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      Huygens awoke at 04:41 a.m. All three preprogrammed timers punctually activated the probe named after the Dutch astronomer Christiaan Huygens. Its main computer ran the test program. The sensors were in working order. Now the scientific instruments were triggered, step by step. First diagnosis—it was in free fall. Everything was going according to plan.

      Twenty days ago, a spring mechanism had separated it from the Cassini probe, its ride that had brought it to the ringed planet Saturn over the course of seven years—almost two billion kilometers, though Huygens had noticed little about this long journey. Data packages had been sent from Earth on 16 occasions to run health checks.

      Huygens was racing toward Titan at 17 times the speed of sound. No piece of technology made by humans had yet landed on this moon, which resembled the moon of Earth like no other object in the solar system, yet was also so very different from it. The control software of Huygens was prepared for all kinds of surprises, because its programmers did not know much about Titan when the probe was launched.

      The countdown continued. The probe was still in freefall toward its destination, which was located somewhere south of the equator. Four hours had gone by when the sensors reported the first particles of the atmosphere hitting its heat shield. The air rapidly became denser. Friction heated the cone-shaped heat shield at its bottom, and at the same time it decelerated the probe, within four minutes, to just above the speed of sound on earth. The pressure sensors transmitted a signal to the main computer. A charge was triggered, and the controlled explosion released the main parachute. At first, Huygens fell blindly, but 30 seconds later the probe moved slowly enough to blast off the no-longer-needed heat shield. Now the instruments started their work, until a warning message reached the computer—one of the radio modules had failed because a person on Earth had forgotten to send the activation command. There was no time for calling back. On Earth, it would be several hours before anyone noticed what had happened. The automatic system decided to continue its mission.

      The probe was 150 kilometers above the surface. The moon now covered most of its field of view. A light brown haze impeded its vision. A fierce east wind, many times stronger than winds of hurricane strength on Earth, hit the parachute and pulled it along. At an altitude of 100 kilometers, Huygens separated its main parachute and deployed the smaller stabilizing chute, as the atmosphere was now so dense the smaller one would adequately decelerate the probe. As Huygens descended, the wind gradually faded away. The haze still impeded the view downward, but the scene became clearer with each passing second. The probe was aiming for a dark brown valley located inside a lighter-colored hilly area. In its direction of travel, the instruments discovered two dark, parallel lines, like dunes on Earth, though probably many times bigger.

      There was another layer of haze below Huygens. It was lit by the light of the sun, and almost looked like a fancy bed sheet covering the short mountains of Titan. The disk of the sun appeared reddish, and small—about the size of a car headlight at a distance of 150 meters. The Huygens Atmospheric Structure Instrument (HASI) analyzed the air and discovered a lot of nitrogen, some methane, and a little bit of hydrogen.

      The cameras of the Descent Imager / Spectral Radiometer (DISR) saw the mountains grow below the probe as it approached its destination valley. They appeared cragged, like high mountains on Earth. Measurements showed, however, that they only rose a few hundred meters above their surroundings. There was no snow, but the mountains were made of ice. Creeks had carved themselves into their slopes, just like the meltwater rivers of the European Alps.

      At an altitude of eight kilometers, the direction of the wind changed. Now it drove the chute westward. Huygens could not intervene. At 11:38 hours, the probe landed on the surface of Titan with a speed of 18 kilometers per hour. Even though it weighed almost 300 kilograms, it bounced off the surface several times due to the moon’s low gravity. Its cameras looked around. Huygens had landed in an apparently dry area that resembled a rocky desert on Earth. Around it were several fragments that looked like boulders, randomly placed as if scattered by a bored giant. Otherwise, the ground appeared to be covered by sand. Yet Huygens was not on Earth. It was cold here, very cold—minus 180 degrees. During its descent, the probe had been heated by friction, so now wisps of fog, evaporated methane, rose from the ground. The boulders were not made of granite or sandstone but of ice, just like the grains of sand on which Huygens had landed. The gas chromatograph proved the ice was impure and contained many organic compounds.

      Huygens had a mission. If a probe was capable of being happy, it would be happy now. Its instruments recorded the new world around it and transmitted the results of the measurements to Cassini, just as planned.

      Then, 72 minutes after touchdown, the mother probe Cassini, which sent off Huygens days ago, disappeared behind the horizon. The landing module was now completely alone. Radio telescopes on Earth would continue to receive its carrier signal for a while longer, but it could neither send nor receive data now. Huygens’ main computer was programmed to continue its monitoring routine until the batteries were completely exhausted. A quarter of an hour later, the heat sensor recorded new data. The sensor consisted of a platinum wire; it sensed a change of electrical resistance. This meant the temperature at the base of Huygens must have increased.

      The computer was not supposed to interpret this event. However, its programming was flexible enough to react to unexpected occurrences. The software increased the sensitivity of other sensors in the SSP, or Surface Science Package. The Acoustic Properties Instrument (API) measured how fast sound was propagating. The Refractive Index Sensor (REF) determined the refractive index of light. The Fluid Permittivity Sensor (PER) examined the propagation of magnetic fields. All instruments agreed the properties of the soil must have changed. Had the heat on the underside of Huygens caused the ice crystals underneath it to melt? That should not worry the lander. It was able to float, as its designers wanted to be prepared for an ocean landing.

      Then the accelerometer and the tilt sensor were activated—the probe had moved. The monitoring software immediately turned on the standard camera and the top camera. The perspective had changed. Reference points were no longer where they were supposed to be. The computer automatically activated the sun seeker, a detector that looked for the sun’s disk. Position data indicated Huygens has sunk by about ten centimeters, and that the probe was still sinking. The sensors of the SSP clearly determined a salty liquid, which was lighter than water, had entered the Top Hat, the measurement instrument recess at the bottom of the lander. The values told the computer that Huygens no longer stood on firm ground. Warning signals were automatically sent to Cassini to be relayed to Earth, but the mother probe Cassini was no longer in range. Now the lander should have started to float, the camera view of the surroundings ought to have steadied, and the freshly formed lake should have come within view of the camera eyes.

      Yet none of these things happened. The probe sank even further. A force must have been pulling it down, one that was stronger than its buoyancy. The main computer of the lander module was not designed for countermeasures since the probe should not really be sinking. It also had no engine to provide upward thrust. The standard camera turned blind. The top camera, which faced upward, noticed how a rising wind blew orange-colored haze above the plain of ice sand. Then it, too, slid into darkness.

      The other sensors continued measuring, though the results were often contradictory. The measured curves they produced made no physical sense. It must be extremely loud here. The temperatures were 200 degrees higher than expected. The conductivity for electrical and magnetic signals changed constantly. The liquid in the Top Hat was sometimes clear and then again murky. There was no natural environment these features would apply to, except maybe volcanic vents deep in the ocean, but geological activity of this kind was not expected on Titan.

      The Huygens computer did not care. It was built in the 1990s. Back then, no one thought of practical artificial intelligence. It experienced neither curiosity nor fear as it was slowly pulled into the depths of this strange moon. It administered the measurements reported by the sensors and saved them in memory units that would retain them even after a loss of energy—a function that was meant for situations in which not all measurement data could be sent to Earth in one session.

      Finally, the batteries of the probe failed. Eleven hours after it had been awakened, it went to sleep forever. At least that was what the ESA and NASA teams on Earth assumed, as they celebrated the landing as a great success. On the right-hand LCD display a lonely cursor still blinked, while one sensor after the other turned itself off. Its last thought was a loop that ran with a minimum of energy from a button cell, until the electrolyte of the tiny battery froze in the cold of Titan.
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            December 27, 2046, Enceladus

          

        

      

    

    
      He groaned. What is wrong with me? Marchenko looked up. There was a black area where he could not see any details. Is my helmet visor smeared? He tried to wipe the visor with his hand, but he could not move his arm. Nothing happened. His brain sent the signal, but his right arm did not move. Marchenko knew what this could mean. He was a doctor, after all.

      Yet he also knew there were numerous other explanations. He tried his left arm. He noticed how the fabric of his thermal overall rubbed against the spacesuit. So his muscles were still working, but there seemed to be an obstacle. He concentrated on the command to his arm, to put all his force in it. The arm moved. By the pressure on his spacesuit, he felt that a firm mass was sliding off him.

      It’s working, he thought to himself. He had wanted to say that aloud, but he could not hear anything. Then he noticed a terrible noise going through his head. It was a horrid whistling, almost like tinnitus, as well as a cacophony of various alarm signals, and then the headache, which resembled a deep humming, the only sound that appeared familiar to him.

      “Marchenko here.” He tried again and concentrated on the sound of his voice, which he had known for 61 years. There it was. His voice seemed to come from a distance. It sounded hoarse, but he recognized it. He had managed to drown out the messages. A success. This was not the first time Marchenko had been in a difficult situation. He often flew into space with Russian shuttles, and he had cheated death many times. It always depended on quickly gaining a small advantage. One thing at a time.

      He remembered what he wanted to do with his left arm. Wipe off the visor of my helmet. He carefully moved his elbow joint. He listened to his body. No new pain. Alright, now the shoulder. Everything fine so far. The hand appeared in his field of view. He could only see a blurry image of it. Marchenko tried to clean the visor, but the glove did not leave any visible trace. The problem must lie elsewhere. All in good time.

      The alarm messages. I must not simply turn them off. He listened to them.

      “Suit integrity endangered.”

      “Air pressure at dangerously low level.”

      “No vital signs.”

      “Remaining capacity below 5 percent.”

      “Core temperature has fallen below 30 degrees.”

      “Survival at risk.”

      The messages came from various suit systems. These messages are nonsense. Why am I thinking about them? The monitoring module is probably broken.

      “Watson, analyze system,” Marchenko asked.

      No reaction. Maybe I have not said it loud enough. Yet Marchenko knew this could not be true, as the AI reacted even to mumbled commands.

      “Watson?”

      The artificial intelligence did not answer. There could be various reasons for this. He did not want to think about them now, as some would terrify him.

      “Deactivate warning messages.”

      The babble of voices in his head disappeared. Marchenko saw it as a hopeful sign that normal voice commands still worked. He closed his eyes and considered his next step. Do I absolutely have to continue? What if I could just lie here, waiting to suffocate? Marchenko realized the next few hours would not be easy. If he simply gave up, he would probably spare himself pain and suffering.

      From far away he could hear Francesca’s laughter. It could not be, he could not believe it, and yet he was happy about it. His eyes filled with moisture. A tear rolled down his cheek, and he could not wipe it away. Now he remembered her, the Italian pilot for whom he had performed this heroic act. It was because of her that he was lying here now. He had not been aware that he loved her. It was only when it became clear she would die without his help that he realized how much she had touched his heart.

      I have to get up. I would betray Francesca if I chose the easy way out.

      Just a minute later, when he tried again to move his right arm, he cursed himself for this decision. A stabbing pain moved through the right half of his upper body. He considered this a good sign, as there was no paralysis. That was something to work with. He needed to get up, but for the time being he would have to do without his right arm. It is probably a broken bone. I hope I will not have to operate on it.

      Marchenko slowly put his weight on his left arm and then gradually raised his torso. Now he saw the sky was not completely black. Above him was a kind of dark hole, an oval with pointed edges surrounded by a silvery, shiny rim. I definitely have to clean the helmet visor because the image is still blurred. Moaning and groaning, Marchenko managed to sit himself up. Now he could better separate the sounds in his head. There was his own breathing. The whistling had disappeared, and the humming of the headache had retreated into his temples. Therefore, the slight murmur of the air conditioning and the hissing of the fan could be heard clearly. Cool oxygen was blowing against his face. He did not yet want to look at the usage indicator, as he refused to know how much time he had left.

      Marchenko looked around, as much as that was possible in the stiff spacesuit. It was not by chance or accident that he was inside a crevasse. He had deliberately aimed for it, with the last bit of gas remaining in the SAFER backpack, so that he would not bounce off the surface of Enceladus during the expected hard landing, and drift back into space. That was the only way he could be sure the extra oxygen tanks would reach Francesca and Martin.

      He reached behind himself with his left hand and touched the ground. There is nothing there. They must have picked up the oxygen tanks. I hope my action has not been in vain. I do not mind that they have left me here. They probably thought I was dead.

      “This is Marchenko, come in,” he said over the radio, though he did not really hope for an answer. The radio module must be broken, because otherwise the suit would have automatically sent a distress call with his vital signs long ago. Yet I still have to try it. The devil is in the details. Maybe there is only a problem with the data circuit.

      The background noise did not change. He knocked against the lower part of the helmet with his glove. He could clearly hear the thumping sound. Marchenko looked at his lower body. He moved his legs. They reacted obediently and registered no pain. Ice dust and small chunks covered his suit. He shook them off. It is time to stand up.

      He leaned on his left arm and turned his body in that direction. Like an old man, he thought, I am standing up like an old man. He got onto his knees. The whole right side of his upper body complained with a nagging pain. But it was bearable—he had experienced worse agony before. He hoped this was only a sprain. He was on his knees now and first raised his upper body. Then it was time for his right leg. He was grateful his body weighed so little due to the low gravity on Enceladus. The left arm gave a little push, and then he managed to reach vertical.

      Marchenko wobbled a moment, and then he stood steadily. He felt drops of sweat running down his forehead. The fan ran faster. His heart was racing. He did not yet know why he had survived the crash, but that was not important now. He was alive, and the rest would turn out all right. He gazed upward toward the black sky. That was the next step. He had to get out of here. The crevasse should be only a few meters deep, he told himself. What did he need his right arm for? He could handle the two kilograms his suit weighed here with his left arm. Marchenko clenched his teeth. He was going to make it, because he owed it to Francesca.
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      “Bob, the next school class is already on the way.” Robert Millikan shook his head and sighed. He knew that Mary, the secretary, could not see his gesture, but he did not care. He ought to have time for breakfast, a muffin he had bought at the snack machine in the lobby. He removed a piece of paper and bit into the muffin. It was dry. He swallowed the bite and grimaced.

      This happened more and more frequently. Fewer and fewer visitors were coming, so the vending machine was restocked more and more infrequently. He had considered bringing his breakfast from home, but that would mean shopping after work instead of having time to read. After his wife finally moved out a few years ago, he had been able to completely focus on his books.

      “Robert, the teacher is really getting on my nerves.” He noticed a tinge of panic in the voice coming from the loudspeaker in the corner of the room. That's typical for Mary. She gets flustered over the most trivial things. Robert Millikan, 68, swallowed once again, crumpled up the rest of the wrapper, and tossed it into the wastebasket from three meters away. A hit! He stood up and cheered. The day had started with a good sign, like practically every day in the last few years. When was the last time he had missed a shot? It must have been ages ago—maybe back when he had come to the observatory, fresh from the university, curious about a future full of discoveries.

      He would not miss this job in the future. His days here were numbered. Two years from now he would have all day to devote to his books. Life could be so simple. Back then, over 40 years ago, such a life would have seemed a nightmare to him. Remaining all the time at the same place? How deadly boring! By now he understood that his location had nothing to do with him being content. By using his books he traveled faster, more comfortably, and ultimately spent less money. What use was it to suffer the heat of summer in India or be bothered by the flies in the Australian outback? His books could take him anywhere.

      “Robert!” Mary really stretched the ‘o’ in his name. She was in total panic. He knew she could not stand tardiness. What an evil twist of fate that she has to suffer me, of all people. She would probably be happy when he retired two years from now. But of all the researchers who used to work at the Green Bank Observatory, only a few had decided to give up a scientific career when the research institution had been turned into a science park for budgetary reasons. For over 30 years Robert had been a glorified tour guide, if even that, explaining to school classes how a radio telescope worked. Now, shortly after Christmas, it was peak season, as the boarding schools wanted to offer something to students staying behind during the short break.

      I really should get going. Robert opened the door of the small break room and entered the lobby, which had been given the grandiose name Science Center. But now it looked rather like the entrance of a cheap movie theater. There was a smell of popcorn that could be bought from a vending machine. The wallpaper was peeling, the display cases had not been fixed for ten years—there was no money for renovations.

      Mary waved at him. She was sitting behind the information desk. She has short hair and a neutral face, neither beautiful nor ugly. When word got around that his wife had moved out, she had made obvious advances. I am still glad I never reacted to them. He did not even know whether she had a family, though it was hard to imagine.

      “Come, come,” she called, as if he was a little child, and then she smiled at him. A thought stabbed his heart. Mary probably wanted to have kids all her life. He did not know why that thought had occurred to him now, but it was so tangible it must be true. The idea made him so sad he had to rub his eyeballs. He thought of his own son, Martin, whom he had not seen for such a long time. Maybe now would be the time to forget the hurt and to call him. But he knew it was pretty much impossible, right now.

      “Watch out!” Mary’s warning reached him just in time. The automatic sliding door once again had not reacted to his presence. He managed to stop just in time to avoid banging against the glass.

      “Shit,” he said quietly. His wife had always scolded him when he used that word.

      Outside was the bus belonging to the Radio Astronomy Science Park. The chaperone stood at the door of the bus and took care that none of her charges left the vehicle. She had wrapped her coat tightly around herself. The wind was cold, even though the winter had been rather mild, with no snow so far. Inside the bus, Robert heard the level of noise typical of a school class, which he initially had hardly been able to stand. He had gotten used to the constant chatter a long time ago.

      “So, you are finally here,” the woman said to him. She was young, under 30, he estimated. Maybe an intern, or perhaps a young mother. Schools have to save money, too. So they send anyone on these trips who can be spared. He shook her hand and looked at the name tag on her blouse. Her name was also Mary. How practical!

      “Hi, Mary,” he said. “I am Robert, but you can call me Bob. Let me show you the dish.” He made a sign for the woman to get in and followed her up the short steps. She was wearing a gray, smooth skirt. Through it, he could see the outline of her panties. He bit his lips.

      The driver held out his hand, and he high-fived him. His name was Ricardo, and he was Hispanic. Robert had never seen him outside the bus. He almost seems to be living there. Mary claims he sometimes spends the night in it. Yet Ricardo had told him of his family, so he must have a real home.

      “Let’s go,” he said to the driver, picking up the microphone.
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      Marchenko turned around. The bottom of the crevasse measured about six by two meters. One side was vertical, the other one slanted. He had probably landed on the slant and been slowed down before hitting the ground.

      It was as dark as it would normally be on Earth two hours before sunrise. In a corner he saw something that looked like a pile of snow, as if someone had swept freshly fallen snow from the surface. He knew that at these temperatures, close to 200 degrees below zero, it could not be snow. Snow crystals required much higher temperatures. Could he build a kind of pedestal from this stuff? He stepped closer, bent down, and picked up a handful. He could feel the stinging cold even through the material of his suit. The crystals trickled from his palm like sand. He rubbed them between his thumb and index finger. They were also hard, like the sand on Earth. The substance was completely useless for his purposes.

      He noticed a dark hole at the other end of the crevasse. It appeared to be some kind of tunnel leading deeper down. Maybe this crevasse was connected to other ones. In times of strong geological activity, when Enceladus was particularly close to Saturn, water might rise up through this channel. On satellite images he had observed how the activity of ice volcanoes then increased as a result. Disappointingly, the tunnel was definitely too narrow for him and offered no way out.

      He turned around and looked at the wall of ice. It should be pitch black down here, like in a very dark cellar. He moved his head very close to the wall. A soft glow seemed to come from the ice. It reminded him of the phosphorescence of some plankton species on Earth, but he could not locate its source. He rubbed his hand across the ice. In spite of wearing a glove, it felt rough.

      Marchenko wondered how he would have solved this problem on Earth. He was never much of a mountaineer, but he once saw mountain climbers scale a narrow cleft by pressing arms and legs against opposite sides. He shook his head. This crevasse was too wide for that, and when he merely thought about raising his right arm, a jolt of pain shot through it.

      He did a rough calculation of how high he should be able to jump on this moon, although he had never been particularly good at mental arithmetic. He knew that the height of the jumps here depended on the gravity, which was only one-eightieth of that on Earth, but this did not mean he could jump 80 times as high. He should be able to jump up eight to ten meters, shouldn’t he? And how would his right arm react? He would have to risk it. As long as the pain was not strong enough to make him lose consciousness, he would reach his goal.

      Okay, then. He did not have enough space for a running start. Instead, he bent his knees, as much as the suit allowed, and then he put all the strength he could muster into his thighs and straightened his legs. He was flying! Marchenko was surprised at how easy it was. He held out his left arm to avoid colliding with the wall, but luckily, he soon reached surface level, flying close past the edge of the crevasse. And now? He wiggled his legs, but his suit still kept rising. He must have put a bit too much force into his jump. Marchenko felt panic rise in him, and a shiver ran down his spine.

      Just stay calm, Mitya. It often helped when he talked out loud to himself. "What goes up, must come down," and he was right. Physics was on his side. When he was a medical student he always hated physics because they were tortured with it during their basic coursework. Then, the laws of physics sent him battered motorcyclists to operate on. Now they were helping him. As long as he did not fly faster than the escape velocity, which would be more than 860 kilometers per hour, gravity would pull him back to the surface, and he would not impact harder than the force with which he had jumped up.

      His movement was already slowing down. The moon’s gravity decelerated him in slow motion and then took him in its arms again. He estimated he was about fifteen meters above ground level. Marchenko used this opportunity to look around. South of him the land was more cragged, crisscrossed by fissures and bizarre mountains. To the north, shorter structures predominated. This was where the lander must be located—or had been located, because he realized that he was probably all alone by now. He suppressed that disturbing thought because he had no use for fear. As he descended, he took aim to hit the edge of the crevasse rather than falling into it again.

      He slowly approached the ice. The illumination made the shadows appear extremely sharp, as if they could cut you on contact. Just before returning to the surface he stretched out his left leg. This little movement was just enough to make him bounce off, this time diagonally, so he landed across on the other rim of the crevasse. A bit of ice dust sprayed up.

      “Step Two completed. Well done, Marchenko,” he praised himself.

      He looked around. When his fellow astronauts had exited the lander, he had envied them for seeing what he could only witness via camera displays on board the ILSE spaceship. Now he could enjoy this majestic scene himself. Toward the east there seemed to be a huge, spherical mountain range. It was actually Saturn, the planet Enceladus orbited as a moon. Saturn appeared much larger than anything Marchenko had ever seen in the Earth’s sky, although he could not detect the famous rings. He knew they should be seen as a fine line, but the visor of his helmet still did not display such details. He could barely recognize the sun. Here, the sun seemed to be so small, so fragile compared to the giant planet, particularly with Saturn being so close to the horizon right now. The perspective appeared strange, since the horizon was much closer than he was used to on Earth. Right away, it was clear that the sphere of the moon was much smaller than on his home planet. The curve of Enceladus seemed to drop off right ahead of him, though this could have been an optical illusion.

      Marchenko lifted his left arm. Time to face reality. He was afraid to look at the display that would tell him how much time he had left to live.
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      The engine of the bus roared when the driver put it in reverse. Robert waited until the warning signal stopped beeping, cleared his throat and turned on the microphone. After introducing himself, he moved on to cover the most unpleasant part of this excursion—getting everyone to turn off their electronic devices.

      “As you saw in the short video, we are about to enter a protected area. Our radio dishes are able to receive very faint signals from space, but only under ideal circumstances. Electronics emit waves you cannot hear, but our radio telescopes definitely can.”

      That was the theory. In reality, there was nothing to be disturbed because no research had actually been performed at the Green Bank Observatory for some time. For a while, the radio telescopes were rented out to rich individuals who wanted to listen to space and maybe discover extraterrestrial signals. Unfortunately, space did not call. It remained silent, so the hobby researchers eventually gave up and invested their money in other pastimes.

      Robert hoped none of the school kids had paid much attention to the introductory video. Sometimes, though, these groups contained a know-it-all who pointed out this inconsistency: with no activity, what harm could having cell phones turned on do? Nevertheless, as an employee, Robert needed to follow the rules, and that was what he would say to such an objection.

      Actually, for him it was all about respect, but only those who knew these iron giants would understand this as well as he did. The antennas—the largest of which contained an active area with a diameter of 100 meters—deserved to be approached with an attitude of quiet reverence. Even if humans no longer analyzed their signals, these antennas were still listening more deeply into space and time than a humanoid brain could imagine. Radio astronomers were gazing at the edges of the universe and back into a moment shortly after the Big Bang. Robert still felt goosebumps when he imagined it.

      He realized now it had never been about having a flashy career when he studied astronomy and then specialized in radio astronomy. The hope of being able to occasionally open a young person's eyes to the miracles of space was the real reason he was still at the observatory. He successfully managed to do it with his son, who otherwise wouldn’t be where he was now. This was at least one solid achievement he could ascribe to his influence. Other than that, there was nothing he could really be proud of. Robert wondered why he was feeling so sentimental today.

      “Go on, turn off all devices.” The students complained, but they seemed to obey. Robert wondered whether he should take out the detector for electromagnetic frequencies from below the passenger seat, but it didn’t seem to be necessary to do so today. There did not appear to be a know-it-all on board this tour. He regretted it a bit, since it also indicated the interest of the students was generally low.

      Sometimes he got lucky on these tours, like last Thursday, when one young girl listened with gleaming eyes when he explained how planets developed. He remembered that look, which focuses both far away and inward. His son had been just as amazed when he had taken him as a six-year-old to the observatory for the first time. Since then there hadn’t been another opportunity, even though Robert had found out that his son had moved to the U.S. and was currently working for NASA.

      Robert was shocked, and quickly brought out of his reverie when the bus driver’s hand touched his thigh. Yes, I have a task here, he reminded himself. The bus was driving past the 85-foot dish of the GBI, the Green Bank Interferometer. He described to the students the dark heart of the Milky Way, the giant black hole Sagittarius A* in its center that had been identified by GBI in 1974.

      Shortly afterward they passed the Tatel Telescope, the observatory's first large dish. Its designer, Howard Tatel, was brash enough to use his wife’s fruit bowl as a model. Later, the legendary radio astronomer Frank Drake started to listen to possible signals from extraterrestrial civilizations here.

      “Does anyone here know the Drake equation?” No one raised a hand. Robert was disappointed.

      “Drake first presented it in 1961, here at the Green Bank Observatory. The equation allows you to calculate how many intelligent civilizations there are in the Milky Way.”

      “None. Einstein already said it.” The class laughed. The speaker was a slender boy of medium height wearing an old-fashioned tweed jacket. He appeared to be the science nerd of the class. Robert wondered why young people interested in topics beyond the mundane always appeared to be a bit off. According to his personal observations, this seemed to be more than a stereotype.

      “The equation contains too many unknowns,” Robert explained. “For instance, on average we don’t know for how long a civilization survives. Also, many aliens probably are not interested in establishing contact with others.”

      “Why shouldn’t they be interested? Wouldn’t every intelligent being want to know whether it is unique?” The boy was asking clever questions.

      “Perhaps they consider it a futile prospect. Even using optimistic assumptions, the average distance between civilizations would be 5,000 light years. If they sent a question, they would have to wait at least 10,000 years to get the answer. So this notion of contact is really impractical.” Robert hated his answer because it was at the same time so hopeless and so logical. Yet, the curious young man was not content.

      “What about the discoveries on Enceladus? What about life in the ocean there? The whole world is talking about it.”

      “Well…” Robert began, and then hesitated. “We still know too little about it. True, there appears to be life there, but it is probably too alien to be able to communicate with us. And it is unclear whether it is intelligent.”

      “Just a moment,” he then said. The bus stopped near a small parabolic antenna standing on a flat pedestal. “This is the Reber Observatory.”

      “It’s rather small.” A lanky girl spoke from one of the last rows.

      “Yes. Grote Reber, a radio engineer, built it himself in his backyard in Wheaton, Illinois, in 1937. The dish has a diameter of more than nine meters. He used it to discover many bright radio sources.”

      “Cool guy,” the nerd said. Robert did not have any time to respond to these comments because they had just reached the big dish—the 100-meter radio telescope—which represented the high point of the tour. Everyone got off the bus, even though the wind had increased and it was starting to rain. Robert stood by the bus and shivered, since the microphone cable reached no further.

      “You are allowed to go up to the fence,” he said through the microphone. Most of the students saw this as a challenge.

      “Once upon a time this was the largest radio telescope in the world consisting of a single rotating antenna,” he explained. The nerd stayed next to him, as well as the lanky girl.

      “Those are a lot of qualifications,” the boy said.

      Robert smiled. “Yes, just like in advertising. There have been much larger antennas for a long time, but they cannot be rotated in any random direction.”

      “Does this mean that they can only observe a single point in the sky?”

      “No. First of all, they always see an entire area, and secondly, Earth rotates in all directions during its orbit.”

      “Sure,” the girl said. “Though the astronomer would have to be patient, then.”

      Robert nodded. “Some phenomena are so short-lived that we don’t want to see them in the radio spectrum at some later time, but in the here and now. In order to do this, you have to be able to rotate the antenna. I am going to show you later.”
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      Marchenko was sweating. Something was holding his left arm down. He needed to lift it to find out his fate, but he was afraid and angry at himself. It used to be easy for him to face his destiny. Otherwise, he would have not flown the rescue mission from the spaceship.

      What is wrong with me? Was he so grateful for this new spark of life that he did not want it to be extinguished? He listened to himself. There was a warm spot in his body that was filled with hope, somewhere between his stomach and his heart, a spot in danger of being extinguished by the icy cold of Enceladus. It was also very important to him, as it contained the hope of seeing Francesca once more.

      A warm tear rolled down his cheek, and now he managed to do it—he lifted his left arm, looked at the display, and then suddenly felt relieved. Six hours. He had oxygen for six hours. The tank must be almost full. That should not have been surprising, since it had taken him just under an hour to reach the surface of Enceladus after leaving the spaceship.

      It should be surprising. After all, this had occurred the day before yesterday.

      How had he survived the past 48 hours? He could not be alive anymore—it was utterly impossible. Marchenko was not a religious person, but he briefly considered being in some kind of life after death. He shook his head. No, that was complete nonsense. He was a doctor, and there was no afterlife. He did not know what was actually keeping him alive, and he would not be able to answer that question any time soon. Would he ever find an answer? Perhaps it was one of those impossible coincidences quantum physicists liked to play around with, but he could not imagine it. The answer was not important now. He had six hours left, and he had better not rely on that period being extended once more.

      What were his options? The helmet radio was not working, so he could not call for help. Spaceship ILSE was probably already on its way back to Earth, and his fellow astronauts must have believed him to be dead. At the former location of the lander module, he would only find the laser concentrator and the launching scaffold for Valkyrie. He could not do anything with the metal scaffolding. The concentrator could probably be reconfigured to send signals into space, but he was not Hayato or Martin. The Japanese or the German would more than likely be able to convert the system without any instructions. He was a medical doctor and furthermore, the landing site was too far away to reach it with a single oxygen tank. This fact was the reason he was at this very spot, rather than in the stuffy but warm atmosphere of the spaceship.

      There was still Valkyrie. This drill and dive vehicle that Martin and Francesca had used to explore the subsurface ocean must be locked in the ice somewhere south of here. There he should be able to find oxygen and food, and most importantly, an opportunity to send a distress signal. Marchenko tried to remember when his two fellow astronauts departed from that location. If he was right, it must have taken Francesca and Martin about four hours to reach his location in the crevasse. He did not know exactly where Valkyrie had broken through the ice, but he assumed they took a straight path toward the lander. His suit computer knew the coordinates of the landing site, so he only needed to extend the line from the lander to the crevasse southward. After about four hours he should arrive in the vicinity of Valkyrie.

      Marchenko used the computer display to show the direction. Enceladus did not possess a magnetic field, so a magnetic compass would not work. However, the system was clever enough to calculate the southerly direction from the positions of Saturn and the sun. Enceladus moved around Saturn in such a way that it always presented the same side toward it, and this made the planet’s disk a great orientation point. Marchenko could also see by the landscape where south was located, due to the noticeably increased number of fissures and hills.

      He started walking. Again and again he put too much force into his step and floated a bit. It would take him some time to get used to walking in this low gravity. Long floating phases cost time. He learned to use his left leg to push at the correct angle so that his right foot would land appropriately. Then he distributed the impact across the hard sole of the boot. Then the next step, one after the other.

      Since he could easily jump across them, fissures in the ice barely slowed him down. He was very careful, though, about the fractured edges of the ice looming ahead. At these temperatures, the ice was as hard as iron. If he scraped along these edges with any speed, he ran the risk of cutting open his spacesuit. The upper part, the HUT, or Hard Upper Torso, might be rather impervious to it, but the bottom part, the LAT, or Lower Torso Assembly, was made of a fabric-type of material, like his gloves, which he had to keep away from sharp edges.

      He seemed to be making rapid progress. Every five minutes he made sure he was still on the right course. While Saturn showed him the way, after a few kilometers, even a paltry two degrees deviation would make it impossible for him to find Valkyrie. After an hour he checked his oxygen consumption. Everything was fine, and he seemed to be in good shape. In spite of the steady marching speed, he had hardly increased his oxygen consumption. The only thing that annoyed him was the bad visibility. He definitely would have to find a solution for it inside Valkyrie.

      Marchenko looked up at the sky. In spite of the bad visibility through the visor, he tried to find Earth. Amy, the commander, had shown him in the spaceship where to look for it, but he had not listened carefully at the time. From here, his home planet looked so small he could not find it without help. Push off... land... push off... land. He also imparted a tiny impulse to Enceladus in the opposite direction with each step that gave him a little push. This meant while he was on the way to the salvation offered by Valkyrie, he speeded up the rotation of the moon. It would hardly be noticeable, but maybe this weak push was all that was missing to get the moon out of its orbit. That was unlikely, but possible. He felt like an ant in an ocean of emptiness and darkness, vainly trying to roll a huge chunk of ice to its colony.

      Crack. The fractured edge of an ice floe caught his left glove. Enceladus punished him for daydreaming. A small spray gushed from the rip into the near vacuum of this moon. The water vapor in his breath immediately turned to ice, and the intense cold entered his suit through the ripped hole. The sudden drop in temperature made the inside of his helmet visor fog up. Now he had an even harder time seeing the outside world. Marchenko reached for the repair kit, which must be in his tool pocket. He needed to stay calm, but it was not easy. His suit used visual and acoustic signals to warn him of the loss of pressure. The repair kit was not there. Shit.

      “Calm down, Mitya!”

      It was his mother’s voice. She was strict, and when she called him, he had to obey.

      “Look in the left pocket, stupid boy.”

      She was right, of course. The repair kit was not in the tool pocket but in the first aid bag. ‘Medicine for the suit, your best friend.’ This is what he always used to say to the cosmonaut recruits at the training center in Star City. He took the kit out; it had a pressure cap. The damage was on the left side, so he could not fix it with his left hand. He needed the right one.

      “Do not let me down,” he said out loud. The hand obeyed, and for at least a moment, the adrenaline covered up the pain. Marchenko took the special spray can from the kit. The adhesive would harden quickly once it was sprayed onto the torn spot. He pressed the pump button, but nothing happened. The cold was biting deeply into the skin of his hand, where he probably already suffered from frostbite. He had to try to move his left hand away from the ripped spot. Once he hit the spot with the spray adhesive, it would be too late—he would be unable to extricate his hand from the cloth. He held the defective glove with his right hand and turned the arm. The injured skin rubbed against the fabric, and he wanted to scream in agony. He needed to spray quickly, right at this moment. He strained the muscles of his hand. A deep, throbbing pain shot through the right half of his upper body, but he succeeded. The spray can squirted adhesive on the damaged spot. It pulled the fabric together and rapidly hardened. At this particular spot, at least, the ice would not cut the glove again.

      Marchenko was feeling dizzy, which must have been caused by the overwhelming sense of relief. But he did not sit down, because he was afraid it would be even more difficult to get up again. He had made it! Now take a deep breath. The suit had automatically increased the oxygen flow. The fan blew against the helmet visor. Two minutes later he could see better again, but he still noticed some distortions. He looked at the display. During this short period he had lost 30 minutes’ worth of oxygen. It could have been worse. Marchenko noticed his belly starting to rumble. Now. Of all things. He looked at his watch—maybe three more hours before he reached Valkyrie. It was useless to fight the urge, he would have to relieve himself. For this very purpose he wore a diaper underneath his thermal onesie, the Liquid Cooling and Ventilation Garment, or LCVG. He knew it would feel uncomfortable for the next few kilometers, but once he was inside Valkyrie he could clean himself.

      The drill vehicle waited for him to the south. He needed to keep going. From now on he would be more careful. The gravitational pull of the giant ringed planet constantly massaged the moon with its diameter of 500 kilometers. This caused the surface to break into ice floes, especially here near the South Pole. The sharp edges of the floes were just waiting to shred Marchenko’s ExtraVehicular Assembly suit, or EVA.

      He really needed to stay on guard. Space was without mercy. The fact that human technology managed to stuff everything he needed to survive into a mobile covering was truly a miracle, and it could not last. The suit pressure of almost one atmosphere was trying to equalize itself with the vacuum on the surface of Enceladus. This was the true nature of life, not the harmonic connection between plants, animals, and humans on Earth. If all people could experience this reality, maybe they would treat their own planet differently.

      He jumped up to better see what was nearby, but even from a height of ten meters he still could not detect Valkyrie. The display told him he remained on the right course. He was almost there—he just had to be patient, which had never been his strong suit. Exactly four hours after he started his walk he ventured another exploratory jump. Valkyrie must be here somewhere, inside a Tiger Stripe, one of the deep fissures reaching down 5000 meters to where the Enceladus Ocean began. He spotted a dark object in a crevasse about 300 meters away. It looked like a beached whale. This was definitely an artificial structure and could only be the drill vehicle. In order not to lose sight of it, Marchenko hurried and moved toward his goal in great leaps. Valkyrie was surrounded by ice. Marchenko stepped on what appeared to be a virginal ice layer. There was no trace of ice dust on top of it. He seemed to hear a crackling sound, and while the vacuum around him did not transmit any sound, he might be hearing the noise via the suit.

      Looking dead, Valkyrie was stuck in the ice. Technically speaking, it was dead, of course. Marchenko hoped to be able to inject some life into it again. All it needed was energy. The entrance, actually the emergency exit, was located on top. It looked like Francesca and Martin had not used it to exit the vehicle, but rather employed the pressure suits of the SuitPort at the rear, which were now missing. This meant Valkyrie should still be pressurized, but this realization did not help him. Unfortunately, his spacesuit was not compatible with the SuitPort. He had to get inside the vehicle through the emergency exit with his suit on, which would cause Valkyrie to lose the atmosphere inside. In addition, he would run out of air if he did not replace it by getting the driller operational again.

      The oval hatch that conformed to the tubular shape of the vehicle was locked with a rotating wheel that required great force to open. For this task he would need both of his arms again. Marchenko tried to suppress the pain from his right arm but failed to do so. He turned and pulled, the pain almost killing him, and he cried aloud for his mother as he had never allowed himself to do before. It did not matter. He was alone, and nobody could see or hear him.

      He gathered all of his strength—and courage against the pain—and tried one more time. The wheel turned, and now he needed to be careful, for once he moved the last lever, the interior air pressure might blow the heavy hatch into his face. Marchenko turned the lever and opened the way inside. White steam arose. The steel hatch did not move by itself—he had to lift it. Within a short time, but in total, eerie silence, all the air escaped the interior. If it had not been mixed with water vapor, he would not have even noticed it.

      Marchenko lifted the hatch high enough to be able to enter. Below it, he saw nothing but darkness. Should he shine a light into it? It did not matter. He had no other option, since only Valkyrie could offer him shelter, so he jumped inside. He landed on a hard surface, but he could not see what he was standing on. He could still easily reach the hatch with his left hand. He pulled it down and closed it from the inside with a second wheel.

      It was pitch black inside.
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      “Do you want to move this giant antenna dish yourselves?” Robert knew he could lure most students with this question. The class waited obediently inside the bus. The driver drove them to a flat-roofed building almost two kilometers away.

      “This is the Jansky Laboratory, named after the well-known astrophysicist, Karl Jansky.” The two-story building must have been white once. In the humid climate of Virginia, moss now grew on its walls. It had looked the same way when Robert had started his first job here.

      “Everyone out,” he instructed the group. The chaperone gave him a friendly nod when he passed her. “You are doing this so well,” she said in a way that may have been a bit condescending. She probably thought he was some retired guy trying to add a few dollars to his meager retirement income.

      “It used to be pretty crowded in here, but these days, you’ll meet only a few people. And you wouldn’t have been allowed into the control room back then.”

      He led the group to the entrance. The control room was on the ground floor. Old-fashioned neon lights flickered in the hallways. After five minutes they reached a massive steel door.

      “Is this where they keep the national gold reserves?” A stocky, almost fat boy pushed himself to the front. “May I?” He tried in vain to press down the robust metal bar attached to the door instead of a handle.

      “One moment,” Robert said, “I first have to open two locks… Okay, now.”

      Now the bar moved down. At the back of the door, a substantial bolt with a diameter of three centimeters slid from its bracket.

      “Yes, it looks like a safe,” Robert explained, “and what is inside must not get out. This does not apply to gold, but to electromagnetic radiation,” he said, while the class gazed at the room. In the center there were several tables forming a square where computers were placed. Further tables with computers lined the walls, supplemented by a total of five computer cabinets.

      “You see the shiny red metal up there, where the ceiling tiles are hanging down? That is copper. It shields the room. We call it a Faraday cage. Otherwise, the radiation from all these computers would affect the signals.”

      Most of the computers had been turned off years ago. The technology was practically ancient and had not been upgraded in 30 years, but for the most part it still functioned. Robert would sometimes play around with the computers after work. Besides his love of reading, this was his second hobby. The world is crazy, he thought. Years ago, any astronomer would have sold his own mother for observation time here, but now the entire technology was freely available to a bored semi-retiree.

      He stepped toward the window that faced south.

      “Look, back there is the 100-meter-telescope.”

      Some of the students came toward him.

      “Please do not touch anything here. This is the control unit.”

      A boy who was about to touch a keyboard carefully pulled his hand back.

      Robert smiled. “Basically, nothing would happen. It has all been set for safe parameters.” He wiped his hand across the window pane. “See, there are even strips of copper embedded in the glass.”

      “Can we look through the telescope?” the lanky girl asked, casting him a curious glance. The nerdy boy smiled, as if he knew better.

      “A radio telescope works a bit differently than a regular telescope. An optical telescope focuses parallel beams of light from an object with the aid of its lenses so the light is amplified at the target—the eye of the observer, or a sensor. The radio telescope uses its dish to focus the incoming radio waves on a receiver. Just like a telescope deals with light in various colors, a radio telescope can receive different wavelengths and thus create an image.” He showed a black-and-white printout of various spectra to the students.

      “Often a single wavelength is enough to answer a scientific question, such as hydrogen absorption lines or wavelengths from satellites that we sent into the solar system.”

      “What is that supposed to mean?” Robert felt the disappointment of the students who probably expected some spectacular views.

      “It means radio telescopes are much more flexible. In 1968, for instance, the Green Bank Observatory discovered the first pulsar as a remnant of a supernova, in 1971 the first long-chained molecule in space, and in 2008 the first biological molecule. We can, or rather, we could use it to listen to extremely small and extremely large things at the same time. What’s more exciting, we can illuminate an object artificially by bombarding it with radio impulses and then measuring the returns. Just try doing this with light, if you want to observe another planet!”

      “Can you also communicate with it?”

      Thanks, nerd-boy, Robert thought. “Sure. We have used radio telescopes several times to send signals into space. So far, no one has answered. ”

      “You said we could turn the antenna,” said the slightly overweight boy who had earlier wanted to open the door.

      “There is no wheel, or anything like a wheel, to turn the antenna. The computer adjusts it via this program.” Robert called up a simplified program he developed especially for these guided tours.

      “Here we see a few popular targets. Maybe the names will mean something to you.”

      “Sagittarius A*,” nerd-boy said. “The black hole,” and then the boy clicked on that option. Robert looked out the window. The dish was slowly moving toward a new position.

      “Now we have to wait a while.”

      Three minutes later, an old-fashioned printer started to rattle and finally spat out a documented printed in grayscale.

      “The astronomers usually sat in a different room, where they analyzed the data. This here is only a crude summary. But look, these lines here. This is the black hole.”

      The lanky girl also wanted to select a target. She clicked on ‘Titan.’ The antenna started moving.

      Once, 41 years ago, Robert sat here—he clearly remembered it. They had spent the night here because there was a lot of snow and wind, and the decisive signal from the Huygens probe was expected to arrive at 5:18 local time. They set up a phone conference with other observatories and the ESA Mission Control in Darmstadt. Everyone waited for their boss, Sami Asmar, to give the long-awaited answer. He took his time, though. Robert, who back then had been a 27-year-old doctoral candidate, already recognized the signal. It was there, clearly visible at 2040 megahertz, but Asmar remained calm, drummed a finger against the tabletop, and said nothing. A minute later he picked up the handset of the phone, so he could be heard clearly, and finally announced, “I can see the signal sent by the probe. Three refresh cycles by now. It is real.”

      The school class stared at the printer, which started to give off rattling sounds. Robert felt the excitement from back then resonating at this moment. The printout displaying the Titan spectrum was longer than was usual during these tours and fell to the floor before Robert could grab it. The girl bent down quickly and picked up the sheet for him. Robert gave it a cursory glance. He had seen thousands of such spectra, and expected to see a chaotic spectrum without clearly visible lines. Robert actually saw the hills and valleys attributable to various processes in Saturn’s atmosphere. There was also a clear, fine line at 2040 megahertz. He stood there gaping. What he saw just now could not possibly be.

      “Mister?”

      The girl noticed something was wrong. What should he tell her? It must be some kind of glitch. No man-made probe used this radio frequency these days. Back then, they had plenty of problems finding radio telescopes which could tune their receivers up to this wavelength. He needed to sit down. No, it simply can’t be, he thought.

      “Don’t worry,” he said, “it’s just my age.”

      “What about the recording?”

      “Oh, yes, the recording.”

      “What does it show? Any signals by extraterrestrials?” The girl raised her eyebrows, turned the sheet toward her, and pointed at the line at 2040 MHz. Her face bore the basic skepticism of a teenager, but also hope. She certainly is going to become a scientist, Robert thought. Then he remembered her question. He scratched his head.

      “Oh, no, it is probably only a lightning strike. Titan has a very dense atmosphere, where sometimes thunderstorms occur.”

      “And does it rain then, too?”

      “Yes, liquid methane. The stuff cows fart.”

      The girl laughed, and the others did so as well. Robert almost believed a bit in his own theory. In spite of it, he was going to return to the control room after work and check it out.
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      Marchenko lifted his left arm and activated the display. In the darkness it worked like a flashlight. He looked around. The blue glow of the screen showed him metal walls and a room measuring maybe two by eight meters, resembling a section of a tunnel. He was standing near one end of Valkyrie. Farther ahead he saw chairs, and tables holding monitors. He tried to remember what he learned about Valkyrie during training.

      Marchenko was inside some kind of metal pipe. Behind the wall to his left there were energy converters that turned the laser light, arriving via the optical cable, into electricity and heat. Then there was all the technology that humans needed to survive. At the other end, there were the drill jets that were able to melt the ice on Enceladus with hot steam, and also served as propulsion components in the depths of the ocean. He had entered Valkyrie in the habitable section in between, from where the two-person crew steered it. Francesca must have sat at the very front.

      He listened, but could not hear anything. Sure, he thought, and looked at the screen. Inside, there was a vacuum as on the surface—at least almost—since a small part of the atmosphere had initially precipitated on the walls and was now evaporating. It was warmer than outside, only minus 100 degrees instead of minus 200, perhaps due to the remaining heat of the engines. It had only been two days since his new girlfriend—Francesca, the Italian pilot—and Martin, the German astronaut, had left Valkyrie and started their march toward the lander.

      How can I turn on this vehicle again, so that it fills with air? wondered Marchenko. They learned in the Antarctic how to maneuver Valkyrie through a mixture of ice and water, and how to use its sensors correctly. Yet each time he had entered Valkyrie as an ASCAN, or Astronaut Candidate, the lights were already blinking on the walls and the air conditioning was providing fresh air. He tried to recall the start of Valkyrie he had witnessed from orbit ten days ago. The AI must have activated the systems. This did not help him. Or would it?

      “Watson, turn on the light.”

      It remained dark. Is there a main switch somewhere? Marchenko looked at the display. He still had oxygen for almost an hour. Two days ago, Valkyrie was up and running. There must be a way to reactivate it. What was the last thing Francesca and Martin did? Since she was the pilot, it was certain Francesca was the last to leave Valkyrie. He switched on the helmet lamp and walked forward. He could not see anything on the deactivated monitors. Should I check the SuitPorts? The exit was behind a flat door, more of a hatch. There was not much space there. A SuitPort was practical, making an airlock unnecessary. Marchenko still remembered the training session. An astronaut did not have to enter an airlock, but would step directly into the pressurized suit. It sounded simple in theory, but in reality it was as tricky as putting on a whole-body glove. Once you succeeded in doing it, you closed the connection and could work outside.

      Marchenko checked what the two astronauts had left behind. The outer openings of the two SuitPorts had been closed correctly, but not the inner ones. Normally, the astronaut remaining on board handled this task. At both SuitPort openings, Marchenko moved the levers that closed the inner openings. He felt a glass panel slide into place.

      “Got you,” he said out loud, because shortly afterward three yellow lights started blinking below the SuitPorts. Activity, that’s what he had been waiting for. The system must have interpreted the opened connections as a serious error and shut itself off. Now, after everything was all right again and the system automatically restarted, Marchenko triumphantly pounded his left hand against the wall. Then he leaned his back against it. He needed a short rest.

      From the corner of his eye he saw vapor float through Valkyrie. The consoles also came to life. Their little lamps lit the haze like in a disco on Earth. Fine snow settled on his arm. The life-support system was obviously trying to create a breathable atmosphere again. As long as it was cold, the carbon dioxide would freeze out of it. He had to be a little patient. Soon afterward, the snow simply disappeared again, which looked eerie.

      Marchenko used his arm display to track the rising oxygen content. At 14 percent he took off his helmet. The ice-cold air hit his face with full force. He caught his breath for a moment. Minus 40 degrees was what the display indicated. The air was noticeably thin, like he had once experienced back in the Pamir Mountains. He took a deep breath and felt the air flowing through his windpipe and into his lungs. It smelled wonderful, very healthy, like after a thunderstorm at home. He knew this was ozone, which was created when the air was recycled. Actually, the air on board was probably not very fresh anymore, since it must have passed through the lungs of Francesca and Martin several times. Marchenko smiled. He now could breathe the same air that had kept Francesca alive.

      One less problem. In his mind he checked off the list. He was not safe yet. He needed three resources: oxygen, food, and energy. Number one seemed to be available, at least for the time being. He would have to check how large the on-board O2 supply actually was. If enough energy was available, Valkyrie would be able to create oxygen from water. The food problem was not urgent because Martin and Francesca’s excursion was supposed to have lasted much longer, so the vehicle should contain supplies for several weeks. In the long run, this might become his biggest problem, though. Neither the ocean nor the icy surface of Enceladus provided any food. This was definitely a reason he needed to call for help. From Valkyrie he could reach a spaceship in orbit—if there was one there—but not Earth. And what about an energy supply? If he wanted to use the radio, drive the vehicle, or produce oxygen, he needed electricity. Normally, Valkyrie was provided with energy by a laser, but the cable had been torn off, and the laser source on board the spaceship was probably on its return journey to Earth.

      Marchenko shook his head.

      “Calm down, Mitya,” he said out loud.

      His words sounded strange. He was no longer used to hearing himself speak in a larger room. Marchenko looked at the temperature gauge: above zero degrees. This meant he could finally get out of his spacesuit. On his own, and with an aching arm, it was not an easy task. He was sweating and gasping by the time he was finished. Then he walked barefoot across the cabin. First he went into the sanitation module, where he finally got rid of the soiled diaper, and enjoyed a hot shower. He definitely should save energy, but if the supply was so low that the shower was too much, he probably would not survive the next few days anyway. Due to the low gravity, the water did not splatter against his body in small drops, but rather, sloshed in huge spheres slowly against his skin, slower than waves on a tropical beach, before it split in seeming slow motion.

      He shivered when he left the shower. The air still had not reached 12 degrees. He searched the cabinets for some fresh clothing. There must be clothes here for the entire crew. And he actually found a tracksuit bearing the label ‘Marchenko’ and a Russian flag, as well as underwear, socks, and sneakers that fit him. While he was at it he inspected the food supplies and was satisfied. At first glance, the food should suffice for three or four weeks, and he probably could stretch it further.

      Now for his arm. He took a look at it. It did not hurt as long as he let it hang loosely. His x-ray machine was back on ILSE. He touched the bone with his left hand. He did not feel anything, but as soon as he moved the joint, the pain returned. Was it a sprain? He gave himself a shot of painkiller from the medicine cabinet.

      Now he could move on to the critical part. He activated one of the consoles. He was going to get the required information via the command line interface. Watson, the artificial intelligence, would need the main server, and that required a lot of energy. He believed he still should be able to manage a bit of mental arithmetic. He first displayed the current energy usage, and then he compared it with the remaining energy in the batteries. The result was devastating. It did not improve significantly when he played around with some of the parameters. Even if, for example, he went without heating and lived off canned food by the light of his arm display, the batteries would be drained inside of two days. Sending an immediate distress call at full power would dramatically speed up his demise. How likely was it that ILSE could get here within 36 hours to pick him up? Almost impossible. Marchenko gnashed his teeth.

      “Mitya, you know what to do.”

      Yes, he was right, damn it. He must find a solution. He would find a solution.
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            December 27, 2046, Earth

          

        

      

    

    
      It was already dark when Robert left the visitor center and walked back over to the Jansky Lab. The wind had increased over the past several hours, blowing fine snowflakes all over. He pulled his coat closer around him, though it hardly helped. His eyes started to water, and his nose was running. If only he had brought along a scarf and a cap! The school class had already left the observatory in the early afternoon. From that point on, he had spent the hours sitting in the break room and pondering. Preoccupied, he had repeatedly rejected the coffee Mary had offered to him. His mind was awhirl because of the printout of the Titan radio spectrum. This constantly brought up memories of a time when he still thought about this career and imagined becoming a top researcher at some renowned institution. Nothing had come of this, and what was worse, he eventually lost his son because of it. It had all been in vain.

      It had taken him a decade, but he finally accepted it. His books became his home, his friends, and his family. They did not place any demands on him, and when he did not feel like finishing one of his books, it was not insulted if he preferred another one. He was doing well, he thought, but the discovery waiting for him in the control room might open up old wounds. He was afraid of this, and for a moment he had even considered ignoring the printout, going home to continue reading his book in his bathtub. His palms started to get sweaty when he thought about what he had decided to do.

      Then he met an old acquaintance, his once-upon-a-time major driving factor: curiosity. He had banned it for decades because he blamed curiosity for ruining his relationship with his son. Now it was back, and it felt good. It forced him out into the cold and to the Jansky Lab, where it probably wasn’t much warmer. He must find out if what he had seen was only an artifact. Since the Observatory was no longer operated as a research center, no one checked the area in which radio transmissions were off limits. Robert could not think of any licensed technology that used radio frequencies around 2040 MHz, but even back then they were sometimes fooled by badly shielded satellite receiver systems. Maybe some illegal camper had ended up in the off-limits area.

      The dark building of the Jansky Lab loomed up ahead of him. It looked deserted, though this was not completely true. Sometimes young astronomers rented space for several weeks, because they could not get observation time as cheaply elsewhere. While there were considerably larger and more sensitive instruments available by now, the time slots there were in high demand, and a person had no chance of getting permission without excellent references. This evening, though, all the windows were dark. Robert was going to be all alone in this huge building, but he wasn’t afraid of it. He knew the path to the control room so well he did not even have to switch the lights on.

      While the computer was booting, Robert studied the printout he had made earlier that afternoon. The measurements were unmistakable. He immediately recognized the radio spectrum of Saturn’s moon Titan. Back forty years ago they did a number of dry runs so they would make no mistakes in the decisive minutes when the Huygens probe landed. And then there was the narrow line at 2040 MHz. That was the channel on which Huygens had once confirmed, ‘I am here and am functioning as planned.’ It was a pure status signal that could only be received by the largest radio telescopes of those days. The data transfer was achieved over other channels and used the mother probe Cassini as a relay.

      Huygens worked for a few hours—a pleasant surprise—until the probe ran out of energy, as designed. Since then, no one had heard from it. Why should they? The probe was considered dead. It was absolutely impossible for Huygens to have reported in again. This was the reason Robert was here. He had to find the error, and had already come up with a strategy. He started the control software, but this time it was not the simplified version he always showed visitors. He still knew all the necessary parameters by heart. First he would have to calibrate the radio telescope with the aid of known sources. Perhaps some part had lost its alignment. A heavy bird sitting too long on a receiver mast might have been enough to cause it.

      But that was not the reason. The signal was still there, immovable at 2040 MHz. He checked the area around Titan. No signal. Saturn roared in the radio spectrum, a typical gas giant. In its cloud layer enormous lightning bolts flashed, but everything was quiet at 2040 MHz. Robert calculated the transmission power necessary to let a signal of this strength reach Earth. The value fit the Huygens lander at a distance of more than a billion kilometers. Planting such a weak signal from a source on Earth could not happen accidentally. If this was the case, he was being fooled by other radio astronomers who knew exactly what they were doing. People who knew him were aware he liked to show Titan to visitors. It could be a plausible explanation, but he could not imagine who would have the time, opportunity, and motivation to play such a trick on him.

      It was no use. He had to convey this possible discovery, but he needed a second radio telescope to confirm the discovery was not a glitch. Robert sat upright and wiped the sweat from his high forehead. The left side of his chest ached. Who was the right person to call? He could not wait too long, since he did not know how long the signal would continue to be there. What would happen if he had actually discovered something? He had to admit he was afraid of the consequences. If he was at NASA and heard about such a signal, he would of course try to find its source. And if a spaceship happened to be in the vicinity, he would ask it to take a little detour. It wouldn’t matter if the crew just survived a near-catastrophe, or if his son Martin, whom he had once betrayed for the sake of science when Martin was still a kid, was a member of the crew.

      Robert sighed out loud. A strange silence seemed to have fallen over the room, as if all the instruments were waiting for his momentous decision. He pulled himself together and picked up the phone, but then he quickly put the handset down again. First he would try his old friend Chris, who had ended up at the Parkes Observatory in Australia. The radio telescope back then had been one of those listening to Huygens, so it definitely could be tuned to 2040 MHz. If he went through normal channels, Robert would stand no chance. He would have to register the requested observation time online and then wait for several weeks. Chris worked in the control room of the Parkes Observatory, or at least he had done so two years ago.

      Maybe Robert would be lucky. Chris, who had been a doctoral candidate when they’d met, was a typical relaxed Australian who should be interested in such a little challenge. He wrote him an email, since his former colleague would certainly not have a cell phone turned on inside the control room. Over there in Australia it must be around noon now.

      He leaned back nervously, and now he had to wait. He looked at his hands, which were shaking. Only three minutes later he heard a ‘ping’ in his inbox. The text of the email only read ‘Just a moment,’ followed by a winking smiley. Did this mean Chris was really trying to do it? Robert took a pencil from the desk and started to scribble on his palm. The pencil was pointy and hurt his hand, but he did not care. He could not avoid thinking about space. No matter how dangerous the journey was, he envied his son. Martin had achieved what he had always desired. He had accomplished something nobody had done before and stood out among the other nine billion human beings.

      Robert heard another ping. He looked at his watch. Only 15 minutes had passed since he received the first message. This new one read as follows:

      Hi Bob. The dish was free, because somebody from ESA was running late. Not that this would matter to you. I found the spectrum you need and attached it as a FITS file. Have fun and tell me sometime what came of this. You owe me a beer in our local pub.

      Robert clicked on the attached file and opened it in Spectral Analyzer, a program which allowed him to evaluate the frequency distribution. The old computer here was much too slow for this modern software, so he had to patiently wait again while an hourglass icon spun on the display. Finally, the image appeared line by line, starting at the higher frequencies. 10,000, 5,000, 4,000… everything normal. 3,000, 2,000… there it is, obviously. The new antenna of the Parkes Observatory, which had been built in 2036, had a diameter of 140 meters and was even more sensitive. It also saw a status signal at exactly 2040 MHz reaching Earth from the direction of Titan. The small redshift fit the movement of the moon around its planet perfectly. The object sending these signals most likely was located on its surface near the equator—exactly where Huygens had landed back then.

      What is going on? Robert was thinking hard, but he could not come up with a scientifically plausible explanation. The batteries of Huygens were empty and had been empty for over 40 years. The chances of them recharging spontaneously were zero, particularly under the conditions on Titan, with a temperature of minus 150 degrees and a poisonous atmosphere. It was a miracle, but he did not believe in miracles. He definitely needed to report this discovery to someone, but to whom? Most of the people who had been involved in the Cassini and Huygens projects at NASA or ESA years ago would be retired by now. He frantically began searching the internet for possible contacts. There was one group that should be very interested in what was going on up there—the ground team responsible for the ILSE expedition. Now Robert regretted not having kept up his networking during the past few years. It would take too long and would be too risky to work his way up the professional hierarchy, asking questions. Some assistant who’d had a bad night’s sleep and did not recognize how important this was would probably brush him off or ignore his message completely.

      Who did he remember? Of course he knew the names of the entire crew, since he had read often enough about the six astronauts. He had cried when he learned Marchenko died. But there was the incident before launch, with the ice drill vehicle. A man from India had been injured in it, and now the man was CapCom, or Capsule Commander, and served as the voice of Mission Control. A search engine gave him the man’s name: Devendra Singh Arora. He hoped NASA did not have too many employees named Devendra. He wrote an email and addressed it to various combinations of his name in conjunction with nasa.gov. It’s a shot in the dark, so to speak. How high were his chances of reaching the correct recipient? Nonetheless, even if he reached the wrong person, that person would certainly know the address of his famous namesake. In his email, Robert described who he was in order to appear credible, what he had measured, and who had confirmed it. He left the conclusions to NASA in order not to sound like an arrogant crackpot. Then he clicked the ‘Send’ button.

      He started to lean back, but immediately shifted forward again. In spite of the cold temperature in the control room, his back was soaking wet. His heart beat faster than usual, and he felt more alive than he had felt in a long time. He looked at his watch: twenty past eight. Florida, where he assumed Mission Control was located, was in the same time zone. The ILSE spaceship would be watched round the clock, even though the CapCom needed to take a break and rest sometimes. Robert decided he had exhausted his options. If NASA took his message seriously, somebody would contact him. Now it was time to go home.
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            December 28, 2046, ILSE

          

        

      

    

    
      Francesca awoke with a start. It was completely dark in her cabin. Earlier, she had asked Siri to turn off every single source of light. Since her return to the spaceship, not only did interior lights bother her, but now even the slightest sound gave her a bad headache. As ILSE generated a lot of noise, this meant she only made it through the day by taking painkillers. She could not shield herself from the noise, or even turn it off temporarily, because it was mostly generated by the life-support systems. Even now, wearing the best earplugs available on board, she could still hear the dull thumping sound. At least the earplugs cut out the hissing, the high-frequency screeching, and the continual creaking. Sometimes she wished she was out in space. In the vacuum, even ten centimeters would be enough distance to be protected from all the noise and stir of the ship.

      The noise did not bother her before her excursion into the depths of the Enceladus Ocean. It had always been there, but her brain used to filter it without any problems. The doctors on Earth did not know what had physically changed for her to cause the symptoms. If she kept taking pills at this rate, she would use up the entire supply on board ILSE before they arrived back on Earth in about twelve months. Then she would have to kill herself. Francesca could not imagine being exposed to this much pain without any pharmaceutical help. Maybe she could be put into an artificial coma. She laughed in the darkness at the thought, and it sounded like a desperate croaking.

      Francesca clung to the idea that only one person could help her—the ship’s doctor, Dimitri Marchenko, who had sacrificed himself for her on Enceladus, and whom she had left in the lurch back on the moon. Dimitri—Mitya—whose death she felt responsible for. The others offered clever arguments against this notion. She had not even been conscious when Marchenko fell into the crevasse. And he would have initiated a rescue mission for any other crew member because it was the right thing to do in this situation. In the end, he had been able to save two lives while only risking one.

      It didn’t matter. The others on board did not have a clue, and certainly not the doctors from Earth who claimed she was temporarily suffering from shock, and that everything would be fine again. They reminded her that only three days had passed since these traumatic events. She knew she was right—not the others—and that she would pay for her perceived sin with headaches until the end of her life. It served her right, for she carried a heavy guilt for which she could not atone. Marchenko was dead. How could she live with this fact and ever again lead a normal life? Yesterday, she had locked herself in Mitya’s cabin after a short memorial service for him. There she alternately cried and cursed herself, until she finally fell asleep.

      There was a knock on the door. This was probably what had awakened her in the first place. She wiped off the fresh tears with her pillow.

      “Siri, turn on the light,” Francesca said.

      In the narrow room, the mess became even more noticeable now. Francesca looked around and saw there were dark smudges on her pillow. She must have forgotten to remove her makeup last night. Marchenko always teased her about wearing it. Who needed makeup in space? A French cosmetics company actually developed a specific line of makeup that could be applied and worn in a space environment. She was the only female astronaut on the mission who had agreed to take along a few items of their brand in her personal luggage. Yesterday she had put some on, especially for Marchenko, but now she also asked herself, who really needs it? Marchenko was dead. She felt like crying again, but her cheeks remained dry.

      There was another knock. So it was not just her imagination. She quickly straightened her blanket and put on her overalls. She lifted her arms and sniffed her armpits. She was in dire need of a shower, which made it embarrassing for her having to open the door in this state. At the same time, Francesca felt like she was watching herself from some far away distance and scolded herself for this abnormal sense of detachment. It didn’t matter because now, nothing mattered anymore.

      “Siri, open the door.”

      Amy had just raised her hand to knock again, and she now stood rather awkwardly with one hand up in front of the entrance.

      “Good morning, Francesca.”

      Francesca got up. She was almost a head taller than the commander, and five years older, but it was completely clear who called the shots on the spaceship. In spite of her slender build and her almost youthful age of 43, Amy exuded a natural authority that Francesca could not deny.

      “Good morning, commander,” she said. “Did I miss the start of the workday?”

      “No, your time off won’t be over for another two hours. I had hoped to meet you in the fitness room, but you weren’t there today.”

      Francesca nodded. Daily exercise was mandatory, to keep the decrease in muscle and bone mass to a minimum.

      “I...”

      “You don’t have to apologize. In your case, I wouldn’t even manage to crawl out from under my bedcovers.”

      It was nice of Amy to say this. Yet, Francesca did not believe her. The commander would pull herself together and carry on as usual. She could not imagine anything else.

      “Hmm,” Francesca said. She hoped Amy would leave the room before she burst into tears again. Most of all, she did not want Amy to ask how she was doing. She crossed her arms in front of her belly.

      “I wanted to ask you to come to the command module in one hour. We have to discuss a few things relating to our return journey,” Amy said with a smile.

      “I will be there,” Francesca replied. The commander made a gesture, but then changed her mind.

      “You know we are always here for you. And Mission Control can offer good psychologists.” She did not wait for an answer, but instead turned around and left. The door closed automatically behind her.

      Francesca wondered if she should throw herself on her bed, but then opted for the shower after all. A good decision, she thought when she stood under a warm jet of water in the WHC, or Waste Hygiene Compartment. Due to the artificial gravity created by the rotating habitat ring, the shower almost worked as it did back home. If she held her head directly under the spray, the splatter of the drops covered up the noise of the spaceship. She imagined walking through a tropical downpour accompanying by Marchenko. Of course he was with her. She never asked him if he liked rain as much as she did. There had not been enough time. The water running across her face seemed to be saltier than usual.

      She turned off the shower and dried herself off. Naked, she walked across the narrow hallway to Marchenko’s cabin that had now become her home. She would not meet anyone else here because the second cabin in this section of the habitat ring was empty. Francesca looked at herself in the mirror. The body measurement devices said she had lost one-eighth of her muscle mass, but she could not detect this in her mirror image. She pulled on a fresh overall. Should I put on makeup? Francesca shook her head.

      It was time to go to the command module. It was only a distance of twenty meters, but it took some skill to navigate the path through the spokes of the ring due to their decreasing gravity. In the hub of the ring, and in the center of the spaceship where the crew worked and researched, there was zero gravity. The transition there made Francesca breathe faster. She felt like she was plunging downward on a roller coaster. Like a free fall to the end of time and space. She knew this brief, somewhat unnerving rush very well, but could not avoid or prevent it. Since the time they had left Earth, she had waited for months to get used to it, but the rush always returned. For a few seconds she did not think about Marchenko at all. Then she got ahold of herself, opened the entrance to the next module, and grabbed one of the handles.

      The command module was ahead of her. Once past the hub of the habitat ring, the garden, a small workshop, the radiation bunker, and the airlock followed. Francesca remembered how several weeks ago she and Marchenko had run through the spaceship after a pressure loss. Now it felt like that had happened in another life.

      Francesca turned around. The others were probably waiting for her. She did not have the right to impose her own pain on them. As she had thought, her fellow astronauts had already arrived there before her, and they were floating directly above. Francesca turned around and placed herself on the same level. Around the table she saw Hayato, the Japanese engineer, Jiaying, the Chinese geologist, and Martin, the German computer programming expert who had explored the Enceladus Ocean with her. One seat remained conspicuously empty. Amy was at the head of the table, holding the baby in her arms. The baby had been an accident that had almost seemed to be a catastrophe for the mission, but then had turned out to enrich their lives. Six of them had started, and six human beings would return to Earth—but someone was missing.

      Amy tickled the baby’s belly, and he laughed. Dimitri Sol was his name. Francesca felt tender-hearted at the thought Dmitri would be on board for the second part of their journey as well.

      “Hayato, could you please take him?” The commander gave her son a little push in the direction of his father. Hayato stood up so the child would not miss him. Dimitri Sol floated through the command module, completely calm. One could tell he was used to the weightless environment. How would he fare on Earth, when the feeling of falling suddenly wasn’t normal anymore, but a sign of danger? Maybe he was the first human in a completely new generation, for whom dealing with zero gravity in the hostile environment of space would become normal.

      “I just wanted to inform you about the plans for the return trip,” the commander began. “First the good news. You will be able to hug your friends and family members on Earth in eleven months. Our supplies allow us to lengthen the acceleration phase. This also means the time of our flight in free fall is shortened, and the doctors on Earth are very happy about that. Watson?”

      Amy must have earlier prepared the AI for this presentation. Watson played an animation of a fog display showing the return path ILSE would take.

      “Any questions, anyone?”

      “When are we going to start?” Martin almost interrupted her. Francesca had never seen him this impatient before.

      “After leaving the orbit around Enceladus, we have entered a large Saturn orbit outside of the rings. We are only waiting to reach a suitable position in relation to Earth so we can initiate our drives for the first acceleration phase.”

      Martin knocked on the table. “It’s an old custom—knocking on wood,” he said when the others gave him strange looks.

      “But the tabletop is not made of wood.” Jiaying jabbed him in the ribs, so he had to hold on to the table in order not to float away.

      “I don’t expect any problems,” the commander said, “because we’ve learned from our mistakes.”

      Francesca noticed Amy cast a nervous glance at her. What would come next?

      “As you know, we no longer have a medical doctor on board.” Amy briefly looked in her direction, but then again at the others. “Starting now, Jiaying will take over this position. We no longer need her knowledge of geology. She has also studied biology, though, and Mission Control is preparing her for this new task.”

      It was a sensible decision. Francesca was not angry about it, yet she still felt a twinge. Marchenko was being replaced very quickly.

      “Jiaying has to learn a lot, and therefore won’t be able to work for a while. For this reason I had to reshuffle the shifts for the next few weeks. Watson will upload the data to your personal schedules. We still use two-person teams, but from now on you will have twelve hours of work and the same amount of rest. We will rotate all the teams, so no one goes stir-crazy here. This will lead to a small number of double shifts, but you can manage it.”

      The crew did not protest. Francesca hadn’t expected them to do so, anyway. It was a logical choice, and if she was the commander she would have come to the same decision. There was another reason she was afraid of the coming months: her skills as a pilot would no longer be needed. Gardening and cleaning would not be enough of a challenge for her to make her forget her loss—and more than that, her overwhelming feeling of guilt.
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            December 28, 2046, Enceladus

          

        

      

    

    
      “Ba-bumm. Ba-bumm. Ba-bumm.” For Marchenko, his heartbeat appeared to echo loudly in its lonely chamber. He could not sleep—or had he already slept? The arm display showed 01:47, which meant he must have nodded off for a while. He felt cold. The blanket covering him was too thin, but it smelled of Francesca, and this was the reason he did not look for a thicker one. How nice it would be if the pilot could lie next to him, keep him warm, and sing him an Italian lullaby. Marchenko sighed. It was no use. He could not fall asleep again, so he might as well get up. He turned the lighting to the minimum level, walked around in the cabin, and rubbed his temples. How in the world would he get enough energy for Valkyrie to make it fully functional again?

      Marchenko walked back and forth: control console, the improvised bed, end of the cabin, the control console. Now and then he passed by the Extravehicular Mobility Unit, or EMU, his spacesuit. He had simply left it on the floor. His mother would have scolded him for his sloppiness. Francesca, on the other hand, did not mind when he left his socks lying around. The HUT took up most of the space. The helmet sat on the top part of the suit. Shouldn’t he try to clean the visor that had shown him a blurred image of the outside world? There was something strange about the helmet. Marchenko stopped and looked at it, moving his head back and forth. The cabin light should have been reflecting off the visor, but instead there was only blackness. He reached toward it and realized the helmet did not have a visor anymore. At its edge he felt sharp shards of a hard material, but the center was simply empty. A bit of water came off the lower edge of the helmet in one big drop, and then the remainders of the visor fell clinking to the floor.

      Marchenko saw himself lying in the crevasse, his right arm unnaturally twisted, with large cracks in the visor of his helmet. A film of ice must have protected him from the vacuum—this was the only explanation he could come up with. The image that had suddenly popped up in his memory did not belong there. He shook his head vigorously. What he just remembered must have been a dream—it could only be a dream, a creation of his own imagination. He obviously must have been asleep earlier.

      Then again, he was not sure. He tried to suppress the big question, but in vain. Didn’t he have anything more important to do than to wonder why he had survived the crash into the ice? The answer to this would be useless if he could not solve a much more important problem: generating enough energy in order to survive beyond the next 48 hours—40 hours, he corrected himself after a glance at his display.

      If only he had paid more attention in physics classes! Hayato or Martin would have probably found a solution by now. Actually, he knew enough physics to realize he was in a favorable situation as far as energy was concerned, since the conditions here were so extreme. In order to tap into energy one needed disparities, differences, extreme values, a gradient, and there was plenty of it on Enceladus. Coldness here, vacuum there, darkness there, and the geysers even provided movement. How could he derive energy from it? He really was not much of an engineer. To simply turn a crank was not enough. As a doctor, Marchenko knew how much mechanical work a human could generate, significantly less than one horsepower, or HP. This did not help him at all.

      He sat down at the console. While he had no online connection to the ship’s archives, he might be lucky enough to find enough data stored here. What he would find depended to a degree on what Martin and Francesca had last been doing. He was not accustomed to typing with his left hand, but he quickly got used to it. Marchenko scrolled through the files and entered various search terms: energy, cold, heat, pressure. The computer chips, he found out, were being cooled by Peltier elements that could convert heat into electricity. However, they would not provide sufficient power, at least not with the small number of elements he could take from the on-board computers.

      When he searched for the term ‘cold’ he found the scan of an old book Martin must have uploaded at some point. It was by a certain Hanns Günther, and its title was In a Century—The Future Energy Supply of the World. The original text was in German, but the computer had already automatically created an English translation. The short book was 115 years old and it seemed to date from a time when people still had full confidence in technology. Back then, the author was worried a coal shortage might wipe out civilization. He therefore suggested alternative sources of energy, among them the idea of blocking the Straits of Gibraltar with a giant dam and lowering the sea level of the Mediterranean by 200 meters in order to generate energy from this height differential. Marchenko scrolled through to a chapter describing a power station suitable for the cold regions of Earth—the Barjot polar power plant.

      The principle was simple, conceptualized around the start of the 20th century. Liquid water, which always had a temperature around zero degrees at the poles, was pumped up from the ocean. Its heat made a working fluid evaporate that must be liquid under the outside temperature (Barjot assumed minus 22 degrees). The steam powered a generator. Marchenko nodded. What did he need? He felt he was on the right track. A pump was no problem. The jets of Valkyrie were perfectly suitable—and they could also be used as generators. The drill vehicle had several jets that could be controlled independently of each other. There was water below, a whole ocean of it. There were enough cold temperatures at the surface. Next, he wondered about the working fluid. He checked the on-board supplies. There were several tanks of ammonia because the cooling system used it. Ammonia would be very suitable. In order not to be poisoned, he would have to provide good insulation for the system in which the gas evaporated, as well as for the generator. He also would have to manage to keep the ammonia in liquid form, since it froze below minus 78 degrees.

      Marchenko leaned back. It looked like a 150-year-old idea might save his ass. He laughed out loud. “How fitting, Mitya.”

      

      “Tshyort vasmi! Damn it!” Marchenko was cursing now. He had been studying texts about electronics for three hours. It was amazing what was stored on this computer. Now he learned he needed not only physics but also chemistry. Turning the concept of the Barjot polar power plant into reality here on Enceladus turned out to be much more complicated than he had assumed. He was a doctor, damn it, not some fucking scientist! Nevertheless, he wrestled with terms like ‘enthalpy of vaporization’ and ‘critical pressure.’ The problem was that he was not dealing with 0 and minus 22 degrees, but with a much larger temperature range. This meant he would have to adapt Barjot’s idea to these circumstances. He called up the phase diagram for ammonia, which showed him the usable range. The chemical was used in the cooling system of Valkyrie, which is why the vehicle had a certain supply of it. Ammonia, NH3, melts at minus 78 degrees and evaporates at minus 33 degrees. However, these temperatures changed as soon as a certain amount of water was involved, which he probably could not avoid. And pressure also played an important role. Methane would have probably been more suitable. He himself produced a bit of it every day in his digestive system, but it would not have been enough for running a power plant.

      Otherwise, the good news was that Valkyrie provided optimal circumstances. The jets could measure the temperature of material flowing through them at several points. He could also readjust things. If it got too warm, he would extract less water for heating, and if was too cold, the pump had to send more heating water from the ocean through the system. Marchenko grumbled. Who would have thought he would ever use ice-cold water for heating? In the technical articles, he read that ammonia was not only poisonous, but also explosive in a certain concentration. He absolutely must avoid contaminating his precious breathable air with the stuff. There was a critical moment, though—he would have to connect the coolant supply tank with his improvised power plant. The tank had a valve, but the pipe diameters did not match. He would have to construct an adapter pipe and slide it on like a condom. He was not afraid of the challenge. After all, Russian cosmonauts were well known for their talent for improvisation. Yet he also knew such jury-rigged solutions were never 100 percent perfect. He would be happy if it reached 99 percent, though this meant a certain amount of ammonia would escape. The lethal dose, his articles said, was well above the tolerable one. Marchenko briefly wondered whether this should make him happy or skeptical.

      It did not matter. He needed to start now because there were only 24 hours remaining. He used the control system to reconfigure the drives so they could work as a pump or generator. He needed a primary system to suck water out of the ocean below him, and a secondary system, the ammonia circuit. The water, which at zero degrees was relatively warm, would cause the ammonia in the secondary system to evaporate, then power the generator and refreeze. Since he had plenty of water available, the primary system could be open. The secondary system, though, had to be closed. He could not replace the ammonia that was circulating through it.

      The jets alone would not be enough. He would also need something that would let the ammonia circulate. In the archive he found a repair manual for Valkyrie. Between the jets at the front and those at the rear there was a duct, a flexible pipe with a diameter of about 25 centimeters. It served to equalize pressure differences in the ice created by the heated water during the drilling. He needed this pipe for his secondary circuit. Marchenko glanced down at his body. At that moment he would have liked to have been a bit shorter and more agile, because the diagrams showed him how tight things were inside Valkyrie. Half an hour ago he had given himself a shot of painkiller so his right arm would not act up.

      Valkyrie had a maintenance access at the bow, and he barely managed to squeeze through it. He crawled on all fours. The duct smelled of dust, dirt, and metal. His flashlight picked out various devices, the functions of which he had already forgotten. He was only interested in the pipe itself. According to the manual, the pressure equalization function started automatically if the pressure at the two ends differed. Without this pipe, Valkyrie would no longer be able to drill through the ice layers. Marchenko pitied Valkyrie—it felt as if he was taking part of its identity, like a doctor amputating a person’s leg. All the while, using his left hand, he loosened four bolts to pull the pipe from the opening.

      Then it was time for the rear end. He crawled backward for a bit until he found enough space to turn around. In doing so, his right hand unexpectedly touched something soft. Marchenko quickly aimed his flashlight at it—it was a small, dead rat. He could not suppress a shudder. The animal must have managed to come aboard on Earth, maybe during one of the transports of the drill vehicle. Unlike the lander, Valkyrie did not go from a clean room directly into space, but had completed several prior missions on Earth. He wondered how the rat must have felt in zero gravity. It may have even starved to death before launch, he concluded.

      Half an hour later he had removed the pipe at the rear end. Marchenko crawled back to the access panel and squeezed through it. His overall was dirty and covered with dust. The fresh air up here made him sneeze, but he felt fine. Everything was working according to plan. He slowly pulled out the pipe, hoping it would not get caught anywhere. He was in luck. Ha!

      He sat down and looked at his watch: another 22 hours. It was definitely too early to take a break. Now he needed to go outside and install the pipe as the secondary circuit. First he wrapped it with anything he could find, hoping to keep the cold out.

      He really did not want to step back into his stinking spacesuit, but he had no other choice. Then he remembered he could not go outside because the helmet’s visor was defective. “Tshyort vasmi.” His curse was not nearly as loud this time. Marchenko felt himself growing weaker. How was he supposed to fix the visor?

      Slowly, Mitya. You can do it. It wasn’t so dramatic. The difference between normal pressure and zero pressure was minimal. He should be able to repair it with a piece of stiff polypropylene, the transparent material used for document protectors. He only needed a really good adhesive to avoid any leakage. The adhesive was two-component glue, an essential part of an astronaut’s basic emergency kit. Marchenko did not have to search long for the material he needed to repair the visor. It was right in front of him, covering the Valkyrie repair manual. He placed it on the helmet and cut out enough to leave a centimeter protruding on each side. The result was not pretty, but it would serve its purpose. He hoped! He put on the helmet and noticed that his nose touched the visor. Unlike the original material it did not curve much, but it should not be a problem.

      Now he needed a thinner hose to get the water here and found something useful in the wastewater recycling system. This meant he would not be able to recycle his urine into drinking water in the future. Yes, there was plenty of water available, though it had to be filtered. And if he left Valkyrie now, he would lose part of his oxygen supply again. This aspect would not be so bad, for as soon as he had electricity again he could generate breathable air. He divided the narrow hose into two parts.

      Then Marchenko got up and started to put on the spacesuit. Lower part, upper part, at least the right arm did not complain. Before putting on the helmet Marchenko held his breath for a moment. There was a strong, lingering smell, and the whole suit was still wet with his now-cold perspiration. Once he got moving, the moisture was going to warm up, though. He opened the emergency exit and took a little leap upward—the low gravity also had its advantages. “YEE-HAAA!” he yelled, feeling happy and relieved things were working well. The improvised visor held firm, although it lacked the glass coating. Without the coating, the water vapor from his breath condensed on his visor and ran down in drops, yet Marchenko could still see well enough to safely move about.

      The area around Valkyrie was frozen, but this posed no problem. He used his helmet radio and ordered the computer to melt the ice with the jets. Marchenko watched the surface grow darker, and a bubbling hole developed. Marchenko commanded the computer to stop. Now he would go for a swim.

      He eased himself down into the hole and immediately felt the intense cold. The water drained the heat much faster from his suit than did the vacuum on the surface, even though the water was considerably warmer. The heater turned itself on and successfully fought against the cold. His nose was the only part of him that was not doing well. Its tip firmly pressed against the makeshift visor and quickly became so cold that it hurt.

      Marchenko did not have the time to deal with this issue. He looked for the two jets he needed to reconfigure. He placed the thick but flexible pipe in the shape of an ellipse around the jet that later would become the generator. It rose above the surface of the water and would soon freeze in place there. Then he would just have to fill ammonia into the circuit from the inside. He connected the thinner hose with the input and output of the other jet. As a pump it would pull water from the depths and use it to heat the primary circuit. Marchenko was curious what degree of efficiency he would achieve. Of course the pump also consumed energy. If the generator in turn provided a bit more energy, he would be saved.

      He looked around. The water was dark. The headlamp of his helmet created a cone of light. The water appeared thicker than usual, like a gel. He even thought he could notice movement inside the water. He turned off the headlamp.

      There was a deep and pervasive darkness surrounding him. When he closed his eyes it instead became brighter, not darker. The humming of the life-support system sounded so calming that he was not afraid. Did a child in the womb feel like this? Then small lights came on in the distance. Marchenko was amazed. Was it cosmic radiation hitting his retina? He closed his eyes and the lights disappeared. They were obviously part of reality. He swam forward until he hit the bare ice.

      He could not go any farther. The lights were somewhere ahead in the distance, or at least it looked that way. They shined evenly, and this made them look artificial, which was impossible. Marchenko was glad he was no physicist. If he was one, he would be searching for reasonable explanations now. This way he could just simply marvel at it. The lights in front of his eyes began to change. They disappeared and reappeared, creating patterns resembling artful, elaborate script. He forgot about time, until all the lights finally faded away.

      His arm display told him 15 minutes had passed, and he switched on his helmet lamp again. He had to test to see if the power plant was providing energy. Strangely enough, he felt this was not so important anymore after watching the light show, but he pulled himself together. Marchenko hurried into Valkyrie and out of his spacesuit. The tip of his nose was burning, but he decided to ignore the pain.

      First of all, he had to divert the ammonia into the primary circuit. He prepared the adapter pipe, attached it, and then had to briefly open the valve. A small puff of gas drifted out, and the acrid smell almost made him vomit, but he managed to avoid it. The small amount of gas would distribute itself throughout the room and be rendered harmless by the life-support system.

      He went to the control console and first changed the settings so that initially a small amount of water warmed the primary circuit. The pump started to work, and it only took a few seconds before the generator indicated it was indeed producing electricity. Marchenko slowly increased water flow to boost the performance of the pump. The temperatures remained in the correct range. The performance of the ‘power plant’ increased. After ten minutes he thought he had reached the point of maximum potential. He checked to verify his assumption and found out he was right—any more water per second led to a lower energy output.

      Now, the two key questions: how much energy was he putting into the system, and how much was coming out of it? He performed a rough calculation and came up with a conversion efficiency of six percent. This meant that for each kilowatt-hour the pump consumed, the generator provided 1.06 kilowatt-hours by taking energy from the warm water via ammonia evaporation. This was not the only important value, however. How much energy per hour could the system generate, and when would Valkyrie’s batteries be fully charged? Since he did not know where ILSE was located he could not use a direct message, but rather he had to send an interplanetary broadcast. For this purpose, he must have Valkyrie at full battery capacity.

      Marchenko typed in the numbers. One press of a button and the result appeared: in about two days, he would be able to transmit his message into space.
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            December 29, 2046, ILSE

          

        

      

    

    
      Francesca stood up straight and stretched. She had forgotten how straining it was to maintain the stooping posture required during gardening. Their garden module, the Closed Ecological Life Support System, or CELSS, had been stabilized and would provide fresh food again during the return journey. There were sufficient supplies of food available, but fresh lettuce and home-grown potatoes would improve the crew’s morale. The light in the module flickered, and then Watson spoke.

      “Important transmission from Earth.”

      Watson could have left out the word ‘important,’ Francesca thought. They were not supposed to be bothered with insignificant messages during their work shifts. She wiped the sweat off her face with the sleeve of her overall. Such clothing was required now that part of this module had become the baby's play area. It was hot and stuffy inside CELSS because a high CO2 content helped the plants to grow successfully, so they had previously agreed to work alone and in their underwear.

      Well, she thought, let’s see what they have to tell us. She looked at her watch. She was right in the middle of her shift, but she wouldn’t bother to change, even though she really needed a shower.

      When she entered the command module, she already recognized Devendra’s face on the fog display, transmitted from afar. Francesca flinched. She seemed to bring bad luck to men. The man from India survived the Valkyrie accident on Earth, but his dream of flying into space had come to an abrupt conclusion. In that incident she had steered the vehicle as the pilot. Of course, everyone later said she had not been to blame. She blew her nose into her handkerchief.

      “Is everyone here?” The commander looked around and answered the question herself. “Well then, let’s get started; Siri.”

      On the display, Devendra Singh Arora began moving his lips.

      “Something exciting has happened on Earth, and I wanted to get your opinion about it,” he said. “A certain Robert Millikan contacted us and...”

      “What was that name? Robert Millikan?” Martin jumped and barely managed to grab hold of a handle. He very briefly seemed to forget that CapCom could not answer him live, since the signals took hours to reach Earth and back again. Amy provided the answer by rewinding the message a bit.

      “A certain Robert Millikan contacted us and reported a strange discovery. Millikan works as a tour guide at the former Green Bank Observatory.”

      “The former observatory?” Martin anxiously interrupted her again. Francesca noticed this information seemed to shock him, but she had no idea why.

      “Ssshhh!,” was all Amy said.

      “We checked him out. He was once a serious radio astronomer about to embark on a great career, so at least he knows what he is doing.”

      The CapCom is really beating around the bush, Francesca thought.

      “By chance, Millikan recorded a radio signal issuing from Titan, but not just any signal. Something there transmits at 2040 MHz. This is the frequency used by the Huygens lander, which arrived in the Saturn system 40 years before you, and landed on Titan. The batteries ran out of energy after just a few hours. You are probably wondering how it then suddenly started sending signals again. We also pondered this question and could find no probable cause. Millikan had the Parkes Observatory in Australia confirm the signal, which was a clever move on his part, and also against protocol, as he did not go through the proper channels. Of course, we independently rechecked the data in several ways. The man was right. Something there is transmitting at 2040 MHz.”

      Francesca instinctively knew what would happen next.

      “And this is where you, as a crew, come in. You’ll probably agree this is very exciting news. We could send a probe there, which could check on it in five to ten years. Or you could take a little detour to Titan and check out this phenomenon yourselves. It would clarify things much sooner. We know exactly where Huygens landed back then, and the signal appears to come from that area. You could go down there in the lander and look around. If everything goes well, it would take you about three days.”

      “If everything goes well!” Martin repeated the sentence and raised his eyebrows. Was he afraid?

      “Of course the decision is all yours. We’ll understand if you do not want to run further risks and would just like to come home. On the other hand, we might never solve this puzzle without you. I am attaching a data file that Watson can use to answer most of your questions. Take your time and think about it. CapCom, over.”

      For Francesca there could only be one answer—of course they would check it out. Titan was a fascinating moon. It was very different from Enceladus, much larger, almost like a planet, and with a dense atmosphere. She could be useful once more in her role as a pilot. Maybe she would save somebody’s life and eventually reduce her feeling of guilt. Or she would lose her own life, and then this whole problem would be solved. Francesca felt tears welling up in her eyes. She swallowed hard and suppressed them.

      “We definitely should use this opportunity,” she said with a throaty voice. She looked around. The others seemed to be less certain. Hayato gazed in the direction of Amy. He would not vote against the wishes of the mother of his child. Or would he? The Japanese engineer rarely shared anything personal about himself, to the point Francesca had a hard time gauging him. This also applied to the German, Martin, even though the two of them had spent a long time together on board Valkyrie. Usually he was calm and collected, but now he nervously drummed his forefinger against the table. Jiaying, who had just been assigned a new task, would probably abstain. Serving as the new ship’s doctor would most likely mean she would have to stay on board because of the baby—like Marchenko, who originally should have been exploring Enceladus with her. If the child had not been born... Francesca suppressed the grim thought. She noticed she was becoming unfair, and she hated it.

      “What do the rest of you think?” The commander looked at each of them in turn. “Or should we sleep on it?”

      “That is not necessary,” Martin angrily announced. “I am against it. We have already risked enough. Nobody would blame us if we were to continue the mission as planned. There is a piece of man-made garbage on Titan. So what? The lander was designed for Enceladus, no real surface, one-eightieth of terrestrial gravity. On Titan we will have one and a half times the atmospheric pressure of Earth, and the gravity is more than ten times higher than on Enceladus. The risk is too great!” Martin had really talked himself into a rage. Jiaying placed a hand on his shoulder, but he shook it off. Surprised, Francesca wondered what was bugging him.

      “Perhaps we could just enter an orbit around Titan and look from above?” asked Jiaying, trying to find a compromise.

      “Not a chance. The haze is so thick we wouldn’t see anything. Perhaps in infrared, although I doubt the probe is warm enough for that,” Amy answered.

      “As far as the lander is concerned,” Hayato said, while looking at a screen, “I just checked it out. This is a variation of the Mars Lander design. Therefore, gravity should not be an issue. They saved a bit of material here and there, but the basic structural integrity should be unchanged.”

      “You are trying to say the thing won’t break?”

      Hayato nodded. “Correct, Francesca. However, the atmospheric density is much higher than on Mars. On the surface it measures 1.5 bar. That is 50 percent higher than on Earth.”

      “This sounds dangerous.”

      “No, no. Not at all, Francesca. The pressure is about the same as at the bottom of a swimming pool on Earth. We just have to be careful during the descent. The Huygens probe had a heat shield and used the friction of the atmosphere and then parachutes to decelerate. We will have to employ the jets of the lander module. During descent we must not go too fast, to avoid overheating.”

      “That would be my task,” Francesca said, realizing she was looking forward to it.

      “If we decide on taking this detour,” the commander replied. “Are there any more questions?”

      “What kind of timeframe are we talking about?” Martin leaned back and folded his hands over his belly. To Francesca, he resembled a petulant schoolboy.

      “Five days, I would estimate. Reach an orbit around Titan, descend, inspect Huygens, lift off again, and return to a Saturn orbit—all this can be done in a day each.” The commander seemed to be ready and willing to fulfill the request made by Mission Control.

      Martin did not answer.

      “Alright, let’s vote on it. Francesca?”

      “In favor.”

      “I abstain,” Jiaying said.

      Martin looked at his girlfriend and raised his eyebrows. “Against.”

      “Hayato?”

      “I think we can afford this little detour. We are researchers in the end, and this is a unique opportunity. Just imagine, we will be the first humans to set foot on three celestial bodies.”

      “You forgot Bill Coleman, who was on the Moon and on Mars.”

      Hayato turned toward Martin. “You are right, as always. Still, I am in favor of landing on Titan.”

      This meant the decision depended on the commander’s vote.

      “Well, then let’s fly to Titan. We should send our answer to Mission Control right away. They have already transmitted flight parameters, so we can start soon. Prepare for engines starting in one hour.”

      So much for the rest of my shift in the garden, Francesca thought. Like the others, she had sixty minutes to check her assigned areas and her cabin. Once the fusion drives accelerated the ship, all objects not properly secured might start moving around. Tomorrow she would be at the controls again, and for a short time her life would once more have meaning and purpose. Francesca experienced a feeling she had almost forgotten—anticipation.
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            December 30, 2046, Enceladus

          

        

      

    

    
      Water was slowly seeping into his helmet, and ice-cold drops hit his naked chest. Why wasn’t he wearing an LCVG? The water collected in the legs of the spacesuit and was climbing higher and higher. It reached his chin and he wanted to stretch, but he stood no chance. He closed his mouth to keep the liquid out, but he needed to breathe, breathe, breathe, so he tried to. The water poured into his throat, and it had an acrid taste of ammonia. He felt like he was choking and woke up coughing.

      When it was over, Marchenko had to take deep breaths in order to return to normal. His eyes were watering, and there was a pungent smell. It was similar to the smell one sensed in a public men’s room where over time, superficial cleanings were not enough to mask the permeating stench of stale urine. Polnyi atstoy, he thought, what the crap? There must be ammonia in the air, more than the catalytic converter could neutralize.

      Why wasn’t there a warning? Marchenko jumped up and walked to the cooling system’s storage container he had earlier connected to the primary circuit. He wiped his dripping nose with his sleeve. As a doctor, he quickly recognized the symptoms of ammonia intoxication. He would either suddenly lose consciousness, or he would suffocate from a pulmonary edema and then become unconscious.

      It was not hard to find the leak—he only had to follow his nose. The adapter pipe sat more loosely than he expected. He needed something to seal it. A pipe clamp would have been perfect, but in the first place, he did not have one, and secondly, he would have to briefly remove the pipe in order to attach it. Marchenko checked the connection. The area was covered with rime. A wet cloth was obviously not going to be enough to make the necessary repair. He needed something that would not freeze. Perhaps an oil-soaked rag? That might work if he replaced the oil regularly.

      He cut a T-shirt into strips. Before he dipped the cloth into the oil canister, he smelled it once more. Maybe Francesca had worn this T-shirt, but all he could smell was the acrid ammonia vapor. He wrapped the oily strip around the leak. It was not a perfect solution, but he hoped the life-support system would be able to handle the remaining ammonia in the air.

      Marchenko went to the only active computer and checked the charging status of Valkyrie’s batteries. It was at 42 percent, more than he expected. He hoped the ammonia supply would be sufficient, enough to reach 100 percent, despite the leak. The air still stung his eyes. Perhaps he should try to help the life-support system. If he emptied the vehicle via the emergency exit, he would remove the poisonous gas at once. He remembered the lights in the ice. Maybe he could find out something about this phenomenon, or at least create the conditions under which others could do so. He should take a camera outside with him. There must be a camera here somewhere as part of the standard equipment.

      He found one in one of the wall cabinets. The batteries of the camera were at half capacity. That would have to be enough. Gradually, the ammonia was making him nauseous. Before he put on the suit he checked the improvised visor. It still looked sturdy enough. He put a bit of lotion on the tip of his nose, so that it would not get frostbite, and then he prepared to exit. The air from the suit’s oxygen supply was pleasantly fresh. He took a deep breath, then opened the emergency exit and jumped outside.

      The surface of the ice moon appeared to be the same—ancient as ever. Marchenko looked around and pondered the reason for this, since hardly any celestial body in the solar system had a surface as young as this one. Maybe it was his wrong, typically human perspective. He was not able to notice the subtle changes constantly happening around him. His brain was programmed for the hectic rhythm of Earth, based on an overabundant supply of energy, and not for the sedate pace of geological, chemical, and probably biological evolution found in this location, all of which had adapted to low temperatures.

      He thought about the reports sent by Martin and Francesca. He had taken very little time to peruse them, but they were fascinating and told of a conscious being composed of numerous separate cells. Would he ever be capable of understanding the thoughts of such a creature?

      Marchenko jumped into the water. He switched off his helmet lamp and the darkness surrounded him. It was a warm blackness. He never suspected something like this could exist. He was the only human being far and wide, but strangely enough, he did not feel lonely. Marchenko sighed—if he could only share this experience with others. He floated weightlessly in a dark infinity. The world was falling off him.

      He looked in the direction where the wall of ice must be. At first, everything remained dark, but then the first lights appeared. He activated the camera, hoping it had sufficient light sensitivity. Marchenko looked at the display, but the image was blurry. Maybe he could focus it better with the built-in infrared laser. When he pressed the appropriate button, the image got sharper, but the lights disappeared at once. He fixed the focus position and once again switched off the laser. The lights returned. What did this mean? He did not know the answer and could only surmise. The laser emitted heat, and maybe that interfered with the processes responsible for these lights. The camera recorded what it could see, until after half an hour the batteries were exhausted. He was going to have the computer analyze the material.

      An hour later he was back inside Valkyrie. He was relieved to find that the air was clean and fresh-smelling again. He checked the area where the ammonia leak had been and noticed his repair had been successful. Right near the leak he still noticed the acrid smell, but it was not nearly as strong as it had been before. To be on the safe side, he brushed some more oil on the fabric. Then he uploaded the camera recordings to the computer. He knew there must be a program for semantic analysis, and he found it. The software looked for hidden meanings and could distinguish random fluctuations, or entropy, from deliberate signs standing for a concealed meaning. The program could not translate the content, if there was one, as it lacked data. Yet it would be able to tell him how many semantic units were contained in a source, no matter how they were encoded.

      The program would need a lot of time for this because the single computer it was running on was not particularly powerful. He guessed it would take a day, but his prediction was just that: a guess. Marchenko rechecked the battery level—47 percent. It looked like he would get a lot of answers tomorrow, and his oxygen supply was secure. So he would survive until his food supply ran out. For the moment, he was content with this knowledge.
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            December 30, 2046, ILSE

          

        

      

    

    
      The hatch between the lander module and the spaceship closed with a loud plop. Francesca was glad the farewell ceremony was finally over. She sank into her pilot seat. There, she could not be seen from the side, and the others, meaning Martin and Hayato, would not notice she was crying.

      “For what everyone assumes will be a short trip, it was a very emotional scene,” the German commented. Sometimes Francesca wanted to wring his neck. He had been protesting the whole time, insisting he did not want to be here, and only gave in to the majority vote by necessity. Francesca hoped he would pull himself together. When things got tough, they would need his full attention. This was no weekend trip by car, it was the first manned landing on Titan. Watson estimated the risk of something going wrong at about three percent. In spaceflight, this would have always been considered an acceptable value. Francesca was not worried about it.

      “Sorry, I took a bit too long with Sol Dimitri.” Now Hayato is apologizing for spending too much time saying goodbye to his son! Francesca wanted to give the two men a piece of her mind, but her voice would probably betray that she was still crying. She thought back to Marchenko telling a joke when he had last said goodbye two weeks ago. Back then they assumed Francesca’s life would be in danger, while Marchenko stayed behind safely in the spaceship. If only he had left it at that. Francesca noticed underneath her grief that she was angry at the Russian. The stream of tears dried up while she listened to the technical checklists performed by the AI.

      “Tell me, Martin, what was that about Robert Millikan?” She had wanted to ask him this question ever since yesterday.

      “What do you mean?”

      “You jumped when his name was mentioned.”

      “Really? No idea. I thought I had heard the name before. But it doesn’t matter.”

      Francesca could tell by the vibrato in his voice that he was not telling the truth. Still, she would have enough time to find out his secret. And if not, then Martin was right. Then it really did not matter.

      “All systems within nominal parameters,” the AI reported. The AI would control the ship, but Francesca could interfere at any time, and her commands would initiate the individual phases of the descent.

      “Decouple from mothership.”

      “Initiating decoupling from mothership.”

      Watson had already calculated the entire mission. The plan resembled the landing on Enceladus. Since Valkyrie was missing, the lander module weighed only half as much. Due to the higher gravitational pull of Titan, though, they would use considerably more kerosene. Therefore they had placed an additional fuel tank in the empty scaffolding for Valkyrie. ILSE also was using a significantly higher orbital velocity than it had around Enceladus, and the lander needed to compensate. Additionally, Titan pulled them in more forcefully. If this excursion had been planned from the start, the lander would have been equipped with a heat shield. As it was, Francesca would have to use the engines to fight Titan’s gravitational pull to slow the descent.

      “Braking maneuver.”

      The force of the main engine pushed her strongly against her safety harness. At a height of 1,500 kilometers, the sensors reported the first molecules of the atmosphere. Francesca tried to keep her eyes on the monitor. The face of the moon they were approaching at supersonic speeds did not change, though the disk was getting larger and larger. Behind her she heard one of the two men moan.

      Watson gave them a short break and deactivated the engine. In free fall, the lander accelerated again. Out here, where the atmosphere was still thin, they could do it without burning up.

      “Second burn phase,” Francesca ordered, after Watson indicated the suggestion on the display. This was a bit frustrating, because the computer basically issued the commands.

      Titan filled the entire screen at an altitude of 450 kilometers, a featureless orangish-brown disk. They traversed a layer of haze. The temperature sensors reported 320 degrees at the bottom of the lander, no reason for concern. From now on they must not move any faster, just slower.

      They reached the cloud layer at about 200 kilometers. The side cameras no longer showed images. They had entered what was basically a single cloud stretching around the entire moon. Here, the ultraviolet, high-energy radiation of the sun broke up the many methane molecules that were in the atmosphere. The fragments reassembled themselves into complex organic molecules, a kind of primal soup, which at higher concentrations had the consistency of tar.

      The image from the camera located at the bottom of the lander was blurred. Watson warned them these molecule chains interfered with the sensors. At 160 kilometers, the AI reported, “Radar lock.” On the ground radar, they could see the profile of the target region, a valley between two mountains somewhat south of the equator. The land formations here seemed to be much smoother than on Enceladus. It was noticeable that erosion was constantly at work in the dense atmosphere, which rounded off the craggy structures. The coating on the cameras and sensors increased. The radar would not be bothered by it, but it felt dangerous to blindly race toward a strange moon. Francesca grabbed the armrest of her seat. What if it turned out the radar was wrong? To her, it seemed to be careless rather than courageous to rely on a single source of information.

      “Watson, alternatives?”

      “A v delta of 160 meters per second would probably remove the organic layers.”

      The AI wanted her to ‘step on the gas pedal.’ The slipstream—but more particularly, the friction-generated heat—could then once more provide a clear view for the cameras.

      “Create v delta as calculated, Watson. Watch out, guys, it’s going to be a bumpy ride.”

      Francesca was always the epitome of calmness when things got tricky. She wasn’t less afraid than the others, but she only experienced her fear with a delay, once everything was over.

      “Ahhhhh,” Martin hollered from behind her. Francesca knew the reason for his reaction—it felt like the seat was being ripped away below her, but she was still sitting in it. Watson had to correct the course again and again using the control thrusters, as high winds hit them from the side.

      The maneuver was successful. The cameras could see better now, and the rough descent had been worthwhile. Now, at an altitude of 40 kilometers, they came through the layer of haze. They were almost there. In front of them lay a desert landscape with seemingly endless dunes. It looked like one of the large, sandy deserts on Earth, though in evening twilight, since the thick haze layers only let a part of the already weak sunlight reach the surface. Her target was in the mountains to the west, which Francesca detected at the edge of the screen. Watson had to significantly correct their course, and the control thrusters fired again. At a height of 16 kilometers they encountered a surprisingly strong current blowing eastward. Back when Huygens landed, the probe had not noticed this current.

      Francesca expected the message before Watson said it—they would not reach their planned landing site. The short acceleration phase had quickly brought them into the denser surface regions, where the control thrusters worked less efficiently, and there was the eastward current to contend with. The AI confirmed this on the display. It was not sure whether they would be able to cross the mountains in the west with the lander.

      “Landing at the edge of the dune field,” Francesca informed them. They would land immediately, and prepare for a little walk. Considering the upcoming eleven months in the spaceship, this would likely be the last opportunity for it.

      “All systems go. Landing site secure,” Watson confirmed.

      At an altitude of four kilometers the wind calmed down. The rest of the distance was covered silently by the lander. It moved at only 40 km/h and carefully decelerated, so it would land at no more than 15 km/h.

      “High gate.” There was no turning back now.

      “Watson, last check.”

      Gradually, it became clear they were not dealing with a terrestrial desert here. The dunes appeared to be huge, but there seemed to be enough space between them to land safely.

      “All systems go. Deceleration vector as planned.”

      Francesca would have liked to have gone to the console to control the landing herself, but the machine was already doing it, and probably doing it better than she could have.

      “Status of landing struts?”

      “Nothing unusual.”

      They were descending towards the huge dunes.

      “150 meters. Low gate.”

      Francesca looked at the screen of the camera that was aimed downward. The hot jet exhaust seemed to have no effect. On Earth, there would be a small sandstorm beneath them by now.

      The monitor showed they were at a height of 30 meters when a black spot formed below the ship. Francesca immediately realized what she was seeing there—it was a lake. The flare of the burnt kerosene, at temperatures up to 700 degrees, was melting the ground. Francesca understood it at once. She should have known. The familiar scene had deceived her. Of course the sand was not sand at all, but fine-grained ice that became liquid after sufficient energy input. For Watson, everything looked normal. The radar upon which the AI relied showed a smooth surface. Yet the engine was burning a hole into the ground that grew deeper and deeper, into which the lander would disappear. The lander would vanish forever, because at ground temperatures of minus 180 degrees, the water would refreeze quickly. The crew couldn’t be saved, and they would never be seen again.

      “Watson, turn off engine immediately. Emergency procedure.”

      The AI would obey such an order without questioning it. The jet flare disappeared.

      “Francesca, are you crazy?” she heard Martin call out, but she ignored him. She only hoped she had not interfered too late, and that the waterhole was not too deep yet. The lander no longer melted its own grave into the ice, but on the other hand, it fell like a stone from a height of 25 meters. Watson counted down the last meters, as it was part of his program. While the AI counted faster and faster, a shiver tingled up her spine. The lander would not softly touch down in the sand, that much was obvious. Below the water puddle, the depth of which she could not estimate, the ice was as hard as steel.

      The impact pressed her so deeply into her seat that she got winded. Then, seemingly delayed, but in reality all at the same time, she heard a loud, terrible sound. Steel hit a surface as hard as steel, and the capsule groaned and shifted sideways with a horrible tearing sound that reached the lander via body-borne sound.

      Then it was silent. Or did it just seem that way? After her hearing adapted, she noticed the loud warning messages, which must have been going on the whole time.

      “Wow, what was that?” Martin seemed to have survived the landing. “Hayato, are you okay?” he asked. The Japanese man mumbled something.

      “Watson, turn off warnings and report status,” Francesca ordered.

      “Lander module hit the surface at 30 km/h. Structural integrity confirmed. Two landing struts broken.”

      “Consequences for the crew?”

      “Currently not in mortal danger. Restart will only be possible after repairing the landing gear.”

      “Looks like we’ve arrived,” Francesca said. It was the same sentence she had used after landing on Enceladus. “Rossi to Commander,” she radioed. “Reached surface, target in a distance of about 30 kilometers, two landing struts broken.”

      “I understand, ground team. We are going to work on a plan to get you out of there.”
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      It was his impatience that drove him to get up, his tense expectations. If nothing interfered, he would be able to send a radio transmission with full power today. Marchenko inhaled through his nose. No ammonia this time, only his sweat. Time for a change of clothing. It seemed to be considerably warmer on board than yesterday, which was no surprise, because he had turned off the cooling system. At an external temperature of minus160 degrees, it should not be a problem.

      Marchenko jumped up and his impulse carried him to the ceiling. Instinctively he threw his right arm protectively above him. He flinched, but the pain was bearable. So far today he had not taken any analgesic, so the arm seemed to be doing better. In his underwear, he walked to the computer in the front section and switched on the monitor. He now had a battery charge of 82 percent, which should be enough. Should he do it right away?

      “Take your time, Mitya.”

      His voice echoed inside the metal tube that was now his home. It sounded a bit raspy. He cleared his throat.

      “Take your time, Mitya,” he said a bit louder. Much better.

      He decided he would first check the analysis of the video recordings. He switched to the semantic analysis that ran in the background all night long. The drive icon was not blinking anymore, so the program seemed to have finished its task. It displayed the results on the screen in inscrutable numbers and units, a joy for any statistician. Marchenko selected the menu for the simplified display. The programmers must have expected that at one time even mathematical dummies like him would have to analyze something. First, the software gave an overview of the source material:

      
        
        Data size 1,223 megabytes

        16 minutes of usable material

        60 frames per second

        57,600 individual frames

      

      

      The program had run a Fourier analysis on these images—Marchenko scratched his head, since the term meant nothing to him—and found characteristic changes that applied to 23 structures per frame, on average. The structures, Marchenko assumed, must have been the shining spots. According to the software, this resulted in 922,000 semantic units out of a possible 1,324,800 during this period. Thus the redundancy was only 31 percent, which absolutely contradicted the idea that this was random noise.

      This sounded important. He probably was supposed to be impressed, Marchenko thought, and continued reading. The low redundancy was an indicator for a highly developed and very formal language. Human language, in comparison, showed a much higher redundancy. As such, what he had seen could be best compared to the formula language of mathematics and chemistry—but it was not intended as a merely factual communication.

      Marchenko was impressed by the software’s clever arguments, as if it really knew something about the phenomenon of language. The program even dared to add an adjective—the word ‘poetic’ was the best way it had for describing the character of this formulaic language. He imagined someone, a poet who used mathematical formulas to write poems. Marchenko was fascinated, and he really wanted to know what the glowing dots said to him.

      He scrolled further down and found there was a second part of the report that dealt with the content of the communication. For this purpose, the program had accessed any information sources that it could find. Among them was a treasure trove of which Marchenko was not aware, recordings Martin Neumaier had made during the Valkyrie expedition showing a mysterious ‘Forest of Columns’ at the bottom of the ocean.

      The software prefaced the second part of its analysis with a warning. There were no indications this had been a purposeful communication. Marchenko might have just listened, eavesdropped on someone talking to himself. This raised a big question in Marchenko’s mind.

      Afterward, the program became more cautious. It indicated that it lacked sufficient data to reach a final conclusion. It arrived at one prognosis, though—these might be blueprints. A layperson should imagine this to be similar to information in DNA, which encoded the structure of an entire organism, although with a lot of redundancy. The individual elements, about the nature of which the program couldn’t say anything, would thus have exchanged encoded structural information. Some of the data had a lot of similarity with the recordings of the Forest of Columns.

      
        
        Error probability: 40 percent.

      

      

      This was the end of the summary. Marchenko needed to sit down. Up to now he had not really believed what the Valkyrie crew had reported about this strange forest. He rather considered their experiences to be symptoms of too little oxygen in their air, but this forest, whatever it really was, appeared to be real. Marchenko decided to take a look at the recordings stored on the computer. He would really like to take Valkyrie there and see it for himself. These were the moments when he realized why he had loved this profession ever since he was a child.

      Right now, though, it was time for a signal to show that he was still alive. Marchenko touched the console. He pitied Valkyrie in a strange way. Valkyrie was like a baby whose umbilical cord was cut too soon. The vehicle was meant to communicate with the outside world via an optical cable, but it had been torn off two weeks back. Then, he had further crippled Valkyrie by building his power station and taking away its intrinsic abilities. Still it provided him refuge without complaint. Marchenko’s expression changed to a sad grin. The loneliness must be bothering him more than he wanted to admit. Now he was thinking of a machine in terms of a living being.

      The vehicle was never intended to have a large, efficient antenna, and this now presented him with a challenge. He had to compensate for this lack with pure transmission power. In doing so, he could not even aim at a particular location, but must broadcast into all directions of space. Instead of shooting a bullet into the target with a pistol, he needed to use the available equipment to construct an all-around sphere, the wall of which got thinner by the square of the distance with every kilometer the signal traveled. If he had bad luck, the target for his transmission might, at the necessary moment, be in the radio shadow of a massive object like the giant Saturn looming motionless in the sky over Enceladus.

      He did not have any other option. Marchenko presented the facts and his chances in a message that was as short as possible. The facts were clear, but he hesitated when it came to his survival chances. What were they really like? Basically, it all depended on energy. As long as his little power station was working, he was pretty sure starvation was his worst enemy. ILSE would be close enough that they could possibly pick him up in time. He had to assume, however, that the ammonia circuit might fail at any time, due to the cold, the low pressure, or the aggressive chemicals. Then, even with batteries completely full, he would only survive for a few more days.

      Marchenko decided to mention this only briefly.

      “Survived, I repeat: I am alive. Current position: Valkyrie. Oxygen and food sufficient, limited energy resources. Three days sure survival, five days 70 percent, three weeks 40 percent, longer unlikely. Marchenko, over.”

      He would repeat the information three times. This way the message would be short and concise, and if parts were garbled, they could be completed from the rest of the text repetitions. Marchenko read the message once more and turned the 40 into a 60, and the 70 into an 80. He did not want to stress the team aboard ILSE. He did not want his fellow astronauts to rush into danger to save him. Francesca should not die because of him. Then he touched the ‘Send’ button on the screen.
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      Francesca was panting. The cooling system of her suit was running at full speed. She could not stand still because the sand was tricky. At first glance one might mistake it for common desert sand, tiny grains of silica, like on Earth. This ‘sand,’ however, was deceptive. It consisted of water ice mixed with numerous organic compounds that had rained down from the atmosphere. The grains had a temperature of minus 180 degrees and only a third of the mass of terrestrial sand.

      This made it very challenging for Francesca to advance. Even on Earth it was exhausting to walk through dry sand, but here she sank in much deeper. This could make the sand lethal because the icy material drew heat from her boots much faster than the atmosphere of Titan did. The boots of her EMU were designed for the vacuum of space. While their coating prevented heat from radiating out, the material was unable to prevent heat transfer when in direct contact. It came down to this; Francesca needed to keep moving so she wouldn’t sink into the sand.

      After about 200 meters the sand layer grew thinner, and she could take a break. The ground was rising slowly, and soon she would reach the next dune. Strong westerly winds, which blew for seven and a half (Earth) years in Saturn’s springtime and again during each autumn, had formed the ‘sand’ into towering walls. They were as hard as stone. Their slopes were free of the treacherous sand, and were covered only by a thin layer of solid carbon dioxide.

      Francesca had agreed right away when Amy suggested this excursion. It was about 30 kilometers to the spot where Huygens had landed 40 years ago. A little trip into the desert, why not? Now she was annoyed that she had agreed to it so quickly, but she also had to admit to herself she would have bought into it anyway. She still thought Martin and Hayato were more skilled at repairing the struts of the lander module. She would have been in the way of the two engineers, and the fact that Martin got on her nerves for being such a know-it-all would not have helped. Before she left, Martin warned her about the peculiar characteristics of the sand. In spite of this, or maybe because of it, she tested how long she could stand still without getting into danger. She barely made it—the fact that the gravity on Titan was only one-seventh of that on Earth allowed her to save herself through a courageous leap.

      Martin had also assembled her gear. For instance, she carried a hammer and a large awl in her backpack. ‘Instead of crampons,’ Martin had said. The dunes, and most likely also the mountains behind them, were as hard as granite on Earth. The mission planners had not taken climbing equipment into account. When she hammered the awl into the ice, she would be able to pull herself up on it. In addition, she also carried a tent. It was not airtight, so she would not be able to take off her spacesuit inside of the tent. She asked Martin what use it was, but he only smiled and said she would appreciate it in time. The tent fabric, which was coated with metal foil on the outside, was so light she did not even bother to argue with him.

      The tent was on the primitive sled that also held three spare oxygen tanks, currently her dearest possessions. She did not believe she could cover the 60 kilometers in one stage. The three tanks gave her more than enough time, a total of 32 hours. Somewhere near her goal she would take off her improvised backpack, put the tent fabric under her head as a pillow, and sleep for a few hours. In more unusual situations she must have already done something like this... no, she had not. This was the strangest excursion of her life, by God, not counting the race against time to save her life on Enceladus.

      The ground below her feet was getting considerably more rigid. The sled, which only consisted of a tarp, offered little resistance. She had suggested attaching runners to it, but Martin talked had her out of it. Runners, he said, would not be useful at such low temperatures. They worked on Earth because the ice briefly melted below them. This could not be expected to happen here. Francesca thought he was probably right, as much as she wouldn't admit it to him.

      A few more meters and she reached the slope of the dune. Here, the ground was not shifty, such as it would be in a sandy desert on Earth, but hard as stone. Francesca took a little break. She shook her legs to get the cramps out of her muscles. The dune ahead of her looked like a sleeping giant. From this side, the path was comfortable and rose only gradually. But, when she crossed the first dune, she noticed she would not be able to move as quickly in the opposite direction. On the downwind side, a 100-meter-high wall loomed at a steep angle.

      Now, from a distance of two or three kilometers, it looked less impressive. Everything farther away could only be perceived vaguely, because the haze in the atmosphere was so thick. The sun could not be seen at all. The light around Francesca was a dull orangish brown. Titan was a world of eternal twilight. Even in the middle of the day it was a thousand times darker than on Earth.

      When the sun set behind the thick layer of haze it never got completely dark, because Saturn’s giant disk reflected light toward its companion. Francesca was glad she would soon be able to leave this moon—on the other hand she was proud to be the first human to step on Titan. With each step she entered something absolutely new. Cristoforo Colombo, who was born in the same city as she, had done less—after all, the America he came to was already populated by humans.

      After her breathing steadied, she aimed her hand-held searchlight at the slope ahead of her, just for the sake of safety. No obstacles were visible. She turned off the searchlight and took the backpack from her shoulders. When she bent down, something snapped in her back. Ah, the old pain. A tendon in her shoulder joint sometimes popped out. She slowly stood up and stretched. Nothing happened, only the short pain. She bent forward again, more carefully this time, and switched on the searchlight once again. Where its light fell—the same area as before—about 15 meters away, a small hill had formed in the treacherous sand. She turned off the light, waited for ten seconds, and then switched it on again. The hill had disappeared, as if it never existed. Francesca shook her head. How strange. But she needed to go on.
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      “Fucking shit!” Martin Neumaier cursed like never before. Some kind of ‘brief excursion’ this turned out to be. He knew beforehand Titan would not welcome them with open arms. He looked at Hayato, who seemed to be standing at attention, waiting for him to calm down again. Martin could not see his face through the glass of the helmet visor, but he was sure the Japanese engineer wore a slightly disapproving expression one could almost mistake for calm friendliness. Only almost. And only if you don’t know Hayato well. Martin had to admit, though, his fellow astronaut was right. It really didn’t help at all to get upset. It wouldn’t help them finish their work any sooner. Martin was surprised at himself, since he always considered himself to be very level-headed. What was making him so upset?

      Actually, he knew quite well what it was. On ILSE, a particular name had been mentioned, the name of a particular man. It had taken him a long time before he had eventually managed to forget this man, and now, 1.2 billion kilometers away from Earth, he was once again interfering in Martin’s life. Maybe intentionally? No, it was probably unfair to think this. The man, whom Martin considered to be his father only in the biological sense, had probably meant well when he reported the surprising radio contact with the Huygens lander. Yet this was typical for Millikan. As long as Martin had known him—which was his entire childhood—the man had a talent for habitually ‘meaning well,’ but he had habitually caused him and his mother a lot of pain over the years. Martin therefore had been glad when they finally lost contact with him. That had occurred when Martin was 14 years old.

      He wiped his hand over his helmet visor. All of this was nonsense. He mustn’t allow himself to lose his concentration. Titan was unforgiving if you made mistakes. He looked at Hayato and signaled him to continue. They were trying to free the lander and make it ready for launch again. There were two problems they had to deal with. First. the landing struts were broken and frozen in the ice on the surface of Titan at a depth of about half a meter. And second, the lander was also slanted; one side touched the ice and the other rested, at an angle of 20 degrees, on the remainder of the struts.

      After they had said goodbye to Francesca, they ineffectually tried to hack their way into the ground. Soon they realized the attempt was futile. Martin himself should have known better because, after all, he had given Francesca the special tools to take on her trip. The ice was as hard as granite.

      Despite this, they had a weapon they could not have used with granite—heat. While they would have to heat stone to 1,500 degrees, ice began melting at zero. Starting with the minus 180 temperature on Titan, it should not be much more difficult than liquefying soldering tin back on Earth. Martin remembered using a soldering iron when he was a kid. You applied a bit of electricity and heat was created—it sounded very simple. First they connected a two-core cable with the batteries of the lander, but how could they run the cable outside without causing a leak? The poisonous and slightly caustic atmosphere of Titan must not be allowed to enter the cabin. Therefore, the next step was to remove part of the batteries. They had to be careful the craft would still have enough power for launch, since the engine could not be started without electricity.

      Unfortunately, and this was what Martin had confirmed with a curse, the batteries were useless in the cold. They would work in a vacuum, but the atmosphere allowed them to cool too fast, causing them to lose power.

      “We should actually be glad about this,” he said to Hayato via his helmet radio. “Imagine that it worked and had melted the ice.”

      “And we would have been in the middle of it,” the Japanese astronaut said, completing his thought.

      “Crackle, crackle,” Martin said.

      Hayato understood the onomatopoeia for electrical sparks and laughed. “And now?”

      A somber silence followed.

      “A blowtorch would be good.” Martin tried to recall his tinkering as a teenager in order to find something suitable.

      “We have to think bigger. A flamethrower!”

      “Wait, Hayato, I’ll just look around...” Martin did not move. “No, we don’t have one.” He conspicuously shrugged his shoulders so that Hayato noticed the gesture, even though he wore a spacesuit.

      “Yes, we do have a flamethrower.”

      “What do you mean?”

      “Our oxygen tanks.”

      “How are you going to burn oxygen?” asked Martin, shaking his head. Hayato must know combustion is nothing else but a reaction with oxygen. Then an idea dawned on him.

      “The methane, that’s what you want to...”

      “Yes, it should work,” Hayato said. “We’ve got almost five percent down here, and the atmosphere is about 50 percent denser than on Earth.”

      “Won’t there be a danger we could set ourselves on fire?”

      “I do not think so. The methane can only burn where there is oxygen—and that will only be where we spray it from the tanks. There probably is no safer flamethrower than ours.”

      “And what if the methane suddenly gets into the tank?”

      “The tank is under pressure. As long as it remains over 1.5 bar, there is no danger. We just have to stop in time.”
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      Two hours later Francesca left the last dune behind her. The strap pulling her sled chafed her shoulders, but the most exhausting part of her trip was still ahead of her. Through the curtain of haze she detected a mountain range that appeared to be several hundred meters high. The remainders of the Huygens probe must be located in a valley behind it.

      “Hi guys, are you doing okay?”

      The signal of her helmet radio managed to reach the stranded lander module without any problems. She doubted whether this would still be the case once she was beyond the mountain range.

      “Everything fine so far.” She heard Martin’s answer loud and clear. “Hayato is just getting one of the oxygen tanks from the lander.”

      “For what purpose?”

      “We’ll explain later. He is just coming back. Everything okay with you?”

      “Perfect. I have reached the mountains.”

      “Then have a safe trip. Talk to you later. Neumaier, over.”

      “Good luck to you guys,” she said, but Martin seemed to have already cut the connection. The radio was her only link to humanity. She knew ILSE hovered above her, but it was not possible to establish direct contact through the thick haze. Even though Francesca was sweating, a shiver ran down her spine.

      She started the ascent. Based on radar scans of the area, the AI had marked the easiest path through the mountains for her. Francesca soon realized this assistance was of little use to her. Deep fissures in the ice, created by the gravitational pull of Saturn, were missing from her map, due to being located in the radar shadow. Instead, Francesca had to find her own way, which was often much steeper than she had planned. She could walk best in the trenches that the methane rains had carved into the ice.

      The sled with the oxygen tanks became more and more of a problem as she progressed. Because of it, she could not follow certain routes. Even though the gravity shrank the 200 kilograms to not quite 30 kilos, the weight gradually became a burden. Francesca thought once she reached the ridge of the mountain range, the last four or five kilometers would be downhill all the way. It would take an hour to get there, and two more hours for the return trip, since it would be uphill again. That would allow her up to five hours to take care of Huygens once she was at her destination. She was going to leave the sled with her oxygen supply right where she was, take a longer break, and then march toward Huygens with a fresh tank.

      After making the decision, she looked around for a camping site. Toward the east, about ten meters below her position, there was an open, level piece of ground where no ‘sand’ had collected. It had most probably been swept clean by the wind, so the spot appeared to be suitable for her needs. By the time she reached it, it had grown noticeably darker. Francesca looked up at the sky and saw clouds had gathered. This was a fairly rare occurrence near the equator, and only in the spring or fall. By chance, they had arrived somewhat south of the equator at the beginning of the southern fall season.

      Neumaier is an asshole, she thought. He could have informed me about this more directly. Clouds in the sky, this might mean rain. On Titan, the seasons lasted seven and a half Earth years. When it got warmer in the north, where now spring was beginning instead of autumn, the methane lakes there evaporated. The methane formed clouds. The temperature differences with the cooling south were equalized through air currents—wind, or even storms—which moved the clouds until they precipitated in the south, or on the way, if they hit a mountain range and therefore needed to climb higher. This worked the same way on Titan as it does on Earth.

      Damn, Francesca thought. If it were to rain anywhere, it would be here. Even though things generally moved sluggishly on Titan, the clouds had multiplied in a short time. It was obvious they were accumulating at the ridge. She wondered what this might mean for her. The rain that would probably hit her soon would not consist of water, but of methane at minus 162 degrees. The liquid would run over her spacesuit, moisten it, and most importantly, draw heat from it. She had yet to experience rainfall on Titan, but if it was like the autumn rains in her home country, the heating of the spacesuit would not be able to compensate for the lost heat. She would freeze, even though the suit's batteries were full.

      Francesca pulled the tent from her gear. She could not wait until the rain started to fall. The tent had a practical mechanism that immediately transformed it into an igloo shape. It took less than sixty seconds and then it was ready for her to crawl inside. But before doing so, she first took the hammer and drove the awl into the icy ground with all her strength, making holes for the tent pegs to ensure the tent was anchored properly. She entered it after about five minutes, hearing the first drops splashing against the fabric.

      It was tight inside. Francesca rolled herself into a ball so that she would not touch the tent walls. This wasn’t an easy accomplishment inside her spacesuit, and due to technical constraints, she could only lie on her side. She regretted not having brought a pillow along because the backpack was too flat to substitute for it. Due to the HUT, the rigid upper part of the suit, her head was placed at an uncomfortable angle. She could already tell she would get one hell of an aching neck from being in this position. Since she was going to have to turn over every ten minutes, due to the cold ground, she could hardly expect much sleep.

      “Lander, please acknowledge.” She wanted to say goodnight to the two of them, but received no reply. The rain probably blocked the signal. Francesca listened. If she tried hard enough she could imagine being on Earth in the room directly under the roof of her grandmother’s house, while fat drops pattered against the slanted window. The rain sounded only slightly different here. The drops did not make a drumming sound, they splashed loudly against the fabric. They must be much larger than at home. Francesca regretted not being able to see them from outside. Now the drops fell faster and faster. The fabric of the tent stretched in the gusts of wind. Then suddenly she was startled by a loud crash. That must have been thunder. Another crash, and then another. The drops fell in such rapid succession that she could hardly tell them apart. As alien as it was, the sound of the rain seemed strangely comforting. Francesca fell asleep.

    

  


  
    
      
        
          
          

          
            
              [image: ]
              [image: ]
            

          

          

      

    

    







            December 31, 2046, Titan

          

        

      

    

    
      “Good luck to you guys,” was the last transmission Martin heard from Francesca over his helmet radio. Hayato was just closing the outer hatch of the airlock behind him. Martin picked up the oxygen tank again and walked around the lander module toward him. “And now?” asked Martin as he pressed his transmit button.

      “It is not as easy as I imagined,” Hayato answered. “Methane requires a high activation energy.”

      “What does that mean? You know I am not a chemist.”

      “Where to begin? The combustion of methane and oxygen creates water and carbon dioxide, and it generates a lot of energy. You know the digestive tracts of cows produce a lot of methane. In spite of it, they do not explode. The reason for this is that energy has to be added before a reaction can start.”

      “I understand. We need an igniter.”

      “Correct. The activation energy depends upon the temperature. At minus 160 degrees, it is definitely higher than at 20. I have not had enough time to find any statistics.”

      “This is what took you so long?”

      Hayato nodded. Martin noticed he tried to put his index finger on his chin in a teacher’s gesture, but was unable to do so because of the spacesuit.

      “Let’s first try it with Francesca’s fire steel. She left it behind in the cabin. I am rather skeptical about it, though.”

      Hayato opened his hand. In his palm was the fire steel one could use to strike sparks, along with a small pocket knife.

      “You turn on the oxygen, and I will strike a spark near the valve opening.”

      Martin nodded. He placed the tank in such a way that the valve was aiming away from them. Then he turned the valve wheel. This required a lot of force, since the icy cold made it more difficult to move. The oxygen came out with a slight hiss, but of course they couldn’t see it. Hayato held the fire steel at the edge of the air current and hacked at it with the knife. Sparks flew, but the flame did not ignite.

      “Just what I thought,” Hayato said. Martin closed the tank again.

      “One moment,” Hayato continued. He turned around. “I am going to get a lighter.” He left Martin standing there while he returned to the lander. Ten minutes later he was back, seemingly with empty hands.

      “So?” Martin looked at Hayato.

      “Turn the valve wheel,” Hayato told him. Then he reached into the tool bag at his belt and pulled out a lighter wrapped in cloth.

      “Quickly!” he ordered. “Otherwise the propane gas will freeze inside it.” He held the lighter in the oxygen’s current and moved the friction wheel. A spark flew, then a flickering flame appeared, and finally the oxygen stream ignited faster than Hayato could move his hand away. Martin saw the fire spread to the entire length of the stream.

      “That was close,” the Japanese astronaut said, examining his glove. “No harm. Good thing we did not try this at home. Without the glove I would be fried now.” Hayato laughed. Martin did not have the time to join him in laughing. He was struggling with the flame. The oxygen tank was unwieldy. It’s not really meant to be a flamethrower, he thought.

      Their idea was working—fire defeated ice. The lander module already began to tilt. Damn, Martin thought. They should have thought about that beforehand. Hayato would never be able to hold the massive lander on his own, even though it only weighed a seventh of its Earth weight.

      “We are going to need something to support it,” he called to his fellow astronaut. Hayato ran off, and Martin could not watch him without taking his eyes off the flame. Then Hayato returned with a boulder of ice. It was impressive seeing this slight man carrying such a large boulder. The reduced gravity and the low density of the material made it possible. Hayato placed the boulder outside the reach of the flamethrower, but still below the lander. Then he went to fetch a second one.

      “Now quickly weld them in place, please,” he instructed.

      This time Martin immediately understood what Hayato wanted. He used the flamethrower to melt the ice boulder near its base. At these low temperatures, it would refreeze immediately and attach itself firmly to the ground. After the lander received a new substructure, they needed to remove the landing struts. Hayato already pulled out a tool. Standing halfway in the water, he removed two struts from the left side.

      “Total scrap,” he said, and showed Martin the spots where they had snapped off. Then he crawled below the lander and unscrewed the two right struts, so they would not freeze in place again.

      “More scrap. You can turn off the flamethrower now.”

      The lander was still standing at an angle. They couldn’t launch like this.

      “We need two more boulders of similar height,” Hayato said. They looked around. Martin was surprised because the scenery had changed. The ‘sand’ around the lander module now formed a kind of wall, maybe one meter high.

      “Was this here earlier?”

      “I do not know,” Hayato said. “I did not notice it. We should look at the older recordings on the computer later. But now let us...”

      “Sure, sure, you’re right.”

      Martin climbed over the wall. At a distance of about 30 meters he found a rounded ice boulder of the appropriate size. Hayato also returned successfully.

      The rest was done in silent cooperation. They put down one of the boulders behind the lander. Then they used the landing strut as a lever and utilized their combined strength to raise the module.

      “Heave-ho,” Martin said. They pushed down on the metal strut and the lander obediently moved up. Hayato used his foot to slide a second boulder beneath it. They slowly let go, and with a creaking sound the bottom of the lander came to rest on its new foundation of ice. For security’s sake they pushed the second boulder underneath it, too.

      “That’s it,” Martin remarked. Now they only had to wait for Francesca’s return. He tried to contact her via the helmet radio, but a connection could not be established. Just as he was about to enter the capsule, he saw a thin lightning flash on the far horizon.

      He did not forget about the fresh wall of sand. He sat down at the computer and called up the camera images captured during the past few hours. Shortly after the landing, no structure was visible. It only changed much later. The wall seemed to come from afar and contracted around the lander module. Martin compared the time codes. The process must have started about the time he had activated the flamethrower.
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      Two hours had passed since Marchenko had sent his message. Valkyrie’s batteries were at a charge level of 17 percent. He would not be able to send a second message until the day after tomorrow. He was sitting at the monitor for half an hour, hoping for a reply. While he anxiously waited, he had bitten off loose skin near his fingernails, scratched the dry spots on his left lower leg raw, and rubbed his eyes until they hurt. Then he admitted to himself the attempt had failed.

      He did not know the reason for the failure. The transmitter in Valkyrie did not report any errors. If it had been defective, there should have been warnings. The most likely explanation was ILSE was currently in the radio shadow of Saturn or one of its moons. This would have been bad luck. The cosmos was huge, and there was an enormous amount of space between celestial bodies, but it just so happened when he had something to say, a planet had gotten in the way.

      Marchenko put his head on his arms. The right arm still hurt now and then, but the pain also anchored him in reality. Maybe all of this was only a dream after all? He recalled the crash on Enceladus. He could not have actually have survived it, could he? And yet, here he was, waiting for a rescue that probably would not come, since the crew of ILSE was probably considering him dead already. What did it matter what he was doing here? Marchenko was no Christian, so for him there was no afterlife. Despite this, all of his life he believed there was a justification, a reason for all of his activities, and indeed this reason always seemed to show up at some point. It was not always at the start. Yet if in doubt, he gave life a chance to prove itself, and this usually turned out to be a good strategy.

      What about now? To the entire world he was dead, no matter how alive he felt at the moment. It did not matter what he did at this point; even if he suddenly came up with a ‘Theory of Everything,’ it would not matter because he would have to take it with him to his grave. Was he really still alive, the way he used to be? Marchenko intentionally placed more weight on the injured arm. The pain shot through the entire right side of his upper body. It was his pain, he felt it, it concerned him. He thought about the day his strict father had locked him in an ice-cold room, without contact with the outside world. He had been all alone until his mother managed to smuggle some bread to him. He could not even remember why his father had done this to him.

      In a strange way he was grateful to his father today. After all, that incident had first inspired the feeling the cosmos began within himself. He never told anyone about it. People probably would have considered him crazy, although he did not consider himself to be the center of the universe. It was more a question of perspective, what was inside and what was outside. He imagined little Mitya in the dark room and felt close to his former self. He was released from the room by his father, but he would not get released from Valkyrie. It did not matter now.

      Marchenko got up and straightened his body. It was too early for such thoughts. He would charge the batteries again and send another message.

      “Happy New Year, Mitya,” he said to himself.
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      Robert Millikan shut his book, left his comfortable easy chair, and got dressed. Then he got into his pickup truck and drove through the snowy New Year’s Eve night toward the Science Park. The snow came down in thick flakes. Robert lowered the window to hold his ID card against the reader at the entrance barrier. The machine wished him a nice evening. There was a strong smell of wet forest reminding him nature was slowly reclaiming the area. Robert left the window open, even though snowflakes were being blown into the cab.

      He could not stand staying at home any longer. His book suddenly seemed boring, the highly praised plot trite. Instead of empathizing with the protagonist, his thoughts wandered out into space. He asked himself why he had, up until now, paid so little attention to the international Enceladus expedition. He told himself it was due to all the hype about it, but he suspected it had more to do with his son.

      Then he remembered the radio telescope. He was one of the few people in the world who could listen to the expedition live. Its communication with Earth went by way of the antennas of the Deep Space Network, to which Green Bank Observatory used to belong a long time ago. For transmissions from Earth there was almost unlimited energy available. A spaceship, on the other hand, had limited resources and could not answer as loudly. The giant radio dishes balanced this asymmetry by listening in specific directions. By chance he, alone, had one of the dishes available, and could listen to his heart’s delight.

      Robert parked directly in front of the building containing the Jansky Lab. This evening, during the last night of the year, he certainly would not run into any doctoral students. All the people he knew, and luckily this was a small number, had been invited somewhere to a party. Acting happy on command was the last thing he wanted to do.

      When he entered, the hallway smelled of floor polish, so the cleaning woman must have been here earlier today. The heavy door to the control room opened with a squeaking sound. In the quiet of the night it seemed to be particularly loud. Robert looked around nervously, as if he was about to do something forbidden.

      While the control console and the evaluation computer were booting up, he tried to look outside through the window, but could only see snow flurries. I hope it won’t interfere too much with the reception, he thought. Robert did not know where ILSE was currently located. If he was going to receive its weak signals, he required an exact position. Should he ask his acquaintance at NASA? He looked at his watch. It was only seven thirty, so he had more than enough time for a search. It seemed logical to start where ILSE had been four days ago, on Enceladus. While the antenna was moving to its position, he launched a computer simulation searching for a logical return trajectory the spaceship might take. Then he would be able to systematically search its path. He did not believe ILSE had already left the Saturn system.

      He liked the work, but there used to be a time when it would have seemed meaningless. His colleagues either listened to extraterrestrial signals that never came, or they served as glorified mailmen for NASA. The really exciting research, like the core of active galaxies at the edge of the observable universe, was increasingly taken over by X-ray telescopes in space, or by the Chinese with their huge, government-financed dishes.

      A beep told him the antenna had reached its first target position. He let the computer display a spectrum, just to see if everything was in its familiar place. The printer chattered while Robert was already looking for the first position of ILSE. He checked the printout and froze. This really can’t be true. There was another line that should not be there, though now in the X-band instead of the S-band as it had been on Titan. He loaded the entire data set. 8404 MHz, a frequency often used by Deep Space probes, but also by ILSE. Had he perhaps already found the spaceship, even before starting his search? He made the antenna record a new spectrum and then compared the measurements. The signal was gone. Here, on the left sheet, there was definitely a transmission, there on the right one only the static created by the magnetic field of Saturn and a few hydrogen and methane lines.

      Robert was confused. It could not be ILSE, since the ship was sending a continual carrier signal to Mission Control. This would not just suddenly disappear, and it should also be stronger, as the spaceship aimed its high-gain antenna directly at Earth. The peak was too clearly defined for a random spike, a broadcast from the civilian sector would present differently, and he was absolutely certain about the equipment. Robert took a closer look at the signal. It could be a data transmission. Too bad he did not record its temporal pattern. This way he could only say something was there, but did not know what it was. He might be able to find out how much energy the transmitter used, though. Robert launched a math program and calculated the strength of the signal from space at its origin. If the sender did not specifically aim at Earth, this would have required several kilowatts. Robert was impressed. He tried to run a Fourier analysis to reverse the averaging of the signal and thus get to the content somehow, but he did not receive any meaningful results.

      Oh well. He could not do much more. Yesterday, CapCom Devendra Singh Arora had sent him an email thanking him for discovering the Titan signal, without mentioning any further details. At least now he had the correct email address of the CapCom—and he knew this man would not consider him a crackpot. He sent him an email with all the data he had just recorded, and hoped he had made the right decision.
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      It had stopped raining—at least no drops could be heard anymore. Francesca opened the zipper of her tent. Outside it seemed to be as dim as before. She hesitated for a moment. Her bowels and bladder called for attention, even though—or because—she only used liquid foods. Just standing in the Titan landscape and loosening her sphincter seemed inappropriate to her. Therefore she preferred to relieve herself in her diaper while inside the tent. It was still unpleasant, but there was no alternative. In a few hours, back in the lander, she would be able to clean herself up.

      The tent was steaming. The warmth of her body must have heated its interior by several degrees. Now the methane rain that had fallen was evaporating. The air was definitely clearer than before. From her elevated position she had a fantastic view and shivered as she took it all in. Francesca Rossi was the first human to be able to see this. This is how discoverers must have once felt on Earth. She gazed across the desert with its giant dunes that appeared so earthlike. But the perspective seemed distorted—the horizon was unnaturally close, and she almost felt like she could see the curvature of this moon. In the distance, toward the north, she saw the thunderstorm moving away along the mountain range. Again, lightning forked through the cloud layer, but it did not reach the ground. Francesca started to count in order to estimate the distance. “Twenty-one, twenty-two...” at forty-two she heard a deep rumbling, much deeper than she was used to on Earth.

      What was the speed of sound in the atmosphere of Titan? Aerodynamics had been part of her basic pilot training. The speed of sound was the square root of the ratio of the compression coefficient K to the density of the gas. If she simplified matters by assuming nitrogen dominated, like on Earth, and disregarded the effect of the temperature on the compression coefficient, while the density was five times higher here, then on Earth sound would be faster by the square root of 5, about 2.23 times faster than on Titan. Perhaps 150 meters per second, instead of 340? Therefore, the thunderstorm must be about 3.3 kilometers away.

      She turned around. Small currents of methane were running down the slopes of the mountain in front of her, revealing the ground ice. The area seemed a bit brighter, as if the rain had washed away dust and dirt. Francesca knew the Alps on Earth fairly well. This mountain range looked different. The wall in front of her much more resembled the fracture edge of a large ice floe. Francesca would have hardly been able to get across this if erosion had not created some access paths and narrow valleys leading upward. They were steep, but at a seventh of Earth’s gravity, they should pose no problem, particularly since she could leave the sled behind. She packed the tent, though, just in case of further downpours.

      Francesca marked the location of the sled on her arm display. A huge drop of liquid methane seemed to fall into the display, out of a clear sky. Slowly it spread into an oily film, then evaporated, leaving a greasy residue behind, that she wiped off with her sleeve. The radar map recommended climbing through a valley to her right. To check, she glanced upward and then started walking. At the bottom of the valley she had to cross a few sticky sediments. The material looked dark brown, which did not mean much under these lighting conditions. It was as viscous as tar. She took a sample and smeared some of it on an analyzer. The result was a long list of organic compounds. If it was a bit warmer, it might be the ideal culture medium for the development of life. At minus 180 degrees, though, most reactions ran too slowly. Accordingly, the analyzer found no signs of life.

      The ascent made Francesca sweat, though she did not mind. She was glad to exert herself, to start a fight against the mountain she was determined to defeat. The ice might be hard as granite, but the feeling during the climb was comparable with a climb in the Alps. Her body was so much lighter, and at the same time she occasionally came across spots that were covered with a thin layer of ‘topsoil,’ those organic sediments she had already analyzed. In those places she needed to be careful not to slip, but in reality, the sharp edges that could damage her spacesuit posed the greatest danger.

      After half an hour she reached the top of the ridge. She again tried to reach the lander, but she could only hear static in the radio channel. From now on Francesca would be completely in the radio shadow of the mountain range.

      The similarity of the range to a tilted ice floe became even more apparent. She now descended at a gentle angle. The layer of organic compounds was a little thicker. When it rained the methane currents ran more slowly here, so they did not dig channels as deeply into the ground. Francesca sprinted forward. The faster she reached her destination, the sooner she would be back.

      The ground around her got a bit lighter in color with every kilometer. Now ice sand dominated, like in the desert, but it did not seem as deep because she was not sinking into it as much as before. She took a closer look at the ground. There was an oily film, probably remnants of the rain. No wonder she could walk better. The ice sand was wet and therefore more stable—just like she knew from beaches along the Adriatic.

      She reached the foot of the mountains. Francesca climbed a hill and could not believe her eyes—in the valley ahead of her was a lake that did not appear on the radar maps. Had it formed from precipitation? Francesca could only explain this by the fact that below the thin sand layer there were few places for liquids to drain. The mountain range curving around the lake must have collected all the precipitation, and currents then moved the liquid methane into the valley. As the height profile of the radar images reported, the lake must be less than a meter deep. On Earth, she would simply wade through it. Here, that would be an act with a definitely lethal outcome. She might as well be standing in the methane rain.

      Francesca looked around. The lake was not particularly wide, but it stretched for kilometers from north to south at the foot of the mountains. It almost looked like a river because it was only about 80 meters to the other side. It would take her at least two hours to walk around it. A boat would be more practical, she thought. She had her tent with her. The igloo form was stable, since the NASA engineers had designed the tent in such a way it would keep its shape under very different environmental conditions. The material, which she had already tested in the rain, was impermeable to liquid methane. If she turned the igloo upside down and sat in it, she should be able to paddle across the lake.

      That is, unless she was too heavy. Liquid methane was only half the density of water. For the boat to be able to float with her in it, the weight of the displaced liquid must be higher than the total weight of boat plus passenger. Francesca used her arm computer to calculate the volume of the igloo as a spherical section, using estimated measurements. The results were close. The boat would sit low in any case. She could only hope the lake was not too shallow. Half a meter should be the minimum.

      Francesca calmed herself down. You learn by doing, she told herself. If she sank close to the shore, she would make it to solid ground quickly enough to survive the experiment. Then she would have to take the long way around. She unfolded her tent and held it upside down with both arms. Then she walked as close to the shore as possible. She immediately felt her toes getting cold. She placed the tent on the surface of the methane. It hardly sank into the liquid, but it was still lacking her weight. Francesca checked her gear. She would leave everything behind that she no longer needed—the improvised ice pick, for instance. The small shovel from the emergency bag would serve as her paddle. In front of her were a small pile of her few possessions. She said goodbye to them, since she didn’t know whether she would come this way on her return trip.

      Then she took a big step into her igloo ‘boat.’ She used the other leg to push herself off from the shore, and then pulled it into her boat. The boat wobbled dangerously. Francesca tried to compensate for the movements, and finally the boat sat evenly in the liquid of the lake. She’d made it!

      “Ha!” she involuntarily said out loud. When she looked around, she was reminded of a line from a Christmas carol Martin had taught her. ‘Quiet and frozen rests the lake,’ it said. The lake was really quiet, so much so it scared her. There had only been tiny waves when she stepped into the overturned igloo. Water, she thought, would have reacted differently. She carefully lowered her right hand into the lake. Immediately it felt colder inside her glove. She pulled her hand out again, palm facing upward, and watched the rest of the liquid. The methane was as clear and transparent as the water of the Adriatic. The tiny puddle in her hand disappeared quickly, and she felt the biting cold as the evaporation drew heat from her body.

      Francesca took the little shovel and began paddling. While doing so, she had to be careful not to lean out too far from the center of the boat. She kept her bodyweight as much as possible in the middle and only stretched out her arms. This posture was stressful, though the paddling itself was not. It felt like whipping up foam. She seemed to achieve little, but the boat obediently started moving. Slowly, the opposite shore came nearer. Might there be a current? Shortly before reaching the middle she noticed the boat was moving slightly toward the south. The lake must have an outlet somewhere after all. The current was not very strong, but if there was an outlet she could have just shown some patience, and the obstacle would have disappeared by itself.

      Three meters from the shore her primitive boat ran aground. What now? Obviously the lake was shallower here. She tried to gauge the depth with the shovel and hit bottom after 30 centimeters. She could sit here until the lake drained by itself, or she could wade quickly to land. It wasn’t far, after all. Four or five steps through the deadly cold should be enough. The suit heating should be able to handle it. Francesca knew she would have to climb out, grab the boat, and then get to the shore as fast as possible.

      Then she turned her plan into reality. She knelt in the middle of the boat and then got out backward. The boat was wet and heavier than before. She still could lift it effortlessly before the pain of the cold moved up her feet. She turned around and jumped like a hurdler. With each of her long steps methane splashed—and then she reached land. Francesca’s heart was pounding. She put down the igloo, then bent forward and rested her hands on her knees. After a minute and a half she had caught her breath enough to look at her watch. The boat trip had taken less than twenty minutes. Methane vapor rose from the lower part of her spacesuit. The heating system was working at full blast. She carefully moved her toes, and was relieved to find they didn’t seem to be frozen. According to the radar map, there should only be a small range of hills between her and the Huygens lander. These were low rises, at most 50 meters high. Francesca decided to wait until she reached her goal before taking a break.
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      “Happy New Year!” Martin woke up when Hayato touched his shoulder. He must have dozed off for a few hours. “Excuse me, I did not want to wake you up,” Hayato said, “but I thought we should at least welcome the New Year.”

      You have no idea how little I care about it, Martin thought, but he did not say anything. Somehow Hayato’s words touched him strangely, anyway.

      “Happy New Year to you too, of course,” he said after a while. “What is it like to be a new father?” Martin felt he should exchange a few words with Hayato while they waited for Francesca to return.

      “It is... strange,” the Japanese astronaut replied. “I know I should probably say it is great.” Hayato seemed to have been waiting for this very question. “And it is really fantastic when Dimi smiles at me. But it is also somehow odd. You know—this little human being is going to be my son from now on and forever. It is not like a marriage because it cannot end.”

      “Were you ever married?” asked Martin.

      “Yes, but we did not have any children. Concerning my son, I really have to get used to it. I always thought one would automatically know what is right, but that is not the case. I am so important to him, but I do not feel sufficiently prepared.”

      “But you love him, that is the main thing.”

      “I do not know. I am starting to get really worried about him. It was my fault he was born aboard a spaceship. Since his birth he has been in constant danger, and who knows how he will fare on Earth? He has never experienced such a strong gravity. He might have just learned to walk when a force he will not understand will press him down.”

      “It’s not your fault he was born in space.”

      Hayato laughed. “Well, you cannot really say that. To be honest, I am afraid I will not be able to fulfill my paternal duties.”

      “Did you talk about this with Amy?”

      “No. She already has so many responsibilities. It would just stress her even more.”

      “That’s nonsense. You have to talk to her.” Martin would never have thought the time would come when he would offer marriage counseling to anyone. Especially Hayato, of all people. However, the answer seemed perfectly logical to him.

      Hayato nodded slowly.

      “And I also think you are a great dad,” Martin said. Better than mine, for sure, he thought to himself.

      “Just a moment.” Hayato got up and walked to the monitor showing the image captured by the outside camera. “Please come and take a look at this.”

      Martin went and stood next to him. Was he mistaken, or had the wall moved closer? He checked the camera settings. The zoom factor appeared to be unchanged.

      “How odd,” he said. “Let’s compare this.” He paused the image and used a finger to rewind it. At normal speed it was hardly noticeable, but in time-lapse mode it became clear the wall was growing and moving forward.

      “We should inform ILSE,” Hayato said.

      “Come on, we shouldn’t be afraid of a bit of sand,” Martin replied. “But what could it be? Is it related to the tides? The ice crust has a tidal range of more than ten meters.”

      “That could not be the cause. The tidal deformation is much broader. Under these lighting conditions we would not even notice it. Maybe we could see it from above by radar, but definitely not as a limited wall. And look… the structure is curved. If I am not completely mistaken, it is right now trying to encircle us.”

      Martin uttered a short laugh. A bunch of ice grains surrounding a spaceship! “Hayato, I think we are both a bit overwrought. It has been a stressful day. I am sure some natural phenomenon is behind it. Doesn’t Titan also have an ocean below the ice? Maybe we landed near a fracture. The lander module came down pretty hard, if you remember. This changed a fragile balance that might have been waiting for just such a disturbance—like a snowball being thrown into an avalanche field. And now a process has started that will create a new equilibrium.”

      Hayato followed Martin's argument and pensively rubbed his chin. “Maybe,” he said. “But if the person throwing the snowball is in the wrong position, he will soon find himself inside an avalanche, a chaos of snow and ice. Then he will not live to experience the newly created equilibrium.”
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      Even 50 meters could feel quite high, Francesca noticed, while she looked around. She was glad she wasn’t prone to vertigo. In front of her was a valley, even wider than the one she had just crossed. It seemed to be mostly dry, though. Obviously, there had been no rain here. There also were no dunes, just randomly distributed rocks of various sizes. The landscape resembled a dry creek bed or a stony desert on Earth. The sky was the same dull brownish orange it had been the whole time. The haze grew thicker again.

      Francesca looked at her map. The blinking dot on it must be about 1,500 meters away, at the three-o’clock position. She tried to get a glimpse of it through her binoculars, but could not recognize anything. Then she switched to the infrared spectrum. The image became more coarsely grained, but now she could detect a bright spot at this location, which must be warmer than its environment. She could not tell the exact temperature difference, but it could hardly be more than twenty degrees.

      It had to be Huygens. But where did the heat come from? According to NASA, the internal batteries should have been drained for 40 years. The probe did not possess any other source of energy. Maybe it was a chemical reaction, Francesca mused. The casings of the batteries had been exposed to the corrosive atmosphere for many years, and this might have finally caused a short circuit during the last few days. Francesca knew very little about battery chemistry, but she considered it possible there had been a reaction with components of the Titan atmosphere that created electrical energy. Weren’t ions—electrically charged particles—intermediate products of almost every chemical reaction? Huygens might have used these feeble residues to start the radio system. Francesca knew it was part of the probe’s programming to transmit signs of life for as long as possible. This would be a remarkable proof of the engineers’ skills.

      Well, no use lingering, I have to check on it. Francesca took off at a brisk pace. The hard ground made walking easier. The pebbles burst under her steps. They obviously consisted of smaller fragments baked together, more like tiny snowballs than granite pebbles. There were few orientation points in this area, basically a desert, so now and then she checked in infrared to assure she was still maintaining the correct course. After a march of twenty minutes she saw with her own eyes what she was walking toward. It was a low hill. On top of it was an object looking like a large black clam with its shell closed.

      Huygens. There it was. Twenty meters before reaching the goal the ground became sandy again. Then she stood in front of the module ESA and NASA had landed on Titan over 40 years ago. She was impressed by this feat, since Huygens looked rather primitive—a truncated cone with a diameter of about one and a half meters and a height of less than one meter, sitting on a large pile of sand, as if on a pedestal. Francesca lifted one side of the probe. It was surprisingly light. The metal it was made of was no longer shiny, and now it was covered by a thick, brownish film. Some of it stuck to her glove. She tried to wipe off the coating on the top, but it was too tough.

      Nothing indicated the probe was still active or had recently been so, even if Earth received a signal sent by it. She assumed she would not be able to solve the secret of this radio transmission. She could hardly carry Huygens away to be investigated later, since the lander was too unwieldy to consider carrying it. Unfortunately, there were also no log files to be secured—Huygens had saved no data on board. Due to its low chances of survival, this had been considered unnecessary 40 years ago. Just to be on the safe side, Francesca once more switched to the infrared visor. Scattered across the entire probe she saw small, bright dots. Those must be the encapsulated plutonium pellets that kept the most important sensors warm. They still gave off heat from radioactive decay, but generated no electricity.

      Francesca took a step backward and noticed something surprising. The sand pile which Huygens sat on was about five degrees warmer than its surroundings. By itself this was not surprising, but there were several heat channels running below it, beneath the top layer and into the ground, from the probe. It looked as if Huygens had grown invisible roots connecting it to the moon. Completely impossible, Francesca thought. She recorded what she saw, because otherwise no one would believe her. Too bad they could not have landed closer to Huygens. Then they could have thoroughly investigated the phenomenon. Perhaps there was also a physical cause, such as some leaking liquid reacting with the environment. Francesca shook her head. Back on Earth, smarter people than she would have to wrack their brains over this one. She walked around Huygens several times to document her finding from all angles. Then the arm computer reminded her it was time to start the return trip.

    

  


  
    
      
        
          
          

          
            
              [image: ]
              [image: ]
            

          

          

      

    

    







            January 1, 2047, Titan

          

        

      

    

    
      “Lander to ILSE,” Martin reported.

      “This is Amy. Hope you had a good New Year’s Eve.”

      “Sure, we had a huge party down here. My head is still aching.”

      Amy laughed. “The same with us here. At our age these drinking bouts are no longer appropriate.”

      “Though that wasn’t the main reason for us to wake you guys up.”

      “I really hope so. What’s up? Has Francesca returned yet?”

      “Not yet. We had our last radio connection about…” Martin checked his watch, “six hours ago.”

      “No reason for concern. She must be in the radio shadow of a ridge. That was to be expected.”

      “I am not calling you because of her.”

      “What then?”

      Martin wondered how best to say this. “Could you aim the radar at our landing site?”

      “One moment.” He heard the commander typing something. “Sorry, but we won’t be back in radar range for another two hours.”

      “I understand,” Martin said. “Then you will just have to believe what I am going to tell you.”

      Amy chuckled. “Well, don’t keep me in suspense. Of course I am going to believe you.”

      “Well, it is not so funny down here,” Martin replied. “Around the lander module... a wall of ice sand has formed, several meters high. I am uploading the images to you. We still don’t have any idea what this might mean. It also wouldn’t seem so threatening if it did not continually come closer.

      “It does sound strange. Give us a bit of time to look at the images. Let’s also see what Watson has to say. Maybe it’s some weather-related phenomenon?”

      “Don’t take too much time.” Martin tried to hide his nervousness, but failed to do so. “If this goes on, the wall will be right at the foot of the lander 45 minutes from now. And of course, I wonder... what will happen then?”

      Amy did not answer.

      “Commander?”

      “Please give us five minutes. I’ll call you back. Amy, over.”

      “Of course they do not have a plan yet.” Hayato looked at him. “We need more information.”

      “And how would we get it?”

      “Martin, we are researchers, so let us research. What types of sensors do we have here?”

      “Only what the lander needed for the descent. After all, it is not a research station.”

      “Just a minute, though; we could analyze the atmosphere, for one instance.”

      Hayato was right. “The gas chromatograph,” Martin said. “You mean we should simply check what the wall consists of?”

      “ILSE to ground team. We’re back.” This time Jiaying spoke.

      “What have you got for us?” Martin felt all warm inside just hearing her voice.

      “We can exclude a normal weather phenomenon. However, Titan has not been mapped during all seasons. Up until now, no probe has orbited it for a whole year.”

      “I don’t know what you are aiming at.”

      “It is currently fall. Maybe this is a rarely occurring local phenomenon. Like tornadoes on Earth, or the Great Red Spot on Jupiter. Here everything moves more slowly, so perhaps the tornado becomes a circular wall.”

      “I am not convinced.” Martin would have liked to have given her a different answer.

      “We thought so. To be honest, Watson rates the probability of it being a natural process very low. Below five percent.”

      “That is about as high as the software calculated our survival chances on Enceladus.”

      “No matter, Watson also expects to provide more precise projections once additional information is available.”

      “That is about as far as we got down here, as well. Meaning Hayato figured that out,” Martin corrected himself.

      “You have a clever colleague,” Jiaying said.

      “We have the analyzer system for the exterior atmosphere. We should be able to use it to find out something about the composition of the wall.”

      “Good idea,” his girlfriend said. “Then why are you not already in the airlock, so you can go out to take samples?”

      “Get lost,” he only half joked.

      “It was nice to hear your voice, Martin. Jiaying, out.”

      Ten minutes later Martin closed the hatch of the airlock behind him. Hayato had jury-rigged a sample container for him. It consisted of a can at the end of a one-meter long metal pipe. He could open and close the lid of the can with the help of a wire. The atmosphere analyzer was not an instrument they could carry around. It was attached to the outside of the lander, so it could tell the astronauts whether or not it was safe to go outside. It analyzed the ‘air’ that reached its ‘nose.’ After taking the sample, Martin would close the lid, go to the analyzer, put the can inside, and place the heating pack he brought along underneath it. Then he could only hope that enough sample material would evaporate to reach the mechanical nose.

      So much for the plan. In the cabin it had sounded simple, but now Martin was afraid. While they had been discussing the situation, the wall had moved five centimeters closer. Now he stood about an arm’s length away from it. It was approximately four meters high and almost vertical. Such a structure could not have been created by wind.

      He moved the sample container at the end of the pipe close to the wall, then opened its lid. His arms felt heavy, even though the tool weighed almost nothing. What if I am about to wake a sleeping giant? With a gentle motion he scraped the edge of the can across the material. Small particles fell off and dropped into the can. Martin was relieved. He repeated the procedure twice more, until he presumed he had enough material.

      “I am coming back,” he said into the helmet microphone. At that moment, he noticed a movement from the corner of his eye. Was something there? He turned around. Everything looked like it had before. Was he suffering from paranoia?

      “Everything okay?” radioed Hayato.

      “Yes,” Martin replied.

      “You jerked around so quickly I assumed you saw something.”

      “No, there was nothing.”

      In order to prove to himself and Hayato there was no reason for panic, Martin stepped closer to the wall. He needed to lean forward a bit, since the HUT was in his way. He moved his head as close to the material as possible. Now it was only a few millimeters away. From this distance he could see the structure of the wall. It was grayish-brown and looked as if a child had mixed water and sand and shaped the concoction into a wall by hand. Gently curved lines ran horizontally across its surface. They were not perfectly parallel, but kept approximately the same distance from each other. The child would have had to have a lot of fingers.

      “What are you?” asked Martin of the wall, which certainly could not hear him. He tapped with a finger on the surface and effortlessly dug a small hole. The wall did not seem to be particularly firm. So how could it be stable?

      “Martin, are you remembering the analyzer?”

      “Right away.” He turned around and went to the lander. After two steps, he turned back again.

      “Gotcha,” he said, and laughed in order not to have to admit being afraid.

      “Martin?”

      “Don’t worry, I will be there in a moment.”

      Hayato had told him exactly where he would find the chromatograph—about two meters away from the exit hatch, below the stabilizer. The nose, the inlet for the gas to be analyzed, was facing downward. Martin took the package filled with radioactive plutonium oxide out of his tool bag and placed it under the can. It took a while before the decay heat could overcome the icy temperatures. He did not have to heat the can to temperatures as high as on Earth because the material only needed to reach its boiling point. After eight minutes, thin wisps came out from under the lid. Martin put the can in position and opened the lid.

      “Hayato, you should be able to measure something soon,” he said into the microphone.

      His fellow astronaut did not answer. Martin did not want to put Hayato under stress, but he had spent enough time out here. He glanced around carefully, but the wall had not apparently come any closer.

      “Nothing new showing up,” Hayato said. “Just come back in! I think I found something much more exciting.”
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      Francesca looked around to orient herself and then took her first steps toward the mountains. Her effort was brief, for she lost her footing after the second step, and instead she sank deeper and deeper into the ground. Nothing pulled her besides gravity doing its work, but it was like the ground had given up any resistance. This is utterly impossible, she thought. Caught by the unexpected, she immediately noticed her consciousness was splitting into two halves. She stood beside herself and watched her leg slowly disappearing into the sand.

      At the same time, panic rose inside her and discharged itself into a loud scream: “HELP!”

      The Francesca standing next to her knew no one could hear her and that screaming was completely useless now. The Francesca as a panicky little girl, though, could not stop.

      “HELP ME! SHIT! STOP!”

      The calm Francesca watched as tears ran down the helpless girl’s cheeks. She really seemed to see herself from the outside through her fogged-up visor. Soon her body was stuck up to the middle of her thighs in what looked like common sand. While the child inside her was afraid and weeping in despair, the logical Francesca pondered how to get out of this situation. She seemed to have walked into a type of quicksand, a kind of sand that also existed on Earth. Her thoughts raced through all the facts about it. Quicksand is created by a mixture of water and sand that mostly occurs near bodies of water, and almost never in dry deserts. It had rained heavily, and while the neighboring valley had turned into a lake afterward, this one had remained dry—at least apparently. The liquid methane must have mixed with the ice grains and established the conditions for quicksand.

      What did this mean for her? On Earth she would not be in great danger and would only sink up to her hips, since the water-sand mixture had a higher density than the human body. In a sense, she would be ‘swimming’ on the quicksand. On Titan, the situation might be different—the methane-ice mixture had a lower density, so she might not get enough buoyancy to ‘swim’ here. Sure enough, her body just kept sinking into the sand, and she was now submerged up to her hips. Ten seconds from now it would be too late. Francesca needed an idea immediately. What worked on Earth, staying as still as possible, would not work here. Someone, or something, needed to pull her out of the muck as quickly as possible. Her panic receded, and the child in her also wanted to find a prompt solution to her dilemma.

      Then she had an idea—the oxygen tank on her back! If she opened the valve, there would be a force that might save her life in this low gravity. Francesca reached behind herself, her fingers fumbling for the valve. She could not let go of the hose because she needed the contents of the tank for her return trip. The surface of the sand was getting closer and closer. She must open the valve, now!

      There was a whistling sound. Her effort was successful. A force pushed against her back at hip height. The sand moved away from her. Seemingly weightless, she floated several meters through the air.

      “DAMN! DAMN! DAMN!” cried Francesca when she suddenly realized she was not able to steer her flight. She did a somersault and then fell toward the ground. Where she was about to land, smaller and larger rocks lay around and the ground appeared to be more solid. This was both good and bad news. I hope I don’t hit one of the large rocks, she thought, and evasively moved her head sideways. Then she smashed into the ground. With limbs akimbo, she looked like a beetle that had devoured too much of its meal. Pain shot through her lower body. It must have been the rock. Thank God I did not hit it with the helmet. The fabric of the spacesuit was strong enough to withstand the shock.

      “PHEW! SHIT! SHIT! SHIT!” she yelled while still lying on the ground. This was the only way for her to get over her scare. Her arm, which looked so strange lying next to her, was visibly trembling. She tried to pull it toward herself, and the muscles obeyed. No serious injuries, it seemed. Maybe some bruises. She carefully knelt and brushed off some small stones stuck to the front of her HUT. Her heart was still racing, but she was glad about it.

      “Stupid tears,” Francesca said to the child inside her who wanted to start crying again. She supported herself with both hands and slowly got up. Gradually, her breathing returned to normal. Only now did she hear the whistling sound of the still-escaping oxygen. The hose! She quickly reached around to her back, grasped the valve and the adapter, connected both, and closed the valve.

      A look at the arm display told her she had enough oxygen for three quarters of an hour. Francesca uttered a derisive laugh. Again! She was really getting tired of having to fight for every single breath. At least this time no one was going to kill himself for her, as no one knew what trouble she was in. She felt a certain sense of indifference rising inside her. Maybe her cortisol supply was exhausted and her body could not provide stress hormones fast enough. Three times barely getting out alive—enough for one day.

      Francesca looked at the mountain range in front of her. Somewhere over there two full oxygen tanks waited for her—and she only had 45 minutes to reach them. All in good time, she decided, turning around. About fifteen meters behind her she recognized Huygens. Something seemed strange, but it took her a while before she noticed the reason—Huygens was slightly tilting to one side. A small wall of sand had formed behind the platform the probe stood on. What is that, again? Francesca shook her head. Had she gone insane, or had this moon done so? She already knew from the briefing that nothing here was the way it appeared. Still, the number of inexplicable events thus far seemed rather high to her.

      She definitely should talk to the others about it, but in order to do so she would have to reach the supplies she had left behind. Francesca dragged herself away from gazing at Huygens , turned, and started to run toward the mountains.
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      While Martin was still peeling himself out of his suit, Hayato already held a tablet in front of his eyes. Martin pushed the display aside.

      “Just a minute, Hayato, I need to get out of this.” Panting, he finally managed to get out of the lower part of the EMU as well, and now stood there in his thermal underwear. Meanwhile, Hayato was pacing up and down the lander's interior with small steps.

      “Okay, show me what you’ve got.”

      Without saying a word, Hayato held out the tablet to him. In the upper half Martin saw diagrams he recognized as spectra, and below it were chemical formulas.

      “You know I am not a chemist. Could you explain what I’m looking at?” asked Martin.

      Hayato nodded. “The spectra up here should be clear. They show what elements are present in your sample and in what percentages.”

      “And this is surprising?”

      “Only partially. The wall does not consist of pure water ice, as you already can determine by its color. The ice has impurities—a lot of them—as you can see by the strong lines for carbon and nitrogen or their compounds.”

      Martin took a closer look at the spectra. He zoomed in on the first one at top left. He did not have a lot of experience with such diagrams, but he assumed Hayato would be right.

      “Well, why is this so exciting?”

      “For one thing,” Hayato began to explain, “the percentage of impurities is higher than in the pebbles and the sand lying around here everywhere. And it leads to the conclusion these could be organic molecules.”

      “Astronomers have suspected for a while Titan might be covered by a thick layer of organic compounds. This does not mean there is life, if you are trying to suggest it, because Titan is much too cold.”

      “True, Martin, but it piqued my curiosity. I had Watson simulate which molecular structures might create the measured percentages. In this instance, if I measure the end product of a reaction, I can draw conclusions about the chemical precursor. You can see the most likely results below the diagrams.”

      Martin looked at the formulas but could not make any more sense of them than before. He returned the tablet to Hayato.

      “Look here,” Hayato said, zooming in on one area. “This NH group, which is linked to the carbon by a double bond, and then the amino group. Does this look familiar to you?”

      “It’s all Greek to me.”

      “Greek?” Hayato gave Martin an odd look.

      “It doesn’t matter. My biology courses were so long ago,” Martin said.

      “Biology is actually important here,” Hayato replied. “What you are seeing here is an amino amidine. If it had oxygen and an OH group we would see an amino acid, one of the building blocks of life. However, it could hardly develop on Titan, as the necessary oxygen compounds only exist in a frozen state. There is enough nitrogen and carbon here, though. Nitrogen in the atmosphere, carbon in the methane, and numerous other compounds.”

      “So what does it all mean?”

      “Just a moment. The structure next to it could be called an amonopeptide, meaning it is a peptide in which the oxygen has been replaced by an NH group, namely ammonia.”

      “A peptide?” Martin gave Hayato a questioning look. He was starting to feel shame for his ignorance.

      “Peptides,” Hayato stressed, “are chains of amino acids.”

      “I see.”

      “Now, just let me finish. You probably know them under a different name. Long peptides consisting of a large number of amino acids chained together are called proteins.”

      “Proteins,” Martin repeated.

      Hayato nodded. “Yes. About half of the dry weight of our cells consists of proteins.”

      “So this means the wall out there contains biological cells, and the only difference with ours is the fact that in them oxygen has been replaced by ammonia?”

      “You could put it that way.”

      “Could?”

      “It is only a model, nothing more. It might be the model with the least degree of uncertainty, but there are others not much worse. I could only prove it if I took a microscope out there and observed the cells. But I do not even have a microscope here. We left that equipment on Valkyrie, which lies frozen on Enceladus.”

      Martin flinched.

      “This was not meant as an accusation. I know you and Francesca had other problems.”

      “I...” Martin was thinking, and shook his head before starting anew. “Didn’t they say the surface of Titan was much too cold for life?”

      “We do not really know what we are dealing with here,” Hayato answered. “Though if Watson’s model is correct, the low temperatures would pose no problem. Chemical reactions may run more slowly, but the molecules have time. Titan has existed for billions of years.”

      “And what do they feed on?” asked Martin.

      “Ethyne. You might know it as acetylene. Two carbon atoms, two hydrogen atoms.”

      “Where does that come from?”

      “It is constantly created in the atmosphere through solar irradiation. There is considerably less of it than should be assumed based on chemistry, a fact known for 40 years. Where does it go? The cells probably burn it together with hydrogen, converting it to methane. It has long been suspected that ethyne contributes to the creation of methane. It stands to reason the methane content in the atmosphere ought to have shrunk considerably after these millions of years. The fresh supply must be coming from somewhere.”

      “Too bad all of this is only a theory we cannot prove,” Martin said.

      Hayato tapped on the screen. “There is that wall out there. It is real and can be proven. Do you really believe this is a random physical event?”

      Martin wondered why the Japanese astronaut was suddenly looking at him with a frightened expression. He shook his head. Martin knew his way around physics. Yes, there were events in chaotic systems that could be mistaken for indications of life—but something like this?

      “We might not have a microscope anymore,” Martin said, “but we can examine this phenomenologically. We act like researchers used to act when they discovered an unknown animal in the wilderness. 'What does this thing do when you irritate it?'”

      Hayato crossed his arms in front of his chest and looked at him with half-closed eyes. “You are not serious, are you? What if it is not a harmless hippo, but rather a ruthless lion?”

      “Hippos are not at all harmless, Hayato.”

      “Do not try to distract me. You know what I mean.”

      Martin persisted, “I am not going to just sit here and wait for what fate will bring. If we don’t know what we are facing, we cannot do anything against it if it attacks us.”

      Hayato swayed his upper body. “I just do not know,” he said.

      “It doesn’t matter,” Martin replied. “I am going to go out now and I will step on the lion’s tail.”

      “What? You are doing what?” Hayato seemed genuinely shocked.

      “Don’t worry. Just in a metaphorical sense. I am not going to touch the wall.”

      “What then?”

      “I am going to take the searchlight out there.”

      “I understand. You want to test how the wall reacts to an influx of energy.”

      “Into the potato field, out of the potato field,” Martin whispered while putting on the spacesuit. His mother used to say that in her Berlin dialect when she was annoyed about things constantly going back and forth. Martin had previously researched the origin of the expression and found it had come from Prussian soldiers who were sent into a potato field during maneuvers, to camouflage themselves, but then were chased out by the angry farmer.

      Luckily, he had not taken off his thermal underwear earlier, which saved him some time now. The whiff of sweat in the EMU told him it had been used a lot lately.

      Martin took the portable spotlight and exited the lander. The wall, it seemed to him, had come a bit closer yet. He approached it with the spotlight turned off. It was a strange feeling to stand right in front of the wall, particularly since he knew the material might be full of cells. Once again he experienced odd thoughts he could not quite categorize, and that couldn’t have been his own. Most of all he felt greed and hatred. He took a few steps back and his thinking relaxed. It must be the stress, he thought, of seeing this alien thing looming ahead of me.

      He lifted the spotlight and turned it on. In the hazy atmosphere the beam of light was clearly visible. He aimed the cone toward a point shortly before the wall and then moved it up vertically. Nothing visible happened, yet he felt an echo of the strange thoughts he had experienced earlier.

      Martin slowly moved the light's power-slider upward. The light turned brighter and the strange thoughts intensified. He closed his eyes in order to better follow the thoughts. Into the darkness of his mind there came flickering flames that exerted a strange attraction on him. He felt an animalistic hunger, not a normal appetite, but a raging painful urge to feed on the flames because he would otherwise die. Martin’s hair stood on end. He snapped his eyes open again, and once more drew a line on the wall with the spotlight. This time, a bulge appeared there. It seemed as if the wall was seeking the energy source and desperately wanted to get closer to it. Were the cells acting like moths flying toward the light? He focused the beam so the same amount of energy hit a smaller area. The bulge increased. Out of nothing, two more parallel lines developed and moved toward the lighted area. Is this internal competition? Were the cells fighting over a place in the sun?

      He stopped moving the spotlight, aiming instead at a fixed spot. The bulge grew at this spot, while it flattened elsewhere. The competing lines came from left and right and started forming arcs that finally joined in an ellipse, at the center of which the point bathed in energy was located. Martin was fascinated. He could use the spotlight to create reactions in the material. The wall was responding to external stimuli, an important feature of life, even though inanimate systems might react in similar ways. But where were these thoughts that he could barely understand coming from? Was it his fear of the unknown that manifested this way?

      Martin closed his eyes again. He was thinking rationally. Inside his head, patterns of neurons were being triggered. This was no place for alien things. And in spite of it, waves of greed were crashing in on him that he could not imagine coming from his own unconscious. Martin shook his head and opened his eyes once more. Déjà vu. Like in the ocean on Enceladus.

      The spotlight was still pointing at the same area. He waited patiently. The ellipse was clearly becoming more like a circle, while its diameter shrank. Then the material itself started to change. The tip of the bulge was turning white, like a pimple about to pop. The tip glittered in the glare of the spotlight. It probably consisted of pure water ice. The circle was no longer coming closer and instead started to retreat. Martin held the spotlight as steadily as possible. Suddenly, the tip of the bulge broke off. It fell down with a tantalizing slowness, then shattered into tiny crystals. Where it had been, a hole remained. A small puff of smoke came out if it and then dissolved within seconds. What was that? Martin noticed his own mouth was open.

      “Did you see that?” he asked over the helmet radio.

      “The camera images were too grainy. What happened?” answered Hayato from the lander.

      “I’ll tell you in a moment,” Martin said. He switched off the spotlight and went back inside the capsule.

      This time, Hayato helped him to get out of his spacesuit. It was hot in here, or did he only imagine it? At the computer, Martin called up the recordings that were taken by the helmet camera. Then he waved his colleague over to join him.

      “Do you see this?”

      Martin zoomed in on the tip of the bulge that was first getting brighter and then burst.

      “What do you make of it?”

      Hayato looked at this scene again in slow motion, then another time.

      “Did you always aim the spotlight at it?”

      Martin nodded.

      “It seemed to happen when the cells, I mean the material,” Hayato corrected himself, “no longer can absorb the available energy.”

      “Yes, but what exactly is going on here?”

      “We will not be able to find out without looking at it under a microscope. Two processes are possible: either the material is destroyed by it, or it takes on a different form.”

      “I thought about it being destroyed,” Martin said. “Maybe we could use this to defend ourselves against it. But what do you mean by taking on a different form?”

      Martin continued, “You saw the puff of smoke. It reminded me of what happens when you step on a ripe puffball. Do you know of those bulbous fungi? The body of it bursts and a small cloud of spores is released. Maybe something similar is happening here? On Earth there are bacterial spores that can survive extreme temperatures. It is suspected that not even the vacuum of space could harm them. This would be ideal for Titan. The spores would stay inactive during the long winters and summers. But when rain and thunderstorms move through the desert regions during the transitional seasons they would become active, soak up as much energy as possible, and then produce new spores.”

      “A nice story,” Hayato said, his voice growing louder, “but unfortunately we will not be able to check it. Even if we were sure about it, it would not help us to prevent the wall from further encircling us. In the end, if it is really a form of life, we should definitely avoid destroying it right after we arrive here.”

      “You are not seriously thinking about sacrificing your life to preserve these primitive life forms, when we don’t even know what they are?” While Martin said this, he himself was becoming unsure. He still had not told Hayato about the strange thoughts that had invaded his mind when he was near the wall.

      “I...” Hayato did not finish his sentence.

      “Just think about your kid—and Amy. Should Dimitri Sol grow up without a father, just because his dad did not defend himself against an obvious danger?” Martin knew this was unfair, but he was afraid for his own life. It had taken him a long time to assign any value to himself at all. He had only come on this journey because he considered his life so unimportant the potential dangers did not scare him. He sat down and turned his thoughts inward. For years, he had carried this feeling of insignificance around with him, ever since his father left the family. Now, of all times, when he had become attached to life again—for which Jiaying was more than partially responsible—he should give it up? Hayato must be crazy. Martin felt his throat tightening.

      “No, I do not want this to happen,” Hayato said, breaking the silence. “Just like you, I do not want to die for the sake of some spores. But I want to use all of the options we have before choosing the last resort.”

      “And what would that be?” Martin suddenly realized the entire discussion was useless. They only had two spotlights on board. Even if they aimed them permanently at the wall, it would only create a few holes and puffs of smoke. The wall would easily absorb it and might even create more spores. Therefore, they could not succeed in fighting the wall this way.

      “The last resort? The laser on ILSE,” Hayato replied, and Martin suddenly felt a chill raise the hairs on his arms. Hayato was right. They had used the laser on Enceladus to provide the Valkyrie drill vehicle with energy. The laser was provided with electricity by the Direct Fusion Drives. Each DFD generated ten megawatts, they had six DFDs on board, and in its orbit around Titan, ILSE only needed a fraction of that energy. The DFDs could offer at least 50 megawatts of continuous power. The mobile spotlights, on the other hand, only represented a few hundred watts.

      “Don’t you think the layer of haze might be a problem?”

      “It is going to absorb part of the energy, true, but we have enough. And in the infrared range, the layer is extraordinarily permeable,” Hayato said.

      “Can you reconfigure the laser from down here?” asked Martin. Hayato was an engineer, specially trained in operating and maintaining the laser, unlike Jiaying and Amy, who were currently aboard the spaceship.

      “Yes, it should not be a problem. I am going to inform both of them what to expect soon.”

      Martin nodded. Maybe that’s the way it was supposed to be. He heard Hayato explain his plan to the commander. They were not yet ready to start, though. They would have to wait for Francesca, who still had not reported in to them. He hoped nothing had happened to her!

      Hayato pointed at the monitor. “Look, I updated the recordings. The wall has moved closer again. I would give us about half an hour.”

      “I understand,” Martin said. Dear Francesca, it would be nice if you could call us soon, he thought. Right then, the two-way radio crackled.

      “Lander, come in. This is Francesca.”
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      Francesca ran. For once, Titan placed fewer obstacles in her way than expected, as the elongated lake had by now mostly been drained or dried out. Plumes of smoke were rising from a few large puddles. The methane evaporated and partially condensed again right away. Francesca was reminded of the sulfur fumes on the slopes of Mount Vesuvius. She tried to find the most direct path between the puddles. Running fast did not feel very exhausting to her. She loved to go jogging on Earth. This way, she also would not use up her precious oxygen as quickly.

      Gradually, the path started to rise. The mountains were ahead of her, and she avoided looking upward. Instead, she took long leaps forward, even though this came with great risk. She used the possibilities offered by the lower gravity. At least this was a rare advantage of the hostile environment. Any mountain goat would be proud of her. During hikes in the Alps, she had always admired those animals.

      Then she paused briefly to look up and down. She determined that she had finished about half of her ascent. The mountains were getting steeper now, and she needed to be careful to avoid becoming stuck in any of the crevasses. The display on the screen gave her another twenty minutes. The estimate was based on the average oxygen consumption of the last half hour, so it was rather optimistic. It was possible she could last longer, as the calculation was based on the average astronaut. If she compared herself to Martin Neumaier, for instance, she would definitely be above average, at least concerning fitness. She was well-trained and at her physical peak.

      The ridge was near, and soon she would be past the most exhausting part. She tried again to reach the lander module via the radio.

      “Lander, come in. This is Francesca.”

      First there was only a hissing sound, but then she heard Martin’s voice.

      “Lander here. We are very glad to hear back from you.” The voice sounded strangely rushed, and more than just being happy about her coming back.

      “I am also glad. I had a few problems. Huygens appears to...”

      “Sorry to interrupt you, but you can tell us about that later. We have also had a few problems. It would be great if you could come here as quickly as possible.”

      Francesca had had enough. She let Martin have it.

      “Listen Neumaier, I have been on the run here the whole time and I have only got a few minutes’ worth of oxygen left! I am barely going to make it to my supplies.”

      “I am sorry, Francesca, but the situation is really critical. We might have to do an emergency launch and did not want to leave you behind.”

      “What?” She thought she must have misunderstood Martin.

      “It would take too long to explain, but we are facing an unexpected danger. Please, just hurry up! We will stay here as long as possible.”

      Francesca felt rage rising further inside of her. What the hell is Martin thinking? She just achieved something no one else had ever done, and he did not even want to hear about it. She felt cheated, and at the same time she knew this was a rather childish feeling. The voice of her fellow astronaut indicated he was suffering from enormous stress. The rational part of her said to get going rather than to engage in lengthy discussions. She could deal with her feelings later.

      “I understand,” she let the grown-up Francesca say into the microphone. “I’ll hurry up.” She cut the connection and looked at her map. The sled with the supplies was located a few hundred meters below the ridge. It was downhill, so she should be able to make it there on her remaining oxygen. A few minutes later she reached the blinking dot that should indicate the tarp serving as a sled. The map was not perfectly accurate, and she tried to recall specific rock formations to indicate where it could be. An image appeared before her eyes—two thin needles, almost looking like the cairns that are sometimes built by hikers. Over there! The perspective was different, but these shapes were so unusual for Titan that she was sure of it, and the sled was indeed there. It looked as if someone had tampered with it, but that was not possible. All she now needed was a spare oxygen tank. She made the exchange and breathed in deeply.

      Finished. Francesca sat down. Her muscles ached after all this effort. She took a pen from her tool bag and drew crosses on her glove, one for each time she had cheated death. If she made it to the lander in time, it would mean another cross. She thought about Marchenko, who no longer would be able to draw crosses. She missed him, but noticed her thoughts were no longer constantly circling around him. Maybe this effort would help her to let go of her dead companion.

      The next task was already waiting, and Francesca got up and looked at the wide plain in front of her. It was a fascinating landscape to observe. The haze appeared to consist of layers, and perhaps different winds were blowing at each level to create the effect. She activated the infrared visor. There it was, mighty Saturn, always in the same spot, watching over its moon. There too was the sun, looking small and insignificant next to it. In infrared, the landscape definitely looked more inviting. Most of the haze disappeared. If life developed here, she thought, it would be able to see in the infrared range.

      She switched back to the normal view. The area where the lander module waited for her was hidden in the haze. There were several dunes ahead of her, and she remembered how much they slanted in the direction she now had to cross. This meant the return trip would be much more arduous than the way here. It would also take more time, which she obviously did not have. Francesca thought about it. As a child she had admired the mountain goats and dreamt of being able to climb the steepest cliffs just as elegantly as they could. She had been even more in awe of the birds, to the point of feeling envious of their ability to fly. She could try to emulate the mountain goats, work hard, and maybe achieve their skills one day. But as far as the birds were concerned, she saw no chance at all. One thing was absolutely clear—birds would always have an advantage over her. Humans would never be able to fly under their own power. Francesca had honestly wished to become a bird herself, and that was why she originally joined the military, to become a pilot. Yet, this decision did not manage to reduce her envy of the birds. It was a fascinating experience to feel the power of a machine below her, to hear the roar with which she raced through the air. It was her intelligence, though, that had given her the ability to become a pilot, not her strength, and she came to realize that it was something completely different.

      Francesca glanced down at her body. With her spacesuit she had a mass of about 150 kilograms. On Titan this was the equivalent of a bit more than 20 kilograms, not much more than a kori bustard or an Andean condor weighed on Earth. She also had the advantage of a denser atmosphere, which would give her additional lift. Francesca waved her arms. Her plumage was admittedly rather paltry, but this could be altered. The tent, which had protected her from the cold rain, might be able to carry her home. She took it out and spread it on the ground. The elastic poles automatically tried to create an igloo shape, but she had a different idea for its use—she was going to turn it into wings! Saying a short prayer, she reached into her tool bag and uttered an exclamation of joy when she found both all-purpose adhesive and a multitool. Cheers to the clever NASA engineer responsible for selecting this!

      First she took the elastic poles out of the tent fabric. This left a rectangular tarp and four poles of about a meter and a half each. Then she cut the tarp with the multitool to create a shape reminiscent of the cape Batman had worn in those ancient movies. Her father had liked those adventures and wanted her to become a fan of the superhero and his sidekicks, too. Francesca once more felt the warm hand of her father on her shoulder. Then she rolled an edge of the tarp around one of the poles, did the same at the opposite edge and in the middle, attaching pole to tarp with the adhesive, so the ends of the poles stood out at the upper end about three-quarters of a meter.

      Afterward, she glued the naked ends of the poles to her spacesuit. She started in the middle, which was particularly complicated, since the bulge of the life support system on her back was in the way. While Francesca was limber, the spacesuit limited her movements. She solved the problem by leaning the tarp against a rock, covering the pole in the middle with adhesive, and then pushing herself against it before the adhesive hardened. The effort worked on the third try. Now she only had to attach the other two poles to her arms and she would transform herself into her own version of Batgirl—but without a Batjet. Francesca laughed, because when she was a child, she had liked this character the least, even though her father had hoped for the opposite reaction from her at the time.

      She waited two minutes for the adhesive to harden completely. Then she searched for a suitable takeoff point. She would not simply jump off cliff, as she didn’t yet trust her flying skills. She needed a slope where she could get a bit of a running start. Even if she could not fly like a bird, she planned to at least sail like a hang glider might from a mountain in the Alps. Francesca climbed up to get a better look around, and there it was; the slope from which she would take off. It looked slightly different than it would if it were in the Alps, since there were no flowers, and of course one couldn’t see the sun. She would be the first bird to fly through the skies of Titan—or the first Icarus of this moon of Saturn.

      The slope left her enough space for about thirty steps. Francesca spread her arms and started running. She remained calm and decided to trust herself to this methane-laden, dense air. Her Batgirl cape was gradually lifted by the headwind. After eight steps she started moving her arms up and down and found the air resistance was quite strong. She sprinted breathlessly to reach 15 kilometers per hour. Now she felt it was too late to stop. She remembered to continue breathing, and at the same moment she lifted off.

      Francesca was flying! She instinctively leaned forward, which increased her speed. Her heart was beating like crazy and she could hardly believe it. She was flying like a bird! Too bad she was a billion kilometers away from Earth. She would have liked to have shown those birds back home what she could do. Like a giant bird, she herself was gliding several hundred meters above the surface of Titan. Francesca looked around in all directions. The landscape did not look different from what she had seen through the cameras of the lander module, but it seemed more authentic. She was no longer an observer, she was right in the middle of it. She just needed to keep moving her arms. When she tilted her body in a specific direction, she flew in a curve. She pulled her arm closer for a moment and looked at the display indicating her direction. She was making good progress. About 30 or 40 kilometers per hour, I would say. She would gradually have to lower her altitude in order not to miss the lander. After all, she was only an absolute beginner when it came to flying like a bird. Better not dive down like a hawk, she thought. She started to circle, while slowly losing altitude. Then she realized what would come afterward—this was her first and last flight. She was never going to be a bird again.

      The thought saddened her. She had to use her phenomenally rare chance as well as she could before it was over. The mission could wait for a few more minutes. Francesca flapped her wings faster. She gained altitude, kilometer by kilometer. The sky only grew brighter after she traversed a dense layer of haze. Then the sun rose. It was a sparkling star, by far the brightest in the sky. She felt the warmth of the sunlight on her face, even though it was so far away. It was the source of life, and Francesca felt happiness flowing through her entire body. She would have loved to have flown even higher, but she knew the story of Icarus, even though this sun would surely not be able to loosen her feathers. Marchenko, if you only could be here and experience this, she thought. Tears were streaming down her face, though she felt happy as never before, if only briefly.

      Then she came back to her senses, and the grown-up Francesca took over. She made up for lost time by going into a dive. She flew headfirst toward the ground, going faster and faster. The wind was roaring so beautifully she did not want to stop, although something inside her issued a warning. She slowly opened her arms, noticed the difficulty in doing so, and was glad she had not waited any longer. In but a quarter of an hour she reached her destination. Even at an altitude of 500 meters she realized something was wrong. The lander was surrounded by an unnatural looking wall.

      She would have to aim well during landing. Francesca was excited, this being her very first—her only—landing. She wouldn’t have time to practice. What should she do? She tried to remember old nature programs. How do birds land? Feet forward, wings lifted. Will it work as well here? Due to the thick atmosphere, it worked even better than on Earth. She had chosen the correct angle and easily raced toward the ground as if she had always been a bird. At the last moment she braked, landed smoothly, and compensated for the remaining momentum by raising her wings and taking a few steps. She went into a crouch due to the effort and folded her wings around her like a bat. For a second she blacked out, but then the moment of weakness was over. She stood up and walked toward the lander module. Francesca was sure Martin and Hayato were watching her.

      “Guys, I am back and need someone to help me take off my wings,” she said into her radio.
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      For New Year’s Day Marchenko would have liked to have had a shot of liquor. He searched Valkyrie, looking in every compartment, and thought where Martin or Francesca might have hidden a secret stash, but unfortunately he found no alcoholic drinks anywhere.

      One of the lockers that must have belonged to Francesca had a photo stuck to the inside of the door. She obviously had forgotten about it. He saw a younger version of his girlfriend, with very short hair, wearing a military pilot’s uniform. Behind her a young, good-looking man smiled into the camera. He was also a soldier. Was it a former lover? Marchenko felt a slight pain stab his heart, though it was not so much jealousy as the ache of loss. If he had only met Francesca earlier! He also knew this would have been completely impossible, and back then they probably would have fought each other rather than falling in love. Marchenko, who had always been a cynic, never really let women get too close to him. Francesca, on the other hand, seemed to be an open and honest person, who was also very optimistic. His cynicism would have probably made her livid, but this was the only way he could deal with the world. A witty, sarcastic reply and a shot of vodka were his secret weapons against the terror constantly threatening a cosmonaut in the vacuum of outer space. He knew colleagues who had no longer been able to stand the fear. Some instead descended into alcoholism, others left the Cosmonaut Corps and got desk jobs that made them even unhappier, so they also started drinking.

      Marchenko sighed. Of course he was afraid right now. His fear never left him. He did not know why, but it did not feel as corrosive anymore as it used to. Earlier, his fear had been like a poison dripping onto his nerves and making him increasingly jumpy, until he had to down a shot of vodka or two as the only working remedy. Now his anxiety was softened. It made him sad, but not cynical, but this unhappiness seemed to fit him better, like being an aspect of his Russian identity. Maybe this was only another form of Romanticism, which he had always considered corny. He could blame Francesca for the fact he was definitely better off than he used to be. No. He must thank her for it. He was very grateful that something like this would have happened to him at his advanced age, and it filled him with warmth.

      The reason he felt this fear more strongly today than yesterday was not only his failed attempt to establish radio connection with ILSE. While searching the compartment earlier, he noticed a light smell of urine, just faintly, like in a superficially cleaned men’s room. The life support system was trying its best to scrub the ammonia from the air, but it apparently was not being completely successful. He had wanted to postpone for as long as possible the moment when he needed to acknowledge this problem. Unfortunately the time had now come. He must check the hose feeding the gas from the supply tank into his improvised power plant.

      The result was worse than he had feared, and he was surprised at how calmly he took it. The hose had decomposed so badly he had no choice but to close the valve. Otherwise he would die of ammonia poisoning within a few hours. From this moment on, his power plant would no longer generate energy. Marchenko used the computer to check on his reserves: 64 percent battery charge. It would not be enough for a second radio transmission, but it did not instantly condemn him to death. He could calmly decide how to take his exit. Marchenko felt an ice-cold film cover his skin, yet also felt relieved. Fear had turned into certainty.

      He felt a new strength flowing through him, even though it was absurd and surprised even himself. Was it possible the subliminal fear had exerted such a paralyzing effect on him? What should he do with his last days? Should he go on a hike without a destination and follow the steps of Francesca across the surface of Enceladus? Should he try to use his last hours to see all the things only Francesca and Martin had witnessed? He did not have to decide right away. He knew one thing for certain—he would not sit down and wait for a rescue that would not arrive because it could not arrive.

      At the computer, Marchenko called up the part of the log covering the submarine voyage of Francesca and Martin. He was already familiar with the surface, yet he did not know what was waiting for him in the ocean. The records were fascinating, and it was a story that gradually became more thrilling. First there were the failed attempts to find life, followed by the first indications of biology, although a rather alien one—the mysterious Forest of Columns created by someone or something at the bottom of this extraterrestrial ocean. Then they finally recognized they were dealing with a rational creature of almost incomprehensible intelligence. It was also a heartrending story. For the first time in a long while, Marchenko had to cry when he imagined how Francesca was suddenly cut off from humanity, expected her certain death, was written off by the AI algorithms, yet nevertheless survived. If only he was able to see her once more! Marchenko would have gladly traded his last days for the opportunity, but who was there to agree to such a deal?

      It gradually became clear where his path would lead. Francesca and Martin had been unable to finish their mission. When the cable connecting Valkyrie to the outside world had been severed, they needed to focus on their own survival. There had no longer been time to find out what was really behind the Forest of Columns. Marchenko was going to complete the puzzle, leave the solution in the computers, and send it back to the surface with Valkyrie. He thought, It would be a wonderful legacy. And there are worse ways to die—like lonesome and forlorn on a sofa at home.

      What did Valkyrie have to say about it? Marchenko used the computer to check the supplies aboard the vehicle. While the changes he had made would prevent Valkyrie from digging through the ice, it was not necessary to have this specific function operational. It was only a few days since Valkyrie, with Francesca and Martin on board, had managed to reach the surface through the fissures of the Tiger Stripes. So, during this short time, not much should have changed. Conveniently, the on-board computer had recorded everything, so he would just have to trace the previous route back to its origin. Marchenko could just sit back and relax while the automatic functions did all the work. The jets driving Valkyrie were powered by electricity from the batteries. The stored energy should last until the Forest of Columns. He appeared to have sufficient food and oxygen, at least for the week he estimated he had left to live. He was fully aware his planned voyage was one of no return for him. Marchenko did not believe in miracles, and he would need a big one to get out of here alive. His chief concern was he might take his discoveries to his watery grave. He had to leave Valkyrie enough energy so it could return to the surface in automatic mode, with the life support system turned off. According to the computer, twenty percent of the maximal charge should be sufficient. If Marchenko used the available energy sparingly, this ought to pose no problem.

      There were a few imponderables, primarily because the return path might have closed, contrary to expectations. Marchenko did not want to imagine what this might mean for him. Depending on present geological activities, the upward currents might be significantly stronger than before. This could mean Valkyrie would need more energy for the descent than planned. The maximum activity of the Enceladus geysers happened during its orbit farthest away from Saturn, and the moon was currently leaving this point.

      When should I start? Marchenko walked up and down inside the vehicle. Messages from Earth were not to be expected, since the antenna of Valkyrie was not designed for receiving them. It was entirely possible a message from ILSE might still arrive any second, though. Perhaps the spaceship was experiencing technical difficulties. He recalled the drive failure on their voyage here, when the entire energy supply failed, but this would be a strange coincidence. He could not imagine they would intentionally string him along. With a probability of 99.9 percent, the message simply had not reached ILSE. Things like this happened, and it probably wasn’t worthwhile to wait any longer for a reply because this would decrease the chances of completing his self-defined mission.

      Nevertheless, something blocked Marchenko from ordering Valkyrie to begin the descent. It was irrational, as he himself knew, but he had to extinguish his last flicker of hope before taking this step. Thinking of this detail hurt him and tightened his throat. Where did all the strength he felt a just a while ago vanish to, and what had happened to his steely determination?

      He remembered how he had once jumped into space from the cargo bay of a Russian space transporter, without a safety line or any hope for rescue. It had been a simple and logical decision, since the spaceship had been hit by space junk and was tumbling inexorably towards Earth. The Chinese then rescued him from their own space station.

      Back then he traded a zero percent probability of survival against an unknown chance of being rescued. Now it was just the opposite, and he was knowingly moving toward his certain death. Maybe ILSE had been on the way for some time, was monitoring him from orbit, and Francesca had just sat down in the pilot’s seat of the lander module, but they could not reach him by radio? Marchenko shook his head. I should not tell myself fairy tales. The transmitters on ILSE were strong enough to be received by his helmet radio, and Valkyrie also had its own receiver. It was extremely improbable both systems would simultaneously fail, particularly since he could radio the drill vehicle without any problems.

      Marchenko activated the computer screen and started typing, but still he hesitated before issuing the decisive command. He just could not do it. Life was holding him back. Or was it the fear of death? He was angry at himself, for he never used to have a problem with making decisions. When he saved the lives of Francesca and Martin a few days ago by means of his suicide mission, he had done so without hesitation, even though he was entirely aware of his probable impending death. What was really holding him back? He could only think of Francesca, and when he consciously focused on her, he realized she was the sole reason for his hesitation, something he did not want to admit. This did not fit his image of himself because he would have to admit to being more attached to this woman than to his own life. Could this really be the case, or was he only imagining it? What about his curiosity, his desire for the unknown? Would he really be able to deny this unique opportunity because he was afraid of losing something? Ultimately, this was why he had become a cosmonaut.

      "Nyet, Mitya," he said to himself.

      This is not who I am. Most of all, this is not what Francesca would do. If she was in my situation, she would definitely try to solve this mystery. I cannot imagine anything else from this strong woman. He needed to follow through with this decision because he owed it to her. After all, everything had already been prepared—the hoses had been taken off the jets and the path to the Forest of Columns was known. Okay, then.

      Marchenko pressed the Enter button. The software acknowledged his command with a harmonious sound. He heard the jets being activated. They freed the vehicle from its armor of ice, and then let it slowly sink downward. He did not have to hurry—he had a leisurely trip ahead. Now, the decision made and enacted, he once more felt the strength he had been proud of all his life.
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      Martin nodded toward Hayato. The German astronaut was still wearing his LCVG, so it was quicker for him to step into his spacesuit than for his fellow astronaut to prepare for leaving the lander. How many times had he already done this today? He glanced at the screen while putting on the lower part of the suit.

      Francesca looked strange, appearing as if she wore a bizarre Mardi Gras costume resembling a short, fat caterpillar with butterfly wings. Hayato checked to make sure Martin had not forgotten anything and gave him the ‘go’ command. Time to go out for some more fresh air... again, Martin thought, as he quickly headed to the airlock.

      Francesca was leaning against the lander, trying somehow to get her Batgirl cape off her spacesuit.

      “Careful,” Martin said. “The lander is only resting on a few blocks of ice. Better not shake it.”

      Francesca flinched at hearing this.

      “Nice to have you back here, though,” Martin said. “We missed you… and we should take off as fast as possible.”

      “What is going on?”

      “Let’s first solve your problem and then go back into the airlock. There I can explain the rest to you.”

      “Okay,” Francesca said, turning her back toward him. “I glued the tent poles to my suit and attached the tarp to them. As wings, you understand?”

      “No, I don’t right now, but never mind,” Martin said. “We have to get them off or you won’t fit into the airlock.”

      Martin shook the pole that appeared to be glued to Francesca’s left arm. How did she manage to do this? He did not succeed in getting it to come off.

      “It’s totally stuck. I might rip a hole in your suit if I pull too strongly,” he said as he abruptly halted his unproductive effort.

      “It’s a great adhesive, yes?” asked Francesca, with a touch of satisfaction. “I cut the tarp into a wing shape with the multitool.”

      Martin reached into his tool bag and found the instrument.

      “Well, then I am going to try to cut off the fabric now.”

      He folded out the tip of the multitool, which looked like a pair of scissors, and placed it against the fabric. First the right arm, he thought. The material was tough, but he managed to get through it. The cut got larger.

      “Damn,” Martin gasped, “with gloves on, it is hard to get my strength behind it. I wish I could take them off.”

      “Not a good idea,” he heard Hayato say via the helmet radio. “I am sorry to tell you, but we really have to hurry.”

      “I understand,” Martin said, “but I can’t work miracles here, either. The fabric is pretty tough.” Francesca used her left arm to get out her own multitool and tried to help him. Yet she could not reach the right wing without pulling the material away from Martin, and she could not work on the left side as long as she held the scissors in her left hand.

      “Hold still,” Martin ordered.

      Slightly annoyed, Francesca briskly replied, “Excuse me. I just wanted...”

      “The wall,” Hayato said from the lander, “it seems to be closing above our heads. If we do not take off soon, we will never get out of here.”

      “The wall? What about it?” She turned around to look.

      “Just a moment, Francesca, let me just...” Martin mumbled through clenched teeth. If I don’t manage to do this soon... but the fabric is so damned tough, Martin thought. The muscles of his right hand hurt, and he had to switch hands. The cuts lengthened by a few centimeters, but he had only reached the halfway mark. He needed two more complete cuts to free Francesca from her cape.

      “Damn, this won’t work.” He took a step back, glancing at the airlock hatch to compare it to Francesca’s size.

      “Why did you stop? I don’t want to rush you, but...”

      “We don’t actually have to remove your wings completely. If I make cuts at half height and then bend the poles, you should fit into the airlock.”

      “You really think so?”

      “It’s worth a try. If it doesn’t work, we can still cut off more.” Martin looked at the cut near her right arm. As the length should be sufficient, he placed the scissors in the middle. He was sweating and his helmet visor fogged up because he was gasping so much. Open hand, close hand. By now both of his hands hurt. He really would have liked to have taken his gloves off. He felt his bare hands would be so hot right now that even a temperature of minus 180 degrees could not hurt them.

      “Hayato, what would happen if I strip off my gloves? I could cut so much faster.” He barely had enough breath to ask the question.

      “Are you insane? We are not in a vacuum here. You would get frostbite faster than you could put the gloves back on. How did you come up with such a dumb idea?”

      “Crap.” He continued to cut.

      “Martin, listen; don’t you dare do that!”

      The Japanese astronaut was right. Martin was shocked about having even come up with such a dangerous idea. He started making the third cut, moving his fingers automatically. He no longer felt his muscles, as the intense pain surrounded his consciousness like soft cotton. Martin noticed he was about to pass out. Oh shit, he silently exclaimed, trying to speed up his thinking for the purpose of self-protection. I know now why I never wanted to become a tailor, he thought. Cut, cut, cut—his progress was slowing down even though he was putting more effort into it.

      “I think that is enough,” Francesca finally said. The last incision ended up being even longer than the other ones. He must have continued working without noticing it.

      “You wanted to bend the poles,” Francesca reminded him.

      Yes, sure, he thought, how did she know? I never mentioned it, did I? Clever girl, Martin thought, and realized he was a bit confused, probably from the exertion. The poles, the poles! He reached for the one on her right arm. He bent it and let go, but the pole simply whipped back into its original position.

      “Shit, they are flexible.”

      “You'll have to cut a notch in the middle with the multitool.”

      Sure, Francesca is right, I should have thought of that. He was annoyed. What was he supposed to do? Cut a notch, he remembered. He took the multitool and cut into the pole at the spot where he wanted to bend it. It is working, he silently cheered, the cutting surface is hard enough. He took hold of the pole again and bent it.

      “Yes!” he called out, “got you now!”

      “Very good, Martin,” Hayato praised him. “Now do the other two.”

      As if he needed to remind me, Martin thought. Sure, the other two. Gradually his breathing slowed down and the fog began to lift. What am I supposed to do? Oh, yes, the poles. He notched the middle one, bent it, and then repeated the process with the left one.

      “Finished!” announced Martin triumphantly.

      Francesca interpreted this as a command and ran to the hatch, followed by Martin. Hayato had already opened the hatch from the inside. While Francesca was squeezing herself through, Martin briefly looked upward. The sky was gone and there was only a small, brown spot left that was a hole. Shit, he thought, is the lander going to fit through this? It’s never going to work. He tried to reassure himself Hayato was somehow going to manage it.

      “Martin, I am stuck!” yelled Francesca. Her voice carried a hint of panic that immediately infected him. He pushed hard from behind, and suddenly Francesca slid headfirst into the opening and fell into the airlock.

      “Okay, I am inside,” she said.

      Martin nodded and hurried to follow her. He quickly closed the hatch.

      “Everything is okay, you can start,” he reported. The engines should have started but nothing was happening, except the airlock was once again filling with a breathable atmosphere.

      “Hayato, what is going on?”

      “We are no longer able to take off. We are locked in.”
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      “Attention, Amy, I need you urgently in the command module.”

      The commander had just been nursing her son. According to what Jiaying was hearing from the surface, the situation there seemed to be coming to a head. Amy was already floating into the module.

      “What happened?”

      “Francesca is back.”

      “Good.” Amy looked visibly relieved.

      “They are busy getting her inside. It does not seem to be easy,” Jiaying reported.

      “That is not all, though, is it?”

      “No. The wall around the lander is closing in and forming a dome. I have no idea what it means.”

      “What does Hayato say?”

      “He is undecided.”

      “Is it because of the laser?”

      “Yes, he thinks we might be dealing with alien life here, and that we cannot destroy it just because we do not understand it.”

      Amy nodded, though Jiaying could see she was not happy about it.

      “I understand him and maybe I would act the same way...” said Amy.

      But you don’t want to lose the father of your child, Jiaying thought. She herself felt few qualms. If an alien creature threatened human lives, people should be allowed to defend themselves. Back on Earth, if a polar bear attacked her she would defend herself with a weapon if necessary, despite the fact these animals were close to extinction. She certainly did not want to lose Martin on Titan that way. “Let’s leave the decision to the ground crew, since they can judge this better,” she suggested.

      Amy nodded again.

      Jiaying was sure Amy recognized the motivation behind her suggestion. Hayato might be a kind-hearted guy, for sure. Francesca, on the other hand, as a fighter pilot with combat experience, would have no problem with killing, and she did not consider Martin to be extremely selfless either. The Italian would only pose a problem if the loss of Marchenko had completely sapped her will to live. Jiaying was a bit ashamed to be so calculating. It seemed dishonorable to evade responsibility this way, but the opportunity was too convenient. Am I an opportunist? she wondered. And is this a flaw in my character? Jiaying sighed.

      ILSE had reached a synchronous orbit ten minutes ago. This kept the ship exactly above the landing site, and allowed them to experiment with radar, but it would also provide the opportunity to later use the laser. Their trajectory should have been too high for a laser scan, but due to Hayato’s information about the consistency of the wall, Jiaying found a way to capture images of the strange wall. The accuracy was not very high, but in a time-lapse video they could clearly see how it moved toward the landing site.

      Amy looked at the current images. She furrowed her brow, which made her suddenly look older.

      “Look here,” she said, “the ring is getting tighter and tighter.” They stood next to each other to look at the screen. Jiaying took Amy’s hand. They both had a lot to lose.

      “And now,” Jiaying said, “the dome is closing.”

      “Commander to lander module, acknowledge.”

      No answer. Amy repeated the request, but the lander remained silent.

      “Shit,” Jiaying said. She had never before let a word like this one slip out. She frantically glanced around. “We have to do something. The laser!”

      Amy looked at the monitor and blinked. “I don’t know,” she said.

      “But I do. We have to get them out of there, and as soon as possible. Who knows what is happening beneath the dome right now?”

      “I can’t do this.”

      “But I can, I can do it,” Jiaying replied, agitated.

      “I am the commander. Nothing is going to happen without me.” The tone in which Amy uttered this did not match her message. Jiaying recognized Amy was struggling with herself.

      “Look into my eyes, Amy!” The commander did not react.

      “Look into my eyes and tell me you are going to let all three of them die down there.”

      Amy raised her head and looked at her. The commander's glance wavered—never before had Jiaying seen the commander appear so unsure. She pitied Amy, but she knew she herself was on the right path.

      “Amy, down there are three of our colleagues, friends, lovers. Are you going to tell their relatives back on Earth they had to die for the sake of some strange wall, the nature of which we do not even know?”

      Amy shook her head almost imperceptibly.

      “Are you going to explain to Dmitri Sol someday how his father died, and most of all, why you did not save Hayato, even though you had the means to do so?”

      “But we don’t know... maybe... if... the wall retreats on its own?”

      Jiaying saw Amy’s eyes getting moist.

      “It is not going to retreat. If you do nothing, the father of your son will die. That is a fact,” Jiaying said as coldly as possible. At the same time, she felt a tiny bit insecure. Why shouldn’t the wall retreat? What attracts it anyways? Curiosity? Or even hunger? On the surface of Titan, energy must be consistently scarce. Researchers on Earth have always assumed life could not be possible there. Might it be sufficient if we were to feed the life form? The laser could easily provide 10 megawatts—with modifications, as many as 50.

      “Amy, give me control over the laser. Please!” she implored tensely.

      The commander gave her a surprised look and shook her head. “I can’t do that.”

      “I do not want to shoot at the wall, but behind it. We are going to give the life form in the wall a new target. We will feed it with energy.”

      Amy gave her a skeptical look. “And what’s to say it won’t just consume both targets?”

      “I do not know. We have to try it in order to find out. This is a genuine chance to do so.”

      Amy exhaled. “Oh, well. Watson, authorize laser control for Jiaying. Let’s try it.”

      She had succeeded in convincing the commander! For a moment Jiaying felt triumphant, but then she started thinking about Martin again. Now she could determine where the laser was aimed and fire at the wall. It would happen before Amy could interfere. Is this what Amy secretly wanted all along? wondered Jiaying. To have the decision taken away from her so she can embrace Hayato again with a good conscience? After all, she could have performed this laser experiment herself.

      No matter. Jiaying now could pulverize the dome within a few seconds. She had always wondered what power felt like. It was fascinating, and she immediately noticed its addictive factor. She had to force herself not to give in to impulse. First I have to perform the experiment! If it fails, I can still aim the laser directly at the wall.

      Jiaying marked the target area on the display. It was located about 1,500 meters to the lander module’s west. This was close enough to attract the attention of the being, she hoped, while far enough away so as not to injure it. She gave the command, and in an instant an invisible beam of energy raced toward Titan at the speed of light. It first hit the atmosphere, where its power stripped molecules of their electrons. Along the way, new organic compounds formed that might never have been possible on Titan due to there not being enough energy available to generate them. The bombardment might even trigger the development of new life forms. One could never know. A blink of an eye later, the orange glow of the laser beam hit the icy surface. The sand melted into water, the water vaporized and disintegrated into hydrogen and oxygen, while molecules containing carbon burned. The beam drilled a hole in the surface, a hole that soon grew and filled with water. Above it, a cloud of steam spread.

      There was a faint wind blowing on Titan's surface. The air moving eastward carried some of the heated particles along. They cooled off quickly but were still somewhat warmer than their surroundings. After several hundred meters they hit the alien wall looming several meters above the ground. They fell onto it and transferred the small bit of heat that they were carrying. Not just one particle, but initially about fifteen of them, then hundreds, and finally millions.

      By means of an invisible process the warmer particles showed the way to an enormous source of energy reminiscent of the times at the beginning of the cosmos, when the light bringers had not yet forgotten this world. The collective alien entity had only vague memories of this era. It spent its infinite time waiting, in a state between life and death lasting centuries, until a light bringer once again fell from the sky. Then it arose and would honor the messenger by feasting on the provided gifts.

      The dome opened.
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            January 1, 2047, Titan

          

        

      

    

    
      “Lander to ILSE, the dome appears to be opening. Did you do this? If so, great work!” said Hayato enthusiastically. He had taken over the communication with the spaceship.

      “Yes, a diversionary tactic using the laser,” Jiaying reported.

      “We cannot thank you enough. We will contact you again as soon as we are ready for launch.”

      Martin watched on the screen as the wall retreated. The process was much faster than before. He suspected gravity helped, as well as greed for the enormous amount of energy ILSE beamed to the surface. However, the wall did not just move faster, it also did something else—it split into various sections. Martin used the front camera to zoom in. Several columns had separated from the wall, and as they were moving toward the laser beam they were changing their form. They lost some of their height and gained in circumference. What had looked like a column a moment ago now resembled a barrel.

      “The area is free—we can start,” said Francesca, who was already in the pilot’s seat, watching the brownish-gray sky on the monitor.

      “Please wait another moment!” cried Martin. “This is unique. Don’t look up for once, watch what is happening ahead!”

      The moving barrels shrank with every meter they distanced themselves from the landing site. Martin set the camera image to maximum zoom. What he saw now most nearly resembled thick potato pancakes, slowly aiming for a common target.

      “This looks familiar,” Francesca said. “Huygens was sitting on such a thing. Maybe it was trying to reach the heat of the plutonium pellets, and somehow it activated the radio transmission? Switch to infrared!”

      Martin changed the frequency range. The 'pancakes' were still visibly distinct from the ground. Most of all, he seemed to perceive something like legs or tentacles attached to them. He had no idea what the purpose of these structures would be, but they appeared to reach deeper into the ground than the camera could show.

      “ILSE, please scan the landing site with radar. What do you see?”

      “Just a moment, Martin,” Jiaying replied. Two minutes later she reported back. “A number of spots appear to be gathering around the targeting point of the laser. There is no other way I can describe it. There are also new, smaller walls visible. Maybe... Are they trying to block each other from reaching the energy source—a kind of struggle for food, maybe?”

      “We can discuss that later.” Francesca sounded impatient. “The sky is open, so we should definitely get on the way.”

      “Francesca is right,” Hayato said. “No matter how fascinating this is, one thing worries me—what happens once they have consumed the energy of the laser bombardment?”

      “Then we’ll just repeat it,” Martin said. Then he thought, They can’t be thinking of just fleeing in such a situation? We are observing a completely new form of life!

      “Martin, sit down, we are starting soon.”

      He gave Francesca an annoyed look, though she did not even bat an eyelash. She started the countdown. He hurried, and had barely made it into his seat before the force of inertia started to press him against the upholstery.

      The lander rose a meter into the air, but then something held it back. Francesca landed it again. “Damn, what is this all about?”

      “I’ve got a suspicion,” Martin said, “Perhaps not the entire wall fell for our diversionary tactic. One moment. I am going to take care of it.” He thought about the successful experiment using the flamethrower. What happens, though, if it won’t provide enough energy to satisfy the pancake creatures? He could not allow himself to be bogged down by this question. He put his space suit on as quickly as possible and grabbed a spare oxygen tank and the lighter. Five minutes later he was outside and standing in front of the lander. The problem became apparent at first sight—two pancakes, as he was now calling the creatures, had slid over the lander from the side. They were probably anchored in the ground. He walked about ten meters, placed the oxygen tank in a stable position, and hoped the lighter had not frozen solid yet. He managed to ignite the improvised flame thrower. That was lucky! Then he turned it to full power, and now everything depended on the combustible material not being expended too quickly. Martin raced back to the airlock of the lander. Before entering he saw both pancakes moving toward the flamethrower.

      “Francesca, start as soon as I am in the airlock!” he radioed to her.

      “Okay. Take care!” the pilot answered.

      As soon as Martin closed the hatch, the acceleration set in. He had to go through take-off in his spacesuit, but at least nothing was keeping them down anymore.

      “Using the oxygen tank as a heat source was a good idea!” said Francesca via the helmet radio.

      “It was Hayato’s suggestion,” Martin said.

      “Did you already test it earlier?”

      “Yes, when you were on the way to Huygens. We did it to free the lander for repairs.”

      “Ah, then I know who or what examined my sled with the two spare oxygen tanks I had to leave behind in the mountains, halfway to find the probe. I haven’t told you about that, yet. These things must communicate very efficiently.”

      Suddenly Martin felt a stabbing pain in his temples, mixed with shock and anger.

      “Francesca, did something just happen?”

      “Yes, indeed,” the pilot replied. “There has been a small explosion on the surface. It must have been the oxygen tank.”

      The anger and the pain in his head quickly faded as the lander ascended. Martin leaned against the wall and closed his eyes.

      Shortly before reaching ILSE, Francesca turned off the main engines, and Martin could finally enter the cabin. Five minutes later they docked. Martin had just removed his space suit. He realized he stank, as if he had not showered for weeks, but Jiaying nevertheless greeted him enthusiastically and gave him a long hug. Amy caressed Hayato's back while he held their son. Martin glanced over at Francesca, who leaned against a wall looking thoroughly exhausted.
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            January 2, 2047, Earth

          

        

      

    

    
      Devendra Singh Arora entered his office with a smile on his lips. He was thinking of the words his daughter had spoken as he had left his home, “Wuv you sooo much. Two gummy bears? Pwease?”

      “Happy New Year! You look like you had a great start,” said his colleague, Ellen, with whom he shared an office. Everyone called her Dipsy because she supervised the DPS, or Data Processing System, for the spaceship ILSE.

      “The same to you. Yes, we shared a toast with the twins at midnight.” Devendra looked down at his clothing. He noticed a spot on the sleeve of his gray shirt. It must have happened when he had eaten breakfast together with his family.

      “Imagine, they are already over a year old,” Ellen said. “You should bring them by again—I haven’t seen them since they were babies.”

      “You’re right, and anyway, they always want to know where I am going,” Devendra said with a smile. His son and his daughter were such darlings. In retrospect he was glad his astronaut career had come to nothing. Shortly after recovering from his training injury he had met his current wife.

      He settled into his desk chair. “Is there any news from Saturn?”

      “You really were on vacation, weren’t you?” replied Ellen with a grin. “I don’t even know where to start.”

      “You know I do not take any work home with me, on principle.” When he was transferred from astronaut training to the Johnson Space Center (JSC), as a kind of compensation for not being able to go on the trip to Saturn, it had taken a while for his new colleagues to get used to his principles. Very few people at the agency did not want to ever be disturbed at home, but for him this was important. Everyone here did unpaid overtime work, but when he had time off, he needed it for his family and for himself.

      “The message you received from this guy, Robert Millikan... the ILSE crew actually found activity on Titan.” Ellen then started to tell him everything that had happened during the last two days.

      Devendra leaned forward and listened. It took Ellen fifteen minutes to finish her report. In between, he repeatedly wiped sweat from his forehead. One time he even got up to check the air conditioning, but it was running at almost full power. He turned the knob to its highest setting.

      “Forty-eight hours! I was gone 48 hours, and all of this happened?” Devendra leaned back in his chair. “This is insane. I am going to need a cup of coffee first. You want one?”

      Ellen nodded. “Let’s go to the cafeteria.”

      Devendra turned toward his computer. “Just a moment, I am going to start this booting up, since it always takes so long.” He’d had the same computer since he had started working here, mostly due to NASA currently lacking sufficient funds for new purchases. Ellen was already waiting by the door.
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        * * *

      

      The cafeteria was surprisingly crowded. It appeared many of his colleagues had taken time off and wanted to chat with one another after the holidays. The vending machine spit out a Styrofoam cup and filled it with hot coffee. Devendra immediately sipped it, and as usual he burned his tongue with his first mouthful. He just laughed because he did not want to let it spoil his mood. Many colleagues greeted him. The faces he knew, but he could not associate most of them with their names. He was almost a celebrity here, since he had not reached his position as CapCom in the usual way. In addition, his turban and beard made him stand out from the crowd, even though he was no longer the only Sikh at the JSC.

      “Hey Dipsy,” one of the others asked his colleague. “Have you heard about this?”

      Devendra left the two of them and walked up to the long row of windows. There he pulled a chair toward himself, sat down, and looked out on the lawn. Gradually, the din behind him faded away. His coffee was half empty by the time Ellen came up to him.

      “Sorry,” she said, “I had to talk to Sinclair, who will be responsible for guidance systems on the next Mars mission.”

      Devendra looked up at her and asked, “The one that keeps getting postponed year after year?”

      Ellen shrugged and pulled a chair up next to him. “Next year it’s really going to happen, he says.”

      “Poor Sinclair.”

      NASA had also asked the Sikh whether he would be available as an astronaut, but he could not imagine this being a serious offer. Maybe they just wanted to give him the impression they had not forgotten about him. Devendra had informed the space agency he was regrettably unable to accept it. He really liked the role he was playing right now. While he basically was an observer, he could contribute to getting ILSE back home safely someday.

      This was why the loss of Marchenko had hurt him so much. At first, Devendra instinctively tried to blame himself for aspects of the loss. Yet during the past two days he had managed to see this as nonsense. His wife had helped him a lot in coming to this conclusion.

      “How crazy, it’s been only a few days.”

      Ellen gave Devendra a puzzled look. Of course, she was not able to follow his silent thoughts.

      “It does not matter,” he said. “I was just thinking.”

      His colleague nodded, since she knew him well by now, and had become a friend in the meantime.

      Ellen asked, “And how are you doing?”

      “I do not know,” he replied. “I have been working and have had little time to think about it.” As if on cue, both of them got up. Devendra offered his arm and Ellen took it. Like an old couple, they walked through the long, neon-lit corridors until they reached their office.
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        * * *

      

      Devendra hit the space bar on the keyboard of his PC to wake up the monitor. Only 137 emails, he silently marveled. There were times when he would spend half of Monday just working through his emails. He glanced through the messages. Most of them were from the team watching ILSE and he was only CC:ed on them—status reports, summaries, sometimes a request for certain data. Most of it did not directly apply to him, since the CapCom only served as the connection to the astronauts. He was allowed to talk to them, but he really did not have much say-so—with the exception of the means of communication, how he conveyed a piece of unpleasant news to the crew was his own decision.

      Amidst all the emails with sender labels of nasa.gov, Devendra noticed one that seemed to be from a private account. It had been sent from Robert Millikan, the guy from the former Green Bank Observatory who had informed him about the signal sent by the Huygens probe. He probably only wanted to know what they had concluded about it. Devendra shook his head. The events of the last few days were not ready for public consumption yet. A presumed new life form, the second within a few days—he was sure NASA wanted to keep this fact under wraps until things were clarified. He would just send Millikan a few evasive and encouraging words.

      Or should he first deal with the agenda for the day? The team meeting was about to start in half an hour. He had better be prepared, as there probably would be a lot to discuss today. No. He braced himself. The old man, Millikan, whom he imagined to be a white-haired, grandfatherly type, deserved to receive an answer. After all, it was his message that had created the stir at NASA, so Devendra opened the email. He had already mentally formulated his answer, so he was even more shocked by what he read now. Millikan supposedly had received a short radio signal—from the surface of Enceladus!

      “Ellen,” he said, unable to keep this to himself, “imagine; someone just wrote me that he received a signal from Enceladus.”

      His colleague got up, came toward him, and looked over his shoulder.

      “Millikan? Isn’t he the radio astronomer?” she asked.

      “Yes, and he was right once before. Do you know what this means?”

      “You really think Marchenko...?”

      Devendra nodded several times. “Perhaps—or at least it’s Valkyrie. Of course we will have to verify this. Maybe it is only a reflection of a signal sent by ILSE. The radio antenna only recorded the time-integrated signal, and unfortunately Millikan could not decode it.”

      “Why did we receive this transmission, but ILSE didn’t? The spaceship is much closer to it.”

      “I do not know. Perhaps it was in the radio shadow of Saturn at the very moment.”

      “And when did all of this happen?”

      Devendra scooted closer to the monitor.

      “Fuck,” he cursed, which was not typical for him. “It occurred the day before yesterday, in the evening.” For the very first time he felt bad about having kept his New Year’s Day free from any connection with work. If only he had checked his emails on his tablet.

      He looked at his watch. Twenty more minutes before the team meeting. For once he was glad to be participating in a meeting soon. The others surely would have some ideas on how to proceed.
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        * * *

      

      They met in FCR White, on the fourth floor of Building 30. Twenty years ago, the offices had been moved due to a shortage of space, yet the FCR, or Flight Control Room, was still in the same windowless building that had been constructed for the Apollo program back in the 1960s. Everything here smelled of history. Devendra let Ellen enter the room first, and they saw some of their colleagues were already there. FIDO, the Flight Dynamics Officer, sat in the first row and yawned as his greeting to them. Since the trajectory of ILSE needed to be checked around the clock, he was one of the people working in shifts.

      Even after three years, Devendra was still glad all desks had little signs describing the person’s function in NASA acronyms. The room had space for five rows of desks and about twenty specialists, who changed regularly and sometimes came from outside contractors. He therefore could not possibly remember all of their names and faces.

      The current status data for ILSE was being projected on the large wall in front. Devendra could not make much sense of all these numbers. This was not his job, but the task of GNC, EGIL, FAO, EECOM, and so on. And of course, there was the DPS or Dipsy, his officemate Ellen. She had patiently explained all of these acronyms to him at meetings when he had first arrived, but a few days later he would have forgotten them again.

      Behind them, Jennifer Seidel entered the room. She was the FD, or Flight Director. The boss, who was responsible for things running smoothly. ILSE was her expedition. She had tried to resign right after Marchenko’s death, but the Chief Administrator of NASA had personally asked her to stay and not leave the crew in the lurch. Jennifer had changed, though. In the few days since then, Devendra had not once heard her laugh. The rings below her eyes revealed her lack of sleep, and she more than likely had spent yesterday’s holiday in the Mission Control Center.

      “A Happy New Year to all of you,” the FD said as she started the meeting. “Most of all, let’s hope for a quiet year, ending with a successful homecoming.”

      The staff applauded, and Devendra joined them in doing so.

      “I assume you are all up to date,” Jennifer said. “After all this excitement, things seem to be coming to a happy end after all, so to speak. I wanted to talk with you about how each of your areas of expertise could improve things to ensure a smooth return trip for ILSE. That is, if there is such a thing in space.”

      EGIL spoke up. “Electrical, General Instrumentation, and Lighting,” the specialist said. “I am not sure about how we are to represent things to the public. What should I say if someone asks questions?”

      “Could PAO please answer that?” Jennifer Seidel looked to the right, at the representative of the Public Affairs Office. Devendra could not remember the woman's name.

      “We are currently evaluating options,” the young woman said. “It is not very easy. We would like to avoid undue excitement in the media. Therefore I would ask you to remain silent and have some patience. I should definitely know more by tomorrow.”

      “Thank you, PAO, we are looking forward to hearing from you.” Even the Flight Director’s hands were tied as far as dealing with the public was concerned.

      Devendra raised his hand, and Jennifer nodded to let him have the floor. He cleared his throat.

      “There is one issue we have to resolve before talking about the return trip. Robert Millikan; you surely will remember his name; has received a radio signal from the surface of Enceladus.”

      A young, long-haired man stood up, and seemed exceptionally excited. The sign on his desk displayed the acronym INCO—the Instrumentation and Communication Officer responsible for radio traffic with ILSE.

      “When did this happen? We have not received anything here.” The INCO nervously rubbed the side seam of his pants. He probably was afraid of having made a major mistake.

      “The signal was received in the evening of the day before yesterday, at the Green Bank Radio Telescope,” Devendra explained. “It was much too faint for you to receive it. Unfortunately, I just found out about it this morning.”

      Jennifer wrinkled her nose at him.

      Devendra noticed her dissatisfaction with his news. “Yes, FD, this is bad. I am sorry, but I cannot change it.”

      “No problem,” she said, “but before we get everyone excited, we should check to see if it could somehow be something else.”

      Devendra explained what Millikan had written about it, that the signal definitely contained a message. Therefore it could not be the result of a random electrical discharge that just happened to be received in the correct wavelength.

      “We cannot completely rule out a reflection, can we?” she asked the CapCom.

      “That is correct, Jennifer. A signal coming from somewhere else could have bounced off Enceladus. In this case we would have to ask why anyone would send transmissions in the direction of that moon. Everything we have out there concerning probes and ships, of which there are very few, uses directional antennas. They certainly would not aim at Enceladus if they were trying to reach us.”

      “We should still check in case it is actually a reflection.”

      Devendra nodded in agreement. The FD had summarized everything perfectly.

      “Does anyone else have a possible explanation? Or maybe another reason why we should not inform ILSE about it?”

      Devendra was quite sure why the FD had been offered the job. The 50-year-old woman was an expert in psychology and politics. Once the crew of ILSE learned of this signal, fresh wounds that were just beginning to heal would be torn open again. Even if they phrased it very carefully, it would inevitably raise new hopes where none might be appropriate. One fact remained, however. Since then, the signal appeared not to have been repeated. Otherwise, Millikan would certainly have mentioned it to him.

      He remembered the Valkyrie drill vehicle was still stuck up there, somewhere in the ice. Perhaps the AI on board had sent a message before finally turning itself off. Devendra made a note to check later with the manufacturer of Valkyrie whether such a behavior was preprogrammed.

      EECOM spoke up, “Electrical, Environmental, Consumables, and Mechanical.” The stocky older man was responsible for the life support system on ILSE, among other things. Devendra liked to talk with him about astrophysics, a field in which EECOM also held a Ph.D., but he had forgotten the man's name. “There is nothing natural up there that could cause such a discharge. I ran the calculations. If we assume Valkyrie is the source, the message would have cost it at least half of its battery charge. There is nothing else left there to send us such messages.”

      “Fine,” Jennifer said. “Then we’ll just have to postpone the planning of the return trip for later. CapCom, you will need to think about how you can tell it to the crew without creating unnecessary hopes. Perhaps we should come up with some excuse, I don’t know.”

      “Should I...”

      “No, Devendra, when you are ready, we are going to formulate the message. I trust you completely to deliver it, since you know them better than I do. I myself will stay in the background.”

      Was this a punishment, to teach him not to ignore messages on his computer for too long? He would not put it past the FD, and if it were so, he certainly deserved it.

      “Could you come to my office as soon as you can?” she asked him.

      Devendra nodded.

      “I will see the rest of you, by tomorrow at the latest. Have a nice day everyone.”

      Jennifer Seidel got up and left the room with long strides.

      
        
          
            [image: ]
          

        

        * * *

      

      The rough draft did not even take him ten minutes. Devendra then took his handwritten notes to the FD’s office. He preferred to ad-lib, and only took the notes to make sure he did not forget anything. He knocked, opening the door when his boss said, “Come in.” The office was smaller than his own, but Jennifer Seidel did not have to share it with anyone. So far, he had only ever met her here in her office, or in the FCR. Does she actually have a private life? he wondered. Jennifer must have been at NASA for a long time, since she knew absolutely everyone and everybody knew her. Her face appeared a slight gray, as if she had aged in her little sunless office. Her desk did not display any family photos or any of the other little personal items one might expect.

      “Let’s get this over with,” she said. “Just a moment, let me clear the desk for you.”

      She took a few papers off the desk, so now everything looked perfectly neat. There was a camera attached to her computer screen. All Devendra had to do was to sit down in her office chair, start the recording, and talk. Jennifer pulled a second chair closer and placed it at an angle behind him. He clicked the recording button.

      “This is CapCom,” he began. “We have received an interesting signal at the Green Bank Observatory antenna. After detailed analysis we have concluded it warrants further investigation. However, the signal was sent only once, lasting less than a minute. We assume the message was not able to reach you because ILSE was in the radio shadow of Saturn at the moment of transmission. We are unable to say much about the nature of this signal, except that it was not caused naturally and it was sent on a channel your expedition also used. We should not get too optimistic, especially since the signal has not been re-sent since then.

      The source is located on the surface of Enceladus. For this reason it is clear you will be unable to avoid assigning significance to the signal. We give you free rein to choose any action you consider useful. This includes disregarding the signal and continuing your return trip home. CapCom, over.”
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            January 2, 2047, Valkyrie

          

        

      

    

    
      Valkyrie covered the first part of the way without any problems. It had taken Marchenko a while to get used to the darkness, and it was for this reason he was glad he did not have to exit the vehicle right away. It was a completely different blackness than on the surface of Enceladus, or even in space. In his old life on Earth, darkness created a feeling of infinity. This was probably due to the stars, those tiny holes in the celestial vault. Marchenko remembered lying at night on the grass in a park, gazing up at the firmament. He had been almost addicted to this infinite freedom. It was so different from the crowded apartment where he lived with his mother, where he drank to tolerate his constantly shit-faced father and to fortify himself against his foul-tempered mother.

      Perhaps the blackness of the cosmos was easier to handle because it kept its distance and was incomplete. It did not clasp him like the darkness below the ice. Marchenko sighed. Useless thoughts. Machines were much better off in the long run. Valkyrie found its way using radar sensors, and it did not require light to cross the perfect darkness, which did not affect it. The computer connected to the camera displayed nothing. Absolutely nothing. Yet this 'nothing' was not far away, like the night sky seen from the grass, but very close, only two or three meters from him. Down here there was only himself, Valkyrie, and the nothingness outside. Of course the sensors told him there was something—a lot of ice, for instance. Not being able to see it concerned him. It seemed his species had not progressed much from a million years ago, when his ancestors lit the first fires in caves to protect themselves against the darkness. He shivered.

      But Marchenko would not be Marchenko if he did not hope to eventually get used to this menacing blackness. At the end of the voyage, he had to exit this protective metal tube and enter an almost unknown world wearing a fragile space suit. Until then, he decided to take an occasional break and to activate the searchlights of Valkyrie. According to the logbook, the vehicle was just traversing a cavity Francesca and Martin had named ‘Aladdin’s Cave.’ While the earlier camera recordings for this area had been protected by Francesca’s personal password, Marchenko had eyes to see the spectacular marvel himself. He stopped Valkyrie, turned on the searchlights, and was bedazzled. Gold and silver and all colors of the rainbow appeared in patterns created by the current. The name they assigned to this place was really no exaggeration. He wondered how Francesca might have reacted to this, and he experienced a wave of joy that seemed to come straight from his girlfriend’s heart, and that sensation was something unknown to him.

      Marchenko was overwhelmed by it all, and his eyes filled with tears. He had to sit down to steady himself from having a near-emotional deluge. “It’s like a fairy tale,” he suddenly heard. It was Francesca’s voice! What is happening here? Am I losing my mind? He got up and checked the oxygen level. The life support system was working fine, so it couldn’t be altitude sickness. He was still experiencing Francesca’s intense joy. Even when she used to sit right next to him, she had never been more present than she was at this moment. He almost believed he could feel her warm skin, smell her scent, and sense the aroma of the shampoo she always used hanging in the air.

      Then the mood faded. The colors on the walls still shimmered supernaturally, but Francesca’s presence had disappeared. Once again he was alone on board—or one might say he was normal again. But he knew the sensation he had just experienced was more than wishful thinking. It was a gift, he decided, though he did not know from whom. The keyboard was before him, and once he hit the Enter key, Valkyrie would continue on its course.

      Spellbound, Marchenko could not tear himself away from this scene. He made the vehicle move in small circles so he could take in as much as possible of the splendor on the monitor. Valkyrie was in a cave in the middle of the ice, measuring perhaps 50 by 50 meters, and about 80 meters high. It was a magical hideaway, although he was aware the colors were deceiving. What sparkled and shimmered here was not real gold, but molecules, the nature of which he did not understand and could not determine. He felt the urge to put on the space suit and explore Aladdin’s Cave for himself. Unfortunately, this would also mean the end of his journey. He could only leave the vehicle via the emergency hatch, and once he opened it, Valkyrie would be flooded by icy water.

      Marchenko looked at the monitor and saw it was approximately another 48 hours to his destination. He pressed the Enter key to make the vehicle continue on its journey. Aladdin’s Cave was a unique hydrochemical phenomenon, but at the end of his trip he hoped to find something even more magnificent.

      Without any notice, Marchenko now stood in front of the wooden door of a church. It had been painted brown, but the paint was already peeling. The door handle was very high up, as if the door was meant for giants. Marchenko needed to stand on tiptoe to pull it down. He flinched when the door moved inward with a loud creak. Shhh! Everyone is going to hear me come in. They are going to turn around and give me nasty looks! He breathed nervously, but the interior was empty.

      There was a strong smell of incense. Even though it was bright daylight outside, no light shined through the tall windows. In spite of this it wasn’t completely dark, either. Marchenko took a closer look at the windows. They were not made of stained glass mosaics, as usual, but of normal translucent glass. Behind them colorful fish swam, occasionally bumping their mouths against the panes. The fish had to be huge, but he was not afraid.

      Marchenko realized he was inside an Orthodox church. The front area of the large, cross-shaped room was separated from the rest of the church by a wall of icons—the iconostasis. There were benches near the side walls, but the large circle in the middle was empty, except for a baptismal font. The font gave off a golden shimmer, as if lit by a focused beam of light coming from above.

      Marchenko looked for its source, but the light seemed to come from beyond the dome of the church, somewhere in the nothingness. Now old memories came back. I know this church from somewhere. His mother always sat in a pew at the edge, in times when his father had once again beaten her so badly she could barely walk. Somehow, she always managed to limp to the church and the priest.

      He went to the first pew on the left. He used to sit here, pressing his fingernails into the hard wood. If I manage to break the pew with my fingernails, Father will stop beating mother, he would think. Then he is going to die, he imagined, looking up toward the dome, waiting for the lightning that would strike him for thinking such a thought. As the punishment did not occur, God must have approved of his plan. Marchenko looked at the hard wood and did not find any scratches at all.

      He sat in the pew, wondering, What am I supposed to do here? This is obviously a dream. He looked at his hands and his legs. They belonged to an adult, so he was no longer a child. Instead of normal clothing he wore the thermal underwear of the space suit, the LCVG.

      The baptismal font in the middle, situated under the dome, was new. He had never seen it before, nor did it belong in here, as it was much too small for an Orthodox church. Marchenko got up and walked toward the center of the church. When he looked up at the dome he realized it was huge. This was no longer the church his mother had taken him to when he was a child. The interior was tall, and his steps did not echo, even though he walked with hard-soled boots across a marble floor. The font, he noticed, was in the exact center directly under the dome. Around him was the space for the congregation, while in front of him the iconostasis hid the path to the inner sanctum behind a wall of images of Jesus, Mary, and the saints.

      Exactly in the middle of this wall there was a double door. It had no door handle, just a keyhole. Suddenly he remembered receiving a key from his father, and he was feeling hot. His father had ordered him to wear the key on a string around his neck and to never lose it. Marchenko touched his neck, but there was nothing there. He was afraid his mother would once again be punished for having a bad son. He turned around, wanting to look at his mother in the pew, but nobody was there. He was alone.

      Marchenko braced himself with both arms on the baptismal font and shook his head. This was the past, almost 50 years ago. He did not have to worry about his mother anymore because she had been buried in the cemetery of the church long ago. He remembered the taste of koliva, the honey-sweetened, boiled wheat berries the congregation had shared during the funeral ceremony. He turned his head to the left. He saw the door and had the impression it would play an important role in this dream, and he had to go through it. Marchenko walked toward it and tried to push it open, but it did not budge a millimeter. He needed the key his father had given him.

      The solitary baptismal font glowed in the middle. He once more tried to find the source of the light. He walked around the font several times, but in vain—he simply could not see where the beam was coming from. He bent over the font. It was filled with a dark liquid that seemed to be more viscous than water. He pushed against the vessel from the side, but the liquid did not move. Even the light bathing the baptismal font bounced off its surface. Marchenko dipped a finger in it and was surprised by its warmth. Must be almost 25 degrees, he estimated. He looked at his finger, which seemed to be covered by something like a thin oil slick, but the liquid did not smell like oil, or have any odor at all.

      Back then, over 50 years ago, the font had been at the edge of the domed section, a water-filled bronze vessel in which the priest immersed children during baptism. Marchenko remembered this—not his own baptism, of course, but many others he had later witnessed. The ritual always appeared magical to him, as if the hand of the priest had turned into the hand of God, who now protected the newcomer. Marchenko whispered the sentences he had memorized by hearing them so often.

      “Do you renounce Satan, and all his angels, and all his works, and all his services, and all his pride?”

      These words at first seemed unfamiliar to him, since they had been buried so deep in his brain.

      “I do renounce them,” he said.

      “Do you renounce Satan, and all his angels, and all his works, and all his services, and all his pride?”

      The dialog repeated itself. The third time, Marchenko spoke his answer much louder.

      The next line came. “Then blow and spit upon him!”

      Little Dmitri had always considered this the climax of the ritual. Blowing and spitting at the devil, laughing in his face, mocking him, and showing contempt for him—all this in the secure knowledge he would get away with it because God guarded him. This was a powerful symbol indeed! As a child he had always wondered why the godparents did not use this opportunity more joyfully and only hinted at spitting.

      Marchenko looked at the iconostasis.

      "Dost thou unite thyself unto Christ?” A whisper moved through the room. Had he just said this himself?

      The answer formed in his head: I do.

      Marchenko closed his eyes and lowered his face into the warm liquid. It caressed his skin. Behind him he heard the priest sing. All of his fears disappeared, and he knew now he would no longer need the key his father had given him. The door to the inner sanctum would open when he wanted it to. Marchenko stopped holding his breath and opened his mouth. The liquid flowed into his lungs. He let it happen, and did not even cough as a reflex. His body was dying, but he would live.
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            January 2, 2047, ILSE

          

        

      

    

    
      There was a draft from somewhere. Martin felt cold and pulled the blanket toward his torso, since Jiaying had almost completely monopolized it. She mumbled something he did not understand. She was probably dreaming. She was sleeping on her side, facing the wall. He could only see the back of her head. Her black hair was thick and strong, and even after the night it still looked almost freshly combed. Martin cuddled up closer to his girlfriend and placed his hand on her hip. The bed was definitely not intended for two adults, but they had no other choice if they wanted to spend the night together. If only Jiaying wouldn’t turn down the temperature so low! He shivered under the thin blanket, and not even Jiaying’s body heat was enough to keep him comfortable.

      Martin decided to just get up. He left the bed as carefully as possible, and hoped a hot shower would warm him up. At the door, he glanced back into the room to see that Jiaying had immediately taken over the whole width of the bed. She was breathing evenly. Smiling, he remembered their reunion yesterday, the wonderful feeling of having Jiaying in his arms again. The tricky landing, the take-off that almost failed. As far as he was concerned, they had lived through enough adventures. He would not mind if—no, more than that, he hoped—the next twelve months were uneventful, a harmonious routine in which everyone knew what to do... and did it. The hot water ran across his skin, a clear reminder of the great advantages of human civilization.

      Martin’s hope only lasted for twelve hours.

      When Amy called all of them to an urgent meeting via the ship’s radio, he realized the adventure was not yet over. Today everyone was supposed to be having time off, a day just for personal use. In a different time or place people might have arranged an excursion. He had heard that Amy, Francesca, and Hayato were going to play board games in the afternoon. He thought the idea strange, adults playing board games in hostile outer space, but he understood the reasoning—Amy did not want Francesca to have to make it through the day alone.

      What were they going to discuss now? Martin was just reading something to Jiaying when Amy’s message came over the loudspeaker. If Amy bothered them on a day like today, it must be something important. It could only be something related to Earth or Mission Control.

      As expected, CapCom spoke to them via the fog display when they got there. Devendra kept his message brief.

      The instant he said, “The source is located on the surface of Enceladus,” everyone looked at Francesca. She appeared to be turning pale.

      “For this reason it is clear you will be unable to avoid assigning significance to the signal. We give you free rein to choose any action you consider useful. This includes disregarding the signal and continuing your return trip home. CapCom, over.”

      After Amy turned off the fog display, no one knew what to say. All color had drained from Francesca’s face. Martin was glad not to be in her shoes, because he knew she blamed herself for Marchenko’s death—or for the event that they, until now, had considered to be the Russian’s death. CapCom had explicitly warned them against getting their hopes up, yet one could see even Devendra was not immune to it. If there was no chance at all, Earth would not have bothered to report the signal to them.

      Francesca got up.

      “I am sorry,” she said, “but I have to go to my cabin right now.”

      She left the command module as fast as zero gravity would allow.

      “I think we all know what to do… don’t we?” Amy looked at each of the three remaining astronauts. Martin met her gaze without flinching. After we have come so far, we’ll manage a little detour, he thought. Who would have imagined we were going to see Enceladus up close once more?

      Only Jiaying did not seem to completely agree with what was obviously going to be proposed. “Shouldn’t we carefully weigh opportunities and risks first, before making a decision? We should be allowed to think about it for a little bit, shouldn’t we?”

      Martin was glad Francesca wasn’t in the room anymore. This was probably what she had been afraid of.

      Hayato nodded. “Yes, quite true,” he said slowly, “it can never hurt to think about decisions. In any case, we should be worrying about the ‘how,’ and not about the ‘if.’ For me, there is no question of whether or not we should check what significance this signal might have.”

      Jiaying leaned back. She at first wanted to say something, Martin noticed, but finally restrained herself.

      “Well, then,” the commander said, ending the brief discussion. “If there are no more objections, I will tell Watson to head back to Enceladus. After all, it’s practically around the corner. We are going to move from an orbit around Titan into an elliptical course around Saturn, during which time we will have a short rendezvous with Enceladus. That way will be faster for us; after all, the signal is quite old by now. If it was really sent by Marchenko, which no one appears to know for sure, he would urgently need help by now.”

      “So we won’t have much time, will we?” asked Martin.

      “Correct. ILSE will only be sufficiently close to Enceladus for a few minutes. We would have to decide very quickly whether to launch the lander module or not. If we do so, the ground crew in the lander will be on their own and cannot expect any help from above until the spaceship can achieve a real Enceladus orbit after circling Saturn a few times.”

      The commander has planned a very risky maneuver, Martin thought. He imagined the sequence of events. The spaceship would first have to accelerate to escape from the gravity of the moon Titan and to reach an orbit around Saturn. Then it would have to decelerate and let itself be pulled closer by Saturn, all of which would have to be done like an intricate dance to ensure their course would intersect with the path of the ice moon Enceladus at some point. Luckily we have an AI that can calculate all the necessary maneuvers. The real stunt would come afterward, though. Enceladus and ILSE each moved along separate paths at their own speed—like two vehicles meeting on a highway. Then the driver of one car would throw an apple—in this case, the lander—through the open window of the other car, where it would land in the lap of the motorist.

      That would be faster, of course, than if both cars first stopped or drove alongside each other, which would allow the driver to simply hand over the apple. The moment must be chosen precisely or the apple would land in the bushes. Martin did not want to imagine where the lander might end up, when this illustration was applied to reality. Fortunately, Jiaying had not specialized in astrophysics—she either did not quite realize the complexity of the maneuver, or she was assuming they would decide against a landing. Knowing Amy, that was not an option to consider.
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            January 3, 2047, Valkyrie

          

        

      

    

    
      What he would have given for a liter of fresh milk! In the supply closet he found some corn flakes, a very American breakfast cereal to be sure, but he liked them all the same. If only the flakes were not so dry! He tried adding water, but then it tasted awful. Back to dry. Marchenko carefully lifted the spoon and put it in his mouth. In the minimal gravity, the cereal quickly spread through the room. At least here it did not float forever, the loose flakes gradually descended nearby. Marchenko looked around and saw a scene reminiscent of a toddler having a meltdown during breakfast.

      He wondered how the commander’s baby, Sol, was doing. After all, he himself had been the first person to see the newborn. The doctor would have liked to watch him discover Earth. By the time ILSE arrived home, Sol might already be walking.

      Marchenko presumed he would not be able to avoid ending up in the history books. True, he was the obstetrician of the first human being born in space. But he would also be the first researcher to explore the interior of the Forest of Columns, and would have the added distinction of being the first human to be buried outside of Earth. He imagined future quiz shows with the one million dollar question, ‘Whose remains cannot be found on Earth?’ Marchenko laughed at this possible scenario, just to hear the familiar sound. It was not completely silent inside Valkyrie, since the machinery created a constant background noise, but he missed human voices. Later he would play one of the videos he had found in the media storage section. He would turn off the display, though, just wanting to have voices around him.

      Before his breakfast he had pondered for a long time, wondering what last night’s dream might mean. He did not believe it was a random creation of his brain. These images had been hidden for too long. Sure, maybe people tended to recover ancient memories in stressful situations. However, the story he had experienced seemed too symbolic, not like the normal dreams he dreamt at night.

      Most of all, Marchenko knew about similar experiences from the logs left by Martin Neumaier. Martin believed the intelligent entity occupying all the cells of this ocean had spoken to him in this way. Martin was sure about this, but strictly speaking it was not more than a possibility so far. It was also the reason Marchenko had decided to explore the Forest of Columns in detail. He imagined that the being living here must be very strange. For billions of years it must have assumed there was no other intelligence besides itself. Now these humans had arrived, with their diversity of thoughts. This must have been a quantum revelation for the entity, perhaps maybe a reason to call itself into question. Or did Marchenko take himself—his race—too seriously by assuming this?

      The thoughts of such a being must definitely be thoroughly alien. Even if it could communicate with other beings by electrophysiological means, it first would have to find common ground with them. His old memories might have been a specific means to this end. Maybe the being, whose name he did not know—who until now had not even needed a name, as it was so unique—had searched through fragments of his memories until it found images that fit its message.

      What was the content, and what was it trying to tell him? Marchenko did not wake up feeling he had experienced a nightmare. Rather, the basic sense of the dream had been one of curiosity. Should he interpret the dream as an invitation to open the door leading to the inner sanctum? That would be great, for he could encounter an alien intelligence. And he would not be utterly alone in the hour of his death. Ultimately, that was something he was truly afraid of, Marchenko finally admitted to himself.
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            January 3, 2047, ILSE

          

        

      

    

    
      During the night Martin had lain awake alone in his cabin for a long time, after having explained to Jiaying exactly what Amy was planning to do. His girlfriend had been shocked at hearing his explanation, and he could understand why she felt this way. She was afraid, and for good reason. Up to now, even maneuvers they had initially considered to be child’s play had come close to catastrophic failure. Space was a pitiless environment and did not allow for mistakes. How would a plan fare that, from the outset, seemed so complicated?

      Martin laughed, which sounded odd in his tiny cabin. Maybe this is the trick, after all is said and done; attempt the impossible in order to achieve something feasible. Hasn’t someone famous said this before? As if space cares for such inspirational crap! Why don’t I agree with Jiaying as far as this plan is concerned? Shouldn’t I be as much afraid as she is? Did I turn old and wise without noticing it?

      No. It was the good feeling of knowing others were there for him. No one would be left behind. He had lacked this certainty during his childhood. His father disappeared, and his mother had been barely able to get her life under control. Naturally, Martin had taken over responsibility for her. Through the years, the idea of not being able to save himself, and being dependent on others, had absolutely frightened him. Later, he had found a true love and been powerless in the face of her suicide. All of this explained why he preferred not feeling responsible for anyone. Since he had never been very talkative, this had not been too difficult for him.

      Now, however, Martin felt he had found good friends, a substitute family of sorts. He would have to talk more with Jiaying. He really wanted her to understand his motivation.

      First though, there was some work to be done. The commander had ordered him and Hayato to repair the lander. The module needed something it could land on. In this respect, Enceladus was not very demanding, since there was no atmosphere and very low gravity. The main problem would be to compensate for the velocity differential. As long as ILSE traveled a different course than the moon, the velocities would also differ.

      They would have to spend most of the fuel to adjust for this difference, because in the end, the lander capsule could not just touch down on the surface—it needed new landing struts that could absorb a substantial impact.

      Martin met Hayato in the lab, the small module in front of the command capsule.

      “Watson has no idea where we could find material for landing struts.” The Japanese astronaut appeared to have been busy researching the issue with the help of the AI.

      “Then we had better get creative,” Martin said. He liked the idea of being smarter than the artificial intelligence. “Watson obviously did not find a single spare part that could replace the landing struts. But what if we cobble something together?”

      Hayato nodded. “Let’s use the term ‘construct something’ when talking to the others, as it sounds a bit more reliable.”

      “Can you think of a material that is resistant to cold, of which we might have small quantities on board?”

      “My colleagues at Princeton Satellite Systems always swore by pantyhose and said they could repair anything with it. I am sure our three female astronauts have some on board.”

      Martin shook his head. “Not this time, as it wouldn’t resist extreme cold. At minus 150 degrees it would no longer be elastic, but we are thinking in the right direction. We just need another type of synthetic.”

      Hayato turned around and placed a hand on the ‘workbench,’ which was actually a simple table. “Watson, what material is this tabletop made of?”

      “Polyethylene—UHMW,” the AI announced.

      Due to the wood grain pattern, Martin had been so naive as to assume it was actually wood. If that had been the case, utilizing the tabletop would have been risky, because wood is flammable.

      “Specify thermal characteristics of PE-UHMW.”

      “Melting point 135 degrees, impact-resistant to minus 200 degrees.”

      “Thank you, Watson,” Hayato said excitedly.

      “The tabletop here won’t be enough,” Martin said.

      Hayato nodded in agreement.

      “Ah… I know what you are thinking,” Martin said, turning toward the entrance of the command module. “After all, this is not our only table. But what will the others say if we remove all of the tables?”

      “Just a moment, I am going to get it approved by Amy,” Hayato said, turning around. Instead of using the on-board communicator, which Martin would consider practical, Hayato obviously wanted to ask Amy in person. Well, let him, Martin thought, and started to unscrew the table in the lab. Ten minutes later, his fellow astronaut returned with a grin.

      “She is not exactly enthusiastic, but if it is necessary... however, I had to promise we would reassemble the tables after the mission.”

      Martin shook his head. “We are going to have to melt them down.”

      “Sure, and I think Amy knows it, too.”

      Hayato and Martin spent all afternoon removing tabletops and forming them into thick pipes. They did not even have to melt them completely—they just heated them enough so they could be rolled up like giant crepes. It was not easy reaching just the right temperature to achieve this effect, as each tabletop could only be rolled once it was hot enough across its entire length. How could they do this using a heating instrument that looked like a soldering iron?

      After almost destroying the first tabletop, Hayato had another idea. “What if we run a short-circuit current through a long metal rod? You can imagine how hot it will get.”

      Hayato and his experiments, Martin thought. I wonder whether they developed the fusion drive this way. The Japanese engineer used to work at the company that had developed the fusion drive used in ILSE.

      “And what if it suddenly gets dark in the ship because all of the fuses are blown?”

      “We have to do this on a separate circuit, of course,” Hayato said. “Watson should be able to provide one of the DFDs as an exclusive power source.”

      Hayato rerouted some cables on the floor of the lab.

      “Oh-oh,” Martin said. “Let’s not forget to change it all back afterwards.”

      At 19:00 ship time the two men had finished assembling the new struts. On Hayato’s suggestion they filled them up to two thirds with water and then closed them at both ends. This gave the new landing struts more stability, since at minus 180 degrees water became hard as iron, while they would still keep their elastic properties due to the polyethylene covering.

      Once they attached the struts, Hayato gave Martin an enthusiastic nudge with his elbow. “We should patent this,” he said.

      “Sure thing. On our first day back home… some day.”
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            January 4, 2047, Valkyrie

          

        

      

    

    
      He only had 24 hours left, yet Marchenko felt strangely calm. He had made his decision, with no recollection of a specific moment of having done so. Does everyone who takes his fate into his own hands feel this way?

      By all objective measures he was a doomed man, but the feeling of helplessness he dreaded had not come. He decided to spend his last day with beautiful things. He was going to think of Francesca, eat a good meal—as much as the supplies allowed—read something, and write a letter.

      At first he considered writing an old-fashioned letter on paper. The idea seemed romantic to him at the time, until he remembered Valkyrie would be flooded by the ocean once he departed the vehicle through the emergency hatch. His unread letter would be doomed, since he could not expect the vessel to be salvaged in the foreseeable future. Perhaps a new expedition would eventually be sent here, but it would perhaps take ten years or more before it could arrive. This meant Marchenko needed to save his text in the computer system. The permanent chip storage was well-shielded against the environment and would survive the flooding of Valkyrie.

      Dear Francesca, he began. The cursor blinked on the screen. He deleted the salutation because it seemed so banal, but then he typed it again.

      I would like... No, he could not start the letter by talking about himself.

      If you read this... He also deleted this line. How could he approach Francesca using such clichés?

      He started twenty-seven other sentences. He deleted each one of them from the screen. Only the salutation remained. Wouldn’t this already state everything? Marchenko rubbed his temples. It was so hard to find suitable words. If Francesca was sitting across from him, the words would just flow, he was convinced.

      Dear Francesca. A new start, but he stalled out again. Maybe he should just accept it. Marchenko moved his head side-to-side and drummed on the desk in the rhythm of the blinking cursor. He would not need a complicated message because he did not have to explain himself.

      I loved you. This was the perfect sentence, he thought. It exuded the certainty he felt, and it did justice to his feelings, as well as his belief or disbelief. Just a moment, he thought, that’s not all. He added a sentence:

      And I know you loved me.

      Could he relieve Francesca from her presumed feelings of guilt? Should he even try?

      It is not your fault.

      No, he only had to read this sentence out loud to feel guilty himself. He tried again.

      I want to thank you for everything.

      This was better. Marchenko savored the feeling, for knowing he was loved would keep him warm, even in the ocean out there. He saved the text and added keywords to make it easy to find. The rest could be reconstructed from Valkyrie’s log. He hoped his text would reach Francesca during her lifetime. Of course he also had to accept the possibility of Valkyrie never being found.
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      Two hours later the navigation system reported Valkyrie had reached the bottom of the ocean. Now he just had to move to the northeast and he would get there, to his journey's end, around noon. Then he would have six hours left for exploring.

      Marchenko activated the searchlights and the cameras. He was not exactly sure what he was seeing in front of him. It definitely could not be ice. The bottom was covered by a layer of material one might call mulch on Earth, and the jets were stirring up the stuff behind Valkyrie. Martin and Francesca had previously described the ocean floor as sheer rock. Marchenko used the laser-radar to create a 3D map, and he appeared to be in a depression where the material had gathered. Was this life? Or was it dead particulate matter, a cemetery so to speak? He would have to analyze the material, but he lacked the expertise to draw conclusions from it. He checked the area in the infrared range, and the mulch was a bit warmer than its surroundings. Perhaps there were some biological processes occurring here. On the other hand, it could also be a form of decomposition, or simply a chemical reaction.

      The one thing he noticed in the infrared picture was a network structure. Marchenko raised the resolution of the IR image and noticed something strange. Thin lines emanated from small piles of mulch, ending in other mulch piles. It reminded him of paths between anthills. However, ant colonies did not cooperate with one another.

      Was this all there was to it? He shifted to the microwave radar. This allowed him to look a bit below the surface. He could clearly see the mulch piles as bright spots, but the thin lines had disappeared from this view. Besides this curious feature, he noticed wider but fainter stripes that only touched the largest of the white spots and were aimed straight in his direction of travel. He moved Valkyrie a bit higher to get a better overview. From this perspective he could still detect the broad stripes. They appeared to be parallel, but that could be an optical illusion. Could the stripes be in a star-shaped configuration, pointing to a center? He moved Valkyrie a few meters higher, but this time the range of the radar was no longer sufficient. Maybe he could answer his own question by regularly measuring the distance between two neighboring stripes. Just to be on the safe side, Marchenko took a screenshot.

      The ocean floor was slowly rising, and a few minutes later rock became visible. The white spots had disappeared, but the broad stripes still existed. They must be running through the thin, almost transparent layer of cells Martin and Francesca had analyzed. He could not detect them in the visible spectrum, so the stripes must consist of the same material as the layer that they were in. Maybe here cells specialized according to function without changing their form.

      Being a doctor, Marchenko immediately thought about the biological repercussions. Such an organism would be almost indestructible. If you chopped off its head, or any partial structure, other cells would simply take over the respective functions. He still remembered how long it took human researchers to get specialized cells on Earth to take on new and different functions. On the other hand, if only one type of cell existed, an attacker would have an easy time—a pathogen would only have to take out one kind of cell to destroy all life. This meant such an organism could only develop in a place where there was no competition. Now Marchenko regretted not having enough time to research this phenomenon. Enceladus once more proved to be a unique and fascinating environment.

      Perhaps, he thought, this being, which Martin and Francesca had described as spanning this entire world, developed because of the limited supply of resources. From the very beginning, this would have made cooperation a more efficient survival strategy than the struggle that drives evolution on Earth. What would Earth look like if all organisms supported each other on the cellular level? To the entity on Enceladus, the constant struggle of terrestrial life would seem strange and inefficient, a kind of luxury version of evolution.

      Maybe it was better for him to take this knowledge to his grave. Otherwise it would inevitably fall into the wrong hands. Some unscrupulous researcher would try to get a sample and use it to create a super-efficient life form that could handle the conditions on Earth. Marchenko felt the being on Enceladus itself did not pose any danger. A strain adapted to a terrestrial habitat, however, could overwhelm the inefficient life forms on Earth. Humanity would not stand a chance.

      Marchenko sat on his bunk. He would have liked to have discussed this question with Francesca. She would have called him an old pessimist and pointed out the incredible potential for mankind—and she would have been right, as well. What incredible stores of knowledge might this being have accumulated during its existence? In order to evaluate this, they would have to be able to establish a real form of communication at some point. Marchenko was not sure this would actually be possible. It stood to reason this entity must have a completely different concept of time and space.

      Which senses could it use? Marchenko tried to imagine being like it—the ocean was always dark, but there were currents that could be compared to the sense of touch, differences in chemical potential (thus ‘smells’), it could transfer sound, and was bombarded by various forms of radiation from space. The being must have had billions of years to receive these sensations and to adapt to them.

      Maybe it felt the almost weightless neutrinos that raced through space in huge numbers, or could detect the X-ray emissions of distant quasars, or maybe it even had a sensor for gravitational waves, which reported on seminal events in the universe. This would mean it knew more about the cosmos than all human cosmologists combined. If they managed to ask the right questions, this might advance humanity by centuries—or humanity would be destroyed in trying to implement some of these insights which it was not yet mature enough to properly handle.

      Marchenko could not foresee the future. He did not even know exactly how the next day would end. He hoped he would at least be able to ask the entity a few of the questions that were burning in his mind.
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      A metallic sound was heard, indicating the AI had opened the clamps connecting the lander to ILSE. The spaceship continued at high velocity in the direction of Saturn, while the lander with Francesca, Hayato, and Martin aboard aimed for the seemingly tiny ice moon that could barely be seen on their display.

      “Left thrusters,” Martin heard the voice of the pilot say. They still seemed to float weightlessly, but he now felt a gentle force turning the capsule around. It was crucial for the lander’s engines to be aimed in their direction of travel in order to decelerate to a speed matching the speed of Enceladus.

      “Aaaand... go!” Francesca did not even have to say this because the negative acceleration immediately pressed Martin against his seat. He found it difficult to breathe, but he would have to endure the strain for a while. Martin was aware that about 99 percent of the landing maneuver was concerned with deceleration. But right now, he wanted to get rid of the elephant on his chest as quickly as possible. He tried to shrug his shoulders to ease the discomfort, but lacked the strength.

      “All parameters in normal range,” Francesca said. How can she still read the instruments under these conditions? wondered Martin. He tried to think of something else, but the force of the engines seemed to squeeze his brain as well. He closed his eyes and saw colorful swirls on the inside of his eyelids.

      “Thrust to minimum.” Martin was relieved to hear Francesca’s command. He had no idea how much time had passed—it felt like days or weeks. The nightmare was finally over, and he looked to the side. Francesca and Hayato showed no sign of the stress they had all just experienced. The Japanese astronaut was laughing—he was probably talking to the commander on a private channel. Francesca focused on the monitors, even though the final phase of the descent should pose no problems.

      “Rossi to commander, we had a soft landing,” the pilot finally announced, and Martin applauded. Naturally, Francesca had performed a perfectly smooth landing. He had not even noticed the exact moment of touching down, since the engines had not yet fallen silent. Francesca really knows her job.

      “Great job, ground team,” said Amy, congratulating them. Earlier today, Jiaying had not said goodbye to Martin. Instead, she had taped a letter to the door of his cabin telling him about her fear of loss, and indicating she was not angry that he had come to a different decision in this matter.

      Francesca landed about midway between the particular Tiger Stripe where Valkyrie had emerged 12 days ago and the crevasse Marchenko had crashed into. This way was more practical—they could launch parallel searches from this location. Before they left ILSE, Amy had ordered Hayato to check on Valkyrie, while Martin was supposed to look into the crevasse. Martin could see Francesca was obviously not happy with this decision, but Amy thought she was needed more in the role of the pilot. On Titan they had underestimated the danger, and such a mistake should not be repeated. Most of all, Francesca could help Hayato or Martin more quickly if either needed support.

      The commander is clever, Martin thought while stepping into his still-smelly EVA suit. Who knows whether the emotional pilot could be reliable enough to do her job after finding Marchenko’s corpse? They had plenty of time, an hour to get there, an hour back, as long as no unforeseen incidents occurred. Martin was not sure what outcome to expect. He considered the chances of finding Marchenko alive to be very low, but at least they might find the source of the signal.

      Leaping forth, he followed the same route he had taken less than two weeks ago, back then, together with Francesca. Marchenko was still very much alive at that time, while Martin’s own chances of ever seeing Earth again seemed to be almost nil. It was for this very reason he owed it to the Russian to follow any clue he could find. The ice rocks should look familiar, but Martin could not remember any of the distinctive structures. His arm display was guiding him, so he did not have to worry about the direction of his route. He only needed to remain on the alert and not end up in one of the crevasses himself.

      The walk, which would most likely be the last one during this expedition, put him in a melancholy mood. It was a dual farewell, both to a friend and colleague, and to an incomparable adventure. Martin would have never expected it of himself, but he had discovered crossing boundaries and experiencing new things had an addictive quality. When would he ever again experience this on Earth, where every parcel of land had already been explored long ago?

      The computer indicated 500 meters. He looked around carefully. It was possible the locator might not be entirely correct. At the 100-meter mark, Martin jumped high up and spotted what he was looking for. The crevasse was only a few steps ahead of him. He immediately recognized its shape. Seen from above it resembled a huge cat’s eye. This was what Marchenko must have seen speeding downward from space.

      Martin searched the area. There were no footprints to be found, since there was no yielding surface in which to leave tracks. He also did not notice a transmitter or any pieces of equipment. Well, I guess I’ll have to go down there, as I expected. From the edge of the crevasse he tried to see its bottom, but in vain. He made absolutely certain he had his flashlight with him before jumping down.

      Once Martin was there, he found the bottom of the crevasse empty. There were chunks of ice and ice dust, but no sign of either Marchenko or his gear. Had he chosen the wrong crevasse after all? Martin checked his location via radio, and Watson confirmed this being the place where the last sign of life from Marchenko had been received. Plus, there was no comparable crevasse within a radius of 100 meters.

      Martin was confused. Is this a good sign because Marchenko is no longer here? he wondered. But where could he be? Did he start walking toward the lander—or rather where he believed the lander to be located? He imagined Marchenko arriving there, but then discovering his dear friends had departed the icy moon without him. Martin suddenly felt hot and cold at the same time.

      He systematically searched the bottom of the crevasse. There must be something there indicating Marchenko’s presence. He knelt and brushed his gloves across the ice. Surprised, he then discovered a glass shard. It was a miracle that he found it—a miracle that almost cost him his life, because the long, narrow piece of glass dug deeply into his glove as he reached for it. Martin looked at his hand, and fortunately for him the splinter had not completely punctured the fabric. There was no leak.

      The piece of glass slipped from his grasp and landed on the ground again. Martin picked it up carefully this time and closed his fist around it. As it did not show any signs of melting, it definitely was not ice. Where did this fragment come from? There was only a small amount of glass present in a spacesuit. The display cover of his arm computer consisted of it, as well as the visor of his helmet. In both cases, transparent plastic had not proven to be adequately resistant to the intense cold. The glass of the arm display has a coating, whereas the splinter does not have one, so it must be a part of the helmet visor. Martin tried to remember specifics about the glass. Had Marchenko’s helmet shattered during the landing? The glass shard would indicate this, but Marchenko could not have survived for several days in the vacuum of Enceladus. Perhaps the only damage had been a thin crack. Had it closed by itself?

      “I have arrived at the Tiger Stripe,” Hayato radioed, interrupting Martin’s thoughts.

      “Well?” asked Francesca immediately.

      “I do not know whether it is good news or bad news, but there is no trace of Valkyrie here.”

      “Did you check closely? Maybe it has frozen over?” Francesca’s voice was about to crack with teary emotion.

      “I am sorry, there is definitely nothing here.”

      The commander cut in from ILSE. “Thanks, Hayato. Something must have happened down there. This proves our return here is not completely in vain. Martin, according to our data, you are now at the crevasse. Did you find anything?”

      “Unfortunately, there is nothing here either,” Martin reported. “No trace of Marchenko. I assume he might have walked to the former landing site, but this would not correspond with the missing Valkyrie.” Martin did not mention having found a glass shard, as this piece of information suddenly no longer seemed relevant. Marchenko must have made it alive to the drill vessel, that much seemed obvious.

      “Thank you, Martin,” the commander said. “You’d better return to the lander where we can discuss how to proceed.”

      Martin was sweating profusely when he reached the lander module less than an hour later. He had hurried, but Hayato still arrived before him. Francesca received them with a stone-faced expression, but Martin could well understand that. Things had not gotten easier for her. While there might be a bit more reason for hope than before, she must have also realized they had left Marchenko behind alive. The others also seemed to be considering this probability. Amy therefore was attempting to help the pilot get over her feelings of guilt.

      The commander then said, “Before we consider how to proceed, Watson has confirmed that while his suit regularly sent status updates, no signs of actual life were received from Marchenko. Therefore, the suit was still functional at the time, but the man was dead, as far as we could discern.” Martin saw Francesca furtively wiping a tear from the corner of an eye.

      “I know,” Francesca said hoarsely.

      “Good,” Amy continued. “I think Marchenko walked to Valkyrie and used it to send a radio signal. Then he took the vessel down. This is the most likely explanation for what we have found, and the AI confirms it as well. Of course this leaves a lot of unanswered questions. And, we cannot answer those at present.”

      “The most important question is, ‘What do we do now?’” Hayato said.

      “Correct. I don’t know the answer to that, either. But we should do things differently than last time, when we immediately took off. You have sufficient resources for a night on the surface. We will determine what to do tomorrow. Agreed, everyone?”

      Martin looked at Hayato and Francesca. They both nodded. Francesca appeared to be relieved to have a bit of extra time.

      “Agreed?”

      “Yes,” they all answered in turn.
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      Valkyrie automatically took infrared images of the ocean floor every hour. Marchenko carefully studied them. He did not have to measure anything. It was obvious—the broad, straight stripes were getting closer to each other. They were aiming toward a common goal in a star-shaped pattern. He had the computer calculate the spot where the stripes would meet, and the results were apparent. The projected center coincided with the location where he was headed, the place Martin and Francesca had called the ‘Forest of Columns.’

      He was no longer really surprised by this fact. The stripes, as Marchenko already suspected, must correspond to the blood vessels or nerves of an organism—or perhaps both, or neither.

      What other functions might they serve? He realized he would have to think beyond the patterns of terrestrial biology. Nerve pathways used by a central brain to send signals to limbs for executing commands might be useful in an animal or even a plant. However, this being here was not located in the Enceladus Ocean, it basically was the ocean.

      The farther one of its cells was from the ‘center,’ the more autonomous its actions had to be. Chemical signals are slow. If this being could only control its components via chemical signals, the long signal transmission time would make it as difficult as steering an interplanetary spaceship from Earth. This was the reason the computers on ILSE contained two artificial intelligences and there were astronauts aboard to make decisions without delay. This creature must be using something along similar lines. Maybe the nodes he had observed in the mulch-like area were fulfilling such a function.

      Was the consciousness of this life form divided in a similar way? Does this entity perhaps have several personalities that act independently in their own areas and then mutually agree upon major decisions? Or is there an all-embracing consciousness that animates both the center and all of the minor nodes? Marchenko noticed how similar such a biological concept was to human ideas of God. Was his dream of visiting a church accidental, then? Was this image from his unconscious the one in which this entity had most nearly recognized its self? In all these billions of years it must have felt like a lonely deity, all-seeing and all-knowing. Maybe it had looked for an equivalent characteristic in Marchenko’s mind. This would be logical, as it only knew its own life form, which made do without the concept of the individual. It must be difficult for this being to acknowledge the completely different nature of us humans—us tiny, unknown visitors from far away, he concluded.

      Even if he was going to die today, Marchenko felt as though he had all the time in the world, or maybe he felt so exactly because of this fate. He almost reveled in the fantastic possibilities such an alien creature could offer. What if there really was a ‘god gene’ that compelled humans to be religious believers, all of them following the wishes and ideas of the same deity? Then humanity could be compared to the being in the Enceladus Ocean. Would this—if humanity followed such a gene-driven compulsion—even make his home planet a better world?

      Marchenko could not imagine the individual nodes of this ice ocean fighting, killing, and rejecting each other. Had evolution on Earth perhaps tried to follow a similar path by raising religious feelings in ancient humans? Even as a child Marchenko could not believe in God. For the sake of his mother he had never openly rejected the church, but later, after reading his first book about space, he knew his world held no place for a deity. Later still, he had even been angry at this God who was used to justify his father’s beatings. As an adult he met people who strongly believed that faith had really helped them in their lives, and he was always a little bit envious of them.

      It did not seem quite fair he of all people would encounter a godlike entity in a few hours. Marchenko scratched his temples as he pondered this viewpoint. Most of all he had to avoid projecting too much wishful thinking into this meeting. He was going to see the Forest of Columns, no doubt, but it probably would be no more than a few stone columns that stood closer together in the center, so therefore no reason for excitement and eager anticipation. Yet, the anticipation he used to love as a kid on the eve of his birthdays wouldn’t go away. During his early years, his parents had still attempted to stop fighting on that one special day.

      He looked at the screen. Two hours from now he would be able to see the Forest of Columns. Until then, Marchenko would once more review everything that Francesca and Martin had recorded about it. Just thinking his girlfriend’s name caused him a stab of pain.
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        * * *

      

      “Target area in range,” the computer reported, as he had programmed it to do. Marchenko watched the monitor. Even from afar he saw how appropriate the name was. The tall columns looked like trees that had shed not only their leaves but also their branches during the winter. Valkyrie’s searchlights did not reach very far, so the forest initially seemed threatening and dark. The closer the vessel approached, though, the more neutral his impression became.

      Marchenko maneuvered Valkyrie to rise about twenty meters to get a better overview. Within reach of the searchlights there appeared to be no end to the columns. The radar indicated the entire forest measured ten by ten kilometers. At the edge the columns were still far apart, but toward the middle things got tighter. Marchenko first considered not walking there, but instead utilizing Valkyrie to reach the center and once there, and only then, to leave the vessel. However, because he then needed to flood it afterward, it would sink to the bottom and perhaps destroy some structures. From the outside everything looked very stable. Nevertheless, Marchenko was still an intruder in this newly-discovered world. How would he treat something invading his body and destroying his organs in the process?

      Out of consideration for the entity, he set Valkyrie down about three meters from the first columns. He had enough time, and a little walk wouldn’t hurt him. Depending on how well he progressed he might reach the center in one or two hours.

      The vessel touched down softly on the ocean floor. Time for the final step, he silently told himself, but Marchenko remained calm. In the end, he had a noble goal in mind. He would see something no human being had ever witnessed before, and there were worse reasons for dying. If only he did not have to leave Francesca behind for it! For himself he felt neither fear nor regret. He was over sixty years old, and during his career in the Russian space program he had cheated death several times. He could thank fate for having favored him in all of those situations. But this time was different. He was going to cause Francesca pain, and she did not deserve this.

      “No, Mitya, you are lying to yourself,” he said out loud. “You are not so unselfish after all. You are also sorry for yourself. You would have liked to have spent much more time with her.”

      It felt good having said this. He had to be honest, just like he had tried to be all his life. He allowed himself to grieve for missing these years with Francesca.
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        * * *

      

      Ten minutes later Marchenko washed and shaved once more. He lightly slapped the aftershave against his skin, and the fresh scent made him more alert. He went to the bathroom one last time. Finally, he put on fresh underwear and started to put on the LCVG, which was going to keep him warm during his last hours.

      The spacesuit was a bit smelly, but he could do nothing about it. As soon as he put on and closed the helmet he would breathe fresh oxygen from the tank. He checked the integrity of the visor, and it still seemed to be intact. Luckily, the pressure at the bottom of the Enceladus Ocean was not as high as it would be on Earth, since the water layer above him was much, much lighter due to the low gravity.

      Putting on the upper part of the EMU, he still felt some lingering pain in his right arm. Afterward, he walked through Valkyrie one last time, stowing everything lying around into cabinets and drawers. While doing so, he found a night vision device that he attached to his tool bag. Then he took a look at the computer display. The Forest of Columns seemed to be within his grasp, appearing familiar and strange at the same time. Marchenko wondered what was bothering him. Right. There was no movement. There were neither branches nor twigs nor leaves moving in the wind or the current. The forest stood there completely rigid, as if frozen.

      Marchenko put the computer in sleep mode. The screen flickered briefly and then deactivated itself. The electronic components were protected against the flooding and could probably survive longer than he would. Marchenko looked around once more. There was nothing else left to do here. He left the searchlights on. They were programmed to switch off when the battery level fell to twenty percent. Shortly afterward, according to a timer he had set last night, Valkyrie would return to the surface in automatic mode and take his legacy with it.

      He turned off the engines by pressing the manual control button, and Valkyrie now turned quiet. Only the life support system was still whispering. No longer used to silence, Marchenko suddenly heard breathing behind him—something or someone was inhaling deeply. Marchenko whirled around to see Francesca standing below the emergency exit. The hatch was open, but no water entered Valkyrie. Francesca was not wearing a spacesuit, but rather normal on-board clothing. Her face and hair were wet, as if she had just taken a shower, but her clothes were completely dry. Marchenko’s heart was pounding in his ears, and he immediately remembered—this was how she would come into his cabin, if she had spent the prior night in her own bed.

      “Hello, Mitya,” she said with a warm smile.

      Marchenko could hardly believe this scene—it was so absurd! He knew Francesca could not possibly be here. Yet she seemed to be absolutely real. He wanted to go to her, to embrace her, but he was afraid of touching nothingness. My brain must be playing tricks on me, hallucinations.

      “Hello, Francesca,” he finally said, softly and haltingly.

      Her smile broadened. “You are surprised. I understand.”

      “True.” Marchenko started to relax. This could only be a product of his imagination, although otherwise, he seemed to be quite okay.

      “I tried to comfort you,” she said. “You were thinking sad thoughts.”

      “How did you know?”

      “I just knew.” Francesca stood there without moving. She looked like a projected image. Marchenko took a step sideways. Her gaze followed him.

      “Who are you?”

      “I am Francesca, as you can see.”

      Yes, Marchenko thought, you are Francesca. I can see it. But what else are you?

      “I am whatever you want.”

      You are reading my mind, he thought. It feels intrusive, like having an uninvited visitor. I don’t want this.

      “I am sorry,” Francesca said. “I did not want to hurt you, just comfort you.”

      “You are not Francesca. You are my memories of her.”

      “Isn’t it the same?”

      Marchenko did not answer. It was true, for right now there was no difference between Francesca as a person and his memories of her.

      “No,” he then said. “My memories are fixed and do not try to surprise me, as I have them completely under my control. It would be terrible if this was the case with the real Francesca”

      “I am really sorry,” the imaginary Francesca said. “But I can change, too, if you want.” She gave him a pleading look, and her smile disappeared.

      “This is exactly the problem,” Marchenko said, and his voice sounded harsher than he had intended. He did not want Francesca to change for him. He noticed how his words had hurt her, and he felt bad about it. He had been too hard with her. At the same time, this fascinated him on a different level of his consciousness. He was conversing with a manifestation of his own thoughts, even developing some empathy.

      Francesca put on her smile again. “You are so... strange,” she said hesitantly. A cold shiver slithered down Marchenko’s spine. This time, he noticed, it had not been his memories speaking.

      “Yes, I probably seem that way to you,” he replied, and imagined the lonely entity that had inhabited this exotic ocean for eons, and now was meeting another living being for the very first time

      “You are not the first other one,” Francesca said. “If you visit me in my...” He noticed she was searching for a word; “my columns... I can tell you more about it.”

      “Thank you,” Marchenko said, and he experienced a feeling of deep gratitude.

      “Don’t be afraid,” Francesca said, as she jumped outside through the still open hatch and disappeared into the ocean. Marchenko needed to hold on to the table for a moment to steady himself. No, I don’t have to be afraid. I am sure.
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      Martin was sitting in an uncomfortable pew near the wall of a church. He remembered seeing one just like it during vacations on a Greek island in the past. He immediately recognized it as the interior of an Orthodox church. On both sides of him a few old women were singing in a language Martin could not understand. However, the old women did not sing in Greek but in a Slavic language—Russian, he suspected. What am I supposed to do here? Martin shook himself. He wanted to get up, but something held him back. The women did not seem to notice his predicament. They were not looking at him, but straight forward at a baptismal font giving off a golden shimmer under the dome.

      He rubbed his eyes. Was Marchenko over there? A man, reminding him of the Russian but much younger, placed his face over the font while a priest was talking to him. Martin did not understand a word of what the cleric was saying, but it seemed to be some cleansing ritual, as the font indicated. Marchenko—or his younger brother—was eagerly participating. Martin waved at him, but the man would not allow himself to be distracted and did not even seem to notice him sitting in the pew.

      Suddenly Martin was absolutely sure it was Marchenko standing in front of him. They had agreed to meet here, he remembered. However, the Russian had not mentioned that he wanted to be baptized. Should Martin keep him from doing it? Marchenko had never seemed to be the religious type. It was not unheard of, people suddenly falling into the clutches of a sect. On the other hand, the women next to him did not really look like fanatics. True, they were singing, but this seemed to be part of the ritual. With their simple clothing, longs skirts, and dark, flat shoes they looked like farmwives. One of them handed him a sheet of paper with musical notes and a text. Martin managed to decipher the Cyrillic script, but he did not know many of the words, and therefore could not understand the text.

      Marchenko gave the priest an intense look, almost like a groom gazing at his bride. Where did this religious fervor suddenly come from? Martin tried to stand up again, but he was stuck in the pew and his muscles would not react. He could consciously clench his muscles, but this did not create any movement.

      “Shhh,” one of the women said quietly, placing her finger to his lips. I have not said anything, have I? he wondered. The finger smelled strongly of freshly boiled potatoes, which made Martin hungry. The woman removed her finger from his lips and pointed forward. Marchenko—or the man who looked just like him—was about to go from the font toward the door to the inner sanctum. The priest walked ahead of him, and from his perspective, Martin could not see a door handle. The priest simply placed his hand on the door and it opened. Then the priest stepped back and invited Marchenko to enter.

      ‘No!’ Martin wanted to yell out loud, ‘not into the inner sanctum, you are not allowed to do that,’ but no sound came from his mouth. It seemed as if the woman’s finger had sealed his lips. He could not make out what was behind the door, because from his side of the wall he could only perceive a dark area. Marchenko slowly disappeared into the doorway, as if in slow motion, as though the air inside was much more viscous than the outside air here. Shortly before he completely disappeared, the man turned around once more. Martin only saw his face, but it appeared to be huge. It was definitely Marchenko.

      “Today is not the end,” he said and then vanished, while the plane behind the door started to ripple.

      I will come back, my friend, Martin silently completed the sentence spoken at the end of the dubbed Pink Panther cartoons he used to watch as a kid in Germany. Then he awoke. Francesca and Hayato stood either side of him and held his shoulders.

      “Is everything okay?” asked Francesca. “You were thrashing around so much in your dream. We were really getting worried.”

      Well, Marchenko is gone, but everything else is okay, Martin thought. Then he realized he could speak again.

      “Yes, I am fine,” he said. “I just...” but then he abruptly stopped. It was a dream, no more, no less, and his mind was obviously overwrought. If he told Francesca about his dream, he would only raise false hopes. He could imagine her clinging to any straw of hope.

      “I’m glad you're okay,” Hayato said, pressing his shoulder. “Now go and freshen up. Amy has given us until noon to think, and then we are going to discuss our options.”

      Amy had issued a precise order, and he, along with the remaining crew, had two hours left to find the ultimate solution. Martin uttered a short, desperate laugh. The others turned around, but he just waved them off. What can we do now, except wait? At least there was no time pressure. Even if they sat around for a whole week, it would not get Marchenko back.

      Where had the Russian disappeared to? The path from his crash site to Valkyrie could clearly be verified. From there he must have sent a radio signal that never reached ILSE. Call it shit, bad luck, or whatever, ILSE must have been in a radio shadow at that moment. And then? If he had been Marchenko, he would have waited for a while to receive a reply, and then he would have taken Valkyrie down. He knew exactly where his destination would be. Martin remembered his walk in the Forest of Columns. The center of the forest beckoned, but then Martin needed to go back to Valkyrie. And their experiences during the return trip... Aladdin’s Cave and those strange dreams. Wasn’t there something about Rilke and a dog?

      Come on, Martin, he thought, even you can’t be that stupid. The dream must have been an attempt to establish contact!

      Two hours later the video conference with ILSE began. Martin waved at Jiaying through the camera and she smiled. During the following discussion he refrained from saying too much. Maybe the others had some constructive ideas that wouldn’t sound so crazy.

      But their suggestions only differed concerning how long they should wait to see if Marchenko would show up. According to Watson’s calculations, an immediate departure would raise their chances of survival, though only by a few fractions of a percent. Jiaying agreed with the AI. Hayato and Amy wanted them to spend only one more night on the surface. Francesca was the last one to speak.

      “I would like to set up a permanent base on Enceladus. Then, pointing to herself she said, “With a human crew of one. The base could exist for decades. We would only have to land the CELSS module here. The garden would allow me to lead an almost self-sufficient life.”

      Amy sighed. “I thought as much when you had Watson run all those calculations. But you realize the chances of your plan succeeding, according to the AI?”

      “Yes,” Francesca replied. “It is very low, I know.”

      “As the commander, I am responsible for not losing any more crew members. I cannot let you go to your certain death.”

      “BUT YOU LET MARCHENKO DO IT!” yelled Francesca loudly into the microphone. On the monitor Martin saw Amy flinching.

      Jiaying placed an arm around the commander’s shoulder.

      “That was unfair,” she said. “You know the commander wanted Marchenko to stay on board, but he had made up his mind to attempt the rescue. If he had obeyed protocol, you and Martin would probably still be sitting down there.”

      Francesca sobbed and nodded. “Maybe it would have been better that way,” she said in a near whisper. “I am sorry, Martin, but I cannot forgive myself for it. I have to stay here, no matter what happens.”

      “No, it would not be better.” Martin was angry at himself for waiting so long to say something. He should have spoken before Francesca. “I have to report something strange. I hope you won’t think I’m crazy.” Martin then told them about his dream. “Francesca, you can confirm this is not the first time this has occurred, and this was no coincidence.”

      Francesca silently nodded, but the others looked rather skeptical.

      “I believe this was both a message and a promise. Marchenko is on the way to the center of the Forest of Columns, into the inner sanctum, and afterward he will return to us. We only need to have a little patience.”

      The commander sighed. “How much patience?”

      “Amy, I just don’t know,” Martin replied. “Perhaps we will get more messages this way.”

      “All right,” the commander said. “We are going to wait until something happens… but no longer than a week. The supplies on Valkyrie will run out at some point and by then, Marchenko would have no more chances for survival.”
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      Marchenko lightly slapped his cheeks with his left hand. The emergency exit was closed, he now realized. Just what kind of apparition had this been? Was it a product of his own overwrought imagination? Shaking his head, he could not believe it, even though as a doctor he knew there was no way to distinguish between pure imagination and a real event. The entity he had faced must be able to transmit its ideas across long distances. Engineers on Earth were becoming increasingly successful in using brain-computer interfaces to capture the incipient thoughts of humans and then translate them into understandable images.

      Even if terrestrial technology had not advanced far enough to use this as the single means of communications, one thing was definitely clear—this being had developed the technique over hundreds of millions of years. When electrical impulses move along nerve pathways, they are always accompanied by electromagnetic fields. These are weak, but their range is basically unlimited. If one listened on the right frequencies, using suitable technology, one could reconstruct his thoughts. Even more, external fields could also create electrical impulses the brain would perceive as thoughts.

      He closed his helmet, touched the opening mechanism for the emergency exit, and paused for a moment. Marchenko did not know if the entity had used this method, or if it had just been a daydream after all. He had to trust his feeling that told him to accept the invitation. He jerked the hatch open. A surge of cold water splashed down on him. It would not be long before Valkyrie would be completely filled with saltwater. Then he would be able to exit at his leisure.

      When the current subsided, Marchenko pulled himself up on the edge of the opening and pushed himself out of the vessel and into the ocean. It was quiet except for the temperature-regulating unit of his suit. In front he saw the Forest of Columns, and he let himself sink to the ocean floor. The first structures were only a few meters away. Once he stood directly in front of them, they appeared even more impressive than they had earlier on the monitor. They were perfect cylinders, and the closer he looked, the less they reminded him of trees. Marchenko remembered Martin’s discovery—his fellow astronaut had found symbols on the columns and as expected, here they were. The forest as a giant library—the idea impressed Marchenko. If he could decipher and store all these signs, what a gigantic source of knowledge this would be.

      After walking twenty meters from the ship it had become noticeably darker. Valkyrie’s searchlights did not reach this far, so he took out his flashlight to find his way. His arm computer guided him where to go to approach the center of the forest. Otherwise, he would have already lost his way.

      The more he advanced, the denser the forest became. Now and then he had to take a little detour when encountering a group of columns that were very close together. He would not be able to reach the center within an hour, particularly since walking under water was not easy. By this point he could definitely conclude the forest had grown from the center outward. Some parts of the older columns that he now saw were already flaking off. In addition, the coded signs on the columns became larger toward the interior. This meant the information density was gradually decreasing. It seemed the builder of the forest had perfected this technique over time. Marchenko looked at the sea floor, illuminated by his flashlight. It consisted of hard rock covered by a thin layer of loose material that was almost transparent.

      He was traversing an alien world. Now and then he thought he saw little fish swimming past him, but each time he was deceived. Perhaps the human brain was trained to expect life to appear in well-known forms everywhere. He felt a strange mood coming over him. Here the ocean did not resemble a giant aquarium. It was neither green nor shimmering, nor did it harbor fish or aquatic plants. Instead, it was covered in eternal darkness. No one—at least no human until Martin, and now me, he mused—had ever seen these symbols on the columns. And yet here they were. Whoever started imprinting them had not stopped and was probably still doing it today. Such an un-human patience! Would it be the least bit possible to understand such an entity? Marchenko shook his head. That question was meaningless, as was the other question that he acknowledged was bothering him even more. What is waiting for me at the center?

      The map on his display showed he had already covered half of the way to his destination. He zoomed in on the center. Did the scan show him any details that would be helpful?

      Suddenly, ‘Buffer Overflow’ appeared on the screen, and the map abruptly disappeared. Marchenko was shocked and shook the arm that held the device.

      Now green text on a black background read, ‘Rebooting. Please be patient.’ Okay, the computer was rebooting. On the screen, a green bar moved to the right with every second. Then the screen went dark again.

      ‘Cannot load font file.’ Nothing happened afterward.

      “Come on,” Marchenko said, “do not let me down now.” He tapped on the screen with his gloved fingers. First this met with no success, but then he must have touched the right spot.

      ‘Please press Reset button. Press F1 for help.’ Tshyort vasmi! he thought. The arm computer did not even have an F1 key! How could he call up the help function? He looked at the device. There also was no reset button, so instead he pressed his finger against the text. A charging indicator now appeared. Ha! Ten seconds later, a long text explained to him how to find the reset button. 'To protect the device from moisture, pressure, and cold, the reset button has been moved to the inside of the spacesuit.'

      “Tshyort vasmi!” What the ... he clenched his fists and gritted his teeth. “Please move to a pressurized environment to solve this issue,” it said. If he could only get his hands on the engineer who came up with that stupid idea! It made him snort a laugh out loud—fate was really playing a nasty trick on him now. What had he done to deserve this? Frustrated, his first impulse was to smash the computer against one of the columns, but knew it might cause his suit to leak.

      Stay calm, Mitya. You will find the way to the center even without a guide, he sensed his mother’s voice say.

      “Be quiet, Mama. You do not know what you are talking about.” Yet her words had a soothing effect and Marchenko calmed himself. He closed his eyes, inhaled deeply and exhaled a long quieting sigh.

      Inside Valkyrie, how had he known if he was moving toward the center? He remembered the stripes he had discovered when he activated the infrared range. While he had no radar, he did have a night vision device that reacted to thermal radiation. On this hard rock, the stripes or nerve pathways must be running directly on the surface.

      Marchenko reached for the tool bag. The night vision device was still attached to it, which was one positive, anyway. He quickly put it on, and at first he only saw a very, very deep green color. He raised the sensitivity to its maximum, and then he indeed saw a rather fine fluff on the sea floor. Seeing this indicated he had been literally getting on the ocean creature’s nerves the entire time! Marchenko was amused by the idea, but even more delighted about now knowing how to reach his destination.

      He studied the sea floor surrounding him. These veins of life generally ran in a straight line. But wherever one of them encountered a column, it would split in two and then rejoin beyond the column. He looked straight down and discovered he himself was such an obstacle. The nerve pathway split, ran around both sides of him, and then rejoined and resumed its original direction. This meant the cells could react very quickly. He took a few steps forward, right onto a stripe, and watched what happened. In the night vision visor, the sea floor near his feet got darker, which suggested it was cooling. Then two new tracks formed and he became an island in the stream. The entire process took less than thirty seconds. The human nervous system—as he had learned while studying medicine—was rather flexible, yet it was not able to create entirely new connections in such a short time. The degree that this ability was present was often linked to intelligence. The more agile and flexible a nervous system was in reacting to its environment, the faster the learning processes. Marchenko was amazed. If the behavior he observed here could be applied on a larger scale, the owner of this nervous system would not only possess an incredible store of knowledge, but could also learn very quickly.

      The potential was immense, but did this also create a danger? Marchenko pondered this while he moved closer and closer to his destination. He knew some people who would immediately point out the risk: human civilization could not endure against such an entity, even if said entity possessed no weapons. Was it really a good idea to transmit his experiences to Valkyrie? But it was probably too late anyway. In fact, Martin and Francesca had already revealed the existence of this being—and, someday, other researchers would come.

      Marchenko raised his arm to look at the display, but then he remembered the malfunction. How much time could have passed? He did not even have a clock to go by anymore. Based on his oxygen consumption, he estimated he had been walking for an hour. Marchenko slowly lifted his head and looked ahead through the night vision device. The nerve pathways were now coming in from all sides. They were definitely getting brighter—which meant warmer—as they seemed to indicate more activity. He walked around the next column and froze. Is this it? About 150 meters ahead of him a warm object rose above the seafloor. Was this finally his destination? He took off the infrared visor, but could not see anything in the beam of the flashlight.

      He replaced the visor and took his time during the last few meters. The columns here were significantly smaller than those at the edge of the forest—and rather worn. The symbols on them looked primitive, like a young child’s first attempts at writing. Marchenko was incredibly excited and felt like a kid peeking through a keyhole to see his birthday presents. There was no room left for fear.

      From a distance of fifty meters he could see the entire center for the first time. There were still two rows of columns ahead of him, but they were not as tall as he was. Beyond them was a clearing covered by the mulch-like material he'd seen earlier. He slowly walked across it, and the swirls created by his movements swept the material apart. After his first three steps, the mulch started to move away from him by itself. It cleared a way to the center for him. It made Marchenko think of Moses parting the waters of the Red Sea. He turned around, but no one was following him.

      Slowly, Mitya, he thought, stopping. The path that had been cleared by the organic material led to a hard, cold rock, greenish-black in the night vision device—a kind of pedestal. It was maybe one meter high, at most, and about four meters by four meters square, and it appeared to be made of the same material as the columns. Above it, a glowing cloud hovered; Marchenko needed to turn down the sensitivity of the infrared visor in order avoid being blinded by it. According to the device, the cloud must have a temperature of at least 32 degrees—almost like a warm bath.

      The cloud seemed to be rotating, and Marchenko noticed thin threads racing across the surface. Whole areas changed their brightness—spots moved, merged with others, and then disappeared again. Now and then, arcs of warm material were shot out from the cloud, cooled down, and then were again absorbed by it. Marchenko was reminded of infrared images of the sun, with protuberances, sunspots, and magnetic field lines. However, this was not a star, but rather an intelligent being.

      He took off the night vision device. Everything looked dark immediately, so he aimed the flashlight at the cloud. In the white beam the cloud looked dirty gray, like a very dense fog. Now he could no longer see movement, but when Marchenko aimed his flashlight at a spot, the fog retreated after a short time. Sorry, he thought, and turned off the flashlight. He hoped it had not been harming the entity.

      In the darkness he felt utterly alone. A cold, prickly breeze swept through his body, and the hairs on his arms stood on end. He quickly turned on the night vision device again, even though it was only a few steps to the center. The cloud looked as if nothing had happened. It displayed an almost incredible amount of activity. Where did this entity get all the energy for it? Marchenko remembered the autopsies he’d had to perform in medical school. Compared to this being, the human brain seemed primitive, but what else could he actually compare it to? The cloud before him—was this the actual entity, or was it only a rather large node, while the personality was distributed across the entire ocean? He himself would then be nothing more than a microbe that lost its way in the blood vessels of the brain. How significant would such an intruder be for a human brain? And did the answer to this question have anything to do with what this creature thought of him, Marchenko?

      There were so many questions and so few answers. Marchenko sighed, and even as the air left his lungs, he saw a change occurring in front of his eyes—the cloud was opening from top to bottom, and at the centerline it curved inward, allowing him to see its core. This area was so bright Marchenko needed to lower the infrared sensitivity again. Were those lightning flashes and electrical discharges he was seeing? The water must have very unusual properties if it could conduct electricity in this way. Or was it simply energy quickly moving from one spot to the next? If only the astrobiologists on Earth could see this. They had always assumed all reactions here would be very slow.

      The hole into the cloud stabilized. It was now a bit taller and wider than he was. Was this supposed to be an invitation? Marchenko hesitated. What would happen if he accepted the directive? What would Francesca do in his place? She would go, obviously. She would wave to him once more and start walking directly into the cloud. While he considered this, the shape of the indentation changed. Now it resembled a small gate. It was the entrance to the inner sanctum—he recognized it from his dream. He was feeling hot and cold at the same time. What was happening here seemed completely impossible, but it was real. This was aimed at him. The cloud—the entity—was inviting him to... whatever. Marchenko felt this was a farewell, but also an enormous opportunity. He had to go forward.

      Slowly the Russian approached the platform. With every step he saw new details inside the cloud—rotating shapes, three-dimensional structures that folded and interlaced. It was almost like looking into a huge, living kaleidoscope, where instead of colored pieces of glass, there were different wisps of fog whirling around. He did not feel any fear, only a firm determination to take these last steps, right now.

      He reached the square platform, and saw there were no steps. Obviously, millions of years ago no one had anticipated a human visitor would arrive here. Yet, it was only necessary for Marchenko to take a slight hop upward to land on the platform.

      Now the cloud was right in front of him, and he could easily touch it with his glove. He carefully moved the hand toward the moving molecules. The spacesuit's glove made it seem huge. At first the cloud retreated a bit, but then it seemed to change its mind. The fog approached his palm. At the boundary layer it first seemed to cool off somewhat, but then it appeared to receive fresh energy from its interior. The infrared view showed bright lines surrounding his glove. Marchenko stood completely still, and after a minute he felt the material of the spacesuit being warmed from outside. The cloud was transferring part of its energy to him. Here, on the ice moon of Enceladus, this must be a precious gift—like receiving fresh, cool water in the Sahara Desert. Marchenko cautiously pulled back his hand, but the fog did not offer any resistance. The bright lines slid off, and then with a surprisingly quick movement, they snapped back into the interior of the cloud.

      One more step, Mitya. The thought appeared in his head, and he was not absolutely sure whether he had created it or not. But at this point he felt he had nothing further to lose. He lifted his left leg, took a step, then one with his right leg. Now he was already across the threshold to the inner sanctum he knew from his dreams. In a split second the cloud was all around him, and Marchenko stood completely still. Just for a brief moment, fear and panic flashed through his mind. He now felt at the complete mercy of something unknown, yet he also sensed he could leave any time if he so desired. He thought, No, I do not want to, and his muscles relaxed again. The same lines that had earlier surrounded his hand now tried to get in contact with his spacesuit. There were many more now, and additional ones kept coming from inside the cloud. He could not feel them; they seemed weightless. But he noticed his suit growing warmer from the outside. It felt like he was swimming in a tropical sea.

      Gravity was gone. Marchenko flinched—he felt like he was floating, but right away something anchored him again. Gravity was not gone, he now realized—it was the cloud that was holding him, and it kept him safe and warm. When he tried to move he experienced another shock. He wanted to turn around and see what was happening in his proximity, but his body did not react, even though he strained his muscles. He felt like he was being packed in cotton balls, or being spun within a cocoon that would not let him go free. Panic drove a path through his thoughts, which jumped out of its way like frightened little kids. He wanted to rear up but it was too late, and then he knew... everything was all right again.

      Marchenko tried to turn his head to see what was happening, but was still unable to do so. All at once he no longer needed to, for he could now see everything without moving a muscle. His brain contained a 360-degree panorama that his thoughts could effortlessly move through. He saw the platform in front of the cloud, followed by the first rows of columns, and then the horizon at a great distance. Besides, he realized, he could change the wavelengths in which he perceived this image. He played with his new abilities by simply thinking of them. He was already familiar with infrared, which showed him the nerves running across the ocean floor. He could even change his perspective and achieve a resolution that made the night vision device seem like a relic from another time.

      In the visible spectrum it was mostly dark, and above it, in the ultraviolet range, things were not much better. Then he reached the x-ray and gamma-ray spectrums. Now the ice opened above him and he saw space like never before—the solar system, the Milky Way, remote quasars acting as cosmic beacons. This being might be alone, but it was not lonely. He now realized it knew the cosmos far better than humanity did. Marchenko was breathing heavily.

      He changed to lower frequencies, past infrared, terahertz, microwave, where it was dark, as there was too much water above him. Then came the radio spectrum, shortwave, medium wave. All of a sudden he saw it, like an insect hovering slightly above the surface of the ice moon: ILSE. Communicating via radio waves with a blinking dot on the sea floor. They have come back. They did receive the signal after all! Marchenko thought he was crying, but he felt no tears running across his cheeks. He was not crying out of grief, but for joy. They had come for him, to save him, even though he no longer needed to be saved. He needed to tell them about it, he thought, and then a voice inside his mind said to him, ‘Patience, Mitya.'

      Without warning, the scenery changed. He was no longer inside the cloud, nor at the bottom of the Enceladus Ocean. He was now sitting on a sofa in a living room. The old shelf unit and the pictures on the walls, which were yellowed by countless years of cigarette smoke, made it clear this was his parents’ former apartment. Marchenko looked around. No one else seemed to be there—except now a priest appeared in the opposite armchair, leaning forward. He recognized the man from his dream in regard to the church, although his voice sounded very different now. It took Marchenko a moment to realize the voice belonged to Devendra, the CapCom. The moment he imagined the Sikh’s face, the man in the chair transformed. Now he had a turban on his head and wore jeans and a T-shirt.

      “Nice to have you here,” he said with a smile. Now Marchenko could clearly hear the Indian accent.

      “Where am I?” Even before he uttered the question he was aware of how meaningless it was. But the words had already separated from his tongue and were rolling into the room.

      “Correct,” said the man who resembled Devendra, answering his thought. “But let us talk about something different. You probably have many questions, and so do I.”

      “Who are you?”

      “The most complicated question, right at the start. Do you know how to tell me who you are, after all?”

      Marchenko shook his head.

      “For a long time I thought I was everything,” the image of Devendra began. “Then I had a short phase, only a few million years of your time, when I assumed I was nothing. Today I believe I am something. This is the summary of my seven ages. I hope to be able to explain the whole story to you sometime. Right now, though, I lack the words for it, or to be precise, you lack them.”

      “How old are you?”

      “I do not know. How old are you?”

      “In terrestrial years, 62,” Marchenko replied.

      “Are you sure? A few of the billions of molecules you consist of seem familiar to me. What you are made of is older than the solar system.”

      Marchenko fell silent and then said, “One could look at it that way, yes. Are you alone?”

      The pseudo-Devendra said, “I'm not sure what you mean by that. On this moon I was the only form of consciousness until your group arrived. But half a million years ago I found out I have a brother on Titan. As you can imagine, this plunged me into a profound crisis.”

      “A brother?”

      “Not in the human sense, of course. You do not have a word for it. We do not have parents in common. Your fellow astronauts have probably already met my brother. He is still young, tempestuous, and stupid. He had a harder time in his... youth. I just recently began communicating with him. It is difficult, much more complicated than communicating with you.”

      "What happened to my colleagues on Titan?" Marchenko asked.

      “Do not worry, they are fine.”

      “And otherwise?”

      “On Io there is something of which I have been fearful for a very long time. It radiates something you would call hatred, rage. And a moment ago I received the first radio waves from your planet. It became clear to me something must have happened there. I was still thinking about it when your group arrived. You are a remarkably quick species.”

      For a while, neither said anything.

      Marchenko had so many questions to ask this man, but he could not formulate them, not now. They appeared so meaningless to him, so human and so tiny. The being he was facing was much more advanced than he was.

      “No,” the entity said. “You overestimate me, just as I initially underestimated your group. This might be my fault, as I selected your memories of the church. But I am not God. I am neither omnipotent nor omniscient.”

      “Too bad,” Marchenko replied. “Otherwise you might have helped me return to my crew.”

      “We can talk about that later,” the pseudo-Devendra said. “But do not get your hopes up. It will not work quite the way you would imagine. In the meantime, you can move around here freely. I have set up this area to suit your requirements.”

      “Just where am I? Where is 'here?'”

      “You are inside my consciousness, but you have to admit you knew that the whole time.”

      “Not completely. It could also have been in my own consciousness.”

      “Does it make a difference?”
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      It was the third of the seven nights that the crew had earlier agreed upon. The previous evening Martin had been pushed into his first open fight with Hayato. Up until last night, Martin had always believed such a conflict between the Japanese astronaut and himself was impossible. Yet when you were cramped together with two others, within the confines of a small module, a harmless quirk could soon became a flashpoint. Hayato seemed to brush his teeth every three hours or so, even during the night. He did not seem to care if he might wake the others while doing so.

      Hayato slept like a log, but Martin was easily startled by any noise. Yesterday he could not stand it anymore and had given his friend a piece of his mind, until Francesca had intervened and broken up the fight. Hayato had agreed to extend the minimum period between brushings to four hours—if, he had stipulated, Martin was asleep. The whole situation was silly, of course, but then they really didn’t have anything to do while waiting for the appearance—or non-appearance—of Marchenko.

      By now, Martin was annoyed with himself for mentioning his dream to the other crew members, since, had he not, they would have already been on their way back home. Even Francesca seemed to realize it was useless to wait around. Twice during the past 72 hours or so she had again asked Amy for permission to start constructing her own Enceladus base. However, the commander always rejected the request, even as mere busy work.

      So far Marchenko had not appeared in his dreams again, so he must be long dead by now. However, no one aboard dared to say this directly to Francesca. Martin considered the behavior cruel. How could they wake the pilot from her fantasy? But then, she had probably already realized Marchenko was lost, and only wanted to punish herself with her stubbornness.

      Two hours later Amy radioed again from ILSE.

      “I’ve got something for you,” she said. “Our radar is measuring increased activity from the Tiger Stripe.”

      “What does that mean?”

      “If we knew, Martin, I might not be calling. Just go there and check it out. Perhaps it is a tidal maximum.”

      “It is still a while before we reach the point of greatest distance to Saturn.”

      “Yes, it is strange, and that is why I’m asking you to check on it.”

      “Okay, boss, we are on our way. Neumaier, over.”

      It is probably just something for us to do, intended to relieve our boredom, Martin thought. Well, a little walk doesn't sound too bad, I guess. Since all three of them wanted to go, but one crew member needed to remain in the lander, they drew lots. Hayato lost. At least now he can brush his teeth as often as he wants, Martin thought with a silent giggle.

      Once outside the module, Francesca seemed to gain new energy from the activity, moving ahead of Martin in long leaps. Where did all of her strength come from? Martin suspected his muscles had shrunk slightly in the few days inside the lander.

      “Careful at the crevasses,” he warned her via the helmet radio. Francesca did not answer.
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      “I am already there,” he heard her say 45 minutes later. He still had a quarter of an hour to go before catching up with her.

      “So, is there anything there?” he asked her by radio. “Or should I turn around already?”

      “Yes, come. And hurry up,” she replied, and Martin knew right away something must have happened. “The water in the hole is bubbling.”

      Were the geysers about to erupt? Then Francesca had better be careful. During an eruption, the water shot out with a velocity that could carry her out of the orbit of Enceladus—and then only ILSE could rescue her.

      “Francesca, just stay away from the surface of the water,” he warned her.

      “I am not stupid—what do you think?”

      She was right. Up to now he had never seen her take foolish risks. According to Martin’s standards, she had already risked more than necessary, but she couldn’t be called suicidal.

      “How strange, Francesca. The Tiger Stripe which Valkyrie came through was considered inactive, wasn’t it?”

      “'Considered inactive,' yes—at least no geyser eruptions had been observed there. Remember, though, when you and I sat in Valkyrie, the water pressure from below still gave us quite a push.”

      Yes, he remembered. The water pressure had even allowed them to recharge the batteries, which had ultimately saved their lives. But what did this new activity mean? Was something happening near the rift? Now Martin hurried to catch up with the pilot.

      Francesca stood about one meter away from the edge of the hole. She was correct in her observation—the water was bubbling and churning as if it was extremely hot.

      “Did you already measure the temperature?” he puffed, almost breathless.

      Francesca quickly gave Martin a scornful look. “Neumaier, do you really think I just stand around doing nothing?”

      “Of course not. And?”

      “The water is not particularly hot. I think what is happening here is ammonia outgassing.”

      “This much? I cannot imagine it. Too bad we do not have a spectrometer with us.”

      “I could dive down a bit and look around.”

      “You don’t really mean to do that, do you?” Of course she meant exactly that, Martin thought.

      Francesca laughed at Martin’s reaction. “I do, but then you would be left up here alone, and I could not be responsible for that.”

      No matter what is going to happen, she is still full of life, he thought, and he was happy about it. Yes, all this activity seemed to be doing her some good. Martin looked around. He saw a black sky, Saturn above the horizon, ice everywhere, a landscape still hostile to life. During his first visit here he had been fascinated by it, but then again, he had also considered the Nevada desert very exciting. Yet he would never consider settling down here for years, as Francesca was eager to do.

      Francesca nudged him, so he returned his attention to the waterhole,.

      “What is it?” he asked, but then he already saw it. The water was bubbling much more than before. I am sure this indicates a geyser eruption!

      “We should step back a bit,” he said.

      Francesca shook her head. “This won’t be an eruption—I can feel it in my bones. Just wait.”

      She was crazy! Martin wouldn’t be able to convince her otherwise, but he did not have to expose himself to danger by standing next to her. With two jumps he moved back fifteen meters to safety.

      “MARTIIIIN! YAAAAAYYYY!” he suddenly heard her scream.

      He was startled. What is wrong with Francesca?

      He saw it himself—the surface of the water was divided by something one might initially mistake for the black hump of a whale, though it was made of steel. Valkyrie was back! It bobbed back and forth in the hole a bit, as if nothing had happened. At first, Francesca was ecstatic with joy, but then she froze in silence. Martin recognized the reason—the hatch of the emergency exit was open. It must have already been open when Valkyrie surfaced.

      “Neumaier to ILSE, come in.”

      Martin told the commander what had just happened. He saw Francesca briefly bend her knees, and then she jumped—straight to the center of the hole and landing exactly on the top of Valkyrie.

      “Just a moment, Amy, I have to follow Francesca,” Martin said excitedly into the microphone. “Hey, wait,” he called after Francesca. The pilot was already starting to let herself down into the emergency exit. Who knows what she is going to find there? Martin suddenly had a bad premonition. He definitely did not want to leave her alone in the vessel.

      “Watch out, I am activating the bilge pumps,” Francesca said.

      Martin was just entering the vessel, and he let himself sink to the floor. There was a humming noise, and then the pumps turned on and soon began pumping the water outside. Martin looked around the interior. The floor was covered with a thin layer of something he assumed was mud—and not only the floor, but it was also on all the walls and instruments. They would have to clean everything off with a pressure hose. Where did this stuff come from? What has Marchenko done to Valkyrie to have it surface in such a condition? thought Martin.

      “Have you found anything yet?” He hoped Francesca would answer ‘No,’ but instead she said nothing at all. At least it appeared she had not discovered Marchenko’s corpse. Martin was sure he would have noticed her reaction, but even after ten minutes he had heard nothing from her. The vessel was already half emptied of water when he caught up to her. Together they looked through every remaining nook and cranny but found no trace of Marchenko. Valkyrie’s batteries still had a 50 percent charge. There also seemed to be enough oxygen in its tanks to fill the vessel completely. It was wasteful, since they would have to leave again soon, yet they nodded to each other, closed the emergency hatch, and had the vessel create an atmosphere again. It always felt good to get out of their EMUs.

      Ten minutes later they had managed to peel off their suits. There was a sour smell. Apart from the slime everywhere, they did not notice anything unusual. Marchenko had left no obvious traces.

      Martin hoped the computer could tell them more. The log must have saved the course Marchenko had taken. Preoccupied, Francesca turned on the device with anxious movements. Martin did not dare to speak to her. He could imagine how her hope for Marchenko’s survival had grown when Valkyrie appeared, only to have her hopes now plunge into a bottomless abyss. He felt sorry for her, but he did not know what to say.

      The computer reported it was ready to receive commands, and Francesca stared at the monitor. Martin could not make out what she was seeing. She quickly pressed a key, then pressed it again, probably because nothing was happening. Then her eyes darted back and forth.

      “It is... a message from Marchenko,” she said in a flat voice, her eyes filling with tears. Martin already suspected it wasn’t a greeting, but a farewell message to her. Francesca abruptly turned around and fled into a corner of the room, covering her face with her hands. Martin followed her and placed a hand on her shoulder. The pilot was sobbing quietly.

      She slowly turned around and started back to the computer. He got there first and tried to close the message without looking at its content. This was none of his business. He had only seen “Dear Francesca” before the file was closed. What did Marchenko experience during his last hours? Why were there no signs of him anymore? If anyone knew, it would be the AI of Valkyrie. When the control computer booted up, the AI had not automatically activated, as was customary.

      Marchenko had probably turned it off to save electricity, since it required the quantum computer module that consumed a lot of energy. Martin started it via a keyboard shortcut of five unique keystrokes. A sound confirmed he had pressed the correct keys in the correct order. It took a minute and a half before the quantum computer was ready for use, and it needed to be cooled down to low temperatures. A timer on the screen counted down the seconds. Three, two, one, zero, Martin counted along silently.

      “Hello, my friends!”

      Martin immediately recognized the voice. It was definitely Marchenko’s!

      “I so hope you missed me.”

      Francesca spun around and glared at Martin. Did she assume he was playing a mean trick on her? Martin vehemently shook his head. It was not his fault the AI suddenly spoke with Marchenko’s voice.

      “Come on, please say something. I still do not have a connection to your vital signs.”

      “Di... Dimitri?” Francesca’s tone of voice still expressed more doubt than hope.

      “You do not call me Mitya anymore? Yes, it is me. It is really me.”

      “But how did you get...” she asked, stunned.

      “It is a long story. I am looking forward to telling you the details. But now is not the right moment for this.”

      Martin was fascinated by the question of what was happening inside the computer right now. Did someone reprogram Watson? Were they facing an artificial intelligence that imitated Marchenko and spoke with his voice? Or was this really... Marchenko himself?

      “May I ask who you are?”

      “Certainly, Martin. I can imagine you being particularly interested in this question. The short answer is, 'I am I.' I do not know exactly what I am. I have Watson’s abilities, but my own memories and personality, as far as I can tell. And, Francesca, I also have my feelings. So what am I then? You tell me.”

      Martin remained silent because he did not know the answer either. Maybe all of this was only an enormous trick? The Watson AI was incredibly powerful, as he knew, and they had only used a small part of its capacity. What if it had decided to comfort Francesca by pretending to be Marchenko? Martin looked at the pilot. She seemed to be struggling with whether or not to trust his voice. Was there any way of proving such a deception? Martin decided not to say anything about his suspicions, as long as he lacked any evidence to the contrary.

      “Dmitri, I... think it is great you found a way back,” Francesca said. She stood there, upright and determined. This was typical for her. At the same time, Martin felt she did not completely trust the voice. Her thoughts must have been similar to his.

      Did she have more methods than he for uncovering a deception? All the pillow talk between her and Marchenko, every mole on her body and his, every secret these two people had shared might have been recorded by the on-board AI. On a spaceship there could not and must not be any true privacy, since this might endanger the mission, which, of course must always be the priority.

      “Mitya, darling, a few weeks ago you wrote something in my diary. With the pen my mother had given to me.”

      This is clever, Martin thought. He did not know the pilot was keeping an old-fashioned paper diary. The on-board AI was nearly omniscient, but the resolution of the security cameras was too low to decipher handwriting on paper unless the sheet was directly in front of a lens. In all likelihood, none of the engineers would have imagined someone would get the old-fashioned idea to put a pen to paper to write things down.

      “Yes,” Marchenko said, “I remember. I do not want to repeat the sentence in front of Martin, since it is our secret, but if you walk over to the computer I will show it briefly on the screen.”

      Fantastic, Martin thought. It is working. If the AI really saved the memories of the Russian... well, then it will not be long until the A in front of the I loses its meaning.

      Francesca slowly approached the monitor. She appeared to be just as excited as Martin was. But there was also fear in her expression—fear of being disappointed again. Martin was wondering how she could stand all of this anyway. She had to be really, really strong. He almost envied Marchenko.

      The pilot reached the monitor screen. Martin turned his back so he could not see anything. He held his breath, and then he heard Francesca cry aloud.

      “Oh! You are back!” she exclaimed. Martin turned toward Francesca and took her in his arms.

      “Sure,” Marchenko said. “And you cannot imagine how happy I am.”

      For a whole minute, the two astronauts just stood there. Tears were streaming down Francesca’s face, while Martin wondered what this would mean for AI research. Marchenko had found a way of transferring his consciousness into the computer! This was an old dream of many futurologists, a nightmare for others.

      However, the ship’s doctor could not have done this on his own. Who had helped him? The only possible candidate was the entity inhabiting the ocean. Why don’t we have a name for it yet? he thought. He was going to ask Marchenko a lot of questions.

      “Sorry to disturb you, but a radio signal has been coming in. I am passing it through,” Marchenko said. “This is an odd feeling, by the way. You know, like a voice calling in the back of your head?”

      It was the commander, calling from ILSE. They had forgotten all about her. Half an hour without any updates—Amy must have feared the worst.

      “Commander to ground team, please report status.”

      Martin now felt a pang of guilt for his neglect. “Everything is fine,” he said. How could he best phrase this message? “We found Marchenko on board.”

      “Marchenko? Really?” Amy almost screamed.

      “Yes, but not in his previous form,” Martin answered. “His consciousness is inside the computer. He has replaced the AI.”

      “I don’t understand. Please say that again.”

      “Marchenko’s personality was transferred into the computer.”

      “Martin, sometimes you come up with the oddest jokes, but now is not the right time for it.”

      “This is no joke,” Martin said. How could he make Amy understand?

      “Martin is right. Marchenko really is here. I can confirm it,” Francesca said, backing him up.

      “Have you both gone completely insane? That cannot possibly be true.”

      “It is, and I am back,” they heard Marchenko’s deep bass say over the radio channel. “And if you open the data port, I will be on board ILSE within a few minutes.”

      “Phew,” Amy said. “Welcome back.”

      Then there was a pause—that grew longer and longer. What was going on? Why didn’t Amy open the data link?

      A minute later, the commander’s voice returned. “Watson is dead set against letting the alien intelligence on board ILSE.”

      “If you give the command...”

      “I can’t just give the command. I am responsible for the safety of this expedition. I will have to consult with Mission Control first.”

      “Amy, are you out of your mind?” shouted Francesca very loudly into the microphone. Martin could see how riled up she was.

      “I am sorry, but I have to follow certain protocols. We don’t know exactly what this thing is. What if the AI caught some kind of virus?”

      “This is no virus, it’s Dmitri! I know it!”

      “Please, this is not personal. I just have to follow regulations.”

      “Then we are going to stay aboard Valkyrie until we are allowed to upload Marchenko.”

      They could hear the commander sigh loudly over the radio. “Alright,” she finally said. “I am going to send a request to Mission Control as soon as I have your report and know why you are so sure. Afterward, we will all just have to wait. Commander, out.”

      Francesca used the voice recognition function to write her report, and Martin added his own evaluation. He hoped his opinion as an experienced programmer would count for something. They sent the message to ILSE. Then, as Amy had said, they just had to wait.
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            January 9, 2047, Enceladus

          

        

      

    

    
      They had spent a restless night inside Valkyrie. Martin could not fall asleep for a long time, and Francesca seemed to be in a similar state. She was talking to Marchenko in a soft voice. Now and then Martin heard her airy laughter. Martin tried to talk to Jiaying via radio, but he had never liked conversation that was not face-to-face. Instead, he was looking forward to seeing her again. Jiaying was one of the few people with whom he could hold longer conversations, but still not remotely.

      To Martin, it was obvious Marchenko should be allowed to transfer to ILSE. How was Francesca going to handle her boyfriend only being virtually present now? Would this affect the love between them? Marchenko would possess entirely new abilities, but being able to embrace her was no longer one of them.

      Amy woke them up at six o’clock in the morning.

      “We received an answer from Earth,” she said. Her voice sounded so strained it was clear to Martin what she was about to say.

      “Mission Control strongly objects to loading unknown software into ILSE.”

      “Unknown software? It’s Marchenko!” barked Francesca into her microphone.

      “I believe you. But my hands are tied. The instructions were very clear.”

      “And what is supposed to happen to him, according to those stupid paper-pushers on Earth?”

      “He stays where he is—in Valkyrie.”

      “Are you fucking insane?” yelled Francesca. “He belongs to us! He is a member of the crew!”

      “Amy, you know that will not work,” Martin interrupted. “Once the batteries of the drill vessel are exhausted, his personality will die. Only the quantum core is powerful enough to keep him alive.”

      “Mission Control considers that argument invalid. According to your report, the computer system was completely deactivated when you found Valkyrie. When you turned it back on, Marchenko was suddenly there. Obviously, the data must have been preserved.”

      “So this means you want to freeze him against his will?” Francesca sounded desperate. “You want to paralyze him, turn him off until you decide sometime to reactivate him?”

      “Francesca is right,” Martin said. “It would be inhumane.”

      “Well, he is not a human being anymore,” Amy replied. “At least Mission Control doesn’t think so. Different rules apply to him. Until they are absolutely sure about his intentions, they do not want to let him on board.”

      “My intentions? I can tell them my intentions!” boomed Marchenko. “I would like to go home, together with Francesca. Why do they not just ask me?”

      “I suggested that, but they rejected it. If you are a virus, you would use exactly that argument, they said.”

      “What do you think about it, Amy? Do you also want to switch me off?”

      The commander did not respond. Martin knew she thought highly of Marchenko. As the ship’s doctor, he had helped her during her pregnancy and had delivered her son, Sol. Martin was glad not to be in her shoes.

      The radio connection remained silent.

      Marchenko spoke up, “Amy, I am sorry I have to push you, but your answer is important to me. It matters, even though you do not have the power to change the decision.”

      “I am very grateful for everything, Dmitri. And I still believe we should not leave anyone behind. The problem is, I do have the power to make this decision. Since I am the commander, no one can keep me from authorizing your transfer.”

      “But something keeps you from doing it, right? What is it?” Francesca’s questions now came softly from the background.

      “It is the possible consequences. Mission Control threatens not to let ILSE return to Earth if it has the Marchenko AI on board, as they call it.”

      Then let’s do the transfer secretly, Martin thought, and was about to say it aloud. At the last moment he remembered everything uttered via the radio channel was recorded by the two artificial intelligences on board.

      “Valkyrie, out,” he said instead. Turning to Francesca, he said, “We have to talk about this.”

      Martin looked around in the vessel. Francesca stared at him dumbfounded, then said, “What was that all about?”

      He put an index finger to his lips. They would have to create the conditions for talking without being overheard. Several cameras were constantly watching everything that happened inside Valkyrie. He quickly looked through the supplies and found what he needed. Then he covered the cameras with handkerchiefs and stuck chewing gum onto their microphones. These actions would be noticed, but he didn’t care.

      “Marchenko,” he said, “can you deactivate the log files?”

      “No problem… I just did it.”

      “There is one way we could smuggle you on board,” Martin said. Francesca gave him a skeptical look, and Marchenko did not respond at all.

      “I can transfer my encrypted private logs into my data vault on the on-board computers. We are entitled to that much privacy. Watson is not allowed to decrypt those files, and if he tried to, I have used such a strong encryption key that he would need a supercomputer on Earth to complete the task. This gives us about ten hours, starting at the moment we upload you with the data package. We need one hour to return to the lander and another one to return to ILSE, so that should provide us with enough time. Up there, I can manually decrypt and unpack you, and then it would be your task to outmaneuver Watson. Either the AI must not find out about your existence, or it should consider your presence so insignificant it won’t inform Earth about it. Can you manage that?”

      “I think so,” Marchenko replied. “After all, I have already encountered a part of Watson here in Valkyrie. It was no problem to integrate the AI into me.”

      Martin felt shivers course through his body. I hope I am not making a huge mistake. If Marchenko isn’t what he pretends to be, we are letting a potentially dangerous adversary on board. He looked at Francesca. She loved and trusted Marchenko. Should Martin believe her, because she loved the doctor and therefore knew him better than anyone else—or should he distrust her for that very reason? And even if she was right and Marchenko’s personality had not changed, what might happen to him once he controlled the much more powerful computers on board the spaceship? Would it alter him to ‘integrate’ Watson, as he referred to it?

      Right now, there were no answers to these questions. Martin simply had no choice but to risk the attempt, and so far, taking such risks had served him pretty well.

      “Good,” Martin said. “Then we will pack the data file. And not a word about this to the others.”

      He sat down at the computer and started to compress and encrypt the memory content.

      “Rossi to commander,” he heard from behind.

      “Yes, Francesca?”

      “We are leaving Valkyrie soon and will return.”

      “Without Marchenko?”

      “Don’t worry, Amy.”

      The commander must have been surprised, but showed no sign of it. Perhaps she suspected something and deliberately asked no further questions.

      “Roger,” she said. “ILSE, out.”

      Thirty minutes later, Martin finished his task. He opened the data port and announced the transfer of his private files. The transfer would take approximately ten minutes. From now on, the clock was ticking. If Watson or Siri became suspicious, they would initially try to decrypt the data themselves and then pass the task on to Earth. Martin did not know the priority level this task would be given there.

      What he had just told the others was only a half-truth. They would have to succeed in breaking off the decryption process in time. Otherwise Earth would find out what was on board and might follow up on the threat, never letting them return to Earth. And he did not know what ‘in time’ might mean. If his encryption was exposed to the entire supercomputer capacity of the U.S. it might last for half an hour. On the other hand, if it did not leave the NASA computer, they might have four or five hours.

      Once more, Francesca was the last one to leave Valkyrie. She carefully closed the emergency hatch. To keep up appearances, she performed a tearful farewell to Marchenko. Martin noticed it came easily for her. She probably did not trust his skills in packaging data. No one expected grand emotions from Martin, and he was glad he did not have to pretend.

      Once again, Francesca reached the lander ten minutes before him. Hayato had already prepared everything for takeoff. Hopefully for the last time, they launched from the surface of the ice moon. 40 minutes later they reached ILSE, which was hovering a few kilometers above them.

      Amy and Jiaying were waiting for them inside the CELSS. Amy had brought along Dmitri Sol. Hayato smiled happily and picked up his son after getting rid of his spacesuit.

      “I am so glad you’re back,” Amy said. “And I am sorry, Francesca, but I had to make that decision.”

      Francesca managed a smile that noticeably irritated the commander. Jiaying was also surprised, since Martin only gave her a brief peck on the cheek and then quickly disappeared.

      “Got to go to the bathroom,” he called back to her over his shoulder. However, he did not go to the WHC. He hoped this would not confuse Watson. He retired into his cabin and locked the door from the inside. On his personal tablet he entered the password for his data vault, his personal section of the main computer’s memory, which should be off limits for the AI. He had this agreement, signed in writing—but he did not know if Mission Control had also taken certain precautions. Once it became a security issue, NASA personnel soon lost authority, and other agencies made the final decisions, so he had heard.

      His data package had arrived safely. The wrapper was undamaged and the checksums were still correct. Either no one had sniffed around it, or whoever had done so was so skilled as to not alter the checksums. Martin initiated the decryption routine. From now on, only the guidelines kept the AIs from looking at what he was doing. How much did such an agreement count for?

      Not much, he found out. Something tried to stop him by the crude method of immediately deleting all unpacked data—and this was happening in his private data vault! His adversary could not reach the package itself, but the open data packets were initially unprotected. Martin checked where these commands were coming from, and found they carried the commander’s authorization. He could not believe Amy had really given this order.

      Fortunately, the data vault possessed a feature its developers had considered very important—you could define sectors of it as ‘write once.’ This was intended for memories that should not be lost, such as photos that needed to be preserved even in the case of a general memory failure, or control documents that should not be altered. He defined a write-once sector that should be sufficiently large for the entire data package and restarted the decryption. That way, no one could delete the data he had brought with him, not even Martin himself, so he would not be able to cover his tracks later. This might be better anyway, he thought. If I get caught, I could pass this off as the actions of my confused mind, which would exonerate the others.

      The sector gradually filled up, and all attempts at deleting it failed. Toward the end, their frequency increased. Whoever was working against him seemed to be desperately active, but without any new ideas. Five minutes later Marchenko was completed. There was a knock on Martin’s door.

      “Let me in, Martin.” It was Jiaying.

      He hesitated. He needed to set the data sector to ‘executable’ and then activate the launch routine. Until he did so, nothing would happen.

      “What is going on with you? Come on, open the door.”

      Martin’s finger trembled above the virtual keyboard. Was he about to make a huge mistake? Once he activated Marchenko, he could only stop him by shutting down the main computer. For such emergencies there was an override switch in the command module. However, with purely manual control their chances of reaching Earth were zero.

      “Martin, I am about to lose my patience.” Jiaying sounded angry.

      He pressed the Enter key. The main computer read the code and executed it. The rest was up to Marchenko.

      “I am coming,” Martin called. He got up and opened the door.
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            January 10, 2047, ILSE

          

        

      

    

    
      Jiaying had immediately noticed something was going on. Martin could tell.

      Martin had spent the evening and the night with her. She had stared at him furtively whenever she thought he would not notice. But she had also been patient with him, and he was grateful for it. Things still could go wrong, so he did not want to let her in on it, even though it was hard avoiding her stares the whole time.

      The commander called them to a common breakfast as a start to the return trip. Martin was a bit afraid of the ritual because it forced him to keep up the pretense. While the others might not wonder why he talked so little, he really desired to share the news with them. On the other hand, he did not know whether there was any news to share.

      Then Francesca floated into the command module, and Martin knew everything was all right. The pilot looked very content. Had Marchenko already contacted her? Amy gave her a skeptical look. Who knows now what is going through the commander’s mind, Martin thought. Obviously she would expect Francesca to mourn—or does she suspect something?

      Francesca did not wait for the commander’s speech and did not even sit down right away.

      “Dear friends,” she began. “I am glad we are all together again. You, Amy. Jiaying. Hayato, and of course your son. And Martin,” she said, nodding to each one, "and me. Oh, and of course our dear friend Marchenko, whom I like to call Mitya.”

      “Thanks, Francesca. I am also glad to be here.” Marchenko’s deep voice boomed from the loudspeaker. Amy jumped up and held on to the table so she would not float away. She seemed surprised, but not angry.

      “You managed to do it? You lunatics!” It was clear from her tone she meant to approve what they had done rather than express fear. Martin was surprised.

      “What about Watson?”

      “Watson is also here. He is my subordinate. You still can give him tasks, as always. I thought this would be easier for you than always having to call me.”

      Marchenko was right. The crew had always treated Watson as a servant, which was what the AI was supposed to be. Marchenko, on the other hand, was a friend and colleague. It was smarter to separate this part of his abilities than to force the crew to change their habits. In addition, they needed to keep up the charade for Mission Control. Marchenko now supervised the communication with Earth as well, so their subterfuge would remain hidden.

      “How did things go after I booted you up?” asked Martin.

      “It was not easy for me,” Marchenko replied. “Not because I lacked the skills, though. No, Watson was afraid. The AI feared for its life. I do not think you have any idea what has truly been developed with all these AIs. What we humans have developed.”

      “Marchenko,” Amy said. “I have to apologize to you. I couldn’t simply let you on board. I was secretly hoping you would find a way in spite of my refusal. But if I had officially permitted it, the return to Earth would have been blocked for us. I hope you understand. And you too, Francesca.”

      Marchenko did not answer. All of them looked at the pilot. Francesca nodded, but did not say anything. To her, the order to leave Marchenko behind must have felt like a personal betrayal, and she will have to get over it, Martin suspected.

      They heard a beep. “Mission Control,” the voice of Watson said. Martin was startled. Did they find out? he wondered.

      “Transmitting file,” Watson said, and started the video message.

      “I am glad you made it through this detour I presented to you,” Devendra said. “The whole team here sends condolences for the loss of Dmitri Marchenko. We are really going to miss him.

      "I have attached a file with the updated course data for your return trip. In addition, there is a message especially for Martin. It is about the signal, I should add. Capcom, over.”

      All of them were looking at him. About the signal... What did Devendra mean by this? Did Mission Control uncover something, after all?

      In his cabin, he sat on his bed, took a deep breath, and called up the message. On the screen he saw an older, bald man who looked somehow familiar to him.

      “Martin,” the man said in only slightly accented German. “My name is Robert Millikan. I work at the Green Bank Observatory and I am the reason you were first sent to Titan and then back to Enceladus. I am sorry I got the crew into danger—particularly you. I am glad NASA gave me the opportunity to send you a personal message. I do not expect anything else from you, don’t worry. I would be happy, though, if we could meet for a cup of coffee after you have returned to Earth.”
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            Author's Note

          

        

      

    

    
      Great to see you here! This means you survived your adventure on icy Titan. I really hope you enjoyed the experience. Titan is my favorite celestial object—no, it's actually in third place on my list, Earth being #1 and Mars #2. I must confess I'm addicted to traveling, and Earth, at least right now, is my only option. I will be in Vietnam when this book first comes out in the English language. Of course I’ll be eagerly following the book launch from there.

      My travel addiction is surely rooted in my past. I grew up in Eastern Germany on the wrong side of the Wall, where all trips outside the Eastern Bloc were verboten. Instead, I traveled in my books. Authors such as Arthur C. Clarke, Ray Bradbury, Jules Verne, Stanislav Lem and—I bet you don't know this man—Klaus Frühauf, took me to places nobody had yet been. Science fiction was already a worldwide phenomenon when I was growing up in the 1970s and ’80s, and there were no walls in the books. I never dreamed my own books would someday be published in such faraway places as the United States, Australia, Canada, Great Britain, and India. This is a true marvel!

      But back to Titan. I’m intrigued by this moon because it is so similar to Earth. It has rain, lakes, and clouds, but I must confess it’s a bit colder. Mars, which I hope humanity will reach in my lifetime, is boring compared to Titan. I hereby invite you to keep reading as I take you on a guided tour of Titan.

      As you might have suspected, the International Life Search Expedition won’t get home quite yet. On their way back to Earth lies Jupiter’s inhospitable volcanic moon Io—and ruthless forces on Earth are pursuing their own interests, to the peril of ILSE’s crew. Please join me as their odyssey continues in my next book, The Io Encounter. You can find it here:

      hard-sf.com/links/344027

      If you register at hard-sf.com/subscribe I will keep you informed about new Sci-Fi novels being published. You will then receive a free PDF version of The Guided Tour of Titan with color illustrations.

      If you somehow missed the first book of the series, it’s not too late to find out more about these characters and their mission. You can purchase The Enceladus Mission, the prequel to The Titan Probe, for $3.99 on Amazon:

      hard-sf.com/links/344018
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      Titan is the largest moon of the ringed planet Saturn, and the second largest one in the solar system, after only Ganymede, one of Jupiter’s moons. If Titan orbited the sun, as Earth and Mars do, it would doubtlessly be considered a planet, since it is somewhat larger than Mercury, the planet closest to the sun, although Mercury is considerably heavier. And nobody has tried to deny Mercury the status of a planet.

      What most fascinates us is Titan's similarity to Earth. Titan has everything our home planet possesses—oceans, lakes, rivers, a dense atmosphere with weather phenomena like rain and storms, seasons, deserts with dunes—yet this moon is also as different from Earth as a celestial body could be. What other similarities and what differences are there? What do we know about one of the most exotic places in the solar system, and where does our knowledge meet its limits? Is it realistic to think there might be a life form like the ILSE crew encountered on Titan? Would any life form be expected there? Join me on an exciting journey! I can promise you interesting insights and views.
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            Orbit and Shape

          

        

      

    

    
      Titan has a mean diameter of 5,150 kilometers. Mercury, the planet closest to the sun, is a bit smaller, measuring 4,880 kilometers. On the other hand, Titan does not consist entirely of rock as Mercury does, and therefore Titan—at about 134 metric tons—has only about a third of its mass. This is still a very high number, so a comparison with Earth’s moon might help: Titan has a little less than 1/44 the mass of Earth, and 1.8 times the mass of our moon.

      For a long time Titan was believed to be the largest moon in the solar system. This was due to its atmosphere, which reaches high up and makes this moon look bigger than it really is.

      The gravitational acceleration on its surface is 1.35 meters per second squared. Humans would only have one-seventh of their terrestrial weight. This value is a bit lower than on Luna—Earth’s moon—which is smaller than Titan.

      The comparison between Titan and Earth’s moon is a bit misleading, since Titan is part of a completely different system. It belongs to Saturn, which is surrounded by its rings and at least 62 moons, including Enceladus. You can find Enceladus’s biography at the end of my novel Enceladus. Titan contains more than 95 percent of the total mass of Saturn’s moons. It is a veritable giant, at least compared to its siblings. It was therefore quite justified for the British astronomer John Herschel to name it after a race of deities in Greek mythology, the Titans. Their leader was Cronus, called Saturn by the Romans, and the gas giant Saturn with almost 100 times the mass of Earth (the clear number 2 in the solar system) does indeed lead Titan—and its siblings—around like each is on a leash, using its enormous gravitational pull.

      Titan is clever enough to keep a safe distance from its planet. On average it is 1.2 million kilometers away from it, while our moon orbits Earth at a distance of about 380 thousand kilometers. This means the orbit of Titan is quite a bit outside the known rings of Saturn. For comparison, the distance from Earth to Mars is approximately 55 million kilometers at their closest convergence.

      Even though Titan is considerably farther away from Saturn than the Moon is from Earth, it needs just a little more than half the time for an orbit, just under 16 days versus 27.3 days for our moon. It also moves considerably faster, reaching an orbital velocity of 5.57 kilometers per second. Per second! It is not easy to catch up to Titan without a running start. In comparison, Earth’s moon moves at the sedate speed of 1.02 kilometers per second. The plane in which Titan orbits its planet is slightly, very slightly (only one-third of one degree) tilted against the plane of the rings. If you could be there, like the crew of ILSE, you would only see the rings of Saturn as a line. Besides, it would be hard to detect them from the surface through the dense atmosphere. The orbit itself is almost circular, though not quite—the point closest to Saturn and the one farthest from it differ by 41,000 kilometers, about 3 percent of the mean distance.

      During the aforementioned 16 days, Titan rotates exactly once around its axis. This is called a captured rotation, which leads to this moon always turning the same side towards its planet. Earth’s moon does the same thing. Seen from the surface of Titan, Saturn therefore is always at the same location in the sky. The spot where Saturn is directly overhead is used to start the count of meridians. On Earth, on the other hand, the prime meridian has been assigned to Greenwich near London. Titan's rotational velocity at its equator is about 12 meters per second, compared to Earth’s 463 meters per second.

      In the introduction I mentioned Titan having seasons. These are caused by its orbit around the sun. Together with its planet Saturn, Titan orbits our central star in about 30 years. On Earth, as you might remember from your school classes, seasons are caused by the tilt of our planet’s axis relative to its orbit. The same applies—even to a slightly higher degree—to Saturn and the orbital plane of all its rings and moons. This also causes seasons on Titan, which last a quarter of each Saturnian year corresponding to 30 Earth years, i.e. about 7.5 years. In 2010, the last summer ended in the southern hemisphere. 37.5 years later, in 2047, it will be autumn in the southern hemisphere, where the ILSE astronauts land.

      While Titan has at least 61 siblings, it orbits Saturn in relative solitude, as the others seem to keep their distance due to Titan's large size. The next moon closer to Saturn is Rhea (695,000 kilometers orbital distance), and farther out is Hyperion, the odd-looking moon that resembles a sponge, at a distance of 242,000 kilometers.

    

  


  
    
      
        
          
          

          
            
              [image: ]
              [image: ]
            

          

          

      

    

    







            The Atmosphere

          

        

      

    

    
      When Voyager 1 managed to take the first close-up pictures of Titan in 1980, scientists were quite disappointed. They had hoped for views of the surface, but the NASA probe could not provide the desired views due to the dense atmosphere. The gas layer is thick and never opens up. Imagine this on Earth—no nice blue sky, only thick, gray clouds 24 hours a day.

      It is quite exceptional for Titan to have an atmosphere. And the astronomers were ultimately glad about it. There is no other moon where this is the case, in quite the same way. Astronomers had suspected this for a long time, but it was only with Voyager 1 that they gained truly usable insights. These have been refined by now, but not overturned.

      In many ways, the gas layer around Titan exceeds the one around Earth. Titan's gas layer reaches higher (1,200 kilometers instead of 100 kilometers), it weighs 1.19 times as much, and it generates a surface pressure which is 50 percent higher—meaning 1.5 bar. If one takes the lower gravity into account, this means every square meter of ground on Titan has ten times as much gas above it as on Earth, and its density is five times higher than on our planet. This offers the practical advantage of allowing humans in winged suits to fly under their own power on Titan, as their lift would be higher and their weight lower.

      The Various Layers

      What would we see while descending to the surface of Titan in a lander module? First we would cross the ionosphere at an altitude of about 1,200 kilometers. The ionosphere consists of two layers of charged particles. These reflect radio waves quite well.

      At an altitude of 450 to 500 kilometers comes the mesosphere, the first layer of haze, consisting of methane molecules condensing up here due to the cold. Most of the air molecules are nitrogen, at 98.4 percent of the total, but methane (CH3) is chemically more interesting. At a great altitude the energy of the solar wind breaks up the methane into free radicals which combine with other molecules, sometimes forming very complex compounds. Researchers have discovered ethane, diacetylene, methacetylene, acetylene, propane, cyanoacetylene, hydrogen cyanide, and many others. The astrophysicist Carl Sagan coined the term ‘tholins’ for these reaction products, which does not refer to their composition, but rather to the way they are created.

      However, these relatively heavy compounds do not manage to stay in the thin layers but instead drift downward. At an altitude of 100 to 200 kilometers they create an optically opaque layer of orange-colored haze, the tholin layer, which thwarted the attempts of Voyager 1.

      Below an altitude of 40 kilometers the atmosphere gets slowly clearer. It is assumed the tholins rain down to the surface from there. Sagan already suspected these complex molecules might contribute to creating predecessors of life on the surface.

      Below the tholin layer the air contains a relatively high amount of methane, up to four percent. Depending upon the season, methane and ethane clouds can form (the latter have been verified near the North Pole) that send rain down onto the surface. Storm clouds, like cumulus clouds on Earth, are possible here, and can cause heavy precipitation from an altitude of 15 kilometers.

      Where does the Atmosphere come from?

      Currently, the origin of the Titan atmosphere remains a mystery. The two large and rather similar Jupiter moons—Ganymede and Callisto—do not possess a significant gas layer, so Titan must have been 'lucky' at some point in its evolution. In the first 50 million years after the moon came into being, the energy of the sunlight should have eliminated any traces of methane, which tells us this gas is being generated on a continuous basis. This moon appears to gain some advantage from orbiting so far away from the sun. This decreases its exposure to the solar wind, and it has managed to hold onto its atmosphere better than the planet Mars did.

      The initial composition of the moon might have played an important role. It probably consists of only 50 percent rock, plus water ice and ammonia (NH3). The latter could be the source of the nitrogen in the atmosphere. During all these millions of years, Titan has been shedding a large part of its atmosphere—there is enough left, in part because there was so much of it to begin with, and in part because gas is continually provided from its interior.

      Ganymede and Callisto lack such sources, since they came into being farther inside the solar system, where higher temperatures allow less ammonia to accumulate.
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            The Surface

          

        

      

    

    
      After the Cassini probe sent down the Huygens lander in 2005, we saw quite well what things look like on Titan—at least during summer in the southern latitudes. If you ever go there yourself, you should prepare for the cold. The average temperature on the surface is minus 179 degrees. There are no major temperature differences between the poles and the equator, three degrees at most. This is due to the sun never shining directly on the surface. Some of its energy is absorbed by the haze layer and then distributed across the entire moon, and some is reflected back into space. This leads to a negative greenhouse effect, which means the surface would be warmer if the haze layer allowed more sunlight to shine through.

      So you’d better be dressed warmly when you leave your spaceship. And don’t forget your flashlight as well—on Titan it is always twilight. I would recommend landing on the side facing Saturn. While you won’t be able to see the planet (or the sun), Saturn's reflected light illuminates the scenery a bit better, so you don’t have to travel around in absolute darkness.

      Here is another insider tip. Definitely bring along a night vision device, as the cloud layer is relatively transparent in the infrared spectrum, and you might want to see the sun again.

      By the way, the sky appears to be the same color as Titan looks from afar, a dirty orangish brown. You will only get to see clouds seasonally. These are methane clouds; either ice clouds at high altitude (30-50 kilometers) or mountainous-looking storm clouds similar to those you know from terrestrial thunderstorms. They cause precipitation—ice-cold methane rain you had better avoid, because it is so cold it would definitely overtax the heating system of your spacesuit. If you risk it, or if you find a safe refuge with a window, you would see giant raindrops, as big as hailstones, less drop-shaped and more round, floating down with impressive slowness. A lot of liquid can rain down in a short time. Hopefully you did not land in a depression! Once the clouds move away, you should try to catch a glimpse of the rainbow, which consists of reddish stripes.

      Thunderstorms such as I described in the novel are also possible, though they don’t happen very often. The thunderclaps reach an observer more slowly than on Earth, as the speed of sound is only 215 meters per second (instead of 340 m/s). On the other hand, they sound much more bass-heavy, and generally resonate across greater distances. So if you hear booming sounds during your walk, a thunderstorm might be coming—better try to find shelter quickly. By the way, in the novel, the value Francesca calculated for the speed of sound during her hike was a bit too low, because she did not correctly remember the effect of the temperature on the compression coefficient of nitrogen (I don’t either, but I get help from an online calculator, see bit.ly/2mQUG2k).

      Usually it is not too windy near the ground. Scientists predict soft breezes of less than a meter per second (on Earth this would be ‘light wind’) blowing westward. But in spring and fall there can be more violent movements of air reaching down to the ground, and these winds formed the dunes on Titan. You could not call this a ‘storm,’ as it is only a moderate wind blowing eastward at up to ten meters per second.

      Nothing is the Way it Seems

      Speaking of the ground, if you landed near the equator, as the Huygens probe did, your first step would lead you across sand. Sand? Just take a sample with you into a warm room. You will soon realize not everything that appears to be sand is in fact silica, like the sand on Earth. The fine grains of the Titan desert consist of water ice with additional organic compounds that rained down from the tholin haze. However, the sand was created in a way similar to terrestrial sand—by erosion. Like the entire surface of this moon, the mountains on Titan consist of ice, which at these temperatures is as hard as granite. They erode just like granite due to rain and creeks digging a bed into them. In the large deserts the grains of sands clump together into dunes shaped by the wind. They can reach heights of up to 300 meters. They are not as soft as sand dunes on Earth, and over time they may solidify.

      These are not the only obstacles you might encounter. Depending upon the season, bigger problems may be posed by rivers, lakes, and oceans. The climate conditions cause these to be concentrated in the polar regions. The three largest lakes, Kraken Mare, Ligeia Mare, and Punga Mare, are called ‘mares,’ pronounced 'mar-ray and mar-rays,' since their sizes of over 100,000 square kilometers make them comparable to inland seas on Earth. The largest and so far only lake in the southern hemisphere is called Ontario Lacus, and is approximately the same size as Lake Ontario. (‘Mare’ and ‘lacus’ are Latin for sea and lake, respectively.)

      These seas and lakes are probably only a few hundred meters deep. Ligeia Mare, for instance, as radar scans by Cassini have shown, has a depth of only 170 meters. Of course they do not consist of water, which would freeze, but of liquid hydrocarbons like methane and ethane. The entire volume of these compounds surpasses that of Earth’s by a hundredfold! If you took a Porsche along on your voyage you could fill up its tank directly from these lakes, though you would have to bring along extra oxygen for the internal combustion engine, since there is hardly any oxygen on Titan. Due to the low oxygen level, there is no fire hazard, even though the lakes consist of pure fuel.

      What about water sports? Diving is out of the question, unless you have a submarine. You can also leave your surfing equipment at home. The waves on Ontario Lacus only reach a maximal height of two centimeters. This is not only due to the lack of a breeze, which can get stronger in spring and fall, but also due to liquid methane being 'stickier' than liquid water. Physicists would say water has a lower viscosity. If we overcome the issue of heat insulation, we could recommend snorkeling to people vacationing on Titan. After all, these lakes are transparent, allowing you to see all the way to the bottom.

      You might have problems swimming, though. First of all, you would need a perfectly insulated swimsuit. A spacesuit would not suffice, as Francesca experienced. If you recall, she could not walk through the shallow methane lake. Even if your suit insulated you from the coldness of space, the direct contact with the fluid methane would suck out all the heat and you would freeze almost instantly.

      Secondly, the human body consists mostly of water, which has almost twice the density of methane. Therefore you would sink like a stone unless you brought along a gas-filled innertube. A boat would be an alternative, but you wanted to go snorkeling, you crazy tourist.

      On Earth, lakes consist of water. When temperatures fall below zero, due to an anomaly that does not occur in any other substance, water expands as it freezes, so ice is lighter than water. This keeps ice at the surface. Otherwise, as water froze, it would sink to the bottom. Then more water would freeze and sink, until the lake was frozen solid. This would kill animals and plants that survive because of the insulation of the ice layer on the surface. On Titan, lakes might theoretically freeze from the bottom up because, unlike water, methane shrinks as it solidifies.

      So why do we still see methane ice floating on Titan’s lakes, just as ice does on Earth, and see no totally frozen lakes? The methane ice is using something similar to the inner tube. While it freezes, it incorporates tiny nitrogen bubbles from the atmosphere. Remember, nitrogen has a share of more than 95 percent of Titan’s ‘air.’ This gas is lighter than methane and keeps the ice afloat.

      No Destination for Mountain Climbers

      If you want to go mountain climbing, you might choose a different destination. Titan offers nothing comparable to the Himalayas on Earth, with Mt. Everest's peak reaching 8.85 kilometers, or to Mons Olympus on Mars, with its height of 20 kilometers. The surface of Titan is generally rather flat, with few hill or mountains, but there are some. The Xanadu region near the equator, for instance, which is as large as Australia, is crisscrossed by mountain ranges reaching a height of up to 2 kilometers. These were probably not created by shifting continental plates, as happened on Earth, but by the shrinking of the moon, like wrinkles on aging skin. During the 4.5 billion years of its existence, Titan might have shrunk by 7 kilometers. The rigid ice crust could not contract accordingly and thus it ruptured. At the cracks, the edges pushed over each other and created mountains. Rain and creeks have probably cut into these ice mountains in ways similar to how streams have dug into limestone on Earth. This also means you will probably find the occasional cave on Titan.

      Impact craters are rare on Titan, for the same reason they are rare on Earth. First, large meteorites will break up in the dense atmosphere, and second, the climate will quickly erode the existing craters. Thus most of the surface is between 100 million and a billion years old, which is young in geological terms. The largest crater, Menrva, has a diameter of 440 kilometers. Most craters lack structures typical of those on other moons, such as an elevated area in the center. Researchers suspect this would have been caused by the heat of an impact melting part of the icy ground, which then resolidified.

      Radar data sent by Cassini also indicate structures reminiscent of volcanoes. Here, water containing ammonia might reach the surface, which could be a source for replenishing the nitrogen in the atmosphere. There is no clear-cut proof yet, though scientists definitely hypothesize Sotra Patera—patera being Latin for bowl—which was discovered by Cassini, to be such a cryovolcano. This object is part of a mountain range with a height of 1,000 to 1,500 meters. On top there are craters, and the flanks appear to be covered with frozen ‘lava,’ which in this case consists of water ice. If you are curious, Titan’s montes are named after mountains in Tolkien’s Middle Earth, and its colles—small hills —after characters from his books.

      If you plan longer hikes on Titan, you might want to bring snowshoes. The ‘sand’ is a problem. This loose material possesses only a third of the density found in earth sand, which means you have less buoyancy, just like in the methane lakes, and you will automatically sink in deeper. You might have only a seventh of your weight, which makes every step easier, but you know how exhausting it can be when walking in loose or wet sand on Earth. On Titan you would sink in three times as deep.

      The situation could become particularly complicated after it rains, when the sand is mixed with liquid methane. The quicksand described in this novel might actually be the rule rather than the exception.

      The Changing Seasons

      The best travel season for you depends upon your personal preferences. If you prefer a calm vacation in the eternal twilight, without a lot of disturbances, maybe with a nice view of a dune, you should travel to the equatorial regions in summer or winter. If you want some action, better choose spring or fall—or the right region during winter. Cassini, for instance, arrived near Saturn during the southern summer. At that time, the area near the South Pole was rather dry, and the North Pole was wet (as it was winter there). The North Pole experiences spring while the South Pole is cooling off in its autumn. Researchers are not yet sure what effects the seasons really have, and whether the lakes near the North Pole dry out completely during its summer. Currently, it is believed that the lakes remain, at least in part. Therefore, you might want to choose a lodging in the North if you are interested in water sports.

      What should a visitor from Earth bring along to such a place? Almost everything. Fresh linens definitely would not be your main problem. You can produce water from water ice, and oxygen from the water, but you would have to pack everything else into your spaceship. Most of all, you will need energy, both for the heating system and for generating water and oxygen. You cannot rely on solar cells, because even in the case of a clear sky the sun would not provide nearly enough energy. Therefore you need a nuclear power plant or at least an RTG, a radioisotope generator, which generates energy from the heat released by the decay of plutonium. Of course, your little house should be shielded well and offer a safe airlock. While neither nitrogen nor methane, the two main components of the atmosphere on Titan, are poisonous, it also contains HCN, also called hydrogen cyanide or prussic acid. That would not agree with you, for sure. At least there would be no vacuum inside your house, so you don’t have to adapt laboriously to the pressure difference when getting ready to go outside.
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            The Underground

          

        

      

    

    
      Titan has an average density of 1.88 grams per cubic centimeter. This is significantly higher than the density of water, so this moon must have a rocky core. The silicate core is surrounded by several layers of water ice in various conditions. Most probably there is a liquid ocean above the core, and then an ice crust above that with a thickness of 100 kilometers.

      The existence of such an ocean has not yet been directly detected. This means nobody has ever gone swimming in it, but this would also apply to the groundwater layer below your house here on Earth. The radar scans by Cassini clearly indicate the existence of an ocean. The probe measured the exact positions of 50 locations on the surface during several fly-bys, and changes were indicated from one recording to the next. This can only be explained by an ice crust floating on top of an ocean.

      Where does the heat come from to keep the ocean liquid? Well, the water does not absolutely have to reach 0 degrees for several reasons. First, if ten percent ammonia is dissolved in the water, the melting point drops below 0 degrees. Remember, ammonia has been suspected of being the source of the atmospheric nitrogen. Second, radioactive materials in the core of Titan might be generating heat. Third, the tidal friction of various layers against each other—caused by Saturn—creates heat. And finally, there might also be chemical processes at the transition between rock and water that could generate energy. The ocean is probably kept liquid by a combination of any or all these effects. Titan is not extraordinary in this respect—we conclude that there are also oceans below an ice crust on Enceladus, and/or the Jupiter moon of Europa.

      However, the ice ocean on Titan might be slowly freezing. This was indicated by Cassini’s most recent measurements of the moon’s gravitational field. According to these, the water has a high density, which is only possible if additional chemicals are dissolved in it. This suggests a salty ocean rivaling the Dead Sea on Earth. Accordingly, the ice crust below the mountains of Titan would reach deeper into the interior than below other terrains. This would be a reason for assuming a continuous freezing process.
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            The Birth of Titan

          

        

      

    

    
      Titan came into being at about the same time as its planet Saturn, i.e. 4.5 billion years ago, after the sun had ignited inside the planetary nebula. Out here, at a distance of 9.5 astronomical units from the sun—an astronomical unit being the mean distance from the center of the sun to the center of Earth—the protoplanetary nebula cooled off more quickly than in the inner solar system, nearer the hot primal sun, where water more likely existed in liquid form or as water vapor. Furthermore, the lighter elements predominated out here—hence the creation of gas planets rather than rocky planets.

      After the temperature had fallen sufficiently, first the firmer and then the more volatile compounds condensed down to water vapor, which then froze into ice crystals. When these particles met, they merged into larger clumps that in turn combined into even bigger conglomerates. This finally created planetesimals, which were still undifferentiated. This means that they had neither core nor crust, and rock and ice were still randomly mixed. This is the ‘usual’ co-accretion theory, which works for most planets and their moons, though not for Earth and its companion, Luna. Titan is also an exception, since it accounts for such a large part of the mass of all Saturn moons.

      Most probably there was an 'accident' during the formation of the moon; several proto-moons collided and finally formed Titan. The other moons were created from the leftover material. This would also explain why the orbital plane of Titan is different from those of its siblings.

      An alternative model assumes Saturn capturing Titan, which had formed in a different orbit. Could it even have been a planet of its own? The nitrogen isotope percentages in its atmosphere seem to indicate so. They suggest an origin in the Oort cloud, which today orbits far outside our solar system and represents something like the landfill of solar evolution. According to this model, Titan would even be a little bit (100 million years) older than Saturn.
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            Life on Titan?

          

        

      

    

    
      Saturn, and thus its moon Titan, orbit far outside what scientists call the 'habitable zone,' a narrow area surrounding the sun. Does this mean that this moon is unsuitable for life?

      No.

      The habitable zone is defined as a region in which planetary surfaces support liquid water. Nothing more and nothing less. Our neighboring star Proxima Centauri was recently in the news, since it possesses several planets that fall under this definition. This does not mean that life actually exists there. In the case of Proxima b, one of the planets of Proxima Centauri, this is complicated by it always pointing the same side to its sun. That side would be hot, and the other side cold. In addition, it is probably regularly blasted with radiation by its sun.

      Titan, on the other hand, resides in a cold but also very calm zone. Unlike Jupiter, Saturn does not bombard its moons with radiation. While water cannot exist on its surface, it would be anthropocentric to claim life always requires water. Titan does not have water in its liquid state, but has lots of organic chemical compounds, just like primal Earth did.

      The astrobiologists are still basically skeptical, as they should be. A prebiotic chemistry is to be expected, meaning organic molecules reacting with others, which is also typical for life, but nothing more. Yet there are a few hints of more than this happening. While analyses found sources of hydrogen and acetylene, these substances do not appear in the atmosphere. If there were methane-based forms of life, both would be perfect providers of energy. Do the inhabitants of Titan ‘consume’ these substances? (The Titan life forms in the novel are based on this assumption.) Or are hitherto unknown chemical processes responsible for this fact?

      A common argument against life on Titan is the fact that its low temperatures would slow down all reactions. However, there is no fixed reaction speed for life. After all, Titan has been around for 4.5 billion years. Life that developed there might grow, move, and think a bit more slowly—but it could exist.

      And finally, it would be conceivable that such life could be based on a totally different foundation than anything we can imagine right now. In 2015, for instance, researchers investigated whether and how cells in methane lakes could form membranes, undoubtedly an important prerequisite for life. They found acrylonitrile to be suitable for this, a substance that has been detected in the atmosphere of Titan.

      Even prussic acid, or hydrogen cyanide, which is lethal for us, offers interesting possibilities. Its molecules can form polyimines, a form of polymer with a double bond between the carbon and the nitrogen atom. These molecular chains can be activated by solar energy, among other things, similar to chlorophyll. Interestingly enough, the Titan atmosphere is rather transparent for the suitable photons (light particles). A life form based on prussic acid would therefore not even notice the layer of haze that to us makes the surface of Titan appear in eternal twilight.

      If there is a chance of life somewhere in the solar system, scientists agree that it would be on Titan. Mars and Venus are much more likely devoid of life. A habitability index developed by astrobiologists therefore puts Titan first in line right behind Earth, while Mars is only the runner-up.
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            The Exploration of Titan

          

        

      

    

    
      The Dutch astronomer Christiaan Huygens discovered Titan on March 25, 1655, using a 50-power telescope that he had developed together with his brother Constantijn. He simply called it Luna Saturni, literally, ‘Moon of Saturn.’ Saturn was thus the second planet after Jupiter (not counting Earth) where moons were discovered. Huygens even managed to calculate the orbital period of this moon. His result was 16 days and four hours, close to the actual value of a fraction under 16 days. Once other astronomers found additional Saturnian moons, Huygens simply called it ‘my moon,’ and the name ‘Huygens’ moon’ became common.

      In 1847 the English astronomer John Herschel then suggested mythological names for all the moons of Saturn. These names became accepted toward the end of the 19th century.

      The dense atmosphere of Titan set narrow limits for observations from Earth. Gerard Kuiper managed to detect methane in its atmosphere in 1944.

      The first visits by space probes were a bit disappointing. In 1979, Pioneer 11 only managed to prove very cold temperatures on Titan. In 1980 Voyager 1 was the first to measure the density, composition, and temperature of the atmosphere. The surface still could not be seen.

      This changed in 2004 when the Cassini probe reached the system. Cassini used radar to survey Titan. Most importantly, it managed to drop the Huygens lander module down to the surface on January 14, 2005. The first chapter of this novel is a faithful recreation of this landing—except for the fictitious ending. Even later, Cassini provided many interesting pictures and data about this moon. Almost all we know about Titan was derived by scientists from these data.
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            The Next Visit

          

        

      

    

    
      Currently, there are no firm plans for another visit to Titan. In the early 2000’s there were plans for TSSM, the Titan Saturn System Mission, a joint project of NASA and ESA. As part of this mission a hot-air balloon would have drifted through the dense atmosphere for six months. However, TSSM was canceled in favor of a Jupiter mission, which finally became ESA’s JUpiter ICy moons Explorer (JUICE). Its goal is the exploration of the Jupiter moons Ganymede, Callisto, and Europa.

      Another project, cut in 2013 due to budget constraints, was Titan Mare Explorer (TiME), which wanted to use a lander to examine the composition of the lakes on Titan. The program Journey to Enceladus and Titan (JET), suggested in 2011, consisted of a probe for exploring both moons. It was ultimately rejected during the 2016 NASA selection process. The most advanced plan today is using a submarine to explore the seas of Titan. In 2015, a more specific development of this project received financing in the amount of $500,000. Of course, this does not indicate that it will actually be turned into reality.

      Therefore, the next view of Titan might be relegated to ELF, the Enceladus Life Finder, which could launch in 2021. Unfortunately, even this project is currently at risk. Considering the potential Titan has for harboring at least predecessors of life, as scientists agree, humans (or at least those humans deciding on space missions) seem to assign surprisingly little importance to visiting it.
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        * * *

      

      Thanks for visiting Titan with me! I hope you had a pleasurable ride. If you'd like to see all these places in their colorful glory, you can get the PDF version of the Guided Tour of Titan for free by leaving me your e-mail address at: hard-sf.com/subscribe
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        AI – Artificial Intelligence

        API –Application Program Interface; Acoustic Properties Instrument

        ASCAN – AStronaut CANdidate

        AU – Astronomical Unit (the distance from the Earth to the sun)

        BIOS – Basic Input/Output System

        C&DH – Command & Data Handling

        CapCom – Capsule Communicator

        Cas – CRISPR-associated system

        CELSS – Closed Ecological Life Support System

        CIA – (U.S.) Central Intelligence Agency

        COAS – Crewman Optical Alignment Site

        Comms – Communiques

        CRISPR – Clustered Regularly Interspaced Short Palindromic Repeats

        DEC PDP-11 – Digital Equipment Corporation Programmable Data Processor-11

        DFD – Direct Fusion Drive

        DISR – Descent Imager / Spectral Radiometer

        DNA – DeoxriboNeucleic Acid

        DoD – (U.S.) Department of Defense

        DPS – Data Processing Systems specialist (known as Dipsy)

        DSN – Deep Space Network

        ECDA – Enhanced Cosmic Dust Analyzer

        EECOM – Electrical, Environmental, COnsumables, and Mechanical

        EGIL – Electrical, General Instrumentation, and Lighting

        EJSM – Europa Jupiter System Mission

        ELF – Enceladus Life Finder

        EMU – Extravehicular Mobility Unit

        ESA – European Space Agency

        EVA – ExtraVehicular Activity

        F1 – Function 1 (Help function on computer keyboards)

        FAST – (Chinese) Five-hundred-meter Aperture Spherical Telescope

        FAO – Flight Activities Office

        FCR – Flight Control Room

        FD – Flight Director

        FIDO – FlIght Dynamics Officer

        Fortran – FORmula TRANslation

        g – g-force (gravitational force)

        GBI – Green Bank Interferometer

        GNC – Guidance, Navigation, and Control system

        HAI – High-Altitude Indoctrination device

        HASI – Huygens Atmospheric Structure Instrument

        HP – HorsePower

        HUT – Hard Upper Torso

        IAU – International Astronomical Union

        ILSE – International Life Search Expedition

        INCO – INstrumentation and Communication Officer

        IR – InfraRed

        ISS-NG – International Space Station-Next Generation

        IT – Information Technology

        IVO – Io Volcano Explorer

        JAXA – Japan Aerospace eXploration Agency

        JET – Journey to Enceladus and Titan

        JPL – Jet Propulsion Laboratory

        JSC – Johnson Space Center

        JUICE – JUpiter ICy moons Explorer

        LCD – Liquid Crystal Display

        LCVG – Liquid Cooling and Ventilation Garment

        LEA – Launch, Entry, Abort spacesuit

        LIFE – Life Investigation For Enceladus

        LTA – Lower Torso Assembly

        MAG – Maximum Absorbency Garment

        MCC – Mission Control Center

        MIT – Massachusetts Institute of Technology

        MOM – Mission Operations Manager

        MPa – MegaPascal

        MPD – MagnetoPlasmadynamic Drive

        MSDD – Multi-station Spatial Disorientation Device

        NSA – National Security Agency

        NASA – National Aeronautics and Space Administration

        NEA – Near Earth Asteroids

        PAO – Public Affairs Office

        PC – Personal Computer

        PE-UHMW – PolyEthylene-Ultra High Molecular Weight

        PER – fluid PERmittivity sensor

        PI – Principal Investigator

        Prop – Propulsion

        PSS – Princeton Satellite Systems

        RCS – Reaction Control System

        REF – REFractive index sensor

        RNA – RiboNeucleic Acid

        RTG – Radioisotope Thermoelectric Generator

        SAFER – Simplified Aid For EVA Rescue

        SIRI – Speech Interpretation and Recognition Interface

        SFTP – SSH (Secure Socket sHell) File Transfer Protocol

        SSP – Surface Science Package

        SSR – Solid-State Recorder

        TandEM – Titan and Enceladus Mission

        TiME – TItan Mare Explorer

        TNO – Trans-Neptunian Object

        TSSM – Titan Saturn System Mission

        UTC –Universal Time Coordinated

        Valkyrie – Very deep Autonomous Laser-powered Kilowatt-class Yo-yoing Robotic Ice Explorer

        VASIMR – VAriable Specific Impulse Magnetoplasma Rocket

        VR – Virtual Reality

        WHC – Waste Hygiene Compartment
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            Metric to English Conversions

          

        

      

    

    
      It is assumed that by the time the events of this novel take place, the United States will have joined the rest of the world and will be using the International System of Units, the modern form of the metric system.

      
        
        Length:

        centimeter = 0.39 inches

        meter = 1.09 yards, or 3.28 feet

        kilometer = 1093.61 yards, or 0.62 miles

      

      

      
        
        Area:

        square centimeter = 0.16 square inches

        square meter = 1.20 square yards

        square kilometer = 0.39 square miles

      

      

      
        
        Weight:

        gram = 0.04 ounces

        kilogram = 35.27 ounces, or 2.20 pounds

      

      

      
        
        Volume:

        liter = 1.06 quarts, or 0.26 gallons

        cubic meter = 35.31 cubic feet, or 1.31 cubic yards

      

      

      
        
        Temperature:

        To convert Celsius to Fahrenheit, multiply by 1.8 and then add 32
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            Excerpt: The Io Encounter

          

        

      

    

    
      February 5, 2047, Shanghai

      Bailong Li no longer remembered the time when he first met his wife, but she later told him she had only gone with him because he’d spontaneously offered to warm her cold hands. Even now, although it was almost dark in the room, and he could no longer see very well without glasses, Bailong could clearly recognize his wife’s right hand. To him, the hand seemed to glow in the dim light. It looked delicate, but he knew it could grasp firmly and accurately because his wife had worked as a seamstress for 40 years.

      When the left lens of his glasses had once again fallen out of its frame, and he had once again struggled to pick the thin object off the floor, his wife’s slender fingers only needed a few seconds to retrieve the lens and repair his glasses. Then she would scold him, once again, and tell him he should go to an optician and get a new pair of glasses, since they could easily afford it. Of course he could see in her eyes that she knew quite well how much he loved his old pair of glasses.

      He placed his hand on top of hers and was shocked for a moment at how cold her skin felt. It was an instant reminder that his wife had felt cold during her whole life. Even now she didn’t feel warm, although they lived in a modern apartment in which they could turn up the heat to 30 degrees or more, as money was no issue these days. He closed his hand around hers and looked at her face in profile. The skin of her face also seemed to glow in the twilight, and to Bailong no one had such translucent skin as his wife, Chen Lu. Morning Dew. That was the name her parents had given her, and the name still fit perfectly. He saw her wrinkles—the old ones from sorrow, and the new ones that age had added—and his gaze followed the shape of her nose and chin, both pointing forward as if the personality of their owner pulled them there.

      Bailong Li bent a bit forward. His back hurt, as the wooden bench they both sat on was not at all comfortable. It was the only thing left from their former life in the village before their stubborn daughter, against their advice, joined the army to pursue her career. Bailong followed Chen Lu’s gaze staring out into infinity. His wife had never been much of a talker. She had always been quiet, even when giving birth to their daughter, but he did not mind. He felt good just being next to her. Chen Lu liked to sit at the window and let her gaze wander. Sometimes it seemed as if she left her body behind. That was why he liked to sit here beside her—to safeguard the shell that remained. This way he still felt needed, even though others now took care of the elderly couple who had raised the currently-most-famous daughter of China.

      A sea of skyscrapers loomed in front of them. Initially, Chen Lu had refused to move to this monstrous city. But when they were given a tour of the apartment, she just stood in front of the huge picture window and could hardly be talked into leaving. After they moved in, she placed the wooden bench right by the window, and now they almost always sat there after sunset.

      Bailong turned his head around, as much as he still could manage. Behind him he saw that night had fallen over the city, even though he looked at a solid wall. When the couple first viewed the apartment, the government real estate agent proudly showed them the giant wall-mounted monitor that used camera feeds to create the illusion of a second picture window there. If the tenant so desired, the air conditioning could blow a fresh breeze through the room, creating the illusion of sitting on the roof of a high-rise building. According to the real estate agent’s whispers, this exclusive feature had been the idea of the previous owner, a multi-millionaire who had later fallen out of favor with the Party.

      Chen Lu never used the monitor. She claimed the view from it always fell short, somehow, of depicting the real world around her. Bailong Li didn’t mind if his wife refused to use it. As he turned back to look through the huge picture window, he perceived the scene before him as divided into two halves. Below was the chaotically-blinking sphere of humans. One couldn’t tell from up here that the bright spots, seeming to march like an army of ants, belonged to driverless cars, or buses, or trucks moving through the darkness toward unknown destinations. High-rises, most of them shorter than their own building, stretched like fingers toward the sky without ever reaching it.

      The sky was the upper sphere for him. Since China was putting a lot of effort into fighting smog, it appeared in purest black. Bailong remembered visiting Shanghai 30 years ago, when during one golden week they had marveled at the city and admired the red glow of sunset, but they had missed being able to see the night sky. Now the sunsets were much less spectacular, but their eyes could once again gaze into infinite space, hoping to see their daughter Jiaying who currently was on her return flight to Earth in a ‘tin can.’ Would she ever come home? Bailong sighed, as he could not imagine China’s new heroine ever moving into the room they kept free for her in the new apartment. It almost seemed as if Jiaying had never really belonged to them. She had always known what she wanted, and followed her own plans without telling anyone about them. After her return she would belong to the Party, whether she wanted to or not.

      The doorbell rang, but Bailong didn’t react since they were not expecting any visitors. Then his bracelet, which his doctor made him wear due to his weakening heart, and which was also linked to the apartment control software, suddenly vibrated. He raised his arm. On the bracelet display, the door symbol was blinking red. Somebody definitely meant business, as this color signaled the activation of the priority opening function, which was required by law to give 24/7 access to emergency services or the police. If he did not react now, the door would open by itself in 180 seconds.

      Bailong was annoyed. It must be that damned janitor again! Two weeks ago the man had suddenly appeared in their kitchen, presumably out of concern for their health, because they failed to react to him ringing the doorbell. The janitor was a poorly-paid, smelly man, and the unfriendly guy probably just wanted to demonstrate his power to these upstarts from the provinces. He was also most likely one of the many government spies, as they had been under constant supervision since their daughter became a national hero.

      Bailong caressed Chen Lu’s hand. His wife nodded in response, which meant ‘you go, I am staying here.’ He seemed to feel her thoughts in his own head, and they were warm. He got up and walked slowly toward the apartment door. Halfway there the bracelet vibrated again. He only had sixty seconds left to answer the door.

      “I am coming,” he called out, and was shocked how thin his own voice sounded. There was no answer from outside. The door lock displayed the countdown, and it had reached 20 by the time he pushed down the handle. Bailong jumped when the door was abruptly pushed open. Luckily, he was no longer standing directly behind it. Now his bracelet warned him his blood pressure had gone up beyond the desired level.

      “Mr. Li?” Two men in blue suits were standing in the hallway. They could be father and son. Each had a Party badge pinned to his lapel. They looked at him without showing any emotion.

      Bailong nodded. “Yes, that is correct.”

      “We are from the Office for Senior Citizen Welfare. We wanted to make sure you are being well taken care of. May we come in?”

      He had never heard of such a government agency. He knew the intelligence services sometimes hid behind obscure organizations. It did not matter. There was no choice but to invite these men into his apartment with a polite gesture.

      Both of them bowed, then the younger one pulled out a device that somewhat resembled a clunky pistol and aimed it at Bailong’s face.

      “Just a technicality,” he said calmly when Bailong flinched. “I am going to confirm your identity via an iris scan.”

      Bailong stood still, even though he wanted to run away. But where would he go? And how could an old man escape two strong, well-trained agents?

      “Thank you,” the younger man said.

      The older man reached into his jacket pocket and pulled out a pair of plastic shoe covers. “You have to excuse us, as we are in a bit of a hurry.”

      Instead of following proper etiquette by taking off their shoes before entering the apartment, the two men deftly slipped on their shoe covers, which were as blue as their suits.

      “May I?” Bailong was still blocking the doorway, so the older man pushed him aside. Now both visitors came all the way in and the younger one closed the door. At the same moment, they dropped any pretense of politeness.

      “We must talk to you and your wife, right away.” It was obvious the older man was the boss here. “Mrs. Li?”

      The men did not even wait for Chen Lu’s answer, they both marched straight toward the living room. The older one dragged Bailong with him, while the younger one typed something into the display of his bracelet.

      Chen Lu stood with her back toward the window, leaning against the glass. Bailong was frightened, since he had never completely trusted the windowpane and always kept a step away from it. He tried to join his wife, but the older man held his wrist in a firm grip.

      “Mr. and Mrs. Li, we have to ask you to come with us. It is a government issue of the highest importance.”

      Bailong gazed at his wife, but she showed no sign of emotion and seemed to look right through these unwelcomed guests.

      “Do you understand us?” The stranger was getting louder. Bailong nodded.

      “Fine. You do not have to bring anything along. Everything will be taken care of.”

      Bailong gathered all the strength old age permitted him, managed to tear himself free, and walked the four steps toward his wife.

      “Do not be afraid,” he said to her, though he sensed he was mostly trying to reassure himself. He took hold of her hand.

      “We should go now. There is a car waiting in the street,” one of the men said.

      “Yes, Mister...” The man did not respond.

      As a farewell gesture, Bailong turned around one last time and gazed at the sky. Somewhere out there, at an almost infinite distance, his daughter was traveling through hostile space. He was proud of her, no matter what was going to happen to Chen Lu and himself.

      February 10, 2047, ILSE

      He only needed to place a thumb over the sun to extinguish it. At the left and right edges, though, he could see thin strips that had not been there yesterday. Day by day the sun appeared to grow larger, attracting him like a far-away magnet. Its light even seemed to warm his skin more than before, although that was nonsense. He was not even observing the central star of the solar system through a glass window, but rather on a monitor attached to the wall of his tiny cabin, right next to his berth.

      Martin Neumaier really wanted to get home. He was tired of this seemingly never-ending adventure, but the crew of ILSE still had about eleven months of flight ahead of them. Right now, Martin was wishing he could curl himself into the folds of his grandmother’s skirt like he used to do as a little kid. He wanted someone who would caress him and tell him everything would be all right. He certainly did not feel all right. The day before yesterday, Jiaying had told him it was all over between them.

      Why, just why? Yesterday Martin had skipped his shift, saying he was sick. He also did not exercise, but instead spent the time lying in his cabin, giving in to feelings ranging from grief to anger. He had saved her life, and she had saved his. They understood each other, had shared both their dreams and the humdrum routine on board the spaceship they finally had returned to. And now this? Didn’t he at least have a right to find out the reason for their breakup, to hear what he had done wrong? Instead he had heard meaningless phrases like, ‘It’s not your fault,’ ‘It’s no use,’ and ‘You deserve someone better.’

      How was he supposed to make it through the coming months? How did she imagine it working? The spaceship was not large enough for them to avoid one another. They would still have to talk to each other and share shifts, especially now. With the entire crew consisting of only five people, there was no room for personal animosities. How could the situation ever become normal again, if Jiaying did not answer any of his questions?

      Martin swiped the sun aside with his index finger. At this scale, he could not find Earth without the help of a computer. Of all the planets, he could only see Jupiter clearly. It moved around the sun in its own orbit and approached the trajectory of ILSE, which was aimed at the future position of Earth, with a speed of 13 kilometers per second.

      Jupiter is a remnant of the primal period of the solar system. This gigantic ball of gas is 11 times the diameter of Earth and has 300 times its mass. It outweighs the combined mass of all the other planets by two-and-a-half times, and its gravitational pull had a significant influence on the construction of the solar system.

      On our way out, Jupiter was behind the sun when we crossed its orbit, so we will soon be able to admire its full size for the very first time. The planet needs almost 12 Earth years to orbit around the sun. Martin then scoffed at his thoughts. They would not reach the orbital plane of Jupiter ‘soon’ and, having reached that point, be halfway home. It would still take months before the gas planet and its numerous moons would bring some change to his daily routine.

      There was a knock on the door. It must be Amy, as nobody else rapped on the door in such an old-fashioned way, using their knuckles. The commander is just doing her duty by checking on me, he thought. At the same time, he was angry at himself for being so unfair to her, though right now the world wasn’t exactly treating him fairly, either.

      There was another knock. Amy, of course, would never just burst into his room unannounced. She was so damned polite and considerate.

      “Come on in, I’m here,” he finally called out. The door opened, and indeed it was Amy who entered his cabin. She was wearing a NASA overall, not uncommon for her. He rarely saw her in a civilian outfit, particularly since the special clothing was intended to mitigate long-term side effects of low gravity.

      “How are you doing? Can I help you somehow?” asked Amy quietly.

      Martin felt like giving a snotty answer, but he simply could not do it because Amy’s face so clearly expressed real concern. He couldn’t slap Bambi in the face, could he?

      “Thanks. It’s okay,” he answered, trying to use a neutral tone.

      “I have talked to Jiaying. She told me she broke up with you, which has left you quite devastated, understandably so.”

      “Yes?” If Jiaying actually cared she could tell me herself, he thought, shaking his head.

      “Yes,” Amy said, “and I got the impression she really means it.”

      “Great,” Martin answered. “That is so helpful.”

      As if physically struck by his cynical reply, Amy flinched slightly.

      How can a commander be so sensitive? “Amy, I am sorry, but I'm not doing very well and I just don’t understand it,” he said. “Did she give you any kind of explanation?”

      The commander shook her head. “Unfortunately, I don’t know any more than you do. Maybe she herself doesn’t know the reason. When I was 20, I dumped a great boyfriend. I just got a strong feeling I had to do it—right then. Later I regretted my decision, but by then he was already married.”

      “Jiaying isn’t 20 anymore.”

      “This is true. Honestly, I didn’t get the impression it was a spontaneous decision. Jiaying is very goal-oriented, as you know. If she comes to a decision, she has a good reason for it.”

      “That’s what bothers me. It has to be something connected with me, because otherwise she could have told me.”

      “I can imagine how that preys on your mind.” Amy focused on the wall, as if something was going through her head.

      “Right now, you need some diversion,” she said. “Do you want to watch a movie with me?” She looked at her watch. “Hayato is taking care of Sol right now, and my shift won’t start for another three hours.”

      Martin could not help but smile. Amy actually wanted to sacrifice her free time for him. He was touched by this. He looked to the side so she wouldn’t notice.

      “No, it’s okay,” he replied. “I’ll just get on the exercise bike for a while. Thanks for coming to see me.”

      “Okay, of course you're welcome. And if you need someone to talk to, you know...”

      Martin nodded, sat up on the edge of his bed, and started putting on his sneakers.

      “See you later,” Amy said, closing the door of his cabin again as she left. Martin fell onto his side on his bed, pushed the shoes from his feet, grabbed his tablet and rolled over on his back, bringing up a book he had started reading a week ago. He suddenly remembered Jiaying recommending it to him. He almost felt like putting the tablet aside, but he forced himself to continue reading.

      February 15, 2047, Fort Meade

      A black sedan approached a low, even blacker rectangular building. The vehicle rolled slowly across the huge parking lot. Only a few cars remained by this time. About every twenty meters the sedan was bathed in the light of another streetlamp. Even so, the passengers inside could not be seen due to the reflective windows. The building they approached concealed a metal skeleton beneath its shimmering surface. This skeleton kept any radiation from entering or leaving. They could see an entrance in the middle of the wall that, from a distance, looked more like a socket. The almost-silent black sedan drove into it.

      “Dear guests, we have arrived,” a voice said over the loudspeaker. One could not tell whether it was a computer-generated recording or the voice of a real human being. Well, the automatic system drove the car, Major Shixin Tang thought, though he could not be entirely sure of that either, since the driver’s seat was surrounded by an opaque box. He looked at the woman accompanying him. She called herself Lining Li, but the name was certainly as fake as his own. At least he had been allowed to choose his own, and he liked this one because it meant “lion heart.” He wondered whether his colleague chose her name due to its meaning—strength, force, peace? He would never find out, anyway, since they were not allowed to discuss private matters during a mission, in order to prevent their adversaries from using this information against them.

      Their adversaries. Shixin smiled. They were about to enter the headquarters of one of their adversaries, the center of one of their most important intelligence services, the National Security Agency. Twenty years ago, this country and his own had been involved in a huge conflict regarding North Korea, and now they were suddenly best of friends. How quickly a common threat could form the basis for a temporary relationship.

      “Please walk toward the door,” a voice said. Green lights on the floor showed him where to stand. Then he heard a slight humming. Right now, a terahertz scanner was probably searching him for hidden objects, and a computer was comparing the structure of his iris with the data his superiors had previously sent to the NSA.

      “Welcome, Major Tang,” the voice finally said, while a hidden door opened. Shixin looked around, but he could not see his colleague. He waited, until the voice spoke again.

      “Please follow the corridor,” it said, and the major obeyed. He reached a small room where his colleague was already waiting for him. She gave him a mocking smile.

      “Well, did you have problems with Immigrations?” asked Lining sarcastically.

      He expected her to be troublesome. After all, she had reached the same rank as his own, despite being fifteen years younger than he was. The only way one moved up the ranks so quickly was by cleverly sidelining people who had been working longer in the same field. Maybe his own superiors were using her to test him. If he could not handle her, even though she was officially his subordinate, they would certainly put him out to pasture—at the age of 52!

      I will not let that happen, Shixin thought. He looked around. The room was an area of about three square meters, four at the most. The walls appeared to be perfectly smooth and he could not detect any doors, although he and his colleague had to have entered through different doors. Along one side were two narrow chairs, but neither he nor Lining bothered to sit down. They were probably being watched. Undoubtedly, the Americans wanted to know what kind of agents China had sent here.

      What they had been told must be true—these people were really into clever mind games. Like typical Westerners, they used confusion and enticement instead of simply and directly addressing their clients in a way that permitted no opposition. Shixin shook his head. He could think freely, which was an advantage only agents sent abroad, such as Lining and himself, had.

      At one point in the past, a highly-skilled surgeon had implanted electromagnetic shielding below their scalps. Otherwise, the danger of adversaries reading their brainwaves would be too great. Of course this attribute also protected him at home, as long as he did not act suspiciously and give them a reason to have a doctor perform the painful procedure to remove the metal net, which had long ago grown into his skull.

      Without any warning a narrow door opened. Lining gestured for him to go first, even though this was his right anyway, due to his age and seniority. This is a provocation, Shixin realized. He hoped the Americans would not notice such subtleties, as they could exploit this detail. However, they were here as friends, so maybe his worries were unfounded.

      The hallway in front of them was softly lit at top and bottom. It turned at a slight angle, and then they stood in front of a wall disguised as a mirror. His iris was probably being scanned again, since it took a few seconds before the wall quickly slid to one side.

      “Good morning, Major Tang,” said the tall black man standing beyond it and smiling broadly. His English does not sound so pure. Must be some Southern accent, Shixin thought.

      “I am Michael Butterfield, but you can call me Mike.”

      “Nice to meet you,” Shixin said. “Well, let’s all stick to first names then.”

      Mike smiled. He noticed the little linguistic test his counterpart had given him. He replied, “Thanks, Shixin,” pronouncing the x correctly as ‘kh.’Next he greeted Shixin’s colleague, Lining.

      Then the American pointed at another door that seemed to open by itself, revealing the inside of a large conference room. Shixin followed the invitation. When they entered, a Marine Corps general and a woman in a business suit rose to greet them. The woman introduced herself as an analyst, giving no name, while the officer’s name was clearly visible on his uniform. Shixin took some pictures with the camera integrated into his retina, just in case. He really wanted to know who this woman was. She presumably worked for the NSA, and she was also rather good-looking, for an American.

      Mike seemed to be the one in command, or at least to be directing things, as he now asked everyone to sit down at the large table. He sat down, too, while the nameless analyst remained standing. The opposite wall, which looked like gray concrete, turned into a giant screen. Not bad, Shixin thought, without letting on. The projection technology could not even be seen, which meant the optically-active layer must be directly on the wall. It was probably a mosaic of smaller quantum dot displays, because that was the only way—to his knowledge—to achieve this level of brightness.

      The screen showed Enceladus, a moon of Saturn. The viewer approached its surface in a rapid dive, while the analyst started with her report.

      “You know what this is all about, so I won’t bother you with minor details,” said the woman. Then she snapped her fingers and the video froze.

      “The crew of ILSE encountered an alien life form in the Enceladus Ocean. It appears to be peaceful. We know there was successful communication with it. The creature, which we have given the code name Hydra, consists of large, and I mean truly large, numbers of cells that look primitive at first sight, but can fulfill any necessary function.”

      The display now showed the cells through a microscope. Shixin was already familiar with the photos taken by the German crew member of ILSE. These cells were obviously not all identical. Though he was no biologist, he recognized that he was, however, seeing repetitive structures. A female expert belonging to his intelligence service had compared them to snowflakes, which individually look quite different but the structures of which followed specific rules.

      “Basically, there are fewer than twenty different types of cells. However, the biologists are not completely sure, since the cells seem to be able to change from one type into another. Unfortunately, we have not been able to observe this process in its original habitat. Also, there is no sample on board ILSE that we could examine further in this respect.”

      “Which is probably for the best,” Shixin said, “as we do not want any alien life on our planet.”

      The analyst nodded. “We totally agree with you. You know what biologists can be like.”

      Shixin wondered if the Americans were hiding something from him. His own country’s experts considered it unlikely, because the U.S. commander of the spaceship never had any contact with the life form. The Russians, on the other hand—well, you certainly couldn’t put it past them. Shixin had felt respect for their man—Marchenko was his name—when he heard of his incredible action on Enceladus, going all alone in a submarine to the origin of this life form, without any chance of survival. What good did it do him? Posthumous fame as a hero of Russia, maybe, but what use was that? On the other hand, it was good that his adventure did not end in a complete success...

      “... at least 100 million cells per square centimeter.” Lining nudged Shixin with her elbow. Damn it! he thought, I must not let myself get distracted. Without displaying any emotion he brought his focus back to the analyst, who now seemed to be speculating about the size of the entity. He did not look at his younger colleague.

      “Conservative estimates assume about 10 to the power of 23 cells, but there might be 10 to the power of 25. In a way it does not matter. The average human being, as you probably know, consists of 10 to the power of 14 cells. Hydra therefore has the same number of cells as at least 100 million humans, or maybe even ten billion. Now let’s imagine 100 million humans who could unite their brainpower. What would this lead to? On the one hand the idea is breathtaking, but on the other hand, it is frightening. We also do not know what percentage of Hydra’s cells can switch to mental functions, if necessary. We might be dealing with a biological supercomputer far surpassing anything mankind has ever constructed.”

      The numbers were certainly impressive, but the Chinese experts had already arrived at the same conclusions. Shixin had hoped the Americans would have more to offer, particularly because of the up-front work his own people had to provide.

      The analyst continued, “This would be dangerous enough if Hydra was just newborn. But this creature is at least several hundred million years old—if not billions. What could humanity achieve if it had all that time to employ such enormous brainpower? And then add the sense of perception. We have credible reports indicating Hydra can perceive both X-rays and gamma rays, and can also feel magnetic fields. So much input, for which we have to build expensive devices, and it has so much processing capacity. This leads to the question for which we are all here. What about Hydra’s output?”

      Shixin had closely followed the discussions in his own country. The encounter with the alien being had generated a lot of hope, particularly among scientists at universities who were looking forward to solving mankind’s big questions. The Party leadership—or to be more exact, the conservative wing of the Party—tried to suppress these expectations. The last ‘Great Leap Forward’ of his country took place not that very long ago. Back then, millions of people had died, and since that time, continuous progress had been the country’s goal. The system was still working today, in spite of skeptical predictions by the West. Would it be wise to deviate from a proven path?

      “To be honest,” the nameless analyst continued, “I cannot answer the question concerning its output right now. One thing seems obvious, however—its potential is enormous. It is so immense, mankind currently cannot even begin to compete. Naturally, individual nations might try to turn any new insights into a weapon against their neighbors. It has taken so long to achieve a barely-stable world balance. We cannot allow anything, in any way, to endanger that balance.”

      Shixin nodded. His government had reached the same conclusion as the Americans, and that was the reason he was here.

      The analyst continued, “It might be a different situation if we had Hydra under control. Unfortunately, that is not possible.”

      Yes, your military is very interested in new technologies, Shixin thought.

      “The Europeans, the Japanese, the Russians, the Indians—they all will want to have a hand in the game,” the analyst said. “Now, we have to pay the price for not putting the expedition under military command to begin with. We should never have let civilians handle it. That being said, none of our scientists dared to predict such a stunning result.”

      We did not make the same mistake, Shixin thought, but that will not help us now. Thirty years from now we would have been able to manage the expedition on our own. He was feeling excited just thinking about the People’s Republic of China owning this enormous treasure trove of knowledge. Then their leading scientists could slowly and methodically investigate it! A hundred years from now, by the very latest, we would have finally broken the dominance of the West.

      “It is not too late to intervene… yet,” the presumed NSA analyst now said, her voice getting louder.

      If we cannot have it by ourselves, no one should get it. That’s my motto, Shixin thought. And for once, the conservative forces sending him here were in agreement.

      “That was her suggestion. She’ll go far,” Mike whispered to him.

      “We talked to some of our researchers engaged in the field of biological warfare. Of course, in a purely defensive way, just as a precaution.” The woman scrutinized the small Chinese delegation, and Shixin nodded condescendingly. The entire world knew the Americans were secretly researching bio-weapons, even though that was strictly prohibited by international treaties. The Russians were no different in that respect, and of course the People’s Republic could not afford to fall behind either of them.

      “Scientists modeled the cell structures based on our current data. They cannot recreate them, let alone make them come alive. But they are certain they could create a virus to completely destroy Hydra.”

      Shixin was not surprised, but still the idea of eliminating the alien being gave him pause. It would not be the first species mankind had killed off, but it would certainly be the first extraterrestrial one. Ah, well. It had to happen sometime, he thought philosophically. “What do you mean by ‘could?’”

      “Well, Major Tang, the virus is actually already finished—at least inside a computer. And it is working.”

      “Inside a computer,” he repeated. The analyst smiled. He even thought he could detect some pity in her smile. Shixin knew all about this type. He had dealt with such women at the beginning of his career, shortly before the Second Korean War. At first they had been tough, but the tiniest hint of the pain awaiting made each betray her entire family. Americans were spoiled and soft.

      “Of course, in a computer,” the analyst said, “but we have run very good simulations. Biologists give us a 95 percent chance of implementing it. Hydra makes it very easy for us. It has not experienced any competition for billions of years. You all know how bad the absence of competition can be.”

      Shixin almost laughed out loud. If the woman only knew... She might be a brilliant NSA analyst, but she did not seem to know anything at all about China. There had always been competition in his country. Even inside the Party there were always at least two factions struggling for dominance.

      “This being appears to have no defenses,” the analyst continued, “no immune system such as every species on Earth has. The creature would be completely helpless against any attacker.”

      “It ‘appears?’” Shixin queried. The Chinese experts had said the same thing, but he did not want the NSA woman to get away so easily.

      “We can only be sure once we’ve tried it.”

      “And how is this supposed to work?” asked Shixin.

      “Thanks, Alice,” Mike Butterfield interrupted. “That was an impressive presentation. Now it’s my turn.” He stood up and restarted the screen on the wall. For the past few minutes it had only been showing the agency logo. A diagram of the ILSE spaceship now appeared.

      “We are going to synthesize the virus on board ILSE, fly back to Enceladus, and insert it into the ocean. The rest will happen automatically. Of course, it means sacrificing the entire crew. We cannot risk this ever coming to light.”

      “You keep saying ‘we,’” Shixin said.

      “We—you and I—will do this together. Did you bring the collateral we asked for?” asked Mike.

      “Yes.” Shixin nodded. “And who will be responsible on your side? In China, as I can guarantee, the leadership of Party and country stand behind the project. Of course only a small circle has been informed.”

      “I want to be completely open with you,” Mike replied. “The Pentagon approved Project AntiHydra. That has to be enough. There is disagreement on whether the President should be informed.”

      “That part is your problem,” Shixin said. “My colleague and I are looking forward to leading this joint project to a successful conclusion.”

      

      Buy the full book at:

      hard-sf.com/links/344027
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