. I float us to the center of the room and grab the edge of the table.

			I push the ball against the lab table. I think it’s steel, but I’m not sure. Most lab tables are. Let’s find out.

			“Use your magnets,” I say.

			He pushes one of his magnets against the pentagon face touching the table. With a clunk the magnet takes hold. He’s now anchored in place.

			“Good!” he says. He uses his magnets on one face after another to roll across the table and back. It’s not graceful, but it gets the job done. At least I don’t have to hold him in place.

			
			I nudge away from the table and float to the edge of the room. “There’s a lot here. What do you want to know about first?”

			He starts to point in one direction, then stops. Then he picks a new thing, but stops there too. Like a kid in a candy shop. Finally, he settles on the 3-D printer. “That. What is that, question?”

			“It makes small things. I tell the computer a shape, and it tells this machine how to make it.”

			“I can see it make small thing, question?”

			“It needs gravity.”

			“That is why your ship rotates, question?”

			“Yes!” I say. Wow, he’s quick. “The rotation makes gravity for science things.”

			“You ship no can rotate with tunnel attached.”

			“Right.”

			He thinks it over.

			“You ship has more science than my ship. Better science. I bring my things into you ship. Release tunnel. You make you ship spin for science. You and me science how to kill Astrophage together. Save Earth. Save Erid. This is good plan, question?”

			“Uh…yes! Good plan! But what about your ship?” I tap his xenonite bubble. “Human science can’t make xenonite. Xenonite is stronger than anything humans have.”

			“I bring materials to make xenonite. Can make any shape.”

			“Understand,” I say. “You want to get your things now?”

			“Yes!”

			I’ve gone from “sole-surviving space explorer” to “guy with wacky new roommate.” It’ll be interesting to see how this plays out.

			

			—

			“Have you met Dr. Lamai?” Stratt asked.

			I shrugged. “I meet so many people these days I honestly don’t know.”

			
			The carrier had a sick bay, but that was for the crew. This was a special medical center set up on the second hangar bay.

			Dr. Lamai pressed her hands together and bowed her head slightly. “It is a pleasure to meet you, Dr. Grace.”

			“Thanks,” I said. “Um, you too.”

			“I’ve put Dr. Lamai in charge of all things medical for the Hail Mary,” Stratt said. “She was the lead scientist for the company that developed the coma technology we’re going to use.”

			“Nice to meet you,” I said. “So you’re from Thailand, I assume?”

			“Yes,” she said. “The company did not survive, unfortunately. Because the technology only works on one in every seven thousand people and thus has limited commercial potential. I am very happy that my research may yet help humanity.”

			“Understatement,” said Stratt. “Your technology might save humanity.”

			Lamai averted her eyes. “You compliment me too much.”

			She led us into her lab. A dozen bays were each full of slightly different apparatus experiments, each connected to an unconscious monkey.

			I looked away. “Do I have to be here?”

			“You’ll have to excuse Dr. Grace,” Stratt said. “He’s a bit…tender on certain topics.”

			“I’m fine,” I said. “I know animal testing is necessary. I just don’t like to stare at it.”

			Lamai said nothing.

			“Dr. Grace,” Stratt said. “Stop being an asshole. Dr. Lamai, please bring us up to speed.”

			Lamai pointed to a set of metal arms over the nearest test monkey. “We developed these automated coma-monitoring and care stations when we believed we would have tens of thousands of patients. It never came to pass.”

			“Do they work?” Stratt asked.

			“Our original design was not intended to be fully independent. It would handle everything routine, but if it encountered a problem it could not solve, a human doctor would be alerted.”

			
			She walked along the line of unconscious monkeys. “We are making significant progress on the fully automated version. This armature is run by extremely high-end software being developed in Bangkok. It will care for a subject in a coma. It watches their vitals, applies whatever medical care is needed, feeds them, monitors their fluids, and so on. It would still be better to have an actual doctor present. But this is a close second.”

			“Are they artificial intelligence of some kind?” Stratt asked.

			“No,” said Lamai. “We do not have time to develop a complicated neural network. This is a strictly procedural algorithm. Very complex, but not AI at all. We have to be able to test it in thousands of ways and know exactly how it responds and why. We can’t do that with a neural network.”

			“I see.”

			She pointed to some diagrams on the wall. “Our most important breakthrough was, unfortunately, the undoing of our company. We successfully isolated the genetic markers that indicate long-term coma resistance. We can run a simple blood test to find out. And, as you know, once we tested this on the general population, we learned that very, very few people actually have those genes.”

			“Couldn’t you still help those people, though?” I asked. “I mean, sure it’s only one in seven thousand people, but it’s a start, right?”

			Lamai shook her head. “Unfortunately, no. This is an elective procedure. There is no pressing medical need to be unconscious throughout chemotherapy. In fact, it adds a small amount of risk. So there just would not be enough customers to sustain a company.”

			Stratt rolled up her sleeve. “Test my blood for the genes. I’m curious.”

			Lamai was briefly taken aback. “V-Very well, Ms. Stratt.” She walked over to a rolling supply cart and got a blood-draw kit. Someone this important wasn’t used to doing actual medical grunt work. But Stratt was Stratt.

			
			Still, Lamai was no slouch. She got the needle into Stratt without delay and on the first try. The blood flowed into the tube. When the blood draw was complete, Stratt rolled down her sleeve. “Grace. You’re up next.”

			“Why?” I asked. “I’m not volunteering.”

			“To set an example,” she said. “I want everyone on this project, even tangentially related, to get tested. Astronauts are a rare breed, and only one in seven thousand of them will be coma-resistant. We might not have enough qualified candidates. We need to be ready to expand the pool.”

			“It’s a suicide mission,” I said. “It’s not like we’ll have a line of people saying, ‘Oh, me! Please! Please me! Pick me!’ ”

			“Actually, we do have that,” Stratt said.

			Lamai poked me in the arm. I looked away. I get a little queasy when I see my blood squirting into a tube. “What do you mean, we have that?”

			“We’ve already had tens of thousands of volunteers. All with the complete understanding that it’s a one-way trip.”

			“Wow,” I said. “How many of them are insane or suicidal?”

			“Probably a lot. But there are hundreds of experienced astronauts on the list too. Astronauts are brave people, willing to risk their life for science. Many of them are willing to give their life for humanity. I admire them.”

			“Hundreds,” I say. “Not thousands. We’ll be lucky if even one of those astronauts qualifies.”

			“We’re already counting on a lot of luck,” said Stratt. “May as well hope for some more.”

			

			—

			Shortly after college, my girlfriend Linda moved in with me. The relationship only lasted eight months beyond that and was a total disaster. But that’s not relevant right now.

			When she moved in, I was shocked by the sheer volume of random junk she felt necessary to bring into our small apartment. Box after box of stuff she had accumulated over decades of never throwing anything out.

			
			Linda was absolutely Spartan compared to Rocky.

			He’s brought in so much crap we don’t have places to store it all.

			Almost the entire dormitory is full of duffel-bag things made of a canvas-like material. They are random muddy colors. When visual aesthetic doesn’t matter, you just get whatever colors the manufacturing process makes. I don’t even know what’s in all of them. He doesn’t explain. Every time I think we might be done, he brings more bags in.

			Well, I say “he” brings them in, but it’s me. He hangs out in his ball, magnetically attached to the wall, while I do all the work. Again, this is very reminiscent of Linda.

			“This is a lot of things,” I say.

			“Yes yes,” he says. “I need these things.”

			“A lot of things.”

			“Yes yes. Understand. Things in tunnel is last things.”

			“Okay,” I grumble. I float back to the tunnel and grab the last few soft boxes. I maneuver them through the cockpit and lab down to the dormitory. I find a spot to cram them. There’s very little space left. I vaguely wonder how much mass we just added to my ship.

			I manage to keep the area near my bunk clear. And there’s a spot on the floor that Rocky picked out as his sleeping locale. The rest of the room is a mad tangle of soft boxes taped to each other, the wall, the other bunks, and anything else that would keep them from floating loose.

			“Are we done?”

			“Yes. Now detach tunnel.”

			I groan. “You made the tunnel. You detach it.”

			“How I detach tunnel, question? Me inside ball.”

			“Well, how do I do it? I don’t understand xenonite.”

			He made a turning motion with two of his arms. “Rotate tunnel.”

			“Okay, okay.” I grab my EVA suit. “I’ll do it. Jerk.”

			
			“No understand last word.”

			“Not important.” I climb into the suit and close the rear flap.

			

			—

			Rocky is surprisingly adept at doing things with a couple of magnets from inside a ball.

			Each of his duffels has a metal pad on it. He’s able to climb along the pile and rearrange it as needed. Occasionally, a bag he’s using for purchase comes loose and he floats off. When that happens, he calls me and I put him back.

			I hang on to my bunk and watch him do his thing. “Okay, step one. Astrophage sampling.”

			“Yes yes.” He holds two hands in front of him and moves one around the other. “Planet move around Tau. Astrophage go there from Tau. Same at Eridani. Astrophage make more Astrophage with carbon dioxide there.”

			“Yes,” I say. “Did you get a sample?”

			“No. My ship had device for this. But device broke.”

			“You couldn’t fix it?”

			“Device not malfunction. Device broke. Fell off ship during trip. Device gone.”

			“Oh! Wow. Why did it break off?”

			He wiggles his carapace. “Not know. Many things break. My people make ship very hurry. No time to make sure all things work good.”

			Deadline-induced quality issues: a problem all over the galaxy.

			“I tried to make replacement. Failed. Tried. Failed. Tried. Failed. I put ship in path of Astrophage. Maybe some get stuck on hull. But robot on hull no can find any. Astrophage very small.”

			His carapace slumps down. His elbows are above the level of his breathing holes. Sometimes he dips his carapace when sad, but I’ve never seen him dip it this far.

			His voice drops an octave. “Fail fail fail. I am repair Eridian. I not science Eridian. Smart smart smart science Eridians died.”

			“Hey…don’t think of it like that…” I say.

			
			“No understand.”

			“Uh…” I pull myself over to his pile of bags. “You’re alive. And you’re here. And you haven’t given up.”

			But his voice remains low. “I try so many times. Fail so many times. Not good at science.”

			“I am,” I say. “I’m a science human. You’re good at making and fixing things. Together we’ll figure this out.”

			He raises his carapace a bit. “Yes. Together. You have device to sample Astrophage, question?”

			The External Collection Unit. I remember it from my first day in the control room. I didn’t think about it much at the time, but that’s got to be it. “Yes. I have a device for this.”

			“Relief! I try so long. So many times. Fail.” He’s quiet for a moment. “Much time here. Much time alone.”

			“How long were you here alone?”

			He pauses. “Need new words.”

			I pull my laptop off the wall. We run into new words every day, but they’re happening fewer and fewer times per day. That’s something.

			I launch the frequency analyzer and bring up my dictionary spreadsheet. “Ready.”

			“Seven thousand seven hundred and seventy-six seconds is ♩♫♩♪♪. Erid rotate one circle in one ♩♫♩♪♪.”

			I immediately recognize the number. I’d worked it out back when I was studying Rocky’s clock. 7,776 is six to the fifth power. It’s exactly how many Eridian seconds it takes to wrap an Eridian clock around to all zeroes again. They divided their day into a very convenient and (to them) metric number of seconds. I can follow that.

			“Eridian day.” I enter it into my dictionary. “A planet rotating once is a ‘day.’ ”

			“Understand,” he says.

			“Erid circles Eridani one time every 198.8 Eridian days. 198.8 Eridian days is ♫♩♪♫♪.”

			“Year,” I say, and enter it. “A planet going around a star once is one year. So that’s an Eridian year.”

			
			“We stay with Earth units or you get confused. How long is Earth day, question? And how many Earth days is one Earth year, question?”

			“One Earth day is 86,400 seconds. One Earth year is 365.25 Earth days.”

			“Understand,” he says. “I am here forty-six years.”

			“Forty-six years?!” I gasp. “Earth years?!”

			“I am here forty-six Earth years, yes.”

			He’s been stuck in this system for longer than I’ve been alive.

			“How…how long do Eridians live?”

			He wiggled a claw. “Average is six hundred eighty-nine years.”

			“Earth years?”

			“Yes,” he says a little sharply. “Always Earth units. You are bad at math, so always Earth units.”

			I can’t even speak for a moment.

			“How many years have you been alive?”

			“Two hundred ninety-one years.” He pauses. “Yes. Earth years.”

			Holy cow. Rocky is older than the United States. He was born around the same time as George Washington.

			He’s not even that old for his species. There are old Eridians out there who were alive when Columbus discovered (a bunch of people already living in) North America.

			“Why you so surprised, question?” Rocky asks. “How long do humans live, question?”
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			“This is Earth gravity, question?” Rocky asks. His ball rests on the control-room floor next to the pilot seat.

			I check the Centrifuge control screen. We are up to full rotational velocity and spool extension. The crew compartment has done the 180-degree turn correctly. The diagram shows the two halves of the ship at full separation. We are spinning smoothly in the void. The “Lab Gravity” value reads “1.00 g.”

			“Yes. This is Earth gravity.”

			He steps side to side, rolling his geodesic dome one face back and forth. “Not much gravity. What is value, question?”

			“Nine point eight meters per second per second.”

			“Not much gravity,” he repeats. “Erid gravity is 20.48.”

			“That’s a lot of gravity,” I say. But that’s to be expected. He’d told me all about Erid before, including its mass and diameter. I knew their surface gravity had to be roughly double Earth’s. Nice to have my calculations verified, though.

			And side note: wow. Rocky’s mass is 168 kilograms. That means on his homeworld he tips the scales at almost 800 pounds. And that’s his native environment, so I assume he can move around just fine.

			
			Eight hundred pounds and can skitter around effortlessly. Mental note: Do not get in an arm-wrestling match with an Eridian.

			“So,” I say, leaning back in the pilot’s seat. “What’s the plan? Fly into the Petrova line and get some Astrophage?”

			“Yes! But first I make xenonite room for me.” He points down the hatchway toward the rest of the crew compartment. “Mostly in sleep room. But tunnels in lab and small area in control room. Is okay, question?”

			Well, he can’t just stay in a ball forever. “Yes, that’s fine. Where is the xenonite?”

			“Xenonite parts in bags in dormitory. Liquids. Mix. Become xenonite.”

			Like epoxy. But really, really strong epoxy.

			“Interesting! Someday I want to know all about xenonite.”

			“I not understand science. I just use. Apology.”

			“That’s okay. I can’t explain how to make a thinking machine. I just use it.”

			“Good. You understand.”

			“How long will your xenonite construction take?”

			“Four days. Could be five days. Why you ask, question?”

			“I want to work fast.”

			“Why so fast, question? Slower is safer. Less mistakes.”

			I shift in my chair. “Earth is in a bad state. It’s getting worse all the time. I have to hurry.”

			“Not understand,” says Rocky. “Why Earth so bad so fast, question? Erid go bad slower. Have at least seventy-two years before big problems.”

			Seventy-two years? Man, I wish Earth had that kind of time. But seventy-two years from now Earth will be a frozen wasteland and 99 percent of the human population will be dead.

			Why isn’t Erid as badly affected? I furrow my brow. I only have to think for a moment before I have my answer: It’s all about thermal energy storage.

			“Erid is much hotter than Earth,” I say. “And Erid is much larger with a much thicker atmosphere. So Erid has a whole lot more heat stored in its air. Earth is getting cold fast. Very fast. In fourteen more years, most humans will be dead.”

			
			His voice becomes monotone. It’s a very serious intonation. “Understand. Stress. Concern.”

			“Yes.”

			He clicks two claws together. “Then we work. We work now! Learn how to kill Astrophage. You return to Earth. You explain. Save Earth!”

			I sigh. I’m going to have to explain this eventually. May as well be now. “I’m not going back. I’m going to die here.”

			His carapace shudders. “Why, question?”

			“My ship only had enough fuel for the trip here. I don’t have enough to go home. I have tiny little probes that will return to Earth with my findings. But I will stay here.”

			“Why is mission like this, question?”

			“This was all the fuel my planet could make in time.”

			“You knew this when you left Earth, question?”

			“Yes.”

			“You are good human.”

			“Thanks.” I try not to think about my impending doom. “So, let’s collect Astrophage. I have ideas for how we can get some samples. My equipment is very good at detecting trace amounts—”

			“Wait.” He holds up a claw. “How much Astrophage you ship need for return to Earth, question?”

			“Uh…just over two million kilograms,” I say.

			“I can give,” he says.

			I sit up in my chair. “What?!”

			“I can give. I have extra. Can give that much and still have plenty for my return to Erid. You can have.”

			My heart skips a beat. “Seriously?! It’s a lot of fuel! Let me repeat it: two million kilograms. Two times ten to the sixth power!”

			“Yes. I have much Astrophage. My ship was more efficient than planned on trip here. You can have two million kilograms.”

			I fall back into my seat. I pant. I almost hyperventilate. My eyes well up. “Oh my God…”

			“No understand.”

			I wipe away tears.

			
			“You are okay, question?”

			“Yes!” I sob. “Yes, I’m okay. Thank you! Thank you thank you!”

			“I am happy. You no die. Let’s save planets!”

			I break down, crying tears of joy. I’m going to live!

			

			—

			Half the Chinese crew stood on the flight deck. Some were actually doing their jobs, but most were there to catch a look at humanity’s saviors. The whole science team was there as well. The same set of usual suspects we had at our weekly status meetings. Stratt, me, Dimitri, Lokken, and our latest science addition, Dr. Lamai. Oh, and no science team would be complete without a gambling-addicted swindler, so Bob Redell was there too.

			To be fair, Bob had done his job well. He had managed the Sahara Astrophage Farm magnificently. It’s rare to find a scientist who is also a good administrator. It was no easy task, but the farm was generating Astrophage at the levels he’d promised.

			The helicopter came in low and slow, then landed perfectly on the helipad. A ground crew rushed up to secure it. The rotors remained spinning and the cargo door opened.

			Three people walked out, each dressed in blue jumpsuits, each bearing their country’s flag on the shoulder. A Chinese man, a Russian woman, and an American man.

			The ground crew ushered them to a safe distance, and the chopper took off again. Moments later, a second helicopter landed. Just like the first, this helicopter carried three astronauts. In this case, a Russian man, a Russian woman, and an American woman.

			These six would be the prime and backup crews for the Hail Mary. Either of the helicopters could easily have carried all six astronauts, but Stratt had a very strict rule: Under no circumstances could any crewmember and their backup share a plane, helicopter, or car. Each position was specialized and would require years of specific training. We wouldn’t want one car crash to ruin humanity’s chances of survival.

			
			The candidate pool wasn’t deep. There just weren’t many coma-resistant people out there who had “the right stuff” and were willing to go on a suicide mission.

			Still, even with the reduced pool, the winnowing and selection process had been long, brutal, and filled with endless politicking by every government involved. Stratt stayed firm and insisted on only the best candidates, but some concessions had to be made.

			“Women,” I said.

			“Yes,” Stratt grumbled.

			“Despite your guidelines.”

			“Yes.”

			“Good.”

			“No, it isn’t.” She frowned. “I got overruled by the Americans and Russians on it.”

			I folded my arms. “I never would have thought a woman would be so sexist against women.”

			“It’s not sexism. It’s realism.” She righted a strand of hair that had blown into her face. “My guidelines were that all candidates must be heterosexual men.”

			“Why not all heterosexual women?”

			“The vast majority of scientists and trained astronaut candidates are men. It’s the world we live in. Don’t like it? Encourage your female students to get into STEM. I’m not here to enact social equality. I’m here to do whatever’s necessary to save humanity.”

			“Still seems sexist.”

			“Call it what you like. There’s no room on this mission for sexual tension. What happens if there’s some kind of romantic entanglement? Or dispute? People kill for less.”

			I looked across the deck to the candidates. Captain Yang welcomed them aboard. He took special interest in his countryman—the two were all smiles and handshakes.

			“You didn’t want a Chinese guy either. You thought their space program was still too young. But I hear you picked him to be the prime crew commander.”

			
			“He’s the most qualified. So he’s the commander.”

			“Maybe the Russians and Americans over there are qualified too. Maybe the people literally saving the world will keep it professional. Maybe cutting off literally half of the talent pool because you’re afraid astronauts can’t keep it in their pants isn’t a good idea.”

			“We’ll have to hope so. The Russian woman—Ilyukhina—is on the prime crew as well. She’s a materials expert and by far the best candidate for the task. The science expert is Martin DuBois—the American man. Two men and one woman. Recipe for disaster.”

			I put my hand to my chest in mock surprise. “Goodness me! DuBois appears to be black! I’m surprised you allowed it! Aren’t you afraid he’ll ruin the mission with talk of rap music and basketball?”

			“Oh, shut up,” she said.

			We watched the astronauts get surrounded by deck crew. They were absolutely starstruck—especially with Yáo.

			“DuBois has three doctorates—physics, chemistry, and biology.” Stratt pointed to the American woman. “Over there is Annie Shapiro. She invented a new kind of DNA splicing that’s now called the Shapiro method.”

			“Seriously?” I said. “The Annie Shapiro? She invented three entire enzymes from scratch to splice DNA using—”

			“Yes, yes. Very smart lady.”

			“She did it for her PhD thesis. Her thesis. Do you know how many people are on track for a Nobel Prize from research they did in grad school? Not many, I can tell you that much. And she’s your second choice for the science expert?”

			“She’s the most talented DNA splicing specialist alive. But DuBois has strength in a huge variety of fields, and that’s more important. We don’t know what they’re going to encounter out there. We need someone with a broad knowledge base.”

			“Amazing people,” I said. “Best of the best.”

			“I’m glad you’re impressed. Because you’ll be training DuBois and Shapiro.”

			“Me?” I asked. “I don’t know how to train astronauts!”

			
			“NASA and Roscosmos will teach them the astronaut stuff,” she said. “You’re going to teach them science stuff.”

			“Are you kidding? They’re way smarter than me. What would I teach them?”

			“Don’t sell yourself short,” said Stratt. “You’re the world’s leading expert on Astrophage biology. You’re going to impart every single thing you know about it to both of them. Here comes the prime crew.”

			Yáo, Ilyukhina, and DuBois walked over to Stratt.

			Yáo bowed. He spoke with a very slight accent, but otherwise perfect English. “Ms. Stratt. It is an honor to finally meet you. Please accept my deepest gratitude for selecting me as the commander for this critical mission.”

			“Nice to meet you too,” she said. “You were the most qualified. No thanks required.”

			“Hello!” Ilyukhina lunged forward and hugged Stratt. “I’m here to die for Earth! Pretty awesome, yes?!”

			I leaned to Dimitri. “Are all Russians crazy?”

			“Yes,” he said with a smile. “It is the only way to be Russian and happy at the same time.”

			“That’s…dark.”

			“That’s Russian!”

			DuBois shook Stratt’s hand and spoke so softly as to be almost inaudible. “Ms. Stratt. Thank you for this opportunity. I won’t let you down.”

			I and the other science leads all shook hands with the three astronauts. It was a disorganized affair, more like a cocktail mixer than a formal meeting.

			In the middle of it all, DuBois turned to me. “I believe you’re Ryland Grace?”

			“Yeah,” I said. “It’s an honor to meet you. What you’re doing is just…I can’t even comprehend the sacrifice you’re making. Or should I not talk about it? I don’t know. Maybe we don’t talk about it?”

			
			He smiled. “It’s on my mind quite often. We don’t have to avoid the subject. Besides, you and I are birds of a feather, it would seem.”

			I shrugged. “I guess so. I mean, you’re way more advanced than I am, but I do love cellular biology.”

			“Well, yes, that too,” he said. “But I was talking about coma resistance. I hear you have the coma-resistance markers, just like me and the rest of the crew.”

			“I do?”

			He raised his eyebrow. “They didn’t tell you?”

			“No!” I shot a look over to Stratt. She was busy talking to Embezzler Bob and Commander Yáo. “First I’m hearing of it.”

			“That’s odd,” he said.

			“Why wouldn’t she tell me?”

			“You’re asking the wrong person, Dr. Grace. But my guess is they only told Stratt and she only told people who needed to know.”

			“It’s my DNA,” I grumbled. “Someone should have told me.”

			DuBois deftly changed the subject. “In any event: I am looking forward to learning all about the Astrophage life-cycle. Dr. Shapiro—my counterpart on the backup crew—is also very excited. We shall be a classroom of two, I suppose. Do you have any experience teaching?”

			“Actually, yes,” I said. “A lot.”

			“Excellent.”

			

			—

			I’m all smiles. It’s been three days since I found out I won’t die and I’m still all smiles.

			Well, actually, I could still easily die. The trip home is long and dangerous. Just because I survived my coma on the way here, that doesn’t mean I’ll survive it on the way home. Maybe I can stay awake and just eat the feeding-tube slurry when my normal food runs out? I can do four years all alone, right? We were in comas to keep from killing one another. But solitary confinement is a whole different set of psychological damage. I should read up on it.

			
			But not now. Right now I have to save Earth. My own survival is a problem for later. But it’s a problem, not a hopeless guarantee of death.

			The light on the Centrifuge screen blinks green.

			“Gravity at full,” I say with a smile.

			We were back in zero g for a short time, but now I have the centrifuge going again. I had to “spin down” because I needed to use the engines. We can’t have centrifugal gravity and propulsion at the same time. Just imagine firing up the spin drives while the ship is in two pieces connected by a hundred meters of cable. It’s not a pleasant thought.

			During the decades (gasp!) that Rocky’s been here, he surveyed the system very well. He gave me all the information he’d accumulated. He cataloged six planets, noted their size, mass, positions, orbital characteristics, and general atmospheric makeup. He didn’t have to travel around to do it. He just did astronomical observations from the Blip-A. Turns out Eridians are as curious about things as humans are.

			And it’s a good thing too. This isn’t Star Trek. I can’t just flip on a scanner and get all that information about a star system. It took Rocky months of observations to get things at this level of detail.

			And more important, Rocky knows all about the local Petrova line. As expected, it goes to one specific planet—probably the one that has the most carbon dioxide. In this case, it’s the third planet from the star, “Tau Ceti e.” At least, that’s what Earth calls it.

			So that’ll be our first stop.

			Sure, we could fly the Hail Mary through any part of the Petrova line and get some Astrophage that way. But we’d only intersect the line for a few seconds. A solar system is not a static thing. We have to keep moving at least fast enough to maintain orbit around the star.

			But Tau Ceti e is a nice, big planet in the widest part of the Petrova line. We can park the Hail Mary in orbit and be immersed in local Astrophage for half of every orbit. And we can stay there as long as we want, getting as much data as we need to about the Astrophage here and the dynamics of the Petrova line itself.

			
			So we’re on our way to the mysterious planet.

			I can’t just ask Mr. Sulu to plot a course. I spent two days doing math, checking my work, and rechecking my work before I figured out the exact angle and thrust to apply.

			Sure, I have 20,000 kilograms of Astrophage left. And yes, that’s quite a lot of fuel considering I can get 1.5 g’s by spending 6 grams per second. And yes, Rocky’s ship apparently has scads of Astrophage (I still don’t understand how he has so much extra fuel). But I’m conserving fuel anyway.

			I got us going a good head of steam and we’re on course for Tau Ceti e. I’ll do the orbital-insertion burn in about eleven days. While we wait, we may as well have gravity. So we’re back to centrifuge mode.

			Eleven days. Truly astonishing. The total distance we’ll be traveling to get there is over 150 million kilometers. That’s about the same as the distance from Earth to the sun. And we’re doing it in eleven days. How? By having an absurd velocity.

			I did three hours of thrust to get us going, and I’ll do another three when we get to Tau Ceti e to slow down. Right now, we’re cruising along at 162 kilometers per second. It’s just ridiculous. If you left Earth at that speed, you’d get to the moon in forty minutes.

			This entire maneuver, including the burn I’ll have to do to slow down at the end, will consume 130 kilograms of fuel.

			Astrophage. Crazy stuff.

			Rocky stands in a bulb of clear xenonite in the floor of the control room.

			“Boring name,” Rocky says.

			“What? What name is boring?” I ask.

			He’d spent days building up the Eridian Zone throughout the ship. He even installed his own new tunnels from deck to deck. It’s like having giant hamster Habitrails running everywhere.

			He shifts his weight from one handhold to another. “Tau Ceti e. Boring name.”

			“Then give it a name.”

			
			“Me name? No. You name.”

			“You were here first.” I unclip my seatbelts and stretch out. “You identified it. You plotted its orbit and location. You name it.”

			“This is you ship. You name.”

			I shake my head. “Earth-culture rule. If you’re at a place first, you get to name everything you discover there.”

			He thinks it over.

			Xenonite is truly amazing. Just a centimeter of transparent material separates my one-fifth atmosphere of oxygen pressure from Rocky’s 29 atmospheres of ammonia. Not to mention my 20 degrees Celsius from Rocky’s 210 degrees Celsius.

			He’s taken over more of some rooms than others. The dormitory is almost entirely his domain now. I insisted he move all his crap into his compartment, so we agreed he could have most of the space in there.

			He also put a large airlock in the dormitory. He based it on the size of the Hail Mary’s airlock on the assumption that anything important in the ship would likely be small enough to fit through that. I can’t ever go into his zone. My EVA suit would never stand up to his environment. I’d get squished like a grape. The airlock is really so we can pass items back and forth.

			The lab is mostly mine. He has a tunnel leading up the side and another teeing off to run along the ceiling and ultimately through the ceiling into the control room. He can observe any of the scientific stuff I do. But in the end, Earth equipment wouldn’t work in his environment, so it has to be in mine.

			As for the control room…it’s tight. Rocky put the xenonite bulb in the floor next to the hatchway. He really did try to keep the intrusion to a minimum. He assures me the holes he added to my bulkheads won’t affect the ship’s structural integrity.

			“Okay,” he finally says. “Name is ♫♩♪♫.”

			I don’t need the frequency analyzer anymore. That was an A-below-middle-C major fifth, followed by an E-flat octave, and then a G-minor seventh. I enter it into my spreadsheet. Though I don’t know why. I haven’t had to look at that thing in days. “What does it mean?”

			
			“It is name of my mate.”

			I widen my eyes. That little devil! He never told me he had a mate! I guess Eridians don’t kiss and tell.

			We’d covered some biological basics during our travels. I explained how humans make more humans, and he told me where baby Eridians come from. They’re hermaphrodites and they reproduce by laying eggs next to each other. Stuff happens between the eggs and one of them absorbs the other, leaving one viable egg that will hatch in one Eridian year—forty-two Earth days.

			Laying eggs together is, basically, the Eridian equivalent of sex. And they mate for life. But this is the first I’ve heard of Rocky doing it.

			“You have a mate?”

			“Unknown,” Rocky says. “Mate possibly has new mate. I gone a long time.”

			“Sad,” I say.

			“Yes, sad. But necessary. Must save Erid. You pick human word for ♫♩♪♫.”

			Proper nouns are a headache. If you’re learning German from a guy named Hans, you just call him Hans. But I literally can’t make the noises Rocky makes and vice versa. So when one of us tells the other about a name, the other one has to pick or invent a word to represent that name in their own language. Rocky’s actual name is a sequence of notes—he told it to me once but it has no meaning in his language, so I stuck with “Rocky.”

			But my name is actually an English word. So Rocky just calls me the Eridian word for “grace.”

			Anyway, now I have to come up with an English word that means “Rocky’s spouse.”

			“Adrian,” I say. Why not? “Human word is ‘Adrian.’ ”

			“Understand,” he says. He heads down his tunnel into the lab.

			I put my hands on my hips and crane my neck to watch him leave. “Where are you going?”

			“Eat.”

			
			“Eat?! Wait!”

			I’ve never seen him eat. I’ve never even seen an orifice other than the radiator vents on top of his carapace. How does he get food in? For that matter, how does he lay eggs? He’s been pretty cagey about it. He ate in his ship when we were connected. And I think he snuck a few meals here and there while I slept.

			I scamper down the ladder into the lab. He’s already halfway down his vertical tunnel, climbing the many handholds. I keep up, climbing my own ladder. “Hey, I want to watch!”

			Rocky reaches the lab’s floor and pauses. “Is private. I sleep after eat. You watch me sleep, question?”

			“I want to watch you eat!”

			“Why, question?”

			“Science,” I say.

			Rocky shifts his carapace left and right a few times. Eridian body language for mild annoyance. “Is biological. Is gross.”

			“Science.”

			He wiggles his carapace again. “Okay. You watch.” He continues downward.

			“Yes!” I follow him down.

			I squeeze into my little area of the dormitory. All I have these days is my bed, the toilet, and the robot arms.

			To be fair, he doesn’t have much room either. He has most of the volume, but it’s laden with all his junk. Plus, he made an ad-hoc workshop in there and a life-support system out of parts from his ship.

			He opens one of his many soft-sided bags and pulls out a sealed package. He tears it open with his claws and there are various shapes I can’t identify. Mostly rocky material like his carapace. He sets about tearing them apart into smaller and smaller pieces with his claws.

			“That’s your food?” I ask.

			“Social discomfort,” he says. “No talk.”

			“Sorry.”

			I guess eating for them is something gross that is to be done in private.

			
			He tears the rocky chunks off the food and exposes meat underneath. It’s definitely meat—it looks just like Earth meat. Considering we are almost certainly descended from the same basic building blocks of life, I bet we use the same proteins and have the same general solutions to various evolutionary challenges.

			Once again I’m struck by melancholy. I want to spend the rest of my life studying Eridian biology! But I have to save humanity first. Stupid humanity. Getting in the way of my hobbies.

			He pulls all of the rocky chunks off the meat and sets that aside. Then he tears the meat up into small chunks. At all times, he keeps the food on the packaging it came in. It never touches the floor. I wouldn’t want my food touching the floor either.

			After a while, he has shredded the edible parts of his meal down as far as his hands can do it. Far more than any human would with their food.

			Then he steps over to the other side of his compartment, leaving his food where it was. He pulls a flat, cylindrical container from a sealed box and places it under his thorax.

			Then things…get gross. He did warn me. I can’t complain.

			The rocky armor on his abdomen splits and I see something fleshy rip open underneath. A few drops of shiny silver liquid dribbles out. Blood?

			Then a gray blob plops out of his body into the pan. It lands with a damp-sounding splat.

			He seals the pan and puts it back in the box it came from.

			He returns to the food and flips over onto his back. The gaping abdominal hole is still open. I can see inside. There’s soft-looking flesh in there.

			He reaches over with a few of his hands and grabs some choice morsels of food. He brings them to his opening and drops them in. He repeats this process, slowly and methodically, until all the food is in his…mouth? Stomach?

			There is no chewing. There are no teeth. As far as I can tell, there are no moving parts inside.

			
			He finishes the last of his meal, then lets his arms fall limp. He lies spread-eagle on the floor, immobile.

			I resist the urge to ask if he’s okay. I mean, he looks dead. But this is probably just how Eridians eat. And poop. Yeah. I’m guessing that blob that came out earlier was what’s left of his previous meal. He’s a monostome—that is, the waste comes out the same opening that food goes into.

			The opening in his abdomen closes slowly. A scab-like material forms where the break in the skin was. But I don’t see it for long. The rocky abdominal covering folds back into place shortly thereafter.

			“I…sleep…” he slurred. “You…watch…question?”

			A food coma for Rocky is no small thing. This doesn’t look voluntary at all. This is a biologically enforced post-meal siesta.

			“Yes, I watch. Sleep.”

			“Sle…ee…p…” he mumbles. Then he conks out, still belly-up on the floor.

			His breathing speeds up. It always does when he first falls asleep. His body has to dump all the heat in the hot circulatory system.

			After a few minutes, he stops panting. Now I know he’s well and truly asleep. Once he gets past the panting phase, I’ve never seen him wake back up in less than two hours. I can sneak off to do my own thing. In this case, I’ll write down everything I just saw about his digestive cycle.

			
				Step 1: Subject defecates from mouth.

			

			“Yup,” I say to myself. “That was pretty freaking gross.”
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			I leap from the stool, but I don’t have a plan.

			“Okay, don’t panic,” I tell myself. “Think clearly. Then act.”

			The BOCOA is still hot. That means there’s a lot of living Astrophage still in there. I caught it early. That’s good. Not because of the BOCOA—it’s toast. I’ll never be able to sort out the Taumoeba from the Astrophage in there. But it means that however the heck the Taumoeba got in there, this is very recent and hopefully hasn’t reached the ship’s fuel.

			Yes. That’s priority number one. Don’t let Taumoeba into the fuel bays. Last time they got in was because of various microscopic leaks in the system. But it had to have gotten there from the crew compartments where I had brought it aboard. There isn’t much overlap between the fuel system and the crew compartment. There’s just one place that’s the likely culprit for transfer.

			Life support.

			If the ship is too cold, it runs air across coils filled with Astrophage to warm it up. A breach in one of those coils would do it. Lucky for me I’ve had a big pile of 96°C Astrophage in the lab keeping the crew compartment so warm the ship has to use the air-conditioning system.

			Okay, now I have a plan.

			
			I scamper up the ladder to the control room. I bring up the Life Support panel and look at the logs. As I suspected, the heater hasn’t been turned on in over a month. I deactivate the heater entirely. It shows as disabled, but I don’t trust it.

			I go to the primary breaker box. It’s under the pilot’s seat. I find the breaker for the heating system and flick it off.

			“Okay,” I say.

			I get back in the seat and check the Fuel panel. The fuel bays all seem to be in good shape. The temperature is correct. It wouldn’t take long for Taumoeba to run wild and eat everything in a fuel bay—I know that for darn certain. If they were affected, they’d be colder than that.

			I bring up the spin-drive controls and shut the engines off. The floor drops out from under me as I return to weightlessness. I probably don’t need to shut them off, but for now I don’t want the fuel doing anything. If there’s Taumoeba in a fuel line, I want it to stay there, not get pumped all over the ship.

			“Okay…” I say again. “Okay…”

			More thinking.

			How did it get loose? I sterilized every part of this ship with nitrogen before getting a gram of Astrophage from Rocky. The only Taumoeba aboard are in the sealed mini-farms on the beetles and the sealed, xenonite breeder tanks.

			No. No time for science questions. I can speculate on the cause later. Right now I have an engineering problem. I wish Rocky were here.

			I always wish Rocky were here.

			“Nitrogen,” I say.

			I don’t know how the Taumoeba got out, but I need them dead. Taumoeba-82.5 can handle 8.25 percent nitrogen at 0.02 atmospheres. Maybe a little higher. But it definitely can’t handle 100 percent nitrogen at the crew compartment’s 0.33 atmospheres. That works out to be two hundred times its lethal dose of nitrogen.

			I float to the breaker box and shut off everything related to life support. Immediately, the emergency alarm sounds and red lights turn on. I kick across the control room to the emergency system’s breaker box and shut those all off as well.

			
			The master alarm is annoying, so I silence it on the main interface panel.

			I fly down to the lab and throw open my gas cylinder supply cupboard. I have about 10 kilograms of nitrogen gas in a single canister. Again, I owe my life to DuBois’s preferred method of suicide.

			I don’t remember all the details about the life-support system, but I know it has manual overpressure valves. The ship simply will not allow more than 0.33 atmospheres. If all else fails (which it will, because I shut the emergency systems down), it’ll vent excess pressure into space.

			I can’t just release the nitrogen and hope for the best. I want to get rid of the existing oxygen first. I’m through messing around with this stuff. I want 100 percent nitrogen in here. I want to make this ship so utterly toxic to Taumoeba that it has no chance of survival. Even if it’s hiding under some goop somewhere—I want the nitrogen to suffuse through it. Nitrogen everywhere. Everywhere!

			I grab the nitrogen cylinder, kick off the floor, and float back up to the control room. I throw open the airlock inner door and get into the Orlan suit faster than I ever have in the past. I boot everything up and don’t even bother with the self-check. No time.

			I leave the inner airlock door open and turn the manual emergency valve on the outer door. The ship’s air hisses away into space. The primary and emergency life-support systems are powered down. They are unable to replace the lost gas.

			Now I wait.

			

			—

			It takes a surprisingly long time for a ship to lose all its air. In movies, if there’s a little breach everyone dies immediately. Or the muscular hero guy plugs the hole with his biceps or something. But in real life, air just doesn’t move that fast.

			
			The emergency valve on the airlock is 4 centimeters across. Seems like a pretty big hole to have in your spaceship, right?

			It took twenty minutes for the ship’s air pressure to drop to 10 percent of its original value. And it’s dropping very slowly now. I think it’s a logarithmic function. So in the middle of this emergency, I just have to stand here with my tank in my hand.

			“Okay. Ten percent is close enough,” I say. I close the airlock emergency valve to reseal the ship. Then I open the nitrogen tank.

			So now, instead of listening to a hiss from the airlock, I listen to a hiss from the nitrogen tank.

			Not much difference there.

			Again. It’s a bit of a wait. But not as long this time. Probably because the pressure inside that nitrogen tank was a lot higher than the pressure in the ship. Whatever. Point is, in short order the ship is back to 0.33 atmospheres of pressure. But it’s almost entirely nitrogen.

			Funny thing—I’d be perfectly comfortable if I took this EVA suit off. I’d breathe without any problems. Right up until I died. There’s nowhere near enough oxygen for me to survive.

			I want that nitrogen to permeate everything it can. I want it to get into every crevice. Wherever Taumoeba are lurking, I want them found and killed. Go forth, my N2 minions, and cause destruction!

			I head down to the lab and check out the BOCOA. I left in such a hurry I forgot to seal the vat. Fortunately, Astrophage is gunky stuff. Surface tension and inertia kept it inside. I close the lid and bring it up to the airlock. I jettison the whole thing.

			I probably could have saved the surviving Astrophage in the vat. I could have bubbled nitrogen through the sludge to make sure it gets at all the little Taumoeba lurking inside. But why take the chance? I have over 2 million kilograms of Astrophage. There’s no point in risking the whole mission just to save a few hundred.

			I wait three hours. Then I flick the breakers back on. After a period of initial panic, the life-support system gets the air back to normal thanks to the ship’s copious oxygen reserves.

			I have to isolate every source of Taumoeba on this ship. Preferably before the life-support system finishes pumping out the nitrogen. Why not do it before getting back to normal air? Because it’ll be a lot easier and faster without wearing the EVA suit. I need my hands to do this, not my hands inside bulky gloves.

			
			I climb out of the Orlan and fly down to the lab, the nitrogen cylinder in hand.

			First up: the breeder farms.

			I put each of the ten farms in large plastic bins. I install a little valve on each bin (epoxy can do anything), and pump in nitrogen. If any of the farms have a leak, the nitrogen will get in and kill everything. Any farm that’s behaving properly—keeping airtight—won’t have any problems.

			The bins are airtight to begin with, but I seal them with duct tape anyway, and I deliberately overpressurize them by just a little bit. The sides and tops bulge out. Now if any of the farms leak, it’ll be visually apparent because the bulging will disappear.

			Next up: the beetles and their mini-farms.

			John and Paul already have their mini-farms installed. I put them in isolation bins just like I did with the breeder farms. I was working on Ringo when the poop hit the fan, so that mini-farm and the one intended for George are still uninstalled. I put the pair together in another isolation bin.

			I tape everything to the walls. I don’t want any of the bins to float around. They might bump into something sharp.

			The lab is a shambles. I was halfway through disassembling Ringo when I shut off the spin drives. Tools, beetle parts, and all manner of other junk floats around the room. I’ll have to clean all that up without the aid of gravity before I can even take a break.

			“Well, this sucks,” I mumble.

		

	
		
		
			
			
				[image: Chapter 21]

			

			“We can do this in private,” I said. “I can meet with you one at a time.”

			The three astronauts sat on a couch in front of me. I’d commandeered the breakroom and locked the door for this meeting. Yáo sat in the center, looking stern as always. DuBois was to his left, his back arched to provide perfect posture. Ilyukhina slouched to Yáo’s left, sipping a beer.

			“No need for individual meetings,” said Yáo. “There’s no room on this mission for secrets.”

			I shifted in my chair. Why did Stratt send me to do this job? I’m not a people person and I don’t know how to approach delicate matters. She said something about the crew liking me more than anyone else. Why? Maybe I just seemed friendly and pleasant because I was usually standing next to Stratt.

			In any event, launch was just a month away and I had to get this information.

			“Okay,” I said. “Who wants to go first?”

			DuBois raised his hand. “I can start if that’s amenable to everyone.”

			“Sure.” I did a quick test-scribble with my pen. “So…how would you like to die?”

			
			Yeah. Awkward topic. But one that had to be covered. These three were going to give their lives just so the rest of us could have a fighting chance. The least we could do was help them die on their own terms.

			DuBois handed me a crisp piece of paper. “I’ve detailed my request in this document. I believe you’ll find everything in order.”

			I took the paper. There were bullet points, charts, and some references at the bottom. “What am I looking at here?”

			DuBois pointed somewhere at the middle of the page. “I would like to die by nitrogen asphyxiation. All my research shows it is among the least painful ways to die.”

			I nodded and took some notes.

			“That paper includes a list of the equipment I will need to ensure my death. It’s well within my personal-item mass allowance.”

			I furrowed my brow, mostly to hide the fact that I had no idea what to say.

			He folded his hands on his lap. “It’s a simple matter of a nitrogen tank and a universal connector to the EVA suit. I can wear the suit and have it pump in nitrogen instead of oxygen. The suffocation reflex comes from excess carbon dioxide in the lungs, not lack of oxygen. The suit’s systems will continuously remove the carbon dioxide that I exhale, leaving only nitrogen behind. I will simply get tired and perhaps a bit lightheaded. Then I will lose consciousness.”

			“All right.” I tried to remain professional. “How about if the EVA suit isn’t available?”

			“Subsection four details the backup plan. If I cannot use the EVA suit, I will use the ship’s airlock. The volume of the airlock will be sufficient to ensure the carbon-dioxide buildup isn’t unpleasant.”

			“Okay.” I wrote a few more notes down. Though I hardly had to. His paper was very thorough. “We’ll make sure there’s a tank with plenty of nitrogen, and a backup tank as well just in case the first one leaks.”

			“Excellent. Thank you.”

			I set the paper aside. “Ilyukhina? How about you?”

			
			She set her beer down. “I want heroin.”

			Everyone looked at her. Even Yáo blanched a little.

			“Sorry, what?” I said.

			“Heroin.” She shrugged. “I have been good girl all my life. No drugs. Limited sex. I want to experience massive pleasure before I die. People die from heroin all the time. Must be very nice.”

			I rubbed my temples. “You want to die…from a heroin overdose?”

			“Not immediately,” she said. “I want to enjoy. Start with normal effective dose. Get high. Addicts all agree first few uses are best. Then downhill from there. I want to feel those first few doses. Then overdose when time is right.”

			“I guess…we can do that,” I said. “Death by overdose can be really unpleasant, though.”

			She waved the concern away. “Have doctors work out best dose schedule for me. Correct amount to maximize pleasantness on earlier doses. Then lethal dose can have other drugs inside to make sure I die without pain.”

			I wrote down her request. “Okay. Heroin. I don’t know where we’ll get it, but we’ll work it out.”

			“You have entire world working for you,” she said. “Get pharma company to make me heroin. Cannot be hard.”

			“Right. I’m sure Stratt can make a call or something.”

			I sighed. Two down, one to go. “All right. Commander Yáo? How about you?”

			“I want a gun, please,” he said. “A Type-92 handgun. Standard Chinese military-issue. Store the ammunition in a dry, sealed plastic container for the trip.”

			At least that made some sense. Quick and painless. “A gun. Got it. That’s easy enough.”

			He looked back and forth to his crewmates. “I will be the last to die. If anything goes wrong with either of your methods, I will be on-hand with the weapon. Just in case.”

			“Very considerate,” said DuBois. “Thank you.”

			
			“Don’t shoot me if I look like I’m having a good time,” Ilyukhina said.

			“Understood,” said Yáo. He turned back to me. “Will that be all?”

			“Yeah,” I said, already standing. “This has been very awkward, thanks. I’m going to…go be somewhere else now.”

			

			—

			I writhe in my bed. The burns on my arm hurt more than ever. The painkillers barely do anything. I’m beginning to wonder if I can find Ilyukhina’s heroin.

			I won’t, I won’t. But I definitely would if this were still a suicide mission.

			Focus on that. This is no longer a suicide mission. If I play my cards right, I save the world and go home.

			The pain subsides somewhat. It comes and goes. When I get a chance, I’ll take a look at whatever books I have on burns. I’d at least like to know when it’ll stop hurting.

			Tap.

			“Huh?” I mumble.

			Tap.

			I look at the source of the noise. It’s Rocky tapping on the airlock wall.

			“Rocky!” I fall out of my bunk and roll onto my right side before landing. I scrabble along the floor to the airlock wall. “Rocky, buddy! Are you okay?!”

			I hear a low thrum from within him.

			“I don’t understand. Speak louder.”

			“Sick…” he mumbles.

			“Yeah, you’re sick. You came into my air. Of course you’re sick! You almost died!”

			He tries to lift himself from the floor, then slumps back down. “How I return here, question?”

			“I moved you.”

			
			He taps the ground with a claw, annoyed. “You touch me air, question?”

			“A little, yeah.”

			He points to my left arm. “Skin on arm is not smooth. Damage, question?”

			I guess he can see right through the bandages with his sonar. Must be pretty ugly under there. I kind of figured that would be the case, but now I know. “Yeah. But I’ll be fine.”

			“You damage self to save me. Thank.”

			“You did the same thing. Is your radiator organ okay? You were on fire and got full of soot and oxides.”

			“It healing.” He points to the soot all along the wall and floor. “This come from inside me, question?”

			“Yes.”

			“How it leave me, question?”

			I preen a little. Why shouldn’t I? It was no easy task and I got it done. I point to the now-triply-covered steel box on the airlock wall. “I made a device to blow air at you. I aimed at your radiator vents and all that nasty stuff came out.”

			He’s quiet for a moment. Then, still a little wobbly, he says, “How long was that stuff inside me, question?”

			I run through the day in my mind. “About…two days.”

			“You almost kill me.”

			“What?! How?! I blew all the soot out of your radiator!”

			He shifts his weight a little. “Black substance is not soot. My body make this. It cover damage while body repairs.”

			“Oh…” I say. “Oh no…”

			I didn’t blow soot out of his radiator. I blew the scabs off his wounds! “I’m so sorry! I was trying to help.”

			“Is okay. If you did earlier I die. But I heal enough before you do it. Removing help a little. Thank.”

			I put my head in my hands. “Sorry,” I say again.

			“No say sorry. You save me when you put me here. Thank thank thank.” He tries to stand again, but only rises for a second before collapsing. “I am weak. I will heal.”

			
			I step back and sit on my bunk. “Would you be more comfortable in zero g? I can turn off the centrifuge.”

			“No. Gravity help heal.” He adjusts his legs into sort of a bed for his carapace to rest on. Probably a comfortable sleeping pose. “Sample container is safe, question?”

			“Yes. It’s in the lab now. I made an Adrian environment in a sealed container and put some Astrophage in along with the sample container. I’ll see how it’s doing in a bit.”

			“Good,” he says. “Human light sense very useful.”

			“Thanks,” I say. “But my human brain wasn’t as useful. I don’t have a way to get the sample out of the container.”

			He tilts his carapace slightly. “You seal sample and can no access sample, question?”

			“Yes.”

			“Usually you not stupid. Why stupid, question?”

			“Humans are stupid when we need sleep. And when we take medicine to stop pain. I’m tired and drugged right now.”

			“You should sleep.”

			I stand up. “I will in a bit. But first I have to stabilize our orbit. Our apogee and perigee are…well, it’s not a good orbit.”

			“Adjust orbit while stupid. Good plan.”

			I snicker. “New word: ‘sarcasm.’ You say opposite of true meaning to make point. Sarcasm.”

			He chimes the word for “sarcasm” in his language.

			

			—

			Between exhaustion and drugs, I sleep like a baby. I wake up feeling a million times better, but my burns feel a million times worse. I look at the bandages. They’re new.

			Rocky is at his workbench, tinkering with his tools. He’s cleaned up his area. It looks good as new. “You are awake, question?”

			“Yeah,” I say. “How are you feeling? Are you healing?”

			He wiggles a claw. “Much more heal needed. But some heal complete. Cannot move much.”

			
			I plop my head back on the pillow. “Same.”

			“Robot arms do things to you arm while you sleep.”

			I point to the bandages. “It changed the cloth. It’s important for human healing to change the cloth.”

			He pokes at his latest invention with various tools.

			“What’s that?”

			“I go to lab to see device that store Adrian life. I made device now to collect sample from inside and not let you air in.” He holds up a large box. “Put you vacuum chamber in this. Close this. This make Adrian air inside.”

			He opens the top and points to a couple of hinged rods. “Control these from outside. Gather sample. Seal you device. Open my device. Have sample. Do human science with sample.”

			“Smart,” I say. “Thanks.”

			He gets back to work.

			I lie in my bunk. There are a bunch of things I want to do, but I need to take it slow. I can’t risk another “stupid day” like yesterday. I almost ruined the sample and killed Rocky. I’m smart enough now to know I’m stupid. That’s progress.

			“Computer: coffee!”

			After a minute, the arms hand me a cup of java.

			“Hey,” I say, sipping my coffee. “How come you and I hear the same sounds?”

			He keeps working on the armatures inside his device. “Useful trait. Both evolve. Not surprising.”

			“Yeah, but why the same frequencies? Why don’t you hear much higher frequencies than I can? Or much lower?”

			“I do hear much higher frequency and much lower frequency.”

			Didn’t know that. But I should have figured that was the case. It’s an Eridian’s primary sensory input. Of course he’ll have a wider range than I do. That still leaves one unanswered question, though.

			“Okay, but why is there overlap? Why don’t you and I hear completely different frequency ranges?”

			He puts the tool in one of his hands down, which leaves two hands still plugging away on his device. With the newly free hand, he scrapes his workbench. “You hear this, question?”

			
			“Yes.”

			“That is sound of predator approaching you. That is sound of prey running away. Sound of object touching object very important. Evolve to hear.”

			“Ah! Yes.”

			It’s obvious now that he points it out. Voices, instruments, birdcalls, whatever—they can all be wildly different sounds. But the sound of objects colliding isn’t going to have much variance from planet to planet. If I bang two rocks together on Earth, they’re going to make the same noise as if I bang them together on Erid. So we’re all selected-for by being able to hear it.

			“Better question,” he says. “Why we think same speed, question?”

			I shift over to lie on my side. “We don’t think at the same speed. You do math way faster than I can. And you can remember things perfectly. Humans can’t do that. Eridians are smarter.”

			He grabs a new tool with his free hand and gets back to tinkering. “Math is not thinking. Math is procedure. Memory is not thinking. Memory is storage. Thinking is thinking. Problem, solution. You and me think same speed. Why, question?”

			“Hmm.”

			I ponder it for a while. It’s a really good question. How come Rocky isn’t a thousand times smarter than me? Or a thousand times dumber?

			“Well…I have a theory for why we’re about the same intelligence. Maybe.”

			“Explain.”

			“Intelligence evolves to gives us an advantage over the other animals on our planet. But evolution is lazy. Once a problem is solved, the trait stops evolving. So you and me, we’re both just intelligent enough to be smarter than our planet’s other animals.”

			“We are much much smarter than animals.”

			“We’re as smart as evolution made us. So we’re the minimum intelligence needed to ensure we can dominate our planets.”

			
			He thinks it over. “I accept this. Still not explain why Earth intelligence evolve same level as Erid intelligence.”

			“Our intelligence is based on the animals’ intelligences. So what is animal intelligence based on? How smart do animals have to be?”

			“Smart enough to identify threat or prey in time to act.”

			“Yes, exactly!” I say. “But how long is that time? How long does an animal have to react? How long will the threat or prey take to kill the animal or escape? I think it’s based on gravity.”

			“Gravity, question?” He sets the device down entirely. I’ve got his undivided attention.

			“Yeah! Think about it. Gravity is what determines how fast an animal can run. Higher gravity, more time spent in contact with the ground. Faster movement. I think animal intelligence, ultimately, has to be faster than gravity.”

			“Interesting theory,” Rocky says. “But Erid have double Earth gravity. You and I same intelligence.”

			I sit up on my bed. “I bet our gravities are so close to the same, astronomically, that the intelligence needed is almost the same. If we met a creature from a planet with one one-hundredth of Earth’s gravity, I bet it would seem pretty stupid to us.”

			“Possible,” he says. He gets back to work on his gadget. “Another similarity: You and me both willing to die for our people. Why, question? Evolution hate death.”

			“It’s good for the species,” I say. “A self-sacrifice instinct makes the species as a whole more likely to continue.”

			“Not all Eridians willing to die for others.”

			I chuckle. “Not all humans either.”

			“You and me are good people,” Rocky says.

			“Yeah.” I smile. “I suppose we are.”

			

			—

			Nine days until launch.

			I paced around my room. It was pretty bare, but I didn’t mind. The portable unit was a small mobile home complete with a kitchenette. Better than most people got. The Russians had their hands full erecting dozens of temporary shelters a few miles from Baikonur Cosmodrome. But then, I guess we all had our hands full lately.

			
			Anyway, I’d barely used my bed since we’d arrived. There just always seemed to be some new issue or problem. Nothing major. Just…issues.

			The Hail Mary was complete. Over 2 million kilograms of spacecraft and fuel in a nice, stable orbit—four times the mass of the International Space Station, and put together in one-twentieth the time. The press used to keep track of the total cost, but around the $10 trillion mark, they gave up. It just didn’t matter. It wasn’t about efficient use of resources anymore. It was Earth versus Astrophage, and no price was too high.

			ESA astronauts had been on the ship for the past few weeks, putting it through its paces. The test crew reported about five hundred problems that we’d been mopping up for the past few weeks. None of them were showstoppers.

			This was happening. The Hail Mary was going to launch in nine days.

			I sat at the table that served as my desk and shuffled through papers. I signed off on some and set others aside for Stratt to look at tomorrow. How did I end up an administrator? We all had to accept changes to our lives, I guess. If this was my part to play, then so be it.

			I set the papers down and looked out the window. The Kazakhstani steppes were flat and featureless. People generally don’t build launch facilities next to anything important. For obvious reasons.

			I missed my kids.

			Dozens of them. Hundreds, really, over the course of a school year.

			They didn’t swear at me or wake me up in the middle of the night. Their squabbles were usually resolved within a few minutes, either by a teacher-enforced handshake or detention. And, somewhat selfish, but here it is: They looked up to me. I missed being that respected.

			I sighed.

			My kids would have a rough time even if the mission worked. It would take thirteen years for the Hail Mary to get to Tau Ceti, and (presuming the crew found an answer to our problems) another thirteen years for the beetles to get back to us. That’s over a quarter century before we would even know what to do. My kids wouldn’t be kids anymore when it was over.

			
			“Onward,” I mumbled, and grabbed the next problem report. Why was it on paper instead of just an email? Because Russians do things a certain way and it’s easier to work with them than to complain about it.

			The report was from the ESA crew about anomalies in Slurry Pump Fourteen of the medical feeding transport system. Pump Fourteen was only part of the tertiary system and it was still 95 percent effective. But there was no reason to put up with that. We still had 83 kilograms of unclaimed launch mass. I made a note to include a spare slurry pump—it was only 250 grams. The crew could install it before leaving orbit.

			I set the paper aside and saw a brief flash out my window. Probably a jeep driving on the dirt road that led to the temporary shelters. I got headlights through my window from time to time. I ignored it.

			The next paper in my stack was all about potential ballast issues. The Hail Mary kept its center of mass along its long axis by pumping Astrophage around as needed. But we still wanted to keep things as balanced as possible anyway. The ESA crew had rearranged several supply bags in the storage compartment to more adequately balance—

			The window shattered as a deafening explosion shook the room. Glass shards nicked my face as a shockwave knocked me clean out of my chair.

			After that: silence.

			And then: sirens in the distance.

			I got to my knees, and then to my feet. I opened and closed my mouth a few times to pop my ears.

			I stumbled to the door and opened it. The first thing I noticed was that the small triplet of steps that once led to my door were several feet away. Then I saw the freshly disturbed earth between the steps and my door and I understood what happened.

			
			The steps are anchored into the ground with four-by-fours sunk deep like fence posts. My portable has no such support.

			My whole house moved and the stairs stayed put.

			“Grace?! Are you okay?!” It was Stratt’s voice. Her portable was next to mine.

			“Yeah!” I say. “What the heck was that?!”

			“I don’t know,” she said. “Hang on.”

			Shortly after, I saw the bobbing of a flashlight. She came to me, wearing a bathrobe and boots. She was already on her walkie-talkie. “Eto Stratt. Chto sluchylos’?” she demanded.

			“Vzryv v issledovatel’skom tsentre,” came the reply.

			“The research center blew up,” she said.

			Baikonur was a launch facility, but they did have some research buildings. They weren’t laboratories. They were more like classrooms. Astronauts generally spent a week before launch at Baikonur, and they usually wanted to study and prepare right up to launch day.

			“Oh God,” I said. “Who was there? Who was there?!”

			She pulled a wad of papers from her robe pocket. “Hang on, hang on…” She rifled through the papers, throwing each to the ground as she moved on to the next. I knew what they were at a glance—I’d been seeing them every day for a year. Schedule charts. Showing where everyone was and what they were doing at all times.

			She stopped when she reached the page she was looking for. She actually gasped. “DuBois and Shapiro. They’re scheduled to be there doing some Astrophage experiments.”

			I put my hands on my head. “No! No, please no! The research center is five kilometers away. If the blast did this much damage to us here—”

			“I know, I know!” She flicked on her walkie-talkie again. “Prime crew—I need your locations. Call them in.”

			“Yáo here,” came the first reply. “In my bunk.”

			“Ilyukhina here. At officers’ bar. What was that explosion?”

			
			Stratt and I waited for the response we hoped would come.

			“DuBois,” she said. “DuBois! Check in!”

			Silence.

			“Shapiro. Dr. Annie Shapiro. Check in!”

			More silence.

			She took a deep breath and let it out. She clicked the walkie-talkie on one more time. “Stratt to transport—I need a jeep to take me to Ground Control.”

			“Copy,” came the reply.

			The next few hours were, frankly, chaos. The entire base was put on lockdown for a while and everyone’s ID was checked. For all we knew, some doomsday cult wanted to sabotage the mission. But nothing turned up amiss.

			Stratt, Dimitri, and I sat in the bunker. Why were we in a bunker? The Russians were taking no chances. It didn’t look like a terrorist attack, but they were securing the critical personnel just in case. Yáo and Ilyukhina were off in some other bunker. The other science leads were in other bunkers as well. Spread everyone out so there’s no single place to attack that would be effective. There was a grim logic to it. Baikonur was built during the Cold War, after all.

			“The research buildings are a crater,” said Stratt. “And there’s still no sign of DuBois or Shapiro. Or the fourteen other staff that worked there.”

			She pulled up pictures on her phone and showed them to us.

			The photos told a story of utter destruction. The area was lit up with powerful floodlights the Russians had set up and the place was swarming with rescue personnel. Though there was nothing for them to do.

			Virtually nothing was left. No debris, limited wreckage. Stratt swiped through photo after photo. Some were close-ups of the ground. Round, shiny beads dotted the area. “What’s up with the beads?” she said.

			“Metal condensate,” Dimitri said. “It means metals were vaporized, then condensed like raindrops.”

			
			“Jesus,” she said.

			I sighed. “There’s only one thing in those labs that could create enough heat to vaporize metal: Astrophage.”

			“I agree,” said Dimitri. “But Astrophage does not just ‘explode.’ How could this happen?”

			Stratt looked at her wrinkled schedule pages. “According to this, DuBois wanted more experience with Astrophage-powered electrical generators. Shapiro was there to observe and assist.”

			“That makes no sense,” I said. “Those generators use a tiny, tiny bit of Astrophage to make electricity. Nowhere near enough to blow up a building.”

			She put her phone down. “We’ve lost our primary and secondary science specialists.”

			“This is nightmare,” said Dimitri.

			“Dr. Grace. I want a short list of possible replacements.”

			I stared with my mouth agape. “Are you made of stone or something?! Our friends just died!”

			“Yes, and everyone else will die, too, if we don’t make this mission happen. We have nine days to find a replacement science specialist.”

			I well up. “DuBois…Shapiro…” I snuffled and wiped my eyes. “They’re dead. They’re dead…oh God…”

			Stratt slapped me. “Snap out of it!”

			“Hey!”

			“Cry later! Mission first! You still have that list of coma-resistant candidates from last year? Start looking through it. We need a new science specialist. And we need them now!”

			

			—

			“Gathering sample now…” I say.

			Rocky watches me from his tunnel in the lab ceiling. His device works just as it should. The clear xenonite box has a couple of valves and pumps that let me control the inside environment. The vacuum chamber is inside with its lid open. The box even has climate control, keeping the inside temperature a chilly minus 51 degrees Celsius.

			
			Rocky admonished me for leaving the sample at (human) room temperature for so long. He had a lot to say on that subject, actually. We had to add “reckless,” “idiot,” “foolish,” and “irresponsible” to our shared vocabulary just so he could fully express his opinion on the matter.

			There was another word he threw around a lot, but he declined to tell me what it meant.

			Three days off the painkillers and I’m a lot smarter than I was. At least he understands that much—I wasn’t just some stupid human. I was a human with enhanced stupidity.

			Rocky refused to give me the box I’m using until I slept three times without using the drugs. My arm hurts so bad right now, but he’s got a point.

			Rocky healed a fair bit in that time too. I have no idea what’s going on inside his body. He looks the same as ever, but he’s moving around much better than before. Not full-speed, though. Neither am I. We’re the walking wounded, honestly.

			By agreement, we’ve kept the gravity at one-half g.

			I open and close the claws in the box a few times. “Look at me. I’m an Eridian now.”

			“Yes. Very Eridian. Hurry and get sample.”

			“You’re no fun.” I grab the cotton swab and bring it to a waiting glass slide. I rub it across the slide, leaving a noticeable smear, then return it to the vacuum chamber. I seal up the chamber, put the slide in a little clear xenonite container, and seal the box.

			“Okay. That should do it.” I turn the valves to let my air in, then open the box from above. The slide is safe in its xenonite container. The galaxy’s smallest little spaceship. At least, from the point of view of any Adrian life that may be present.

			I walk to the microscope station.

			Rocky follows along in the tunnel above. “You certain you can see light so small, question?”

			“Yes. Old technology. Very old.” I put the container on the tray and adjust the lenses. The xenonite is plenty clear enough for the microscope to see through.

			
			“Okay, Adrian, what do you have for me?” I put my face to the eyepieces.

			The most obvious thing is the Astrophage. As usual, they’re jet-black, absorbing all light. That’s expected. I adjust the backlight and focus. And I see microbes everywhere.

			One of my favorite experiments with the kids is to have them look at a drop of water. A drop of water, preferably one from a puddle outside, will be swarming with life. It always goes over well, except for the occasional kid who then refuses to drink water for a while.

			“Lots of life in here,” I say. “Different kinds.”

			“Good. Expected.”

			Of course there would be. Any planet that has life will have it everywhere. That’s my theory, at least. Evolution is extremely good at filling every nook in the ecosystem.

			Right now I’m looking at hundreds of unique life-forms, never before seen by humans. Each one an alien race. I can’t help but smile. Still, I have work to do.

			I pan around until I find a nice clump of Astrophage. If there’s a predator to be had, it’ll be where the Astrophage is. Otherwise it’d be a pretty bad predator.

			I flick on the microscope’s internal camera. The image appears on a little LCD screen. I adjust the screen and set it recording.

			“This could take time,” I say. “Need to see interaction between—whoa!”

			I shove my face back to the microscope to get a better look. It only took seconds before the Astrophage fell under attack. Am I incredibly lucky, or is this life-form just that aggressive?

			Rocky skittered back and forth above me. “What, question? What happen, question?”

			The monster lurches toward the clump of Astrophage. It’s an amorphous blob, like an amoeba. It presses itself against its much-smaller prey and begins to envelop the entire clump of them by oozing around both sides.

			
			The Astrophage wriggle. They know something is wrong. They try to escape but it’s too late. They can only sputter a short distance before they stop. Normally, Astrophage can accelerate to near light speed in seconds, but these can’t. Maybe a chemical excretion by the monster that disables them somehow?

			The encirclement completes, and the Astrophage are surrounded. A few seconds later, the Astrophage become cell-like in appearance. No longer featureless black, their organelles and membranes are starkly visible in the microscope’s light. They have lost their ability to absorb heat and light energy.

			They’re dead.

			“Got it!” I say. “I found the predator! It ate Astrophage right in front of me!”

			“Found!” Rocky cheers. “Isolate.”

			“Yes, I’ll isolate it!” I say.

			“Happy happy happy!” he says. “Now you name.”

			I grab a nano-pipette from the supply. “I don’t follow.”

			“Earth culture. You find. You name. What is name of predator, question?”

			“Oh,” I say. I’m not feeling creative at the moment. This is too exciting to take my attention away from. It’s an amoeba from Tau Ceti. “Taumoeba, I guess.”

			Taumoeba. The savior of Earth and Erid.

			Hopefully.

			

			—

			I should have a bolo tie. Maybe a cowboy hat. Because I’m a rancher now. And I’m running about 50 million head of Taumoeba on my ranch.

			Once I isolated a few Taumoeba from the Adrian air sample, Rocky built a breeder tank and we let them get to work. It’s just a xenonite box full of Adrian air and a few hundred grams of Astrophage.

			As far as we can tell, Taumoeba is very resilient to temperature variations. Good thing, too, because I let it sit at room temperature that one day.

			
			Drugs are bad.

			In retrospect, it makes sense that they’d be robust on temperature. They live in a negative-51-degree-Celsius environment, and eat Astrophage, which is always 96.415 degrees Celsius. Hey, everyone likes a hot meal, right?

			And boy, do they breed! Well, I gave them a mother lode of Astrophage to work with. It’s the same as throwing yeast into a bottle of sugar water. But instead of making booze, we’re making more Taumoebas. Now that we have enough to experiment with, I get to work.

			If you take a goat and put it on Mars, what happens? It dies immediately (and horribly). Goats didn’t evolve to live on Mars. Okay, so what happens if you put a Taumoeba on a planet other than Adrian?

			That’s what I want to find out.

			Rocky watches from his tunnel above the main worktable as I simulate a fresh new atmosphere in my vacuum chamber.

			“No have oxygen, question?” he asked.

			“No oxygen.”

			“Oxygen dangerous.” He’s been a little edgy since his internal organs caught fire.

			“I breathe oxygen. It’s okay.”

			“Can explode.”

			I pull my goggles off and look up at him. “There’s no oxygen in this experiment. Calm down.”

			“Yes. Calm.”

			I get back to work. I turn a valve to let a small bit of gas into the vacuum chamber. I check the pressure gauge to make sure that—

			“Again confirm: No oxygen, question?”

			I jerk my head up to glare at him. “It’s just carbon dioxide and nitrogen! Only carbon dioxide and nitrogen! Nothing more! Don’t ask me again!”

			“Yes. No ask again. Sorry.”

			Can’t blame him, I guess. Being on fire sucks.

			
			We have two planets to deal with here. No, not Earth and Erid. Those are just the planets we live on. The planets we care about right now are Venus and Threeworld. That’s where Astrophage is breeding out of control.

			Venus, of course, is the second planet in my solar system. It’s about Earth’s size with a thick carbon-dioxide atmosphere.

			Threeworld is the third planet in Rocky’s home system. At least, Threeworld is what I call it. The Eridians don’t have a name for it, even in their own language. Just a designation: “Planet Three.” They didn’t have ancient people looking up at astronomical bodies and naming them after gods. They only discovered other planets in their system a few hundred years ago. But I don’t want to say “Planet Three” all the time, so I’ve named it Threeworld.

			The hardest part about working with aliens and saving humanity from extinction is constantly having to come up with names for stuff.

			Threeworld is a tiny little planet—only about the size of Earth’s moon. But unlike our airless neighbor, Threeworld somehow has an atmosphere. How? I have no idea. The surface gravity is only 0.2 g’s, which shouldn’t be enough. Yet somehow, Threeworld manages to hang on to a thin atmosphere. According to Rocky, it’s 84 percent carbon dioxide, 8 percent nitrogen, 4 percent sulfur dioxide, and a bunch of trace gases. All with a surface pressure less than 1 percent of Earth’s.

			I check the readouts and nod approvingly. I do a visual inspection of the experiment inside. I’m pretty proud of myself for this idea.

			A thin coat of Astrophage sits on a glass plate. I coated the plate by shining IR light through the glass and attracting Astrophage from the other side. It’s the same way the spin drive does it. The result is a uniform layer of Astrophage that’s just one cell thick.

			Then I seeded the slide with Taumoeba. As they eat the Astrophage, the currently opaque slide will become more and more transparent. It’s a hell of a lot easier to measure light level than a quantity of microscopic organisms.

			
			“Okay…the chamber has Venus’s upper atmosphere duplicated. As good as I can, anyway.”

			I figure the breeding zone of Astrophage is based mainly on the air pressure. Basically, they have to aero-brake from near light speed when they hit the planet. But being so small that doesn’t take very long and of course they gobble up all the heat that’s created.

			The end result is that Astrophage come to rest when the air is 0.02 atmospheres thick. So, going forward, that’ll be our standard for pressure. Venus’s atmosphere is 0.02 atmospheres at around the 70 kilometer mark, and the temperature there is about minus 100 degrees Celsius (thanks, infinite supply of reference material!). So that’s the temperature I have the Venus analog experiment set to. Rocky’s temperature-control system works perfectly, of course, even down to ultra-low temperatures.

			“Good. Now Threeworld.”

			“What temperature is Threeworld’s air at the 0.02 atmosphere altitude?”

			“Minus eighty-two degrees of Celsius.”

			“Okay, thanks,” I say. I move to the next chamber. It has an identical setup of Astrophage and Taumoeba. I let in the appropriate gases to simulate Threeworld’s atmosphere and temperature at the 0.02-atmosphere pressure area. I get the relevant information from Rocky’s perfect memory. It’s not much different from Venus or Adrian. Mostly carbon dioxide with some other gases running around. No surprise there—Astrophage go for the biggest concentration of CO2 they can see.

			It’s a good thing these planets aren’t covered in helium or something. I don’t have any of that aboard. But carbon dioxide? That’s easy. I make that stuff with my body. And nitrogen? Thanks to DuBois and his preferred method of death, there’s a whole bunch aboard.

			Threeworld does have some sulfur dioxide, though. Four percent of the total atmosphere. It’s enough that I didn’t want to approximate it away, so I had to make some. The lab has quite a selection of reagents, but no sulfur dioxide gas. However, it does have sulfuric acid in solution. I recovered some copper tubing from a broken cooling coil in the freezer and used it as a catalyst. Worked like a charm to create the sulfur dioxide I needed.

			
			“Okay, Threeworld’s done,” I say. “We’ll wait an hour and check results.”

			“We have hope,” says Rocky.

			“Yes, we have hope,” I say. “Taumoeba are very sturdy. They can live in a near vacuum, and they seem comfortable in extreme cold. Maybe Venus and Threeworld are habitable for them. They’re good enough for Taumoeba’s prey, so why not for Taumoeba?”

			“Yes. Things are good. All is good!”

			“Yeah. For once, everything’s going great.”

			Then the lights go out.

		

	
		
			[image: Penguin Random House Next Reads logo]

			
				What’s next on
 your reading list?

			Discover your next
 great read!

			 

			Get personalized book picks and up-to-date news about this author.

			Sign up now.

		

	
		
		
			
			
				[image: Chapter 3]

			

			“All right,” I said, looking at the clock. “We have one minute until the bell. You know what that means!”

			“Lightning round!” yelled my students.

			Life had changed surprisingly little since the announcement about the Petrova line.

			The situation was dire and deadly, but it was also the norm. Londoners during the Blitz in World War II went about their day as normal, with the understanding that occasionally buildings get blown up. However desperate things were, someone still had to deliver milk. And if Mrs. McCreedy’s house got bombed in the night, well, you crossed it off the delivery list.

			So it was that with the apocalypse looming—possibly caused by an alien life-form—I stood in front of a bunch of kids and taught them basic science. Because what’s the point of even having a world if you’re not going to pass it on to the next generation?

			The kids sat in neat rows of desks, facing the front. Pretty standard stuff. But the rest of the room was like a mad scientist’s lab. I’d spent years perfecting the look. I had a Jacob’s ladder in one corner (I kept it unplugged so the kids didn’t kill themselves). Along another wall was a bookshelf full of specimen jars of animal parts in formaldehyde. One of the jars was just spaghetti and a boiled egg. The kids speculated on that one a lot.

			
			And gracing the center of the ceiling was my pride and joy—a huge mobile that was a model of the solar system. Jupiter was the size of a basketball, while wee Mercury was as small as a marble.

			It had taken me years to cultivate a rep as the “cool” teacher. Kids are smarter than most people think. And they can tell when a teacher actually cares about them as opposed to when they’re just going through the motions. Anyway, it was time for the lightning round!

			I grabbed a fistful of beanbags off my desk. “What is the actual name of the North Star?”

			“Polaris!” said Jeff.

			“Correct!” I threw a beanbag to him. Before he even caught it, I fired off the next question. “What are the three basic kinds of rocks?”

			“Igneous, sedentary, and metamorphic!” yelled Larry. He was excitable, to say the least.

			“So close!” I said.

			“Igneous, sedimentary, and metamorphic,” said Abby with a sneer. Pain in the ass, that one. But smart as a whip.

			“Yes!” I threw her a beanbag. “What wave do you feel first during an earthquake?”

			“The P-wave,” Abby said.

			“You again?” I threw her a beanbag. “What’s the speed of light?”

			“Three times ten to—” Abby began.

			“C!” yelled Regina from the back. She rarely spoke up. Good to see her coming out of her shell.

			“Sneaky, but correct!” I chucked her a beanbag.

			“I was answering first!” Abby complained.

			“But she finished her answer first,” I said. “What’s the nearest star to Earth?”

			“Alpha Centauri!” Abby said quickly.

			“Wrong!” I said.

			“No, I’m not!”

			“Yes, you are. Anyone else?”

			
			“Oh!” Larry said. “It’s the sun!”

			“Right!” I said. “Larry gets the beanbag! Careful with your assumptions, Abby.”

			She folded her arms in a huff.

			“Who can tell me the radius of Earth?”

			Trang raised his hand. “Three thousand, nine hundre—”

			“Trang!” Abby said. “The answer is Trang.”

			Trang froze in confusion.

			“What?” I asked.

			Abby preened. “You asked who could tell you the radius of Earth. Trang can tell you. I answered correctly.”

			Outsmarted by a thirteen-year-old. Wasn’t the first time. I dropped a beanbag on her desk just as the bell rang.

			The kids leapt from their chairs and collected their books and backpacks. Abby, flush with victory, took a little more time than the others.

			“Remember to cash in your beanbags at the end of the week for toys and other prizes!” I said to their retreating backs.

			Soon, the classroom was empty, and only the echoing sounds of children in the hallway suggested any evidence of life. I collected their homework assignments from my desk and slipped them into my valise. Sixth period was over.

			Time to hit the teachers’ lounge for a cup of coffee. Maybe I’d correct some papers before I headed home. Anything to avoid the parking lot. A fleet of helicopter moms would be descending on the school to pick up their children. And if one of them saw me, they always had some complaint or suggestion. I can’t fault someone for loving their kids, and God knows we could do with more parents being engaged in their kids’ educations, but there’s a limit.

			“Ryland Grace?” said a woman’s voice.

			I looked up with a start. I hadn’t heard her come in.

			She looked to be in her mid-forties, wearing a well-tailored business suit. She carried a briefcase.

			“Uh, yeah,” I said. “Can I help you with something?”

			
			“I think you can,” she said. She had a slight accent. Something European—I couldn’t quite put my finger on it. “My name is Eva Stratt. I’m with the Petrova Taskforce.”

			“The what?”

			“The Petrova Taskforce. It’s an international body set up to deal with the Petrova-line situation. I’ve been tasked with finding a solution. They’ve given me a certain amount of authority to get things done.”

			“They? Who’s they?”

			“Every member nation of the UN.”

			“Wait, what? How did—”

			“Unanimous secret vote. It’s complicated. I’d like to talk to you about a scientific paper you wrote.”

			“Secret vote? Never mind.” I shook my head. “My paper-writing days are over. Academia didn’t work well for me.”

			“You’re a teacher. You’re still in academia.”

			“Well, yeah,” I said. “But I mean, you know, academia. With scientists and peer review and—”

			“And assholes who get you kicked out of your university?” She raised an eyebrow. “And who got all your funding cut off and ensured you never got published again?”

			“Yeah. That.”

			She pulled a binder out of her briefcase.

			She opened it and read the first page. “ ‘An Analysis of Water-Based Assumptions and Recalibration of Expectations for Evolutionary Models.’ ” She looked up at me. “You wrote this paper, yes?”

			“I’m sorry, how did you get—”

			“A dull title, but very exciting content, I have to say.”

			I set my valise on my desk. “Look, I was in a bad place when I wrote that, okay? I’d had enough of the research world and that was sort of a ‘kiss-my-butt’ goodbye. I’m much happier now as a teacher.”

			She flipped a few pages. “You spent years combating the assumption that life requires liquid water. You have an entire section here called ‘The Goldilocks Zone Is for Idiots.’ You call out dozens of eminent scientists by name and berate them for believing a temperature range is a requirement.”

			
			“Yeah, but—”

			“Your doctorate is in molecular biology, correct? Don’t most scientists agree that liquid water is necessary for life to evolve?”

			“They’re wrong!” I crossed my arms. “There’s nothing magical about hydrogen and oxygen! They’re required for Earth life, sure. But another planet could have completely different conditions. All life needs is a chemical reaction that results in copies of the original catalyst. And you don’t need water for that!”

			I closed my eyes, took a deep breath, and let it out. “Anyway, I got mad, and I wrote that paper. Then I got a teaching credential, a new career, and started actually enjoying my life. So I’m glad no one believed me. I’m better off.”

			“I believe you,” she said.

			“Thanks,” I said. “But I have papers to grade. Can you tell me why you’re here?”

			She put the binder back in her briefcase. “You are aware of the ArcLight probe and the Petrova line, I assume.”

			“I’d be a pretty lame science teacher if I wasn’t.”

			“Do you think those dots are alive?” she asked.

			“I don’t know—they could just be dust bouncing around in magnetic fields. I guess we’ll find out when ArcLight gets back to Earth. That’s coming up, right? Just a few weeks from now?”

			“It returns on the twenty-third,” she said. “Roscosmos will recover it from low-Earth orbit with a dedicated Soyuz mission.”

			I nodded. “Then we’ll know soon enough. The most brilliant minds in the world will look at them and find out what they’re about. Who’s going to do that? Do you know?”

			“You,” she said. “You’re going to do it.”

			I stared blankly.

			She waved her hand in front of my face. “Hello?”

			“You want me to look at the dots?” I said.

			“Yes.”

			
			“The whole world put you in charge of solving this problem, and you came directly to a junior high school science teacher?”

			“Yes.”

			I turned and walked out the door. “You’re lying, insane, or a combination of the two. I have to get going now.”

			“This is not optional,” she said to my back.

			“Seems optional to me!” I waved goodbye.

			Yeah. It wasn’t optional.

			When I got back to my apartment, before I even got to my front door, four well-dressed men surrounded me. They showed me their FBI badges and hustled me into one of three black SUVs parked in the complex parking lot. After a twenty-minute drive where they refused to answer any of my questions or even speak to me at all, they parked and showed me into a generic-looking business-park building.

			My feet barely touched the ground as they led me down an empty hallway with unmarked doors every 30 feet or so. Finally, they opened a set of double doors at the end of the hall and gently nudged me inside.

			Unlike the rest of the abandoned building, this room was full of furniture and shiny, high-tech devices. It was the most well-stocked biology lab I’d ever seen. And right in the middle of it all was Eva Stratt.

			“Hello, Dr. Grace,” she said. “This is your new lab.”

			The FBI agents closed the doors behind me, leaving Stratt and me alone in the lab. I rubbed my shoulder where they had manhandled me a little too hard.

			I looked at the door behind me. “So…when you say ‘a certain amount of authority’…”

			“I have all of the authority.”

			“You have an accent. Are you even from America?”

			“I’m Dutch. I was an administrator at ESA. But that doesn’t matter. Now I’m in charge of this. There is no time for slow, international committees. The sun is dying. We need a solution. It’s my job to find it.”

			
			She pulled up a lab stool and sat down. “These ‘dots’ are probably a life-form. The exponential progression of solar dimming is consistent with the exponential population growth of a typical life-form.”

			“You think they’re…eating the sun?”

			“They’re eating its energy output at least,” she said.

			“Okay, that’s—well, terrifying. But regardless: What the heck do you want from me?”

			“The ArcLight probe is bringing the samples back to Earth. Some of them might still be alive. I want you to examine them and find out what you can.”

			“Yeah, you mentioned that earlier,” I said. “But I have to believe there are more qualified people to do this than just me.”

			“Scientists all over the world will be looking at them, but I want you to be the first.”

			“Why?”

			“It lives on or near the surface of the sun. Does that sound like a water-based life-form to you?”

			She was right. Water simply can’t exist at those temperatures. After about 3,000 degrees Celsius, the hydrogen and oxygen atoms can’t stay bound to each other anymore. The surface of the sun was 5,500 degrees Celsius.

			She continued. “The field of speculative extraterrestrial biology is small—only five hundred or so people in the world. And everyone I talk to—from Oxford professors to Tokyo University researchers—seems to agree that you could have led it if you hadn’t suddenly left.”

			“Gosh,” I said. “I didn’t leave on good terms. I’m surprised they said such nice stuff about me.”

			“Everyone understands the gravity of the situation. There’s no time for old grudges. But for what it’s worth, you’ll be able to show everyone you were right. You don’t need water for life. Surely that must be something you want.”

			“Sure,” I said. “I mean…yeah. But not like this.”

			She hopped off her stool and headed to the door. “It is what it is. Be here on the twenty-third at seven p.m. I’ll have the sample for you.”

			
			“Wha—” I said. “It’ll be in Russia, won’t it?”

			“I told Roscosmos to land their Soyuz in Saskatchewan. The Royal Canadian Air Force will recover the sample and bring it directly here to San Francisco via fighter jet. The U.S. will allow the Canadians use of the airspace.”

			“Saskatchewan?”

			“Soyuz capsules are launched from Baikonur Cosmodrome, which is at a high latitude. The safest landing locations are at that same latitude. Saskatchewan is the closest large, flat area to San Francisco that meets all the requirements.”

			I held up my hand. “Wait. The Russians, Canadians, and Americans all just do whatever you tell them?”

			“Yes. Without question.”

			“Are you joshing me with all this?!”

			“Get accommodated with your new lab, Dr. Grace. I have other things to deal with.”

			She walked out the door without another word.

			

			—

			“Yes!” I pump my fist.

			I jump to my feet and climb the ladder to the lab. Once there, I climb that ladder and grab hold of the Mystery Hatch.

			Just like last time, as soon as I touch the handle, the computer says, “To unlock hatch, state your name.”

			“Ryland Grace,” I say with a smug smile. “Dr. Ryland Grace.”

			A small click from the hatch is the only response I get. After all the meditation and introspection I did to find out my own name, I wish there’d been something more exciting. Confetti, maybe.

			I grab the handle and twist. It turns. My domain is about to grow by at least one new room. I push the hatch upward. Unlike the connector between the bedroom and the lab, this hatch slides to the side. This next room is pretty small, so I guess there wasn’t room for the hatch to swing in. And that next room is…um…?

			LED lights flick on. The room is round, like the other two, but it’s not a cylinder. The walls taper inward toward the ceiling. It’s a truncated cone.

			
			I’ve spent the last few days without much information to go on. Now information assaults me from every direction. Every surface is covered with computer monitors and touchscreens. The sheer number of blinking lights and colors is staggering. Some screens have rows of numbers, others have diagrams, and others just look black.

			On the edge of the conical walls is another hatch. This one is less mysterious, though. It has the word AIRLOCK stenciled across the top, and the hatch itself has a round window in it. Through the window I can see a tiny chamber—just big enough for one person—with a spacesuit inside. The far wall has another hatch. Yup. That’s an airlock.

			And in the center of everything is a chair. It’s perfectly positioned to be able to reach all screens and touch panels easily.

			I climb the rest of the way into the room and settle into the chair. It’s comfortable, kind of a bucket seat.

			“Pilot detected,” the computer says. “Angular anomaly.”

			Pilot. Okay.

			“Where is the anomaly?” I ask.

			“Angular anomaly.”

			HAL 9000 this computer is not. I look around at the many screens for a clue. The chair swivels easily, which is nice in this 360-degree computer pit. I spot one screen with a blinking red border. I lean in to get a better look.

			
				ANGULAR ANOMALY: RELATIVE MOTION ERROR

				PREDICTED VELOCITY: 11,423 KPS

				MEASURED VELOCITY: 11,872 KPS

				STATUS: AUTO-CORRECTING TRAJECTORY. NO ACTION REQUIRED.

			

			Well. That means nothing to me. Except “kps.” That might mean “kilometers per second.”

			Above the text is a picture of the sun. It’s jiggling around slightly. Maybe it’s a video? Like a live feed? Or is that just my imagination? On a hunch, I touch the screen with two fingers and drag them apart.

			
			Sure enough, the image zooms in. Just like using a smartphone. There are a couple of sunspots on the left side of the image. I zoom in on those until they fill the screen. The image remains amazingly clear. It’s either an extremely high-resolution photo or an extremely high-resolution solar telescope.

			I estimate the cluster of sunspots is about 1 percent the width of the disc. Pretty normal for sunspots. That means I’m now looking at half a degree of the sun’s circumference (very rough math here). The sun rotates about once per twenty-five days (science teachers know this sort of thing). So it should take an hour for the spots to move off the screen. I’ll check back later and see if they have. If so, it’s a live image. If not, it’s a picture.

			Hmm…11,872 kilometers per second.

			Velocity is relative. It doesn’t make any sense unless you are comparing two objects. A car on the freeway might be going 70 miles per hour compared to the ground, but compared to the car next to it, it’s moving almost 0. So what is that “measured velocity” measuring the velocity of? I think I know.

			I’m in a spaceship, right? I have to be. So that value is probably my velocity. But compared to what? Judging by the big ol’ picture of the sun over the text, I’m guessing it’s the sun. So I’m going 11,872 kilometers per second with respect to the sun.

			I catch a flicker from the text below. Did something change?

			
				ANGULAR ANOMALY: RELATIVE MOTION ERROR

				PREDICTED VELOCITY: 11,422 KPS

				MEASURED VELOCITY: 11,871 KPS

				STATUS: AUTO-CORRECTING TRAJECTORY. NO ACTION REQUIRED.

			

			Those numbers are different! They both went down by one. Oh wow. Hang on. I pull the stopwatch from my toga (the best ancient Greek philosophers always carried stopwatches in their togas). Then I stare at the screen for what seems like an eternity. Just before I’m about to give up, the numbers both drop by one again. I start the timer.

			
			This time, I’m ready for how long the wait will be. Again, it seems interminable, but I stand firm. Finally, the numbers both drop again and I stop the timer.

			Sixty-six seconds.

			“Measured velocity” is going down by one every sixty-six seconds. Some quick math tells me that’s an acceleration of…15 meters per second per second. That’s the same “gravity” acceleration I worked out earlier.

			The force I’m feeling isn’t gravity. And it’s not a centrifuge. I’m in a spaceship that is constantly accelerating in a line. Well, actually it’s decelerating—the values are going down.

			And that velocity…it’s a lot of velocity. Yes, it’s going down, but wow! To reach Earth orbit you only need to go 8 kps. I’m going over 11,000. That’s faster than anything in the solar system. Anything that fast will escape the sun’s gravity and go flying off into interstellar space.

			The readout doesn’t have anything to indicate what direction I’m going. Just a relative velocity. So now my question is: Am I barreling toward the sun, or away from it?

			It’s almost academic. I’m either on a collision course with the sun or on my way out to deep space with no hope of returning. Or, I might be headed in the sun’s general direction, but not on a collision course. If that’s the case, I’ll miss the sun…and then fly off into deep space with no hope of returning.

			Well, if the image of the sun is real-time, then the sunspot will get larger or smaller on-screen as I travel. So I just have to wait until I know if it’s real-time. That’ll take about an hour. I start the stopwatch.

			I acquaint myself with the million other screens in the little room. Most of them have something to say, but one of them just shows an image of a circular crest. I think it’s probably an idle screen or something. If I touch it, that computer will wake up. But that idle screen might be the most informative thing in here.

			
			It’s a mission crest. I’ve seen enough NASA documentaries to know one when I see one. The circular crest has an outer ring of blue with white text. The text reads HAIL MARY across the top and EARTH across the bottom. The name and “port of call” for this vessel.

			I didn’t think the ship came from somewhere other than Earth, but okay. Anyway, I guess I finally know the name of this ship I’m on.

			I’m aboard the Hail Mary.

			Not sure what to do with that information.

			But that’s not all the crest has to tell me. Inside the blue band, there’s a black circle with weird symbols inside: a yellow circle with a dot in the middle, a blue circle with a white cross, and a smaller yellow circle with a lowercase t. No idea what any of that is supposed to mean. Around the edge of the black area it says: “姚,” “ИЛЮХИНА,” and “GRACE.”

			The crew.

			I’m “Grace,” so those other two must be the names of the mummies in the bunks downstairs. A Chinese person and a Russian person. The memory of them is almost at the surface, but I can’t quite pull it up. I think some internal defense mechanism is suppressing it. When I remember them, it’s going to hurt, so my brain refuses to remember them. Maybe. I don’t know—I’m a science teacher, not a trauma psychologist.

			I wipe my eyes clear. Maybe I won’t push too hard for that memory just yet.

			I have an hour to kill. I let my mind wander to see what else I can remember. It’s getting easier and easier.

			

			—

			“I’m not one hundred percent comfortable with all this,” I said. My voice was muffled by the full hazmat suit I wore. My breath fogged up the clear vinyl face-window thingy.

			
			“You’ll be fine,” said Stratt’s voice over the intercom. She watched from the other side of double-paned, very thick glass.

			They’d made a few upgrades to the lab. Oh, the equipment was all the same, but now the entire room was air-sealed. The walls were lined with thick plastic sheets, all held together with some kind of special tape. I saw CDC logos everywhere. Quarantine protocols. Not at all comforting.

			The only entry now was through a big plastic airlock. And they made me put on the hazmat suit before going in. An air line led to my suit from a spool in the ceiling.

			All the top-of-the-line equipment was ready for whatever I wanted to do. I’d never seen a lab so well stocked. And in the middle was a wheeled cart holding a cylindrical container. Stenciled writing on the cylinder read образец. Not deeply useful.

			Stratt wasn’t alone in the observation room. About twenty people in military uniforms stood with her, all looking on with interest. There were definitely some Americans, some Russians, a few Chinese officers, plus many more unique uniforms I didn’t even recognize. A large international group. None of them said a word, and by some silent agreement, they all stayed a few feet behind Stratt.

			I grabbed the air hose with my gloved hand and gestured to Stratt with it. “Is this really necessary?”

			She pressed the intercom button. “There’s a very good chance the sample in that cylinder is an alien life-form. We’re not taking any chances.”

			“Wait…you’re not taking any chances. But I am!”

			“It’s not like that.”

			“How is it not like that?”

			She paused. “Okay, it’s exactly like that.”

			I walked to the cylinder. “Did everyone else have to go through all this?”

			She looked at the military people and they shrugged at her. “What do you mean by ‘everyone else’?”

			
			“You know,” I said. “The people who transferred it to this container.”

			“That’s the sample container from the capsule. It’s three centimeters of lead surrounding a shell of centimeter-thick steel. It’s been sealed since it left Venus. It has fourteen latches you’ll need to open to get to the sample itself.”

			I looked at the cylinder, back to her, back to the cylinder, and back to her. “This is some bull-puckey.”

			“Look at the bright side,” she said. “You’ll be forever known as the man who made first contact with extraterrestrial life.”

			“If it even is life,” I mumbled.

			I got the fourteen latches open with some effort. Those things were tight. I vaguely wondered about how the ArcLight probe closed them in the first place. Must have been some kind of cool actuated system.

			The inside wasn’t impressive. I didn’t expect it to be. Just a small, clear, plastic ball that appeared to be empty. The mysterious dots were microscopic and there weren’t very many of them.

			“No radiation detected,” Stratt said through the intercom.

			I shot a glance over at her. She watched her tablet intensely.

			I took a good long look at the ball. “Is this under vacuum?”

			“No,” she said. “It’s full of argon gas at one atmosphere of pressure. The dots have been moving around the whole time the probe was returning from Venus. So it looks like the argon doesn’t affect them.”

			I looked all around the lab. “There’s no glove box here. I can’t just expose unknown samples to normal air.”

			“The entire room is full of argon,” she said. “Make sure you don’t kink your air line or rip your suit. If you breathe argon—”

			“I’ll suffocate and won’t even know it’s happening. Yeah, okay.”

			I took the ball to a tray and carefully twisted it until it came apart in two halves. I placed one half in a sealed plastic container and mopped the other half with a dry cotton swab. I scraped the swab against a slide and took it to a microscope.

			
			I thought they’d be harder to find, but there they were. Dozens of little black dots. And they were indeed wriggling around.

			“You recording all this?”

			“From thirty-six different angles,” she said.

			“Sample consists of many round objects,” I said. “Almost no variance in size—each appears to be approximately ten microns in diameter…”

			I adjusted the focus and tried various intensities of backlighting. “Samples are opaque…I can’t see inside, even at the highest available light setting….”

			“Are they alive?” Stratt asked.

			I glared at her. “I can’t just tell that at a glance. What do you expect to happen here?”

			“I want you to find out if they’re alive. And if so, find out how they work.”

			“That’s a tall order.”

			“Why? Biologists worked out how bacteria works. Just do the same thing they did.”

			“That took thousands of scientists two centuries to work out!”

			“Well…do it faster than that.”

			“Tell you what”—I pointed back to the microscope—“I’m going to get back to work now. I’ll tell you anything I work out when I work it out. Until then, you can all enjoy some quiet study time.”

			I spent the next six hours doing incremental tests. Over that time, the military people wandered out, eventually leaving only Stratt by herself. I had to admire her patience. She sat in the back of the observation room and worked on her tablet, sometimes looking up to see what I was doing.

			She perked up as I cycled my way through the airlock and into the observation room. “Got something?” she asked.

			I unzipped the suit and stepped out of it. “Yeah, a full bladder.”

			She typed on her tablet. “I hadn’t accounted for that. I’ll get a bathroom installed inside the quarantine area tonight. It’ll have to be a chemical toilet. We can’t have plumbing going in and out.”

			
			“Fine, whatever,” I said. I hustled off to the facilities to do my business.

			When I returned, Stratt had pulled a small table and two chairs to the center of the observation room. She sat in one of the chairs and gestured to the other. “Have a seat.”

			“I’m in the middle of—”

			“Have a seat.”

			I took a seat. She had a commanding presence, that’s for sure. Something about her tone of voice or her general confidence level, maybe? One way or another, when she spoke you just kind of assumed you should do what she said.

			“What have you found so far?” she asked.

			“It’s only been one afternoon,” I said.

			“I didn’t ask how long it’s been. I asked what you’ve found out so far.”

			I scratched my head. After hours in that suit, I was sweaty and presumably smelled bad. “It’s…weird. I don’t know what those dots are made of. And I’d really like to know.”

			“Is there some equipment you need that you don’t have?” she asked.

			“No, no. There’s everything a guy could hope for in there. It just…doesn’t work on these dots.” I settled back into the chair. I’d been on my feet most of the day and it was nice to relax for a moment. “First thing I tried was the x-ray spectrometer. It sends x-rays into a sample, making it emit photons and you can tell from the wavelengths of the photons what elements are present.”

			“And what did that tell you?”

			“Nothing. As far as I can tell, these dots just absorb x-rays. The x-rays go in and they never come out. Nothing comes out. That’s very odd. I can’t think of anything that does that.”

			“Okay.” She took some notes on her tablet. “What else can you tell me?”

			“Next I tried gas chromatography. That’s where you vaporize the sample and then identify the elements or compounds in the resulting gas. That didn’t work either.”

			
			“Why not?”

			I threw up my hands. “Because the darn things just won’t vaporize. That led me down a rabbit hole of burners, ovens, and crucible furnaces that turned up nothing. The dots are unaffected at temperatures up to two thousand degrees Celsius. Nothing.”

			“And that’s odd?”

			“It’s crazy odd,” I said. “But these things live on the sun. At least some of the time. So I guess having a high resistance to heat makes sense.”

			“They live on the sun?” she said. “So they’re a life-form?”

			“I’m pretty sure they are, yeah.”

			“Elaborate.”

			“Well, they move around. It’s plainly visible through the microscope. That alone doesn’t prove they’re alive—inert stuff moves all the time from static charge or magnetic fields or whatever. But there is something else I noticed. Something weird. And it made the pieces fall into place.”

			“Okay.”

			“I put a few dots under a vacuum and ran a spectrograph. Just a simple test to see if they emit light. And they do, of course. They give off infrared light at the 25.984 micron wavelength. That’s the Petrova frequency—the light that makes the Petrova line. I expected that. But then I noticed they only emit light when they’re moving. And boy, do they emit a lot of it. I mean, not a lot from our point of view, but for a tiny single-celled organism it’s a ton.”

			“And how is that relevant?”

			“I did some back-of-the napkin math. And I’m pretty sure that light is how they move around.”

			Stratt raised an eyebrow. “I don’t follow.”

			“Believe it or not, light has momentum,” I said. “It exerts a force. If you were out in space and you turned on a flashlight, you’d get a teeny, tiny amount of thrust from it.”

			“I didn’t know that.”

			“Now you do. And a teeny-tiny thrust on a teeny-tiny mass can be an effective form of propulsion. I measured the dots’ average mass at about twenty picograms. That took a long time, by the way, but that lab equipment is awesome. Anyway, the movement I see is consistent with the momentum of the emitted light.”

			
			She set her tablet down. I had, apparently, accomplished the rare feat of getting her undivided attention. “Is that something that happens in nature?”

			I shook my head. “No way. Nothing in nature has that kind of energy storage. You don’t understand how much energy these dots are emitting. It’s like…getting to the scales of mass conversion. E = mc2 kind of stuff. These tiny dots have more energy stored up in them than remotely makes sense.”

			“Well,” she said. “They did just come from the sun. And the sun is losing energy.”

			“Yeah. That’s why I think it’s a life-form,” I said. “It consumes energy, stores it in some way we don’t understand, then uses it for propulsion. That’s not a simple physical or chemical process. That’s complex and directed. Something that must have evolved.”

			“So the Petrova line is…tiny little rocket flares?”

			“Probably. And I bet we’re only seeing a small percentage of the total light coming off that area. They use it to propel themselves to Venus or to the sun. Or both. I don’t know. Point is, the light will go away from their direction of travel. Earth isn’t in that line, so we only see the light that reflects off nearby space dust.”

			“Why do they go to Venus?” she asked. “And how do they reproduce?”

			“Good questions. Ones I don’t have answers for. But if they’re single-celled stimulus/response organisms, they probably reproduce through mitosis.” I paused. “That’s when the cell splits in half to become two new cells—”

			“Yes, I know that much, thank you.” She looked to the ceiling. “People always assumed our first contact with alien life—if any existed—would be little green men in UFOs. We never considered the idea of a simple, unintelligent species.”

			
			“Yeah,” I said. “This isn’t Vulcans dropping by to say hi. This is…space algae.”

			“An invasive species. Like cane toads in Australia.”

			“Good analogy.” I nodded. “And the population is growing. Fast. The more of them there are, the more solar energy gets consumed.”

			She pinched her chin. “What would you call an organism that exists on a diet of stars?”

			I struggled to remember my Greek and Latin root words. “I think you’d call it ‘Astrophage.’ ”

			“Astrophage,” she said. She typed it into her tablet. “Okay. Get back to work. Find out how they breed.”

			

			—

			Astrophage!

			The word alone makes all my muscles clinch up. A chilling terror that hits like a lead weight.

			That’s the name. The thing that threatens all life on Earth. Astrophage.

			I glance at the monitor with my zoomed-in image of the sun. The sunspots have moved noticeably. Okay, it’s a real-time image. Good to know.

			Waaaaait…I don’t think they’re moving at the right speed. I check the stopwatch. I was only daydreaming for ten minutes or so. The sunspots should have moved a fraction of a degree. But they’re halfway off the screen. Way more than they should have moved.

			I pull the tape measure from my toga. I zoom out the image and actually measure the widths of the sun and sunspot cluster on the screen. No more rough estimates. I want real math here.

			The solar disc is 27 centimeters on-screen and the sunspots are 3 millimeters. And they moved half their width (1.5 millimeters) in ten minutes. Actually, it was 517 seconds, according to my stopwatch. I scribble some math on my arm.

			At this resolution, they’re moving 1 millimeter every 344.66 seconds. To cross the entire 27 centimeters it would take (scribble, scribble) just over 93,000 seconds. So it’ll take that long for the cluster to cross the near side of the sun. It’ll take twice that long to get all the way around. So 186,000 seconds. That’s a little over two days.

			
			Over ten times faster than the rotation should be.

			This star I’m looking at…it’s not the sun.

			I’m in a different solar system.
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			I let the model float in the middle of the room. The xenonite is nearly indestructible, so I don’t need to worry about it bumping into anything.

			Is this a good idea? I have a planet to save. As awesome as it is to meet up with intelligent aliens, is this risk worth it?

			The Eridians clearly understand Astrophage. At least well enough to make engines out of it. And—I think—they’re trying to tell me they’re here for the same reason I am. They might have information I don’t know. They might even have the solution I’m looking for. And they seem friendly enough.

			But this is the interstellar equivalent of a stranger offering me candy. I want the candy (information), but I don’t know the stranger.

			What’s my alternative? Ignore them?

			I could carry on with my mission as if I never saw them at all. They’re probably as spooked to see me as I am to see them. They might continue trying to talk, but they wouldn’t get hostile, I don’t think.

			Or would they? I have no way of knowing.

			No, this is a no-brainer. I’ve got to at least have a conversation with them. If they have any information about Astrophage at all, no matter how minor, I have to talk to them. It’s a risk, yes, but this whole mission is a risk.

			
			Okay. So what would I do if I were them?

			I’m an Eridian. I want to build a tunnel that connects to the weird human ship. But I don’t know what the human ship’s material is made of. How can I guarantee any kind of attachment or seal? My xenonite knowledge is beyond dispute, but how do I connect it to “humanium” or whatever that ship is made of? I’ve sent the human xenonite models. So he knows what I have. But I still don’t know what he has.

			They’ll need a sample of my hull. And they’ll need to know it’s a sample of my hull.

			“Right,” I say to no one.

			I don’t know if this is a good idea or a terrible idea. But I’m going to knock a chunk of my hull off.

			I grab a set of EVA tools. They live in the lab in Drawer 17E. I found them a while ago. They’re on a tool belt that can clip onto the EVA suit and everything. Stratt and the gang made sure we had all the equipment we would need for hull repairs if needed. Normally it would be Ilyukhina’s job to fix stuff, but she’s gone.

			Huh. Random memory. Ilyukhina was our engineer—our fix-it gal. Okay. Well, now it’s me.

			I get back in the EVA suit, and back outside. Again. Bouncing in and out is getting kind of annoying. I hope this tunnel thing works.

			I make my way along the hull, one tether adjustment at a time. And I get to thinking…

			What good is a tunnel, exactly? I doubt we have compatible environments. We can’t just connect the ships with a tunnel and shake hands. I think there’s a lot of ammonia over there.

			And then there’s the temperature. Those cylinders are hot when I get them.

			Some back-of-the-napkin math tells me that first cylinder they sent should have lost 100 degrees Celsius or more during that forty-minute trip (depending on what temperature it started at). And it was still hot when I got it. So it was really hot when it left their ship. Like…way higher than the boiling point of water.

			
			I try not to speculate too wildly, but come on. I’m a scientist and these are aliens. I’m going to speculate.

			Do Eridians live in an environment hotter than the boiling point of water? If so, it proves I was right! The goldilocks zone is bull-puckey! You don’t need liquid water for life!

			I should be more focused on the “first contact with intelligent aliens” thing or the “save all of humanity” thing, but gosh darn it, I can spend a moment to be happy about being right when everyone said I was wrong!

			I finally reach a spot of hull that seems right for the job. I’m aft of the entire pressurized portion of the ship, well past the part where it widens out. If I’m right, I’m standing on a big empty tank that used to be full of Astrophage. If I breach the hull here, it shouldn’t matter.

			I pull out a hammer and chisel. Not the most elegant way to do this, but I can’t think of anything better. I start by putting one corner of the chisel on the hull and giving it a little tap. There’s a notable dent. It doesn’t take much to get through this outermost layer.

			I use the hammer and chisel to separate a 6-inch circle of hull material. There’s a layer of something underneath. I can feel it with the chisel. Probably insulation.

			I have to pry the circle out with the chisel. The underlayer holds strong, but then gives way suddenly. The hull sample flies off into space.

			“Shoot!”

			I leap off the ship. I get a hand on the circle right before my tether snaps tight. I breathe for a second, thinking about how dumb I am, then pull myself back along the tether to the ship. Looking at the circle it seems like there’s a light, foam substance attached to the underside. Styrofoam, maybe. Probably something more complicated than that.

			“I hope you guys watched all that,” I say. “Because I’m not doing it again.”

			
			I throw the hull chunk at the Blip-A.

			By doing this right in front of them, they’ll know for sure I’m sending them a sample of the hull. I hope it’s enough for what they want to do. I don’t even know if they wanted it or needed it. They might be looking at their screens right now and saying, “What is this idiot doing? Is he poking a hole in his own ship? Why?”

			I stay on the hull and watch as the chunk tumbles in the Taulight. The multi-armed robot on the Blip-A’s hull slides along its rails for the reception. Once positioned, it waits for the hull chunk to arrive and makes a perfect catch.

			And then, I swear to God, it waves at me! One of its little arms waves at me!

			I wave back.

			It waves again.

			Okay, this could go on all day. I head back toward the airlock.

			Your move, guys.

			

			—

			Their move is taking a long time and I’m getting bored.

			Wow. I’m sitting here in a spaceship in the Tau Ceti system waiting for the intelligent aliens I just met to continue our conversation…and I’m bored. Human beings have a remarkable ability to accept the abnormal and make it normal.

			I look through the controls of the Radar panel to see what other features it has. After some digging through preference dialogs, I find what I’m looking for: the proximity-warning parameters. Currently set to 100 kilometers. Fairly reasonable. You would expect things to be millions of kilometers away. Tens of thousands at the very least. So if some rock is within 100 kilometers of you, that’s a major problem.

			I change the setting to 0.26 kilometers. I worry it’ll reject the setting as too low, but it doesn’t.

			I stretch my back and float out of the pilot seat. The Blip-A is 271 meters away. If they get closer than 260 meters, or if they send another present that gets within that range, the proximity alert will go off. I don’t have to sit here and stare at the screen anymore. The control room will blare a warning when the Blip-A does anything interesting.

			
			I float down to the dormitory.

			“Food,” I say.

			The arms pull a box out of their little stash in the ceiling and stick it to my bunk. Someday I should look around in there and see what’s available. For now I kick off the ceiling and float down to the food. The box, labeled DAY 10—MEAL 1, has a Velcro-like strip on the bottom that helps it stay in place on the bedsheet. I open it up and see a burrito.

			Not sure what I expected, but okay. Burrito it is.

			Turns out it’s a room-temperature burrito. Beans, cheese, some red sauce…all pretty tasty, really. But room temperature. Either the crew doesn’t get hot meals around here or the machine doesn’t trust a recent coma patient not to burn himself on hot food. Probably the latter.

			I float up to the lab and put the burrito in the sample furnace. I leave it in there for a few minutes before pulling it out with tongs. The cheese bubbles and a cloud of steam slowly emanates out in all directions.

			I leave the burrito to float in the air and cool.

			I snicker. If I really wanted a hot burrito, I’d turn on the spin drives, do an EVA, and hold the burrito in the light emitted from it. That’d get it hot really quick. As in: It would get vaporized along with my arm and whatever else was in the blast range, because—

			

			—

			“Welcome to Little Russia!” said Dimitri. He gave a theatrical wave at the aircraft carrier’s lower hangar deck. The whole space had been repurposed into a bunch of labs full of high-tech equipment. Dozens of lab-coated scientists toiled away at their tasks, occasionally speaking Russian to one another. Dimitri’s Denizens, we called them.

			
			We probably put more effort into naming stuff than we should have.

			I clutched my little sample container like Scrooge with a bag of coins. “I’m not happy with this.”

			“Oh, hush,” said Stratt.

			“I’ve only made eight grams of Astrophage so far, and I’m supposed to just give away two grams of it? Two grams may not seem like much, but it’s ninety-five billion Astrophage cells.”

			“It is for a good cause, my friend!” said Dimitri. “I promise you will like it. Come, come!”

			He led Stratt and me through to the main lab. The center was dominated by a huge cylindrical vacuum chamber. The chamber was open and three technicians mounted something to a table inside.

			Dimitri said something in Russian to them. They said something back. He said some other thing and pointed to me. They smiled and made happy Russian sounds.

			Then Stratt said something stern in Russian.

			“Sorry,” said Dimitri. “English only for now, my friends! For the American!”

			“Hello, American!” said one of the technicians. “I am speak of English for you! You have fuel?”

			I gripped my sample container tighter. “I have some fuel….”

			Stratt looked at me the way I look at stubborn students in my class. “Hand it over, Dr. Grace.”

			“You know, my breeder doubles Astrophage population over time, right? Taking away two grams now is like taking away four grams next month.”

			She pulled the container out of my hands and handed it to Dimitri.

			He held the small metal vial up and admired it. “This is a good day. I have looked forward to this day. Dr. Grace, please let me show you my spin drive!”

			He gestured for me to follow and bounced up the stairs into the vacuum chamber. The technicians exited one at a time to make room for us.

			
			“All is attached,” said one of them. “Checklist is done. Ready for test.”

			“Good, good,” Dimitri said. “Dr. Grace, Ms. Stratt. Come, come!”

			He led Stratt and me into the vacuum chamber. A thick, shiny metal plate leaned against one wall. The middle of the chamber had a round table with some kind of device resting on it.

			“This is spin drive.” Dimitri beamed.

			It wasn’t much to look at. It was a couple of feet across, mostly circular, but with one side of it cut flat. Sensors and wires came out from apertures all over the place.

			Dimitri lifted the top casing off to reveal the innards. Things got more complicated. Inside was a clear triangle on a rotor. Dimitri gave it a little spin. “See? Spin. Spin drive.”

			“How’s it work?” I asked.

			He pointed to the triangle. “This is the revolver—high-tensile-strength transparent polycarbonate. And this”—he pointed to a nook between the revolver and the outer casing—“is where fuel comes in. IR emitter inside that part of revolver emits small amount of light with 4.26 and 18.31 microns wavelength—that is wavelengths which attract Astrophage. Astrophage go to that revolver face. But not too hard. Astrophage thrust is based on strength of IR light. Dim light make weak thrust. But enough to make Astrophage stick to surface.”

			He rotated the triangle and aligned an edge with the flat part of the casing. “Rotate 120 degrees, this face of revolver with Astrophage stuck to it now points out the back of the ship. Increase strength of IR light inside. Astrophage now very excited, push very hard toward IR light! Their thrust—Petrova-frequency light—leaves back of ship. This pushes ship forward. Millions of little Astrophages pushing on back of ship make it go, yes?”

			I bent down for a look. “I see…this way no part of the ship has to be in the blast area of the light.”

			“Yes, yes!” said Dimitri. “Astrophage force limited only by the brightness of IR light attracting it. I did very much math and decided best is to make Astrophage exhaust all energy in four seconds. Any faster and force will break revolver.”

			
			He rotated the revolver another 120 degrees and pointed to the remaining third of the casing. “This is cleaning area. Squeegee wipes dead Astrophage off revolver.”

			He pointed to the cleaning area, then the fueling area, and then the open face. “All three areas active at same time. So while this area cleans dead Astrophage off this face, fueling area adds Astrophage to that face, and other face is pointed out back of ship, providing thrust. This pipelining means the part of triangle pointed out back of ship is always thrusting.”

			Dimitri opened my vial of Astrophage and set it in the fueling chamber. I guess since the Astrophage will find their way to the triangle face, no special handling was required. He could just…let the fuel see the IR.

			“Come, come,” he said. “Experiment time!”

			We left the vacuum chamber and Dimitri sealed it off. He yelled something in Russian, and all the Russians started repeating it. Everyone made their way to the far side of the hangar deck, including us.

			They’d set up a folding table. It had a laptop on it with Cyrillic writing on the screen.

			“Ms. Stratt. How far is carrier from closest land?” Dimitri asked.

			“About three hundred kilometers,” she said.

			“This is good.”

			“Wait, why?” I said. “Why is that good?”

			Dimitri pursed his lips. “It is…good. Time for science!”

			He pushed a button. There was a muffled whump from the far side of the bay, followed by a hum, and then nothing.

			“Experiment done.” He leaned forward to read the screen. “Sixty thousand Newtons of force!”

			He turned to the other Russians. “60,000 ньютонов!”

			They all cheered.

			
			Stratt turned to me. “That’s a lot, right?”

			I was too busy staring slack-jawed at Dimitri to answer her. “Did you say sixty thousand Newtons?”

			He pumped his fist in the air. “Yes! Sixty thousand Newtons! Maintained for one hundred microseconds!”

			“Oh my God. From that little thing?!” I started to walk forward. I had to see this for myself.

			Dimitri grabbed my arm. “No. You stay here, friend. We all stay here. One point eight billion Joules of light energy was released. This is why we needed vacuum chamber and one thousand kilograms of silicon. No air to ionize. Light goes directly to silicon block. Energy is absorbed by melting the metal. See?”

			He turned the laptop toward me. A camera feed from inside the vacuum chamber showed the glowing blob that was once a thick plate of metal.

			“Whoa…” I said.

			“Yes, yes,” Dimitri said. “That Mr. Einstein with his E = mc2. Very powerful stuff. We let the cooling system work on it for a few hours. Uses seawater. Will be fine.”

			I just shook my head in awe. In just 100 microseconds—that’s one ten-thousandth of a second—Dimitri’s spin drive melted a metric ton of metal. All that energy had been stored up in my little Astrophages. Slowly harvested from the carrier’s nuclear reactor heat over time by my breeder. I mean, the math all checked out, but to see it actually demonstrated like that was another thing entirely.

			“Wait…how much Astrophage did you use there?”

			Dimitri smiled. “I can only estimate based on thrust generated. But was close to twenty micrograms.”

			“I gave you two entire grams! Can I have the rest back, please?”

			“Don’t be greedy,” Stratt said. “Dimitri needs it for further experimentation.”

			She turned to him. “Good work. How big will the real drive be?”

			Dimitri pointed to the video feed. “That big. That is real drive.”

			
			“No, I mean the one on the ship.”

			“That,” he said, pointing again. “You want redundancy, safety, reliability, yes? So we don’t make just one big engine. We make thousand little ones. One thousand and nine, actually. Enough for all thrust needed and much to spare. Some malfunction during trip? Not a problem. More thrust from the others to compensate.”

			“Ah.” Stratt nodded. “Tons of little spin drives. I like it. Keep up the good work.”

			She headed to the stairwell.

			I stared at Dimitri. “If you’d set off all two grams of that sample at once…”

			He shrugged. “Fwoosh! We are vapor. All of us. Carrier too. Explosion would make small tsunami. But three hundred kilometers away from land, so is okay.”

			He slapped me on the back. “And I would owe you drink in afterlife, yes?! Ha-ha-ha-ha!”

			

			—

			“Huh,” I say to myself. “So that’s how the spin drive works.”

			I munch on my burrito.

			So I guess I have a thousand of those (“A thousand and nine!” I hear Dimitri’s voice in my head). At least—that’s how many I started with. Some probably went kaput during the trip. There’s probably a panel on the Spin Drive console that’ll tell me the status of each little one.

			The proximity alert interrupts my thoughts.

			“Finally!”

			I “drop” the burrito (it floats where I leave it) and launch myself up to the control room. The hatch from the dormitory to the lab doesn’t line up with the hatch from the lab to the control room, but there’s a diagonal line of travel that will send me through both if I do it just right.

			I don’t get it right this time. I have to push off a lab wall en route. Still, I’m getting better at it.

			
			I check the Radar panel and, sure enough, the Blip-A is approaching! Not a cylinder this time. The whole ship is coming my way. Nice and slow. Maybe they’re going for a nonthreatening kind of approach? In any event, it’s almost here.

			Looks like its hull has a new addition. In that diamond part that’s as big as the whole Hail Mary, there’s a cylindrical tube sticking straight up. The hull robot is sitting next to it, looking proud of itself. I may be anthropomorphizing a tad.

			The tube looks like xenonite. Patchy gray and tan with grainlike lines running its length. Hard to tell from this angle, but it also looks to be hollow.

			I think I know what comes next. If they follow the plan they indicated with the model, they’ll be putting the other end of it against my airlock.

			How will they attach their tunnel? My airlock does have docking capability—probably for whatever ship brought me and my crewmates to the Hail Mary—but I can’t expect Eridians to know the intricacies of a universal airlock.

			The Blip-A edges ever closer. What if there’s a mistake? What if they miscalculate? What if they accidentally poke a hole in my hull? I’m all that stands between humanity and extinction. Will an alien math error doom my entire species?

			I hustle to the airlock and pull on the EVA suit. I’m in there in record time. Better safe than sorry.

			The Blip-A is so close now, the Telescope screen just shows a patch of mottled hull. I switch to the external cameras. My hull is littered with them. They’re all controlled from a window on the EVA panel. Always good to know where your astronaut is when giving them EVA instructions, I guess.

			The tunnel is about 20 feet long. Or 7 meters. Man, being an American scientist sucks sometimes. You think in random, unpredictable units based on what situation you’re in.

			The hull robot reaches out with some seriously telescoping arms. I had no idea it could do that. It extends well beyond the tunnel toward my airlock. Not creepy at all. Five ever-growing alien robot arms reaching for my front door. No cause for alarm.

			
			Each arm’s three-fingered “hand” is holding…something. A curved bar with a flat plate attached on the ends. Like a coffee-mug handle. Three of the arms reach the Hail Mary and stick the flat parts of their devices to the hull. Shortly after, the other two arms do the same. Then, all five retract, pulling the Hail Mary toward the tunnel.

			Okay. So those flat things are handles. How are they attached? Good question! My hull is smooth and made of nonmagnetic aluminum (why do I remember that all of a sudden?). The handles certainly aren’t connected by any mechanical means. Must be an adhesive.

			And it all starts to make sense.

			Of course they aren’t going to work out how the docking mechanism works. They’re going to glue one end of the tunnel to my ship. Why not? Much simpler.

			My ship groans. It’s a 100,000-kilogram piece of equipment that was definitely not designed to be pulled along by its airlock. Will the hull put up with this?

			I double-check the seals on my EVA suit.

			The control room moves around me. It’s not fast—just a few centimeters per second. Hey, for small spaceship velocities I think in metric! Much better than “cubits per fortnight” or whatever.

			I let the wall catch up to me. At some lizard-brain level, I like being a little farther from the airlock. Some scary stuff is going on over there.

			Clunk.

			The Eridian tunnel has hit the hull. Clicks and scrapes follow. I watch the hull camera feeds.

			The mouth of the tunnel, now firmly held to the airlock aperture, is larger than the entire airlock door. I guess that’s that. Presuming the glue will hold pressure. They don’t even know what my atmospheric pressure is. What’s the glue made of? So many questions.

			I can’t operate the control-room panels with my EVA suit gloves. I wish I could zoom in or something. I squint at one of the feeds showing the tunnel. It sure looks tight against the hull to me. There’s some curvature to the hull around that spot. Kind of a complicated shape to make, but the Eridians duplicated it perfectly.

			
			After another minute, the robot arms let go of their handles, leaving them on the hull.

			A muffled sound comes from the airlock. It’s a whooshing sound. Is that airflow? They’re pressurizing the tunnel!

			My heart races. Can my hull handle this? What if their air dissolves aluminum? What if aluminum is highly toxic to Eridians and one whiff of it kills them instantly? This is a terrible idea!

			The whooshing stops.

			I gulp.

			They’re done. Nothing dissolved yet. I float over to the airlock for a look-see.

			I had both airlock doors sealed, of course. More protection in case of a breach. I open the inner door and float inside. I peek out the porthole window.

			The blackness of space gone, replaced with the blackness of a dark tunnel. I turn on the helmet lamps and angle my head to shine light through the porthole.

			The end of the tunnel is too close. I don’t mean I’m bothered by it. I mean the end of it is not 20 feet away. It’s more like 10 feet. And while the rest of the tunnel is made of gray and tan blotchy xenonite, the wall at the end is a hexagonal pattern of random colors.

			They didn’t just connect a tunnel. They connected my airlock to theirs, with a wall in the middle.

			Clever.

			I close the inner airlock door with me inside and depressurize it. I spin the outer door’s hatch handle and push. It opens without resistance. The tunnel is a vacuum—at least, it is on my side of the divider.

			I think I see. This is a test. They had all the same concerns I had. Attach it, let me pressurize my half with my air, and see what happens. Either it works or it doesn’t. If it works, great! If not, they’ll try something else. Or maybe ask me to try something.

			
			Okay. Let’s see.

			I tell the airlock to repressurize. It refuses—the outer door is open. Nice to know that safety interlock is there, but I’ll have to work around it.

			It’s not hard—there’s a manual relief valve that will just let air from the ship into the airlock. It bypasses all computer controls. You don’t want someone to die because of a software malfunction, right?

			I open the relief valve. Air rushes in from the Hail Mary and, with the airlock wide open, into the tunnel. Within three minutes, the airflow slows and then stops. My suit readings tell me there’s 400 hectopascals of pressure outside. The Hail Mary has equalized with my part of the tunnel.

			I close the relief valve and wait. I watch the external pressure gauge on my EVA suit. The pressure stays put at 400 hectopascals. We have a good seal.

			Eridians know how to glue xenonite to aluminum. Of course they do. Aluminum’s an element, and any species that could invent xenonite in the first place must know their way around the periodic table a thousand times better than we do.

			Time for a leap of faith. I pop the seals of the EVA suit and climb out the back. The strong smell of ammonia permeates the air but it’s otherwise breathable. It’s my own air supply, after all. I push the EVA suit back toward the airlock. The helmet lamps are my only source of light, so I finagle the suit so the lights stay pointed down the tunnel.

			I float over to the mystery wall and reach out to touch it, but stop short. I can feel the heat even from a few inches away. Eridians like it hot.

			In fact, I’m starting to sweat. The tunnel walls are heating up my air. It’s uncomfortable, but not too bad. I can open the Hail Mary’s inner airlock door if I want my climate control to take over. Then our life-support systems can fight it out. They’ll keep the hot side hot and I’ll keep the cold side cold.

			Even with the sweat forming on my brow and the strong ammonia odor making my eyes water, I press on. I’m just too curious not to. Could anyone blame me?

			
			There are at least twenty little hexagons on this wall. They’re all different colors and textures and I think a couple of them might be translucent. I should catalog each one and figure out if I can identify what they’re made of. Looking closer, I see there’s a definite seam running along the edges of the hexes.

			That’s when I hear a sound come from the other side:

			Knock, knock, knock.
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			They knocked, so it’s only polite for me to knock back. I know that wall is going to be hot, so I rap my knuckles on it as fast as I can.

			I knock three times, just like they did.

			There’s no immediate response. I take a good long look at the hex wall. There are forty hexes, I’d say, and each one seems to be unique. Different materials, maybe? I feel like I’m supposed to do something here, but what?

			Are they watching me? I don’t see anything that looks like a camera.

			I hold up my finger and point back to my airlock. I don’t know if they can see me or if they have any idea what that hand gesture means. I kick off the hex wall and back to the airlock, and then I open the inner door. Why not? The pressure is the same on both sides. It’s okay to leave the airlock open. If there’s a pressure loss in that tunnel, the air leaving the ship will slam the inner airlock door shut and I’ll get to stay alive.

			I go to the lab and pack a bag with a few choice items, then return to the tunnel.

			First I tape LED lamps to various spots along the tunnel and aim them at the hex wall. Now I can see what I’m doing, at least. I pull out my trusty handheld x-ray spectrometer and scan one of the hexes. It’s xenonite. Almost the same composition as the cylinders they sent me earlier.

			
			Almost.

			There are a few differences in the trace elements. Interesting. Maybe xenonite is like steel—lots of different recipes? I check the next hex over. Another slightly unique combination.

			Best guess: Different types of xenonite are optimal for different situations. They had no idea what my air was like. So they want to test various compounds against it. When I leave the tunnel, they’ll inspect the hexes to decide which one fares best.

			That means I should leave the tunnel. Should I depressurize my side for them? Seems polite. I could easily do it—I’d just tell the airlock to cycle. It would think, “Golly, there sure is a lot of air in me today!” but would just keep pumping until there was a vacuum.

			But then again, maybe they have a way of sampling the air on this side. If so, I should leave it here, right?

			I decide to leave it be. They probably have a sampling technique. If I were making this tunnel, that’s what I’d do, and they seem pretty bright.

			I turn back toward the airlock, but something catches my eye. Movement!

			I shoot my attention back to the hex wall. Nothing’s changed. But I could swear I saw something move. Some of the hexes are shiny—I probably caught a glimpse of my reflection.

			Wait…

			One hex stands out. Why?

			It’s near the tunnel wall. Not very obvious. I float over to take a closer look.

			“Holy cow!” I say.

			This hex is clear! All the others are opaque, but this one is like glass! I pull one of the lamps off the wall and hold it up to the hex. I press my head against the hot wall to get a closer look.

			Light gets through into the other side. I can see the tunnel walls beyond. Either their side is a vacuum or their air is clear. Either way, there’s nothing blocking or dulling my view.

			
			Suddenly, a rock hits the other side of the hex. It stays there. It’s just a few inches away from me. It’s roughly triangular, kind of a dark brown, and has rough, jagged edges. Like you might see on the tip of a spear from a caveman.

			Have I met spacefaring cavemen?

			Stop being stupid, Ryland.

			Why did they put a rock there? And is it sticky? Are they trying to block my view? If so, they’re doing a terrible job. The little triangle is only a couple of inches wide at the thickest point and the hex is a good 8 inches across.

			And it gets sillier. Now the rock is bending at articulated joints, and there are two similar rocks that do the same thing, and there’s a longer rock attached to them that—

			That’s not a rock. It’s a claw! It’s a claw with three fingers!

			I’m desperate to see more! I press my face against the hex. It burns, but I resist the urge to pull away. There’s pain, yes, and it’s probably going to leave a mark. I should go back to the lab and find a camera, but come on. No one would have that presence of mind at a time like this.

			I groan as my face aches, but I’m rewarded with a better view.

			The alien’s claw—er…I’ll call it a hand. That’s less scary. The alien’s hand has three triangular fingers, each one with articulation points. Knuckles, I guess. They can close up into a raindrop shape or widen out to a sort of three-legged starfish.

			The skin is weird. It looks like brownish-black rock. It’s irregular and bumpy, like someone carved the hand out of granite and hasn’t gotten around to smoothing it out yet. Natural armor, maybe? Like a turtle shell but less organized?

			There’s an arm too. I can barely see it from this angle, no matter how hard I stupidly press my face into the Hot Wall of Pain. But there’s definitely an arm leading away from the hand. I mean, there’d have to be, right? Not just a magic floating hand.

			
			I can’t take the pain anymore. I pull my head away. I feel my face. It’s pretty raw, but there aren’t any blisters.

			Tap-tap-tap.

			The alien is tapping the clear hex with a finger. So I flick it with my finger three times.

			It taps the hex again, three times. So I tap again as well.

			Then comes something creepy. The cla—hand—retreats and returns with an object and holds it against the clear hexagon. Whatever it is, it’s small. I let myself drift closer to the wall for a better look. The heat warms my face.

			The object is xenonite, of course. It’s about a half-inch high and finely detailed. It looks like a doll. But it has an oversized head and really thick arms and legs—

			“Oh!”

			It’s me. It’s a teeny, tiny Russian Orlan-MKS2 EVA suit. That’s all they’ve seen of me so far.

			Another hand shows up. Hey, I have two hands, so I shouldn’t be surprised that they do too. The second hand holds a model of the Hail Mary. It looks to be at the same scale as the figurine of me. The hands then push the little me into the little Hail Mary’s airlock.

			Pretty clear. It’s saying, Go back into your ship.

			I give a thumbs-up. The alien releases Mini-Me and the Hail Mary model to float away. Then it contorts a hand into something resembling a thumbs-up. It’s just two fingers curled into a ball with the third pointed up. At least it’s not the middle one that’s pointed up.

			I return to the Hail Mary and close the airlock door behind me.

			I pant and wheeze with excitement. I can’t believe that just happened.

			That’s an alien. I just saw an alien. Not just an alien ship. An alien being. I mean—just his claw—er…hand. But yeah.

			Well, I say “his hand,” but maybe it’s her hand. Or some other pronoun I don’t have a word for. They might have seventeen biological sexes, for all I know. Or none. No one ever talks about the really hard parts of first contact with intelligent alien life: pronouns. I’m going to go with “he” for now, because it just seems rude to call a thinking being “it.”

			
			Also, until I hear otherwise, his name is Rocky.

			

			—

			Okay, now what? Rocky told me to go back into my ship. So I did.

			I feel kind of stupid. There’s a whole bunch of science I should be doing, right?

			I peek through the airlock porthole. My lamps are still taped to the walls in the tunnel and I can see there have been some…changes.

			The hex wall is gone. Just plain gone. I can see all the way to the Blip-A’s hull. And there’s a hull robot attached to it reaching out and doing stuff with its little robot hands.

			And yeah, its hands look like Rocky’s hands, broadly speaking. Three fingers. About the same size as Rocky’s hands. Probably controlled with a Nintendo Power Glove kind of thing inside the ship.

			Man, I’m old.

			The robot takes a particular interest in my lamps. Heck, I’d take an interest too. Those are alien artifacts with alien technology. Sure, they’re just lights, but they’re alien lights to my Eridian friends over there. Probably the most exciting scientific find of their history. The robot arm puts them in a little cubby on the Blip-A hull and a latch closes. I bet those are going to be the most heavily studied lamps in the history of lamps.

			I’m glad they got to have that moment of discovery and all, but they took my light source away. I can hear the occasional clunk but it’s pitch-dark in there.

			That’s interesting in and of itself. I’m not an alien from 40 Eridani, but if I were working with a remote-controlled robot, I’d have a camera on it somewhere and a light source to see what I was doing. But they don’t need that. They don’t need light.

			Well, hold on. Their visible spectrum might be completely different from ours. Humans only see a tiny fraction of all the wavelengths of light out there. We evolved to see the wavelengths that are most plentiful on Earth. Maybe Eridians evolved to see different wavelengths. The room could be well illuminated with infrared or ultraviolet light and I wouldn’t see a thing.

			
			Hmm. A robot. Why a robot? They had a living being there a few minutes ago—my boy Rocky. Why replace him with a robot?

			Vacuum.

			They probably took all the air out of the tunnel. They have a sample of my hull—they know it’s made of aluminum and roughly how thick it is. Maybe they aren’t sure if my ship can handle outside pressure. Or maybe their atmosphere reacts badly with aluminum.

			So they keep the tunnel a vacuum, which means they have to do work with a robot.

			I feel like Sherlock Holmes. All I saw was “nothing,” and I drew a bunch of conclusions! Conclusions that are wildly speculative and with nothing to prove them, but conclusions!

			I could get another lamp—the lab has a few more. I could shine it in there to see what Robo-Rocky is doing. But I’ll know soon enough. And I don’t want to be in some other part of the ship if something interesting happens.

			Just as I’m thinking that, something interesting happens.

			Knock-knock-knock.

			No, that’s not creepy at all. Being in a spaceship twelve light-years from home and having someone knock on the door is totally normal.

			Okay, now I need another lamp. I pinball down to the lab to grab another one, then back up to the control room. I cycle the airlock without bothering to put on the EVA suit. I turn the manual vent valves on both doors of the airlock to repressurize the tunnel. It works just like I expect. There’s still a good seal out there.

			I open the outer door and float in, lamp in hand.

			The hex wall is gone—it’s been replaced by a solid wall of clear material. And on the other side of that wall is Rocky.

			He’s a spider. A big-assed spider.

			
			I turn to flee. But my rational brain takes over.

			“Easy…easy…they’re friendly,” I say to myself. I turn back and take in the scene.

			Rocky is smaller than a human. He’s about the size of a Labrador. He has five legs radiating out from a central carapace-looking thing. The carapace, which is roughly a pentagon, is 18 inches across and half as thick. I don’t see eyes or a face anywhere.

			Each leg has a joint in the middle—I’ll call it an elbow. Each leg (or should I say arm?) ends in a hand. So he’s got five hands. Each hand has those triangular fingers I got a good look at last time. Looks like all five hands are the same. I don’t see any “front” or “back” to him. He appears to be pentagonally symmetrical.

			He wears clothing. The legs are bare, showing the rocklike skin, but there’s cloth on the carapace. Sort of like a shirt with five armholes. I don’t know what the shirt is made of but it looks thicker than typical human clothing. It’s a dull greenish-brown, and inconsistently shaded.

			The top of the shirt has a large open hole. Like where the neck goes on a human’s T-shirt. That hole is smaller than the carapace. So he must have to put that shirt on by pulling it downward and sliding the arms through their respective holes. Again, like a human’s shirt.

			But there’s no neck or head to go through that hole on top. Just a hard-looking rocky pentagon that sticks up a little bit from the crusty skin.

			On his side of the tunnel, he has handles and latticework on the walls. He casually hangs on to a couple of bars with two of his hands. I guess when you have five hands, zero g isn’t that big a deal. Just allocate a hand or two for keeping in one place and use the other three to do stuff.

			For me, the tunnel is kind of small. But for him it’s absolutely spacious.

			He waves to me with a free arm. He knows one human greeting and by golly he plans to use it.

			
			I wave back. He waves again. I shake my head. No more waving.

			He pivots his “shoulders” to rotate his carapace back and forth. He “shook his head” inasmuch as he could. I wonder how we’re going to break out of this game of “Eridian See Eridian Do,” but he takes care of that for me.

			He taps the clear wall three times with a finger, then keeps the finger extended. Is he…pointing?

			I follow the line and wow, there’s stuff in the tunnel with me! They left me a present!

			I can be forgiven for not noticing. Seeing an alien kind of distracted me from the small collection of objects on the tunnel wall.

			“All right,” I say. “Let’s see what you left me.”

			“♩♫♪♪♫,” says Rocky.

			My jaw drops. Yes, I’m in zero g. It still drops.

			There was no pronunciation or inflection of the sounds. Just notes. Like whale song. Except not quite like whale song, because there were several at once. Whale chords, I guess. And he was responding to me. That means he can hear too.

			And notably, the sounds were in my range of hearing. Some of the notes were low, some of them high. But definitely audible. That alone is amazing when I think about it. He’s from a different planet, and totally different evolutionary line, but we ended up with compatible sound ranges.

			On top of all that, he decided my noises warranted a response.

			“You have a language!” I say. “How do you have a language?! You don’t have a mouth!”

			“♫♫♩,” Rocky explains.

			Thinking rationally, you can’t make spaceships without a civilization and you can’t have civilization without being able to communicate. So of course they have language. It’s interesting that communication is done with sound, like humans do. Coincidence? Maybe not. Maybe that’s just the easiest way to evolve that trait.

			“♪.” Rocky points to the objects they left me.

			“Right, right,” I say. The whole language thing is way more interesting to me, and I’d rather explore that. But for now, Rocky wants to know what I think of his presents.

			
			I float over to the objects. They’re attached to the wall with my own tape.

			The objects are a pair of spheres. Each one has a raised image embossed on it. One has the Hail Mary and the other has the Blip-A.

			I pull the Hail Mary ball off the tape. It’s not warm. In fact, the tunnel isn’t warm anymore. Interesting. Maybe they noticed I like things cooler and they did something to make it more comfortable for me.

			There’s a rattle from inside the ball. I shake it and listen. More rattling.

			I find a seam. I rotate the top and bottom of the ball against each other and sure enough, they rotate. Left-handed screw, of course.

			I look to Rocky for approval. He has no face and thus no facial expressions. He just floats there, watching me. Well, not watching…no eyes. Actually, wait. How does he know what I’m doing? He clearly knows—he waved and stuff. He must have eyes somewhere. I probably just don’t recognize them.

			I turn my attention back to the sphere. I pull the two halves apart and inside is…a bunch more little spheres.

			I sigh. This raises more questions than it answers.

			The little beads float out and drift across my field of view. They’re not individual items. They’re connected to one another by little strings. Like a complicated necklace. I spread it out as best I can.

			They look like—for lack of a better term—beaded handcuffs. Two circles of threaded beads connected to each other by a little bridge of thread. Each circle has eight beads on it. The connecting thread has none. This seems very deliberate. But I have no idea what it means.

			Maybe the other ball—the one with the Blip-A picture on it—will shed more light. I let the handcuffs float and pull the Blip-A ball off the wall. I shake it and hear lots of rattling from inside. I unscrew the two halves and another set of beads comes out.

			Unlike the handcuffs, there’s only one ring in this construction. And it has seven beads, not eight. Also, it has three connector strings sticking out of the circle and leading to a single bead each. Kind of like a necklace with some ornamentation hanging off of it.

			
			There’s more stuff inside. I shake the model and another necklace floats out. I take a look and it’s identical to the one I just inspected. I keep shaking and more and more necklaces come out. Each one the same. I collect them all and stuff them in my pockets.

			“This reminds me of something…” I thump my forehead. “What does this remind me of…?”

			Rocky taps his carapace with a claw. I know he’s just mimicking my movements but it feels like he’s saying, Think, dummy!

			What would I tell my students at a time like this?

			Why did I suddenly think of my students? I got an image of my classroom. A flash of memory. I’m holding a model of a molecule and explaining—

			“Molecules!” I grab the handcuffs and hold them out to Rocky. “These are molecules! You’re trying to tell me something about chemistry!”

			“♫♪♫♫♪.”

			But wait. These are some weird molecules. They make no sense. I look at the handcuffs. Nothing forms a molecule like this. Eight atoms on one side, eight on the other, and connected by…what? Nothing? The connector string isn’t even coming off a bead. It’s just teeing off strings from the two circles.

			“Atoms!” I say. “The beads are protons. So the circles of beads are atoms. And the little connectors are chemical bonds!”

			“Okay, if that’s the case…” I hold up the handcuffs and count everything again. “Then this is two atoms, each with eight protons, connected to each other. Element number eight is oxygen. Two oxygens. O2! And it was in the Hail Mary ball.”

			I hold it toward Rocky. “You clever fellow, this is my atmosphere!”

			I grab the other set of beads. “So your atmosphere is…seven protons connected to three individual atoms with one proton each. A nitrogen attached to three hydrogens. Ammonia! Of course it’s ammonia! You breathe ammonia!”

			
			That explains the pervasive smell on all of the little presents they left me. Residual traces of their air.

			My smile fades. “Yikes. You breathe ammonia?”

			I count all the little ammonia necklaces they gave me. I only got one O2 molecule, but he gave me twenty-nine ammonias.

			I think about it for a moment.

			“Oh,” I say. “I get it. I see what you’re saying.”

			I look to my alien counterpart. “You have twenty-nine times as much atmosphere as I do.”

			Wow. Two things come immediately to mind: First, Eridians live in immense pressure. Like—similar to being a thousand feet deep in the ocean back on Earth. Secondly, xenonite is some amazing stuff. I don’t know how thick that wall is—half an inch, maybe? Less? But it’s holding back a relative pressure of 28 atmospheres. All while being a big, un-reinforced flat panel (the absolute worst way to make a pressure vessel). Heck, their whole ship is made of big flat panels. The tensile strength of that stuff must be off the charts. No wonder I couldn’t bend or break the things they sent earlier.

			We don’t have remotely compatible environments. I’d die in seconds if I were on his side of the tunnel. And my guess is he wouldn’t do well in one twenty-ninth his normal atmospheric pressure and with no ammonia at all.

			Okay, not a problem. We have sound and we can pantomime. That’s a good start for communication.

			I take a moment to let this all sink in. This is amazing stuff. I have an alien buddy here, and we’re chatting! I can barely contain myself! The problem is—I haven’t contained myself. Fatigue washes over me so hard I can barely concentrate. It’s been two days since I slept. There’s just always been something monumental going on. I can’t just stay up forever. I need to sleep.

			I hold up a finger. The “hang on a sec” motion. Hopefully he remembers it from last time. He holds up a finger on one of his hands to match.

			I rush back into the ship and careen down to the lab. There’s an analog clock on the wall. Because every lab needs an analog clock. It takes some doing, but I pull it off the wall and put it under my arm. I also grab a dry-erase marker from the workstation.

			
			Back I go, through the control room and into the Tunnel of Aliens. Rocky is still there. He seems to perk up when I return. How could I know that? I don’t know. He just kind of repositioned himself and seems more attentive.

			I show him the clock. I spin the time-set dial in the back. I just want him to see how the hands move around. He makes a circular motion with a hand. He gets it!

			I set the clock to 12:00. Then I use the dry-erase marker to draw a long line from the center toward the twelve and a short line from the center to the two. I’d rather sleep a solid eight hours, but I don’t want to keep Rocky waiting too long. I’ll settle for a two-hour nap. “I’ll come back when the clock matches this,” I say. As if that would help him understand.

			“♩♪♫.” He makes a gesture. He reaches forward with two of his hands and grabs…nothing. And then he pulls the nothing toward him.

			“What?”

			He taps the wall and points to the clock, then repeats the gesture. Does he want the clock to be closer to the wall?

			I push the clock closer. This seems to excite him. He makes the gesture more rapidly. I move it further forward. The clock is almost touching the wall now. He does the gesture one more time, but this time a little slower.

			At this point, I have no idea what he wants. So I just push the clock up against the wall. It’s touching now. He raises his hands and kind of shakes them. Alien jazz hands. Is that a good thing?

			Okay, I hope he understands I’ll be back in two hours. I turn to leave but immediately hear tap-tap-tap.

			“Whaaat?” I say.

			“♪♪♫♪,” he says, pointing to the clock. It drifted a little bit away from the wall. He doesn’t like that.

			“Um, okay,” I say. I pull a loop of tape off the wall, unloop it, and rip it in half. I use the two halves to tape the left and right sides of the clock to the clear wall.

			
			Rocky gives me the jazz hands signal again. I think it means “yes” or “I approve of this.” Like nodding.

			I turn to leave again, but tap-tap-tap!

			I spin around once more. “Dude, I just want a darn nap!”

			He holds up a finger. Using my own sign language against me. Now I have to wait! I guess that’s fair. I hold up my finger to acknowledge it.

			He opens a circular door leading into his ship. It’s the right size for an Eridian—I would have a hard time squeezing through if that ever became a plan. He disappears inside, leaving the door open. I’d love to know what’s beyond the door, but I can’t see anything. It’s pitch-black in there.

			Hmm. Interesting. It is completely dark in his ship. That door probably leads to an airlock. But even an airlock would have some lights in it, wouldn’t it?

			Rocky didn’t have any problem getting around. But I know he can see—he responds to my gestures. This lends strength to my earlier theory about Eridian vision: I think they see a different part of the spectrum than humans do. Maybe they see entirely in infrared or entirely in ultraviolet. That airlock might be perfectly lit up as far as Rocky’s concerned and I can’t see a thing. Conversely, my lights are completely useless to him.

			I wonder if we have any wavelengths in common. Maybe red (the color with the lowest wavelength that humans can see) is “♪♫♩,” the highest wavelength they can see. Or something. Might be worth looking into. I should bring a rainbow of lights in and find out if he can—oh, he’s back.

			Rocky bounces into the tunnel and spider-walks along the rails to the dividing wall. He’s incredibly graceful at it. Either he’s very seasoned at being in zero g or Eridians are just really good at climbing around. They have five hands with opposable fingers, and he’s an interstellar traveler, so it’s probably a little bit of both.

			
			With one of his hands, he holds a device up for me to see. It’s…I don’t know what it is.

			It’s a cylinder (man, these people like cylinders), a foot long and maybe 6 inches wide. I can see that his grip deforms the casing a little bit. It’s made of a soft material, like foam rubber. The cylinder has five horizontally aligned square windows. Inside each window is a shape. I think they might be letters. But they’re not just ink on paper. They’re on a flat surface, but the symbols themselves are raised an eighth of an inch or so.

			“Huh,” I say.

			The symbol on the right rotates away to be replaced by a new symbol. After a couple of seconds it happens again. Then again.

			“It’s a clock!” I say. “I showed you a clock, so you showed me a clock!”

			I point to my clock, still taped to the wall, and then to his. He does the jazz hands with two of the hands he’s not using at the moment. I do jazz hands back.

			I watch the Eridian clock for a while. Rocky just holds it in place for me to see. The symbols—numbers, probably—cycle through on the rightmost window. They’re on a rotor. Like an old-school digital clock back home. After a while, the rotor one step to the left of it changes one position. Aha!

			As far as I can tell, the right rotor changes once every two seconds. A little more than two seconds, I think. It cycles through six unique symbols before repeating: “ℓ,” “I,” “V,” “λ,” “+,” and “V,” in that order. Whenever it reaches “ℓ,” the next rotor to the left advances one step. Eventually, after about a minute of this, that second-from-the-right rotor works its way through all the symbols, and when it reaches “ℓ,” the third rotor from the right advances.

			Looks like they read information from left to right—same as English. Neat coincidence. Though not incredibly unlikely. I mean, there’s really only four options: left to right, right to left, top to bottom, or bottom to top. So there was a 1 in 4 chance we’d be the same.

			So his clock is intuitive for me to read. And it works like an odometer. “ℓ” is clearly their 0. From that, I know that “I” is 1, “V” is 2, “λ” is 3, “+” is 4, and “V” is 5. What about 6 through 9? They don’t exist. After “V” we go back to “ℓ.” Eridians use base six.

			
			Of all the things I teach my students, numerical bases are the hardest to make them truly understand. There’s nothing special about the number 10. We have ten unique digits because we have ten fingers. Simple as that. Rockies have three fingers per hand and I guess they only like to use two hands when counting (they probably keep the other three feet/hands on the ground to stay steady). So they have six fingers to work with.

			“I like you, Rocky! You’re a genius!”

			And he is! With this simple act, Rocky showed me:

			
					
					How Eridian numbers work (base six)

				

					
					How Eridian numbers are written (ℓ, I, V, λ,+, V)

				

					
					How Eridians read information (left to right)

				

					
					How long an Eridian second is

				

			

			I hold up a finger and rush back into the ship to get my stopwatch. I come back and time Rocky’s clock. I start the timer just as the third rotor changes state. The right rotor continues clicking over every two seconds or so, and every six steps, the next rotor advances one. This is going to take a while, but I want as accurate a count as possible. It takes around a minute and a half for the third rotor to move just one step. I can expect to be at this for ten minutes or so. But I plan to watch the whole time.

			Rocky gets bored. At least, I think that’s what happens. He starts fidgeting, and then lets the clock float in place near the divider wall. Then he wanders around his side of the tunnel. I’m not sure if he’s doing anything in particular. He opens a door leading into his ship, begins to climb through, and then stops. He seems to think it over, then changes his mind. He closes the door. He doesn’t want to leave while I’m still here. After all, I might do or say something interesting.

			“♪♪♩,” he says.

			
			“I know, I know,” I say. I hold up a finger.

			He holds up his finger, then returns to slowly bouncing from wall to wall. Zero-g pacing.

			Finally, the third rotor completes a full lap and I stop my timer. Total time: 511.0 seconds. I don’t have a calculator, and I’m too excited to go back into the ship to get one. I pull out a pen and do long division on the palm of my other hand. One Eridian second is 2.366 Earth seconds.

			I circle the answer on my palm and stare at it. I add a few exclamation points nearby because I feel like they’re warranted.

			I know it doesn’t seem like much, but this is a huge deal. Rocky and I are astronauts. If we’re going to talk, we’re going to talk science. And just like that, Rocky and I have established a fundamental unit of time. Next up: length and mass!

			No, actually. Next up—a nap. I’m so tired. I pull my clock off the wall, circle the “2” with my dry-erase marker—just to be as clear as possible, then tape it back in place. I wave. He waves back. Then I go back for a nap.

			

			—

			This is ridiculous. How can I expect to sleep? How could anyone under these circumstances? I’m still wrapping my head around what’s happening. There’s an alien out there.

			And it’s killing me that I can’t find out what he knows about Astrophage. But you can’t talk about complex scientific concepts with someone via pantomime. We need a shared language, however rudimentary.

			I just need to keep doing what I’m doing. Work on science communication. The verbs and nouns of physics. It’s the one set of concepts we’re guaranteed to share—physical laws are the same everywhere. And once we have enough words to actually talk about science, we’ll start talking about Astrophage.

			And in “VVℓλI” Eridian seconds I’ll be talking to him again. How the heck can a guy sleep at a time like this? There’s no way I can just—
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			Another day, another staff meeting. Who would have thought saving the world could be so boring?

			The science team sat around the meeting-room table. Me, Dimitri, and Lokken. For all her talk about cutting out bureaucracy, Stratt ended up with a bunch of de facto department heads and daily staff meetings.

			Sometimes, the stuff we all hate ends up being the only way to do things.

			Stratt sat at the head of the table, of course. And next to her was a man I’d never seen before.

			“Everyone,” Stratt said. “I want you to meet Dr. François Leclerc.”

			The Frenchman to her left waved halfheartedly. “Hello.”

			“Leclerc is a world-renowned climatologist from Paris. I’ve put him in charge of tracking, understanding, and—if possible—ameliorating the climate effects of Astrophage.”

			“Oh, is that all?” I said.

			Leclerc smiled, but it faded quickly.

			“So, Dr. Leclerc,” Stratt said. “We’ve been getting a lot of conflicting reports on exactly what to expect from the reduction of solar energy. It’s hard to find any two climatologists who agree.”

			
			He shrugged. “It’s hard to find two climatologists who agree on the color of an orange. It is, unfortunately, an inexact field. There is a lot of uncertainty and—if I’m being honest—a lot of guesswork. Climate science is in its infancy.”

			“You’re not giving yourself enough credit. Out of all the experts, you’re the only one I could find whose climate-prediction models were proven true over and over again for the last twenty years.”

			He nodded.

			She gestured to a disorderly mass of papers on the meeting table. “I’ve been sent every kind of prediction from minor crop failures to global biosphere collapse. I want to hear what you have to say. You’ve seen the predicted solar-output numbers. What’s your take?”

			“Disaster, of course,” he said. “We’re looking at extinction of many species, complete upheaval of biomes all over the world, major changes in weather patterns—”

			“Humans,” Stratt said. “I want to know how this affects humans, and when. I don’t care about the mating grounds of the three-anused mud sloth or any other random biome.”

			“We’re part of the ecology, Ms. Stratt. We’re not outside it. The plants we eat, the animals we ranch, the air we breathe—it’s all part of the tapestry. It’s all connected. As the biomes collapse, it’ll have a direct impact on humanity.”

			“Okay, then: numbers,” Stratt said. “I want numbers. Tangible things, not vague predictions.”

			He scowled at her. “Okay. Nineteen years.”

			“Nineteen years?”

			“You wanted a number,” he said. “There’s a number. Nineteen years.”

			“Okay, what’s nineteen years?”

			“That’s my estimate for when half the people currently alive will be dead. Nineteen years from now.”

			The silence that followed was unlike anything I’d ever experienced. Even Stratt was taken aback. Lokken and I looked to each other. I don’t know why but we did. Dimitri’s mouth fell agape.

			
			“Half?” Stratt said. “Three point five billion people? Dead?”

			“Yes,” he said. “Is that tangible enough for you?”

			“How can you possibly know that?” she said.

			He pursed his lips. “And just like that another climate denier is born. See how easy it is? All I have to do is tell you something you don’t want to hear.”

			“Don’t patronize me, Dr. Leclerc. Just answer my questions.”

			He crossed his arms. “We’re already seeing major weather-pattern disruptions.”

			Lokken cleared her throat. “I heard there were tornadoes in Europe?”

			“Yes,” he said. “And they’re happening more and more often. European languages didn’t even have a word for tornado until Spanish conquistadors saw them in North America. Now they’re happening in Italy, Spain, and Greece.”

			He tilted his head. “Partially, it’s because of shifting weather patterns. And partially it’s because some lunatic decided to pave the Sahara Desert with black rectangles. As if a massive disruption of heat distribution near the Mediterranean Sea wouldn’t have any effects.”

			Stratt rolled her eyes. “I knew there’d be weather effects. We just don’t have any other choice.”

			He pressed on. “Your abuse of the Sahara aside, we’re seeing bizarre phenomena all over the world. The cyclone season is off by two months. It snowed in Vietnam last week. The jet stream is a convoluted mess changing day by day. Arctic air is being brought to places it’s never been before, and tropical air is going well north and south. It’s a maelstrom.”

			“Get back to the three and a half billion dead people,” Stratt said.

			“Sure,” he said. “The math of famine is actually pretty easy. Take all the calories the world creates with farming and agriculture per day, and divide by about fifteen hundred. The human population cannot be greater than that number. Not for long, anyway.”

			He fiddled with a pen on the table. “I’ve run the best models I have. Crops are going to fail. The global staple crops are wheat, barley, millet, potatoes, soy, and most important: rice. All of them are pretty sensitive about temperature ranges. If your rice paddy freezes over, the rice dies. If your potato farm floods, the potatoes die. And if your wheat farm experiences ten times normal humidity, it gets fungal parasites and dies.”

			
			He looked at Stratt again. “If only we had a stable supply of three-anused mud sloths, maybe we’d survive.”

			Stratt pinched her chin. “Nineteen years isn’t enough time. It’ll take thirteen years for the Hail Mary to get to Tau Ceti, and another thirteen for any results or data to come back. We need at least twenty-six years. Twenty-seven would be better.”

			He looked at her as if she’d grown another head. “What are you saying? This isn’t some optional outcome. This is happening. And there’s nothing we can do about it.”

			“Nonsense,” she said. “Humanity has been accidentally causing global warming for a century. Let’s see what we can do when we really set our minds to it.”

			He drew back. “What? Are you kidding?”

			“A nice blanket of greenhouse gases would buy us some time, right? It would insulate Earth like a parka and make the energy we are getting last longer. Am I wrong?”

			“Wha—” he stammered. “You aren’t wrong, but the scale…and the morality of deliberately causing greenhouse-gas emissions…”

			“I don’t care about morality,” Stratt said.

			“She really doesn’t,” I said.

			“I care about saving humanity. So get me some greenhouse effect. You’re a climatologist. Come up with something to make us last at least twenty-seven years. I’m not willing to lose half of humanity.”

			Leclerc gulped.

			She made a shooing motion. “Get to work!”

			

			—

			It takes three hours and the addition of fifty words to our shared vocabulary, but I am finally able to explain radiation—and its effects on biology—to Rocky.

			
			“Thank,” he says in unusually low tones. Sad tones. “Now I know how my friends died.”

			“Bad bad bad,” I say.

			“Yes,” he chimes.

			During the conversation, I learned the Blip-A has no radiation protection at all. And I know why Eridians never discovered radiation. It took a while to assemble all of this information, but here is what I know:

			The Eridian homeworld is the first planet in the 40 Eridani system. Humans actually spotted it a while ago, obviously not knowing there was a whole civilization there. The catalog name for it is “40 Eridani A b.” That’s a mouthful. The planet’s actual name, from the Eridians, is a collection of chords like any other Eridian word. So I’ll just call it “Erid.”

			Erid is extremely close to its star—about one-fifth as far as Earth is from our sun. Their “year” is a little over forty-two Earth days long.

			It’s what we call a “super-Earth,” weighing in at eight and a half times Earth’s mass. It’s about twice Earth’s diameter, and a little over double the surface gravity. Also, it spins very fast. Absurdly fast. Their day is only 5.1 hours long.

			That’s when things started to fall into place.

			Planets get magnetic fields if the conditions are right. You have to have a molten-iron core, you have to be in the magnetic field of a star, and you have to be spinning. If all three of these things are true, you get a magnetic field. Earth has one—that’s why compasses work.

			Erid has all of those features on steroids. They are larger than Earth, with a larger iron core. They are close to their star, so they have a much stronger magnetic field powering their own field, and they spin extremely fast. All told, Erid’s magnetic field is at least twenty-five times as strong as Earth’s.

			Plus, their atmosphere is extremely thick. Twenty-nine times as thick.

			You know what strong magnetic fields and thick atmospheres are really good at? Radiation protection.

			
			All life on Earth evolved to deal with radiation. Our DNA has error-correction built in because we’re constantly bombarded with radiation from the sun and from space in general. Our magnetic field and atmosphere protect us somewhat, but not 100 percent.

			For Erid, it’s 100 percent. Radiation just doesn’t get to the ground. Light doesn’t even get to the ground—that’s why they never evolved eyes. The surface is pitch-dark. How does a biosphere exist in total darkness? I haven’t asked Rocky how that works yet, but there is plenty of life deep in Earth’s oceans where the sun doesn’t shine. So it’s definitely doable.

			Eridians are extremely susceptible to radiation, and they never even knew it existed.

			The next conversation took another hour and added a few dozen more words to the vocabulary.

			Eridians invented space travel quite a while ago. And with their unparalleled materials technology (xenonite) they actually made a space elevator. Basically a cable leading from Erid’s equator up to the synchronous orbit with a counterweight. They literally take elevators to get into orbit. We could do that on Earth if we knew how to make xenonite.

			Thing is, they never left orbit. There was no reason to. Erid has no moon. Planets that close to a star rarely do. The gravitation tidal forces tend to rip would-be moons out of orbit. Rocky and his crew were the first Eridians to leave orbit at all.

			So they never found out that Erid’s magnetic field, which extends well beyond its synchronous orbit, had been protecting them all that time.

			One mystery remained.

			“Why did I not die, question?” Rocky asks.

			“I don’t know,” I say. “What’s different? What do you do that the rest of your crew didn’t do?”

			“I fix things. My job is to repair broken things, create needed things, and keep engines running.”

			Sounds like an engineer to me. “Where were you most of the time?”

			
			“I have room in ship. Workshop.”

			I’m getting an idea. “Where is workshop?”

			“In back of ship near engines.”

			That’s a sensible place to put your ship’s engineer. Near the engines, where things are most likely to need maintenance or repairs.

			“Where does your ship store Astrophage fuel?”

			He waves a hand generally around the rear of the ship. “Many many containers of Astrophage. All in back of ship. Close to engines. Easy to refuel.”

			And there’s the answer.

			I sigh. He’s not going to like this. The solution was so simple. They just didn’t know it. They didn’t even know the problem until it was too late.

			“Astrophage stops radiation,” I say. “You were surrounded by Astrophage most of the time. Your crewmates weren’t. So the radiation got to them.”

			He doesn’t respond. He needs a moment to let that sink in.

			“Understand,” he says in low notes. “Thank. I now know why I not die.”

			I try to imagine the desperation of his people. With a space program far behind Earth’s, no knowledge of what’s outside, and still making an interstellar ship in a bid to save their race.

			No different from my situation, I guess. I just have a little more technology.

			“Radiation is here too,” I say. “Stay in your workshop as much as you can.”

			“Yes.”

			“Bring Astrophage to this tunnel and put it on the wall.”

			“Yes. You do same.”

			“I don’t need to.”

			“Why not, question?”

			Because it doesn’t matter if I get cancer. I’m going to die here anyway. But I don’t want to explain that I’m on a suicide mission right now. The conversation’s been pretty heavy already. So I’ll tell him a half-truth.

			
			“Earth’s atmosphere is thin and our magnetic field is weak. Radiation gets to the surface. So Earth life evolved to survive radiation.”

			“Understand,” he says.

			He continues working on his repairs while I float in the tunnel. A random thought occurs to me. “Hey, I have a question.”

			“Ask.”

			“Why is Eridian science and human science so similar? Billions of years, but almost the same progress.”

			It’s been bugging me for a while. Humans and Eridians evolved separately in separate star systems. We had no contact with each other until now. So why is it that we have almost identical technology? I mean, Eridians are a little behind us in space technology, but not a ton. Why aren’t they in their stone age? Or some superfuturistic age that makes modern Earth look antiquated?

			“Has to be, or you and I would not meet,” Rocky says. “If planet has less science, it no can make spaceship. If planet has more science it can understand and destroy Astrophage without leaving their system. Eridian and human science both in special range: Can make ship, but can’t solve Astrophage problem.”

			Huh. I hadn’t thought of that. But it’s obvious now that Rocky says it. If this happened when Earth was in the Stone Age, we would have just died. And if it happened a thousand years from now, we’d probably work out how to deal with Astrophage without breaking a sweat. There is a fairly narrow band of technological advancement that would cause a species to send a ship to Tau Ceti to look for answers. Eridians and humans both fall into that band.

			“Understand. Good observation.” But it nags at me. “Still unusual. Humans and Eridians are close in space. Earth and Erid are only sixteen light-years apart. The galaxy is one hundred thousand light-years wide! Life must be rare. But we are so close together.”

			“Possible we are family.”

			We’re related? How could—

			“Oh! You mean…whoa!” I have to wrap my head around this one.

			“I not certain. Theory.”

			
			“It’s a darn good theory!” I say.

			The panspermia theory. I argued with Lokken about it all the time.

			Earth life and Astrophage are way too similar for it to be coincidence. I suspected Earth was “seeded” by some ancestor of Astrophage. Some interstellar progenitor species that infected my planet. But it never occurred to me until now that the same thing might have happened to Erid.

			There could be life all over the place! Anywhere it can possibly evolve from an Astrophage-like ancestor into the cells I have today. I don’t know what this “pre-Astrophage” organism would be like, but Astrophage is pretty darn tough. So any planet that can possibly support life of any kind would be likely to get it.

			Rocky might be a long-lost relative. Very long. The trees outside my house back home are closer relatives to me than Rocky. But still.

			Wow.

			“Very good theory!” I say again.

			“Thank,” Rocky says. I guess he’d worked that all out a while ago. But I still had to let it sink in.

			

			—

			For once, an aircraft carrier was the perfect place to be.

			The Chinese Navy didn’t even question Stratt’s orders anymore. The higher-ups got sick of approving every action and finally just issued a general order to do whatever she said as long as it didn’t involve firing weapons.

			We anchored off the coast of western Antarctica in the dead of night. The coastline sat in the extreme distance, visible only by moonlight. The entire continent had been evacuated of humans. Probably an overreaction—the Amundsen–Scott South Pole Station was 1,500 kilometers away. The people there would have been just fine. Still, no reason to take chances.

			It was the largest naval exclusion zone in history. So big, even the U.S. Navy had to stretch itself thin to make sure no commercial ships entered the area.

			
			Stratt spoke into a walkie-talkie. “Destroyer One, confirm observation status.”

			“Ready,” came an American accent.

			“Destroyer Two, confirm observation status.”

			“Ready,” came a different American’s voice.

			The scientific team stood together on the carrier’s flight deck, staring toward land. Dimitri and Lokken hung back away from the edge. Redell was off in Africa running the blackpanel farm.

			And of course Stratt stood slightly ahead of everyone else.

			Leclerc looked for all the world like a man being led to the gallows. “We’re almost ready,” he said with a sigh.

			Stratt clicked on her walkie-talkie again. “Submarine One, confirm observation status.”

			“Ready,” came the response.

			Leclerc checked his tablet. “Three minutes…mark.”

			“All ships: We are at Condition Yellow,” Stratt said into her radio. “Repeat: Condition Yellow. Submarine Two, confirm observation status.”

			“Ready.”

			I stood next to Leclerc. “This is unbelievable,” I said.

			He shook his head. “I wish to God this wasn’t on my shoulders.” He fiddled with his tablet. “You know, Dr. Grace, I have spent my entire life as an unapologetic hippie. From my childhood in Lyon to my university days in Paris. I am a tree-hugging antiwar throwback to a bygone era of protest politics.”

			I didn’t say anything. He was having the worst day of his life. If I could help by just listening, I’d do it.

			“I became a climatologist to help save the world. To stop the nightmarish environmental catastrophe we were sinking ourselves into. And now…this. It’s necessary, but horrible. As a scientist yourself, I’m sure you understand.”

			“Not really,” I said. “I spent my whole scientific career looking away from Earth, not toward it. I’m embarrassingly weak on climate science.”

			
			“Mm,” he said. “Western Antarctica is a roiling mass of ice and snow. This whole region is a giant glacier, slowly marching to the sea. There are hundreds of thousands of square kilometers of ice here.”

			“And we’re going to melt it?”

			“The sea will melt it for us, but yes. Thing is, Antarctica used to be a jungle. For millions of years it was as lush as Africa. But continental drift and natural climate change froze it over. All those plants died and decomposed. The gases from that decomposition—most notably methane—got trapped in the ice.”

			“And methane’s a pretty powerful greenhouse gas,” I said.

			He nodded. “Far more powerful than carbon dioxide.”

			He checked his tablet again. “Two minutes!” he called out.

			“All ships: Condition Red,” Stratt radioed. “Repeat: Condition Red.”

			He turned back to me. “So here I am. Environmental activist. Climatologist. Antiwar crusader.” He looked out to sea. “And I’m ordering a nuclear strike on Antarctica. Two hundred and forty-one nuclear weapons, courtesy of the United States, buried fifty meters deep along a fissure at three-kilometer intervals. All going off at the same time.”

			I nodded slowly.

			“They tell me the radiation will be minimal,” he