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Abstract 

Some commonly agreed upon behaviors of graviton are that it is massless, propagates at the 
speed of light, is emitted, and is absorbed between matter particles, acts like a gravitational force 
carrier. In this essay we propose a novel configuration for gravitons. It is a massless object with 
zero net mass. When a quantum of energy is transferred to it, it can store the energy internally and 
travel at the speed of light. When the quantum of energy that it carries is transferred out of it, it 
becomes massless, and its momentum is zero. By exchanging this massless object, energy can be 
transferred between matter particles. The net effect of this exchange is the apparent gravitational 
interaction between matter particles. Therefore, we consider this massless object to behave like 
graviton. 
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1. Introduction  

Graviton is a hypothetical quantum of gravity, an elementary particle that mediates the force of 

gravitational interaction. If it exists, the graviton is expected to be massless and propagate at the 

speed of light. Many studies have investigated it [1-16], but no complete theory exists. In this 

essay, we wish to propose a novel configuration of a graviton as a gravitational force carrier. 

In our study, we consider a massless object as an object with zero net mass. It consists of mass 

and negative mass—the concept of negative mass is relatively new [17-29] and it is of an opposite 

sign to that of a normal mass. At rest, this object is massless. After a quantum of energy is 

transferred to it, it carries the energy and travels at the speed of light. After the quantum of energy 

that it carries is transferred out of it, it becomes massless and has no momentum. During the 

process in which a quantum of energy is transferred between matter particles, this massless object 

acts like a force carrier to mediate the gravitational interaction between matter particles.  

2. Methods 

In the following paragraphs, we use the composition method to construct a massless object in a 

thought experiment. Here, by massless, we mean zero net mass. We then study the change in its 

state after a quantum of energy is transferred into and out of it. 

2.1. Equilibrium State of Massless Object 

First, we construct a massless object 𝑆𝑆0, which consists of two negative masses and a mass, as 

depicted in Figure 1. 

 

 

https://en.wikipedia.org/wiki/Quantum
https://en.wikipedia.org/wiki/Gravity
https://en.wikipedia.org/wiki/Elementary_particle
https://en.wikipedia.org/wiki/Mass_in_special_relativity
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Figure 1. An object consists of two negative masses (𝑁𝑁) and a mass (𝑀𝑀). The two negative masses 
rotate around the mass at the center, and they are always on opposite sides of the orbit. With a 
particular distance r between a negative mass and the mass, the object is massless in its entirety. 

 

Figure 1 shows a configuration in which a mass (𝑀𝑀) is at the center, two negative masses (𝑁𝑁) 

move around it in a circular orbit, r is the distance between a negative mass and the mass. The two 

negative masses are always on opposite sides of the orbit. The center of the negative masses is 

aligned with the center of the mass. The repulsion exerted on one negative mass by the other is 

𝐹𝐹𝑁𝑁𝑁𝑁 = 𝐺𝐺 −𝑁𝑁(−N)
4𝑟𝑟2

 , and the attraction exerted on each negative mass by the mass is 𝐹𝐹𝑀𝑀𝑁𝑁 = 𝐺𝐺 𝑀𝑀(−𝑁𝑁)
𝑟𝑟2

 . 

If 𝑀𝑀 > 𝑁𝑁
4
 , then |𝐹𝐹𝑀𝑀𝑁𝑁|  >  |𝐹𝐹𝑁𝑁𝑁𝑁|, and the centripetal acceleration of each negative mass toward the 

mass keeps it in circular motion.  

Next, let us determine whether there exists a distance r with which 𝑆𝑆0 becomes massless in its 

entirety. In addition to the mass and negative masses, there is binding energy 𝐵𝐵𝐵𝐵 inside 𝑆𝑆0. From 

the mass-energy equivalence principle, 𝐵𝐵𝐵𝐵 can be converted to mass. The massless condition of 

𝑆𝑆0 requires its net mass to be zero 

𝑀𝑀 − 2𝑁𝑁 −  𝐵𝐵𝐵𝐵
𝑐𝑐2 = 0.     (1) 
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Furthermore, 𝐵𝐵𝐵𝐵 is the negative of the total gravitational potential energies among mass and 

negative masses, and the kinetic energies of negative masses. The potential energies are  

−2𝐺𝐺 𝑀𝑀(−𝑁𝑁)
𝑟𝑟

− 𝐺𝐺 −𝑁𝑁(−𝑁𝑁)
2𝑟𝑟

= 𝐺𝐺 4𝑀𝑀𝑁𝑁−𝑁𝑁𝑁𝑁
2𝑟𝑟

 ,    (2) 

whereas the kinetic energies can be derived as half of the potential energies but with opposite sign. 

Therefore, the binding energy is 

𝐵𝐵𝐵𝐵 = −�𝐺𝐺 4𝑀𝑀𝑁𝑁−𝑁𝑁𝑁𝑁
2𝑟𝑟

− 1
2
𝐺𝐺 4𝑀𝑀𝑁𝑁−𝑁𝑁𝑁𝑁

2𝑟𝑟
� = −𝐺𝐺 4𝑀𝑀𝑁𝑁−𝑁𝑁𝑁𝑁

4𝑟𝑟
 ,    (3) 

plugging Eq. (3) into Eq. (1) we have 

𝑀𝑀 − 2𝑁𝑁 + 𝐺𝐺 4𝑀𝑀𝑁𝑁−𝑁𝑁𝑁𝑁
4𝑟𝑟𝑐𝑐2 = 0,     (4) 

solving Eq. (4) we have  

𝑟𝑟 = 𝐺𝐺
4𝑐𝑐2 . 4𝑀𝑀𝑁𝑁−𝑁𝑁

2

2𝑁𝑁−𝑀𝑀
 ,      (5) 

if 2𝑁𝑁 > 𝑀𝑀 > 𝑁𝑁
4
, then 𝑟𝑟 > 0. We conclude that with some fixed values of 𝑀𝑀 and 𝑁𝑁, there exists a 

distance r between each negative mass and the mass to make 𝑆𝑆0 massless in its entirety. We say r 

is the equilibrium distance of 𝑆𝑆0, or 𝑆𝑆0 is massless, or 𝑆𝑆0 is in an equilibrium state.  

2.2. Non-equilibrium State of Massless Object 

In Figure 1, if the distance between a negative mass and the mass is not equal to its equilibrium 

distance, then 𝑆𝑆0 is not in an equilibrium state. If the distance is smaller, 𝑆𝑆0 has positive energy; 

otherwise, 𝑆𝑆0 has negative energy. This is the mechanism by which 𝑆𝑆0 carries energy. 
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If 𝑆𝑆0 does not carry energy, then its momentum is zero. We can prove this using the energy-

momentum relation 

𝐵𝐵2 = 𝑃𝑃2𝑐𝑐2 + 𝑚𝑚2𝑐𝑐4,      (6) 

if both 𝐵𝐵 and 𝑚𝑚 are zero, then 𝑃𝑃 must be zero.  

What happens if a quantum of energy ∆𝐵𝐵 is transferred to it? The new energy ∆𝐵𝐵 becomes a 

part of 𝑆𝑆0. That is, its binding energy 𝐵𝐵𝐵𝐵 increases or decreases accordingly. Hence, 𝑆𝑆0 carries the 

energy ∆𝐵𝐵.  

A massless object carrying energy travels at the speed of light. This conclusion can be briefly 

derived from the energy-mass relation 

𝐵𝐵 = 𝑚𝑚𝑐𝑐2

�1−𝑣𝑣
2

𝑐𝑐2

 ,      (7) 

if 𝑚𝑚 is zero and 𝐵𝐵 is not zero, 𝑣𝑣 must be equal to 𝑐𝑐. 

On the other hand, what happens if 𝑆𝑆0 loses the quantum of energy ∆𝐵𝐵 it carries? The loss of 

energy ∆𝐵𝐵 makes 𝑆𝑆0 to be in an equilibrium state. Its momentum returns to zero. 

3. Results 

Here are the results. A massless object consists of mass and negative mass. It also has binding 

energy. If a quantum of energy is transferred into it, it carries that energy by changing its binding 

energy accordingly and moves at the speed of light. If the same quantum of energy that it carries 

is transferred out of it, it is in an equilibrium state, and its momentum is zero. We consider this 

massless object to be a force carrier that transfers energy between matter particles.  
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4. Discussion 

Now, we have a candidate force carrier. We have noticed that the quantum of energy it carries 

is stored inside it as part of the binding energy. The binding energy is a gravitational potential 

energy. Hence, this force carrier is more suitable as a gravitational force carrier than other known 

massless force carriers. Let us further explore how it can be used for gravitational interaction 

mediation. That is, how this force carrier can fulfill the graviton’s behaviors. 

4.1. Mediating between Two Masses 

We conduct another thought experiment to qualitatively demonstrate the gravitational 

interaction between two masses mediated by this force carrier. Assume that there are two normal 

matter particles, 𝑀𝑀1 and 𝑀𝑀2, separated by space, as depicted in Figure 2.  

M1 

Net effect is apparent attraction force between M1 and M2

(a1) M1 emits S0

M2 S0 S0

(b1) S0 collides with M2

(a2) M1 moves toward M2 (b2) M2 moves toward M1

 

 

Figure 2. Two matter particles, 𝑀𝑀1 and 𝑀𝑀2, exchange massless object 𝑆𝑆0 to make an attractive 
gravitational effect between them. (a) 𝑀𝑀1 emits 𝑆𝑆0, a gravitational force carrier, by transferring a 
quantum of negative energy to it. 𝑆𝑆0 moves toward 𝑀𝑀2. Since 𝑆𝑆0 carries energy (negative), it travels 
at the speed of light. To conserve momentum, 𝑀𝑀1 must move toward 𝑀𝑀2. (b) Upon colliding with 
𝑀𝑀2, the quantum of negative energy which 𝑆𝑆0 carries is transferred to 𝑀𝑀2. 𝑆𝑆0 becomes massless 
and its momentum is zero. To conserve momentum, 𝑀𝑀2 must move toward 𝑀𝑀1. 
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Figure 2 demonstrates the process of transferring energy between two matter particles by 

exchanging a massless object, resulting in an apparent attraction force between them. 𝑀𝑀1 emits 𝑆𝑆0, 

a gravitational force carrier, by transferring a quantum of energy (negative) to it. Upon carrying 

the energy, 𝑆𝑆0 travels at the speed of light toward 𝑀𝑀2. Let us choose the direction from 𝑀𝑀1 to 𝑀𝑀2 

as positive. To conserve the total momentum of 𝑀𝑀1 and 𝑆𝑆0, before and after the emission, the 

following equation holds 

0 + 0 = 𝑀𝑀𝑠𝑠𝑉𝑉𝑠𝑠 +  𝑀𝑀1𝑉𝑉1,     (8) 

where 𝑉𝑉1 is the velocity of 𝑀𝑀1 after emitting 𝑆𝑆0, and 𝑉𝑉𝑠𝑠 is the velocity of 𝑆𝑆0 after receiving energy. 

Before the emission, the momenta for 𝑆𝑆0 and 𝑀𝑀1 are zero. 𝑀𝑀𝑠𝑠𝑉𝑉𝑠𝑠 is negative because 𝑆𝑆0 carries 

negative energy. To satisfy Eq. (8), 𝑉𝑉1 must be positive since 𝑀𝑀1 is positive. Therefore, 𝑀𝑀1 moves 

toward 𝑀𝑀2. 

After 𝑆𝑆0 collides with 𝑀𝑀2, it transfers the quantum of energy that it carries to 𝑀𝑀2. It becomes 

massless and its momentum is zero. To conserve the total momentum of 𝑀𝑀2 and 𝑆𝑆0, before and 

after the collision, the following equation holds 

𝑀𝑀𝑠𝑠𝑉𝑉𝑠𝑠 + 0 = 0 + 𝑀𝑀2𝑉𝑉2,     (9) 

where 𝑉𝑉2 is the velocity of 𝑀𝑀2 after absorbing 𝑆𝑆0, and 𝑉𝑉𝑠𝑠 is the velocity of 𝑆𝑆0 before collision. 𝑀𝑀𝑠𝑠𝑉𝑉𝑠𝑠 

is negative because 𝑆𝑆0 carries negative energy. To satisfy Eq. (9), 𝑉𝑉2 must be negative since 𝑀𝑀2 is 

positive. Therefore, 𝑀𝑀2 moves toward 𝑀𝑀1. Equations (8) and (9) indicate that the net effect of the 

process is that 𝑀𝑀1 and 𝑀𝑀2 move toward each other, which can be interpreted as a gravitational 

attraction. 

4.2. Mediating between Two Negative Masses 
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Not only does the process described above work between masses, but it also works between 

negative masses by transferring a quantum of negative energy. The net effect is that both negative 

masses move away from each other, which can be interpreted as a gravitational repulsion.  

4.3. Mediating between Mass and Negative Mass 

Furthermore, this process works well between mass and negative mass by transferring a 

quantum of positive energy. The net effect is that the negative mass moves toward the mass, 

whereas the mass moves away from the negative mass, which can be interpreted as the so-called 

runaway motion. 

5. Conclusions 

In this essay, we consider massless as zero net mass. We study a type of massless object which 

consists of mass and negative mass. We then analyze its equilibrium state and the mechanism by 

which it can carry energy. Using this massless object as a gravitational force carrier, we 

demonstrate how graviton-like behaviors can be achieved by transferring energy between matter 

particles. We have noticed symmetry during the exchange of this force carrier between matter 

particles. It is always a quantum of negative energy transferred between like masses. For instance, 

in Figure 2, 𝑀𝑀1 emits a quantum of negative energy and absorbs a quantum of negative energy at 

the same time. Therefore, statistically the mass of 𝑀𝑀1 does not change during this process. It is 

also true that a quantum of positive energy is always transferred between unlike masses. In the 

future, we would like to further quantitively investigate the properties of this massless object as a 

gravitational force carrier. 
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