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Dedication

To my mom, for loving me unconditionally . . .

through struggles to the stars.
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Introduction

The first time I was betrayed by gravity I was three years old. When the clock on the wall of la escuelita struck 10:00 a.m., I eagerly beelined to the silver slide out on the playground. Gripping the railings, I steadily and fearlessly climbed the ladder’s steps. At the top of the platform, I turned my back to the inviting slide that would’ve carried me safely down to the ground, and instead I faced the open air, readied myself to take my maiden flight, and leapt. I relished one glorious fraction of a second suspended in the warm Ecuadorian air before predictably plummeting face-first to the dirt below. Blood gushed out of a fresh gash on my chin, and before I knew it, my nursery school teacher had plonked me onto the back seat of her car and we rushed to the hospital in Guayaquil. In the emergency room, I was laid on a gurney and wheeled to a nearby station. A doctor seemed to appear out of nowhere, gently covering my face before he began the tedious and arduous work of cleaning out and stitching up the wound of a three-year-old boy who believed he could fly.

Gravity won that day. And by the time I became a systems testbed and operations engineer for NASA’s Jet Propulsion Laboratory, gravity had won many other days as well. It won the days in Ecuador when the economy was sinking, and the days of my mom and dad’s toxic relationship. It won the days in New York when our family’s language barrier and financial adversity seemed insurmountable, and it won the day my school guidance counselor changed my As to Bs to make my accomplishments as an immigrant student seem more “believable.” But every day that gravity won was also a day when I witnessed my mom’s courage to get back up and carry on. You see, gravity doesn’t just keep us down; it can also ground us and shape us—it’s the weight of being. Along the way, my mom and I found solace in our family and the kindness of strangers. And eventually, I channeled my mom’s courage into my unflagging pursuit of an education that would keep us from becoming just another immigrant family statistic. As I got older, I stumbled upon galvanic mentors who opened my eyes to the realities of space exploration, but it was my mom who instilled in me resilience and perseverance, who grounds me in the mental fortitude that allowed me to get to where I am today.

I went from being a toddler who thought he could fly to an immigrant kid who daydreamed about having his own exosuit and spaceship, to a teenager who knuckled down and reached for the stars, and finally to a man who is a mechanical engineer affectionately known as “the space mechanic.” I have worked on equipment that soared through space and is currently on Mars, trying to help us understand whether there may once have been life on a planet other than Earth. The journey has not been without its sacrifices and hardships, including hitting astounding professional milestones in my late twenties only to nosedive into deep burnout territory within that same timeframe for not recognizing when to stop, take a breath, and make room in the vastness of space for the vastness of myself. The good news is, not only am I just getting started but also, in a lot of ways, it feels like we are just getting started.

There is still so much more to be done to expand humankind’s access to space, and I’m thrilled to be a part of the exploration. Working on the Mars 2020 mission allowed me to contribute a grain of sand to helping our civilization understand our place in the universe. How were we made? When were we made? Why were we made? Are we alone? These are the questions that inspire me to push the limits of space, technology, and myself. Despite the conflicts, the catastrophes, and the endless cycle of negative news we experience regularly, I know that one day we’ll be able to look back to this period of history and say, “That was when we started it all; that was when we started to venture to the stars.”

Regardless of whether your expedition beyond these pages takes you to Mars, to the depths of yourself, or to anywhere in between or beyond, I hope my story inspires you to launch into the spaces you’ve never explored so that together we can create a better future for humanity, our planet, and this expansive universe in which we play a very small, and yet profoundly powerful, role.

Per aspera ad astra.

Through hardships to the stars.
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Chapter 1


Launchpad

From Ecuador to the Unknown

My jaw dropped when I first caught sight of the massive trucks roaring across the colossal construction site and the towering yellow bulldozers carting ginormous scoops of sandy soil from a ditch to a mountain-high pile. Standing next to my dad, I could barely make out his voice through the cacophony of sounds coming from these metal monsters. As the sun beat down on us from the expanse of blue sky adorned by speckled clouds, my three-year-old eyes zeroed in on each machine—it was as if I were watching my own live version of Transformers. I carefully observed their every move, trying to decipher what made those enormous wheels turn, what caused the engines to rumble, how the man driving the bulldozer commanded the blade to lift. I was hooked. From that day forward, I was enthralled by any machine that had an engine: trucks, cars, planes, trains, rockets.

Each time I was given a toy, I wanted to understand how it worked. I’d carefully assess the parts, unscrewing and removing anything that kept me from seeing the full picture of its engineering. But sometimes the quickest way to learn how something works is to make it not work. Once, frustrated with a Transformer whose pieces were too tightly bound, I threw it out of a second-floor window so that it would break apart and I could figure out how its crane functioned. I rushed down to the front patio and found my mom standing next to the scattered fragments. “Muchacho de mierda,” said my mom in that half scolding, half What am I going to do with you tone she used each time I pulled one of my Dennis the Menace stunts. I looked up at her and replied with a rebellious laugh. She was right: I was a little shit who got a kick out of defying the adults, just like I had tried to defy gravity and fly. The problem was that this was not my toy to destroy, and when neither I nor Mami was able to fix it, she had to buy a new one so we could return it to my neighbor in one piece. That Transformer was an early realization that actions have consequences and we must correct and learn from our mistakes. While this is true for toys, machines, and rockets, it is especially true for humans.

* * *

I don’t have many memories with my mom and dad together, but there is one trip the three of us took to Riobamba, to visit their friend’s new apartment, that sticks out in my mind. This city, also called the Sultana of the Valley, is surrounded by several volcanoes, including Tungurahua and Chimborazo—also considered the tallest mountain in Ecuador—and is nestled in the Chambo River Valley of the Andes. The trip from Guayaquil to Riobamba took anywhere from eight to ten hours, depending on whether there were landslides blocking the way. Although the road was technically called a carretera, meaning a highway, it was really a narrow two-way route that wound its way up the fog-laden mountain and at times merged into one lane, so we had to take turns allowing oncoming traffic to go by before we could continue. The path was hazardous, with low visibility by day and no streetlamps lighting the way at night, so it was best to travel when the sun was still high in the sky.

My dad knew that road like the back of his hand, but that didn’t stop my mom from squirming in her seat each time he hit the gas. “Baja la velocidad,” she’d say in her soft voice, pleading with him to slow down, while simultaneously slamming on an invisible brake pedal under her foot, scared stiff each time he got too close to the edge of the road. Rather than fight, he’d just laugh off her reaction and step on the gas to poke fun at her for her back-seat driving. Meanwhile, I just looked out the window in awe of the mountain with its cloud-covered forest looming large on one side of the truck and the steep, menacing precipice on the other. I was living in one of my own made-up Power Ranger stories. I could see the Zords materializing from beyond the cliffs, darting across the treetops and leaping into the air, ready to join up and transform into a Megazord, a humanoid battle robot that would protect us from harm.

* * *

Mami hadn’t planned on having a second child at forty-one, but then I popped out on April 30, 1993—an accidental pregnancy followed by a complicated birth that nearly killed her—seventeen years after her firstborn son, my brother, Xavier. Mami’s first marriage had lasted about a year. Shortly after Xavier was born in 1976, the couple separated, but it took her nine years to finalize the divorce because he didn’t want to shell out any child support. For most all of Xavier’s childhood she had been a single mother.

Then in 1979, at a quinceañera party for the daughter of a friend, she met my dad. Mami walked into the room with her brown hair in a classic bouffant style, a demure below-the-knee dress gracing her petite figure, and understated yet elegant jewelry topping off her look. My dad’s green eyes were immediately drawn to this new presence in the room. He crossed the floor in her direction with his signature mustache and short dark hair, dressed to the nines in a button-down shirt, dark slacks, and a suit jacket, his hallmark gold chains adorning his neck and wrist. With his swagger on full display, this tall man introduced himself to my mom and struck up a conversation, his charm immediately commanding the room. Mami nodded and smiled, and when he mentioned he needed help running his business, she offered to connect him to Guayaquil’s superintendent—her father was a politician and member of the city’s council. What started as a friendship gradually blossomed into a romantic relationship. They fell into a good rhythm as a couple until, two years into their relationship, he got married to another woman without telling her—the first of many collisions in their time together. Hurt and deceived, she immediately broke up with him.

Yet somehow, wielding his charm, sense of humor, and perseverance, my dad was able to wriggle his way back into her life and, with his empty “I’ll do better,” “I’ll be better,” “I don’t love her like I love you” promises, managed to convince her to couple up once again despite him being married to another woman. Mami was so busy with her career and raising Xavier as a single mom, she didn’t have time to read between the lines or question his genuineness, so she decided to look the other way and give him another chance to prove himself. My dad is the quintessential charming, gregarious, flirty, macho Latino. Wherever he goes, he is the life of the party, loved by all. And like the stereotypical macho Latino, he had several ongoing affairs. When I came into this world, I became one of eight children from four different relationships on his side. Although I do have many half siblings, I don’t remember hanging out with any of them—likely because they were fifteen to twenty years older than me—except for my half brother Andrés, who had been born only three months before me. Since we were so close in age, my dad used to pick us up and take us on a lot of outings together, like going to a nearby beach to play and cool off in the water. On one such occasion, I looked up from the structure I was building in the sand, stared out at the ocean, and thought, Those are the biggest waves in the universe! When they crashed against the dark grains of the shore, it was almost as if the water had veins. That image will forever be etched in my mind as the first time I had any kind of realization of how powerful the forces of nature are. By looking out at that seemingly endless beast of an ocean, I was becoming aware of Earth’s magnitude—it was the dawn of my fascination with nature and space, which years later would take me on an unimaginable adventure exploring worlds beyond our planet.

I never really got to know the rest of my dad’s side of my family in depth as a kid either. My dad’s mother lived in Galapagos, a two-hour flight from Guayaquil. He would visit her often, so I remember feeling her presence through the food she sent us via him. Since she managed a farm, we’d always receive cartons of eggs, chickens, fresh cheese, and sometimes even a six-foot rack of fresh crabs, which my dad would share with our family. He loved inviting everyone over for a barbecue—he’d cook up the crabs and some meat, and had homemade chimichurri at the ready to give everything an extra kick of flavor. I know from stories that my grandmother flew over a few times, and I do remember her calling me Elito, but that’s about it. Growing up, I was told I resembled her a lot, from my black hair to my bushy eyebrows, something I saw firsthand when I reconnected with her sixteen years later.

On the other hand, I knew my mom’s side of the family well. With my birth, Mami suddenly found herself juggling a newborn as well as a demanding career as a principal of one of the largest private schools in Guayaquil. She had worked her way up after teaching for more than twenty years at two other schools. That’s when my great-grandmother—or, as I called her, Abuelita—stepped up to the plate to help my mom. She moved in with us and readily began to look after me while my mom took care of business, which, as a self-described workaholic, had no start or end time.

Abuelita, who was in her late seventies at the time, looked like a cartoon grandmother: short, wavy white hair, greenish eyes framed by big 1970s glasses, and a housecoat snug around her petite figure. There was also Vicky, our beloved housekeeper, who cooked and cleaned—a typical setup for middle to high socioeconomic families in Latin America. She became an even bigger source of support to my abuelita when I learned how to crawl and began to swiftly zigzag around the house, eager to explore every corner of undiscovered terrain.

Every weekday Abuelita would perch me in front of the TV at lunchtime with a bowl of food. I specifically remember watching Los Picapiedras (The Flintstones) and eating a typical Ecuadorian dish called seco, a chicken stew with rice. (Legend has it the name comes from British oil company employees camped out in Santa Elena in the early twentieth century who kept asking for “seconds.”) That’s probably also when I started thinking that I could fly like my revered onscreen superheroes Batman and Superman. Since there were no other toddlers in the house, those cartoons and my abuelita’s company were my sole entertainment until I took my first steps.

As soon as I turned two years old, my mom began to drop me off at la escuelita, a nursery school run by one of her friends—the scene of my unsuccessful flight attempt. Outgoing and curious, I befriended the other kids right away, and we spent our days playing, and learning how to swim and write our names. That’s also where my cheeky, defiant side began to flourish. One time, during a school event celebrating Las fiestas octubrinas de Guayaquil, dressed in the city’s light-blue and white colors, my classmates and I were each given a balloon tied to a long, thin stick as a performance prop. As soon as we hit the stage to sing our song in celebration of the city, I grabbed the pointy end of my stick and started popping the other kids’ balloons. The teachers tried to stop me, but the crowd burst out laughing as I gleamed from all the attention.

In those early years I was shielded from the problems our family faced. Since my dad was the eldest son, he had inherited his dad’s—my namesake’s—hotels and some other properties when he died in the 1970s. Everything seemed fine until Mami noticed that my dad’s occasional visits to the casino started to become more frequent. Their finances were never tied—he did with his money what he pleased, and she remained financially independent with her own hard-earned salary and savings. Yet she couldn’t help worrying about him as she observed his inheritance slowly slipping through his fingers. I vaguely remember Dad taking me to one of the hotels located in Guayaquil’s center, but all that comes to mind are musical instruments scattered around the office and a Super Nintendo that I begged my dad to connect for me while he worked. He never connected it, and I never saw any other family hotels or properties after that because my dad gambled them all away. Soon even his construction business went down the betting drain.

As if his gambling problem wasn’t unsettling enough, my mom also heard through friends that he was running around town with a new woman. Even though he said that Mami was the love of his life, he continued to cheat on her—I guess a leopard can’t change its spots, as the saying goes.

While these events unfolded at home, Ecuador was raging toward what became its major political and economic crisis of the late 1990s. Four presidents took office in the span of four years, beginning with Abdalá Bucaram in 1996, who was dubbed “El Loco” because of his erratic behavior. Within the first six months of his presidential term, the National Congress declared him mentally unfit to rule and removed him from office in February 1997, just at the cusp of a banking crisis that would lead to a spiraling economy. These events increased my mom’s unease regarding our future, and it didn’t take long before she considered leaving the country.

Mami’s parents had moved to New York a few years earlier to live with her sister, my tía Pilar, who had petitioned for my grandparents’ green cards. This meant, if we moved there, we’d still be near family. But when she floated the idea of leaving by her close friends and co-workers, they thought she had lost her marbles. “You’re going to have to start from scratch. You don’t even speak the language. Don’t go,” they implored. Mami had an extensive network of friends, an active social life, and a career in education she’d worked hard to develop over the years. For all they knew, she was in a good place. In retrospect, I understand her co-workers’ disbelief. We lived a middle-class life in a small house within a relatively safe neighborhood. Why leave it all behind?

What no one understood was that, aside from the country’s political and economic factors influencing her decision, she desperately needed to get away from my dad. In her eyes, a move was the only way she could end that relationship once and for all. As much as she loved him, deep down she knew they had a toxic relationship that would likely eventually do her and me more harm than good. On the outside, things appeared to be proceeding smoothly, but Mami was the director of flight operations inside this mission control center, and she knew that it was only a matter of time before it all imploded. Emotions were running high, and a turn for the worse was on the horizon. This was her now-or-never moment, and she opted for now.

Our story is not unlike many other immigrants who have had to face their own now-or-never scenarios, oftentimes under much more dire circumstances than our own. However, we didn’t have to trek through several countries to cross the border into the United States and seek asylum. For many, enduring a life-threatening journey to a place that may provide safety, stability, and opportunity is a far better choice than having to stay in their hometowns and face economic meltdown, violence, and even death.

* * *

When a spacecraft is launched from Earth, its forward velocity combined with Earth’s gravitational pull cause it to travel in a curved path. As it gets close to Mars, the red planet’s gravity well also affects the path of the spacecraft. The whole process is akin to that of a quarterback throwing a football to a receiver. The quarterback throws the ball downfield of the receiver, taking advantage of the receiver’s velocity and direction toward a target. The receiver runs in the same direction as the ball, aiming to perfectly align their hands with the ball in the right spot to make the catch. In a well-executed pass, the receiver’s speed and direction will get them to the exact location where they will be able to catch the pass. That’s what happens when we launch a spacecraft to Mars. With current rockets, there is only a monthlong window to launch them to the red planet. The difference in elliptical orbits, as well as slightly misaligned orbital planes, cause Mars and Earth to get close to each other approximately every twenty-six months. That means the monthlong window to launch and achieve precise planetary entry, while considering mass limits and landing requirements, happens every twenty-six months. At NASA, we were scheduled to launch our Mars 2020 mission on July 17, 2020, and then the date got pushed to July 30, the very tail end of our window. There was no more wiggle room after that. If we missed that date, our Mars 2020 mission would’ve had to wait until 2022.

* * *

Trial and error, sacrifice, and a dash of defiance—that’s what it takes to get to a place like Mars. And that’s what it took for Mami to make the decision that would change the course of our lives. There is a photo in one of our family albums of Mami in a suit dress, standing tall in front of the Colegio Alemán Humboldt de Guayaquil, where she was the principal, with an expression on her face that I’d see throughout my life. It’s her fierce “I am not to be messed with” look, the one that shows up when she is determined to get something done—the same look I saw take hold of her each time we faced unforeseen hurdles. Bothered and not quite believing she’d go through with it, my dad kept saying to her, “Why are you saying goodbye to everyone? You know you’ll come back here crying in three months.” Even the school director thought she’d eventually return, so he decided to hold her position for a year in case she changed her mind.

Although it was one of the hardest decisions my mom had to make in her life, she knew that sometimes the only way to fix an unworkable issue is to start over and build something new. The launch window was set, and missing it was out of the question.
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Chapter 2

Landing Site Selection

New York

The first time I ascended into the sweeping blue sky was in the summer of 1997, when Mami and I left Guayaquil for good and moved to New York. I wish I could say I was captivated by the hum of the engines as the nose of the plane turned up to the stars, or the expansive mountain ranges and plots of land and buildings below, but all I recall is the piping hot lasagna and pillowy sponge cake on my tray table and the bag of mismatched LEGOs Mami had packed to keep me out of trouble during the seven-hour journey. I spent a solid part of that flight focused on building the foundations and structure of a house, likely a subconscious expression of the first intrepid move of my life.

That initial landing in New York didn’t really cause a seismic shift in my world as a four-year-old. We were warmly greeted with hugs and kisses by Mami’s family and driven straight across Brooklyn to our new neighborhood, Bay Ridge, bypassing the Manhattan skyscrapers and any inkling that we had just entered one of the most prominent cities of the world. When we reached the compact, four-story apartment building located steps away from one of the main avenues, we walked up two flights of stairs and into a small three-bedroom apartment, home to my tía Pilar, her husband, Eli, and their two daughters. My grandparents had also been living with Tía Pilar and Eli for a few years, which meant that by the time we arrived, all the rooms were taken. Nevertheless, Tía Pilar graciously offered up their living room and pullout couch as our new sleeping quarters. It was cramped for all of us, but we made do. Tía Pilar was the first one of my mom’s family to make a life for herself in this city. She had arrived in her early twenties, not knowing anyone or an ounce of English, escaping a nasty relationship and in search of the “American dream.” She worked factory jobs at first, but as her English improved, she landed an office job, and by the time we arrived in 1997, she was a receptionist at a doctor’s practice. Having established a new life and family here, a husband and two daughters, her old family was now following in her footsteps.

Before coming to the United States, my grandfather had been a politician, one of Guayaquil’s city council members. My grandmother had worked as a caterer. In the States, my aunt had managed to get them both work cleaning offices at the doctor’s practice that employed her. And my mom—who, despite being a college graduate and former school principal, didn’t have the English skills to back her experience—managed to get a job working on an assembly line at a jewelry factory. Soon after, she found a second post, packaging food at JFK Airport, and also began to clean offices with my grandparents on the side to make ends meet.

With her three jobs, my mom and I saw very little of each other during the week, but she never missed dinner at home. I didn’t notice her absence during the day. I was only four years old, caught up in my immediate surroundings and in the attention I received from my grandparents. I felt safe with them. My grandfather would take me on walks around the neighborhood, and when school let out, we’d pick up my cousins and head back to the apartment. When the door swung open, my abuela would be waiting inside with some delicious snack. She quietly observed us as we ate and played, her green eyes creasing at the sides each time she smiled. And when our plates were empty, she eagerly encouraged us to eat more or simply stop and talk about our day. Meanwhile, although my abuelo had a governing presence and seemed like a strict and slightly grumpy old man back then—he will not mince words when he disagrees with what is being said; I think I get that from him—he also could turn on the charm with his jokes and mischievous smile.

Watching my abuelo and abuela throughout my life has shown me the epitome of what love can be. As the eldest of six siblings, my mom remembers how her dad would always jump in and take care of them each time her mom was off to the hospital to give birth. He’d feed and bathe them before going to work, always at the ready to give my abuela a hand. Even now, in their nineties, Abuelo is still looking out for Abuela. I often catch him asking her, “How do you feel? Do you need anything? What can I get you?” My abuela gets annoyed at all the questions and shoos him away, but a few minutes later, she’ll turn around and make sure he’s got a drink or a plate of food and is looked after in the same way.

When my mom suffered some complications and almost died during childbirth with me, my abuela got on a plane in New York and flew straight over to Guayaquil to be at her bedside. Abuelo had to stay behind working. After two weeks apart, he was missing her so much he asked her to come back immediately. The date was set, the ticket was booked, but a volcano eruption grounded all flights that day. My abuelo became so desperate, thinking she might not come back, he told Tía Pilar, “I’m going to jump from the Brooklyn Bridge if she doesn’t return to me.” That brief time apart almost threw him out of his orbit and into a black hole of despair.

* * *

An orbit is a repeating path of an object in space relative to another. An object with an orbit is called a satellite, be it natural, like our moon, or artificial, like the International Space Station. According to NASA, there are planets, comets, asteroids, and other objects in our solar system that orbit the sun along or close to an imaginary flat surface called an “ecliptic plane.” Almost all orbits follow an oval trajectory—an elliptical path—but some orbits may be close to circular, like the planets around the sun.

Low Earth orbit, or LEO, is any orbit around Earth between 100 and 1,200 miles from its surface. For objects to stay in orbit around Earth, they must achieve enough horizontal velocity to create momentum to overcome the pull of Earth’s gravity. In LEO, this velocity is typically upwards of 17,000 miles per hour, but as an object moves into farther orbital planes, beyond LEO, its velocity is lower. Rockets must achieve these velocities to inject satellites into their operating orbits. Nonetheless, even upon correct orbital injection, the satellites in LEO are constantly falling (losing altitude) and often must correct their trajectory due to orbital decay. Some satellites, typically used for communications infrastructure and weather observations, operate in a geocentric orbit at about 23,000 miles from the surface of Earth, matching our planet’s rotational speed, thus appearing static in the sky to an observer on Earth. Satellite systems are generally designed with a twenty-five-year operational lifetime in mind, meaning that after that time span, they eventually fall back toward Earth and burn up in the atmosphere. This may change in the future as technologies such as in-space refueling continue to
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