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Preface
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Episode number 1 of the “Nine Days” series.

Quantum gravity stands at the frontier of modern physics, representing the quest to unify the two towering pillars of our understanding of the universe: quantum mechanics and general relativity. Quantum mechanics governs the realm of the very small, where particles behave in ways that defy classical logic, while general relativity describes the force of gravity and the curvature of spacetime on a cosmic scale. The challenge of quantum gravity lies in reconciling these two frameworks, seeking a theory that can describe the fabric of spacetime at the smallest scales, perhaps revealing the very nature of reality itself.

“Nine Days Immersed in Quantum Gravity (in Istanbul)” invites you to explore this profound and elusive field in the vibrant, historical city of Istanbul—a crossroads of cultures, ideas, and epochs. Over the course of nine days, a diverse group of physicists, mathematicians, and philosophers gathers in Istanbul to delve into the complexities of quantum gravity. Led by world-renowned experts, they will explore theories like loop quantum gravity, string theory, and the holographic principle, seeking to understand how the quantum nature of reality might be woven into the very fabric of spacetime.
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Day 1: Pixelated Realities
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June 28th, 2020, 7 months after covid-19 erupted into the world. In Scotland, face masks are only necessary in some public places in, but in Turkey they are obligatory whenever you leave your home. And Sarah Mackay is about to attend nine days of seminars in Istanbul, a city where history and modernity coalesce in a unique blend of cultures and traditions creating a rich cultural heritage accessible to its mask-covered population and its mask-covered tourists, not so easily distinguishable now, as Turkish fashions are very similar to fashions in any European country. 

The event promised both intellectual challenge and personal discovery. The students are staying at the Yasmak Sultan Hotel, located in the heart of Old Istanbul, in the charming neighborhood of Sirkeci, just a short stroll from iconic landmarks like the Hagia Sophia and the bustling Eminönü Pier.

The city around them buzzes with life, from the call to prayer echoing from the minarets at dawn to the lively night markets and the shimmering lights reflecting on the river Bosphorus. The Suleymaniye Cultural Info Center, where the conference is held, is perched on one of Istanbul’s seven hills, offering panoramic views of the Golden Horn. Each day, as they ascend to the center, the students are greeted by the breathtaking skyline of domes and spires, a reminder of the city's deep historical roots and its role as a bridge between East and West.

A mini-bus arrives to take four students from the hotel to the conference center:

Sarah Mackay, the thoughtful, observant theoretical physicist from Edinburgh, Luigi Esposito, a recent graduate in Computational Physics from Bologna, Kenjiro Kosama, a graduate in IT from Tokyo, and Marta Castafiel, the warm, charismatic researcher into gravitational waves from Madrid, all with their reglementary masks. Luigi’s is black, like his jet black hair, while all the others are white or pale blue.

As the students gather for the first day of the conference at the Suleymaniye Cultural Info Center, their excitement and nerves are palpable. The grand ballroom of the hotel, temporarily converted into a lecture hall, buzzes with anticipation. Outside, the sounds of Istanbul's streets filter in ─ calls from vendors, the hum of traffic, and the occasional ferry horn from ─ creating a symphony that underscores the gravity of the moment. The city’s rich history and stunning architecture form a breathtaking backdrop for what they all hope will be a week of inspiration and discovery.

This was their first chance to immerse themselves in the complex world of quantum gravity, and they were eager to make the most of it. The group of young PhD students, each representing a different European country, had arrived with high hopes and the weight of academic pressure on their shoulders.

Sarah, the youngest student, who had just finished her second year of physics at St Andrews, found herself seated next to Luigi, an Italian whose eyes smiled, and who asked the pertinent questions that no one else dared to voice. Sarah had noticed Luigi the moment she arrived ─ there was something magnetic about him, something that pulled her attention away from the intricacies of her notes and towards the possibility of something more personal. However, the reality of the conference left little room for distractions.

As they waited for the first speaker to begin his lecture, the nervous energy of anticipation was tangible. Conversations hummed around them, some students debating the merits of string theory versus loop quantum gravity, others discussing the merits of the hotel's rather lavish breakfast spread, which featured Turkish delights, simit, and a view of the sunrise over the river.

Finally, the lights dimmed, and the presenter introduced Dr. Hogan, a leading figure in the field. Hogan’s work was as cutting-edge as it was mind-bending, and the Holometer Project was no exception.

“Our first speaker today is Dr. Craig Hogan, a renowned physicist whose work spans cosmology, astrophysics, and the quantum foundations of reality. Currently leading the Holometer project at Fermilab, Craig is at the forefront of research that could fundamentally alter our understanding of space and time.”

Dr. Hogan stood up and approached the pedestal at the front of the stage: “Imagine space-time as a vast, two-dimensional hologram,” Hogan began, his voice steady and captivating. “Our goal with the Holometer is to test whether this idea might actually be true at the tiniest scales. We’re using interferometers to look for tiny 'jitter' in space-time, which could reveal whether reality is fundamentally pixelated, like the screen of a computer."

“The difficulty lies in the sensitivity required; any vibrations or noise can drown out the subtle signals we're looking for. It's like trying to detect a whisper in the middle of a rock concert. One of the most surprising sources of interference we encountered was not from the Earth or nearby traffic, but from a heartbeat. When some team members stood too close to the equipment, their heartbeats ─ imperceptible as they were ─ introduced just enough noise to disrupt the readings. We had to account for this in our calibration!”

The students were entranced, their minds racing to keep up with the implications of Hogan's words. The idea that reality could be 'pixelated' at the smallest scales was both fascinating and disconcerting. It challenged their understanding of the universe in a way that was both exhilarating and terrifying.

Sarah found herself glancing over at Luigi, who was listening intently, his brow furrowed in concentration. She wondered what he made of it all. Luigi caught her gaze and offered a small, knowing smile ─ an unspoken acknowledgment of the shared bewilderment they were all feeling.

Hogan continued, explaining the immense difficulties of the project. “The challenge lies in the sensitivity required; any vibrations or noise can drown out the subtle signals we're looking for. It's like trying to detect a whisper in the middle of a rock concert.”

The analogy struck a chord with Sarah. It reminded her of the constant struggle she faced in her own research ─ trying to filter out the noise and find the signal, the truth hidden within the chaos.

In the ensuing Question and Answer session, Sarah had a question to put to Professor Hogan:

“Thank you for your talk, Dr. Hogan. I’m Sarah, from St. Andrews, Scotland. You mentioned the difficulty in detecting the 'jitter' in space-time. How do you differentiate between this potential jitter and the noise from other sources, like environmental vibrations?”

“Great question, Sarah,” replied Professor Hogan. “The key is in how we design the experiment. We run the interferometers at very high frequencies, where we expect less environmental noise. Additionally, we use a method called cross-correlation, where we compare signals from two interferometers placed close to each other. If both pick up the same noise, we can rule it out as a candidate for a quantum jitter signal. What we’re looking for is a correlated signal that doesn’t match known noise sources.”

“That’s fascinating! How do you ensure that the sensitivity of your equipment can reach the Planck scale, where these effects are predicted to occur?”

“Reaching the Planck scale is indeed ambitious. We’re not there yet, but our work is laying the groundwork for future experiments. The goal is to push the limits of precision with each iteration, learning from each round to improve the next. We’re also collaborating with theorists to refine what specific signatures we should be looking for, which helps guide the development of more sensitive detectors.”

Hogan paused, letting the gravity of his words sink in. Then, with a wry smile that few detrected under his mask, he shared a surprising revelation. “One of the most unexpected sources of interference we encountered wasn't from the Earth or nearby traffic, but from the rhythmic pulsations of the human heart. When some team members stood too close to the equipment, their heartbeats ─ imperceptible as they were ─ introduced just enough noise to disrupt the readings. We had to account for this in our calibration!”

The room filled with a ripple of laughter, tinged with amazement. The students had all experienced the frustrations of interference in their experiments, but the idea that something as personal and fundamental as a heartbeat could disrupt such sophisticated equipment was startling.

After the lecture, the students filed out of the ballroom, their minds buzzing with questions and possibilities. Sarah found herself walking beside Luigi, their earlier exchange of amused glances now a bridge to conversation.

“It's almost poetic, isn't it?” Luigi said as they stepped out into the marble-floored corridor. “The idea that our very existence ─ our heartbeats ─ can interfere with the fundamental structure of reality. It makes you wonder how much of what we consider 'real' is just noise, just interference.”

Outside, the evening air was cool and carried the scent of the sea. The distant sound of the call to prayer echoed through the city, mingling with the hum of conversation and the clatter of dishes from nearby restaurants. Istanbul was alive with night, a city that
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