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ABSTRACT

Compressed Matter Physics has become an increasingly important field in understanding the properties
of matter under extreme conditions, such as those found inside giant planets, neutron stars, and in
experiments with ultra-intense lasers. However, although there has been progress in the understanding of
compressed matter, there are still major challenges that need to be overcome in understanding the
behavior of matter under these extreme conditions. This research aims to explore new challenges in the
physics of compressed matter and identify future research projections that can overcome these challenges
as well as to improve understanding of the properties of matter under extreme conditions and develop
potential applications in various fields, including astronomy, nuclear physics, and materials engineering.
This research method involves analysis of the latest literature in the field of compressed matter physics,
as well as discussion and collaboration with experts in the scientific community. The results show that
there are several major challenges in understanding the physics of compressed matter, including a deeper
understanding of the behavior of matter at very high pressures and temperatures, as well as the
development of more sophisticated technologies to measure and model these extreme conditions. In
addition, we also identify several future research projections that can address these challenges, including
the development of new experimental techniques, the development of more sophisticated theoretical
models, and the use of more powerful energy sources to achieve extreme conditions. higher. The
conclusions of this study highlight the importance of continuing to explore the world of compressed
matter to understand the properties of matter under extreme conditions. By identifying key challenges
and future research projections, we hope to inspire continued research in this field and advance
understanding of the universe at extreme scales.
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INTRODUCTION

Compressed Matter Physics spans as an important branch in the study of materials,
exploring the behavior of matter under conditions of extreme pressure (Raaijmakers et
al., 2019). In this context, matter is forced to change fundamentally in response to

Journal of Tecnologia Quantica


mailto:zhangwei@gmail.com
https://journal.ypidathu.or.id/index.php/ijnis
https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.70177/quantica.v1i1.873

New Challenges in Compressed Matter Physics: Future Research Projections

applied stress, often resulting in unintuitive and complex phenomena (Flores-Livas et al.,
2020). Understanding the physics of compressed matter is not just about detailing the
properties of matter under extreme pressure, but also about exploring the applicable and
fundamental potential it contains (Malespina et al., 2022).

At a fundamental level, the physical phenomenon of compressed matter makes it
possible to delve into a world where the density of matter increases dramatically under
extreme pressure (Backes et al., 2021). This opened the door to understanding how
atomic and molecular structures interact when placed in unnatural compression
conditions (Esmeryan et al., 2020). In this context, matter can undergo dramatic phase
changes, changing its properties from solid to liquid or even gas, or undergoing changes
in its fundamental atomic arrangement (Vissani, 2021). Understanding the dynamics
behind this phenomenon is not only important from a basic science perspective, but is
also important in practical applications, such as in the development of materials with
tunable properties.

One example in compressed matter physics is the study of the behavior of
neutron stars (East, 2021). Neutron stars are very dense celestial bodies formed from
extremely compressed matter in the core of stars that experience supernovae. In this
state, matter experiences enormous gravitational pressure, resulting in conditions of
incredible pressure and density (Jizba & Lambiase, 2022). An understanding of the
physics of compressed matter is essential in designing accurate models to explain the
behavior of neutron stars, including understanding how the properties of matter change
under these extreme conditions (Wang et al., 2023).

Not only on the cosmic scale, but also on the nanometric scale, the physics of
compressed matter has significant implications (Pedersen & Vilgis, 2019). The use of
high pressure in materials experiments has enabled the development and characterization
of new materials with extraordinary properties, such as superconducting materials with
higher critical temperatures or materials with superior mechanical strength (Assenza &
Mezzenga, 2019). Through high-pressure experiments, researchers can explore the limits
of matter's possibilities and expand understanding of its properties beyond normal
conditions.

The main problem that arises is the difficulty in understanding and modeling the
behavior of materials when compressed under high pressure (Mitridate et al., 2023). This
phenomenon often gives rise to properties that are unintuitive and difficult to predict,
even with sophisticated mathematical and computational approaches (Calibbi et al.,
2020). This results in uncertainty in the development of theoretical models that can be
relied upon to explain and predict various physical situations that occur (Kolar et al.,
2019). This problem is the focus of research because of its practical consequences. The
inability to understand and model the behavior of compressed matter can hinder progress
in many fields of science, including astrophysics, materials science, and energy
technology (Gutiérrez-Luna et al., 2022). Without a deep understanding of matter
compression processes, it will be difficult to optimize energy use, predict the behavior of
neutron stars, or even design new materials with desired properties.
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This research aims to solve various problems related to understanding and
modeling the behavior of compressed materials under high pressure (Ueda et al., 2019).
This includes the development of more accurate and predictive theoretical models, the
identification of factors that influence the properties of materials under extreme
conditions, and the development of more sophisticated experimental methods to test and
verify these models (Biekotter & Olea-Romacho, 2021). Considering its broad impact in
various fields of science and technology (P. Agarwal et al., 2022). With a better
understanding of the behavior of compressed matter, it is possible to optimize industrial
processes, design new materials with desired properties, and even reveal mysteries of the
universe such as the properties of neutron stars (Xu et al., 2023).

To overcome this problem, an interdisciplinary approach is needed (Plotnitsky,
2021). It involves collaboration between physicists, materials scientists, and engineers,
as well as the development of new techniques in mathematical modeling, computing,
and experimentation (Bihlmayer et al., 2022). With a holistic approach involving various
scientific disciplines, it is hoped that we can reveal the secrets behind the behavior of
compressed materials and overcome existing challenges (Planinic et al., 2019). This
research was conducted to fill existing knowledge gaps in the understanding of the
physics of compressed matter (Koltover, 2019)a. Currently, there are still many aspects
that are not well understood, and this research aims to bridge these gaps by developing
more accurate theoretical models, conducting more sophisticated experiments, and
integrating various relevant scientific disciplines (Kolomeisky, 2019).

It is hoped that this research can make a major contribution in filling existing
knowledge gaps by developing theoretical models that are more precise and predictive
(Fu et al., 2022). We will use an interdisciplinary approach involving theoretical physics,
materials science, and experimental techniques to address existing knowledge gaps. In
the realm of materials physics, the study of compressed matter under extreme pressure is
a challenging but very interesting field (Musser, 2022). These phenomena, such as the
inverted pyramid, highlight the complexity of the behavior of matter in high stress
situations. When matter experiences extreme stress, its properties often undergo drastic
and difficult to predict changes. This raises various problems that need to be handled
carefully.

First it is important to understand why compressing material under high pressure
is a problem. Drastic changes in material properties, such as electrical conductivity,
hardness, or even the phase of the material itself, can occur under conditions of extreme
compression (Nufiez-Castifieyra et al., 2023). This poses a major challenge in the
development of mathematical models that can explain and predict the behavior of
materials under these conditions. Additionally, a deeper understanding of the physics of
compressed matter is important because of its various practical applications. For
example, in the field of astrophysics, a deep understanding of the behavior of materials
under extreme pressure is essential for modeling the structure of neutron stars or the
conditions inside large planets. On the other hand, in the field of materials technology,
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knowledge of material compression can be used to design new materials with unique
properties, such as greater strength or higher conductivity.

Avila et al, (2020), in research entitled Connecting particle physics and
cosmology: Measuring the dark matter relic density in compressed supersymmetry
models at the LHC. The results of the research state that from measurements in the VBF
and ISR SUSY searches at the LHC, the mass gap and the dark matter relic density can
be measured with an uncertainty of 4.5% and 25%, respectively, assuming 13 TeV
proton—proton data from the high-luminosity LHC. The precise measurement of a small
value would also confirm the existence of - CA.

Agarwal, (2023), in research entitled The compressed baryonic matter (CBM)
experiment at FAIR—physics, status and prospects. The results of the research state that
the physics programme of CBM is centred around the exploration of the QCD phase
diagram and nuclear matter equation-of-state in the region of high baryon densities.

Liu & Hersam, (2019), in research entitled 2D materials for quantum information
science. The results of the research state that the quantum properties and potential of 2D
materials as solid-state platforms for quantum-dot qubits, single-photon emitters,
superconducting qubits and topological quantum computing elements. By focusing on the
interplay between quantum physics and materials science, we identify key opportunities
and challenges for the use of 2D materials in the field of quantum information science.

RESEARCH METHODOLOGY
Research Design

The research design used in this article is descriptive and analytical. The
descriptive approach is used to identify and describe the new challenges in compressed
matter physics faced by the scientific community. The analytical approach is used to
analyze and evaluate future research projections in addressing these challenges (Jewett et
al., 2021). The research design is also qualitative in nature as the main focus is on an in-
depth understanding of the extreme conditions in compressed matter physics and the
potential solutions proposed to overcome these challenges.
Research Procedure

The research procedure starts with an analysis of the current literature in the field
of compressed matter physics to identify new challenges faced by the scientific
community. The next step was to conduct discussions and collaborations with experts in
the scientific community to gain a deeper understanding of these challenges and
potential solutions. In addition, we also conducted experimental and simulation research
to validate theoretical findings and test new hypotheses that emerged during the research
process. This approach allows us to gain a comprehensive understanding of the extreme
conditions in compressed matter physics and the solutions that can be proposed to
overcome these challenges.
Research Subject or Research Ethics

The research subjects in this article are physical phenomena in compressed matter,
both on a laboratory scale and in the context of the universe. No human or animal
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subjects were involved in this study, so there are no research ethics considerations to
consider (Drachsler et al., 2015). However, we made sure to follow the principles of
scientific ethics in analyzing and interpreting the data, and in reporting the research
findings accurately and objectively.
Data Collection Techniques or Data Processing Methods

The data collection techniques used in this article include literature studies,
discussions with experts, and experimental and simulation research. The data obtained
from the literature study was used to identify new challenges in compressed matter
physics and to understand previous contributions in this field. Discussions with experts
provided valuable insights into these challenges and proposed solutions. In addition,
data from experimental and simulation studies were used to validate theoretical findings
and test new hypotheses that emerged during the research process. Data analysis is
performed using both qualitative and quantitative approaches, depending on the type of
data obtained, with the aim of gaining a comprehensive understanding of the extremes in
compressed matter physics and projecting future research to address these challenges.

RESULTS AND DISCUSSION

The study of the physics of compressed matter has become an exciting and important
subject in the world of science. In recent decades, this research has provided valuable insights
into the behavior of matter under extreme conditions of pressure, as well as opening up vast
potential applications. However, as in many areas of science, there are still challenges to
overcome and questions that remain unanswered.

One of the main challenges in the study of compressed matter physics is a deeper
understanding of the behavior of matter under extreme pressure. WWhen matter is subjected to
extremely high pressures, its structure can undergo dramatic changes, such as phase changes or
changes in its physical properties (Joanny & Indekeu, 2023). For example, under extremely
high pressure conditions, solid matter may become liquid or even gas. A better understanding
of how matter responds to these extreme pressures is important for applications in a variety of
fields, including materials technology, earth science and physical science.

One aspect to consider in compressed matter physics research is the development of
more accurate mathematical models to predict the behavior of matter under extreme pressure
(Guo et al., 2023). These models must properly account for quantum effects and interparticle
interactions, which can be very complicated under extremely high pressure conditions. In
addition, these models must also be able to describe the phase changes and phase transitions
that occur when matter is compressed, which are often difficult to predict precisely.

In addition, a better understanding of the physics of compressed matter is also needed
for practical applications, such as in the development of new materials with desirable
properties. For example, a better understanding of the behavior of materials under extreme
pressure conditions can help in designing materials with higher mechanical strength or better
electrical conductivity. This can have a major impact in a variety of industries, including
aerospace, manufacturing, and energy industries.

One approach that can be used to address these challenges is to use high-pressure
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experiments. These experiments involve applying extremely high pressure to a sample of
matter and observing how the matter responds to this pressure (Zhang et al., 2023). Advanced
technologies, such as diamond cells and laser guns, have been developed to create extremely
high pressure conditions in the laboratory. Using these technologies, researchers can perform
experiments that can provide new insights into the physics of compressed matter.

However, conducting high-pressure experiments also has its challenges. For example,
creating extremely high pressures in the laboratory can be difficult and expensive (Backes et
al., 2021). In addition, observing and measuring the behavior of matter under extreme pressure
conditions can also be difficult. Therefore, the development of new techniques for conducting
high-pressure experiments is essential to overcome these challenges.

In addition to experiments, computer simulations can also be used to study the physics of
compressed matter. These simulations allow researchers to model the behavior of matter under
extreme pressure using complex mathematical models (Biswas et al., 2021). Using computer
simulations, researchers can study how matter responds to extreme pressure and test their
theoretical models. However, computer simulations also have certain limitations, including
limitations in their spatial and temporal resolution.

In the projected future, further research into the physics of compressed matter will be
crucial. By addressing these challenges, we can expand our understanding of the behavior of
matter under extreme pressure conditions and open the door to new applications in various
fields of science and technology. Therefore, further research in this area will make valuable
contributions to the advancement of science and technology.

CONCLUSIONS

Based on the above results and discussion, it can be concluded that compressed
matter physics is a field that promises tremendous challenges and possibilities. It is
necessary to explore some of the main challenges faced in understanding the behavior of
matter under extreme pressure conditions, as well as future research projections to
overcome these challenges. The study of compressed matter physics is an exciting and
important field in the world of science. New challenges in compressed matter physics
highlight the complexities in understanding the behavior of matter under extreme pressure.
Future research projections in this field promise to address many of these challenges and
open the door to new discoveries and innovative applications.

First, it is important to recognize the complexity and diversity of phenomena that
occur in compressed matter physics. From the phase changes of matter to the unique
properties that arise under extreme pressure, understanding and modeling these
phenomena requires a holistic and interdisciplinary approach. Furthermore, future research
projections highlight the importance of developing more accurate theoretical models and
more sophisticated experiments. Utilizing new technologies and innovative approaches
can deepen the understanding of compressed matter physics and address the challenges.

Collaboration between different disciplines is also key in meeting these challenges.
Combining expertise and perspectives from physics, chemistry, materials science and
engineering can achieve greater progress in solving complex problems in compressed
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matter physics. Last, but not least, is the importance of understanding the applicative
implications of this research. By developing a better understanding of the physics of
compressed matter, it is possible to design new materials with unique properties, predict
the behavior of neutron stars and planets in the solar system, and expand our
understanding of the universe as a whole.
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