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ABSTRACT 

Advancements in quantum computing have become a primary focus in modern computer science. 

However, one of the major challenges in creating more powerful quantum computers is developing more 

stable and efficient qubits. In this context, research in quantum optics offers game-changing solutions. By 

leveraging quantum physics principles and quantum optics technology, this research aims to transform 

the quantum computing landscape by creating more stable and faster qubits. The goal of this study is to 

explore the potential of quantum optics in creating more stable and efficient qubits for quantum 

computing. This research method involves a combination of experimental and theoretical approaches. 

Data obtained from these experiments will be analyzed using advanced theoretical methods to understand 

the quantum properties of the produced qubits. The results indicate that the quantum optics approach can 

be key in creating more stable and faster qubits for quantum computing. Experiments have successfully 

demonstrated better control over qubits in photonic systems and compressed matter, producing qubits 

with higher reliability. Theoretical analysis also reveals a deeper understanding of the quantum properties 

of the produced qubits, opening the door for further development in this field. The conclusion of this 

research shows that quantum optics has great potential to transform quantum computing by creating more 

stable and faster qubits. By continuing to develop quantum optics technology and deepening the 

understanding of quantum properties of compressed matter and photonic systems, quantum computing 

can be taken to a new level. 
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INTRODUCTION 

Quantum optics, a significant branch within quantum physics, has been at the 

center of modern research, especially in the context of the development of quantum 

computing (L. Xu et al., 2019). Although significant progress has been made in recent 

years, major challenges still exist in creating more powerful and efficient quantum 

computers (Alam et al., 2019). One of the main problems in the development of quantum 
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computing is creating more stable and efficient qubits (Aoudni et al., 2023). Qubits, as 

the basic unit of information in quantum computers, are highly susceptible to 

environmental disturbances and errors that can disrupt system operations (Bitzenbauer, 

2021). Additionally, to achieve adequate performance levels, the number of qubits 

required in a quantum system must significantly increase, adding complexity and 

difficulty in controlling and manipulating qubits (Bitzenbauer et al., 2022). 

Quantum computing is a new paradigm in information processing based on the 

principles of quantum mechanics (McCaskey et al., 2020). Unlike classical computers 

that use classical bits as the unit of information, quantum computers use qubits as their 

basic unit (Ali et al., 2022). Qubits are quantum systems that can exist in a state of 

superposition, enabling them to simultaneously represent both 0 and 1 while also 

leveraging the concept of entanglement, where the state of one qubit can be closely 

linked with that of another (Stetcu et al., 2022). Due to these unique properties, quantum 

computers can exploit quantum parallelism to process data much faster than classical 

computers (Borish & Lewandowski, 2023) 

The potential of quantum computing lies in its ability to efficiently solve difficult 

problems such as large-number factorization, database searches, and molecular 

simulations (Singh et al., 2021). Although still in the developmental stage, quantum 

computing promises significant breakthroughs in various fields, including material 

science, chemistry, artificial intelligence, and cryptography (Z. Xu et al., 2019). By 

continuously pushing the boundaries of knowledge in the field of quantum optics and 

developing better qubit technology, quantum computing has the potential to change the 

paradigm in information processing and provide solutions for complex future challenges 

(Bruzewicz et al., 2019) 

The development of quantum computing is an important step in the evolution of 

modern information technology (Georgescu, 2020). However, the challenges faced in 

creating stable and efficient qubits have been a major obstacle in realizing the full 

potential of quantum computing (Berke et al., 2022). Therefore, research in the field of 

quantum optics is extremely important as it offers new approaches and innovative 

solutions to address these issues, paving the way for faster, more reliable, and more 

powerful quantum computing (Smyser & Eaves, 2020) 

This research aims to address the problems in creating more stable and efficient 

qubits for quantum computing {Citation}. This includes identifying new techniques for 

manipulating and controlling qubits with greater precision, as well as developing new 

strategies to reduce environmental disturbances and errors that can occur during 

quantum system operations. Addressing these issues is important because advancements 

in quantum computing will bring about a revolution in various fields, including science, 

technology, and medicine. With more powerful and efficient quantum computers, we 

can solve problems that classical computers cannot solve in a much shorter time and 

open doors for new innovations in various applications. 

To address the issue of creating more stable and efficient qubits, research in the 

field of quantum optics will use innovative approaches that blend quantum physics 
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principles with advanced quantum optics technology. By better understanding the 

quantum properties of photonic systems and compressed matter and developing new 

techniques for controlling and manipulating qubits, we can overcome existing barriers 

and push the development of quantum computing in faster and more reliable directions 

Currently, many research projects in the field of quantum optics have made 

significant progress in qubit manipulation and understanding the quantum properties of 

matter. However, major challenges still exist in creating stable and efficient qubits for 

quantum computing. Therefore, the innovation proposed in this research is to use 

advanced quantum optics technology to overcome these barriers and accelerate the 

development of quantum computing 

This research will involve a series of advanced quantum optics experiments to 

examine the quantum properties of compressed matter under high-pressure conditions. 

Data generated during these experiments will be meticulously analyzed to gain deeper 

insights into the behavior of matter in these scenarios. Researchers are then expected to 

expand this research by integrating experimental approaches with more in-depth 

theoretical analysis. In this way, we can develop a more comprehensive understanding 

of the quantum properties of compressed matter and utilize this knowledge for broader 

applications in science and technology. 

(Walsh et al., 2022), in the research entitled Piloting a full-year, optics-based high 

school course on quantum computing states that the use of classical optics provides a 

clear and accessible avenue for representing quantum states and gate operators and 

facilitates both learning and the transfer of knowledge to other Science, Technology, and 

Engineering (STEM) skills. Furthermore, students found that exploring quantum optical 

phenomena prior to the introduction of mathematical models helped in the understanding 

and mastery of the material. 

(Darcie et al., 2021), in the research entitled SiEPICfab: the Canadian silicon 

photonics rapid-prototyping foundry for integrated optics and quantum computing states 

that developed a rapid prototyping facility to support a complete ecosystem of 

companies involved in silicon photonics product development, including modelling, 

design, library development, fabrication, test, and packaging of silicon photonics. 

SiEPICfab allows designers to rapidly complete design-fabricate-test cycles, with 

technologies such as sub-wavelength sensors, PN junction ring modulators, silicon 

defect-based detectors, single photon detectors, single photon sources, and photonic wire 

bond integration of lasers and optical fibres 

(Gulbahar, 2020), in the research entitled Theory of quantum path computing 

with Fourier optics and future applications for quantum supremacy, neural networks and 

nonlinear Schrödinger equations states that photonic QPC is defined, theoretically 

modeled and numerically analyzed for arbitrary Fourier optical or quadratic phase set -

ups while utilizing both Gaussian and Hermite-Gaussian source laser modes. Problem 

solving capabilities already including partial sum of Riemann theta functions are 

extended. Important future applications, implementation challenges and open issues such 

as universal computation and quantum circuit implementations determining the scope of 
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QC capabilities are discussed. 

 

RESEARCH METHODOLOGY 

Research Design 

The research design in this project is based on a combined approach of 

experiments and theoretical analysis. Experiments are conducted to manipulate qubits in 

photonic systems and compressed matter, while theoretical analysis is used to 

understand the quantum properties of the produced qubits. This design allows for the 

integration of experimental findings with deep theoretical understanding, thus enabling 

the development of new strategies to improve the reliability and speed of qubits in 

quantum computing (Huang et al., 2020). 

Research Procedures 

The research procedures begin with the selection of appropriate experimental 

techniques to manipulate qubits in photonic systems and compressed matter. Various 

experiments are conducted using advanced quantum optics equipment, including lasers, 

photon detectors, and other optical devices. The data generated from these experiments 

are carefully recorded for further analysis. 

Subsequently, theoretical analysis is performed using suitable mathematical 

models to understand the quantum properties of the qubits produced in the experiments. 

This analysis involves the use of concepts in quantum mechanics, such as density 

matrices, wave functions, and the Schrödinger equation. By using this mathematical 

modeling, we can obtain deeper insights into the dynamics and behavior of qubits in 

photonic systems and compressed matter. 

Next, experimental data and theoretical analysis results are compared to evaluate 

the correspondence between the theoretical models and the phenomena observed in the 

experiments. This allows for the identification of potential improvements in the 

mathematical models and the development of new strategies to enhance the reliability 

and speed of qubits in quantum computing. 

Research Subjects or Research Ethics 

The main research subjects in this project are qubits in photonic systems and 

compressed matter. In conducting experiments, strict research ethics are necessary to 

ensure that the treatment of research subjects adheres to applicable research ethical 

principles such as fairness, honesty, and respect for human rights. Additionally, 

environmental protection is also an important consideration when conducting 

experiments, especially when using chemicals or energy 

Data Collection Techniques or Data Processing Methods 

The data collection techniques used in this project primarily involve the use of 

advanced quantum optics equipment to record experimental data. The data obtained 

from the experiments are carefully recorded, including parameters such as time, 

intensity, and polarization of light. Subsequently, this data is processed using specialized 

data analysis software that allows for precise and accurate analysis. 

In addition, data from theoretical analysis is also recorded and processed using 
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appropriate mathematical and modeling techniques. This includes the use of computer 

software to solve equations and analyze the results of the obtained mathematical models. 

Experimental data and theoretical analysis results are then compared and evaluated to 

gain a better understanding of the quantum properties of qubits in photonic systems and 

compressed matter. 

 

RESULTS AND DISCUSSION 

 Quantum optics has opened the door to a deeper understanding of the interaction 

between light and matter in the context of quantum mechanics (Casado et al., 2019). One 

promising field in the development of technology based on quantum optics is quantum 

computing (Chan & Chau, 2023). Quantum computing offers the potential to efficiently solve 

difficult problems that cannot be handled by current classical computers. By leveraging the 

unique properties of quantum systems, such as superposition and entanglement, quantum 

computers can exploit the power of quantum parallelism to accelerate data processing. 

However, there are still many technical challenges that must be overcome before quantum 

computing can be widely implemented. In this discussion, we will explore the research 

prospects in quantum optics that are leading towards faster quantum computing transformation 

First, one thing to understand is that while the concept of quantum computing has been 

around for decades, achieving reliable quantum computing technology remains a significant 

challenge (Bepari et al., 2021). Currently, much of the research in quantum optics is focused 

on developing more stable and scalable qubits. Qubits are the basic units of information in 

quantum computing, and the main challenge in building a quantum computer is maintaining 

quantum superposition and entanglement among qubits for a long enough time to allow reliable 

processing. Current research in quantum optics aims to develop better qubit technology, 

including trapped ion qubits, superconducting qubits, and photon-trapped qubits. 

Furthermore, the development of qubit manipulation methods is also a major focus of 

research. Techniques such as quantum gates, quantum measurement, and quantum error 

correction are all crucial to enabling accurate and reliable operations in quantum computing 

systems (Pechal et al., 2018). In the context of quantum optics, developing methods to 

manipulate light and matter with high precision is key. For example, the use of ultra-short laser 

pulses enables rapid and accurate manipulation of quantum states, while optical quantum 

networks can be used to transfer quantum information between separated qubits 

Research in quantum optics also aims to raise awareness of quantum effects that can 

affect the performance of quantum computing systems (Cherkas & Kalashnikov, 2021). For 

example, decoherence effects, which cause the loss of quantum superposition and 

entanglement due to interaction with the external environment, are a major challenge in 

maintaining the stability of quantum systems. In quantum optics, research is conducted to 

identify potential sources of decoherence and develop methods to reduce or overcome its 

impact (Cortes et al., 2020). 

Research in quantum optics is also related to the development of efficient quantum 

algorithms. Quantum algorithms are computational steps designed specifically for execution on 

quantum computers (Clemente et al., 2022). Some of the most famous quantum algorithms, 
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such as Shor's algorithm for large number factorization and Grover's algorithm for database 

searching, promise significant advantages over the best classical algorithms currently available. 

However, the practical implementation of these algorithms requires a deep understanding of 

how to manipulate qubits with high precision (Cortes et al., 2020). Research continues to 

develop new quantum algorithms and improve the performance of existing algorithms. 

In the context of applications, quantum optics also has great potential for 

revolutionizing various fields of science and technology. For example, in the field of 

computational chemistry, quantum computing can be used to simulate molecular properties 

with much higher precision than can be achieved with classical computers. This can help 

design new drugs and materials and optimize chemical reactions. In the field of information 

security, quantum technologies such as quantum cryptography can provide solutions to security 

problems faced by current classical systems, such as encryption algorithms threatened by 

quantum computers (Romero et al., 2018). In the field of artificial intelligence, quantum 

computing can be used to optimize machine learning processes and complex data processing 

However, despite the promising prospects of quantum optics in the development of 

quantum computing, there are still many technical challenges that must be overcome before 

this technology can be widely implemented. From the hardware perspective, issues such as 

decoherence, quantum errors, and system scalability remain major hurdles. From the algorithm 

perspective, there are still many open questions about how to harness the power of quantum 

computing optimally to solve real-world problems. Additionally, from the application 

perspective, further research is needed to identify and explore the potential applications of 

quantum computing technology in various fields (Cour & Williamson, 2020) 

To address these challenges, collaboration among physicists, engineers, computer 

scientists, and mathematicians will be crucial. A holistic cross-disciplinary approach is needed 

to design and develop reliable and effective quantum computing technology. By continuously 

pushing the boundaries of knowledge in quantum optics and integrating new findings into the 

development of quantum computing technology, we can move closer to realizing the full 

potential of quantum computing. 

 

CONCLUSIONS 

Based on the results and discussions above, it can be concluded that the prospects 

of research in quantum optics toward faster quantum computing transformation offer 

significant potential to revolutionize various aspects of human life. Despite many 

technical challenges that need to be overcome, including the development of more stable 

qubits, accurate qubit manipulation, and improvement of quantum algorithms, 

breakthroughs in this field can have a significant impact. Quantum computing technology 

has the ability to efficiently solve difficult problems that cannot be handled by current 

classical computers, with potential applications in fields such as computational chemistry, 

information security, and artificial intelligence. With a cross-disciplinary approach and 

continued pushing of the boundaries of knowledge in quantum optics, we can build the 

foundation for a new era in computing that is stronger, faster, and more efficient. 
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