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Abstract: The properties of the dark matters, dark energy, graviton and photon are discussed in 7 
terms of the new three-dimensional quantized space model. Three new particles (bastons) with the 8 
electric charges (EC) are proposed as the dark matters. The decreasing coupling constant of the 9 
strong force and neutron lifetime anomaly are explained by the unobservable proton and 10 
hadronization. And the rest mass of 1.4 TeV/c2 is assigned to the Le particle with the EC charge of 11 
−2e. The proposed rest mass (26.12 eV/c2) of the B1 dark matter is indirectly confirmed from the 12 
supernova 1987A data. It is proposed that the EC, LC and CC charges are aligned along the time 13 
axes but not along the space axes. The photon is confined on its corresponding three-dimensional 14 
quantized space. However, the graviton can be evaporated into other three-dimensional quantized 15 
spaces. The rest mass and force range of the massive g(0,0,0) graviton with the Planck size are mg = 16 
3.1872·10−31 eV/c2 and xr = 3.0955·1023 m = 10.0 Mpc, respectively, based on the experimental rest mass 17 
and rms charge radius of the proton. The possible diameter (10 Mpc) of the largest galaxy cluster is 18 
remarkably consistent with the gravitational force range (10 Mpc). Then, the diameter of the largest 19 
dark matter distribution related to the largest galaxy cluster is 9.2865·1023 m = 30 Mpc equal to the 20 
force range of the massive g(0) graviton with the rest mass of 1.0624·10−31 eV/c2. The reason why the 21 
gravitational force between normal matters is very weak when compared with other forces is 22 
explained by the graviton evaporation and photon confinement. Because of the huge number (N) of 23 
the evaporated gravitons into the x1x2x3 space, it is concluded that the gravitational force between 24 
dark matters should be much stronger than the gravitational force between the normal matters and 25 
the repulsive electromagnetic force between dark matters. The proposed weak gravitational force 26 
between the dark matters and normal matters explains the observed dark matter distributions of 27 
the bullet cluster, Abell 1689 cluster and Abell 520 cluster. The transition from the galaxy without 28 
the dark matters to the galaxy with the dark matters are explained. Also, the accelerated space 29 
expansion is caused by the new space quanta created by the evaporated gravitons into the x1x2x3 30 
space and repulsive electromagnetic force between dark matters corresponding to the dark energy. 31 
And the space evolution can be described by using these graviton evaporation and repulsive 32 
electromagnetic force, too.  33 

Keywords: Fermionic dark matters; Neutron life-time anomaly; Massive graviton; Hadronization; 34 
Dark energy; Galaxy structure; Three-dimensional quantized space model. 35 

1. Introduction 36 
There are several unsolved questions in the particle physics and astrophysics. For example, the 37 

dark matters and dark energy are among those unsolved questions. Also, whether the graviton has 38 
the rest mass or not and why the gravitational force is very weak compared with other forces are, 39 
also, the important questions which need to be solved. There are several extended standard models 40 
which include the new particles like the SUSY particles, techniquarks, leptoquarks, Z-prime boson, 41 
W-prime boson, heavy quarks (T, B, X and Y), sterile , neutralinos, X- and Y- bosons, WIMPS, axions 42 
and preons. However, the experimental evidences for these new particles are still needed for the 43 
further researches. Recently, the possible answers for the origins of the dark matters and high energy 44 
cosmic rays were proposed in terms of the three-dimensional quantized space model with the new 45 
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elementary fermions as shown in Table 1 [1,2]. And, in the present work, the properties of the dark 46 
matter, dark energy, massive graviton and photon are discussed in terms of the new three-47 
dimensional quantized space model. And the space evolution is described by using the graviton 48 
evaporation, too. In the three-dimensional quantized space model, three generations of leptons and 49 
quarks correspond to the lepton charges (LC) in Table 1.  50 

Table 1. Elementary fermions in the three-dimensional quantized space model [1]. The bastons (dark 51 
matters) interact gravitationally but not electromagnetically with the electrons and protons because 52 
the bastons do not have the lepton (LC) and color (CC) charges. See Figs. 1 and 3. 53 

 54 
Then, the leptons have the electric charges (EC) and lepton charges (LC). The quarks have the 55 

EC, LC and color charges (CC). Three heavy leptons and three heavy quarks are introduced to make 56 
the missing third flavor of EC. Then the three new particles which have the electric charges (EC) are 57 
proposed as the bastons (dark matters). The three dark matters (B1, B2, B3), three heavy leptons (Le, 58 
Lμ, Lτ) and three heavy quarks (Q1, Q2, Q3) are introduced [1,2]. The EC, LC and CC charges are 59 
aligned along the time axes as shown in Fig. 1. Then, each quantized charge is associated with the 60 
corresponding space axis as shown in Table1 and Fig. 1. The EC, LC and CC charges can be added 61 
and subtracted like the scalars on the three-dimensional quantized spaces. From this definition of the 62 
charges, the EC, LC and CC charges should be conserved in the particle decay and reaction processes. 63 
It is called as the EC, LC and CC charge conservations [1]. See the uploaded pdf files of the talks given at 64 
2018 APS April meeting and Pheno 2018 conference for more details of the new physical concepts to be 65 
explained in this paper. 66 

 67 
                 Figure 1. EC, LC and CC charges are aligned along the time axis. 68 

Bastons (EC) Leptons(EC,LC) Quarks(EC,LC,CC)
EC EC EC

X1 -2/3 B1 0 νe νμ ντ 2/3 u c t
X2 -5/3 B2 -1 e μ τ -1/3 d s b
X3 -8/3 B3 -2 Le Lμ Lτ -4/3 Q1 Q2 Q3

Total -5 -3 -1
LC LC

X4 -2/3 νe e Le 0 u d Q1
X5 -5/3 νμ μ Lμ -1 c s Q2
X6 -8/3 ντ τ Lτ -2 t b Q3

Total -5 -3
CC

X7 -2/3(r)
X8 -5/3(g)
X9 -8/3(b)

Total -5

Each flavor (charge) 
corresponds to each 
dimensional axis.

Dark matters

Baryon: CC = -5 (3 quarks)
Meson: CC = 0 (quark - anti quark)
Paryon: LC = -5 (3 leptons)
Koron: LC = 0 (lepton - anti lepton)
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And the gravitational force between the dark matters should be stronger than the 69 
electromagnetic force between the dark matters as shown in Figs. 2, 3, and 4. And the electromagnetic 70 
force between the dark matters is much weaker than the electromagnetic force between the matters 71 
in Figs. 2. 3 and 4. The gravitational lensing measurements of the bullet cluster, Abell 1689 cluster 72 
and Abell 520 cluster are the direct evidence of the weak gravitational force between the dark matters 73 
and normal matters in Fig. 2. And, the bastons are described as (EC). These new particles have the  74 

 75 
          (a)                                                 (b) 76 

Figure. 2. (a) The dark matters and normal matters are compared. (b) The repulsive electromagnetic force of 77 
Fc(dd) between the dark matters causes the x1x2x3 space expansion. The gravitional force for the dark matters 78 
has the force range (x(dd)) of 30 Mpc as explained in sections 2 and 3. See Fig. 3. 79 

properties of the dark matters. These new particles interact gravitationally but not 80 
electromagnetically with the electrons, protons and quarks because the bastons do not have the 81 
lepton (LC) and color (CC) charges in Fig. 4 and Table 1. And the bastons should have the long half-82 
lives because of the lack of the decay channels as shown in Table 1. Then, the bastons are considered 83 
as the dark matters in Fig. 4. The dark matters and normal matters are compared in Fig. 4. The x1x2x3 84 
space is the space where we live. Therefore, the bastons are dark matters and the quarks are the 85 
unobservable particles which are confined on the x4x5x6 space. This explains the reason why each 86 
quark is not observed experimentally to us on the x1x2x3 space. 87 

 88 
Figure. 3. The galaxy without the dark matters and the galaxy with the dark matters are 89 

explained. See Fig. 2. See sections 2 and 3. 90 
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Also, the leptons interact gravitationally but not electromagnetically with the quarks because 91 
the leptons do not have the color (CC) charges. The leptons can interact electromagnetically with the 92 
hadrons like protons because the hadrons of the mesons and baryons have the color charges of 0 and 93 
-5, respectively [1,2]. It is because the mesons have the zero CC charge state and the baryons have the 94 
complete three-dimensional CC charge state of CC = -5 separated from the one-dimensional EC and 95 
LC charge states in Fig. 4. Therefore the charge configurations of the baryons and mesons can be 96 
assigned as (EC,LC) the same as the charge configurations of the leptons in Fig. 4. It is called as the  97 

     98 
                   (a)                                   (b)      99 

Figure 4. (a) Photon confinement and (b) graviton evaporation. The graviton evaporation explains 100 
why the gravitational force (Fg(mm)) between matters is very weak when compared with the 101 
electromagnetic force (Fc(mm) between matters. Between the dark matters the gravitational force is 102 
stronger than the electromagnetic force. 103 

Table 2. Energies of the previously known particles are shown as the function of the possible sizes (radius, x 104 
(m)) of the particles from the equations of E = 8.1365 1038 x2 for the leptons (νe,νμ,ντ, e, μ, τ) and E = 12.2047 105 
1038 x2 for the quarks, baryons and mesons based on the measured size and energy of the proton [5].   106 

hadronization (leptonization) with the quark confinement in terms of the charge configuration [1]. 107 
Then the hadrons of the baryons and mesons can be observed experimentally to us on the x1x2x3 108 
space by the electromagnetic interactions with the leptons through the γ(0,0) photons in Fig. 4. And 109 
the decreasing coupling constant of the strong force and neutron lifetime anomaly are explained by 110 
the unobservable proton and hadronization in section 5. The rest mass of 1.4 TeV/c2 is assigned to the 111 

x(m) E(eV) particles 
8.768(69)10-16 938.27 106 p 

1.229 10-22 (10-4) νe,νμ,ντ 
2.506 10-17 0.511 106 e 
3.604 10-16 105.7 106 μ 

1.478 10-15 1.777 109 τ 

4.434 10-17 2.4 106 u 
6.271 10-17 4.8 106 d 
2.919 10-16 104 106 s 
1.020 10-15 1.27 109 c 
1.855 10-15 4.2 109 b 
1.184 10-14 171.2 109 t 

1.616 10-35 (Planck length) 3.1872 10-31 graviton, g(0,0,0) 
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Le particle with the EC charge of -2e in section 6. The proposed rest mass (26.12 eV/c2) of the B1 dark 112 
matter is indirectly confirmed from the supernova 1987A data in section 7. 113 

The photons and gravitons are defined to have the zero charges of EC, LC and CC in three-114 
dimensional quantized space model. The difference between the graviton and photon is that the 115 
graviton and the photon build the three-dimensional quantized space wave without the charge 116 
dependence and the electromagnetic wave with the charge dependence, respectively. This means that 117 
the g(0), g(0,0) and g(0,0,0) gravitons in Fig. 3 are changed to each other, and can be spread out and 118 
evaporated to other three-dimensional quantized spaces. It is defined as the graviton evaporation in 119 
the present work in Fig. 4. And because the photon forms the electromagnetic wave with the charge 120 
dependence, the γ(0), γ(0,0) and γ(0,0,0) photons in Fig. 4 are confined within their corresponding 121 
three-dimensional quantized spaces of the x1x2x3, x4x5x6 and x7x8x9 spaces, respectively.  It is 122 
defined as the photon confinement in Fig. 4. The dark matter force through the Z/W/Y(EC) bosons, 123 
the weak force through the Z/W/Y(EC,LC) bosons and the strong force through the 124 
Z/W/Y(EC,LC,CC) bosons are confined into the x1x2x3, x4x5x6 and x7x8x9 spaces, respectively, 125 
because of the charge dependence [1]. This is the reason why the gravitational force between the 126 
matters is so weak when compared with other forces in Fig. 4. This explains that the dark matters of 127 
bastons interact with the matters by the gravitational force but not by the electromagnetic force in 128 
Fig. 4.   129 

The rest mass of the graviton has been proposed to be < 6 10-34 eV and ~10-32 eV [3] based on the 130 
possible size (x = 3 1026 m) of the observable universe and the gravitational Compton wavelength (x 131 
= h/(mgc)). However, there is no direct experimental evidence of the massive graviton. In the present 132 
work, the rest mass and force range of the massive graviton with the Planck size are taken as 133 
mg=3.1872 10-31 eV/c2 and xr = 3.0955 1023 m = 10.0 Mpc, respectively, based on the experimental rest 134 
mass and rms charge radius of the proton in Table 2 [4,5]. The possible diameter (10 Mpc) of the 135 
largest galaxy cluster supports the massive graviton with the Planck size and the gravitational force 136 
range (10 Mpc). The proposed graviton force range of 10 Mpc is remarkably consistent with the 137 
proposed size (diameter = 10 Mpc) of the largest galaxy cluster which is the largest gravitational 138 
structure. Because of the massive graviton, the gravitational potential needs to be changed to ܷ =139 − ீ௠భ௠మ௥ ݁ି௠೒௥ following the Yukawa force effect. Here, mg is Eg/c2. This graviton has the zero charge. 140 
Also, it is discussed that the accelerated space expansion is caused by the new space addition created 141 
by the evaporated gravitons into the x1x2x3 space and repulsive electromagnetic force between dark 142 
matters corresponding to the dark energy. 143 

2. Massive graviton and photon 144 
In Table 2, the rest mass energies of the previously known particles are shown as the function of 145 

the possible sizes (radius, x (m)) of the particles from the equations of E(eV) = 8.1365 1038 x2 for the 146 
leptons (νe,νμ,ντ, e, μ, τ) with the charge configuration of (EC,LC) and E(eV) = 12.2047 1038 x2 for the 147 
quarks and hadrons (quarks, p, baryons, mesons) with the charge configuration of (EC,LC,CC). The 148 
equation of E(eV) = 12.2047 1038 x2 is obtained from the measured proton size (charge radius: 8.768(69) 149 
10-16 m) and proton energy (E=938.27 106 eV) [5]. The particle size prediction from these equations is 150 
within the reasonable range for the known particles in Table 2. The energy of the Planck size particle 151 
with the charge configuration of (EC,LC,CC) is 3.1872 10-31 eV in Table 2 and Fig. 5. This Planck size 152 
particle is considered as the g(0,0,0) graviton for the quarks, baryons and mesons as discussed as 153 
follows.   154 

The rest mass energies of the force carrying bosons [1,6,7] can be calculated by using the 155 
equations of EB=9.866 10-8/xr (eV) (xr: m) and m = EB/c2. This EB equation is obtained from the 156 
uncertainty principle of ∆ݐ∆ܧ ≥ ħ/2. The Planck range of the force carrying boson is xr = 2xp = 2*1.616 157 
10-35 m = 3.232 10-35 m. From the equation of E=9.866 10-8 / xr (eV) obtained from the uncertainty 158 
principle of ∆ݐ∆ܧ = ħ/2, the Planck range boson has the energy of 3.0526 1027 eV. The energy (E = 159 
3.0526 1027 eV) of the present Planck range boson obtained from the uncertainty principle is consistent 160 
with the reduced Planck energy (2.435 1027 eV) and the Planck energy (1.2209 1028 eV) of the Planck 161 
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mass.  The Planck energy (1.2209 1028 eV) of the Planck mass has been calculated from ܧ =  ܿଶටℏ௖ீ  . 162 
Another reduced Planck energy (2.435 1027 eV) of the Planck mass has been calculated from ܧ =163  ܿଶට ℏ௖଼గீ . Therefore, the Planck range boson is considered as the Planck mass in the present work. 164 

 165 
Figure 5. Relation between the particle and universe evolutions is shown. The particle evolution 166 
equation is from Table 2. The force range equation is from the uncertainty principle of ∆ݐ∆ܧ ≥ ħ/2. 167 

 168 
The gravitational force between two matters is explained by the force carrying graviton (g). The 169 

largest gravitational system is the galaxy cluster which has been known to have the largest diameter 170 
around 10 Mpc = 3.08568 1023 m [8].  Therefore, in the present work, the gravitational force range is 171 
taken roughly as xr = 3.08568 1023 m for the g(0,0,0) graviton which works on all of the baryons and 172 
mesons. Then, from the equations of EB=9.866 10-8/xr (eV) (xr: m) and m = EB/c2 obtained from the 173 
uncertainty principle of ∆ݐ∆ܧ ≥ ħ/2, the g(0,0,0) graviton has roughly the rest mass (mg) around 174 
3.19735 10-31 eV/c2.  The obtained rest mass (3.19735 10-31 eV/c2) of the g(0,0,0) graviton is remarkably 175 
consistent with the rest mass (3.1872 10-31 eV/c2) of the Planck size particle calculated by using the 176 
equation of E(eV) = 12.2047 1038 x2 for the quarks, baryons and mesons in Table 2. Therefore, it is 177 
concluded that the graviton is the Planck size particle in Table 2. The normal matters are made mainly 178 
of the protons and neutrons. The range of the gravitational force for the normal matters can be 179 
calculated by using the rest mass (3.1872 10-31 eV/c2) of the Planck size particle in the equations of 180 
EB=9.866 10-8/xr (eV) (xr: m) and m = EB/c2. The obtained range of the gravitational force is 3.0955 1023 181 
m = 10.0 Mpc. Of course, this is the diameter of the largest galaxy cluster controlled by the 182 
gravitational force in Fig. 5. The rest mass of the g(0,0) graviton is 2/3 of the rest mass of the g(0,0,0) 183 
graviton. The rest mass of the g(0,0) graviton is 2.13157 10-31 eV/c2. Also, the g(0) graviton has 1/3 of 184 
the rest mass of the g(0,0,0) graviton. Therefore, the rest mass of the g(0) graviton is 1.0624 10-31 eV/c2. 185 
Therefore, the force range of the g(0) graviton for the dark matters of the B1, B2 and B3 bastons is 30.0 186 
Mpc = 9.2865 1023 m. The g(0) graviton decides the diameter of the dark matter distribution around 187 
the galaxy cluster. The galaxy cluster is made mostly of the baryons of protons and neutrons. The 188 
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diameter of the largest dark matter distribution around the largest galaxy cluster is 30.0 Mpc = 9.2865 189 
1023 m while the diameter of the largest galaxy cluster is 3.0955 1023 m = 10.0 Mpc in Fig. 5. For each 190 
galaxy, the diameter of the dark matter distribution is three times bigger than the diameter of the 191 
normal matter distribution if all other conditions except the graviton are the same for the normal 192 
matters and dark matters.  This can explain the outer dark matter and inner matter distributions of 193 
the observed galaxies and galaxy clusters. It is because the g(0,0,0) graviton mass for the matters is 194 
three times bigger than the g(0) graviton mass for the dark matters. Therefore, in the present work, it 195 
is concluded that the graviton can be called as the Planck size particle (boson) with the spin of 2 in 196 
Table 2. Therefore, the mass and force range of the massive g(0,0,0) graviton are taken as mg=3.1872 197 
10-31 eV/c2 and xr = 3.0955 1023 m = 10.0 Mpc. The graviton with the Planck size has the spin of 2 and 198 
the photon has the spin of 1. Because of the massive graviton, the gravitational potential needs to be 199 
changed to ܷ = − ீ௠భ௠మ௥ ݁ି௠೒௥ following the Yukawa force effect. Here, mg is Eg/c2.  200 

 201 
              (a)                                       (b) 202 

Figure 6. (a) Graviton evaporation and (b) the accelerated expansion of the x1x2x3 space. See Fig. 7. 203 

The g(0) graviton and γ(0) photon connected to the dark matters are the baston (dark) graviton 204 
and baston (dark) photon, respectively. The g(0,0) graviton and γ(0,0) photon connected to the leptons 205 
are the lepton (normal) graviton and lepton (normal) photon, respectively. And the g(0,0,0) graviton 206 
and γ(0,0,0) photon connected to the quarks, baryons and mesons are the quark (unobservable) 207 
graviton and quark (unobservable) photon, respectively. Also, the γ(0,0) photon is connected to the 208 
hadrons of baryons and mesons through the hadronization of the quark confinement in terms of the 209 
charge configuration in Fig. 4. The difference between the graviton and photon is that the graviton 210 
and the photon build the three-dimensional quantized space wave without the charge dependence 211 
and the electromagnetic wave with the charge dependence, respectively. This means that the g(0), 212 
g(0,0) and g(0,0,0) gravitons are changed to each other and can be spread out and evaporated to other 213 
three-dimensional quantized spaces as shown in Fig. 4. It is defined as the graviton evaporation in 214 
the present work. And because the photon forms the electromagnetic wave with the charge 215 
dependence,  the γ(0), γ(0,0) and γ(0,0,0) photons are confined within their corresponding three-216 
dimensional quantized spaces of the x1x2x3, x4x5x6 and x7x8x9 spaces, respectively as shown in Fig. 217 
4.  It is defined as the photon confinement. The dark matter force through the Z/W/Y(EC) bosons, 218 
the weak force through the Z/W/Y(EC,LC) bosons and the strong force through the 219 
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Z/W/Y(EC,LC,CC) bosons are confined into the x1x2x3, x4x5x6 and x7x8x9 spaces, respectively, 220 
because of the charge dependence [1,6,7].  221 

Because the gravitons do not have the charge dependence, the gravitons can be exchanged 222 
between two particles with the different dimensions as shown in Fig. 4. Because of this property of 223 
the graviton, all particles have the gravitational effects on other particles. Unlike the graviton, 224 
photons have the charge dependence as the character of the electromagnetic wave. This means that 225 
all photons are confined to the corresponding space as shown in Fig. 4. It indicates that the photons 226 
cannot be exchanged between two particles which exist on the different three-dimensional quantized 227 
spaces in Fig. 4. Because of this property of the photon, all matters do not have the EC, LC and CC 228 
charge interaction effects on other dimensional matters without the hadronization. The EC, LC and 229 
CC charge interactions can be carried out by exchanging the photons between two matters confined 230 
on the same three-dimensional quantized space. This can explain the reason why the dark matters 231 
interact with the normal matters by the gravitational force but not by the electromagnetic force. 232 

The gravitational force strength between matters is very weak when compared with the 233 
electromagnetic force, weak force and strong force. There is no clear explanation about this. One 234 
possible explanation has been tried by introducing the fourth space dimension connecting two three 235 
dimensional spaces [9,10]. One is our space with the weak gravitational interaction and another one 236 
is the separated space with the strong gravitational interaction. Then it is assumed that the gravitons 237 
are leaking from our space into another space through the fourth space dimension. Now I am going 238 
to solve this question in terms of the three-dimensional quantized space model in Figs. 4 and 6. In the 239 
three-dimensional quantized space model, the gravitons can be evaporated and spread out into other 240 
three-dimensional quantized spaces as shown in Figs. 4 and 6. The number of the evaporated 241 
gravitons should be huge because the measured newton gravitational constant (GN) between baryons 242 
in Fig. 4 is very small. And the huge evaporation condition of the gravitons into other spaces can 243 
explain the reason why the dark matters interact with the matters by the gravitational force but not 244 
by the electromagnetic force. Also, the evaporated gravitons are spread out on the wide three-245 
dimensional space. Therefore, the density of the evaporated gravitons can be very small and constant 246 
as the density of the dark energy does. Note that, in Fig. 4, the gravitational constants (GN) including 247 
the non-baryonic particles like the leptons and dark matters could be different from the measured 248 
gravitational constants (GN) between the baryons. And it is discussed in Figs. 4-6 and sections 3 and 249 
4 that the gravitational force between the dark matters through the g(0) gravitons are much stronger 250 
than the electromagnetic force through the γ(0) photons between the dark matters. Therefore, the 251 
distributions of the dark matters around the galaxies and galaxy clusters are controlled by the 252 
gravitational force rather than the electromagnetic force between the dark matters.  253 

3. Dark matters, dark energy and evaporated gravitons 254 
The graviton is the three-dimensional space particle (quantum) in Fig. 6. In other words, the 255 

gravitational wave is the three-dimensional space wave. This means that the evaporated gravitons 256 
can create and add the new spaces on the three-dimensional space. In the present work, most of the 257 
evaporated gravitons are transferred to the new three-dimensional spaces. And a few of them are 258 
absorbed to the particles for the gravitational interactions between the matter and dark matter in Figs. 259 
4 and 6. For example, in Fig. 6, the number of the added gravitons (g(0)) into the x1x2x3 space is N = 260 
N1 - N2. Here, the N1 gravitons make the N1 new spaces and N2 gravitons create the N2 new holes 261 
in Fig. 6. The new created spaces cause the space expansion but the new created holes cause the space 262 
shrinking.  The x1x2x3 space has the new spaces created by these added gravitons. Then, the x1x2x3 263 
space should be expanded if N is positive.  If the dN/dt rate is positive, the expansion of the x1x2x3 264 
space should be accelerated. The x1x2x3 space is our space where we live. It has been observed that 265 
the space expansion is accelerated in WMAP [11] and supernova data [12,13]. Because of the 266 
accelerated space expansion, the dN/dt rate should be positive. The accelerated x1x2x3 space 267 
expansion came, for the first time, from the inflation at the big bang stage in Figs. 5 and 7. The x1x2x3 268 
space inflation after the big bang can be explained by the huge number (N) of the evaporated 269 
gravitons in Figs. 6 and 7. These evaporated gravitons cause the inflation of the x1x2x3 space. The 270 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 May 2018                   doi:10.20944/preprints201805.0203.v1

http://dx.doi.org/10.20944/preprints201805.0203.v1


 

 

x1x2x3 space has experienced, for the second time, the accelerated expansion of the x1x2x3 space near 271 
the present time. This second expansion of the x1x2x3 space might be the possible evidence of the 272 
small inflation coming from the small bangs which take place within the x1x2x3 space. These small 273 
bangs like the super-nova explosions increase the number (N1 and N) of the evaporated g(0) 274 
gravitons into the x1x2x3 space in Fig. 6. The increasing number (N1 and N) of the evaporated 275 
gravitons in Fig. 6 explains the accelerated expansion of the x1x2x3 space at the present time. Also, 276 
the accelerated expansion of the x1x2x3 space can be explained by the positive dN/dt value if the 277 
decreasing rate (dN2/dt) of the N2 gravitons is faster than the decreasing rate (dN1/dt) of the N1 278 
gravitons in Fig. 6.  Then, it is concluded that the second accelerated expansion of the x1x2x3 space 279 
could be originated from the small bangs and the faster decreasing rate (dN2/dt).  Therefore, the 280 
x1x2x3 spaces created by the evaporated gravitons can explain the inflation and expansion of the 281 
x1x2x3 space, and the energy of the evaporated gravitons can be considered as the dark energy in 282 
Fig. 7. 283 

 284 

Figure 7. Particle and space evolutions. See Figs. 2, 4, 5 and 6. 285 
Also, because of the huge number (N) of the evaporated gravitons into the x1x2x3 space in Figs. 286 

4, 6 and 7, the gravitational force between the dark matters on the x1x2x3 space should be much 287 
stronger than the gravitational force between the matters of the baryons, leptons and mesons and the 288 
electromagnetic force between dark matters. Because of the strong gravitational force between the 289 
dark matters, the charged dark matters of the B1, B2 B3 bastons are distributed following the 290 
gravitational forces rather than the electromagnetic force between the dark matters. The observed 291 
dark matter distributions around the galaxies and galaxy clusters support the strong gravitational 292 
force between the dark matters. As shown in Fig. 2, for the dark matters, Fg(dd) >  Fc(dd), for the 293 
matters Fg(mm) << Fc(mm) and between the matter and dark matter Fg(dm) >  Fc(dm) = 0. Here Fg 294 
and Fc are the gravitational force and electromagnetic force, respectively. Also, it is assumed that GN 295 
(dd) >> GN(mm) > GN (dm) for the gravitation constant and k(dm) = 0, k(mm) >> k(dd) for the 296 
Coulomb’s constant in Fig. 4. Here d and m mean the dark matter and (normal) matter, respectively. 297 
Then, Fc(dm) = 0, Fc(mm) >> Fc(dd) for the equally charged particles and Fg(dm) < Fg(mm) << Fg(dd) 298 
for the particles with the same masses. It has been observed from the gravitational lensing 299 
measurements for the bullet cluster [14], Abell 1689 cluster [15] and Abell 520 cluster [16] that the 300 
dark matters have been easily separated from the normal matters. The weak gravitational force with 301 
the small GN(dm) value between the dark matters and normal matters can explain why the dark 302 
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matters are distributed as observed in the gravitational lensing measurements [14,15,16]. In other 303 
words, these gravitational lensing measurements [14,15,16] are the direct evidence of the weak 304 
gravitational force with the small GN(dm) value between the dark matters and normal matters. 305 
Therefore, the dark matters and normal matters around the galaxies are connected by the weak 306 
gravitational force which can affect the rotational motions of the normal matters. For the bullet cluster 307 
[14], the dark matters and normal matters are taking the head and tail parts, respectively, when the 308 
corresponding galaxy cluster is moving. The strong gravitational force with the longer force range of 309 
the g(0) graviton between the dark matters can make the location and shape of the dark matter 310 
distributions different from those of the normal matter distributions as observed in the Abell 1689 311 
cluster [15] and Abell 520 cluster [16].   312 

The weak gravitational force with the shorter force range of the g(0,0,0) graviton between the 313 
baryonic normal matters can make the location and the shape of the normal matter distributions as 314 
observed in the Abell 1689 cluster [15] and Abell 520 cluster [16], which have mostly the normal 315 
matters (galaxies) in the outside area and dark matters in the inside center area. Recently, the ultra-316 
diffuse galaxy called as NGC1052-DF2 without the dark matters was found [17]. The formation of the 317 
galaxy without the dark matters can be explained under the assumptions of Fg(dm) < Fg(mm) << 318 
Fg(dd) and x(dd) = 3x(mm) in Fig. 3.  The transition from the galaxy without the dark matters to the 319 
galaxy with the dark matters are shown in Fig. 3, too. Then the dark matter galaxy and matter galaxy 320 
can rotate as the pair by the Fg(dm) force. Therefore, looking for the rotating pair of the dark matter 321 
and matter galaxies will be interesting.    322 

Because the evaporated gravitons are spread out on the wide three-dimensional space, the 323 
density of the evaporated gravitons can be very small and constant as the density of the dark energy 324 
does. Then, the energy of the evaporated gravitons added on the x1x2x3 space is considered as the 325 
dark energy in Figs. 5, 6 and 7. The dark energy density is the energy density of the evaporated 326 
gravitons. The dark energy density of 7 10-27 kg/m3 was observed from the WMAP data [11]. The 327 
x1x2x3 space volume including one g(0) graviton can be calculated. The obtained radius and volume 328 
of the x1x2x3 space sphere containing one g(0) graviton in Fig. 5 are 1.8624 10-14 m and 27.061 10-42 m3, 329 
respectively. Here, the g(0) graviton rest mass of 1.063 10-31 eV/c2 is used in the calculation. Also, if N 330 
= N1-N2 is negative, the x1x2x3 space lose the spaces. This means that the x1x2x3 space shrinks 331 
because of the evaporated gravitons from the x1x2x3 space. If N = N1-N2 is zero, the evaporated 332 
gravitons do not make any effects on the space expansion. 333 

Because the massive g(0) graviton has the force range of 30 Mpc, the galaxy clusters should get 334 
farther and farther because of the repulsive electromagnetic force of Fc(dd) as shown in Figs. 2 and 3. 335 
Therefore, the x1x2x3 space expansion is caused by both of the Fc(dd) repulsive force between the 336 
dark matter galaxy clusters and the evaporated gravitons into the x1x2x3 space. In order to 337 
understand the dark energy, the Fc(dd) repulsive force and the evaporated gravitons need to be 338 
considered for the further research.  339 

4. Particle and space evolutions 340 
In Figs. 5 and 7, the simple picture of the space evolution is shown from the big bang stage with 341 

the inflation. For the explanation purpose, the universe particle and galaxy particle are assumed as 342 
the quark (x7x8x9) space because it is in the huge kinetic energy state. The universe particle and 343 
galaxy particle, which are the quark spaces, follow the mass energy and radius relation of E = 12.2047 344 
1038 x2 for the quarks, baryons and mesons based on the measured size and energy of the proton [5] 345 
in Table 2. The mass energy of the universe particle is assumed as ܧ ≈ 10ଵ଴଻ܸ݁ ≈ 10଻ଵ ݇݃ ∙ ܿଶ in the 346 
present work. Then the corresponding radius is ݔ ≈ 10ଷସ ݉.  Then the universe particle is the black 347 
hole. And the mass energy of the galaxy particle is assigned as  ܧ ≈ 10଼ଵܸ݁ ≈ 10ସହ ݇݃ ∙ ܿଶ which 348 
decays up to several thousand galaxies because the mass energy of each galaxy is assigned as  ܧ ≈349 10଻଼ܸ݁ ≈ 10ସଶ ݇݃ ∙ ܿଶ [8]. Then the corresponding radius of the galaxy particle is ݔ ≈ 10ଶଵ ݉.  It 350 
has been observed that the galaxy clusters with the maximum radius of  ݔ ≈ ≈ ܿ݌ܯ 10 10ଶଷ ݉ 351 
consist of several hundred galaxies or several thousand galaxies [8]. Therefore, the mass of the 352 
proposed galaxy particle in Fig. 4 is reasonable. 353 
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Therefore, under this condition, the universe particle decays to the galaxy particles, which decay 354 
to galaxies. Then when the galaxy particle decays to the galaxies, the gravitational force works to 355 
build the galaxy clusters. The galaxy cluster is the largest gravitational structure. So, the diameter of 356 
the largest galaxy cluster corresponds to the gravitational force range of the massive graviton.  357 
Because the universe particle and galaxy particle are the quark spaces, the equation of E(eV) = 12.2047 358 
1038 x2 for the quarks, baryons and mesons are used in Fig. 5. The quark (x7x8x9) spaces have the 359 
quarks and Z/W/Y(EC,LC,CC) bosons [1,6,7]. The elementary particles are created from the decay of 360 
the galaxy particle to the galaxies. Then the force carrying Z/W/Y bosons are created along with the 361 
corresponding elementary particles. And the rest masses of the force carrying Z/W/Y bosons can be 362 
calculated by using the equations of EB=9.866 10-8/xr (eV) (xr: m) and m = EB/c2. This EB equation is 363 
obtained from the uncertainty principle of ∆ݐ∆ܧ ≥ ħ/2.  This curve is shown in Fig. 5. The rest mass 364 
of the graviton with the Planck size can be calculated from both equations of the E(eV) = 12.2047 1038 365 
x2 and EB=9.866 10-8/xr (eV) in Fig. 5. Therefore, it is shown in Fig. 5 that the particle evolution can be 366 
explained in the relation with the universe evolution. In Fig. 7, the inflation and expansion of the 367 
x1x2x3 space are caused by the new spaces created by the evaporated gravitons corresponding to the 368 
dark energy. Also, note that the universe particle are the quark (x7x8x9) space black hole having the 369 
very high energy. The black hole can be evaporated by emitting the gravitons, which cause the 370 
expansion of the x1x2x3 space by increasing the number (N) of the evaporated gravitons in Fig. 6. In 371 
Figs. 5 and 7, our x1x2x3 universe are made of the matters and dark matters. The university particle 372 
and galaxy particles are matters which decay to the matters. Therefore, in  373 

 374 
Figure 8. Comparison of the proton and un-observable proton. 375 

terms of the CP symmetry, the partner big bang and inflation should take place to make the anti-376 
matters of the universe anti-particle and galaxy anti-particles which decay to the ant-matters [6,7]. 377 
This indicates that the anti-matter universe should exist as the partner of our matter universe.  378 
Therefore, the anti-matter partner universe we cannot see is proposed in the present work [6,7]. And 379 
the elementary bosons, elementary fermions, the baryons and mesons are not the black holes because 380 
these particles can decay.   381 

5. Decreasing coupling constant of the strong force and neutron lifetime anomaly 382 
In Figs. 1 and 4, the baryons are formed by the complete 3-dimenstional CC state of (rgb) with 383 

CC=-5. Then three quarks inside the proton space are strongly bound as shown for the proton in Fig. 384 
8. Then strong force bosons of Z(0,0,0) Z(0,0,-1), Z(0,0,-2), W and Y bosons [1] are applied. These 385 
bosons play the roles similar to those the gluons play in the standard model. The EC, LC and CC 386 
charges of each quark inside the baryon are changed. For example, the proton has the u, u, and d 387 
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quarks which are changed by exchanging the strong force bosons of Z(0,0,0) Z(0,0,-1), Z(0,0,-2), W 388 
and Y bosons [1]. The charge configuration of the proton is p(uud, (rgb)) = p(uud)CC(rgb)). A p(uud) 389 
part of the proton can interact electromagnetically with the leptons with the charge configuration of 390 
(EC,LC)  because a 3-dimensional color charge state of CC(rgb) can be separated from the proton of 391 
p(uud,(rgb)). Therefore, a proton of p(uud,(rgb)) is observable with the γ(0,0) photons and the 392 
leptons.  393 

A proton can be de-hadronized by breaking the 3-dimensional CC(rgb) state of the three quarks. 394 
The de-hadronization makes three quarks move freely inside the proton space. The de-hadronized 395 
proton is defined as the unobservable proton of pu in the present work. No strong force bosons are 396 
applied to three quarks inside the unobservable proton of pu. If the coupling constant (αs) of the strong 397 
force is 1 for the proton, then the coupling constant (αs) of the strong force is 0 for the unobservable 398 
proton of pu. And the charges of (EC,LC,CC) are conserved and fixed to each quark. For example, the 399 
charge configuration of the unobservable proton (pu) is p(u(r),u(b),d(g)) in Fig. 8. Then an 400 
unobservable proton (pu) cannot interact electromagnetically with the leptons with the charge 401 
configuration of (EC,LC) because the CC charges cannot be separated from the EC and LC charges. 402 
Therefore, an unobservable proton (pu) is unobservable with the γ(0,0) photons and the leptons. 403 

    404 
Figure 9. Decreasing coupling constant (αs) of the strong force [18] and neutron lifetime anomaly [19]  405 

The decreasing coupling constant (αs) of the strong force [18] and neutron lifetime anomaly [19] 406 
are explained as shown in Fig. 9. The coupling constant (αs) of the strong force is observed to be much 407 
smaller than 1 at the deep inelastic scattering experiment. This indicates that the quarks are free inside 408 
the hadron. Then the asymptotic freedom was introduced in the standard model. But in the present 409 
work, the decreasing coupling constant (αs) of the strong force [18] is explained by introducing the 410 
unobservable proton in Fig. 9. The observed coupling constant (αs) of the strong force [18] is the 411 
average value. For example, the average value of  < αs > = 0.2 means that the 80 percent of protons 412 
are excited to the unobservable proton of pu by the momentum transferred to the three quarks in the 413 
deep inelastic scattering experiment [18]. Another example is the neutron lifetime anomaly [19] in 414 
Fig. 9. The neutron lifetime is 879.6(16) s from the bottle experiments and 888.0(20) s from the beam 415 
experiments which give the lifetime difference of 8.4 s. This anomaly is explained by using the 416 
unobservable proton (pu) in Fig. 9. The unobservable process is ݊ → ௨݌ + ݁ ௘ഥߥ +  and the observable 417 
process is ݊ → ݌ + ݁ ௘ഥߥ + .  The branching ratio of the unobservable process is 0.95 %.  418 
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 419 

6. Possible discovery of the Le lepton decay and annihilation 420 

In Table 1, three heavy leptons with the EC charge of -2 are proposed. The rest mass energy of 421 
the Le particle is expected between 3 1011 eV and 3 1013 eV because the gamma ray excess was reported 422 
from the TeV gamma ray spectrum from RX J1713.7-3946 with HESS and Fermi-LAT data [20,21]. In 423 
the present work, this gamma ray excess is proposed as the annihilation peak of Le and anti Le 424 
particles as shown in Fig. 10. And the cosmic-ray electron and positron excess at the energy range 425 
between 1011 eV and 2 1012 eV was observed from the data of  426 

 427 

Figure 10. Cosmic gamma ray and cosmic ray [1,6]. 428 

DAMP (Dark Matter Particle Explorer) [22]. Also, the 1.4 TeV electron and positron peak was 429 
observed from the same data. And the 1.4 TeV peak observed at the cosmic ray is explained as the 430 
annihilation peak of Le and anti Le particles as shown in Fig. 10. Then, the rest mass of 1.4 TeV/c2 is 431 
assigned to the Le particle with the EC charge of -2e. This rest mass of Le is smaller than the tentative 432 
previous rest mass (25.3 TeV/c2) of Le [1]. And the cosmic-ray electron and positron excess at the 433 
energy range between 1011 eV and 2 1012 eV, which was observed from the data of DAMP (Dark 434 
Matter Particle Explorer) [22], is explained to be originated from the decay of Le particle as shown in 435 
Fig. 10. Here, ܮ௘ → 2݁ + ௘ഥߥ .  And the cosmic gamma ray spectrum by CALET 5 year measurements 436 
[23] was observed from the Galactic center including galactic diffusing background. The 1.4 TeV 437 
gamma ray peak which was originated from annihilation peak of Le and anti Le particles was found 438 
[23]. The rest masses of Le, Lμ and Lτ leptons can be tentatively calculated by E = 0.4498 1038+2F and  439 
F(EC,LC) = -23.24488 + 7.26341 |EC| - 1.13858 EC2  + 0.62683 |LC| + 0.22755 LC2. These data support 440 
the existence of heavy leptons like Le, Lμ and Lτ.   441 

 442 
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7. Rest masses of the B1 and B2 dark matters  443 
 In Table 1, the B1, B2 and B3 dark matters (bastons) are proposed. Their possible rest masses have been 444 

tentatively calculated in ref. [1] under the assumption that the B2 dark matter has the 42.7 GeV/c2 [24]. The 445 
42.7(7) GeV peak was identified in the gamma-ray spectrum from the Fermi Large Area Telescope (LAT) in 446 
the directions of 16 massive nearby Galaxy Clusters [1,24]. The 42.7 GeV peak is proposed as the B2 447 
annihilation peak. The calculated rest mass of the B2 dark matter is 26.12 eV/c2 [1]. Then the anti-neutrino data 448 
emitted from SN 1987A [25] were explained by using the annihilation of B1 and anti-B1 dark matters [1]. The 449 
Cherenkov radiation of the electrons produced from the elastic scattering of the anti-neutrino and 450 
electron was observed by the annihilation of B1 and anti-B1 dark matters [1] that were coming from 451 
the SN1987A to the earth. The Cherenkov radiation of the electrons produced from the elastic 452 
scattering of the anti-neutrino and electron was observed by the Kamiokande II detector, Irvine-453 
Michigan-Brookhaven detector (IMB) and Baksan neutrino observatory detector (BNO) [25].  454 

 455 

Figure 11. The proposed rest mass of the B1 dark matter [1] is indirectly confirmed from the 456 
supernova 1987A data [25].  457 

In the present work, the alternative explanation is tried to explain the SN 1987A data [25]. It is 458 
assumed that the Cherenkov radiation of the electrons produced from the elastic scattering of the B1 459 
dark matter and electron was observed by the Kamiokande II detector, Irvine-Michigan-Brookhaven 460 
detector (IMB) and Baksan neutrino observatory detector (BNO) [25]. In Fig. 11, the curve A fits the 461 
observed data well except the 6 BG data. The equation of 2E2t = m2c4t0  is taken from the paper by 462 
Ehrlich [25]. Here, t0 is the travel time of the light from SN 1987A to the earth. The background data 463 
are expressed as BG in Fig. 11. The 5 data detected by the BNO detector considered as the background 464 
data are not shown in Fig. 11 [25]. The curve A uses the proposed dark matter mass of B1. It is 465 
proposed that the B1 particles come from SN 1987A to the earth. The energies, E(ν) of the observed 466 
neutrinos are re-interpreted as the energies, E(B1) of the B1 dark matters. This supports indirectly 467 
that the rest mass of the B1 dark matter is 26.12 eV/c2. The curve B fitted with all data in Fig. 10 is 468 
shown for the comparison with the curve A. 469 

In Fig. 12, the five forces of the dark matter force, weak force, strong force, electromagnetic force 470 
and gravitational force are shown along with the corresponding elementary fermions and bosons 471 
[1,6,7]. The photons and gravitons are understood as the space (S) and time (T) fluctuations [7], 472 
respectively. The more details can be found in Ref. [7].  473 

8. Summary 474 

Three generations of leptons and quarks correspond to the lepton charges (LC) in the present 475 
work. Then, the leptons have the electric charges (EC) and lepton charges (LC). The quarks have the 476 
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EC, LC and color charges (CC). Three heavy leptons and three heavy quarks are introduced to make 477 
the missing third flavor of EC. Then the three new particles which have the electric charges (EC) are 478 
proposed as the bastons (dark matters). The three dark matters (B1, B2, B3), three heavy leptons (Le, 479 
Lμ, Lτ) and three heavy quarks (Q1, Q2, Q3) are introduced. Therefore, the particles have the charge 480 
configurations of (EC, LC, CC) in the present model. Because the mesons have the zero CC charge 481 
state and the baryons have the complete three-dimensional CC charge state separated from the one-482 
dimensional EC and LC charge states, the charge configurations of the baryons and mesons can be 483 
assigned as (EC,LC) the same as the charge configurations of the leptons. It is called as the 484 
hadronization with the quark confinement in terms of the charge configuration. Then the hadrons 485 
can be observed experimentally to us on the x1x2x3 space by the electromagnetic interactions with 486 
the leptons. The EC, LC and CC charges are aligned along the time axes as shown in Fig. 1. Then, 487 
each quantized charge is associated with the corresponding space axis as shown in Table1 and Fig. 1. 488 
The EC, LC and CC charges can be added and subtracted like the scalars on the three-dimensional 489 
quantized spaces. From this definition of the charges, the EC, LC and CC charges should be conserved 490 
in the particle decay and reaction processes. It is called the EC, LC and CC charge conservations 491 
[1,6,7]. The decreasing coupling constant (αs) of the strong force [18] and neutron lifetime anomaly 492 
[19] are explained by introducing the unobservable proton of pu and hadronization. The rest mass of 493 
1.4 TeV/c2 is assigned to the Le particle with the EC charge of -2e [22,23]. This rest mass of Le is smaller 494 
than the tentative previous rest mass (25.3 TeV/c2) of Le [1]. The proposed rest mass (26.12 eV/c2) of 495 
the B1 dark matter [1] is indirectly confirmed from the supernova 1987A data [24]. 496 

 497 
Figure 12. Elementary particles and space-time fluctuations are connected with the five forces [1,6,7]. 498 

 499 
The photons and gravitons are defined to have the zero charges of EC, LC and CC in three-500 

dimensional quantized space model. The difference between the graviton and photon is that the 501 
graviton and photon build the three-dimensional quantized space wave without the charge 502 
dependence and the electromagnetic wave with the charge dependence, respectively. This means that 503 
the g(0), g(0,0) and g(0,0,0) gravitons are changed to each other and can be spread out and evaporated 504 
to other three-dimensional quantized spaces. It is defined as the graviton evaporation in the present 505 
work. And because the photon forms the electromagnetic wave with the charge dependence, the γ(0), 506 
γ(0,0) and γ(0,0,0) photons are confined within their corresponding three-dimensional quantized 507 
spaces of the x1x2x3, x4x5x6 and x7x8x9 spaces, respectively. It is defined as the photon confinement. 508 
The dark matter force through the Z/W/Y(EC) bosons, the weak force through the Z/W/Y(EC,LC) 509 
bosons and the strong force through the Z/W/Y(EC,LC,CC) bosons are confined into the x1x2x3, 510 
x4x5x6 and x7x8x9 spaces, respectively, because of the charge dependence. The graviton does not 511 
have the charge dependence of EC, LC and CC. This implies that the g(0), g(0,0) and g(0,0,0) gravitons 512 
can be transformed to each other. Therefore, the gravitons can be spread out and evaporated to other 513 
three-dimensional quantized spaces. This transformation is defined as the evaporation of the 514 
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gravitons into other three-dimensional quantized spaces. This graviton evaporation explains the 515 
reason why the gravitational force between the matters compared with the electromagnetic force, 516 
strong force and weak force is very weak. And the graviton is originated from the space excitation. 517 
This means that the new spaces created from the evaporated gravitons can induce the accelerated 518 
space expansion. Therefore, in the present work, the dark energy density is considered as the energy 519 
density of the evaporated gravitons. Because the massive g(0) graviton has the force range of 30 Mpc, 520 
the galaxy clusters should get farther and farther because of the repulsive electromagnetic force of 521 
Fc(dd) as shown in Fig. 2. Therefore, the x1x2x3 space expansion is caused by both of the Fc(dd) 522 
repulsive force between the dark matter galaxy clusters and the evaporated gravitons into the x1x2x3 523 
space. In order to understand the dark energy, the Fc(dd) repulsive force and the evaporated 524 
gravitons need to be considered for the further research.   525 

The graviton is the three-dimensional space particle (quantum). In other words, the 526 
gravitational wave is the three-dimensional space wave. Because the evaporated gravitons are spread 527 
out on the wide three-dimensional space, the density of the evaporated gravitons can be very small 528 
and constant as the density of the dark energy does. Then, the energy of the evaporated gravitons 529 
added on the x1x2x3 space is considered as the dark energy. The dark energy density of 7 10-27 kg/m3 530 
was observed from the WMAP data. The x1x2x3 space volume including one g(0) graviton can be 531 
calculated. The obtained radius and volume of the x1x2x3 space sphere containing one g(0) graviton 532 
are 1.8624 10-14 m and 27.061 10-42 m3, respectively.  Here, the g(0) graviton rest mass of 1.063 10-31 533 
eV/c2 is used in the calculation. The x1x2x3 spaces created by the evaporated gravitons can explain 534 
the inflation and expansion of the x1x2x3 space, and the energy of the evaporated gravitons can be 535 
considered as the dark energy. And, it is concluded that the accelerated expansion of the x1x2x3 space 536 
could be originated from the small bangs and the faster decreasing rate (dN2/dt) in Fig. 6. Also, it is 537 
shown that the particle evolution can be explained in the relation with the universe evolution.  And 538 
the photons have the charge dependence of EC, LC and CC. This means that the g(0), g(0,0) and 539 
g(0,0,0) photons cannot be transformed to each other. Therefore, the photons are confined within the 540 
corresponding three-dimensional quantized space like the elementary particles. This explains that 541 
the dark matters of bastons interact with the matters by the gravitational force but not by the 542 
electromagnetic force. Also, note that the black holes are the quark (x7x8x9) spaces having the very 543 
high energy. The black holes can be slowly evaporated by emitting the gravitons, which cause the 544 
expansion of the x1x2x3 space by increasing the number (N) of the evaporated gravitons in Fig. 6. In 545 
Fig. 7, the inflation and expansion of the x1x2x3 space are caused by the new spaces created by the 546 
evaporated gravitons corresponding to the dark energy. Because of the huge number (N) of the 547 
evaporated gravitons into the x1x2x3 space in Figs. 4, 6 and 7, the gravitational force between the 548 
dark matters on the x1x2x3 space should be much stronger than the gravitational force between the 549 
matters of the baryons, leptons and mesons and the electromagnetic force between dark matters. And 550 
the weak gravitational force with the small GN(dm) value between the dark matters and normal 551 
matters can explain why the dark matters are distributed as observed in the gravitational lensing 552 
measurements of the bullet cluster, Abell 1689 cluster and Abell 529 cluster. Recently, the ultra-553 
diffuse galaxy called as NGC1052-DF2 without the dark matters was found [17]. The formation of the 554 
galaxy without the dark matters can be explained under the assumptions of Fg(dm) < Fg(mm) << 555 
Fg(dd) and x(dd) = 3x(mm) in Fig. 3.  The transition from the galaxy without the dark matters to the 556 
galaxy with the dark matters are shown in Fig. 3, too.   557 

The rest mass energies of the previously known particles are shown as the function of the 558 
possible sizes (radius, x (m)) of the particles from the equations of E(eV) = 8.1365 1038 x2 for the leptons 559 
(νε,νμ,ντ, ε, μ, τ) with the charge configuration of (EC,LC) and E(eV) = 12.2047 1038 x2 for the quarks 560 
and hadrons (quarks, p, baryons, mesons) with the charge configuration of (EC,LC,CC). The equation 561 
of E(eV) = 12.2047 1038 x2 is obtained from the measured proton size (charge radius: 8.768(69) 10-16 m) 562 
and proton energy (E=938.27 106 eV) [5]. The particle size prediction from these equations is within 563 
the reasonable range for the known particles in Table 2. The energy of the Planck size particle with 564 
the charge configuration of (EC,LC,CC) is 3.1872 10-31 eV from the equation of E(eV) = 12.2047 1038 x2.  565 
This Planck size particle is considered as the g(0,0,0) graviton for the quarks, baryons and mesons. 566 
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The matters are made of the protons and neutrons connected to the g(0,0,0) graviton. The range of 567 
the gravitational force for the matters can be calculated by using the rest mass (3.1872 10-31 eV/c2) of 568 
the Planck size particle in the equations of EB=9.866 10-8/xr (eV) (xr: m) and m = EB/c2. The obtained 569 
range of the gravitational force is 3.0955 1023 m = 10.0 Mpc. Of course, this is the diameter of the largest 570 
galaxy cluster controlled by the gravitational force. The rest mass of the g(0) graviton is 1.0624 10-31 571 
eV/c2, which is 1/3 of the rest mass of the g(0,0,0) graviton. Therefore, the force range of the g(0) 572 
graviton is 30.0 Mpc = 9.2865 1023 m. The g(0) graviton decides the diameter of the dark matter 573 
distribution around the galaxy cluster. The galaxy cluster is made mostly of the baryons of protons 574 
and neutrons. The diameter of the largest dark matter distribution around the largest galaxy cluster 575 
is 30.0 Mpc = 9.2865 1023 m while the diameter of the largest galaxy cluster is 3.0955 1023 m = 10.0 Mpc. 576 
For each galaxy, the diameter of the dark matter distribution is three times bigger than the diameter 577 
of the normal matter distribution if all other conditions except the garviton are the same for the 578 
normal matters and dark matters.  It is because the g(0,0,0) graviton mass for the hadrons is three 579 
times bigger than the g(0) graviton mass for the dark matters. Therefore, in the present work, it is 580 
concluded that the graviton can be called as the Planck size particle (boson) with the spin of 2. 581 
Therefore, the mass and force range of the massive graviton are taken as mg=3.1872 10-31 eV/c2 and xr 582 
= 3.0955 1023 m = 10.0 Mpc. Because of the massive graviton, the gravitational potential needs to be 583 
changed to ܷ = − ீ௠భ௠మ௥ ݁ି௠೒௥ following the Yukawa force effect. Here, mg is Eg/c2. 584 
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