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Abstract 
This paper modifies the Farnes’ unifying theory of dark energy and dark 
matter which are negative-mass, created continuously from the negative-mass 
universe in the positive-negative mass universe pair. The first modification 
explains that observed dark energy is 68.6%, greater than 50% for the sym-
metrical positive-negative mass universe pair. This paper starts with the pro-
posed positive-negative-mass 11D universe pair (without kinetic energy) 
which is transformed into the positive-negative mass 10D universe pair and 
the external dual gravities as in the Randall-Sundrum model, resulting in the 
four equal and separate universes consisting of the positive-mass 10D un-
iverse, the positive-mass massive external gravity, the negative-mass 10D un-
iverse and the negative-mass massive external gravity. The positive-mass 10D 
universe is transformed into 4D universe (home universe) with kinetic energy 
through the inflation and the Big Bang to create positive-mass dark matter 
which is five times of positive-mass baryonic matter. The other three un-
iverses without kinetic energy oscillate between 10D and 10D through 4D, 
resulting in the hidden universes when D > 4 and dark energy when D = 4, 
which is created continuously to our 4D home universe with the maximum 
dark energy = 3/4 = 75%. In the second modification to explain dark matter 
in the CMB, dark matter initially is not repulsive. The condensed baryonic 
gas at the critical surface density induces dark matter repulsive force to 
transform dark matter in the region into repulsive dark matter repulsing one 
another. The calculated percentages of dark energy, dark matter, and baryo-
nic matter are 68.6 (as an input from the observation), 26 and 5.2, respective-
ly, in agreement with observed 68.6, 26.5 and 4.9, respectively, and dark 
energy started in 4.33 billion years ago in agreement with the observed 4.71 ± 
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0.98 billion years ago. In conclusion, the modified Farnes’ unifying theory 
reinterprets the Farnes’ equations, and is a unifying theory of dark energy, 
dark matter, and baryonic matter in the positive-negative mass universe pair. 
The unifying theory explains protogalaxy and galaxy evolutions in agreement 
with the observations. 
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1. Introduction 

In the Farnes’ unifying theory of dark energy and dark matter [1], dark energy 
and dark matter can be unified into a single negative-mass dark fluid which is 
created continuously from the negative-mass universe to our positive-mass un-
iverse. The model is a modified ΛCDM cosmology, and indicates that conti-
nuously-created negative masses can resemble the cosmological constant and 
can flatten the rotation curves of galaxies. In the first three-dimensional N-body 
simulations of negative mass dark matter in the scientific literature, dark matter 
naturally forms halos around galaxies that extend to several galactic radii. These 
halos are not cuspy, unlike the cuspy halos derived from the simulations of con-
ventional positive-mass dark matter [2]. The core cusp is not observed [3]. 
Therefore, the Farnes’ cosmological model is able to predict correctly the ob-
served non-cuspy distribution of dark matter in galaxies from first principles.  

This paper modifies and reinterprets the Farnes’ unifying theory of dark 
energy and dark matter in the positive-negative mass universe pair model where 
positive-mass and negative-mass universes are symmetrical. (The Farnes’ unify-
ing theory does not assume symmetrical positive-negative mass universes.) The 
first modification is about dark energy. With the symmetry between posi-
tive-mass universe and negative-mass universe, the portion of dark energy to be 
created continuously from the negative-mass universe to our positive-mass un-
iverse cannot start from zero to more than 50%. Since the observed portion of 
dark energy is 68.6% [4], for symmetrical positive-negative mass universe pair, 
dark energy is more than negative mass from the symmetrical negative-mass 
universe. As a result, the source of dark energy needs modification. Another 
modification is about dark matter. Evidence for early existence of dark matter 
comes from measurements on cosmological scales of anisotropies in the cosmic 
microwave background [5] [6] [7]. The CMB is the remnant radiation from the 
hot early days of the universe. The photons underwent oscillations that froze in 
just before decoupling from the baryonic matter at a redshift of 1100. The angu-
lar scale and height of the peaks (and troughs) of these oscillations are powerful 
probes of cosmological parameters, including the total energy density, the ba-
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ryonic fraction, and the dark matter component. The CMB provides irrefutable 
evidence for the early existence of dark matter. The Farnes’ unifying theory does 
not allow the early existence of positive-mass dark matter, so dark matter needs 
modification. 

To deal with greater than 50% of dark energy and the early existence of dark 
matter, this paper proposes the positive-negative mass universe pair model where 
the positive and the negative universes are symmetrical [8] [9] [10]. This paper 
starts with the proposed positive-negative-mass 11D membrane-antimembrane 
universe pair (without kinetic energy) which are transformed into the posi-
tive-negative-mass 10D string-antistring universe pair and the external dual 
gravities as in the Randall-Sundrum model [11] [12], resulting in the four equal 
and separate universes consisting of the positive-mass 10D universe, the posi-
tive-mass massive external gravity, the negative-mass 10D universe, and the 
negative-mass massive external gravity. The positive-mass 10D universe is 
transformed into 4D universe (home universe) with kinetic energy through the 
inflation and the Big Bang. Dark matter is the right-handed neutrino, exactly 
five times of baryonic matter in total mass. The other three universes without 
kinetic energy oscillate between 10D and 10D through 4D, resulting in the hid-
den universes when D > 4 and dark energy when D = 4 (the maximum dark 
energy = 3/4 = 75%). In this paper, the first modification is that 4D dark energy 
is created from the three oscillating dimensional universes (the positive-mass 
massive external gravity, the negative-mass universe, and the negative-mass 
massive external gravity) instead of only negative-mass universe in the Farnes’ 
unifying theory. Otherwise, both the proposed dark energy and the Farnes’ dark 
energy are the same.  

To deal with the early existence of positive-mass dark matter in the CMB, the 
second modification is that the proposed dark matter in the CMB is same as the 
conventional positive-mass dark matter observed in the CMB. However, after 
the CMB, the proposed positive-mass dark matter turned into repulsive posi-
tive-mass dark matter when the condensed baryonic gas reached the critical sur-
face density (derived from the acceleration constant a0 in MOND [13] [14]) 
which induces dark matter repulsive force to transform dark matter in the re-
gion into repulsive dark matter repulsing one another, corresponding to the 
Farnes’ repulsive negative-mass dark matter. Therefore, the proposed dark mat-
ter and the Farnes’ dark matter have different beginnings, but both end up with 
the same repulsive force. In this way, a galaxy actually started with a dark matter 
core-cusp without repulsive dark matter. The removal of the core cusp by repul-
sive dark matter afterward solves many difficult problems in protogalaxy and 
galaxy evolutions. 

The theoretical calculated percentages of dark energy, dark matter, and ba-
ryonic matter are 68.6 (as an input from the observation), 26, and 5.2, respec-
tively, in agreement with observed 68.6, 26.5, and 4.9 [15], respectively. Accord-
ing to the calculation, dark energy started in 4.33 billion years ago in agreement 
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with the observed 4.71 ± 0.98 billion years ago [16]. In conclusion, the modified 
Farnes’ unifying theory reinterprets the Farnes’ equations, and is a unifying 
theory of dark energy, dark matter, and baryonic matter in the positive-negative 
mass universe pair. The unifying theory explains protogalaxy evolution and ga-
laxy evolution in agreement with the observations. 

In Section 2, unifying theory of dark energy and dark matter by Farnes is de-
scribed. Section 3 explains the positive-negative mass universe pair. Section 4 
describes protogalaxy and galaxy evolutions. 

2. Unifying Theory of Dark Energy and Dark Matter  

In the Farnes’ unifying theory of dark energy and dark matter [1], dark energy 
and dark matter can be unified into a single negative-mass dark fluid which is 
created continuously through a creation tensor from the negative-mass universe 
to our positive-mass universe. 

2.1. The Creation Tensor for Dark Energy and Dark Matter 

In the Einstein’s field equation,  

4

1 8Λ
2

GR Rg g T
cµν µν µν µν
π

− + =                      (1) 

where Rμν is the Ricci curvature tensor, R is the scalar curvature, gμν is the metric 
tensor, Λ is the cosmological constant, G is Newton’s gravitational constant, c is 
the speed of light in vacuum, and Tμν is the stress-energy tensor. 

In a homogeneous and isotopic universe, the Friedmann equation is 
2 2 2

2
2

8 Λ
3 3

a G c kcH
a a

ρπ ≡ = + − 
 



                   (2) 

and the Friedmann acceleration equation. 
2

2

4 3 Λ
3 3

a G p c
a c

ρπ   = − + +   
   



                    (3) 

where a is the scale factor, H is the Hubble parameter, ρ is the total mass density 
of the universe, p is the pressure, k is the curvature parameter or intrinsic cur-
vature of space, and k/a2 is the spatial curvature in any time-slice of the universe. 
k = +1, 0, and −1, indicate a closed, flat, and open universe respectively. In the 
positive mass universe corresponding to the standard matter-dominated un-
iverse solutions with a critical density given by 23 8c H Gρ = π  and a total den-
sity parameter given by Ω = ρ/ρc, where Ω = 1, <1, and >1, correspond to critical 
density, open, and closed universes respectively.  

In the Farnes’ unifying theory of dark energy and dark matter [1], baryonic 
matter has positive mass, while dark fluid consisting of dark energy and dark 
matter has negative masses. Dark fluid is created continuously through a “crea-
tion tensor” from the positive-mass dominated universe. Negative mass is 
created through the creation tensor, Cμν  

T T Cµυ µυ µυ′ = +                            (4) 
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Einstein’s field equations are therefore modified to  

( )4

1 8Λ
2

GR Rg g T C
cµν µν µν µυ µυ
π

− + = +                  (5) 

The creation tensor generates negative mass density, ρ−. Farnes proposed that 
the Friedmann equation can be written in terms of both the cosmological con-
stant and negative mass density, ρ− as follows. 

2 2 2

2

2

2

8 Λ
3 3

8 8
3 3

a G c kc
a a

G G kc
a

ρ

ρ ρ

+

+ −

π  = + − 
 

π π
= + −



                    (6) 

In this way, the cosmological constant (Λ) is equivalent to the negative-mass 
density, and 28 G cρ−πΛ = . The accelerated cosmic expansion is caused by 
negative mass which is created continuously through the creation tensor. As 
these negative masses can take the form of a cosmological constant, the field eq-
uations are modified to 

( )4

1 8Λ
2

GR Rg g T T C
cµν µν µν µυ µυ µυ

+ −π
− + = + +              (7) 

In the Farnes’ unifying theory for dark matter, the positive-mass baryonic ga-
laxy is surrounded by a halo of continuously-created negative masses, with con-
stant density ρ− and of total mass M−. The positive mass particle is now im-
mersed in a negative mass fluid that behaves with resemblance to a cosmological 
constant with 28 G cρ−πΛ = .   

Negative-mass dark matter repulses each other, while dark matter still attracts 
to baryonic matter. The solution for the rotation curve with circular velocity, ν, 
is deduced as follows.  

2
2 2* * 8

3 3
GM GM Gc r r

r r
ρ

υ −πΛ
= − = −              (8) 

where r is the distance from a central point mass M⋆ and ρ− is the local negative 
mass density. For Λ = 0 or ρ− = 0, the standard Keplerian rotation curve is ob-
tained. However, for non-zero values of the cosmological constant or ρ−, the ro-
tation curve is modified. A negative cosmological constant flattens the rotation 
curve, causing a steady increase at larger galactic radii in agreement with the ob-
served rotation curve. 

In a N-body simulations of galaxy formation via negative-mass dark matter 
and positive-mass baryonic matter, Farnes starts with the galaxy that comprises 
5000 particles, with a total positive mass of M+ = 1.0. The initial positive mass 
particle distribution is located at the center of a cube of negative masses with 
volume 2003. The initial conditions of these negative masses are set to be un-
iformly distributed in position and with zero initial velocity. The negative mass 
sea comprises 45,000 particles, with a total mass of M− = −3.0. The negative 
masses at the outskirts of the cube are mutually-repelled by other surrounding 
negative masses and the cube begins to expand in volume. Meanwhile, the nega-
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tive masses within the central portion of the cube are attracted towards the posi-
tive mass galaxy. From their initially zero velocities, the negative mass particles 
are slushed to-and-fro from either side of the positive mass galaxy. Eventually, 
the negative mass particles reach dynamic equilibrium in a halo that surrounds 
the positive mass galaxy and which extends out to several galactic radii. The 
negative mass particles have naturally formed a dark matter halo to have a flat 
central dark matter distribution with the constant dark matter density core.  

With positive mass dark matter, the Navarro-Frenk-White (NFW) profile [2] 
derived from standard N-body simulations has the high density dark matter at 
the core of galaxy in disagreement with the observed distribution of dark matter. 
The high density dark matter at the core of galaxy is not observed [3]. This is 
known as the core-cusp problem or the cuspy halo problem and is currently un-
solved [17]. A negative mass cosmology can therefore provide a solution to the 
cuspy halo problem by the repulsion within dark matter particles. This appears 
to be the only cosmological theory within the scientific literature that can ex-
plain and predict correctly the non-cuspy distribution of dark matter in galaxies 
from first principles of intrinsic repulsive dark matter. Dark matter of low-mass 
sterile neutrino and polytropic exponent under fermion degeneracy pressure al-
so shows non-cuspy distribution [18]. 

2.2. The Modified Creation Tensor for Dark Energy and Dark  
Matter 

This paper modifies and reinterprets the Farnes’ unifying theory of dark energy 
and dark matter as negative-mass dark fluid derived from the positive-negative 
mass universe pair model where positive-mass and negative-mass universes are 
symmetrical. (The Farnes’ unifying theory does not assume symmetrical posi-
tive-negative mass universes.) The first modification is about dark energy. With 
the symmetry between positive mass and negative mass, the portion of dark 
energy created through the creation tensor cannot start from zero to more than 
50%. Since dark energy is 68.6%, dark energy is more than negative mass, and 
the creation tensor for dark energy needs modification. The first modification is 
to modify the origin of dark energy. The second modification is to modify dark 
matter. Evidence for early existence of dark matter comes from measurements 
on cosmological scales of anisotropies in the cosmic microwave background [5] 
[6] [7]. The CMB is the remnant radiation from the hot early days of the un-
iverse. The photons underwent oscillations that froze in just before decoupling 
from the baryonic matter at a redshift of 1100. The angular scale and height of 
the peaks (and troughs) of these oscillations are powerful probes of cosmological 
parameters, including the total energy density, the baryonic fraction, and the 
dark matter component. The CMB provides irrefutable evidence for the early 
existence of dark matter. The Farnes’ unifying theory does not allow the early 
existence of positive dark matter, so the creation tensor for dark matter needs 
modification. The second modification is to modify the origin of dark matter. 
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3. The Positive-Negative Mass Universe Pair Model 

To deal with more than 50% of dark energy and the early existence of dark mat-
ter in the CMB, this paper proposes as described previously [8] [9] [10] the posi-
tive-negative mass universe pair model where the positive and the negative un-
iverses are symmetrical. The positive-negative mass universe pair model involves 
the oscillating spacetime dimension number, the space structure, and the cyclic 
universe model. 

3.1. The Oscillating Spacetime Dimension Number 

The oscillating spacetime dimension number oscillates between 11D membrane 
and 11D membrane through 10D string and between 10D particle and 10D par-
ticle through 4D particle as described in the previous papers [19] [20]. Because 
membrane and string require 11D and 10D, respectively, any spacetime dimen-
sion below 10D has to be the spacetime dimension for particle which allows any 
spacetime dimension numbers. 

3.1.1. The Membrane-String Oscillation between 11D4d and 11D4d  
In the membrane-string oscillation, the 11D brane is transformed into the 10D 
string with an extra dimension. This 11D warped brane world in the 10D string 
with compact extra dimension is analogous to the 5D warped brane world in our 
4D universe with compact extra dimension in the Randall-Sundrum model [11] 
[12]. The RS1 of the Randall-Sundrum model produces the two different branes 
consisting of the Tevbrane and the Planckbrane. The Planckbrane has very 
strong gravity, while the Tevbrane has all other forces and extremely weak grav-
ity. There are boundaries between the Tevbrane and the Planckbrane. The Tev-
brane corresponds to our universe with extremely weak gravity comparing with 
other forces. Almost all gravity is external gravity outside of our universe. The 
Randall-Sundrum model explains the hierarchy problem between gravity and 
other forces. 

In the same way as the RS1 in the Randall-Sundrum model, two 11D mem-
branes produce the 10D string corresponding to the Tevbrane and the external 
gravity corresponding to the Planckbrane. The 11D membrane, the 10D string, 
and the external gravity have about the same energy. The 10D string has the ex-
tremely weak internal gravity as in the Tevbrane with an extremely weak gravity 
in the Randall-Sumdrum model. 

compact extra space dimension

oscillation between 11D membrane and 10D string

The RS1 in the Randall-Sundrum model

5D brane world Tevbrane Planckbrane

two 11D membranes 10D string external gravity

→ +

←→ +

(9) 

The membrane-string oscillation is reversible, so the 10D string and the external 
gravity can also reverse back to the 11D membrane. 

3.1.2. The Particle Oscillation between 10D and 10D through 4D 
As described previously [8] [9] [10], the space-time dimension numbers oscillate 
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reversibly between 10D and 4D reversibly dimension by dimension without 
compactization. The oscillating space-time numbers from 10D to 4D relate to 
varying speed of light. Varying speed of light has been proposed to explain the 
horizon problem of cosmology [21] [22]. J. D. Barrow [23] proposes that the 
time dependent speed of light varies as some power of the expansion scale factor 
a in such way that 

( ) 0
nc t c a= ,                            (10) 

where c is the speed of light and n are constants. The increase of speed of light is 
continuous. 

In this paper, the speed of light is invariant in a constant space-time dimen-
sion number, and the speed of light varies with varying space-time dimension 
number from 4 to 10 as follows.    

D 4
D ,c c α −=                            (11) 

where c is the observed speed of light in the 4D space-time, cD is the quantized 
varying speed of light in space-time dimension number, D, from 4 to 10, and α is 
the fine structure constant for electromagnetism. The speed of light increases 
with the increasing space-time dimension number D. Since the speed of light 
for >4D particle is greater than the speed of light for 4D particle, the observation 
of >4D particles by 4D particles violates casualty. Thus, >4D particles are hidden 
particles with respect to 4D particles. Particles with different space-time dimen-
sions are transparent and oblivious to one another, and separate from one 
another if possible. 

As described previously [8] [9] [10], the particle oscillation between 10D and 
10D through 4D involves mass dimension (denoted as d) to represent the mass. 
In the initial condition for the oscillation, D + d = 14 where D and d are between 
4 and 10. For an example, a dimension has a dual spacetime-mass dimension 
numbers of 10D4d or 4D10d. The transformations for oscillating dimension 
number between 10D and 4D consist of the varying speed of light dimensional 
(VSLD) transformation for spacetime dimension D and the varying supersym-
metry dimensional (VSD) transformation for mass dimension d. For the VSLD 
transformation for D, E = M0c2 modified by Equation (12) is expressed as  

( )( )2 D 42 2
0 D 0 ,E M c M c α −= = ⋅                      (12) 

2
0,D,d 0,D ,d ,n

n nM M α− +=                         (13) 

2
vacuum,D 0,D ,E E M c= −                         (14) 

( ) ( )VSLD transformationD,d D , dn n→ ±                  (15) 

where cD is the quantized varying speed of light in space-time dimension num-
ber, D, from 4 to 10, c is the observed speed of light in the 4D space-time, α is 
the fine structure constant for electromagnetism, E is energy, M0 is rest mass, D 
is the space-time dimension number from 4 to 10, d is the mass dimension 
number from 4 to 10, n is an integer, and Evacuum = vacuum energy. From Equa-
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tion (12), 10D has the lowest rest mass, and 4D has the highest rest mass. Ac-
cording to the calculation from Equation (13), the rest mass of 4D is 1/α12 ≈ 
13712 times of the mass of 10D. From Equation (14), 10D has the highest vacuum 
energy, while 4D particle has zero vacuum energy. A particle with 10D is trans-
formed to a particle with 4D from Equation (15) through the VSLD transforma-
tion. Spacetime dimension number decreases with decreasing speed of light, de-
creasing vacuum energy, and increasing rest mass. The 4D and the 10D have ze-
ro and the highest vacuum energies, respectively. 

In the normal supersymmetry transformation, the repeated application of the 
fermion-boson supersymmetry transformation carries over a boson (or fermion) 
from one point to the same boson (or fermion) at another point at the same 
mass, resulting in translation without changing mass. Under the varying super-
symmetry dimensional (VSD) transformation, the repeated application of the 
fermion-boson supersymmetry transformation carries over a boson from one 
point to the boson at another point at different mass dimension number at dif-
ferent mass, resulting in translation and fractionalization or condensation. The 
repeated VSD transformation carries over a boson Bd into a fermion Fd and a 
fermion Fd to a boson Bd−1, which can be expressed as follows.  

d,F d,B d,B ,M M α=                           (16) 

d 1,B d,F d,F ,M M α− =                          (17) 

where Md,B and Md,F are the masses for a boson and a fermion, respectively, d is 
the mass dimension number, and αd,B or αd,F is the fine structure constant that is 
the ratio between the masses of a boson and its fermionic partner. where Md,B 
and Md,F are the masses for a boson and a fermion, respectively, d is the mass 
dimension number, and αd,B or αd,F is the fine structure constant that is the ratio 
between the masses of a boson and its fermionic partner. Assuming α’s are the 
same, it can be expressed as  

2
d,B d 1,B d 1M M α+ += .                       (18) 

The oscillating dimension number transformation between 10D4d and 10D4d 
through 4D4d involves both the VSLD transformation and the VSD transforma-
tion as the stepwise two-step transformation as follows. 

( ) ( ) ( )
( ) ( )

VSLD

VSD

stepwise two-step varying transformation

1    D,d D 1 , d 1

2   D,d D, d 1

←→ ±

←→ ±

               (19) 

The repetitive stepwise two-step dimension number oscillation between 10D4d 
and 10D4d through 4D4d as follows. 

10D4d 9D5d 9D4d 8D5d 8D4d 7D5d 7D4d 6D5d
6D4d 5D5d 5D4d 4D5d 4D4d 5D4d 5D5d 6D4d
6D5d 7D4d 7D5d 8D4d 8D5d 9D4d 9D5d 10D4d

→ → → → → → →
→ → → → → → → →
→ → → → → → → →

 (20) 

From Equation (18), the mass of 9D4d is α2 ≈ (1/137)2 times of the mass of 
9D5d through the varying supersymmetry transformation. The transformation 
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from a higher mass dimensional particle to the adjacent lower mass dimensional 
particle is the fractionalization of the higher dimensional particle to the many 
lower dimensional particles in such way that the number of lower dimensional 
particles becomes 

( )22
d 1 d d 137N N Nα− = ≈                       (21) 

The fractionalization also applies to D for 10D4d to 9D4d, so 
2

D 1 DN N α− =                            (22) 

Since the supersymmetry transformation involves translation, this stepwise va-
rying supersymmetry transformation leads to a translational fractionalization, 
resulting in the cosmic expansion. Afterward, the QVSL transformation trans-
forms 9D4d into 8D5d with a higher mass. The two-step transformation repeats 
until 4D4d, and then reverses stepwise back to 10D4d for the cosmic contraction. 
The oscillation between 10D and 4D results in the reversible cyclic fractionaliza-
tion-contraction for the reversible cyclic expansion-contraction of the universe 
which does not involve irreversible kinetic energy.  

3.2. The Space Structure 

In the space structure, attachment space that attaches matter to the space relates 
to rest mass, and detachment space that detaches matter from the space relates 
to kinetic energy. Attachment space is the space precursor of the transitional 
Higgs field, and detachment space is the space precursor of the transitional 
reverse Higgs field.   

3.2.1. The Higgs Mechanism  
In conventional physics, space does not couple with particles, and is the passive 
zero-energy ground state space. Under spontaneous symmetry breaking in 
conventional physics, the passive zero-energy ground state is converted into the 
active, permanent, and ubiquitous nonzero-energy Higgs field, which couples 
with massless particle to produce the transitional Higgs field-particle composite. 
Under spontaneous symmetry restoring, the transitional Higgs field-particle 
composite is converted into the massive particle with the longitudinal component 
on zero-energy ground state without the Higgs field as follows.  

[ ]

spontaneous symmetry breaking

massless particle

spontaneous symmetry restoring

zero-energy groud state space

nonzero-energy scalar Higgs field
the transitional nonzero-energy Higgs field-particle composite

→

→

massive particle with the longitudinal component
on zero-energy ground state space without the Higgs field
→

 (23) 

In conventional physics, the nonzero-energy scalar Higgs Field exists perma-
nently in the universe. The problem with such nonzero-energy field is the cos-
mological constant problem from the huge gravitational effect by the nonze-
ro-energy Higgs field in contrast to the observation [24].  
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Unlike passive space in conventional physics, attachment space actively 
couples to massless particle. Under spontaneous symmetry breaking, attachment 
space as the active zero-energy ground state space couples with massless particle 
to form momentarily the transitional non-zero energy Higgs field-particle com-
posite. The Higgs field is momentary and transitional, avoiding the cosmological 
constant problem. Under spontaneous symmetry restoring, the transitional 
nonzero-energy Higgs field-particle composite is converted into massive particle 
with the longitudinal component on zero-energy attachment space without the 
Higgs field as follows.  

[ ]

spontaneous symmetry breaking

spontaneous symmetry restoring

massless particle zero-energy attachment space
the transitional non-zeroenergy Higgs field-particle composite

massive particle with the lon

+ →

→ gitudinal component
on zero-energy attachment space without the Higgs field

(24) 

Detachment space is the space precursor of the reverse Higgs field. Unlike the 
conventional model, detachment space actively couples to massive particle. Un-
der spontaneous symmetry breaking, the coupling of massive particle to ze-
ro-energy detachment space produces the transitional nonzero-energy reverse 
Higgs field-particle composite which under spontaneous symmetry restoring 
produces massless particle on zero-energy detachment space without the longi-
tudinal component without the reverse Higgs field as follows. 

[ ]

spontaneous symmetry breaking

spontaneous symmetry restoring

massive particle zero-energy detachment space
the transitional nonzero-energy reverse Higgs field-particle composite

massless particle wit

+ →

→ hout the longitudinal component
on zero-energy detachment space without the reverse Higgs field

(25) 

For the electroweak interaction in the Standard model where the electromag-
netic interaction and the weak interaction are combined into one symmetry 
group, under spontaneous symmetry breaking, the coupling of the massless 
weak W, weak Z, and electromagnetic A (photon) bosons to zero-energy at-
tachment space produces the transitional nonzero-energy Higgs fields-bosons 
composites which under partial spontaneous symmetry restoring produce mas-
sive W and Z bosons on zero-energy attachment space with the longitudinal 
component without the Higgs field, massless A (photon), and massive Higgs 
boson as follows. 

[ ]

spontaneous symmetry breaking

massless WZ zero-energy WZ attachment space massless A

zero-energy A attachment space A
the transitional nonzero-energy WZ Higgs field WZ composite

nonzero-energy A Higgs field A comp

+ +

+ →

−

+ −[ ] partial spontaneous symmetry restoringosite
massive WZ with the longitudinal component on attachment space without
the Higgs field massless A the nonzero energy massive Higgs boson

→

+ +

(26) 

In terms of mathematical expression, the conventional permanent Higgs field 
model and the transitional Higgs field model are identical. The interpretations of 
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the mathematical expression are different for the permanent Higgs field model 
and the transitional Higgs field model. The transitional Higgs field model avoids 
the cosmological problem in the permanent Higgs field model.  

In the Higgs mechanism, gauge bosons are assumed to be massless originally. 
Elementary fermions (leptons and quarks) can be assumed to be massive origi-
nally. However, the observed neutrinos are nearly massless and left-handed only. 
The paper posits that the left handed became massless through the reverse Higgs 
mechanism. For the symmetrical massive left handed neutrinos and right-handed 
neutrinos under spontaneous symmetry breaking, the coupling of the massive left 
handed neutrinos and the massive right handed neutrinos to zero-energy detach-
ment space produces the transitional nonzero-energy reverse Higgs fields-neutrinos 
composites which under partial spontaneous symmetry restoring produce mass-
less left handed neutrinos on zero-energy detachment space without the longitu-
dinal component without the reverse Higgs field, massive right-handed neutri-
nos (dark matter), and the massive reverse Higgs boson as follows. 

[ ]

spontaneous symmetry breaking

massive zero energy detachment space massive

zero-energy detachment space
the transitional nonzero-energy reverse Higgs field composite

nonzero-energy reverse Hig

L L R

R

L L

R

ν ν ν

ν
ν ν

ν

+ +

+ →

−

+[ ]gs field compositeRν−

 

partial spontaneous symmetry restoring massless without the longitudinal
component on detachment space without the Higgs field

massive the nonzero energy massive reverse Higgs boson

L

R

ν

ν

→

+ +
     (27) 

As described in the previous paper [25], the reverse Higgs boson was observed 
as the two unusual steeply upward-going ultra-high-energy (UHE) cosmic ray 
events with energies of ≈0.6 EeV [26] and ≈0.56 EeV [27] in the Antarctic 
Impulsive Transient Antenna (ANITA) experiment [28]. These shower events 
have the characteristics of the decay of a tau lepton, which emerges from the 
surface of the ice, and the tau lepton is explained as the product of a UHE parent 
tau neutrino by the charged-current interactions with the Earth matter. However, 
such UHE tau neutrino cannot survive the passage through the Earth. The 
previous paper posits that the upward-going ANITA events are derived from the 
cosmic ray of the baryonic-dark matter reverse Higgs boson that travels through 
the Earth. The calculated value for the reverse Higgs boson is 0.47 EeV in good 
agreement with the observed 0.56 and 0.6 EeV. As shown in Section 3.3., dark 
matter (sterile neutrinos) is part of the periodic table of elementary particles for 
baryonic matter and dark matter.  

3.2.2. The Three Spaces 
The combination of n units of attachment space as 1 and n units of detachment 
space as 0 brings about three different spaces: binary partition space, miscible 
space, or binary lattice space as below.  

( ) ( ) ( ) ( ) ( ) ( )combination1 0 1 0 , 1 0 or 1 0

attachment space detachment space binary partition space, miscible space, binary lattice space
n n n n n n+ → +

(28) 
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Binary partition space, (1)n(0)n, consists of two separated continuous phases of 
multiple quantized units of attachment space and detachment space, and it is the 
space structure for wave-particle duality in quantum mechanics. In miscible 
space, (1 + 0)n, attachment space is miscible to detachment space, and there is no 
separation of attachment space and detachment space, and it is the space struc-
ture for miscible mass-energy in relativity. Binary lattice space, (1 0)n, consists of 
repetitive units of alternative attachment space and detachment space, and it is 
the space structure for virtual particles in quantum field theory.  

An object in binary partition space (1)n(0)n has both movement and rest at the 
same time, resulting in wave-particle duality for movement-rest duality in 
quantum mechanics. An object in binary partition space cannot be completely at 
movement (zero momentum) or completely at rest (zero distance), resulting in 
the uncertainty principle as follows.  

2x pσ σ ≥
                             (29) 

where x is position and p is momentum. The interference to binary partition 
space collapses binary partition space, resulting in miscible space as follows.  

 ( ) ( ) ( )collapse0 1 0 1

binary partition space miscible space
nn n → +

              (30) 

In miscible space, attachment space is miscible to detachment space, resulting 
in miscible mass and energy where attachment space for mass provides zero 
speed for rest mass m0, while detachment space for energy provides the speed of 
light for kinetic energy. The total energy is the combination of both as follows.  

2 2
0 0E K m c m cγ= + =                        (31) 

where ( )2 1 221 1 v cγ = −  is the Lorentz factor for time dilation, m0 is rest mass, 
E is the total energy, and K is the kinetic energy. Binary lattice space, (1 0)n is the 
space structure for virtual particles in quantum field theory which will be de-
scribed in the next section. 

3.3. The Cyclic Universes Model 

The seven steps in the cyclic universes model are 1) the formation of positive-mass 
and negative-mass dual 11D4d membrane-antimembrane universes from the 
zero-mass inter-universal void, 2) the transformation of the 11D4d mem-
brane-antimembrane dual universes to the 10D4d string-antistring dual universes 
and dual external dual gravities, 3) the transformation from the string-antistring 
dual universes to the particle-antiparticle dual universes, 4) the transformation 
of the positive-mass 10D4d universe into the positive-mass 4D universe, and the 
transformation of the other three universes into the hidden oscillating dimen-
sion number universes from 10D to 5D, 5) the transformation of all four un-
iverses into the 4D universes, 6) the positive-mass 4D universe and the three 
hidden oscillating dimension number from 5D to 10D, and 7) the return to the 
10D4d particle-antiparticle universes (the step 3) as in Figure 1 and Figure 2.   
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Figure 1. The cyclic universes model. 

 

 
Figure 2. The cyclic universes model. 
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1) the formation of the positive-negative-mass 11D4d membrane-antimembrane 
dual universes 

In the cyclic universes model, the universes start with the positive-mass 
11D4d membrane-antimembrane universe and the negative-mass 11D4d 
membrane-antimembrane universe derived from the zero-mass inter-universal 
void. The mass sum of the dual universes is zero. The zero-mass inter-universal 
void and the dual universe are reversible, so the dual universe can reverse back 
to the zero-mass inter-universal void. The inter-universal void contains only 
detachment space to prevent irreversible inter-universal collision, while the dual 
universes contain only attachment space without kinetic energy. These 11D dual 
universes are the universes with the oscillating spacetime dimension number, 
and start the process of oscillation between 11D and 11D through 10D and 
between 10D and 10D through 4D. 

2) the transformation of the 11D4d membrane-antimembrane dual universes 
to the 10D4d string-antistring dual universes and dual external gravities  

As described in Section 3.1.1., the transformation of the 11D membrane produces 
the 10D string and the external gravity. The results are the positive-mass 10D4d 
string-antistring universe, the positive-mass external gravity, the negative-mass 
10D4d string-antistring universe, and the negative-mass external gravity. These 
four universes are separate, and have equal energy. The 10D4d string-external 
gravity and the 11D4d membrane are reversible. 

3) the transformation from the string-antistring dual universes to the 
particle-antiparticle dual universes 

Since string exists only in 10D, so any further transformation of D to lower 
than 10 cannot be string. As a result, to transform lower than 10, string-antistring is 
converted into particle-antiparticle. The results are the positive-mass 10D4d 
particle-antiparticle universe, the positive-mass 10D4d external gravity, the neg-
ative-mass 10D4d particle-antiparticle universe, and the negative-mass 10D4d 
external gravity. Particle-antiparticle and string-antistring are reversible. 

4) the transformation of the positive-mass 10D4d particle-antiparticle un-
iverse into the positive-mass 4D universe, and the transformation of other three 
universes into the hidden oscillating dimension number universes from 10D to 
5D 

The positive-mass 10D particle-antiparticle universe is transformed into the 
positive-mass 4D universe to produce the 4D standard model particles. Under 
the oscillating spacetime dimension number, the negative-mass 10D par-
ticle-antiparticle, the positive-mass external gravity, and the negative-mass ex-
ternal gravity are transformed into the hidden oscillating dimension number 
universes from 10D to 5D.   

4a) the formation of the positive-mass 4D particle-antiparticle universe 
The formation of the positive-mass 4D particle-antiparticle universe includes 

the inflation and followed by the Big Bang. The inflation involves the VSLD 
transformation from 10D4d to 4D10d, because from Equation (13), the rest mass 
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M0 of 4D10d is ( )2 10 4 12
0,10 0,4 137M M α −= ≈  times of the rest mass of 10D4d, 

resulting in the inflation for the rapid expansion  
The Big Bang involves the entrance of detachment space from the 

inter-universal void to the positive-mass universe. Detachment space introduces 
massless particles and kinetic energy for the cosmic expansion, and forms the 
three spaces with attachment space. The Big Bang consists of the two steps. In 
the first step, all particles are converted into massless particles by detachment 
space for the reverse Higgs field as in Equation (25). The second step involves 
the partial conversion of massless particles into massive particles by attachment 
space for the Higgs field to produce massless particles, massive particles, and the 
Higgs boson as in Equations (26) and (27) for the standard model. The 
emergence of detachment space starts kinetic energy which causes the cosmic 
expansion as the Big Bang.  

( )
( )

( )

detachment space reverse Higgs fieldthe inflation

partial attachment space Higgs field

the inflation and the Big Bang detachment space partial attachment space

10D4d 4D10d massless particles

massiv

+

→ →

→ e particles,massless particles,Higgs boson

(32) 

4D10d particle was sliced into six different particles: 4D9d, 4D8d, 4D7d, 4D6d, 
4D5d, and 4D4d equally by mass. Baryonic matter is 4D4d, while dark matter 
consisted of the other five types of particles (4D9d, 4D8d, 4D7d, 4D6d, and 
4D5d) as follows. 

( ) ( )

cosmic inflation the slicing10D4d 4D10d
baryonic matter 4D4d dark matter 4D5d,4D6d,4D7d,4D8d,4D9d

→ →

+
  (33) 

As a result, the mass ratio of dark matter to baryonic matter is 5 to 1. At ob-
served 68.6% dark energy [15], the calculated values for baryonic matter and 
dark matter (with the 1:5 ratio) are 5.2% (=(100 - 68.6)/6) and 26 % (=5.2 × 5), 
respectively, in good agreement with observed 4.9% and 26.5%, respectively [15]. 

As described in Section 3.2.2., the space structure with both attachment space 
and detachment produces binary partition space (1)n(0)n for wave-particle dual-
ity in quantum mechanics, miscible space (1 + 0)n for miscible mass-energy in 
relativity, and binary lattice space (1 0)n for virtual particles in quantum field 
theory. Binary lattice space is derived from the slicing of mass dimensions by 
detachment space as described by Bounias and Krasnoholovets [29] who pro-
pose another explanation of the reduction of >4 D space-time into 4D 
space-time by slicing > 4D space-time into infinitely many 4D quantized units 
surrounding the 4D core particle. Such slicing of >4D space-time is like slicing 
3-space D object into 2-space D object in the way stated by Michel Bounias as 
follows: “You cannot put a pot into a sheet without changing the shape of the 
2-D sheet into a 3-D dimensional packet. Only a 2-D slice of the pot could be a 
part of sheet”. 4D10d particles emerge after the inflation. 10d mass dimension is 
sliced by detachment space into 9d, 8d, 7d, 6d, 5d, and 4d plus the binary lattice 
space (1 0)n for virtual particles in quantum field theory. For an example, the 
slicing of 10d particle into 4d particle is as follows.  
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( )
10

slicing
10 4 4 4 ,d

d 5
1 1 0 1

10d particle 4d core particle binary lattice space

n
=

→ ∑           (34) 

where 1 is attachment space, 0 is detachment space, 110 is 10d particle, 14 is 4d 
particle, d is the mass dimension number of the dimension to be sliced, n as the 
number of slices for each dimension, and (04 14)n is binary lattice space with re-
petitive units of alternative 4d attachment space and 4d detachment space. For 
4d particle starting from 10d particle, the mass dimension number of the dimen-
sion to be sliced is from d = 5 to d = 10. Each mass dimension is sliced into infi-
nite quantized units (n = ∞) of binary lattice space, (04 14)∞. For 4d particle, the 
4d core particle is surrounded by 6 types (from d = 5 to d = 10) of infinite quan-
tized units of binary lattice space. Such infinite quantized units of binary lattice 
space represent the infinite units (n = ∞) of separate virtual orbitals for virtual 
particles in a gauge force field, while the dimension to be sliced is “mass dimen-
sional orbital” (DO), representing a type of gauge force field. In addition to the 
six DO’s for gauge force fields from d = 5 to d = 10, the weak internal gravity 
appears as the seventh DO at d = 11. As a result, there are seven mass dimen-
sional orbitals as in Figure 3. 

The seven mass dimensions are arranged as F5 B5 F6 B6 F7 B7 F8 B8 F9 B9 F10 B10 
F11 B11, where Fd and Bd are mass dimensional fermion and mass dimensional 
boson, respectively. Under the varying supersymmetry dimensional (VSD) 
transformation, the mass of mass dimensional fermion and the mass of mass 
dimensional boson are related to each other with three simple formulas as the 
follows.  

d,B d,F dM M α=                          (35) 

d 1,F d,B d 1M M α+ +=                         (36) 

2
d 1,B d,B d 1M M α+ += ,                       (37) 

where d is the mass dimension number, F is fermion, and B is boson. Each di-
mension has its own αd, and all αd’s except α7 (αw) of the seventh dimension 
(weak interaction) are equal to α, the fine structure constant of electromagnet-
ism. 

As shown in the previous paper “Split Membrane 11D Spacetime = 1D Ele-
venth Dimension Interval Space + 6D Rishon Space + 3D Higgs Space + 1D 
Einstein Time: Cosmology” [10], quarks are derived from the split 11D mem-
brane. To represent quarks, the additional seven mass dimensions as the “aux-
iliary mass dimensions” (a’s) to represent quarks and unstable leptons in addi-
tion to the seven “principal mass dimensions” (d’s) to represent neutrino-electron 
and gauge bosons as in Figure 4.  

The Periodic Table of Elementary Particles 
The periodic table of elementary particles [25] [30] is based on the seven prin-

cipal mass dimensions (d’s) for stable baryonic matter leptons (electron and 
neutrinos), gauge bosons (all forces), gravity, and dark matter (five sterile dark  
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Figure 3. The seven mass dimensions as mass dimensional orbitals. 

 

 
Figure 4. The seven principal mass dimensions (solid lines) denoted by the principal 
mass dimension number d and the seven auxiliary mass dimensions (dash-dotted lines) 
denoted by the auxiliary mass dimension number a. 
 
matter neutrinos) and the seven auxiliary mass dimensions (a’s) for unstable 
leptons (muon and tau) and quarks (d, u, s, c, b, and t) as in Figure 4 and Table 
1. 

In the periodic table of elementary particles, the five dark matter particles are 
derived from Equation (33). Without electromagnetism at d = 5, dark matter 
does not have charge particle, and has to be neutrinos. Initially derived from 
Equation (33) and the symmetry between dark matter and baryonic matter, 
there were five dark matter massive right-handed neutrinos and one baryonic 
matter massive left-handed neutrino. Through the reverse Higgs mechanism as 
Equation (27), the left-handed neutrino becomes massless, while the right-handed 
neutrinos as sterile dark matter neutrinos remain massive. The reverse Higgs 
boson was observed [24]. 

As sterile neutrinos, dark matter does not react with baryonic matter possibly 
except baryonic neutrinos. A new observation of Excess Electronic Recoil Events 
in XENON1T indicates an excess over known backgrounds is observed below 7 
keV, rising towards lower energies and prominent between 2 - 3 keV which 
enables the most sensitive searches for solar axions, an enhanced neutrino mag-
netic moment using solar neutrinos, and bosonic dark matter [31]. This event 
can be the rare reaction between massive νDM and massless νBM to produce boson 
B5 at 3.7 keV (Table 2). 

DM BM 5massive massless boson B at 3.7 keVν ν+ →          (38) 

All neutrinos and electron as well as gauge bosons are in the principal mass 
dimensions. All quarks and unstable leptons are in the auxiliary mass dimen-
sions. The three generations of baryonic matter lepton-quark is the maximum 
generations allowed for the seven principal dimensions and the seven auxiliary 
dimensions.  
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Table 1. The periodic table of elementary particles for baryonic matter and dark matter. d 
= principal mass dimension number, a = auxiliary mass dimension number, DM = dark 
matter, BM = baryonic matter. 

d a = 0 a = 0 1 2 1 2 3 4 5 a = 0 

 
Stable Baryonic 
Matter Leptons 

Dark Matter 
Leptons 

Unstable 
Leptons 

Quarks Bosons 

5 νe νDM5        B5 = A electromagnetism 

6 e νDM6        
B6 = g* strong (basic 

gluon for quarks) 

7 νμ νDM7 μ7 τ7 d7/u7 s7 c7 b7 t7 
B7 = Z0 

L left-handed BM 
weak 

8 ντ νDM8 
μ8 

(absent) 
 

b8 
(absent) 

t8    
B8 = Z0 

R right-handed DM 
weak 

9 ν'τ (high-mass ντ ) νDM9        
B9 = dark matter repulsive 

force 

10          
B10 = particle-antiparticle 

asymmetry 

11 gravitino         B11 = gravity 

 
Table 2. The masses of the principal mass dimensions (gauge bosons).  

Bd Md GeV (calculated) Gauge boson Interaction 

B5 Meα 3.7 × 10−6 A = photon Electromagnetic 

B6 Me/α 7 × 10−2 (70.02 MeV) g* = basic gluon Strong 

B7 
2

Z B6 wM M α=  91.1876 (given) ZL weak (left) for baryonic matter 

B8 M7/α2 = MZ/α2 1.71 × 106 ZR weak (right) for dark matter 

B9 M8/α2 = MZ/α4 3.22 × 1010  dark matter repulsive force 

B10 M9/α2 = MZ/α6 6.04 × 1014  particle-antiparticle asymmetry 

B11 M10/α2 = MZ/α8 1.13 × 1019 G gravity 

 
Gauge Bosons 
In the periodic table of elementary particles, the given observed masses are the 

mass of electron for F6 and the mass of Z boson for B7. From Equations (35), (36) 
and (37), αw= α7 = α of week interaction = (MB6/MB7)1/2 = (MF6/α/MB7)1/2 = 
(Me/α/MZ)1/2 = 0.02771. Therefore, the masses of gauge bosons are as in Table 2.  

The lowest energy gauge boson (B5) at d = 5 is the Coulomb field for electro-
magnetism. The second gauge lowest boson (B6) at d = 6 is basic gluon (g* = 70 
MeV ≈ one half of pion) is the strong force as the nuclear force in the pion 
theory [32] where pions mediate the strong interaction at long enough distances 
(longer than the nucleon radius) or low enough energies. B6 is denoted as basic 
gluon, g*. At short enough distances (shorter than the nucleon radius) or high 
enough energies, gluons emerge to confine fractional charge quarks. Fractional 
charge quarks are confined by gluons in QCD (quantum chromodynamics). No 
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isolated fractional charge quark is allowed, and only collective integer charge 
quark composites are allowed. In general, collective fractional charges are con-
fined by the short-distance confinement force field where the sum of the collec-
tive fractional charges is integer [33]. As a result, fractional charges are confined 
and collective. The confinement force field includes gluons for collective frac-
tional charge quarks in hadrons and the magnetic flux quanta for collective frac-
tional charge quasiparticles in the fractional quantum Hall effect (FQHE) [34] 
[35] [36].  

The third lowest boson (B7) at d = 7 is ZL for the left-handed weak interaction 
among leptons and quarks. Spontaneous symmetry breaking produces massive 
weak bosons, massless photon and the Higgs boson as Equation (27). Massive 
weak bosons produce short-distance interaction. B8 at d = 8 is ZR for the 
right-handed weak interaction among dark matter neutrinos as dark matter 
neutrino oscillation. The symmetry between ZR and ZL provides the neutrino 
oscillation for both baryonic matter neutrinos [37] and dark matter neutrinos.  

B9 as the gauge boson represents dark matter repulsive force. The condensed 
baryonic gas at the critical surface density (derived from the acceleration 
constant a0 in MOND [13] [14]) induces the creation tensor for dark matter 
repulsive force to transform dark matter in the region into repulsive dark matter 
repulsing one another, corresponding to the Farnes’ repulsive dark matter. 
Before the emergence of dark matter repulsive force, dark matter in the CMB 
was not repulsive. 

B10 at d = 10 is for the gauge boson for particle-antiparticle asymmetry to 
provide the slight excess of particle in particle-antiparticle at the Big Bang, while 
B8 has particle-antiparticle symmetry. (B9 emerged long after the Big Bang.) As a 
result, the excess of particle is α4 (2.8 × 10−9) per particle-antiparticle (photon) 
for the ratio between B8 and B10. Since baryonic matter is 1/6 of dark matter and 
baryonic matter from Equation (33), the baryonic matter excess is 4.7 × 10−10 
which is in a good agreement with 6 × 10−10 for the ratio of the numbers between 
baryonic matter and photons in the Big Bang nucleosynthesis [38].  

B11 is for gravity. F11 (8.275 × 1016 GeV) relates to spin 3/2 gravitino, while B11 
(1.134 × 1019 GeV) relates to spin 2 graviton. In supersymmetry, gravitino and 
graviton mediate the supersymmetry between fermion and boson in space di-
mension and gravitation. There are 11 space dimensions in the 11 spacetime di-
mensional membrane. As a result, the supersymmetry involves 11 F11 + B11, 
which is equal to 1.225 × 1019 GeV in excellent agreement with the Planck mass 
(1.221 × 1019 GeV) derived from observed gravity as (ћc/G)1/2 where c is the 
speed of light, G is the gravitational constant, and ħ is the reduced Planck con-
stant. 

Leptons and Quarks 
The seven dimensional orbitals are the base for the periodic table of elemen-

tary particles [39] [40] to produce the standard model particles and the internal 
gravity. The periodic table of elementary particles calculates accurately the par-
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ticle masses of all leptons, quarks, gauge bosons, the Higgs boson, and the cos-
mic rays by using only five known constants: the number (seven) of the extra 
spatial dimensions in the eleven-dimensional membrane, the mass of electron, 
the masses of Z and W bosons, and the fine structure constant [39]. The calcu-
lated masses are in excellent agreements with the observed masses. For examples, 
the calculated masses of muon, top quark, pion, neutron, and the Higgs boson 
are 105.55 MeV, 175.4 GeV, 139.54 MeV, 939.43 MeV, and 126 GeV, respective-
ly, in excellent agreements with the observed 105.65 MeV, 172.4 GeV, 139.57 
MeV, 939.27 MeV, and 126 GeV, respectively. 

4b) the formation of the hidden oscillating dimension number universes from 
10D to 5D 

The negative-mass 10D particle-antiparticle, the positive-mass external gravi-
ty, and the negative-mass external gravity are transformed into the hidden oscil-
lating dimension number universes from 10D to 5D.  

10D4d 9D5d 9D4d 8D5d 8D4d 7D5d
7D4d 6D5d 6D4d 5D5d 5D4d

→ → → → →
→ → → → →

          (39) 

From Equation (19), under the VSLD transformation and the VSD transfor-
mation, the three universes expand through the increasing rest mass and the 
translation-fractionalization from 10D4d to 5D4d. To the positive-mass 4D un-
iverse, the three universes from 10D to 5D are hidden, because as mentioned in 
Section 3.1.2., particles with different space-time dimensions and different 
speeds of light are transparent and oblivious to one another to avoid the viola-
tion of causality due to differences in the speed of light. During this time, the 
positive-mass 4D universe expands normally.  

5) the transformation of all four universes into the 4D universes  
When all four universes become 4D, the three other universes become dark 

energy as a part of the positive-mass 4D universe. 

5D4d 4D5d 4D4d→ →                       (40) 

The result is the accelerating expansion. Since the other three universes have no 
detachment space to produce kinetic energy, dark energy is inert as the inert 
cosmological constant. As these three universes can take the form of a cosmo-
logical constant, the field equations are modified to 

( )4

1 8Λ
2

GR Rg g T T C
cµν µν µν µυ µυ µυ

+ −π
− + = + +             (41) 

where Rμν is the Ricci curvature tensor, R is the scalar curvature, gμν is the metric 
tensor, Λ is the cosmological constant, G is Newton’s gravitational constant, c is 
the speed of light in vacuum, Tµυ

+  is the positive stress-energy tensor for the 
positive-mass universe, Tµυ

−  is the positive-negative stress-energy tensor for 
negative-mass universe, negative-mass external gravity, and positive-mass ex-
ternal gravity, and Cμν is the creation tensor for negative-mass universe, nega-
tive-mass external gravity, and positive-mass external gravity. 

The ratio of the time periods for the transformations from D → D - 1 is pro-
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portional to ln of the total number of particles (Equation (22)) to be transformed 
from D → D - 1 for the exponential growth with time as in Table 3. 

The maximum dark energy is 75% for the three out of the four universes, 
when the spacetime numbers of all particles are 4. The observed % of dark ener-
gy is 68.6, and our universe is 13.8 billion-year old [15]. The period of the 5D → 
4D is (0.333) (13.8)/((0.333) (68.6/75) + 0.667) = 4.73 billion years, and dark 
energy as the 5D → 4D started in (4.73) (68.6/75) = 4.33 billon years ago that is 
in agreement with the observed value of 4.71 ± 0.98 billion years ago when dark 
energy started to accelerate the cosmic expansion [16].   

6) the positive-mass 4D universe and the three hidden oscillating dimension 
number universes from 5D to 9D  

The three oscillating universes from 5D to 10D again become the hidden un-
iverses.  

4D4d 5D4d 5D5d 6D4d 6D5d 7D4d 7D5d
8D4d 8D5d 9D4d 9D5d

→ → → → → →
→ → → →

      (42) 

They contract by the decreasing rest mass and the translation-condensation. The 
positive-mass 4D universe contracts through gravity. Through symmetry, all 
four universes contract synchronically and equally. 

7) the return to the 10D4d particle-antiparticle universes (step 3) 
Eventually, the oscillating universes return to the original 10D. The posi-

tive-mass 4D universe reaches the Big Crush to lose all detachment space to be-
come 4D10d, and followed by the deflation to transform into 10D4d. The four 
universes return to the step 3.  

the Big Crush the deflation

VSLD

In the positive-energy 4D universe

4D various d s particles 4D10d particles 10D4d particles
In the other three universes

9D5d particles 10D4d particles

+ → →

→

’
(43) 

From the step 3, the universes can undergo another cycle of the par-
ticle-antiparticle universes, or can reverse to the step 2 for the string-antistring 
dual universes, to the step 1 for the membrane-antimembrane dual universes, 
and ultimately, to the zero-mass inter-universal void. 

4. Protogalaxy and Galaxy Evolutions  

As mentioned in the previous section, with positive mass dark matter, the Navarro-  
 
Table 3. The Percentages of the periods in the oscillating dimension number universes. α 
is the fine structure constant for electromagnetism. 

 10D → 9D 9D → 8D 8D → 7D 7D → 6D 6D → 5D 5D → 4D 

ratio of total numbers of particles 1 α−2 α−4 α−6 α−8 α−10 

ratio of ln (total number of particles) 0 −2lnα −4lnα −6lnα −8lnα −10lnα 

ratio of periods in time ∼0 1 2 3 4 5 

percentages of periods in time ∼0 6.7 13.3 20 26.7 33.3 
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Frenk-White (NFW) profile [2] derived from standard N-body simulations has 
the high density dark matter at the core of galaxy, but the high density dark 
matter at the core of galaxy is not observed [3]. This is known as the core-cusp 
problem or the cuspy halo problem and is currently unsolved with positive mass 
dark matter [17]. 

Another unsolved problem is central supermassive black hole (SMBH) that is 
located in most massive galaxies. Its origin remains unclear because the greatest 
difficulty to any theory of SMBH formation has been the observation of very 
massive (M ≈ 109 M⊙) quasars with SMBH already in place by z ≈ 7, when the 
universe is just ≈ 800 Myr old long before any stars could grow big or old 
enough to collapse under their own mass, explode in a supernova and form a 
black hole [41]. Considerable observational and theoretical evidence shows the 
viability of massive black hole seeds, formed by the collapse of supermassive 
stars (SMSs) as a progenitor model for such early, massive accreting black holes 
[42]. However, it is unclear how such a large SMS remained stable enough 
without first forming many large stars. 

A new unsolved problem is the recent discovery of a cold, massive, rotating 
disk galaxy (the Wolfe Disk) 1.5 billion years after the Big Bang [43]. Massive 
disk galaxies like the Milky Way are expected to form at late times in traditional 
models of galaxy formation [44]. Recent numerical simulations suggest that such 
galaxies with billion solar masses could form as early as a billion years after the 
Big Bang through the accretion and merger of cold material [45], but it is not 
clear how to assemble such a large gas mass while maintaining a relatively stable, 
rotating disk without breaking into many small galaxies. The Wolfe Disk’s large 
rotational velocity and large content of cold gas remain challenging to reproduce 
with most numerical simulations. 

In this paper, dark matter with and without repulsive force provides an an-
swer to all three unsolved problems, and explains protogalaxy evolution and ga-
laxy evolution. This paper proposes that the condensed baryonic gas at the criti-
cal surface density induces the creation tensor for dark matter repulsive force to 
transform dark matter in the region into repulsive dark matter repulsing one 
another. Repulsive dark matter removes the DM (dark matter) core-cusp, and 
provides stabilities for SMS and large protogalaxy before the formation of a large 
galaxy. Without repulsive dark matter, the universe would have been filled with 
“train wrecks” without large galaxy structures. 

4.1. Protogalaxy Evolution  

Protogalaxy evolution consists of six steps: 1) Small Core-Cusp Protogalaxy 
(BM-DM core cusp-halo), 2) Large Core-Cusp Protogalaxy (BM-DM core 
cusp-halo), 3) Streaming Protogalaxy (streaming BM core-static BM shell-DM 
halo), 4) SMBH Protogalaxy (central SMBH-streaming BM core-static BM 
shell-DM halo). 5) Bulge Protogalaxy (central SMBH-bulge-streaming BM 
core-static BM shell-DM halo), and 6. Protogalaxy Termination (central 
SMBH-bulge-combined BM shell-DM halo) as Figure 5. 

https://doi.org/10.4236/jmp.2020.117069


D.-Y. Chung 
 

 

DOI: 10.4236/jmp.2020.117069 1114 Journal of Modern Physics 
 

 
Figure 5. Protogalaxy Evolution: 1) small core-cusp protogalaxy (BM-DM core cusp-halo), 2) 
large core-cusp protogalaxy (BM-DM core cusp-halo), 3) streaming protogalaxy (streaming 
BM core-static BM shell-DM halo), 4) SMBH protogalaxy (central SMBH-streaming BM 
core-static BM shell-DM halo). 5) bulge protogalaxy (central SMBH-bulge-streaming BM 
core-static BM shell-DM halo), and 6) protogalaxy termination (central SMBH-bulge- 
combined BM shell-DM halo). 
 

1) The Small Core-Cusp Protogalaxy Step 
Quantum fluctuations in the matter distribution were created in the first 

fraction of a second during an inflationary period. Gravitational instability grew 
these fluctuations over time. Baryonic matter and dark matter without dark 
matter repulsive force were initially well mixed. Dark halos emerged as 
gravitationally bound regions of matter that have decoupled from the cosmic 
expansion and collapsed. Dark matter haloes were formed as in N-body 
collisionless dark matter simulations. They followed the NFW profile where the 
highest density is at the center as the core cusp [2]. Baryonic matter was dragged 
along by the gravitationally dominant dark matter with the highest density at the 
center, resulting in small BM-DM core-cusp-halo.  

2) The Large Core-Cusp Protogalaxy Step 
Dark matter halo structure formation is bottom-up merge with small dark 

matter haloes forming first. The baryonic gas content can contract together with 
the dark matter only in dark halos above the cosmological Jeans mass, MJ ≈ 104 
M⊙[(1 + z)/11]3/2, in which the gravity of dark matter can overwhelm thermal 
gas pressure [46]. At z ~ 1100 (400 thousand years old), the temperature drops 
below ~ 3000K and protons and electrons recombine to form neutral hydrogen. 
The photons then decouple and travel freely until the present, when they are 
observed as the CMB (cosmic microwave background) [47] [48]. Following 
recombination and cooling through the emission of radiation, the neutral gas 
was freed to fall into the gravitational potential wells of the dark matter, and to 
condense into the BM core. Unable to dissipate radiation and condense, dark 
matter stayed outside the BM core to form the DM core cusp-halo, resulting in 
the large core-cusp protogalaxy consisting of large BM-DM core cusp-halo [49].  

3) The Streaming Protogalaxy Step  
The condensed baryonic gas at the critical surface density (derived from the 

acceleration constant a0 in MOND [13] [14]) induces the creation tensor for 
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dark matter repulsive force to transform dark matter in the region into repulsive 
dark matter repulsing one another, corresponding to the Farnes’ repulsive dark 
matter. Dark matter repulsive force in the periodic table of elementary particles 
for baryonic matter and dark matter (Table 1) is a force like the other forces, 
such as the strong, the weak, electromagnetic, and gravitational forces. The 
repulsive dark matter particles with dark matter repulsive force in the DM core 
cusp stream outward to leave a low density dark matter core and to form a halo 
that surrounds the positive mass galaxy and which extends out to several galactic 
radii as in the Farnes’ unifying theory for repulsive dark matter. The result is the 
protogalaxy collapse which is like the collapse of a balloon as the air (as dark 
matter) moving out the balloon. The monolithic protogalaxy collapse forced 
baryons in the halo region to stream inward to fill the low density core. The 
result was the streaming protogalaxy with the streaming BM core-static BM 
shell-DM halo. In some cases, the ejected streaming dark matter jet inevitably 
carried some baryonic matter out of the protogalaxy. The baryonic matter in the 
ejected dark matter jet resulted eventually in the dwarf galaxies which are 
observed as satellite galaxies arranged on a plane as observed by Ibata et al. [50]. 

4) The SMBH Protogalaxy Step 
Primordial halos expose to highly supersonic baryon streaming motions [51] 

[52] which can prevent protogalaxies from forming stars, so the streaming 
protogalaxies remained stable until they reach masses of 107 - 108 M⊙ that 
trigger rapid atomic cooling and catastrophic baryon collapse to start forming 
SMSs at central infall rates of up to ≈1 M⊙ yr−1 in the atomically cooled 
protogalaxies [53] [54]. The collapse of the SMS at a few 105 M⊙ undergoes 
direct collapse black hole (DCBH) without supernova to produce the central 
SMBH [55] [56] [57]. The DCBH era lasts from z ≈ 20 to z ≈ 13, or a time period 
T ≈ 150 Myr. The whole DCBH process stops, when the gas in the atomically 
cooled halos is photoevaporated by the ambient radiation field [58]. According 
to the mathematical model of the growth of DCBH in the early universe by Basu 
and Das [59], the mass growth function of DCBH gains an exponentially large 
amount of mass in a relatively short amount of time. The rapid growth is capped 
by the Eddington limit, and for a brief period of time exceeds the Eddington 
limit before the termination of the DCBH growth. The protogalaxy collapse 
prevented the fragmentation of baryons during the formation of the SMS as all 
fragments merged in the core. The result was the SMBH protogalaxy with the 
SMBH-streaming BM core-static BM shell-DM halo. 

5) The Bulge Protogalaxy Step 
The incoming streaming baryons during the protogalaxy collapse accelerated 

the growth of the SMBH. Eventually, the radiation from the SMBH reduced 
greatly the streaming motion of the incoming streaming baryons, and the SMBH 
was decoupled from the streaming BM core as described by Joseph Silk, Martin 
Rees, and Andrew King [60] [61]. Without strong streaming, baryons were 
fragmented to form normal stars, resulting in the bulge in the streaming BM 
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core. The result was the bulge protogalaxy with the SMBH-bulge-streaming BM 
core-static BM shell-DM halo. Since the SMBH and the bulge were formed in the 
streaming BH core, the mass of the SMBH and the mass of bulge are correlated 
as found in the studies [62] [63].  

6) The Protogalaxy Termination Step 
Eventually, without streaming, the streaming BM core and the static BM shell 

were combined into the combined region, resulting in the SMBH-bulge-combined 
BM shell (streaming BM core + the static BM shell)-DM halo. The protogalaxy 
termination means the end of the protogalaxy collapse. The protogalaxy 
termination step started galaxy evolution when the star formation in the 
combined region in a large galaxy became active. 

4.2. Galaxy Evolution 

Elliptical galaxies are mildly flattened, and are mainly supported by the random 
motions of their stars. Spiral galaxies, on the other hand, have highly flattened 
disks that are mainly supported by rotation of their stars. Most elliptical and 
spiral galaxies have both with the ellipsoidal component called the bulge. 
Irregular galaxies do not have definite shape and the bulge. In this paper, the 
morphology of galaxies is derived from the monolithic heterogeneous protogalaxy 
collapse which produced both SMBH and galaxies. Essentially as described in 
this section, the protogalaxies with the small DM core cusp produced elliptical 
galaxies, the protogalaxies with the large DM core cusp produced spiral galaxies, 
and the protogalaxies with the very large DM core cusp produced irregular 
galaxies. 

1) The Formation of Elliptical Galaxy 
The progenitor of elliptical galaxy is the protogalaxy with small DM core cusp 

and large BM shell. The ejection of dark matter from a small DM core cusp re-
sulted in a small empty core which was filled by the streaming baryons to form a 
small streaming BM core surrounded by a large static BM shell. In terms of star 
formation, the normal star formation took place only in the large BM shell, while 
the SMS and DCBH formation took place only in the small streaming BM core. 
The large amount of baryon gas was depleted by the star formation in the large 
static BM shell. The stars are in random orbits around the center. The protoga-
laxy collapse caused the slight flattering of the protogalaxy into elliptical shape 
whose lengths of major axes are proportional to the relative sizes of the DM core 
cusp. The early large consumption of gas by the star formation in the large static 
BM shell depleted large amount of baryon gas, so elliptical galaxies now have 
very few young stars.  

During the early universe, large protogalaxies accreted the surrounding small 
and medium protogalaxies, and turned them into metal-poor globular clusters 
without external dark matter haloes [64] in galactic halos. (Some of the accreted 
protogalaxies had their own accreted protogalaxies.) As a result, the stars in 
globular clusters in general are older than the stars in the host large galaxies. 
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2) The Formation of Spiral Galaxy and Barred Spiral Galaxy 
The progenitor of spiral galaxy is the protogalaxy with large DM core cusp 

and small BM shell. The ejection of dark matter from a large DM core cusp re-
sulted in a large empty core which was filled by the streaming baryons to form a 
large streaming BM core surrounded by a small static BM shell. During the pro-
togalaxy collapse, the streaming baryons initially formed a dense cloud at the 
center of the streaming BM core. The infalling streaming baryons toward the 
dense cloud at the center produced the rotational baryon cloud due to the con-
servation of angular momentum, similar to the rotational cloud during the col-
lapse of the cloud. Eventually, the whole streaming BM core and then the whole 
protogalaxy became rotational. (In the progenitor of elliptical galaxy, the 
streaming BM core was too small to rotate the whole protogalaxy.) The stars or-
bit around the center. 

After the termination of protogalaxy collapse, the collapsed protogalaxy 
consisted of central SMBH-bulge-combined BM shell-DM halo. After the end of 
the protogalaxy, the protogalaxy underwent differential rotation with the 
increasing angular speeds toward the center. After few rotations, the protogalaxy 
turned into the spiral structure consisting of the center disk with the pre-existed 
bulge-SMBH at the center and the attached spiral arms. The arms consisted of 
the low density gas regions and the high density gas regions. The high density 
gas regions hindered the rotational movement of the low baryon gas, so the low 
baryon gas formed the large high density regions behind the high density gas 
regions. After few rotations, all large high density regions coalescent into few 
major arms at the minimum rotational velocities as the high density waves 
described in the density wave theory by C. C. Lin and Frank Shu [65] [66]. The 
arms in spiral galaxy are the high density waves. Near the center of a spiral 
galaxy, the high density wave forms the bar for barred spiral galaxy [67]. The 
evolution of spiral and barred spiral galaxies is shown in Figure 6.  

Without the early large depletion of baryon gas in the small BM shell and with 
the radiation from SMBH and stars to retard the star formation rate, spiral galaxies  
 

 
Figure 6. The formations of spiral galaxy and barred spiral galaxy. 
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and barred spiral galaxies now have many young stars and large amounts of 
interstellar gas. The stars form in the spiral arms much later than in the bulge 
and the bar, so they are many young stars in the spiral arms. The lengths of the 
spiral arms are proportional to the relative sizes of the DM core cusp as the 
lengths of major axes proportional to the relative sizes of the DM core cusp in 
elliptical galaxies.  

3) The Formation of Irregular Galaxy 
If the size of the DM core cusp was very large, the streaming dark matter in 

the DM core cusp streamed outward, and not enough baryonic matter particles from 
the BM-DM halo streamed inward to form SMS. Eventually, the protogalaxy 
became fragmented, resulting in irregular galaxy. 

5. Summary and Conclusion 

In summary, this paper modifies the Farnes’ unifying theory of dark energy and 
dark matter which are negative-mass to be created continuously from the 
negative-mass universe in the positive-negative mass universe pair. The first 
modification explains that observed dark energy is 68.6% greater than 50% for 
the symmetrical positive-negative mass universe pair. This paper starts with the 
proposed positive-negative-mass 11D universe pair (without kinetic energy) 
which is transformed into the positive-negative mass 10D universe pair and the 
external dual gravities as in the Randall-Sundrum model, resulting in the four 
equal and separate universes consisting of the positive-mass 10D universe, the 
positive-mass massive external gravity, the negative-mass 10D universe, and the 
negative-mass massive external gravity. The positive-mass 10D universe is 
transformed into 4D universe (home universe) with kinetic energy through the 
inflation and the Big Bang to create positive-mass dark matter which is five 
times of positive-mass baryonic matter. The other three universes without 
kinetic energy oscillate between 10D and 10D through 4D, resulting in the 
hidden universes when D > 4 and dark energy when D = 4, which is created 
continuously to our 4D home universe with the maximum dark energy = 3/4 = 
75%. In the second modification to explain dark matter in the CMB, dark matter 
initially is not repulsive. The condensed baryonic gas at the critical surface 
density induces dark matter repulsive force to transform dark matter in the 
region into repulsive dark matter repulsing one another, corresponding to the 
Farnes’ repulsive dark matter. In this way, a galaxy actually started with a dark 
matter core-cusp without repulsive dark matter. The removal of the core cusp by 
repulsive dark matter afterward solves many difficult problems in protogalaxy 
and galaxy evolutions. 

Protogalaxy evolution consists of six steps: 1) small core-cusp protogalaxy 
(BM-DM core cusp-halo), 2) large core-cusp protogalaxy (BM-DM core cusp-halo), 
3) streaming protogalaxy (streaming BM core-static BM shell-DM halo), 4) 
SMBH protogalaxy (central SMBH-streaming BM core-static BM shell-DM 
halo), 5) bulge protogalaxy (central SMBH-bulge-streaming BM core-static BM 
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shell-DM halo), and 6) protogalaxy termination (central SMBH-bulge-combined 
BM shell-DM halo) as Figure 5. In the first two steps, dark matter did not have 
repulsive force, so photogalaxies were small and large protogalaxies with 
BM-DM core-cusp-halo. In the step 3, the condensed baryonic gas at the critical 
surface density induces the creation tensor for dark matter repulsive force to 
transform dark matter in the region into repulsive dark matter repulsing one 
another. Through dark matter repulsive force, repulsive dark matter in the 
core-cusp was ejected from the core, resulting in the protogalaxy collapse which 
forced baryons in the BM halo to stream inward to fill the nearly empty core to 
form the streaming BM core. Initially, the density in the streaming BM core was 
too low to form star. Later, the motions of the streaming baryons prevented 
forming star until the streaming BM core reached the critical mass of 107 - 108 
M⊙ that triggered rapid atomic cooling and catastrophic baryon collapse, 
resulting in the supermassive star (SMS) formation in the atomically-cooled 
streaming BM core. The collapse of the SMS at a few 105 M⊙ produced the 
DCBH for the central SMBH. The bulge was generated in the streaming BM core 
surrounding the SMBH afterward. During and after the protogalaxy collapse, the 
star formations produced different types of galaxies (elliptical, spiral, barred 
spiral, and irregular). Essentially, the protogalaxies with the small DM core 
produced elliptical galaxies, the protogalaxies with the large DM core produced 
spiral-barred spiral galaxies, and the protogalaxies with the very large DM core 
produced irregular galaxies. 

According to the theoretical calculation, the calculated percentages of dark 
energy, dark matter, and baryonic matter are 68.6 (as an input from the 
observation), 26, and 5.2, respectively, in agreement with observed 68.6, 26.5, 
and 4.9, respectively, and dark energy started in 4.33 billion years ago in 
agreement with the observed 4.71 ± 0.98 billion years ago. In conclusion, the 
modified Farnes’ unifying theory reinterprets the Farnes’ equations, and is a 
unifying theory of dark energy, dark matter, and baryonic matter in the 
positive-negative mass universe pair. The unifying theory explains protogalaxy 
and galaxy evolutions in agreement with the observations.   
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