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Abstract: Some scholars dispute the old claim of negative mass in physics. Most experts now agree that negative mass cannot 

exist in the universe because it contradicts the known laws of physics. However, research is still being carried out looking for 

evidence of negative masses, and new theories are being developed to explain how negative masses could exist. This paper 

also discusses the problems of vacuum instability, uncontrolled motion, and the difference between negative and positive 

mass wheels. The law of the conservation of energy states that negative mass is required. Negative mass can explain 

important characteristics of dark matter, such as the effects of centripetal forces, its interactions with other matter, and its role 

in the accelerating expansion of the universe. Therefore, we need to seriously study the negative mass model to find answers 

to unanswered questions about the universe. 
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Introduction 
 

Dark matter is a hypothetical form of matter that is 

thought to make up about 85% of the total matter 

in the universe (1). Despite its name, dark matter 

does not emit, absorb, or reflect any 

electromagnetic radiation, making it invisible to 

telescopes. Its existence is inferred through its 

gravitational effects on visible matter, radiation, 

and the large-scale structure of the universe. The 

paper in question aims to give a comprehensive 

overview of the current state of research on dark 

matter. This likely includes a summary of the 

current leading theories on the nature and behavior 

of dark matter, as well as an overview of the 

experimental methods used to detect it. It may also 

discuss recent discoveries and advancements in the 

field, as well as any unresolved questions or 

controversies. The goal of the paper is to provide a 

broad understanding of the current state of 

knowledge in the field of dark matter research for 

those who are not experts in the area. The 

background section of the paper is likely to 

provide an overview of the history of the discovery 

and observation of dark matter. This would likely 

include a brief history of how scientists first came 

to realize that there must be a form of matter that is 

not visible, but can be inferred through its 

gravitational effects. It would also likely include a 

summary of the key discoveries and observations 

that have led to the current understanding of dark 

matter, such as the observation of galactic rotation 

curves and the discovery of the cosmic microwave 

background radiation. Additionally, the section 

could also mention some of the current leading 

theories on the nature and behavior of dark matter, 

such as the theory that dark matter is made up of 

Weakly Interacting Massive Particles (WIMPs) or 

the theory that dark matter is made up of axions. 

Furthermore, the section could also provide an 

overview of the current evidence for the existence 
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of dark matter. This could include a summary of 

the observational and experimental evidence, such 

as gravitational lensing, the Bullet Cluster, and the 

cosmic microwave background radiation. It would 

also likely discuss the current status of the search 

for dark matter, such as the ongoing efforts to 

detect dark matter particles through direct 

detection experiments and the search for dark 

matter through indirect detection methods. Overall 

the background section is intended to provide the 

reader with a general understanding of the history, 

current understanding and evidence of dark 

matter, which will serve as a foundation for the 

rest of the paper. This paper will likely focus on the 

concept of negative energy and its potential role in 

dark matter. Negative energy is a type of energy 

that has a lower value than the zero point energy, 

the lowest possible energy that a quantum 

mechanical physical system may have. In physics, 

negative energy is known to be related to the idea 

of the Casimir effect, where two parallel uncharged 

metal plates in a vacuum will experience a force 

due to the fluctuation of virtual particles. Negative 

energy can also be generated by a gravitational 

field, for example in the form of a black hole. The 

paper will probably discuss a specific model 

known as the negative energy dark matter model, 

which posits that dark matter is composed of 

negative energy. This model suggests that the dark 

matter particles are made up of negative energy 

fields, which would result in a repulsive force 

instead of the attractive force that we see in normal 

matter. The paper will likely discuss the strengths 

and limitations of this model, such as its ability to 

explain the observed properties of dark matter and 

its compatibility with current observational data 

and other theories. The paper may also explore the 

implications of this model for our understanding of 

the universe, such as its potential to explain the 

observed large scale structure of the universe or its 

ability to account for the observed acceleration of 

the expansion of the universe. Additionally, the 

paper may also discuss the current experimental 

efforts to test this model and the current status of 

the field. 

 

 

 

Materials and Methods 

 

The method used in this research appears to be a 

combination of theoretical and observational 

studies. The scholars in this study are examining 

the old claim of negative mass in physics and 

discussing the problems associated with its 

existence. They also mention that most experts now 

agree that negative mass cannot exist in the 

universe because it contradicts the known laws of 

physics. However, research is still being carried out 

looking for evidence of negative masses and new 

theories are being developed to explain how 

negative masses could exist. The paper also 

mentions the law of the conservation of energy and 

states that negative mass is required. It also 

discusses the implications of negative mass for 

important characteristics of dark matter such as the 

effects of centripetal forces, its interactions with 

other matter, and its role in the accelerating 

expansion of the universe. It can be inferred that 

the research is mainly theoretical, but they are also 

looking for any observational evidence that could 

support the existence of negative mass. 

 

 

Results and Discussion 

 

Background of Dark Matter 

Dark matter is a hypothetical form of matter that is 

thought to make up about 85% of the total mass of 

the universe (2). The concept of dark matter was 

first proposed in the 1930s by Swiss astronomer 

Fritz Zwicky, who observed that the total mass of a 

galaxy cluster was insufficient to account for the 

gravitational forces holding the clusters together 

(3). This led him to suggest the existence of "dark 

matter" which is invisible, but present in large 

quantities to provide an extra gravitational pull. 

The idea of dark matter can be represented 

mathematically by the following equation (4): 

 
2

2

V GM

R R
=  

1 

Where V is the velocity of the galaxy R is the 

distance from the center of the galaxy G is the 

gravitational constant M is the mass of the galaxy.  
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Figure 1. Rotation curves of spiral galaxies normalized to the 

rotation velocity maximum 

Source Khoverskov (2017) 

This equation is known as the "rotation curve" 

and it is used to calculate the velocity of a galaxy at 

a given distance from its center. The rotation curve 

is observed to be flat or nearly flat at large 

distances from the center of a galaxy, indicating 

that the mass of the galaxy is distributed 

differently than what is expected from visible 

matter alone (5). The discrepancy between 

observed rotation curves and the predictions of 

Newtonian gravity can be mathematically 

represented by the following equation: 

2 tot
obs

M
V G

r
=  

2 

where 2

obsV  is the observed rotation velocity, G 

is the gravitational constant, totM  is the total mass 

(including dark matter) within a given radius r, 

and r is the distance from the center of the galaxy. 

However, the Newtonian gravity equation can be 

represented as: 

2 lum
pred

M
V G

r
=  

3 

where 2

predV  is the predicted rotation velocity, G 

is the gravitational constant, lumM  is the luminous 

mass (not including dark matter) within a given 

radius r, and r is the distance from the center of the 

galaxy. As we can see in the fig 1, the observed 

rotation velocity is much higher than the predicted 

rotation velocity (6). The difference between the 

two is thought to be due to the presence of dark 

matter, which is not visible but is thought to be 

present in large quantities in galaxies (7). So, the 

discrepancy between observed and predicted 

rotation curves can be mathematically represented 

by (8): 

2

Pred
tot lumM M

V G
r

−
− =  

4 

This equation suggests that the observed 

rotation velocity is higher than the predicted 

rotation velocity due to the presence of dark 

matter, which is not visible but is thought to be 

present in large quantities in galaxies.  

 

Figure 2. Three views of the infrared universe by the Cosmic 

Background Explorer (COBE) satellite 

Source Britanica 

COBE a satellite mission launched in 1989 that 

aimed to study the cosmic microwave background 

radiation, which is the afterglow of the Big Bang 

(9). The mission produced several important 

results, including precise measurements of the 

temperature of the cosmic microwave background 

and the detection of small temperature fluctuations 

that are thought to be the seeds of structure in the 

universe (10). These results were important for our 

understanding of the early universe and the origin 

of structure Since then, several pieces of evidence 

have been found to support the existence of dark 

matter (11). One of the most significant pieces of 

evidence for the Big Bang theory is the observation 

of the Cosmic Microwave Background radiation 

(CMB), which is the afterglow of the Big Bang (12). 

The CMB is a faint glow of light that fills the 

universe and has been observed in all directions. 

The CMB radiation can be described 
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mathematically using the Planck's law of black 

body radiation, which is given by the following 

equation (13): 
2

5

2 1
( )

1B

hc

k T

hc
B T

e






=

−

 
5 

Where ( )B T  is the spectral radiance of the 

CMB radiation (the energy emitted per unit area 

per unit time per unit solid angle per unit 

wavelength) h is the Planck constant c is the speed 

of light    is the wavelength of the radiation 
B

k  is 

the Boltzmann constant T is the temperature of the 

CMB radiation. This equation describes how the 

intensity of the radiation depends on the 

temperature and wavelength. The temperature of 

the CMB radiation is found to be 2.725 K, which is 

very close to absolute zero (14).The observation of 

the CMB radiation is considered as one of the most 

significant evidence for the Big Bang theory 

because it provides strong support for the idea that 

the universe began as a hot, dense state, and has 

been expanding and cooling ever since. Since then, 

several pieces of evidence have been found to 

support the existence of dark matter. One of the 

most significant pieces of evidence for the Big Bang 

theory is the observation of the Cosmic Microwave 

Background radiation (CMB), which is the 

afterglow of the Big Bang (12). The CMB is a faint 

glow of light that fills the universe and has been 

observed in all directions. The CMB radiation can 

be described mathematically using the Planck's law 

of black body radiation, which is given by the 

following equation (13):  

8 T =G  6 

where G  is the Einstein tensor, which 

describes the curvature of spacetime, and T  is 

the stress-energy tensor, which describes the 

distribution of matter and energy in the universe. 

In order to account for the observed rotation curves 

of galaxies and the large scale structure of the 

universe, it is necessary to postulate the existence 

of a form of matter that does not emit or interact 

with electromagnetic radiation, known as dark 

matter (2). The presence of dark matter can be 

represented mathematically by adding a term to 

the stress-energy tensor, DMT T  = +T' , 

where 
DMT   represents the stress-energy tensor 

of dark matter. This modification to the stress-

energy tensor allows for a solution of the field 

equation that can account for the observed rotation 

curves of galaxies and large scale structure of the 

universe without violating the laws of physics (11). 

The modification to the stress-energy tensor that 

allows for a solution of the field equation that can 

account for the observed rotation curves of galaxies 

and large scale structure of the universe without 

violating the laws of physics is known as Modified 

Newtonian Dynamics (MOND) (15). The MOND 

equation is given by: 

0

N

a

 
 
  =

g
g

g
g

 

7 

 

Where: ( )x  is an interpolating function that 

smoothly connects the Newtonian regime 1x   to 

the deep-MOND regime ( ) 01x a  is a 

fundamental acceleration scale g  is the 

gravitational acceleration Ng  is the Newtonian 

gravitational acceleration. This equation helps to 

explain the discrepancy between the observed 

rotation curves of galaxies and the predictions of 

Newtonian gravity. 

 

The Concept of Negative Energy 

Negative energy is a concept in physics that refers 

to any form of energy that has a negative value 

(16). This means it has the opposite effect of 

positive energy, which is the more common form 

of energy we are familiar with. One of the most 

famous examples of negative energy is the Casimir 

effect, which is the force that occurs between two 

parallel uncharged metal plates brought close to 

each other (17). The effect is caused by the 

quantization of the electromagnetic field, which 

means that only certain energy levels are allowed 

for the field. Consequently, there is less energy in 

the space between the plates than in the space 

outside the plates, and this energy difference 

creates a force that pushes the plates together (18). 
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This force is thought to be caused by the negative 

energy that exists between the plates. The theory 

predicts that the energy density of a gravitational 

field can be negative, meaning that the energy is 

pulling matter into the field rather than pushing it 

away. This negative energy can cause the 

gravitational field to become unstable and collapse, 

forming a black hole. The cosmological constant, 

denoted by the Greek letter lambda (λ), is a term in 

Einstein's equations of General Relativity that 

represents the energy density of empty space. It is 

usually represented in the following form: 

 

8G T G  = +  8 

The cosmological constant represents the energy 

density of the vacuum of space and it can be 

positive, negative or zero. A positive value of the 

cosmological constant would represent a repulsive 

force, a negative value of the cosmological constant 

would represent an attractive force and a zero 

value of the cosmological constant would represent 

a space without any energy density. The 

cosmological constant is thought to be responsible 

for the observed acceleration of the universe's 

expansion, and its value is related to the amount of 

negative energy present in the universe. Negative 

energy is a concept in physics that refers to any 

form of energy that has a negative value, and is 

related to phenomena such as the Casimir effect, 

black holes, and the cosmological constant. 

The concept of negative energy can be explained 

mathematically through the use of the energy-

momentum tensor, which is a mathematical 

representation of the distribution of energy and 

momentum in a physical system. The energy-

momentum tensor, also known as the stress-energy 

tensor, is a mathematical object that describes the 

distribution of matter and energy in a given region 

of spacetime. It is a symmetric rank-2 tensor, which 

means that it has two indices and it is symmetric 

when its indices are interchanged. In a given 

coordinate system, its components can be 

represented by a matrix, where each element of the 

matrix corresponds to a component of the tensor. 

In special and general relativity, the energy-

momentum tensor is used to describe the energy-

tension of physical systems. In general, the energy-

momentum tensor consists of two parts: energy 

density and pressure. Energy density is energy per 

unit volume, and is the time-time component of the 

energy-momentum tensor. Pressure is the force per 

unit area, and is the spatial-spatial component of 

the energy-momentum tensor. Negative energy is a 

concept that refers to the existence of a negative 

energy density, which can be represented 

mathematically by negative values for the time-

time component of the energy-momentum tensor, 
00 0T  . This can occur in certain physical systems, 

such as in the Casimir effect, where the energy 

density of the vacuum state is negative. This can 

also be represented mathematically by the concept 

of exotic matter, that is, matter that has a negative 

energy density and negative pressure. This type of 

matter can lead to the formation of wormholes and 

other exotic phenomena in general relativity. In 

summary, the concept of negative energy can be 

represented mathematically by negative values for 

the time-time component of the energy-momentum 

tensor, 00 0T  , which describes the energy density 

of a physics system. 

Models of Negative Energy Dark Matter 

The negative energy dark matter model refers to 

theoretical models that propose that dark matter 

may be composed of negative energy, rather than 

the more traditional idea of dark matter being 

composed of some form of invisible matter. One 

example is the Casimir effect, a phenomenon that 

occurs when two parallel metal plates are brought 

close together. The effect is caused by the 

quantization of the electromagnetic field, which 

means that only certain energy levels are allowed 

for the field. Consequently, there is less energy in 

the space between the plates than in the space 

outside the plates, and this energy difference 

creates a force that pushes the plates together. This 

force is thought to be caused by the negative 

energy that exists between the plates. MOND was 

proposed by Mordehai Milgrom in 1983, which 

modifies Newton's laws of motion in the low 

acceleration regime, the mathematical relationship 

is given as : 

0

N

a
F F

a

 

=  
 
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Where F is the observed gravitational force, FN 

is the Newtonian gravitational force, a is the 

acceleration, 0a  is a fundamental acceleration 

constant, and ( )x  is a function that interpolates 

between the Newtonian and MOND regimes. 

Instead, it shows that the gravitational force 

becomes stronger at very low accelerations, and 

this stronger force can explain the rotational curve 

of the shot. In addition, the cosmological constant, 

which is a term in Einstein's equations of general 

relativity that represents the energy density of 

empty space, is also related to negative energy. The 

cosmological constant is thought to be responsible 

for the observed acceleration of the universe's 

expansion, and its property is related to the 

amount of negative energy present in the universe. 

All of these models are still under research, and 

there is currently no conclusive evidence that dark 

matter is composed of negative energy, but these 

models are alternative ways of observing that have 

led to the idea of dark matter. One mathematical 

model for negative energy dark matter is the 

Casimir effect, which can be described by the 

equation: 

 

4 41

1

240 n

c
E

a n

 

=

 
 =  

 
  

10 

where E  is the change in energy (or "negative 

energy") caused by the effect,  is the reduced 

Planck constant, c is the speed of light, a   is the 

distance between two parallel uncharged 

conducting plates, and the summation symbol 

represents the infinite series of energy levels 

between the plates. Another mathematical model 

of negative energy dark matter is the vacuum 

energy density, which can be described by the 

equation: 

4

8
vacuum

G

c




 
 =  

 
 

11 

where   is the cosmological constant, G is the 

gravitational constant, c is the speed of light and 

vacuum  is the vacuum energy density. 

Future Directions and Challenges 

Future directions in dark matter research include 

continuing to search for direct detection of dark 

matter particles, as well as studying the properties 

and behavior of these particles through indirect 

detection methods such as observing their effects 

on the cosmic microwave background and large 

scale structure formation (19). Another area of 

research is to explore the possibility of dark matter 

being made up of new particles or fields beyond 

the Standard Model of particle physics (20). One of 

the major challenges in dark matter research is the 

lack of a definitive detection of dark matter 

particles. Despite many searches and experiments, 

a direct detection of dark matter has yet to be 

made. Another challenge is the lack of 

understanding of the properties and behavior of 

dark matter, such as its mass and interaction with 

other particles (21). Another challenge is the large 

number of theoretical models that have been 

proposed to explain dark matter, making it 

difficult to determine which model is correct. There 

are also ongoing challenges in developing new 

experimental techniques and technologies to detect 

and study dark matter, as well as in interpreting 

and analyzing the data from current experiments. 

 

 

Conclusions 
 

The conclusion of this paper is that it aims to 

provide an overview of the current state of 

research in the dark matter field. It provides a brief 

history of dark matter discovery and observation 

and current understanding and evidence for its 

existence. The paper also studies the concept of 

negative energy and its potential role in dark 

matter. The negative energy dark matter model is 

discussed, including its strengths and limitations. 

Finally, the paper discusses future directions and 

challenges in the field, including ongoing and 

proposed experiments and the need for new 

theoretical models. The paper aims to provide a 

comprehensive understanding of the current state 

of dark matter research and the potential 

implications of negative energy in this area.  
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