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Abstract

One of the biggest unsolved problems in physics is the particle masses of all elementary particles
which cannot be calculated accurately and predicted theoretically. In this paper, the unsolved
problem of the particle masses is solved by the accurate mass formulas which calculate accurately
and predict theoretically the particle masses of all leptons, quarks, gauge bosons, the Higgs boson,
and cosmic rays (the knees-ankles-toe) 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. The calculated 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, respectively, in excellent agreements with the observed 105.65 MeV, 173.3 GeV, 139.57 MeV,
939.27 MeV, and 126 GeV, respectively. The mass formulas also calculate accurately the masses of
the new particle at 750 GeV from the LHC and the new light boson at 17 MeV. The theoretical base
of the accurate mass formulas is the periodic table of elementary particles. As the periodic table of
elements is derived from atomic orbitals, the periodic table of elementary particles is derived
from the seven principal mass dimensional orbitals and seven auxiliary mass dimensional orbit-
als. All elementary particles including leptons, quarks, gauge bosons, the Higgs boson, and cosmic
rays can be placed in the periodic table of elementary particles. The periodic table of elementary
particles is based on the theory of everything as the computer simulation model of physical reality
consisting of the mathematical computation, digital representation and selective retention com-
ponents. The computer simulation model of physical reality provides the seven principal mass
dimensional orbitals and seven auxiliary mass dimensional orbitals for the periodic table of ele-
mentary particles.
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The Periodic Table of Elementary Particles, Computer Simulation, Knees-Ankles-Toe,
The Theory of Everything

1. Introduction

According to Johan Hansson, one of the ten biggest unsolved problems in physics [1] is the incalculable particle
masses of leptons, quarks, gauge bosons, and the Higgs boson. The Standard Model of particle physics contains
the particles masses of leptons, quarks, and gauge bosons which cannot be calculated or predicted theoretically.
From a theoretical point of view, the particle mass is a total unsolved problem and they might as well have been
random numbers drawn from a hat. The repetition of leptons and quarks with increasing masses has also re-
mained as unsolved problem. Max Jammer [2] concluded that nobody knows what particle masses really are.
The mass parameters experimentally measured for elementary particles have no theoretical explanation what-
soever. From the vantage point of theory, the masses could just as well be a set of randomly generated numbers.

This paper provides a solution to the unsolved problem of particle masses. In this paper, all elementary par-
ticles and cosmic rays (the knees-ankles-toe) can be calculated accurately and predicted theoretically by the ac-
curate mass formulas of leptons, quarks, gauge bosons, the Higgs boson, and cosmic 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. The calculated 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, respec-
tively, in excellent agreements with the observed 105.65 MeV, 173.3 GeV, 139.57 MeV, 939.27 MeV, and 126
GeV, respectively. The theoretical base of the accurate mass formulas is the periodic table of elementary par-
ticles [3]-[6]. As the periodic table of elements is derived from atomic orbitals, the periodic table of elementary
particles is derived from the seven principal mass dimensional orbitals and seven auxiliary mass dimensional
orbitals. All elementary particles including leptons, quarks, gauge bosons, the Higgs boson, and cosmic rays can
be placed in the periodic table of elementary particles.

The periodic table of elementary particles is derived from the computer simulation model of physical reality
[7] which is the theory of everything [8]. We are living in a computer simulation to simulate physical reality
which has the same computer simulation process as virtual reality (computer-simulated reality). The computer
simulation process involves the digital representation of data, the mathematical computation of the digitized data
in geometric formation and transformation in space-time, and the selective retention of events in a narrative.
Conventional physics cannot explain physical reality clearly, while computer-simulated physics can explain
physical reality clearly by using the computer simulation process consisting of the digital representation com-
ponent, the mathematical computation component, and the selective retention component. The computer simula-
tion model of physical reality provides the seven principal mass dimensional orbitals and seven auxiliary mass
dimensional orbitals for the periodic table of elementary particles.

In Section 2, the periodic table of elementary particles is derived from the computer simulation of physical
reality. Section 3 deals with the gauge boson mass formula and the cosmic ray mass formula. Section 4 explains
the lepton mass formula and the quark mass formula. Section 5 describes the Higgs boson mass formula.

2. The Periodic Table of Elementary Particles

The periodic table of elementary particles is derived from the computer simulation model of physical reality
consisting of the mathematical computation, digital representation, and selective retention components.

2.1. The Mathematical Computation Component

The geometry in the mathematic computation component for the computer simulation process is oscillating
M-theory. M-theory with eleven-dimensional membrane is an extension of string theory with ten-dimensional
string, in contrast to the observed 4D. In conventional M-theory, space-time dimensional number (D) is fixed. As
a result, the observed 4D results from the compactization of the extra space dimensions in 11D M-theory, How-
ever, there is no experimental proof for compactized extra space dimensions, and there are numerous ways for
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the compactization of the extra space dimensions [9]. As described before [7], the geometry for the mathematical
computation is oscillating M-theory derived from oscillating membrane-string-particle whose space-time dimension
number oscillates between 11D and 10D and between 10D and 4D dimension by dimension reversibly. There is no
compactization. Matters in oscillating M-theory include 11D membrane (2;;) as membrane (denoted as 2 for 2
space dimensions) in 11D, 10D string (1) as string (denoted as 1 for 1 space dimension) in 10D, and variable D
particle (04 11) as particle (denoted as 0 for 0 space dimension) in 4D to 11D.

As described previously [10], the QVSL (quantum varying speed of light) transformation transforms both space-
time dimension number (D) and mass dimension number (d). In the QVSL transformation, the decrease in the speed
of light leads to the decrease in space-time dimension number and the increase of mass in terms of increasing mass
dimension number from 4 to 10,

ey =cla™*, (1a)
E=M,-(c*/a*”Y) (1b)

= (M, /a0 -c?. (o)

& =cp, /e, (1d)
Mypa=Myp .0 (le)
D,d—2*t5(Dxn),(d+n) (1f)
E uump = E = M ¢, (1g)

where cp is the quantized varying speed of light in space-time dimension number, D, from 4 to 10; c is the ob-
served speed of light in the 4D space-time; « is the fine structure constant for electromagnetism, E is energy; M is
rest mass; D is the space-time dimension number from 4 to 10; d is the mass dimension number from 4 to 10; # is
an integer; and E,,.,um = vacuum energy. For example, in the QVSL transformation, a particle with 10D4d is trans-
formed to a particle with 4D10d from Equation (1f). Calculated from Equation (1¢), the rest mass of 4D10d is 1/a'2
~ 137" times of the mass of 10D4d. In terms of rest mass, 10D space-time has 4d with the lowest rest mass, and
4D space-time has 10d with the highest rest mass. Rest mass decreases with increasing space-time dimension
number. The decrease in rest mass means the increase in vacuum energy (Eyucuum, p)> SO Vacuum energy increases
with increasing space-time dimension number. The vacuum energy of 4D particle is zero from Equation (1g). The
mass dimension number is limited from 4 to 10, because 4D is the minimum space-time, and 11D membrane and
10D string are equal in the speed of light, rest mass, and vacuum energy. Since the speed of light for >4D particle is
greater than the speed of light for 4D particle, the observation of >4D superluminal particles by 4D particles vi-
olates casualty. Thus, >4D particles are hidden particles with respect to 4D particles. Particles with different
space-time dimensions are transparent and oblivious to one another, and separate from one another if possible.

In the digital representation component for the computer simulation process, data in physical reality are re-
presented by digital representations. Both data and digital representations exist. For the digital representation
component of physical reality, the three intrinsic data (properties) are rest mass-kinetic energy, electric charge,
and spin which are represented by the digital space structure, the digital spin, and the digital electric charge, re-
spectively.

2.2, Digital Space Structure

The digital representations of rest mass and kinetic energy are 1 as attachment space for the space of matter and 0
as detachment space for the zero-space of matter, respectively [7] [11]. In the digital space structure, attachment
space attaches to matter permanently or reversibly. Detachment space detaches from the object at the speed of
light. Attachment space relates to rest mass and reversible movement, while detachment space relates to irre-
versible kinetic energy.

As shown previously [8], our universe is the dual asymmetrical positive-energy-negative-energy universe where the
positive-energy universe on attachment space absorbed the interuniversal void on detachment space to result in the
combination of attachment space and detachment space. The combination of n units of attachment space as 1 and n
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units of detachment space as 0 brings about three different digital space structures: binary partition space, miscible
space, or binary lattice space as below.

(1), +(0), —emes(1),(0), (1+0),, or  (10),
attachment space detachment space binary partition space, miscible space, binary lattice space

2

Binary partition space, (1),(0),, consists of two separated continuous phases of multiple quantized units of at-
tachment space and detachment space. In miscible space, (1 + 0),, attachment space is miscible to detachment
space, and there is no separation of attachment space and detachment space. Binary lattice space, (1 0),, consists
of repetitive units of alternative attachment space and detachment space. Binary partition space, miscible space,
and binary lattice space relate to quantum mechanics, special relativity, and force fields, respectively [7].

Bounias and Krasnoholovets [ 12] propose that the reduction of dimension can be done by slicing dimension, such
as slicing 3 space dimension object (block) into infinite units of 2 space dimension objects (sheets). As shown pre-
viously [8], the positive-energy 10D4d particle universe as our observable universe with high vacuum energy
was transformed into the 4D10d universe with zero vacuum energy at once, resulting in the inflation. During the
Big Bang following the inflation, the 10d (mass dimension) particle in attachment space denoted as 1 was sliced by
detachment space denoted as 0. For example, the slicing of 10d particle into 4d particle is as follows.

N 10
1, ey 2.(0,1,), ®
d=5

10d particle 4d coreparticle binary lattice space

where 1,y is 10d particle; 1, 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), is binary lattice space with repetitive units of alternative 4d
attachment space and 4d detachment space. For 4d particle starting from 10d particle, the mass dimension num-
ber of the dimension to be sliced is from d = 5 to d = 10. Each mass dimension is sliced into infinite quantized
units (n = o) 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 quantized units of binary lattice space. Such infinite quantized units of binary lattice
space represent the infinite units (n = o) of separate virtual orbitals in a gauge force field, while the dimension
to be sliced is “mass dimensional 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, gravity appears as the seventh DO at d = 11. As a result, there
are seven mass dimensional orbitals as in Figure 1.

2.3. The Digital Spin

The digital representations of the exclusive and the inclusive occupations of positions are 1/2 spin fermion and
integer spin boson, respectively [7]. Fermions, such as electrons and protons, follow the Pauli exclusion prin-
ciple which excludes fermions of the same quantum-mechanical state from being in the same position. Bosons,
such as photons or helium atoms, follow the Bose-Einstein statistics which allows bosons of the same quan-
tum-mechanical state being in the same position. As a result, the digital representations of the exclusive and the
inclusive occupations of positions are 1/2 spin fermion and integer spin boson, respectively. The symmetry be-
tween fermion and boson is supersymmetry. Two supersymmetry transformations from boson to fermion and
from fermion to boson yield a spatial translation. In physical reality, supersymmetry is varying supersymmetry
[8]. In varying supersymmetry, the repetitive transformation between fermion and boson brings about a spatial
translation and the transformation into the adjacent mass dimension number. Varying supersymmetry transfor-
mation is one of the two steps in transformation involving the oscillation between 10D particle and 4D particle.
The transformation during the oscillation between 10D particle and 4D particle involves the stepwise two-step
transformation consisting of the QVSL transformation and the varying supersymmetry transformation. The QVSL

d= 516718910 11

Figure 1. The seven mass dimensions as mass dimensional orbitals.
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transformation involves the transformation of space-time dimension, D whose mass increases with decreasing D
for the decrease in vacuum energy. The varying supersymmetry transformation involves the transformation of
the mass dimension number, d whose mass decreases with decreasing d for the fractionalization of particle, as
follows.

stepwise two-step varying transformation
(1) D, d« 225 (DF1), (d£1) )
(2) D, d varying supersymmetry \D,(d il)

The repetitive stepwise two-step transformation between 10D4d and 4D4d as follows.
10D4d <> 9D5d <> 9D4d <> 8D5d «» --- <> 4D5d <> 4D4d 5)

In this two-step transformation, the transformation from 10D4d to 9D5d involves the QVSL transformation as
in Equation (1d). Calculated from Equation (le), the mass of 9D5d is 1/a* = 137° times of the mass of 10D4d.
The transformation of 9D5d to 9D4d involves the varying supersymmetry transformation. In the normal super-
symmetry 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. In
the varying supersymmetry transformation, the repeated application of the fermion-boson supersymmetry trans-
formation carries over a boson from one point to the boson at another point at different mass dimension number in
the same space-time number. The repeated varying supersymmetry transformation carries over a boson By into a
fermion Fy and a fermion F4 to a boson Bg-;, which can be expressed as follows

M aF = M aB%4B> (6a)
My g=Mp0;, (6b)

where M, 5 and M, r are the masses for a boson and a fermion, respectively; d is the mass dimension number;
and a4 p oOr 04 r is the fine structure constant that is the ratio between the masses of a boson and its fermionic part-
ner. Assuming «’s are the same, it can be expressed as

M,y = Md+1,Bad2+l . (6¢)

2.4. The Digital Electric Charge

As described before [13], the digital representations of the allowance and the disallowance of irreversible kinetic
energy are integral electric charges and fractional electric charges, respectively. Individual integral charge with
irreversible kinetic energy to cause irreversible movement is allowed, while individual fractional charge with ir-
reversible kinetic energy is disallowed. The disallowance of irreversible kinetic energy for individual fractional
charge brings about the confinement of individual fractional charges to restrict the irreversible movement re-
sulted from kinetic energy. Collective fractional charges are confined by the short-distance confinement force
field where the sum of the collective fractional charges is integer. As a result, fractional charges are confined
and collective. The confinement force field includes gluons in QCD (quantum chromodynamics) for collective
fractional charge quarks in hadrons and the magnetic flux quanta for collective fractional charge quasiparticles
in the fractional quantum Hall effect (FQHE) [14]-[16].

In the periodic table of elementary particles, fractional charge quarks have their own seven mass dimensional
orbitals as the seven auxiliary mass dimensional orbitals in addition to the seven principal mass dimensional or-
bitals for leptons as in Figure 2.

2.5. The Selective Retention Component

The selective retention component retains selectively events in a narrative. The retained events are unified by the
common narrative. The narrative of physical reality is the four-stage evolution of our cyclic dual universe. The
four force fields are unified by the four-stage evolution.

Our dual universe is the globally reversible cyclic dual universe as shown in Figure 3 [7] for the evolution of
our universe as described previously [7].

The four reversible stages in the globally reversible cyclic dual universe are: 1) the formation of the 11D
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Figure 2. Leptons and quarks in the seven principal dimensional orbitals (solid lines)

denoted by the principal dimensional orbital number d and the seven auxiliary dimen-
sional orbitals (dash-dotted lines) denoted by the auxiliary dimensional number a.

Interuniversal void
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Figure 3. The globally reversible cyclic dual universe.

membrane dual universe; 2) the formation of the 10D string dual universe; 3) the formation of the 10D particle
dual universe; and 4) the formation of the asymmetrical dual universe. The pre-strong force (the prototype of
observed strong force) and pre-gravity emerged in the stage 2. The pre-electromagnetism emerged in the stage 3,
while the weak force emerged in the stage 4. The selective retention of the four force fields provides the four
force fields (gauge bosons) for the four of the seven principal mass dimensional orbitals (By) as in Table 1. The
other three of the seven principal mass dimensional orbitals are for the CP (right) nonconservation, the CP (left)
nonconservation, and the weak (right) force.

The periodic table of elementary particles for leptons, quarks, and gauge boson is in Table 2 with both the prin-
cipal mass dimensional orbital numbers and the auxiliary mass dimensional orbital numbers.

3. The Gauge Boson Mass Formula and the Cosmic Ray Mass Formula
The gauge boson mass formula is Equation (7) derived from Equation (6¢) based on the digital spin structure,

_ 2
Md+l,gaugeboson - Md,gaugeboson /ad+1 . (7)

Each dimension has its own a4, and all a4’s except a7 (a.,,) of the seventh dimension (weak interaction) are equal to
a, the fine structure constant of electromagnetism. The lowest energy boson is the Coulombic field for electromag-
netism based on Equation (6b) and the second lowest boson energy is m;, (a spin 1 boson as a half of the spin 0 pion)
with the mass of 70 MeV for the strong interaction. As described in Section 4, this boson By is used to construct

gluon.
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Table 1. The masses of the principal mass dimensional orbitals (gauge bosons) o = ¢, d = mass dimensional orbital number.

By My GeV (calculated) Gauge boson Interaction

Bs M.o 3.7%x10° A = photon Electromagnetic

B¢ Mo 7 x 1072 T Strong

B Ma,? 91.1876 (given) A weak (left)

Bg Milo? 1.71 x 10° Xr CP (right) nonconservation
By Ms/o? 3.22 x 10" Xp CP (left) nonconservation
Bio My/a? 6.04 x 10" zZ weak (right)

B My/o? 1.13 x 10" G Gravity

Table 2. The periodic table of elementary particles d = principal mass dimensional orbital number, a = auxiliary mass dimension-
al orbital number.

d a=0 1 2 1 2 3 4 5
Lepton Quark Boson
5 Ve Bs=A
6 € Bs=mn
7 Vuld Vit d/uy S7 cr by t B;= Z;
8 4 (hidden) bg (hidden) ts Bs=Xr
9 Fo By=Xo
10 Fio Bo= 7,
11 Fi By gravity
Msp=aMg=aM,. (8a)

My =M, o’ =M, Ja=M (8b)

/2

In Table 1, a,, is not same as a because there is a mixing between electromagnetism and the weak interaction in
the standard theory of the electroweak interaction, and siné), is not equal to 1 where 6, is the weak mixing angle
[17]. As aresult, a,, instead of ais used to calculate M, from M, based on the gauge boson formula Equation
(7). My, isthe mass of weak Z boson M7 which is 91.1876 GeV.

MB7 =M, :MB(,/a‘i

a, =M, M,

The calculated value for a,, is 0.02771. As described in the following paragraphs and Table 3, Bg, Fg and By in
Table 2 are observed in cosmic rays as the first knee, the second knee, and the toe, respectively, where the calculated
masses are in good agreement with the observed masses [6]. The calculated energy for By, is 1.13 x 10" GeV in
good agreement with the Planck mass, 1.22 x 10" GeV for gravity.

High-energy cosmic rays which have much higher energies than the energy of particles accelerated by the Large
Hadron Collider provide the study of elementary particles beyond the capacity of particle accelerators. The cosmic
ray mass formula is to the energy spectrum for the knees-ankles-toe of cosmic rays [6]. The energy spectrum from
10° eV to 10 ¢V appears to follow a single power law except few breaks at the knees-ankles-toe [18]. The power
index increases at the first knee and the second knee, and decreases at the ankle. Above 4 x 10" eV, the power index
increases as the “toe”. The fine structure of the cosmic ray spectrum [19] shows that an ankle with decrease in power
index is in between the first knee and the second knee, resulting in two knees, two ankles, and one toe. As explained
previously [6], the knees-ankles-toe are explained by the very high-energy fermions and bosons in the periodic
table of elementary particles. In the periodic table, some high-energy dimensional fermions (Fy where d = dimen-

(€)
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Table 3. The calculated masses for dimensional bosons-fermions and the observed eV for the knees-ankles-toe. By = mass
dimensional boson, Fy = mass dimensional fermion.

Bg, Fa calculated eV Calculation cosmic rays observed eV
Bs 1.7 x 10" the first knee 3x10"
the midpoint between Bg and Fo 2 x 10" Equation (11) the first ankle 2 x 10"
Fo 2.4 x 10" MBx/a the second knee 3 x 107
the midpoint between Fy and By 2.8 %10 Equation (11) the second ankle 3x 10"
By 32x10" M, |a the toe 4x10"

Fio 4.4 x 10* M, / a beyond the GZK limit not observed

sional orbital number from 5 to 11) and bosons (By) are involved in the knees-ankles-toe. At the knees and the
toe, some parts of the energies from the energy sources of cosmic rays are spent to generate F4 and By, resulting
in the increase of power index. The ankles are the the middle points (midpoints) between the adjacent dimen-
sional fermions and bosons. At a midpoint, the energy is too high to keep the thermally unstable high- energy
dimensional particle, resulting in the decay and the decrease of power index.

The cosmic ray mass formula is derived from Equations (6a) and (6b)

M =M, (10a)
My p=M;;a (10b)

where Myg and My are the masses for a boson and a fermion, respectively; d is the mass dimension number from §
to 10; and a4 or oy is the fine structure constant. The midpoint is expressed as follows.

Mmidpoim =exp ((ln (Madjacem dimensional ferion ) +1In (Madjacem dimensional boson ))/2) (1 1)

The calculated masses of Bg, the midpoint, Fy, the midpoint, and B, are 1.7 x 1015, 2 % 1016, 2.4 x 1017, 2.8 x
1018, and 3.2 x 10" eV, respectively, which are in good agreement with observed 3 x 1015, 2 X 1016, 3 x 1017, 3 x
1018, and 4 x 10" eV for the first knee, the first ankle, the second knee, the second ankle, and the toe, respective-
ly as in Table 3.

The mass of Fq is 4.4 x 10*' ¢V beyond the GZK (Greisen-Zatsepin-Kuzmin) limit, which occurs at about 5 x
10" eV, as the maximum energy of cosmic ray particles that have traveled long distances (about 160 million
light years), due to the theoretical energy losses of higher-energy ray particles and to scattering from photons in
the cosmic microwave background. Therefore, F, and above are not observed.

4. The Lepton Mass Formula and the Quark Mass Formula

The lepton mass formula and the quark mass formula are derived from the electric digital charge structure where
the digital representations of the allowance and the disallowance of irreversible kinetic energy are integral elec-
tric charges and fractional electric charges, respectively [13]. The collectivity of fractional charges requires the
attachment of energy as flux quanta to bind fractional charges. As a result, the integer-fraction transformation
from integral charges to fractional charges involves the integer-fraction transformation to incorporate flux quan-
ta similar to the composite fermion theory for the FQHE [20] [21]. In the composite fermion model, the forma-
tion of composite fermion is through the attachment of an even number of magnetic flux quanta to electron,
while the formation of composite boson is through the attachment of an odd number of magnetic flux quanta to
electron. In the same way, the integer-fraction transformation from integral charges to fractional charges for
quarks consists of the three steps: 1) the attachment of an even number of flux quanta to individual integral
charge fermions to form individual integral charge composite fermions (F.); 2) the attachment of an odd number
of flux quanta to individual integral charge composite fermions to form transitional collective integral charge
composite bosons (B,); and 3) the conversion of flux quanta into the confinement force field to confine collec-
tive fractional charge composite quarks (Q,.) converted from composite bosons as follows.
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3 flux quanta

individual e® —219% 5 individual FF, —2Mwxawe

transitional collective BC]_Sc P, (12)

collective 2 Q, Q, of ir% and i% charge with 3 gluons + individualee

where F., B., and Q. are the composite fermion the composite boson, and the composite quark, respectively. The
first step of the integer-fraction transformation from electron to quark is the attachment of 2 flux quanta to indi-
vidual integral charge electrons to form individual composite fermions (F.’s). The flux quanta (70.0252 MeV)
are the flux quanta as proposed by Peter Cameron to calculate accurately the masses of pion, muon, and proton
[22]. The quantum of 70.0252 MeV is also the bosonic mass quantum proposed by Malcolm H. MacGregor for a
basic building block to calculate accurately the masses of hadrons [23]. According the periodic table of elemen-
tary particles, the flux quantum is Bg from Table 1. From Equation (6b), the relationship between B and elec-
tron (Fs) is as follows.

My =M, [a=M,[a=70.0252 MeV (13)

where « is the fine structure constant for electromagnetism. The F,. (the principal composite fermion) consists of two
Bg as flux quanta.

M, =2M, =140.0505 MeV (14)

The mass of pion (boson) is the mass of the principal composite fermion (F,) minus the mass of electron (fer-
mion) [22].

M, =M, —M,=139.5395 MeV (15)

which is in excellent agreement with the observed 139.5702 MeV.

In the second step for the attachment of odd number of flux quanta, the odd number of flux quanta can be one
flux quantum for one principal composite fermion or three flux quanta for three principal composite fermions,
resulting in lepton or quark, respectively. For the formation of lepton, the second step is the attachment of one
flux quantum to one individual integral charge principal composite fermion to form the transitional integral
charge principal composite boson. In the second step, the principal composite boson for composite lepton is B¢ +
Fyc. In the third step, the principal composite boson is converted into two composite leptons (L) with the addi-
tion of electrons, resulting in muon as follows.

My for L =M, +My =2My +M, =3M, (16a)

M _=M,=M_+ MBp /2 =M, + 3MB6/2 =M, + M, _ 105.5491 MeV (16b)
© ¢ 2a
which is in excellent agreement with the observed 105.6584 MeV. The muon mass formula in Equation (16b) is
identical to the Barut lepton mass formula for muon [24]. Equation (16b) explains the origin of 3/2 which cannot
be explained easily by Cameron, MacGregor, and Barut. Without binding the composite leptons together by the
flux quanta, leptons have integral electric charges instead of fractional electric charges.
The Barut lepton mass formula [24] is expressed as follows.
3M, &

=M +—=>a", 17
lepton e 2a ; ( )

M,

where n=0, 1, and 2 are for e, 1, and z, respectively. The calculated mass of 7is 1786.2 MeV in good agreement with

the observed mass as 1776.82 MeV. According to Barut, the second term, Z a* ofthe mass formula is for the Bohr-
a=0

Sommerfeld quantization for a charge-dipole interaction in a circular orbit. The experimental proof of this di-
pole-interaction in a circular orbit is shown as the light boson at 17 MeV from the generation of pairs of electrons
and positrons by firing protons at thin targets of lithium-7 [25] [26]. The light boson is the orbit e & in the
circular orbit. The masses of the bosons from orbit e € are calculated as follows.
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Myn =M, o =2M, =2M Y a* (18)

boson %
a=l1
where the masses of the bosons for n =1 and 2 are 2M, for ee (electron-positron pair) and 34M, for the light boson,
respectively. The calculated mass of the light boson is 17.374 MeV in excellent agreement with the observed mass as
17 MeV [25]. As in Figure 2 and Table 2, v, and v, share the same orbitals with xand 7, respectively. All neutrinos
(Ve, v, and v,) in the periodic table of elementary particles (Table 2) are nearly massless because of chiral symmetry
(permanent left-handed).

For the formation of quark, the second step is the attachment of 3 flux quanta (Bg’s) to three individual
integral charge principal composite fermions (Fy.’s) to form the transitional collective integral charge principal
composite bosons (B,.’s). The transitional principal composite bosons are derived from the combination of the
three principal composite fermions (3 F,,.’s) with the three flux quanta (3 B4’s) which are connected and located
at the same position in the same 3-F, energy level. One 3-F, energy level consists of the three connected F,
sites with the connected three flux quanta (3 Bg’s). The mass of the transitional principal composite bosons By,
is as follows.

My =3M, +3M, =6M, +3M, =9M, =9M,/a=630227 MeV (19)

In the third step, 3 flux quanta (Bg4’s) are converted to 3-color gluons (red, green, and blue) in QCD. Each of
the three F, sites in the energy level has £1/3 charge. The fractional charges of quarks are the integer multiples
of £1/3e. One principal composite boson (B,.) is converted into two composite quarks (fermions) in the same
way as the conversion of one photon (boson) into two fermions (electron-positron). As a result, the principal
composite quark (Q,c) has 1/2 mass of the principal composite boson (B,) in addition to the mass of 1/3 and 2/3
electrons for the three F. sites for different electric charges as follows.

lor2m, My, lor2M, 9M
Q. = + = +
e 3 2 3 20

From Equation (20), the principal composite quark with 1/3 electric charge is the principal composite d quark
with 315.28 MeV, and the principal composite quark with 2/3 charge is the principal composite u quark with
315.45 MeV.

According to the periodic table of elementary particles (Table 2), quarks have the auxiliary mass dimensional
orbital in addition to the principal mass dimensional orbital as in Figure 2. As a result, there are the auxiliary
composite quarks (Q,;) in addition to the principal composite quarks (Q,.). The three-step transformation in the
integer-fraction transformations from integral charge to fractional charge is applicable to the auxiliary composite
quarks. The auxiliary flux quantum is B,; which is in between d, and dg as shown in Figure 2. As a result, a,, in-
stead of a is used for B,7. Muon, a composite lepton, instead of electron is used for B, as follows.

My =M, 1)

M

£ =315.28 or 315.45 MeV (20)

where a,, is the fine structure constant for weak force from Equation (9). In the first step, the F,. (the auxiliary com-
posite fermion) consists of two B,; as auxiliary flux quanta.

MFac = 2MBa7 = 2Mﬂaw (22)

The second step is the attachment of 3 auxiliary flux quanta (B,;’s) to the individual integral charge auxiliary
composite fermions (F,.’s) to form the transitional collective integral charge auxiliary composite bosons (B,.’s).
The transitional auxiliary composite bosons are derived from the combination of the three auxiliary composite
fermions (3 F,.’s) with the three flux quanta (3 B,;’s) which are connected and located at the same position in
the same 3-F,. energy level. One 3-F,. energy level consists of the three connected F, sites with the connected
three auxiliary flux quanta (3 B,;’s). The mass of the transitional auxiliary composite bosons B, is as follows.

My =3M, +3M, =6My +3M, =9M, =9IM «a, (23)
In the third step, 3 auxiliary flux quanta (B,’s) are converted to 3-color gluons (red, green, and blue) in QCD
to confine the collective fractional charge auxiliary composite quarks (Q,.’s) conversed from the transitional

auxiliary composite bosons (B,.’s). One composite boson (B,.) is converted into two composite quarks (fer-
mions) in the same way as the conversion of one photon (boson) into two fermions (electron-positron). As a re-



D.-Y. Chung

sult, the auxiliary composite quark (Q,.) has 1/2 mass of the auxiliary composite boson (B,).

Mo, =M, [2=9M 0, [2=13.16 MeV (24)

w

The composite quark mass formula is the combination of the principal composite quark and the auxiliary
composite quark with the Bohr-Sommerfeld quantization for a charge-dipole interaction in a circular orbit as fol-
lows.

M a,6 &
lor 2M, Jr9MC oM Wza4 (25)
3 20( 2 a=l1

where n =1, 2, 3,4, and 5 for u/d, s, c, b, and a part of't, respectively.

At n =5 for Equation (25), the mass (140.4 GeV) is greater than B; (91.1876 GeV) as in Table 1, so the last
two auxiliary mass dimensional orbitals of the seven auxiliary dimensional orbitals are in between dg and dy. The
formation of the auxiliary mass dimensional orbitals between dg and dy requires the extra-principal flux quantum
as B, instead of Bg. For the first step in the three-step transformation from integer charge to fractional charge for
the extra quarks is to form the extra composite fermion. B; is Z boson. The F, (the extra principal composite
fermion) consists of two B as flux quanta. The F,. (the extra principal composite fermion) consists of two B as
flux quanta.

n
_ 4 _
My =My +M,, 2 at =

Fepe

=2M, =2M, (26)

For the second step to form the extra principal composite boson, only one extra-principal flux quantum is
added to one extra-principal composite fermion, because the 3-color principal electric and 3-color auxiliary flux
quanta already exist, and there is no need for three extra-principal flux quanta.

MBcpc:MFcpc+MB7 =2M,+M, =3M, 27

The third step is the conversion of the extra-principal composite boson to two extra-principal quarks (Qepc).
Only The neutral B, is used for Qcp., s0 no electron is added.

Mg, =My, [2=3M,[2=136.78 GeV (28)

Since Qg involves only one extra-principal flux quantum, Qg is identical to the extra-composite lepton L.,
which is neutral extra-muon g .
M, =M =3M,/2=136.78 GeV (29)

The extra-auxiliary flux quantum is B, is like Equation (21).
MBea = Mﬂba (30)

where the fine structure constant in between dg and dy is a. For the first step in the three-step transformation
from integer charge to fractional charge, the extra-auxiliary composite fermion (F.,.) is the composite of two
Bgea’s.

M, =2M, =2M,a 31

For the second step to form the extra-auxiliary composite boson B,., only one extra-auxiliary flux quantum is
needed in the same way for the formation of the extra-principal composite boson.

MB = MFeac + MBSea = ZMBSEa + MBSea = 3MB8ea = 3M/”(’)a (32)

eac

For the third step to form quark from composite boson B.,., extra-auxiliary composite boson is converted into
two extra-auxiliary composite quarks (Qe,c)-

Mo, =My [2=3M,0/2=3(3M,/2)a/2=9M,a/4 (33)

The mass formula for the extra- composite quark (Q..) with the Bohr-Sommerfeld quantization for a charge-di-
pole interaction in a circular orbit is as follows.

i M, OMad.
Moec:Merc+MQeacza4: 22+ 4_Z at (34)

a'=1 a'=1
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where n’'= 1 and 2 for b and t, respectively.
Quark is the combination of the composite quark from Equation (25) and the extra-composite quark from Eq-
uation (34). The quark mass formula is as follows.
M ,a, & "'
_lor2M, 9MeJr s 3MZ+9MZaZa'4 (35)

a'=1

M

e = Mo + Mo = 3 + E» 5 ;a4 + > n
where n =1, 2, 3, 4, and 5 for d/u. s, ¢, b, and t, respectively; and n'= 1 and 2 for b and t respectively. The calcu-
lated masses for d, u, s, ¢, b, and t are 328.4 MeV, 328.6 MeV, 539 MeV, 1605.3 MeV, 4974.6 MeV, and 175.4
GeV, respectively. In the Standard Model, there are three generations of leptons. Extra-muon 4, is outside of
the three generations of leptons in the Standard Model, so g is hidden as shown in Table 2. As shown in Ta-
ble 2, to be symmetrical to the hidden g, the extra composite quark, (Q.p.) and the extra auxiliary composite
quark (Q...) for b quark are also hidden (absent).

The calculated mass of top quark is 175.4 GeV in good agreement with the observed 173.3 GeV. The calcu-
lated masses are the constituent masses which include all different types of the flux quanta (B¢, B7,, Bg, and
Bsea). The calculated constituent masses are comparable to the quark masses proposed by De Rujula, Georgi, and
Glashow [27], Griffiths [28], and El Naschie [29]. The masses of hadrons are the combinations of the constitu-
ent quark masses minus the binding energy in the hadronic bond among quarks [30] [31]. The hadronic bond is
the overlapping of the auxiliary dimensional orbitals, so it involves the auxiliary composite quarks, consisting of
the primary auxiliary composite quark (Q,) from Equation (24), the secondary auxiliary composite quark (Q., ),
and the tertiary auxiliary composite quark ( Q. ). The secondary auxiliary composite quark ( Q] ) is generated
from the primary auxiliary composite quark in the same way as Equation (24).

My =9M, a,/2=1.64MeV a6

The tertiary auxiliary composite quark ( Q! ) is generated from the secondary auxiliary composite quark in
the same way as Equation (36).

My =9M a,/2=0.20 MeV 37)

For neutron, the binding energy (Eq.q) in the hadronic bond between quarks involves the primary auxiliary
composite quark to become the binding energy and the secondary auxiliary composite quark to become the mass
to replace the primary auxiliary composite quark as below.

Eqq=2(My Mg )=23.04MeV (38)

The mass of neutron which has two hadronic bonds is the sum of the constituent masses of u, d, and d quarks
minus the binding energy from the two hadronic bonds.

My =M, +2M, ~2E,, =939.43 MeV (39)

The calculated mass of neutron is in good agreement with the observed value 939.57 MeV.
Proton is more stable than neutron, so it involves the additional binding energy from the tertiary auxiliary
composite quark as below.

Eqq=2(Mo, —Mgy +My )=23.45MeV (40)

The mass of proton which has two hadronic bonds is the sum of the constituent masses of u, u, and d quarks
minus the binding energy from the two hadronic bonds.

M, =2M, +M,—2E,, =938.78 MeV (41)

The calculated mass of proton is in good agreement with the observed value 938.21 MeV.

Another way to form hadrons is through the combinations of M/a (= 70.03 MeV) and 3M./2a (= 105.04
MeV) as the mass quanta (mass building blocks) by the MacGregor’s constituent quark model [23] [32]. There-
fore, the masses of hadrons can be calculated by the combinations of the constituent quark masses from the
quark mass formula as Equation (35) and by the combinations of the mass quanta from the MacGregor’s consti-
tuent quark model [23] [30]-[32]. Another type of quark mass is the current mass which is much lower than the
constituent mass, because it does not include some parts of principal composite quark (Q,.) and auxiliary com-
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posite quark (Q,.) which become massless gluon [28] [33].
Another extra-muon is charge extra-muon, gz, derived from W boson. The formation of 4 is same as
M, based on Equations (28) and (29). (The observed mass of W boson is 80.385 GeV.)

M, =3M,,/2=120.58 GeV (42)

Extra-muon 4’ includes neutral g, and charge g .

5. The Higgs Boson Mass Formula

In the conventional model, under spontanecous symmetry breaking, zero-energy ground state space turns into the
nonzero-energy scalar Higgs Field which exists permanently in the universe. The problem with such nonze-
ro-energy field is the cosmological constant problem from the huge gravitational effect by the nonzero-energy Higgs
field [34]. The coupling of massless particle to the Higgs field produces the transitional nonzero-energy Higgs
field-particle composite which under spontaneous symmetry restoring produces the massive particle with the longi-
tudinal component on zero-energy ground state space without the Higgs field as follows.

spontaneous symmetry breaking

zerro-energy groud state space nonzero-energy scalar Higgs field

massless particle spontaneous symmetry restoring ( 4 3)

[the transitional nonzero- energy Higgs field-particle composite]

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

To avoid the cosmological problem from the huge gravitational effect by the nonzero-energy Higgs field is to
make the Higgs field a transitional field which exists momentarily and to make zero-energy ground state space a
permanent zero-energy ground state space which exists permanently in the universe [8]. For the digital space struc-
ture, such zero-energy ground state space is zero-energy attachment space which attaches particles to account for
the longitudinal component, mass, and reversible movement. Unlike the conventional model, attachment space
actively couples to massless particle. Under spontaneous symmetry breaking, the coupling of massless particle
to zero-energy attachment space produces the transitional nonzero-energy Higgs field-particle composite which
under spontaneous symmetry restoring produces massive particle on zero-energy attachment space with the lon-
gitudinal component without the Higgs field as follows.

spontaneous symmetry breaking

massless particle + zero-energy attachment space

[ the transitional non-zero energy Higgs field-particle composite | —2nreous smmetry festoring 44)

massive particle with the longitudinal component on zero-energy attachment space without the Higgs field

The opposite of attachment space is zero-energy detachment space which detaches particles to account for ir-
reversible kinetic energy. Unlike the conventional model, detachment space actively couples to massive particle.
Under spontaneous symmetry breaking, the coupling of massive particle to zero-energy detachment space pro-
duces the transitional nonzero-energy reverse Higgs field-particle composite which under spontaneous symme-
try restoring produces massless particle on zero-energy detachment space without the longitudinal component
without the reverse Higgs field as follows.

spontaneous symmetry breaking

massive particle + zero-energy detachment space

[the transitional nonzero-energy reverse Higgs field- particle composite] 43)

spontaneous symmetry restoring

massless particle without the longitudinal component

on zero-energy detachment space without the reverse Higgs field

For the electroweak interaction in the Standard model where the electromagnetic interaction and the weak in-
teraction 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 attachment space produces
the transitional nonzero-energy Higgs fields-bosons composites which under partial spontaneous symmetry res-
toring produce massive 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.
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massless WZ + zero-energy WZ attachment space + massless A + zero-energy A attachment space A

spontaneous symmetry breaking

> [the transitional nonzero-energy WZ Higgs field -WZ composite]

partial spontaneous symmetryrestoring" (46)

+[nonzero-energy A Higgs field -A composite]
massive WZ with the longitudinal component on attachment space without the Higgs field

+massless A + the nonzero energy massive Higgs boson

Being outside of the three-generation lepton-quark in the Standard Model, the Higgs boson adopts the extra-
muon condensate 'z’ which is outside of the three-generation lepton-quark. In other words, the extra-muon
condensate becomes the Avatar Higgs boson [5]. The extra-muon condensate u'zr' includes gz, and
4. i, The extra-muon condensate composite consists of 24, , .12, , and g’ 7' . From Equations (29) and (42),
the mass of the 'z’ condensate composite as the Higgs boson composite is as follows.

MHiggsboson composite = M#(')fl(') + Mﬂ;ﬁ; + MHLQL
=2(136.78) GeV +2(120.58) GeV +2(120.58) GeV 47)
=756 GeV

This extra-muon condensate composite as the Higgs boson composite at 750 GeV is in good agreement with
the 756 GeV diphoton excess observed from the Large Hadron Collider (LHC) with zero charge and zero spin
[35][36]. The 'z’ condensate composite decays into three i’ condensates. Just as the observed top quark is
a bare quark with the observed mass of about 173 GeV instead of about 346 GeV (two times 173 GeV) for top
quark-antitop quark boson, the observed mass of u'zi’ as the Higgs boson is the mass of bare 4’ as follows.

/6=756 GeV /6 =126 GeV (48)

observed /1" asthe Higgs boson = M;z'ﬁ' composite

The calculated mass (126 GeV) is in excellent agreement with the observed 125 GeV [37] or 126 GeV [38].

6. Conclusions

One of the biggest unsolved problems in physics is the particle masses of all elementary particles which cannot be
calculated accurately and predicted theoretically. In this paper, the unsolved problem of the particle masses is solved
by the accurate mass formulas which calculate accurately and predict theoretically the particle masses of all leptons,
quarks, gauge bosons, the Higgs boson, and cosmic rays (the knees-ankles-toe) by using only five known con-
stants: 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. The calculated 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, respectively, in excellent
agreements with the observed 105.65 MeV, 173.3 GeV, 139.57 MeV, 939.27 MeV, and 126 GeV, respectively. The
mass formulas also calculate accurately the masses of the new particle at 750 GeV from the LHC and the new
light boson at 17 MeV. The theoretical base of the accurate mass formulas is the periodic table of elementary par-
ticles. As the periodic table of elements is derived from atomic orbitals, the periodic table of elementary particles is
derived from the seven principal mass dimensional orbitals and seven auxiliary mass dimensional orbitals. All ele-
mentary particles including leptons, quarks, gauge bosons, the Higgs boson, and cosmic rays can be placed in the pe-
riodic table of elementary particles.

The periodic table of elementary particles is derived from the theory of everything as the computer simulation
model of physical reality consisting of the mathematical computation, digital representation and selective reten-
tion components. The mathematical computation involves oscillating M-theory as oscillating membrane-string-
particle whose space-time dimension (D) oscillates between 11D and 10D and between 10D and 4D. For the
digital representation component, the three intrinsic data (properties) are rest mass-kinetic energy, electric
charge, and spin which are represented by the digital space structure, the digital spin, and the digital electric
charge, respectively. The digital representations of rest mass and kinetic energy are 1 as attachment space for the
space of matter and 0 as detachment space for the zero-space of matter. The digital representations of the exclu-
sive and the inclusive occupations of positions are 1/2 spin fermion and integer spin boson, respectively. The
digital representations of the allowance and the disallowance of irreversible kinetic energy are integral electric
charges and fractional electric charges, respectively. For the selective retention component, gravity, the strong
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Table 4. The mass formulas of gauge bosons, cosmic rays, leptons, quarks, and the Higgs boson.

mass Equation # Table # Particles involved
formula of
gauge 7 1 gauge bosons for electromagnetism, strong force, weak force (left), CP
bosons non-conservation (right), CP non-conservation (left), weak force (right), and gravity
cosmic rays 10a. 10b, 11 3 knees, ankles, and toe
leptons 17 2 electron, muon, tau, and the light boson
quarks 35 2 d,u,s,c,b,and t
Higgs boson 47,48 the Higgs boson and the Higgs boson composite

force, electromagnetism, and the weak force are the retained events during the reversible four-stage evolution of

our

universe, and are unified by the common narrative of the evolution. The computer simulation model of

physical reality provides the seven principal mass dimensional orbitals and seven auxiliary mass dimensional
orbitals to place leptons, quarks, gauge bosons, the Higgs boson, and cosmic rays in the periodic table of ele-
mentary particles.

The summary of the mass formulas is in Table 4.
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