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Abstract. All this time, the field of physics did not seriously consider the
possibility of existence of negative mass (energy) in a general state. [1-4] The
standard explanation of negative mass is that the state of low energy is stable when
a negative energy level exists and that the lowest state of energy is minus infinity.
Thus, this means that all positive mass emits energy and it will be transitioned
to the energy level of minus infinity and the universe will collapse. [5] However, at
the present, our universe exists without collapsing, so the explanation for this has
become strong proof of the nonexistence of the negative mass and negative energy
level of. Thus, we have considered this to be obvious common sense and have
taught this to students. At the center of this background, there is the fundamental
principle (proposition) that “State of low energy is stable” [2] [6] In this article, we
will reveal that this principle is an incomplete, and that it is stable at a low energy
state in the case of positive mass. However, it is stable at a high energy state in
the case of negative mass. |7] [8] Due to this, “the problem of the transition of
the energy level of minus infinity” does not occur, and the existence of negative
mass is therefore possible. Moreover, we will show that negative mass provides an
explanation for dark matter and dark energy, which are the biggest issues posed to
cosmology at the present. We demonstrate the ‘ratio of matter : dark matter : dark
energy’ through this model, and computer simulation shows that this assumption
is appropriate.
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I. A Stable State and Negative Energy

1. A Stable State and a Low Energy State

Water flows downwards from the top and a ball also rolls down from the hills towards the
flatlands. Empirically, we know from our daily experiences that a lower place is stable and
that an object moves toward a lower place.

In case of conservative force in physics, we know that affixing a — mark to the gradient of
potential energy is the direction of force.



F=mi=-VU (1)

Dynamically, a stable state can be defined as a state of motility in which net force is zero
or force, although its applied, is not beyond a certain range.

We know that in simple harmonic oscillation, which is a simple model of dynamics, posi-
tive mass receives force while moving toward a minimum point and, at this minimum point,
harmonic oscillation occurs. In this manner, positive mass is stable at a lower energy state. [0

Therefore, a stable state and a lower energy state had been regarded as an identical idea,
became a very important and fundamental proposition in physics and became regarded as
common sense which was unquestioned.

But, I've never asked such a question like this.

Where does nature move towards a stable state or a lower energy state?

2. Total Energy Equation of Special Relativity
From E = mc?, we know that mass and energy are equivalent.
Therefore, negative energy has negative mass.
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In addition, we obtained another important result— a relativistic total energy formula.

E? = (moc?)* + (pe)? (3)

We know that the above formula has two solutions.

Ep = +/(moc?)? + (pe)?
E_ = —\/(moc2)2 + (pe)?

However, we determined that total energy could not exist at a negative state and abandoned
the solution of negative energy. Only the great physicist, Dirac was able to connect a solution of
negative energy to antimatter. [9] But, despite how Dirac reached his discovery on antimatter,
antimatter still has positive energy. In other words, it is less likely that antimatter is the true
owner of a negative energy solution.

(4)

3. An Important Study on Negative Mass

In 1957, Professor Hermann Bondi examined the characteristics of the negative mass from
the perspective of General Relativity [10] and, after this, Robert L. Forward looked into a
propulsion method using negative mass. [11]

Nevertheless, even to this day, we are pessimistic about the existence of negative mass
and do not consider it seriously. In the fundamental background of this problem, there is the
reason of not having observed the negative mass, but also not resolving the “the problem of
the transition of the energy level of minus infinity” ultimately.

Until the present, when explaining relativistic total energy in a Classical Mechanics class or
explaining Dirac’s positron and antimatter in a Modern Physics or Elementary Particle Physics
classes, we explain “the problem of the transition of the energy level of minus infinity” with



the proposition “the state of low energy is stable” and consequently taught that negative mass
and negative energy do not exist in our universe

4. Negative Mass Is Stable at the State of High Energy. [7] [§]
If negative mass exists, is it stable at a lower energy state?
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Figure 1: When there is negative mass in potential which has a point of maximum value and
a point of minimum value.
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The acceleration of negative mass is opposite to the direction of force. There-
fore, the negative mass has harmonic oscillation at the maximum point and it is
also stable at the maximum point.

In the case of positive mass, it was stable at the minimum point at which energy is the
low. However, in case of negative mass, stable equilibrium is a point of maximum value, not
a point of minimum value.

5. The Transition from Positive Energy Levels to Negative Energy Levels

In case of a positive mass, it could have negative energy level within negative potential.
Nevertheless, even in this case, the total energy containing potential energy was still in the
state of positive energy.

However, for positive mass to enter the domain of (total energy is negative) negative energy
level, energy should have negative value, and this means that it should have the characteristics
of negative mass.

When considering the process of entering into the domain of negative energy levels from
positive energy levels, it must pass through the domain between 0~ (Approach from negative
direction to ‘0’) and —%hw (corresponds to a certain negative energy level). In the case that
it follows the laws of negative mass because it is in the domain of negative energy, it cannot
reach —%hw, which is the first negative energy level, because it is stable at the state of high
energy and it tries to have higher value of energy.



This is because the energy level 0~ is much higher than the energy level —%hw.
Thus, this implies that the law of negative mass itself does not allow a situation
where positive mass at the positive energy level transitions to the negative energy
level.

Even if it reaches —%hw, it is most stable state for negative mass and “the problem of the
transition of the energy level of minus infinity” does not occer.

As we have examined above, “the problem of the transition of the energy level of minus
infinity” does not occur, and thus positive mass and negative mass can exist in the same
space-time. This is a very important result because it means that negative mass and negative
energy can exist stably in our universe.

II. The Motion of Negative Mass and the Reason for
Nonobservance of Negative Mass

1. The Movement of Negative Mass [§]

Negative mass has repulsive gravitational effect each other. Due to the limitation in length
of this article, a video was made for you to reference.

|Computer simulation| : time Om.10s — 2m.40s [12]

2. Why Has Negative Mass Been Unobserved All Along?

1) The problem of nonobservance within the Earth and our galaxy

If negative mass and positive mass were came into being together at the beginning of
universe, since positive mass has attractive effects with each other, so it forms stars and
galaxy. In addition, negative mass has repulsive effects towards each other so it cannot form
any structure and may spread out almost uniformly across the whole area of universe.

Owing to the effect of negative mass and positive mass, negative mass disappears near
massive positive mass structures (such as the galaxy and galaxy clusters, etc.) after meeting
positive mass. However, negative mass, which came into existence at the beginning of universe,
can still exist in a vacuum state outside of general galaxy.

The current structure of the galaxy is a structure that survived in the pair-annihilation
of positive mass and negative mass and, since negative mass existed outside of this galaxy
structure, therefore it has not been observed.

2) The problem of nonobservance outside our galaxy

Negative mass has repulsive gravitational effect towards each other so it cannot make
massive mass structures like stars or galaxies. Therefore, it has not been observed even
through observation of the universe until now.

ITI. Utilization of Negative Mass (Energy)

1. Initial Energy Value of the Universe [3]

In regards to the initial value of the energy of the universe, it is a little more natural when
an initial energy value of universe is 0. Therefore, negative energy is needed to offset the
positive energy of matter.


http://www.youtube.com/watch?v=MZtS7cBMIc4&feature=player_detailpage#t=10s

Er=0=(+E)+ (-E) = Q3 mc) + Q_-m-c’) + (3_U) =0 (7)

2. Problem of Infinity Mass Density in the Early Universe

The current big bang model is problematic in that our universe is expanding from the state
of going beyond the density of black hole in the early universe.

If negative mass and positive mass came into existence together at the beginning of uni-
verse, even though all the mass of the universe comes together in one small area during the
Big Bang, it does not have the density as the black hole due to the offsetting of density by
positive mass and negative mass. Therefore, it is expandable.

[Computer simulation] : time 9m.15s — 14m.11s [12]

3. Too Large Vacuum Energy Value

The vacuum energy value which is currently known is an energy value that is too big(10*.7/m?).
[13] If this vacuum energy exists, it is difficult to explain why it is not easily found around us.

In the model of the pair creation of negative mass and positive mass, vacuum energy will
become exactly 0 because vacuum is the space in which pair creation and pair annihilation of
positive and negative energy occurs.

4. Flatness Problem
Positive energy and negative energy are cancelled in a zero energy universe. So, this
explains the universe being almost flat.

5. Dark Energy [8] [14]

ACDM —our current standard model of cosmology— is successful in overall, but neither
A or CDM has been successfully proven. [15-17] In my opinion, at this point, what we can
trust is the information that a certain repulsive gravitational (accelerating expansion) effect
and an attractive gravitational (centripetal force) effect exists in the universe.

At the present, it is understood that dark matter and dark energy are completely different
in nature. Dark matter corresponds to an attractive effect, whereas dark energy corresponds
to a repulsive effect. Therefore, dark matter and dark energy have a completely different
significance.

However, if negative mass (energy) exists, it is possible to explain the dark
matter and the dark energy at the same time.

1) Result of the field equation

In 1998, an observation by both the HSS team and SCP team obtained a negative mass
density from inspected field equations (non cosmological constant eq.) over 7Oyears.

HSS(The High-z Supernova Search) team : If A =0, Qy = —0.38(£0.22) [3]

SCP(Supernova Cosmology Project) team : If A =0, Q2 = —0.4(£0.1) [4]

However, the two teams which judged that negative mass and negative energy level could
not exist in our universe based on “the problem of the transition of the energy level of minus
infinity” and they instead revised the field equation by inserting the cosmological constant.


http://www.youtube.com/watch?v=MZtS7cBMIc4&feature=player_detailpage#t=555s

Moreover, we considered vacuum energy as the source of cosmological constant A, but the
current result of calculation shows difference of 10'2° times, which is unprecedented even in
the history of Physics. [15]

However, if “the problem of the transition of the energy level of minus infinity” does not
occur and thus negative and positive mass can coexist, what would happen?

It is well known that a cosmological constant can respond to the negative mass density.
Peff = 47FG, A is positive, so pers is negative.

2) We judge the components of the universe by gravitational effect rather than
mass energy

If negative mass and positive mass coexist, gravitational potential energy (GPE) consists
of the following three items.

UT:U_++U__+U++ (8)
UT — Z (_ G( m+j + Z )( + Z Gm—i—zm-i-]) (9)
i T—+ij i<j r——ij i<j T++ij
Gm_;m4; Gm_,m_; Gmomy;
Ur :Z(+7“ﬂ)+z(_7“])+z(_#) (10)
i T—+ij i<j F'——ij i<j Pt+ij

When the number of negative mass is n_, and the number of positive mass is n., the total
potential energy is given as follows.

n_(n_—1 ny(n 1
Ur = (n- xny)U_; + ((2)[] + +l 5 >U++) (11)
For example, when two pairs exist,
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Figure 2: When two pair exist
Upr= Ui+ U+ Us +Us) +Us + Us (12)

= A4U_4)+ 10U +1U__

GPE shows important characteristics when negative mass and positive mass both
exist. While n? positive (repulsive) gravitational potential terms are produced,
n? —n negative (attractive) gravitational potential terms are also produced. There-

fore, the total GPE can have various values (—, 0, +).
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Figure 3: From the Friedmann equation, we judge the components of the universe by gravita-
tional effect (or GPE) rather than mass energy.

The acoustic oscillation model which played a key role in determining the composition of
the universe is based on the equation for force and force is associated with potential energy.

Therefore, when gravitational potential energy U_. is larger than gravitational
potential energy U which is generated by materials, we can estimate that some
mass energy bigger than the mass energy of materials exists.

As a matter of fact, through numerical calculation using a computer, the distribution
having a similar value to the predicted rate of WMAP was revealed.

WMAP Simulation
Matter U++ U++ -83.2
Dark Matter | U-- 23 3 » = -459.6
Dark Energy | U-+ | 72.1 U-+ 1286.9
Ratio +/- Ratio +/-

Figure 4: my = +100 X 6 = + 600. (£1200,0,0), (0,£1200,0), (0,0,4£1200), each 100.
—-m_ = (—0.2 X 500) X 6 :—600. Negative mass distribution : centerl,2(£1200,0,0),
center3,4(0,41200,0), center5,6(0,0,£1200), negative mass is spread within R=3 ~120, min.
distance = 8. [14]

Through the distribution of a negative mass and a positive mass when total mass energy
is at the state of ‘0’,(see to figure 4) we could obtain a similar result to WMAP observation
or predicted ratio. [18] This suggests that the currently predicted energy ratio comes from the
distribution that negative masses are surrounding the galaxy or the galaxy clusters.



Matter = Uy, =—83.2 ( ratio: 1)

Dark Matter = U__ =—459.6 ( ratio: 5.523)

Dark Energy = U_; =+1286.9 (ratio : +15.463) : repulsive gravitational effect

It is similar the ratio of matter(4.6% : 1):dark matter(23.3% : 5.06):dark energy(72.1% :
+15.67 : repulsive gravitational effect).

Through the distribution of a negative mass and a positive mass when total mass energy
is at the state of 0, we could obtain a similar result to WMAP observation or predicted ratio.

This does not mean that 72.1% of dark energy exists independently, but it means that
the explanation of GPE (U_, ) occurring from negative energy, which is the same as positive
energy, is possible. Moreover, this negative energy is the energy which is inevitably required
from zero energy, which is the most natural total energy value in the universe.

In other words, if the repulsive GPE which is 15 times more than the GPE created by
an object exists without the need for dark energy 15 times more than the mass energy of an
object, this may be able to explain about the effect of dark energy.

Surprisingly, this means that 15 times more repulsive gravitational effect is
possible at the state of zero energy.(see to figure 4.)

6. Dark Matter [g|

Negative mass of the external galaxy can incur additional effects within the inner galaxy
such as centripetal force.

1) Centripetal force effect
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Figure 5: The structure of the galaxy surrounded by negative mass that is distributed equally.
Negative mass is surrounding the galaxy that consists of positive mass. The white area is the
area where negative mass almost does not exist.

Let’s examine the effect of the centripetal force of negative mass that is outside the galaxy
on mass m, which is located within the galaxy.

a. If we assume that the white empty space is full of negative mass and positive mass at
the same density,

White empty space = 0 = (+mc?) + (—mc?) =0



b. Negative mass is now uniformly distributed over the whole area so the effect of negative
mass on mass m becomes 0.
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Figure 6: The effect of negative mass that remains outside of the galaxy can make it possible
to be approximate to the gravity generated by the distribution of positive mass within the
radius r in the galaxy.

c. The remaining positive mass is distributed over the white area at the density of negative
mass, and the gravity that uniformly distributes positive mass works on positive mass m
located on radius r is worked upon only by the distribution of mass within radius r. - Shell
Theorem.

Therefore, the effect of negative mass that remains outside of the galaxy can make it
possible to be approximate to the gravity generated by the distribution of positive mass within
the radius r in the galaxy.

This means that the dark matter, consisting of negative mass outside galaxy, has additional
effect of centripetal force on stars within the galaxy.

This effect suggests that the further from the center of the galaxy, the more mass effect
exists and agrees with the current situation where the further from the center of the galaxy,
the more dark matter exists.

The analysis above was conducted under the assumption that the distribution of negative
mass outside the galaxy is in a uniform form. However, the galaxy actually consists of positive
mass that affects gravitationally negative mass outside the galaxy so the density of negative
mass outside the galaxy is not uniform.

2) The problem of nonobservance of galaxy or cluster of galaxies consisted of
dark matter



The repulsive gravity effect among dark matter(negative mass) makes difficult for galaxy or
clusters of galaxies, which are only consisted of dark matter, to form massive mass structure.

3) [Computer simulation| : time 6m.00 — 7m.50s [12]
If the negative mass is disposed at the outline, the test mass vibrates. Therefore a kind of
centripetal force exists. Please view to simulation video.

7. New Field Equation and Friedmann Equation
Einstein’s field equation :

1
Ruy - §guuR = 87TGT,uV (13)

We need making new Friedmann eq. and field eq., on the assumption that negative en-
ergy(mass) and positive energy(mass) coexist.
If negative energy and positive energy coexist, GPE consists of the below three terms.
UT - U++ + Uf, + U,Jr
= _Gmyimay 4 > _GTZ_—ZZ—]' + Z+Gm—im+j
i

. Ti4ij s
i>j ++ij +ij

i>]

Matter (Positive mass) : 3 — 2™y 8rG(HHT,,)

i>j T +ij
Dark Matter (Negative mass) : > —% — 81G (" T)
i>j -
Dark Energy (GPE between negative mass and positive mass ) : 3 —|—G":_‘7j:;“ — 8rG(~T,)
Z7‘7
Therefore, new field equation is
1
R;w - *guvR = SWG(++T#V + 77le + 7+Tw) (14)

2

At this time, we should considering the structure that negative mass surrounds galaxy or
galaxy cluster composed of positive mass.
Only the positive mass world, the Earth and the Solar system

1
R, — ig,wR =81G("7T,,) (15)
Thus, we get an Einstein’s field eq.
But negative energy(mass) existed outside of this galaxy structure, So, we observe the dark
matter term and dark energy term in the universe.

1
Ry — §gll«uR =81G(" T+ T+ Tw) (16)

We need solve this new field eq.

The existing physical world uses a temporary solution or does a trick to account for ac-
celerating expansion. They introduce +p, corresponding to positive mass in relation to dark
energy to avoid negative mass as source of gravitation. However, this cannot produce accel-
erating expansion effect. So we introduce the pressure which is three times more than +py

10


http://www.youtube.com/watch?v=MZtS7cBMIc4&feature=player_detailpage#t=361s

that corresponds to the mass energy of dark energy itself, and the density of negative mass is
shifted to this pressure. (“negative pressure” is introduced).

Pressure is expressed like P = —pyc?. Thus, the term related to dark energy in the right
side of field equation is

3Py 3(—pac
pA+—pA+<C):_2PA (17)
Finally, the result is that the energy that had negative values existed from the beginning.
From the beginning, the accelerating expansion of the universe meant that there
existed ‘density of negative energy’ in the right side of field equation. This suggests
that if it’s moved to the left side, there exists ‘positive GPE’.

Friedmann equation utilized dynamic energy conservation applied into positive mass. This
is the equation of motion in the universe that is composed of ‘one kind’ of gravitational
characteristic.

However, if there exists two kinds of gravitational sources, GPE is composed of three terms.
U11(GPE between type 18)+ U ( GPE between type 2s)+ Uz ( GPE between type 1 and
type 2)

When positive mass(energy) and negative mass(energy) exist together, the universe has
the following formula.

1 1
E=T+V=>" §m+iv+i2 +> (—§m_jv_]~2) + Y U+ > U__+> U_y = const. (18)

(my >0,m_ >0)
In the first place, if we look at the term that includes positive mass that attracts our
attention,

=Y pmwn? 4 Y (- ST 3 G (19

<) Tt+ij i, F—tij

Gm_;m4; oL . . . .
+-——=""%1) has positive values, it has a repulsive gravitation
T i ’

It’s like this. Herein, as 3 (
i\j
(antigravity) effect. Therefore, it corresponds to A, that of dark energy that accelerates the
current universe.
Changes in the existing dynamic energy conservation formula: I am not sure about the
followings, but it is supposed that there will be changes as follows.
1 Q(t) _ GMyim

1 _ 1 2,2
5V = 2mkcw >

GM+m GM+m 1 2

L 2
= _ = 4= 2
5T (t) ) + kp(t) ) +2mk‘c w (20)
[(%%)2 - —8”30p — %ACQ]RQ = —kc? >
1dR\’ 1
(;gf) - SWBGP + g/\(t)cz R? = +kc? (21)

11



We cannot conclude that this model is wrong although this model is different from the
values of the existing ACDM model. All results from the ACDM model are consistent
within the system. The universe that consists of two gravitational sources differs from their
movement. Thus, we need to set up new Friedmann equations and field equations to solve
problems.

Nevertheless, this model provides similar results to AC DM model, because ‘U_, (repulsive
GPE)’ and ‘U__ (attractive GPE)’ that will play a role as A and CDM are added one by one.

Therefore, we need to make new Friedmann equations and field equations appropriate for
this model to reorganize the total and compare two models.

8. Demonstration of Constituent Ratio of the Universe

1) Theoretical demonstration of constituent ratio of the universe

A. Total GPE in the universe that consists of negative mass and positive mass, and dark
energy

Let’s find values at the easiest state when matters are evenly distributed and then expand
them into the state that shows the current universe.

(ot
P
oca'\
* e o 0
0 0 0 o\
e & & @
ooco0o0 Y
e e o o oy
oo o oo
e 0 0 0 4
0,0, 0 0 0
® & & & &
o o 0 0 0 00
o o oo o000
. . e 0 e e o 0 0
Yo 0 0o 0 0 0 O 0O 00 0 0
. s s o » e s s 0 s
o000 o o o o o of
e e 00 00 o e o 0 0
o 00 0 0 O o oood
e o @ 0 0 e e o 0 p
N0 O 0O 0 O 000
\.Q. e o:d Black: positive mass
-—e o . White: negative mass
0 =

Figure 7: Universe where negative mass(energy) and positive mass(energy) are evenly dis-
tributed

Total GPE Uy is as shown in equation (10). As we maintain that each GPE corresponds
to matter, dark matter, and dark energy, the following formula can be drawn.

Gmgyym_; Gm_;ym_; Gm_;ym_;
U = > (———)+Y (————DH+> (+—) (22)
i<j Tt +ij i<j T —ij i,j T —tij
= Un+Us+Us (23)

(m+ Z 0, m_ 2 0)
The concept of gravitational self-energy which consists of two types of positive mass cor-
responds to the state that all GPE terms have negative values.

Gmaima; Gm_ym_; Gm_;ym4;
Us = Y (———D)+> (———DH+> (——) (24)
i< T+ i<j T ——ij irj T —+ij
— Upn+Ui—Ua (25)
3GM?
_ _° 26
- (26)

12



Let’s consider that any GPE terms that constitute the system do not disappear when
finding Ur or Usg.

2 2 2
(My=M_>0,M=DM,+ M)
As positive masses are evenly distributed in radius R, U,,, = —%Gﬂéﬁ
As negative masses are evenly distributed in radius R, Uy = —%G%’Q

Therefore, it can be inferred that the dark energy itself will have the following forms.

GM?
R
In the above, a simple case that positive mass and negative mass are evenly distributed
was assumed, but in our real universe, the distribution of positive mass and negative mass are
varied. For this reason, coefficient ky(t) was introduced.

We can find the current ky,(t) values in observing the universe.
Planck satellite’s result - matter : dark matter : dark energy = 4.9% : 26.8% : 68.3% [19]

Up = +kn(t) (28)

Un + Uy (—4.9) + (—26.8)

= —bpjanck = ~ —0.464 2
Ua Planck 68.3 046 (29)
From the equation (25), (26)
3GM?
—b—1)Uy = —= 30
(b= -2 (30)
1 3G(2M,)? 3GM,? GM,*
Uy =~ — = (2.73)= = +kp(t 31
AT A+p5 R RTB)s—f = )¢ (31)

18]
Planck’s ky(to) = 1.638, WMAP’s ky,(ty) = 1.728 [1§]

B. If positive mass(energy) and negative mass(energy) are completely evenly distributed

3GM,*  3GM*

m p— = — _— 2
Un=Ua=—5—% 5 R (32)
3GM,*> 3GM._? 3GM?
Untla=Un=—p=p— "5 ~U="37g (33)
3G(2M.)? 3GM.%2 3GM,? 3GM,?

U=5""%x 5 R 5 R AX(gTR )= (34)
Therefore, total GPE is

Ur=U;s U +U_ =Up+Us+Up=0 (35)

Thus, matter(positive mass), dark matter(negative mass), dark energy(GPE between pos-
itive mass and negative mass) are

13



Uiy U U =Up:Ug:Upy=—-1:—-1:42=25%:25%: 50% (36)

We need to be careful for this. The above ratio is not the ratio of mass energy but that of
GPE, and the expansion of the universe in this model is determined by GPE.

In the earlier paper, I showed that the universe was expanding even in the state when
total GPE is 0, that is, a complete zero energy state, through computer simulation. This is
because GPE that determines the motion of positive mass is not 0 although total GPE is 0.

From the above (19) and (22) equation,

S (- Gy s Sy g, (37)

i<j T ++ij irj F'—+tij
There are two GPE terms that include positive mass. This is because the sum of these is
not 0.

C. Current universe: unless positive mass and negative mass are evenly distributed in all
scales

Black dot : galaxy or galaxy cluster
(positive masses)
Gray area : negative masses

Figure 8: The current universe presumed in this model: Although the positive mass(black dot)
constitute galaxy or cluster of galaxies and negative mass(gray) are almost evenly distributed
in the entire universe, it is presumed that the density of negative mass(dark gray) near the
galaxy would be higher than that of negative mass in the void area(gray), because negative
mass receives attractive gravitational effect from large positive mass. [§], [12]

C-1)If positive mass constitutes galaxy or cluster of galaxies and negative mass are com-
pletely distributed evenly

U,y = —%GAI{;Q needs to be corrected because its not that positive mass is completely
distributed evenly.

Let’s get a hint from the movement between the sun and the earth!

Total GPE between the sun and the earth is

Ur = Us = Sun’s gravitational self-energy + Earth’s gravitational self-energy + GPE
between the sun and the earth

14



UT = US = Uselffsun + UselffE'arth + USunfEarth (38)

Usun—garth = Us — (Useif—sun + Usetf—EBarth) (39)

However, the particles that constitute the sun always move together because they are
strongly bond gravitationally. Likewise, the particles that constitute the earth always move
together because they are strongly bond gravitationally. Therefore, what determines the
movement between the sun and the earth is the only ‘GPE between the sun and the earth’.

In other words, the GPE of objects that are strongly bond gravitationally does not change.
It means that the GPE of objects that are strongly bond gravitationally does not contribute
to the movement of other objects.

We can see that galaxies or cluster of galaxies are strongly bond gravitationally. Thus, we
should subtract these GPE terms.

3G
5 R

*M, : (Probably) Total mass of matters within Hubble’s radius or the visible universe

*R : (Probably) Hubble’s radius or the visible universe’s radius

*m, : Average mass of objects strongly bond gravitationally (Probably, mass of galaxies
or cluster of galaxies)

*ro : Average radius of objects strongly bond gravitationally

*N : Number of objects strongly bond gravitationally

My =M_, M =M, + M_

Uiy =Up =

(40)

On the other hand, negative mass has gravitation effect which is repulsive each other.
Accordingly, if we assume that the entire universe is almost evenly distributed,

U._=U;=—- = —— 41
T 5 R 5 R (41)
U__ U _gGM " 1
U :Uid: 3GM.? — m2R] ] _ N(me 2k~ °© (42)
we Un o 39 1 N(EEPE] 1= N
my 2R 1
N —=1-= 4
(M+) o - (43)
2,.5
Pm+"T0 1
N =1-= 44
(IOM+2R5) . (44)

_ 233 ~ __ 26.8 ~
CWMAP — a6 = 5065, CPlanck — 9 = 5.469

9
Now, let’s find dark energy.




3GM?  3GM,? my 2R|  3GM_?
~ 42 2 11— N(—H)y = =2 4
A A GL) Wl "5 R (46)
i) WMAP
3G(2M_)> 3GM_?, 1 3GM_2
~ o -2 S 4
Ua 5 R 5 R 5005 5 R (47)
3GM_? 1
= 42 4— —1) = (-2. 4
Therefore,

U U U =U, :U;:Upy=-0197: —1:42.803 = 4.93% : 25.00% : 70.07%  (49)

It’s very close to WMAP value.

ii) Planck
3G(2M_)> 3GM_?%, 1 3GM_2
Uy ~ +°2 _2 S 50
AR TETR 5 R 5100) 5 R (50)
3GM_2
~ = —2.817) = (—2.817)U__ 51
g ) = ( ) (51)
Therefore,

Uiy :U__ iUy =Up :Uy: Uy = —0.183 : —1: +2.817 = 4.58% : 25.00% : 70.43%  (52)

Also, it’s similar to the estimation data of Planck satellite. Therefore, this model has
potential.

C-2) If positive mass constitutes galaxy or cluster of galaxies and negative mass is close to
the structure surrounding the cluster of galaxies

From the motional characteristics of negative mass and positive mass, great positive mass
gives attractive effect to the individual negative mass. [8] [12] Therefore, negative mass exists
with higher density near the galaxies or cluster of galaxies that constitute positive mass. (Refer
to figure 8.)

Uiy =Un=—< (53)

In classical mechanics, the fact that GPE is given as follows can be found through calcu-
lation, in case of mass distribution that 0 ~ ry are empty and ry ~ r; are occupied.

G(4mp)® [1 ro3 3
Us = —(3p) l57"15 - %Tﬂ + 107”051 (54)
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Figure 9: 0 ~ ry : positive mass distribution, rg ~ r; : negative mass distribution

However, part of the negative mass are evenly distributed in the entire universe like figureS,
and some are distributed near the cluster of galaxies that constitute positive mass.

M_=m_,+Nm_ (55)

*m_, : Constituents that are evenly distributed in the entire universe
*Nm_ : Constituents near the cluster of galaxies that constitutes positive mass

Gm_;m_; 3GM *? G(4mp_)? [1 o’ 3
U =U; =S (= 2=iMgy 9 T ST M T S B ) s
. 2( )" 5 R 5 T ) 60
3GM_? SNR(4mp )’ [1 . r® 5, 3
U__= 5 R [1 - 9N 2 57“1 — 77“1 + TOTO (57)
2 o )2 ”

Ve = —3 % 1= P [t et 4 e (58)

- GM,2 mi\2 R

Vs —39 (1= NGEP

2 P
L L i e+ ) (59)
1= NG

Currently, U__ and U_, are has complex shape. So it’s not organized nicely. This leaves
us the next research problems. At this point in time, we want to prove the possibility of this
model based on what’s observed.

C-2)-1) If Ug ~ — 367

R
3GM?
UA ~ g R +Um+Ud (60)

3GM+2 m+ 2R m+ 2R

= = 4— |1 -N(—) =| —¢|1=N = 61
5 R < [ ST 7’0] C[ ) 7 (6
3GM,> my 2R

= R* <(3—c)+(1+c)N(M:) 7“0) (62)



) —d (63)

We define N(57)* 2 = yy,

+

—d 64
=) (64
c+d—3
65
A (65)
i) WMAP
c+d—3 5065+ 15673 — 3
_ ~ — 0.816 66
X = A+ 1~ 5.065+ 15.673 + 1 (66)
3GM,?
U, ~ -2 0.184 67
2O foasa (67)
3GM,?
_2 9
Ui —= = [0.032] (68)
3GM, >
Uy ~ +2 2.884 69
w4 R 2884 (69)

Ui U U =Uy:Uy: Uy =—0.184: —0.932 : +2.884 = 4.6% : 23.3% : 72.1% (70)
ii) Planck

c+d—3 5469 +13.938 —3

— ~ — 0.804 71
XhP = 01 5.460 + 13.938 + 1 (71)
3GM,?
U, ~—2 0.196 72
=R [0.196] (72)
3GM,2
~ —— 1.071
Us ~ === [LOTL (73)
3GM,?
~ +— 2. 4
T [2.733] (74)

It’s reasonable to assume that the upper limit of coefficient Uy is 1. The below is the value
when the upper limit of coefficient Uy is corrected as 1.

3GM,*?
N —— 1
U ~ =2 =5 [0.183] (75)
3GM,*
Ua == [1.000] (76)
2
Uy ~ +3G]\]§+ [2.549] (77)



Upr U :U_y =Upn:Ug: Uy = —0.183: —1: +2.549 = 4.9% : 26.8% : 68.3%  (78)

C-2)-2) If Uy ~ (—2)(— 302

This value(eq.(34)) is the value of dark energy obtained when positive mass(energy) and
negative mass(energy) are evenly distributed in 8-1)-B.

As it is seen that the universe transforms locally from uniform state to un-uniform one,
coefficient (—2) plays a role like lower limit. It’s because U, tends to increase if positive mass

and negative mass are gravitationally shrunk in local area. [14]

3GM,? 3GM,2
= (=2)(-2 —2.884) (=2
Urn=(=2)(-p =5 ) = (-284) (- —%—)
U _3GMyE (9 —2
R o — o (79)
v O L NGEPE] - NG
my 2R 2
N(—I)2Z=14+Z= 80
(M+) ol (80)
i) WMAP
S SR 0.872 (81)
Xnw = = T 15673
3GM,?
Up = —= R* 0.128] (82)
3GM,?
~ o 4
Usm == [0.648] (83)
M 2
UAz+§G R* 2.000] (84)

Ui U U4 =U,y:Uy: Uy =—0.128: —0.648 : +2.000 = 4.6% : 23.3% : 72.1% (85)

ii) Planck
2 2
=1+-=-~1 = 0.

XhP + p -+ 13933 0.857 (86)

3GM,>
Un ~ —= R* [0.143] (87)

3GM,>
Uam < R* 0.782] (88)

M. 2
Up ~ ‘;G}; 2.000] (89)



Up U :U_y =Up: Uyt Uy = —0.143 : —0.782 : +2.000 = 4.9% : 26.8% : 68.3%  (90)

D. Entire change
Uniformly distribution —> locally un-uniform distribution

D-1) Uniformly distribution

3GM,*?
Uy =U,=—> 1 91
o+ g W (91)
3GM,*?
U__=U;=—-= 1 92
a=—g—p— (92)
3GM,?
L =Uy=+> 2
Uy =Ux +5 R 2] (93)
UT:U+++U77+U7+IUm+Ud+UA:0 (94)
Ui U U =U, :Up:Upy=—1:-1:42=25%:25%:50% (95)
D-2) Locally un-uniform distribution
i) WMAP
M 2
Upy = Uy = 36 R* 0.128 ~ 0.184] (96)
3GM,*?
U =Us~— T [0.648 ~ 0.932] (97)
3GM,?
Uy =Unm+z T 2.000 ~ 2.884] (98)
Ur=U,y+U_ _+U_ . =U,+Us;+Uy>0 (99)
ii) Planck
3GM,*?
Upp =Up ~ —=——710.143 ~ 0.183] (100)
3GM,?
U__=U;~ —=""7[0.782 ~ 1.000] (101)
M 2
U, =Uy= +§G T 12.000 ~ 2.549] (102)
UT:U+++U__+U_+:Um+Ud+UA>0 (103)

We can answer the CCC problem of “Why does dark energy have the similar
scale with matters?”. It is because it has the same gravitational effect as them.
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Figure 10: Distribution of six galaxies: Initial state distribution: m, = +100 X 6 = +
600. Center1,2(+100,0,0), center3,4(0,4100,0), center5,6(0,0,4100), each 100. —m_ =(-0.2 X
500) X 6 =—600. Negative mass distribution : centerl,2(£100,0,0), center3.4,(0,£100,0),
center5,6(0,0,£100), negative mass is spread within R = 3 ~ 120, min. distance = 8.
Centerl ~ 6 are increased by 1000 so that each of them can correspond to the expansion
of the universe(100,1100,2100,...,9100). In other words, the changes in GPE are observed by
changing the distance between six galaxies.

2) Computer simulation of matter : dark matter : dark energy ratio depending
on the expansion of the universe

The above experiment shows the state that the cluster of galaxies that constitute positive
mass surrounded by the negative mass. The experiment aims to look at which characteristics
appear when the universe is expanding according to Hubble’s law. It is supposed that as
the changes in the structure of galaxy are very slow even in the process that the universe is
expanding, the shape of galaxies is maintained.

U++ -93853| -1.00| -9092 -100| -4755) -100| -32.21(  -100| -2435)  -1.00
- -1333.99| -1.34| -47315| -5.21| -42451( -893|-41063| -1275|-40208| -1651
-+ 3101593 311131936 14.53(121293| 2551|1191.35| 37.00[11702% 4308
U _tot 76941 75544 74037 74901 74446
+GPES % 5
GPE 1.33 2.34 2.57 2.69 2.75
U++ -19.58| -100| -1637| -100| -1406( -100| -1233| -100| -1057( -1.00
- -394.28| -2014| -391.77| -23.93| -393.06| -27.95| -389.54( -3150| -38853| -3541
U-+ 1157.14( 5510|1147.28| 70.09|1146586( B21.55|1143.88| 9279(114455| 10431
U _tot 74227 73514 73574 74201 745.05
+GP

it 280 2.81 2.82 2.85 2.56
-GPE

Figure 11: Uniquely, there are changes in the ratio of U, ,, U__, and U_, when the distance
between galaxies drifts farther. Such results appear evident in particular when positive mass
combine gravitationally and galaxies are treated as a single gravitational object.

A. Surprisingly, the ratio of U, ., U__, and U_, changes simply when the universe expands
according to Hubble’s law.
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—+—Positive GPE/ Negative GPE
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Figure 12: The change of the ratio of +GPE to —GPE by changing the distance between six
galaxies.
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Figure 13: U__ /U,y and U_, /U,

B. This experiment suggests that the ratio (repulsive GPE)/(attractive GPE) can increase
only under the fact that the universe is expanding. This is similar to the fact that dark energy
increases as the universe expands. U_, = repulsive GPE, |U,, + U__|= attractive GPE.

C. If we suppose Hubble expansion only, ratio of (repulsive GPE)/(attractive GPE) has a
possibility of converting to a particular value.

D. ACDM model expects that the ratio of matters and dark matters will be constant, but
this model suggests that as the universe expands, the gravitation effect of matters vs dark
matters differs. Finally, in the current mainstream physical description, we will describe that
the amount of dark matters gradually increases. Therefore, the past and the future predicted
by two models are different.

We must not throw away the other models without reviews even if the ACDM model is
right overall. It’s because if AC DM model is right, the model has to account for A and C DM
as completely as possible, but they are not successful now.
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The reason why the entire explanation of AC'DM at this point in time seems to be right is
that the repulsive gravitation effect corresponding to A and the attractive gravitational effect
are required. However, this can be explained by this model(Pair creation of positive energy and
negative energy) and adding to this, negative mass(energy) is the object that satisfies energy
conservation and the object which is inevitably required from the law of energy conservation.
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