
Quantum walks: 

What they are and how they can change 

the World 

 

Quantum walks are changing the way scientists think about computation. They 

use the strange and powerful rules of quantum physics—such as superposition, 

interference, and entanglement—to solve problems faster and more efficiently 

than classical computers. Instead of following one path at a time like classical 

random walks, quantum walks can explore many paths at once. This behavior 

opens new possibilities in designing faster algorithms, simulating complex 

systems, and advancing quantum computing. A recent review by researchers 

from the National Innovation Institute of Defense Technology highlights the 

rising importance of quantum walk computing. Their paper, published 

in Intelligent Computing, explores how quantum walks are built, how they work, 

and why they matter. 

https://www.thebrighterside.news/post/time-crystals-a-new-frontier-in-quantum-physics/
https://english.nudt.edu.cn/
https://spj.science.org/doi/10.34133/icomputing.0097


How Quantum Walks Work 

At their core, quantum walks are the quantum version of classical random walks. 

In a classical walk, a particle moves step-by-step, choosing each direction 

randomly. But in a quantum walk, the particle exists in many states at once. It can 

“walk” in several directions at the same time, thanks to superposition. When these 

paths interact through interference, the result is a walk that spreads out faster 

than any classical version. 

 



Summary of quantum walk applications. They are divided into 4 main categories: quantum computing, quantum 

simulation, quantum information processing, and graph-theoretic applications. (CREDIT: Intelligent Computing)© The 

Brighter Side of News 

There are several types of quantum walks. The most common are discrete-time 

and continuous-time models. 

In discrete-time quantum walks, movement happens in steps without 

considering real time. These walks can use a "coin" to determine the particle’s 

direction—like the Hadamard or Grover models. Some don’t need a coin at all. 

The Szegedy and staggered models fall into this category and work well with 

certain graph-based structures. 

Continuous-time quantum walks, on the other hand, let the particle move 

through a network without breaks. They use time-independent Hamiltonians to 

guide motion, which helps with problems involving searching and graph traversal. 

There are also newer models. Discontinuous quantum walks blend features 

from both discrete and continuous models. They are powerful enough to support 

universal quantum computation by perfectly transferring quantum states across 

systems. 

Meanwhile, nonunitary quantum walks, such as stochastic (randomly 

determined) and open quantum walks, act more like open quantum systems. 

These are useful in simulating real-world processes like photosynthesis and 

quantum Markov chains. 

All types of quantum walks share one key feature—they spread out more quickly 

than classical walks and explore options more thoroughly. This makes them 

especially useful for sampling and solving problems that stump classical 

machines. 

Building Quantum Walks in the Real World 

Implementing quantum walks physically isn’t easy. Scientists use two main 

methods: analog and digital physical simulation. 

Analog physical simulation involves creating systems—such as solid-state or 

optical setups—that behave like a quantum walk without translating it into a 

circuit. These setups can be scaled up by adding more particles or expanding the 

https://en.wikipedia.org/wiki/Hamiltonian_(quantum_mechanics
https://www.thebrighterside.news/post/groundbreaking-quantum-simulation-reveals-a-cataclysmic-end-to-the-universe/


space in which they move. However, they usually lack error correction and are 

harder to control when simulating large or complex graphs. 

Digital physical simulation, on the other hand, uses quantum circuits to model 

quantum walks. These circuits can include error correction and can simulate a 

wider range of systems. The downside is that building efficient circuits for 

quantum walks is still a major technical challenge. Despite that, digital 

approaches may offer more reliable speedups and more flexible graph 

simulations. 

 

Comparison of the probability distributions of the classical random walk and the quantum walk on a large lattice. The 

red lines depict the routes of a walker that starts from the central point and attains the yellow point after 30 steps. 

Above the grid is the probability distribution, which represents the possibility that the walker appears at the 

corresponding lattice site after 15 steps. (CREDIT: Intelligent Computing)© The Brighter Side of News 

What Quantum Walks Can Do 

Quantum walks are not just a scientific curiosity. They have already shown their 

potential in four major fields: quantum computing, quantum simulation, quantum 

information processing, and graph analysis. In quantum computing, quantum 

walks can perform universal quantum computation. That means any calculation a 

quantum computer can do, a quantum walk can handle. This includes tough 

algebraic problems and tasks in number theory. Researchers are also exploring 



how quantum walks can help in machine learning and in solving optimization 

problems more efficiently. 

Quantum simulation is another key area. Quantum walks can model quantum 

systems that are too complex or unstable to study in the lab. Scientists can use 

them to simulate multi-particle systems, predict complex physical behaviors, or 

understand biochemical processes at the quantum level. In quantum 

information processing, quantum walks help prepare and manipulate quantum 

states. They’re also useful for secure communication. Their ability to move 

information without loss or noise makes them attractive for building safer 

networks and developing advanced encryption.BGraph-theoretic 

applications show up in network science, computer science, and data analysis. 

Because quantum walks naturally follow graph structures, they can uncover 

hidden features in complex networks. For example, they can rank nodes by 

importance or spot subtle differences between similar graphs. These methods are 

already being tested in areas like internet search, social networks, and biological 

systems. 

While progress is impressive, quantum walk computing still faces some major 

hurdles. First, creating better algorithms remains a key challenge. Not every 

problem fits neatly into the quantum walk model. Designing flexible, efficient, 

and broadly useful algorithms is still an ongoing task. 

 

https://www.thebrighterside.news/post/next-gen-mram-could-replace-dram-chips-in-your-next-computer/
https://www.thebrighterside.news/post/first-ever-distributed-quantum-algorithm-is-a-breakthrough-for-quantum-supercomputers/


Relationships between random walk models. The dashed orange line and the solid blue line are used to separate 

discrete and continuous models and classical and quantum models, respectively. (CREDIT: Intelligent 

Computing)© The Brighter Side of News 

Second, scaling up the physical systems is difficult. As the number of particles 

and dimensions increases, the system becomes harder to control. Researchers 

must find ways to build larger, more stable quantum walk setups that still 

perform as expected. 

Finally, implementing reliable error correction and achieving fault tolerance in 

quantum walks is a must. Without these features, results can be unstable or 

inaccurate, limiting the usefulness of the technology in practical applications. 

Still, each of these challenges offers direction for the future. The more we learn 

about quantum walks, the closer we get to building practical quantum 

computers. As one researcher noted, “Quantum walks not only have evolutionary 

merits, but also improve sampling efficiency, solving problems previously 

considered computationally difficult for classical systems.” 

Quantum Walks Point Toward the Future 

Quantum walk computing is more than just a theoretical concept. With roots in 

physics and branches reaching into computing, biology, and mathematics, it 

represents a powerful tool for solving real-world problems. As research continues 

and technology matures, quantum walks could become a central feature in 

tomorrow’s computing landscape. 

They offer a unique path forward, especially in the noisy intermediate-scale 

quantum era, where classical models begin to fail but full quantum machines are 

not yet ready. By designing systems and algorithms around quantum walk 

principles, scientists can explore a new world of computation, one step—or 

quantum leap—at a time. 

 

 

 

https://www.thebrighterside.news/post/new-ai-based-learning-system-provides-personalized-math-instruction-for-students/


Quantum physics discovery: Light travels 

through both space and time 

Researchers reveal groundbreaking discoveries about light, 

opening new horizons for advancements in 

telecommunications, computing, and medicine. 
JOSEPH SHAVIT Published Jan 25, 2025 4:51 AM PST 
 

 
Imperial physicists have recreated the famous double-slit experiment, which showed 

light behaving as particles and a wave, in time rather than space. (CREDIT: ICL) 

 

Physicists from Imperial College London have achieved a groundbreaking milestone in 

quantum physics by reimagining the classic double-slit experiment—this time in the 

dimension of time. 

 

Led by Professor Riccardo Sapienza from the Department of Physics, the team studied 

how light interacts with a material whose optical properties can change within a few 

femtoseconds. This innovative approach sheds new light on the fundamental nature of 

light itself. 

https://www.thebrighterside.news/post/author/jjshavit/
https://www.imperial.ac.uk/


The original double-slit experiment, conducted by Thomas Young in 1801, revealed that 

light behaves as a wave. Subsequent experiments demonstrated its dual nature, showing 

that light also acts as particles. 

 

In the classical experiment, light was passed through two physical slits, creating an 

interference pattern indicative of wave behavior. This landmark discovery became a 

cornerstone in understanding quantum mechanics, influencing how particles like 

electrons and atoms are studied. 

 

In this modern reinterpretation, the experiment moves beyond physical slits and instead 

manipulates the frequency of light. Using lasers, the researchers altered the optical 

properties of a thin film of indium-tin-oxide—a material commonly used in smartphone 

screens—with femtosecond-level precision. 

 

 
Imperial physicists have recreated the famous double-slit experiment, which showed light 

behaving as particles and a wave, in time rather than space. (CREDIT: ICL) 

 

By changing the film’s reflectivity, they managed to modify the color of light and 

produce interference-like patterns created by the interaction of different light 

frequencies. 

 



Published in Nature Physics, the study highlights both fundamental discoveries and 

practical implications. "This experiment reveals more about the fundamental nature of 

light while serving as a stepping-stone to creating materials that can control light in 

both space and time," Sapienza explained. These advanced materials could revolutionize 

industries ranging from telecommunications to medicine by enabling unprecedented 

control over light. 

 

One significant breakthrough from this research is its potential to enable new forms of 

spectroscopy. These methods could analyze the temporal structure of light pulses at the 

scale of a single oscillation of radiation. 

 

As co-author Professor Sir John Pendry noted, "The double time slits experiment opens 

the door to a whole new spectroscopy capable of resolving the temporal structure of a 

light pulse on the scale of one period of the radiation."  

 

The implications extend far beyond theoretical physics. The ability to precisely control 

the timing and frequency of light could transform telecommunications by enabling 

faster, more reliable data transmission. With improved optical switches, future 

communication networks could achieve higher speeds and efficiency, ultimately leading 

to advancements in internet connectivity and other technologies. 

 

This research not only expands our understanding of quantum physics but also paves 

the way for transformative applications that could shape the future of technology and 

science. 

 

In computing, the development of metamaterials that control light could result in 

optical processors that are faster and more energy-efficient than traditional electronic 

processors. 

 

Optical computing, where light replaces electricity, has long been a goal for researchers 

because it promises higher data processing speeds with less energy consumption. Such 

technology could revolutionize computing by making devices more powerful while 

reducing their environmental impact. 

https://www.nature.com/articles/s41567-023-01993-w
https://www.thebrighterside.news/post/breakthrough-new-algorithm-reduces-ai-energy-consumption-by-95-percent/


 
Professor Riccardo Sapienza and Sir John Pendry of the Department of Physics at Imperial 

College London. (CREDIT: ICL) 

 

Medical technology is another field that stands to benefit from these discoveries. Light’s 

potential to be precisely controlled in both space and time could lead to more advanced 

imaging tools for diagnostics and treatment. 

 

This might allow for earlier detection of diseases or the ability to precisely target and 

destroy cancer cells without harming surrounding tissue, reducing side effects in 

treatments like chemotherapy. 

 

The experiment also lays the foundation for further research into "time crystals," which 

are materials that have repeating structures not just in space but also in time. 

According to co-author Professor Stefan Maier, "The concept of time crystals has the 

potential to lead to ultrafast, parallelized optical switches." These time crystals might 

help researchers achieve even more refined control over light, opening new avenues for 

technological advancement. 

https://www.thebrighterside.news/post/new-type-of-nuclear-clock-could-revolutionize-how-we-measure-time/


 
The famous double-slit experiment showed that light can behave both as a wave and as a 

particle. (CREDIT: CC BY-SA 3.0) 

 

The significance of this experiment extends beyond telecommunications, computing, 

and medicine. Metamaterials like the ones used in this research could have broader 

applications in industries such as energy, transportation, aerospace, and defense. 

For instance, controlling light at such a fine level might enable more efficient energy 

systems or advanced sensor technologies for aircraft and vehicles. Even black hole 

physics could be explored through these new quantum experiments, adding to the 

wide-ranging impact of this research. 

 

As technology advances, the role of metamaterials and quantum physics will become 

increasingly critical. The ability to manipulate light in space and time holds the promise 

of reshaping how we interact with the world, offering faster, more efficient, and more 

precise tools across industries. 

 

This breakthrough by the Imperial College London team marks a significant leap in that 

direction, showing how curiosity-driven research can lead to innovations that ripple 

through many fields. 

https://www.thebrighterside.news/post/meet-the-world-s-first-telecommunication-device-from-2-500-years-ago/
https://www.thebrighterside.news/post/groundbreaking-quantum-computers-harvest-and-teleport-energy-from-empty-space/


 
Observation of a spectral diffraction pattern from temporal double slits. (CREDIT: Nature 

Physics) 

 

As Professor Sapienza stated, this experiment is just the beginning: "Our work serves as 

a stepping-stone to creating the ultimate materials." With further exploration, these 

innovations could lead to entirely new ways of understanding and controlling light, 

providing tools that change everything from the devices in our pockets to the way we 

diagnose and treat diseases. 

 

 

 

 

 

 

 

https://www.thebrighterside.news/post/researchers-have-successfully-transformed-co2-into-methanol-using-sunlight/


Breakthrough quantum computer unlocks 

hidden world of elementary particles 

Qudit-based quantum computers simulate 2D quantum 

electrodynamics, revealing magnetic fields and particle 

interactions in new detail. 

JOSEPH SHAVIT Published Apr 1, 2025 5:07 PM PDT 

 

Simulation of the formation of particle-antiparticle pairs in two spatial dimensions. 

(CREDIT: Harald Ritsch) 

 

In today’s world of science, understanding the building blocks of nature means diving 

deep into the strange, complex world of quantum physics. At the heart of this effort lies 

the study of particle interactions and the invisible forces that guide them—forces 

explained by what scientists call gauge theories. These theories describe how particles 

interact by exchanging force-carrying particles, forming the basis of our best 

understanding of matter through the Standard Model of particle physics. 

https://www.thebrighterside.news/post/author/jjshavit/
https://www.thebrighterside.news/post/scientists-make-major-breakthrough-in-high-energy-particle-detection/


But working with gauge theories on a computer is no easy task. That’s because the rules 

that govern these particles don’t follow everyday logic. They’re ruled by quantum 

mechanics, where things can exist in many states at once, particles pop in and out of 

existence, and everything is connected through entanglement. These complexities make 

it extremely hard to simulate quantum systems using traditional, or even most modern, 

supercomputers. 

 

Going Beyond Binary 

Computers—whether classical or quantum—usually speak in binary. A regular computer 

processes bits that are either a 0 or a 1. Quantum computers use qubits, which can be 

both 0 and 1 at once thanks to a phenomenon called superposition. That alone gives 

them a big advantage when dealing with quantum problems. But there’s still a limit. 

 

 
Experimental physicist Martin Ringbauer. (CREDIT: University of Innsbruck) 

 

Some of the most difficult physics problems, like simulating real-time dynamics in 

quantum field theories or understanding dense forms of matter, simply go beyond what 

even powerful quantum computers using qubits can handle. These problems 

involve sign issues, where numerical simulations become too unstable or unreliable, 

making classical techniques nearly impossible. 

 

https://www.thebrighterside.news/post/ai-innovation-propels-quantum-communication-into-a-new-era/


Now, a new kind of quantum computer is helping scientists break through those limits—

by going beyond qubits. 

 

The Rise of the Qudit 

This innovation centers around something called a qudit. Instead of storing just two 

possible values (like a qubit), a qudit can store multiple energy levels—three, four, five, 

or more. It’s like trading a simple light switch for a dimmer with many settings. 

This added flexibility gives quantum computers an edge when simulating gauge fields, 

which naturally exist in higher dimensions. These fields represent things like electric and 

magnetic forces, which don’t fit neatly into binary systems. By using qudits, scientists 

can mimic these complicated fields much more directly and efficiently. 

 

In a recent experiment, a team from the University of Innsbruck in Austria, led by 

physicist Martin Ringbauer, teamed up with a theory group in Canada headed by 

Christine Muschik at the University of Waterloo. Together, they performed the first 

quantum simulation of a gauge theory with both particles and fields in two spatial 

dimensions—something never before achieved. 

 

A Key Breakthrough in Quantum Electrodynamics 

The team’s focus was on quantum electrodynamics in two dimensions (2D-QED). This is 

a simpler cousin of the theory that describes how light and matter interact in the real 

world. Even though it’s only in two dimensions, it still captures many essential parts of 

particle physics, like the interaction between particles and the electromagnetic field. 

In the experiment, they created a simplified version of space—a plaquette, or a square-

shaped piece of a lattice that mimics the fabric of space. On this small patch, they 

simulated how particles and gauge fields behave using a qudit quantum processor 

made from trapped ions. Each ion could represent more than two states, allowing the 

simulation to include more detail while using fewer resources. 

 

This was more than a technical trick. It let the team observe magnetic fields between 

particles, something you can’t see in simpler, one-dimensional simulations. As Michael 

Meth, the study’s lead author, explained, “Our approach enables a natural 

representation of the quantum fields, which makes the computations much more 

efficient.” 

 

In previous work, the same group had already shown how particles and antiparticles 

could be created in a quantum simulation. But that earlier demonstration only allowed 

particles to move in a line. Now, they’ve moved into true two-dimensional space, which 

allows for much richer and more realistic physics. “Removing this restriction is a critical 

https://www.thebrighterside.news/post/microsofts-quantum-breakthrough-signals-the-dawn-of-ultra-fast-computing/
https://www.thebrighterside.news/post/groundbreaking-quantum-simulation-reveals-a-cataclysmic-end-to-the-universe/
https://www.uibk.ac.at/en/
https://uwaterloo.ca/
https://en.wiktionary.org/wiki/qudit
https://www.thebrighterside.news/post/schrodingers-cat-equation-unifies-einsteins-theory-of-relativity-and-quantum-mechanics/


step to using quantum computers to understand fundamental particle interactions,” said 

Muschik. 

 

Smaller, Smarter, and More Scalable 

One of the most exciting parts of this breakthrough is how efficient it is. Using high-

fidelity qudit gates—essentially the rules that let qudits interact—they were able to 

drastically reduce the number of steps needed in the quantum circuit. That’s important 

because today’s quantum hardware is still fragile. The fewer operations needed, the 

more reliable the simulation. 

 

 
Christine Muschik and Martin Ringbauer in discussion. (CREDIT: University of Innsbruck) 

 

In fact, for their basic simulation, the team saw an order of magnitude improvement in 

the complexity of their circuits compared to using qubits. That kind of leap opens up 

new opportunities for running real physics problems on near-term quantum hardware—

not decades from now, but soon. 

 

Controlling the dimension of the gauge fields was another key success. The team 

showed how adjusting the number of levels in a qudit could influence the simulation’s 

accuracy. This is a powerful tool for balancing performance with the physical detail of 

the model. 

 



And because qudits can better reflect the high-dimensional nature of gauge fields, they 

help avoid the problem of “truncation” that occurs when cutting off parts of the physics 

to make them fit into simpler computational models. 

 

The Road Ahead: Toward the Strong Force and Beyond 

The significance of this work goes far beyond a single simulation. It marks a turning 

point in how scientists can explore particle physics using quantum computers. 

Simulating two-dimensional lattice QED with matter fields. (CREDIT: Nature Physics) 

 

Gauge theories, including QED, are part of the broader Standard Model, which also 

includes the strong nuclear force—the force that holds atomic nuclei together. This 

force remains one of the least understood areas in physics. But with just a few more 

qudits, the research team says their methods could be extended to cover three-

dimensional models and even the strong force itself. 

 

That could lead to answers for questions that have remained open for decades. How do 

particles behave under extreme conditions, like those found inside neutron stars? Can 

we simulate the early universe and understand how matter formed in the first moments 

after the Big Bang? 

 

“Quantum computers offer a unique scientific opportunity for advancing the frontier of 

gauge theory simulations,” the researchers wrote. Unlike classical methods, quantum 

https://www.thebrighterside.news/post/global-first-scientists-confirm-the-existence-of-quantum-tornadoes/
https://www.thebrighterside.news/post/neutron-starquake-discovery-could-revolutionize-nuclear-physics/


simulations are not disrupted by sign problems, making them ideal for exploring these 

challenging areas. 

 

“This brings us an important step closer to studying nature,” said Ringbauer. “We are 

excited about the potential of quantum computers to contribute to the study of these 

fascinating questions.” 

 

 
Time evolution circuit for 2D-QED with matter. Circuit for the Trotter time evolution of a 

plaquette with dynamical matter, following the decomposition given in Eqs. (MIII2). For details 

on the model see Methods MV. (CREDIT: Nature Physics) 

 

From Theoretical Dream to Physical Reality 

Though still in its early days, this research proves that quantum computing—especially 

with qudits—can tackle real physics problems. It transforms what was once a theoretical 

dream into something testable and observable. The hope is that, as hardware improves 

and more qudits become available, larger and more complex simulations will unlock 

answers to some of science’s deepest mysteries. 

 

By blending cutting-edge hardware with smart algorithms, researchers are setting the 

stage for a new kind of scientific discovery. The next chapter in understanding the 

universe might not come from building bigger particle accelerators, but from building 

better quantum computers—ones that don’t just compute with zeros and ones, but with 

something far more powerful. 

https://www.thebrighterside.news/post/mit-researchers-develop-a-smarter-way-to-train-ai-for-complex-tasks/


 

AI innovation propels quantum 

communication into a new era 

AI-driven forecasting and adaptive optics are transforming 

free-space quantum communication, making secure 

optical data transmission more reliable. 
JOSEPH SHAVIT Published Mar 18, 2025 3:07 PM PDT 
 

 
Scientists have developed AI-powered forecasting and adaptive optics to overcome 

atmospheric turbulence, paving the way for robust free-space quantum communication. 

(CREDIT: CC BY-SA 4.0) 

 

Weather forecasting has long been a crucial tool for modern society, shaping 

agriculture, energy management, climate science, and public health. Traditional 

forecasts rely on parameters like temperature, wind speed, and precipitation. However, 

one of the most complex and less understood atmospheric phenomena—turbulence—

has posed a significant challenge for free-space optical communications. 

 

This turbulence results from rapid fluctuations in weather conditions, causing light 

signals to experience constant changes in refractive index as they pass through the 

atmosphere. This, in turn, leads to signal distortion, loss of data integrity, and reduced 

reliability in optical and quantum communications. 

https://www.thebrighterside.news/post/author/jjshavit/
https://www.thebrighterside.news/post/smartphones-can-predict-wildfires-and-extreme-weather-conditions/


How Atmospheric Turbulence Impacts Quantum Networks 

Optical communication systems, both classical and quantum, suffer from turbulence 

effects such as beam wandering, wavefront distortion, and signal scintillation. 

The structure parameter quantifies turbulence intensity and serves as a key metric in 

assessing communication reliability. High turbulence levels result in significant signal 

degradation, leading to reduced power transmission and increased crosstalk in quantum 

communication channels. 

 

 
Channel path. The path over which the turbulence data was collected from July 2023 to March 

2024. The receiver is on the University of Ottawa campus, while the sender is on the Canadian 

National Research Council 5.4 km East-North-East. (CREDIT: University of Ottawa) 

 

Quantum Key Distribution (QKD), a method of encrypting data using quantum 

mechanics principles, relies on secure photon transmission between two parties. 

However, turbulence-induced distortions introduce noise, which reduces efficiency and 

compromises security by allowing unintended signals to be misinterpreted as 

eavesdropping attempts. 

 

To address these challenges, researchers have been working on predictive models and 

corrective technologies that can mitigate the disruptive effects of turbulence. 

 

AI-Powered Turbulence Forecasting with TAROQQO 

A major breakthrough in overcoming turbulence challenges comes from researchers at 

the University of Ottawa, led by Professor Ebrahim Karimi, in collaboration with the 

National Research Council Canada (NRC) and the Max Planck Institute for the Science of 

Light. Their newly developed AI-powered turbulence forecasting tool, TAROQQO, 

https://www.thebrighterside.news/post/ai-driven-6g-networks-the-future-of-telecommunications/
https://en.wikipedia.org/wiki/Quantum_key_distribution
https://www.uottawa.ca/en
https://mpl.mpg.de/
https://mpl.mpg.de/


provides real-time atmospheric turbulence predictions to enhance free-space quantum 

communications. 

 

TAROQQO utilizes Recurrent Neural Networks (RNNs) to analyze weather data—

including humidity, solar radiation, temperature, and pressure—while incorporating as a 

turbulence indicator. This enables the system to predict turbulence strength up to 12 

hours in advance, with a time resolution as precise as one minute. 

 

By anticipating when atmospheric conditions will be optimal, researchers can schedule 

quantum experiments accordingly, reducing data losses and improving transmission 

rates. 

 

Beyond basic forecasting, TAROQQO allows scientists to simulate the effects of 

turbulence on different quantum communication experiments. This predictive modeling 

helps refine network deployment strategies, ensuring that secure quantum links remain 

stable. The software has been made publicly available on GitHub, allowing researchers 

worldwide to integrate this technology into their own work. 

 

“By enhancing efficiency, cutting costs, and ensuring improved resource allocation, 

TAROQQO will serve as an invaluable tool for experimental physicists,” said Dr. 

Francesco Di Colandrea, one of the developers behind the system. 

https://www.thebrighterside.news/post/optical-deep-neural-networks-are-revolutionizing-ai-computation/


 
A photo taken at the roof of the University of Ottawa. (CREDIT: University of Ottawa) 

 

Real-Time Turbulence Correction with Adaptive Optics 

While TAROQQO enables preemptive scheduling of quantum communication, another 

solution is needed for real-time correction of turbulence-induced distortions. The 

University of Ottawa team has addressed this by developing an advanced Adaptive 

Optics (AO) system designed to restore photonic quantum states in free-space quantum 

channels. 

 

Adaptive optics technology uses a deformable mirror capable of reshaping itself up to 

3,000 times per second to counteract fast turbulence fluctuations. By rapidly adjusting 

the mirror’s shape, the system can correct wavefront distortions before quantum signals 

are measured, restoring data integrity and ensuring secure transmission. 

 

In a controlled experiment, researchers simulated a turbulent quantum channel to assess 

the AO system’s performance. “Without adaptive optics, turbulence introduced errors 

that exceeded the security threshold, making quantum key distribution impossible,” 

explained PhD student Lukas Scarfe. “However, with adaptive optics enabled, we 

successfully restored the channel, performing high-dimensional QKD and encoding up 

to three bits per photon—significantly boosting the key generation rate.” 

https://en.wikipedia.org/wiki/Adaptive_optics
https://en.wikipedia.org/wiki/Adaptive_optics


These results demonstrate that adaptive optics not only recovers lost information but 

also enables more efficient and secure quantum communication, even under extreme 

atmospheric conditions. 

 

The Path to Scalable Quantum Communication 

Together, TAROQQO and adaptive optics present a comprehensive solution for 

overcoming atmospheric turbulence in free-space quantum communication. 

TAROQQO’s AI-driven forecasting minimizes disruptions by optimizing experiment 

scheduling, while adaptive optics actively corrects turbulence effects in real-time, 

ensuring secure and efficient data transmission. 

 

These advancements are critical for the future of quantum networks, particularly in 

applications like ground-to-satellite communication, urban free-space quantum links, 

and even underwater quantum communication. As the demand for ultra-secure 

communication grows, the ability to predict and correct atmospheric interference will be 

essential in making quantum technologies more practical and scalable. 

 

 
Neural network architecture. The network processes 12 hours of input data. The data is fed 

through a series of gated recurrent unit (GRU) layers, allowing the network to learn long-term 

trends through time in the input series. (CREDIT: Optica) 

 

By combining predictive modeling with real-time optical corrections, the University of 

Ottawa team is paving the way for a new era of reliable and robust quantum 

communication networks. 

 

As these technologies continue to evolve, they will play a crucial role in expanding the 

reach of quantum encryption and securing global data transmissions against potential 

cyber threats. 

 

 

https://www.thebrighterside.news/post/light-hurricanes-could-revolutionize-digital-data-transmission/
https://www.thebrighterside.news/post/artificial-atoms-are-a-quantum-leap-forward-in-secure-communication/
https://www.thebrighterside.news/post/artificial-atoms-are-a-quantum-leap-forward-in-secure-communication/

