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ABSTRACT 

The physics of compressed matter has become a widely interesting research field mainly due to its 

relevance in understanding the structure and behavior of matter under extreme pressure conditions. 

Despite advances made, many mysteries within this field, especially related to the quantum properties of 

compressed matter, remain unsolved. This research aims to utilize recent quantum optics experiments to 

unveil the mysteries contained in compressed matter. The primary focus is to understand the quantum 

properties of matter under high pressure and explore unique behaviors that may emerge in this situation. 

This research employs a combined approach of quantum optics experiments and theoretical analysis. 

Experiments are conducted using sophisticated quantum optics equipment to manipulate and examine 

compressed matter on a quantum scale. Meanwhile, theoretical analysis is used to deepen understanding 

of the phenomena observed during the experiments. The findings indicate that recent quantum optics 

experiments have provided new insights into the quantum properties of compressed matter. Some 

intriguing results include the observation of quantum phase transitions and other quantum effects that 

may arise under extreme pressure conditions. These results contribute significantly to the understanding 

of the physics of compressed matter and pave the way for further research in this area. The conclusion of 

this study is that recent quantum optics experiments have helped unveil the mysteries contained in 

compressed matter. By integrating experimental and theoretical approaches, this research has deepened 

the understanding of the quantum properties of matter under high pressure. 
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INTRODUCTION 

Compressed matter has been a primary focus in modern physics because matter 

under extreme pressure often exhibits unusual and hard-to-understand behaviors (Alam 

et al., 2019). This phenomenon becomes increasingly important in the context of 

understanding the physical properties of matter both on Earth and in extreme 

astrophysical environments such as the cores of planets and stars (Agarwal, 2023). One 
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of the main challenges in understanding compressed matter is the complexity of the 

physical and chemical properties that occur when matter is subjected to high pressure 

(Backes et al., 2021). 

Understanding of compressed matter remains limited mainly because most prior 

research has focused on the macroscopic properties of matter under high pressure 

(Assenza & Mezzenga, 2019). However, in recent decades, there has been an awareness 

that quantum phenomena play a crucial role in the behavior of compressed matter 

(Biswas et al., 2021). This has led to the need for new approaches that blend quantum 

physics principles with studies of compressed matter (Biekötter & Olea-Romacho, 2021). 

The primary problem to be solved is a deeper understanding of the quantum 

properties of compressed matter (Weidlich & Bastiaens, 2018). This includes identifying 

quantum phase transitions, other quantum effects, and other unique behaviors that may 

emerge in compressed matter (Puertas Martínez et al., 2019). By understanding the 

quantum properties of matter in high-pressure situations, new applications in material 

science, geophysics, and astrophysics can be opened (Jizba & Lambiase, 2022). 

It is important to discuss quantum phenomena in compressed matter because it can 

provide new insights into the properties of matter under extreme conditions (Plotnitsky, 

2021). This research can also have significant implications in various fields, including 

the development of new materials with unique properties, a deeper understanding of 

planet and star evolution, and potential applications in quantum technology (Walmsley, 

2015). 

To address this issue, a new approach is needed that integrates quantum physics 

principles with studies of compressed matter (Warnick et al., 2019). Recent quantum 

optics experiments offer an exciting approach to understanding the behavior of 

compressed matter on a quantum scale (Thomas et al., 2021). By using advanced 

quantum optics technology (Sherrott et al., 2019), matter can be manipulated and 

examined at the atomic and sub-atomic scale, opening the door to a deeper 

understanding of the quantum properties of compressed matter (Vissani, 2021). This 

research is conducted because of the importance of understanding the quantum nature of 

compressed matter and its potential to expand our understanding of the universe. 

Through recent quantum optics experiments, the mysteries contained in compressed 

matter can be unveiled, and the door is opened for further research in this field 

(Semenov & Klimov, 2021) 

In the context of recent quantum optics experiments, previous research has 

provided valuable insights into the properties of compressed matter (Geraldi et al., 2019). 

However, much of this research has been limited to the macroscopic scale, and few have 

considered quantum effects in high-pressure situations (Yin et al., 2023). Therefore, the 

innovation proposed in this research is the use of a quantum optics approach to 

understand the behavior of compressed matter on a quantum scale (Galvez, 2023). By 

using advanced quantum optics equipment such as lasers, photon detectors (Cortes et al., 

2020), and other optical devices, this research will enable the manipulation and 

observation of matter at the atomic and sub-atomic scale, bringing us closer to a deeper 
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understanding of the quantum properties of compressed matter (Casado et al., 2019) 

The novelty of this research lies in the approach that integrates quantum physics 

principles with studies of compressed matter. While previous research has tried to 

understand the properties of compressed matter, this research offers a new approach that 

leverages advances in quantum optics technology to deepen understanding of matter 

under high pressure. Thus, this research makes a significant contribution to the fields of 

compressed matter physics and quantum optics and paves the way for further research in 

these areas. 

Zhang et al., (2024), in the research entitled Entanglement-based quantum 

information technology: a tutorial states that This review focuses on fundamentals and 

recent advances in entanglement-based quantum information technology (QIT), 

specifically in photonic systems. Photons are unique quantum information carriers with 

several advantages, such as their ability to operate at room temperature, their 

compatibility with existing communication and sensing infrastructures, and the 

availability of readily accessible optical components. 

Taha et al., (2024) , in the research entitled Exploring Trends and Opportunities in 

Quantum-Enhanced Advanced Photonic Illumination Technologies states that Quantum 

spin liquids and other topological materials can maintain their quantum states while 

subject to decoherence. Despite challenges with decoherence, production, and 

commercialization, quantum photonics is an exciting new area of study that promises 

lighting techniques impossible with conventional optics. 

Rahmaniar et al., (2024), in the research entitled Deep learning and quantum 

algorithms approach to investigating the feasibility of wormholes: A review states that 

findings were discussed to evaluate the effectiveness of these computational techniques 

in unraveling the mysteries surrounding wormholes. Our review is expected to provide 

new perspectives for future research. Emphasizes the synergistic potential of deep 

learning and quantum algorithms in advancing our understanding of wormholes and 

their existence as interesting shortcuts in spacetime. 

 

RESEARCH METHODOLOGY 

Research Design 

The research design in this experiment is experimental (Borish & Lewandowski, 

2023). The purpose of this design is to conduct a series of recent quantum optics 

experiments to understand the quantum properties of compressed matter. Experiments 

are conducted by using advanced quantum optics equipment to manipulate and examine 

matter under high pressure. 

Research Procedures 

The research procedure starts with the selection of compressed matter samples to 

be used in the experiments (Flam-Shepherd et al., 2022). Samples are chosen based on 

their physical and chemical characteristics as well as their ability to generate the high-

pressure conditions required in the experiments. Once the samples are selected, the 

compression process is conducted using special equipment such as high-pressure presses 
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or diamond anvil cells. 

After the samples are compressed, a series of quantum optics experiments are 

conducted to examine the quantum properties of the compressed matter. This involves 

using quantum optics equipment such as lasers, photon detectors, and other optical 

devices to manipulate and examine matter on a quantum scale. The data generated 

during the experiments are carefully recorded for further analysis. 

Research Subjects or Research Ethics 

The research subjects in this experiment are the samples of compressed matter 

used in the experiments. These samples are obtained through standard procedures in 

accordance with research ethics and laboratory safety rules. It is important to ensure that 

the procedures for sampling and manipulating matter are conducted with attention to 

safety and research ethics standards 

Data Collection Techniques or Data Processing Methods 

The data collection techniques in this experiment involve using quantum optics 

equipment to record various phenomena that occur during the experiments. This includes 

measuring the intensity of light reflected or emitted by the sample, analyzing 

interference patterns, and observing phase transitions or other quantum effects that may 

occur. The data generated are then recorded and analyzed using appropriate data analysis 

techniques such as descriptive statistical analysis or spectral analysis to extract relevant 

information about the quantum properties of compressed matter. 

Additionally, mathematical modeling and computer simulations can also be used 

to interpret the experimental data and better understand the observed phenomena. This 

modeling can help identify causal relationships between observed variables and test 

hypotheses about the behavior of compressed matter in different scenarios. By 

combining experimental and computational approaches, a deeper understanding of the 

mysteries of compressed matter can be achieved. 

 

RESULT AND DISCUSSION 

Quantum optics is a branch of physics that studies the interaction between light 

(photons) and matter in the context of quantum mechanics (Havik & Westergård, 2020). This 

field combines basic principles of quantum mechanics with classical optics to explain and 

manipulate light phenomena at the atomic and sub-atomic scales. In this discussion, the basic 

concepts of quantum optics, its applications in modern technology, recent developments, and 

the challenges and opportunities faced in this research will be outlined. 

Quantum optics introduces the idea that light can be described as discrete particles 

called photons, which exhibit wave-particle duality (Lupu-Gladstein et al., 2022). The basic 

principles of quantum optics follow the basic principles of quantum mechanics, such as 

superposition, entanglement, and Heisenberg's uncertainty principle. One important example of 

a phenomenon in quantum optics is interference, where two or more light waves meet and 

overlap, causing a characteristic wave pattern (Carmele & Reitzenstein, 2019). Quantum 

optics also studies the emission of photons by matter in processes such as fluorescence and 

spontaneous emission, as well as the absorption and generation of photons in processes such as 
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electron-positron pair creation. 

The main applications of quantum optics lie in quantum technology, especially in the 

development of quantum computers, quantum communication, quantum sensors, and quantum 

metrology (Khulbe & Parthasarathy, 2022). One important application is in quantum 

communication, where quantum optics principles are used to secure data transmission in a way 

that cannot be hacked by classical computers. This is done by manipulating the quantum 

properties of photons, such as polarization states and entanglement, to transmit information 

with high security. Additionally, in quantum computers, quantum optics plays a crucial role in 

controlling and manipulating qubits, the basic units of information in quantum computers, 

represented by the quantum states of photon systems or atomic systems (Cherkas & 

Kalashnikov, 2021) 

Quantum Optics is also a field that explores the phenomena of light and matter on a 

quantum scale, where subatomic particles such as photons and atoms behave according to the 

principles of quantum mechanics (Rao & Rao, 2019). Recent experiments in Quantum Optics 

have brought understanding of the universe to a deeper level and enabled the unveiling of 

hidden mysteries. One interesting aspect of this research is the unveiling of the mystery of 

compressed matter, where the structure of matter can undergo unexpected transformations 

under extreme pressure. Through the use of advanced techniques in Quantum Optics, scientists 

have been able to explore the behavior of matter under extreme pressure conditions, paving the 

way for a deeper understanding of the fundamental properties of matter and its potential in 

practical applications (Virally & Reulet, 2019). 

Recent developments in quantum optics have involved the creation of increasingly 

complex and well-controlled quantum systems (Mohageg et al., 2022). These include the use 

of quantum networks where connections between many qubits are well maintained and the use 

of controlled quantum photonic systems to explore deeper quantum properties. Scientists have 

also made great strides in integrating quantum optics technology with classical technology, 

such as in the manufacture of photonic chips that can be used in quantum communication 

systems and quantum computers. 

One recent experiment that has played a key role in uncovering the mysteries of 

compressed matter is the use of quantum optomechanics (Govender et al., 2019). Quantum 

optomechanics combines concepts from quantum optics and quantum mechanics to study the 

interaction between light and mechanical objects at the nano or micro scale (Jaeger et al., 

2019). In this context, researchers have developed systems that allow them to manipulate and 

control the movement of mechanical objects using light with unprecedented precision. By 

utilizing quantum mechanics principles, they can achieve a very high level of sensitivity, 

allowing them to detect small changes in the structure of compressed matter under extreme 

pressure. 

One interesting aspect of this experiment is the use of very powerful lasers to compress 

matter into conditions that cannot be replicated under natural conditions. When matter is 

compressed to extreme levels, the behavior of atoms and molecules within it can change 

significantly. For example, at very high pressures, atoms can begin to interact more intensely, 

forming new structures or even undergoing unexpected phase transitions. By utilizing quantum 
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optomechanics, researchers can monitor these changes with high precision, allowing them to 

understand the properties of matter under extreme pressure conditions. 

In recent years, there has been an increase in interest and investment in quantum optics 

research, largely driven by the potential applications of revolutionary quantum technology. 

Many large technology companies, along with research institutions and universities around the 

world, have allocated significant resources to research in this field. Along with this, 

collaboration between scientists from various disciplines has become more common, allowing 

for a broader exchange of ideas and knowledge. This has accelerated advances in the 

development of quantum optics technology and enhanced understanding of the quantum world. 

The importance of understanding the behavior of compressed matter lies not only in the 

basic understanding of the properties of matter but also in practical applications such as the 

research of new materials with unique properties. For example, by understanding how matter 

reacts to extreme pressure, scientists can design new materials that can be used in various 

applications, from the development of superconductive materials to the manufacture of material 

structures for use in space exploration. Additionally, a better understanding of the behavior of 

compressed matter can also help predict and understand extreme natural phenomena, such as 

how large objects like planets and stars can withstand conditions below. 

 

CONCLUSION  

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

quantum optics experiments have made a significant contribution to the understanding of 

compressed matter and its quantum properties. These results not only expand the 

understanding of the physics of compressed matter but also open the door for further 

research in this area. By continuing to develop technology and experimental approaches in 

quantum optics, we can go further in uncovering the mysteries of compressed matter and 

enhancing our understanding of the vast universe. Further research is expected to more 

deeply understand the quantum effects in compressed matter and the potential applications 

in science and technology. 
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