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Key Points:

e The change of the external gravitational field intensity will cause the overall spectral
movement

e The interaction of "gravity" between matter and anti-matter is repulsive force

e The equal number of baryon and antibaryon as well as the energy conservation in the
universe are confirmed
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Abstract

In this work, the gravitational field is investigated in detailed and the quantum mechanics equation
under the gravitational field has been derived. Then, the Schrodinger and Dirac equations are
accordantly solved under the gravitational field condition by separating variables. As a result, the
Rydberg formula is deduced in such conditions, which proves that the change of the external
gravitational field intensity will cause the overall spectral movement. Obviously, the partial
redshift of quasar spectrum should assign to this effect. Furthermore, by applying this gravitational
field together with the energy and mass concepts into the symmetry, gravity theory and gauge
theory, it is deduced that the interaction of "gravity” between matter and anti-matter is repulsive
force, which is the originator of the accelerated expansion phenomenon for dark energy in the
universe. It is found that the calculated cosmological constant is a small variable related to the
radial and angular direction of the universe, and the "spontaneous breaking of vacuum symmetry"
is caused by this gravitational field. Further, the gravitational field lead to the non-conservation of
weak action parity. The equal number of baryon and antibaryon as well as the energy conservation
in the universe are confirmed. In this work, the gravitational field is introduced into quantum
theory, which will promote the integrality of the quantum mechanics, and explain the dark energy
phenomenon constitutionally. This study will push the astrophysical theory and the gauge theory
of particle physics for the further study of energy level, basic particle structure, and quantum
gravity theory.

1 Introduction

Dark energy phenomena [1-4], dark matter [5,6], neutrino mass, asymmetry of material and
antimatter are the known experimental or observable facts, which cannot be explained or does not
be included by either the standard particle physics model or the standard cosmic model. As we
know, the electromagnetic interaction, the strong interaction, and the weak interaction have been
unified as gauge theory interactions. However, it is the hot issue in the past 50 years or even nearly
100 years to explore a simple universal physical principle to unify all kinds of interaction forces.
In order to explain the new phenomena such as those originated from the experiments and
observations and also those cannot be explained by the above standard models, and as well in order
to intergrade gravity theory with quantum theory, it is necessary to quantify the gravitational field.
By such an approach, a quantum gravity theory is constructed which could response the
completeness of quantum theory. Actually, it has encountered many insurmountable difficulties:
1) The quantum theory is different from the general relativity in the concept of time. For instance,
the time corresponded to the instantaneous collapse of the quantum state is absolute whereas it is
relative for the time of general relativity. 2) It is much more complicated for the quantal
gravitational field than the quantization of electromagnetic field. The metric is a second order
tensor, that is, it includes the gravitational information as well as the time and space geometry.
This makes the change of gravitational field in space and the evolution of gravitational field with
time being ambiguous. Further, it is ambiguous for the motion and evolution of gravitational field
after the quantization. The perturbation method of quantization gravity has also been tried, but the
problem of gravity non-renormalization is not perfectly solved. Later the attempts were tried to
find solutions to gravitational field quantization from different views, such as the non-perturbed
method is applied to the circle quantum gravitation (Loop Quantum Gravity) [7,8] of the
gravitational quantization, the string theory, and superstring theory [9-16]. Horava-Lifshity theory
have been proposed by modifying Einstein general relativity. All these theories formed by either
replacing the metric tensor with nonlocal field operators, or considering particles as spatiotemporal
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nonlocal representations of strings and interactions in high dimensional supersymmetric space-
time, or correction theory of Lorentz symmetry breaking at high energy. Therefore, although these
theories could find solutions for several problems, most of them are locally questionable or
imitative. For examples, the circle quantum gravitation theory has dynamic problems while string
theory (superstring theory) has encountered serious difficulties in compacting to the real 4-
dimensional space-time, and Horava-Lifshit [17] theory could not response the Lorentz symmetry
at low energy. Recently, several quantum effective theories were proposed, such as, the double
special relativity (DSR) model [18,19] which was constructed by modifying the energy momentum
relationship of the relativistic quantum, the general uncertainty principle (GUP) [20-23] which was
derived from the uncertain relationship in quantum mechanics, and the Lorentz symmetry breaking
(SME)[24,25] which was based on the standard model extending. These theories have gained some
valuable conclusions in the investigation of the high energy phase quantum gravity effect in Planck
scale or black hole thermodynamics. Whereas, further research and exploration are significantly
needed due to the limitative (or defective) parameters described the quantum gravity effect. There
are also investigations on the scattering effects [26-28] and the Higgs push [29,30] of the cosmic
inflation originated from the non-minimal coupling term RH*H (H is the Higgs field and R is the
standard curvature of space time scalar) between Higgs field and the gravity in the framework of
effective field theory. The spin value of the graviton and high-energy phases have been assumed

to be 2 in this investigation. A colored Higgs field He was introduced to the SU(5) grand unity
theory (GUT)[31-35] whereas the proton decay is synchronously caused. Consequently, the
progress has been made in high energy and black hole processing by fitting the gravity into the
standard model of the gauge theory. Nevertheless, the gravitational fields used are all the Einstein
gravitational field with the plane wave solution, in which spin value is 2. It is not the ideal
candidates for the interaction theory between Higgs and gravitational forth. Here, a complete
theory of quantum gravity is still not established until now.

The Higgs mechanism of the gauge theory and its particle physics standard model is to
assume that there naturally is a scalar field ®(y). In the vacuum state of this scalar field, the
interaction between the scalar field and the gauge field or the fermion field makes the gauge
particles and fermions obtain excess mass. However, this is only a scalar field and the
corresponding spontaneous breaking vacuum state assumed at the requirements of gauge theory.
In one hand, it is not clear whether such a real scalar field and the required spontaneous breaking
vacuum state exist. On the other hand, our understanding of the physical real vacuum is relatively
vague. If the gravitational field is quantized and the physical vacuum is described on the basis of
such guantum gravitational field, the physical vacuum contained the quantum gravitational field
and its vacuum state will be more suitable for the gauge theory. As a result, not only the real
physical field of the scalar field required by the gauge theory is determined, but also the physical
reality of the real vacuum is correspondingly determined. Therefore, the theoretical vacuum and
the real vacuum is equated, and the gravitational field could be introduced into the gauge theory,
which will promote to specify the standard model of the particle physics and the gauge theory.

In the section 2 of this manuscript, we have defined the chiral energy, the chiral mass and
the chiral gravitational field (the only one assumption in this manuscript), and then the CPT
theorem is proved to be held in this gravitational field. After that, in the section 3, the 1/2 spinor
gravity field is naturally introduced under the concept of chiral gravity field. After fully
understanding the different expressions of microgravity field and macrogravity field and the
original establishment of quantum mechanics, the quantum mechanics equation under the
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condition of gravitational field is established through Poisson's equation. The energy solution of
this equation is the Rydberg formula under the condition of gravitational field. Moreover, the
overall shift effect of the atomic characteristic spectrum can be derived. It is proposed the dense
matter will appear if the external gravitational field tends to infinity but the mass matter is unstable
and tends to decompose when the gravitational field become infinitesimal. In section 4, the
repulsive gravitational interaction between positive and negative mass matter is established. Next,
the scalar field of the gauge theory is namely identified as the scalar of the spinor gravitational
field via the mass generation of the Higgs mechanism. Hence, there existed the transverse energy
and the longitudinal gravitational field conditions for the generation of the mass. Because the
different contributions from both the positive-anti particle spin in the term coupled the scalar field
in Lagrange quantity with the fermion field and the different positive and negative masses, the
positive and antiparticles will present the various lifetimes. It makes a positive matter stable and
anti-matter unstable in the right-handed gravitational field. And the stronger the field strength, the
greater the difference of the positive particle and anti-particle in the Lagrange quantity value. That
is, the right-handed gravitational field is a positive matter stable field and the unstable field of the
antimatter. Combining the CPT theorem with the limit case of the Rydberg formula in the
gravitational field condition, it derives a conclusion that a microscopic chiral symmetric particle
world is existed and also a macroscopic chiral-symmetric universe. The universe consists of the
positive and antimatter sky, in which the positive and antimatter cannot mix together to form the
universe. Based on this derivation, the cosmological constant is calculated under the positive
matter sky and antimatter sky model, which is a quasi-constant associated with the cosmological
radial and angular direction.

The cosmic model presented in this manuscript is obtained naturally based on the theory
of particle physics and is an extension of the Standard Universe Model (A CDM), which is
different from the Dirac-Milne universe [36]. The A solved in this manuscript is also simple in
principle, and it will be better if it derived from the observations and n-body simulations [37-40]
(our observations are limited to the positive sky, but the long-range effect of the anti-sky is still
valid). However, the redshift caused by the change of matter structure in the gravitational field will
have a big impact on cosmic observations and cosmic theory.

Nowadays, it is still inharmonic for the physics gauge theory and gravity field theory.
Therefore, it is good choice for us to distinguish the representation and function of the microscopic
gravitational field from the macroscopic classical gravitational field. Moreover, the microscopic
gravitational field, the quantum mechanics, and the quantum field theory will be combined. It is
truth that this combination of a series of interrelated conclusion can be identified by experiment,
such as the spectral redshift and the existence of the dense matter (The white dwarf and the neutron
star) have actually proved this theory.

2 Definition of chiral energy, mass and gravitational field, and the field quantization and
the certification for CPT's Theorem

2.1 Definition of right-hand energy and left-hand energy

The propagation behavior of electromagnetic wave in medium is determined by the
permittivity € and permeability p of medium. The relationship between wave vector K and
electromagnetic vector E, and H can be deduced by Maxwell's equations:

KX E = wuou,-H (2.1
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KX H = —wegy¢, E (2.2)
Where, w is the angular frequency, u, is the dielectric permeability, ¢, is the dielectric
permittivity. By equations (2.1) and (2.2), the following equations are obtained:

2
K2 = (%) n? (2.3)
Where the refractive index of medium n? = &.u,.. Then,
K=+=n (2.4)

i) When &> 0 and p > 0, n is large than 0 and KR:%n. In addition, E, H, K satisfy the

right-hand relationship. The energy is thus defined as the right-hand energy e or the nominal
positive energy €z = €.
ii) When €< 0 and p< 0, n is large than 0 and K, = —%n (negative value). In addition, E, H,

K satisfy the left-hand relationship. Meanwhile, the direction of light propagation (e.g., direction
of the K and it is also the phase velocity direction) is opposite to the energy propagation direction
(S direction of the Poynting vector). The energy is thus defined as the left-hand energy €, or the
negative energy: €; = —¢, Kz = —K;.

2.2 Definition of chiral mass and chiral gravity field

Under the location-time four vectors x* (p=0,1,23) : x°=ct, x' =x, x2 =y, x3 =

z, the energy-momentum four-vectors is P* = (é, P, P,, B) .

According to the above definition of chiral energy and 4-momentum, the chiral mass and the
chiral gravitational field are defined as the right-handed energy Er (in order to distinguish the

electric field vector energy E, the energy in section (2.1) is written as ¢, and here E is also used to
present the energy) and left-hand energy E.. Then, P} = ETR ==, PP = % = _TE Accordingly, the

c
right-hand mass (intrinsic property) is defined as mgr=m, that is, the mass of normal matter while

the left-handed mass is defined as mL=-m, a antimatter mass. Furthermore, the corresponding
gravitational potentials (take the single particle Newton potential as an example to illustrate the
two kinds of the gravitational potentials) are defined as:

Kmpg Km
(p = — e —
. y y
Km; Km
gp = — = —
L y

14
The gravitational potential carried by the right-handed mass is right-handed whereas the left-
handed mass is the left-handed gravitational potential.
2.3 CPT theorem under chiral energy and mass [41]
The CPT invariant representation of various spin fields is written by quantizing each quantity
field under the definition of left-handed energy, right-handed energy, and chiral 4-momentum.

Then, the CPT theorem § L(x)§ = L*(—x) (§ = CPT) has been derived, and the detail is
listed in Appendix 1. Thus, the following conclusions could be followed with the CPT theorem:

1) The existence of right-handed energy Er and the chiral symmetrical left-handed energy E..
It is set Er=E during the calculation which is known as the positive energy while E =-E known as
the negative energy.

2) There is right-handed mass matter (also called positive matter mg=m) and left-handed mass
matter (also called antimatter m_.=-m). This mass chirality is the intrinsic property of matter and
does not change due to the selection of reference system.
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3) The mass matter carries the gravitational field and the mass matter exhibits chiral
symmetry. Then, the gravitational field accordingly presents chiral symmetry. That is, the positive
matter carries a right-handed gravitational field and antimatter carries a left-handed gravitational
field.

4) There is a microscopic world of chiral symmetric particles, and also there is a macroscopic
chiral symmetry universe. Such universe consists of the positive matter sky and the antimatter sky
(the matter and antimatter in the universe form their own positive and antimatter sky, respectively.
But it cannot be a mixture of matter and anti-matter to form the universe which will be discussed
in the Appendix 4 particle physics parts). In a physical vacuum in the sky of positive matter, it
iISeg > 0, pp > 0. While, in a vacuum for an antimatter sky, itis ¢y < 0, u, < 0. It means there
are two gravitational field vacuums in the universe. The defined "positive sky" is actually what
people now call the universe. In fact, the cosmic model in this manuscript doubles the original
universe (a pair of positive and anti-sky).

3 Establishment of the quantum mechanics equation under gravitational field and its
physical meaning

3.1 Establishment of the quantum mechanics equation under gravity field

Today, the superstring theory (or not yet the so-called M theory) is the hottest research by
quantizing the gravity field or combining the gauge theory with the gravity theory. It is a more
complicated mathematical process by introducing boundary conditions under the light cone
specification, or repeating the classical string theory, gravity theory and quantum theory in string

length (10 0 cm) regions. Whether or not is it correct (because we still cannot verify the
authenticity of the string theory under Planck energy), it is truth that it can only study gravity in

Planck length (10 = cm) and explore the universe in Planck time (10 e sec). For relatively low-
energy quantum mechanics or quantum field theory, we are hardly able to consider the effects of
gravity.

The expression and action of gravitational field in microscopic gauge theory and macroscopic
gravity theory should be different, which is also a manifestation of the inconsistency of
microscopic and macroscopic theories. The Eeinstain equation of the macroscopic gravitational
field is suitable for the large-scale physics. For microscopic gravitational fields, we need to seek
out from Schrodinger and the initial guantum mechanics of Dirac.

According to the definition of section 2, the natural introduction of spin 1/2 of the microscopic
gravitational field, leads to its quantization, microscopic gravitational field quantum state,
microscopic equation of motion, Lagrangian Hamiltonian are all 1/ 2 field.

The gravity is very weak than the other three interactions, so the quantum mechanics that
describes the interaction of microscopic particles does not consider the gravitational field at all.
However, the physical behavior is all occurred in the gravitational field, which forces us to
consider the influence of the gravitational field. Thus, a complete quantum mechanical system has
to include gravity in it.

Here, on the basis of fully understanding the concept of primitive quantization, the
guantization mechanics equation under gravitational field is obtained by using the classical 3D
gravitational field Poisson equation.

First of all, it is clear that the following properties of the gravitational field are included: a)
The gravitational field is a form of energy (the other form of energy is electromagnetic wave), a
spin field, and a helical field of spin 1/2, with a component of 1/2 or -1/2. b) As a form of energy
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existence, the gravitational field can exchange energy momentum directly with mass matter, which
does not require the intermediate particles. Unlike the electromagnetic energy transfer,
gravitational fields do not need to be exchanged with gravitons in the concept of gravitational
waves (radiation). For example, neutrinos produced in particle decay are the direct exchange of
energy momentum and angular momentum between mass matter and gravitational field. That is to
say, the energy and momentum transfer between the gravitational field and the mass matter is not
carried out in the form of radiation, but by the gravitational field itself, which is a function of the
gravitational field and different from the electromagnetic field. It is also the most essential
difference between the present quantization of gravitational field and the previous quantized
gravitational field. c) All the executable physical experiments and observations are going in the
gravitational field of the positive sky space, and the vacuum state is the lowest energy state of the
gravitational field.

The second quantization of spin 1/2 field is listed detailed in section 3 of Appendix 1. Here
only the quantization process is simply written. The description of 0 mass spin 1/2 field can be
described by a single spin y, which satisfies the Dirac equation:

(ﬁo-l'ﬁ . O_) W:O (l)

D = 10U . . . .
where Pu 10K is a four-momentum operator, o is a Pauli matrix. Between the energy
and momentum of the zero mass fields, it is
1 —1px
_ v = —Ue"”
= i i i p [ p
‘p‘ (here, the light velocity is C=1), For plane waves 2¢ and

v, = ="

Vo

By equation (1) (n-oy, =y, (2)
p
n=—
‘p‘ is the unit vector of vector P. For the negative energy of the waves, it has
(o, =~y (3)
Quadratic quantization for the gravitational field:
A + 1 A —Ipx S+ Ipx
wv=> wWa +w b)=—=> ale™ +blU &™)
; PP P p \/g ~ p P P -p ’
*_ x4+ % 1 1 A+ % Ipx I orrk —ipx
% —Zp: (wa +vy’b) :E ; atie™ +bU"e™)
1
—(n- o)
Here 2 is the projection operator of the spin in the direction of motion. By the

equation (2) and (3), the state of a " particle " with a certain momentum is necessarily helical.
Based on the above concepts of gravitational field properties and quantization, a classical

three-dimensional gravitational field Poisson equation ( Ap=4rGp ) is used to establish a
quantization mechanics equation under the gravitational field. As it is known, the classical Poisson
equation is about mass flux. In view of microcosmic quantum mechanics, the unit volume mass

substance (p) converted into energy substance (E=mc2) can be divided into two parts: one is in
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the form of transverse polarization energy of the electromagnetic radiation, and the other part is
the existence of energy in the form of longitudinal polarization gravitational field (the Higgs
mechanism in the following sections will show the existence of energy during analyzing the
formation of mass). Or in other words, the quantum form of mass matter per unit volume is
composed of two parts: one is corresponding to the transverse polarization energy part and the
other is the longitudinal polarization energy. The quantum understanding of a classical @
gravitational potential is a scalar quantity of the spinning gravitational field where the quantum

formis (YV),%? ~ YV  thatis the gravitational potential varies according to the the scalar of the
spinning gravitational field. It can be defined as:
o=kyy (4)
Here x is the quantity associated with the strength of the macroscopic gravitational field and
can be considered as C constant in the equation.
Mass density per unit volume:

,o L
c* (5)

E — 1h 9

The energy E in quantum mechanics can be replaced by ot

The quantum substitutions of equation (4), (5) and energy E were placed into the classical
Poisson equation. Meanwhile, the longitudinal polarization energy part is added into the equation.

The longitudinal energy is expressed as 7 - P \with the zero mass Dirac field (space 3D). The
corresponding Dirac matrix is introduced and applied to the wave function to obtain the equation:

471'G ;

PAkpy + ky - pw(r, t, o) = ihy’ 8_ w(r, t, o)

4G

k(y'Vioy + v - p) wirt, o) =

Or represented as: B

An infinite small volume element is taken, and in which the scalar of the curl field V¥ can

be regarded as a constant. Moreover, only the wave function y(r,t,c) changes with the quadratic

derivative. Compared with the Schrodinger equation of the fundamental wave equation of quantum
_ n’

0
iy’ —w(rt, o)
V4 th//

yy="—

mechanics, the "normalized"” transverse energy is partially obtained as 2m | and finally a

quantization mechanics equation under the quantization gravitational field is obtained as following:
2

k(- ;l— y'Vi+y Dyt o) = 47[26
m

(6)

Several conclusions are derived by analyzing the physical meaning of equation (6):

1) when all unit mass matter is converted into the transverse energy without forming
longitudinal gravitational field energy, or when the unit mass matter exists in the form of the mass
matter particles and the transverse energy, but not the longitudinal energy, there is no rotation field
in equation (6). In this case, the equation (6) becomes the Schrodinger of the free particles in the

kh®
(- —Viy(r, t) =
context of gravitational field: 2m

Clearer after adjusting:

%G ) 0
Lyt
o v o
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2 2
kC (- h—V Ow(r, t) = Jh—l//(l” t)
AnG  2m ot (7D
K
Let '~ 47G  now, the equation (3.7) is transformed into:

h’ 0
c,(-—V* 1) = ih—uwl(r, t
ey Ww(r,t) = i 5 w(r,t) )
General form of the Schrodinger equation:

0
ih—w(r, t)=H'y
ot (9

HIth/H C(_ V)

The coefficient x is a constant variable related to the strength of the macroscopic gravitational
field, and the corresponding Cw is also a quantity related to the strength of the gravitational field.
Therefore, it is dominated as the quantum conditional coefficient of the gravitational field. The
stronger the gravitational field is, the smaller the k and Cwm are. Therefore, the different quantum
mechanical equations possess the different gravitational field strengths and the earth region is the

2
_ K

quantum conditional region of ' 47G

2) The equation (6) will become the equatlon of 0 mass field Dirac equation when the unit
mass is completely converted to the longitudinal gravitational field energy and there is no
transverse electromagnetic field energy.

46

ky - pw(r, t, o) = ihy’ 9 w(r, t, o)
ot (10)
Equation (2.10) is the 0-mass spin field Dirac equation under the gravitational field conditions.

This equation could be deformed as follows:
. . 0
C,r - by(r, t,0) = iny’ ™ w(r, t, o)
Or a similar form of Schrodinger equation:

0
ih— w=H'
ac /Y (1D

Here, the Hamiltonian is:

H =CH =Cyy-p=C,(~ihy-V),p=—ihV

Actually, the Schrodinger equation and the Dirac equation can be obtained by separating the
variables from equation (6) under the condition of gravitational field.

3) the quantum of the microcosmic gravitational field satisfies the longitudinal energy
polarization condition. Here, the neutrino is regarded as the quantum of the gravitational field, and
three kinds of neutrinos have been discovered so far.

The gravitational field quantum defined in this work is the Neutrinos. There are three kind of
the Neutrinos which are all classified into energy levels of a 0-mass particles. It contradicts with
the neutrino mass required in the Neutrino oscillation theory, in which the Neutrinos are not equal
and cannot be all zero mass. But it does not contradict with the oscillation phenomenon itself. The
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reason is that the Neutrino mass in the weak electric unified standard model of SU(2) < U(1) is
strictly equal to zero. Whereas, the right-handed Neutrino component of the SU(2) singlet state
and the coupling of the Yukawa are introduced to form the Dirac mass term in the extended
standard model. Then, Neutrinos is sure to have the theoretical mass. In addition, in the mixing
theory of Neutrino quantum mechanics, the Dirac mass shall be of the same order as the other
lepton e, p, T mass. But the Neutrino mass is very small, and the "seesaw mechanism" was
introduced to give a small mass to the Neutrinos. It shows that the Neutrino theory is debatable.
Furthermore, the cosmological observations of the Neutrino mass are me+my+m.<0.28 eV (2010
year). Generally, the mass of Neutrino is not exceeding 1 eV and its controversial mass is indeed
very small. As it is reported the mass of Neutrino is zero or very small in several theories. Finally,
if we confirm the Neutrino to be a gravitational field quantum, then it is certain to be affected by
the gravitational field during the transmission process. Consequently, the specially change appears,
that is, Neutrino oscillation, which is the nature of the gravitational field, to be further studied.
Based on the above discussions, there is no specific explanation between the 0-mass definition in
the gravity field quantum and the neutrino oscillation theory.

3.2 The solution of the quantization mechanics equation under the gravitation field and its
physical significance

Energy solutions of the Schrodinger and Dirac equations in the gravitational field background
and the energy solutions of hydrogen atoms are described in detail in Appendix 2. As an example,
the hydrogen atoms are discussed concretely below.

The energy level difference of hydrogen atoms is:AE = Cy, [g—:; (# - %)] (12)

Take the wave numberas: v = CyR (# — %) (13)

Where R = 2”:3“6 ¢ is the constant of Rydberg.

In the Earth's quantum condition region, the C,,=1, and the formula (13) becomes Rydberg
formul v =R (% - n—lz)

In terms of the spectral formula (13), when Cw takes different values, that is, the differently
external gravitational field strength, the overall shifts of the hydrogen characteristic spectrum
occur. Unlike the energy level splitting of the Stark effect in the external electric field and the
Zeeman effect in the external magnetic field, the atomic characteristic spectrum in the external
gravitational field has the overall shift effects with the various strength of the gravitational field,
such as the quasar spectral redshift. The results here is the greater the field strength changes, the
greater the spectral moves.

Using the data and conclusions in the literature [42], the formula (13) can be solved: firstly,

defining Cy, = ZL+1 , for instance, for QSO Q1442+231 the red shift of the emission line a in the

Lyman spectrum is Z=3.625. At this point, C,,=0.2162, then the solution of (13) is v=1/5622 A,
that is, A=5622 A.

On the one hand, it shows that the quantization mechanics equation under the gravitational
field is suitable for different gravitational field under the strong backgrounds. The energy solution
of the spectral formula is the observed wavelength (the intrinsic wavelength of the hydrogen
Lyman a spectrum or the Earth zone wavelength that is 1216 A). On the other hand, it is confirmed
that the external strong gravitational field changes the atomic structure, making the electron
"orbital™ energy reduce, the energy level difference decrease, and the spectral shift to red, which
explains the spectral red shift from the perspective of the matter structure.
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The number of quasars reaches a peak when the redshift value Z=0.3, 0.6, 0.96, 1.41, 1.96,
corresponding to the peak value of the quasars when Cw value is 0.77, 0.63, 0.51, 0.41, 0.33. That
is, a more stable quantum conditional region is formed when the difference of Cm value is about
0.1. It indicates that the gravitational field condition is quantized and discontinuous. Although
there is only one set of data, it can be concluded that there are several stable quantum conditional
regions in the universe (A large amount of astronomical observation data should be able to
determine the stable quantum conditions. The Doppler redshift is the rest of the redshift that
excludes theC,, effect ones in the large redshift of the quasar spectrum) . The quantum mechanics
in Earth region (Cm= 1) is the quantum mechanics that we have not considered the background
conditions of the gravitational field in the past hundred years, or that it does not walk out of the
Earth. The detailed data and analysis of the quasar spectral redshift are listed in our previous
investigation [42].

According to the formula (12), when Cv—0, the strength of the gravitational field tends to
infinity. At this point, AE—0, and the energy difference of “atomic orbit” is zero. The density of
matter is enormous and then to form the dense material that does not interact with the
electromagnetic fields. This dense matter is so called dark matter. Therefore, in terms of the
material structure, the dark matter is a very dense ordinary matter. As the Cwv changes from 0 to 1,
there are atoms with different structures, and the material structures varies with the different
densities. From the spectral red shift of the atomic structure, the atomic structure of the white dwarf
or neutron star is gradually formed. If Cy >1, the spectral blue shift. When Cy—o and AE—o,
the energy levels tend to be infinite. Consistently, the atomic structure is instable and it is
disintegrated. When Cny—oo and the strength of the gravitational field tends to zero, the material
is instable. It indicates in view of the energy solution quantization mechanics equation that the
gravitational field is a condition for the existence of the mass matter and it is an indispensable
condition. There is no the mass material if without the external gravitational field.

Based on the above discussion, it infers Einstein's equivalence principle is not suitable for the
material structure or the quantum mechanics. Since the effect of the gravitational mass mg on the
material structure in the field is not available for the inertial mass m;, it is difficult to combine the
general relativity under space-time background with the quantum mechanics related to space-time
background. Therefore, the quantum of the gravitational field in this investigation does not adopt
the metric field, and the superposition principle is applied to the vacuum gravitational potential.

4 The application of the chiral and quantum gravitational fields

4.1 The application in gravitation theory

4.1.1 The interactions between mass matter derived by Newton's law

Taking the Newtonian potential of single particle as an example to show the gravity
interaction between the mass matter and anti-mass matter.

Newtonian potential: ¢, = — —2& (¢ = {R right — hand mass
e 14 L left — hand mass
Force F that acts on another particle mg in the m,, field is::
. op Kmgmp
F=rmgy, =

,BZ{R) (m, = m,m, = —m)
fa=p, ¢ L
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—kﬂm(m =m, =m, = m)
P . a_(p:_kmamﬂ: }/z a B 4
oy 7’ Kem Cm) ko
— - =-—(m, =m, =m =-m
Y Y F<O ,

that is, the "gravity" between matter and matter, or antimatter and antimatter is mutually attractive,
a gravity force.

If a = B,
km (—=m) _kmm [ @, = @, =10
_ kmamﬂ B B ¥ ) s (”]ﬁ =m, = _’”J
7 Kem ) e [ma = m, = —m}
7 y'\my=m, =m

F > 0, the "gravity" between matter and antimatter is mutually exclusive, a repulsion force.

4.1.2 The interaction between mass materials in view of the symmetry

The gravitation between the normal matters is mutually attractive, that is, it is mutually
attractive between the right-handed mass or the gravitational fields. In view of the symmetry, the
gravity between the two left-handed gravitational fields should also be mutually attractive. It is
namely mutually attractive between the antimatters. Then, it had to be mutually exclusive between
the right-hand and the left-hand gravitational field. That is, the "gravity" between matter and
antimatter is the repulsion as well.

Summarily, by deriving and analyzing of the parts 4.1.1 and 4.1.2, it can be proved that the
"gravity" between the matter and antimatter is mutually exclusive. As expected, the repulsion of
the antimatter to the matter causes the accelerated expansion of cosmic galaxies, which is the real
originating of the dark energy phenomenon.

4.1.3 Einstein cosmological constant derived by the "gravitation” repulsion between the
matter and anti-matter

According to CPT theory, there exists a positive-antimatter sky in the universe. It is the
cooperation between the repulsion action of the anti-sky to the positive sky galaxies and the gravity
effect of the positive sky on its internal galaxies that can accelerate the expansion of galaxies in
the positive sky in the universe, manifested as a dark energy phenomenon.

Under the cosmological assumption, the positive sky (M) and the anti-sky (-M) are applied
to the physical laws of FRW (Friedmann-Robertson-Walker), respectively. However, the
geometry influence cannot be clearly determined due to the large scale, the selection of coordinates
and direction of action. Moreover, the positive sky metric tensor under anti-sky action cannot be
determined. Therefore, the 4-dimensional space-time tensor equation cannot be applied to the
connection between the positive sky and the anti-sky. On one hand, this paper focuses on clarifying
the physical principle and does not pay special attention to the calculative details. On the other
hand, in considering the role of the mass center in the anti-sky on galaxies in the positive sky, it
can be regarded as the role of the Newtonian potential at t moments in a very large-scale space. It
is applicable the positive sky evolution under the FRW metric at 1-dimensional time and 3-
dimensional Euclidean space with the same time horizon. The detailed calculation can be seen in
Appendix 3 and here the evolution equation of the positive sky under the anti-sky directly describes
as:
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a="(p+%)ax e (@) (13)

ad + 24" = 4nG (p B c%) a* — 2kc® + a2(4+y326_1\1yc059) (&) (14)
(&) =2n6p + ot (e -2 (15)
w+3()(p+z)=0 (16)

3GM __36M 1 )
a3c2(4+y2—4ycosd)  a3c? 4sin20+(y—2co0s6)? (17
Here, M is the total mass in anti-sky, and it is a definite and invariant value when acts on m.
m: the mass of galaxy in the positive sky.

0: It is the approximation clip angle between the anti-sky center of mass action on the
positive sky galaxy m and the positive sky center of mass action on the m. It is also the spherical
coordinate 0 angle, 0¢[0,27].

é_: The direction of the anti-sky on galaxy m and it cannot be determined. It is only showed
the difference from the metric.

a: It is the radius of the positive sky, which is also a radius in anti-sky.

G: The Newton's gravitational constant.

P: The fluid pressure in the positive sky.

p: The energy density of the positive sky.

K: The curvature of the three-dimensional cosmic space.

va: Total motion distance from m to the center of mass in the positive sky. y is the proportional
constant, 0 <y < 1.

Any two combination of the equation (13), (14), (15), (16) can be called as the Lemaitre
equation under the antimatter sky. It is the instantaneous Newtonian potential introduced the anti-
sky at a very large scale which is obtained by Lemaitre's A equation. Here, the cosmic constant

— M ! and A is a positive value
a3c? 4sin26+(y—2c0s6)2’ P ’

At the fixed moment with a constant a, the value of A is only related to the common
coordinate y and the direction angle of the galaxy. When 0 takes a fixed value (certain spatial
orientation), Ay change of y has little influence on the change of A value. When vy takes fixed value
(certain spatial radius), the A8 change of 0 also has very small influence on A. That is, the radial
and angular changes have a small impact on the A value, manifested as "quasi-constant”. It is
physically manifested as constant negative energy acting on the cosmic positive sky galaxies.
However, the radial and angular variations of the A make the cosmic space inhomogeneous,
producing a small anisotropy.

Considering the cosmological evolution of the cosmic age greater than the moment To (the
entry of the non-relativistic time), e.g., T>To, the equations (13) and (16) are approximately written
as:

The cosmological constantA =

4G GM

d=- 3 (pa) + a?(4+y?%—4ycos6) (€-) (18)

p=-3(%)p (19)

The Solution of the equation (19) isp = %, and p, is the density of a = 1. Then substitute
p = 22 into the equation (18)

Itis: & =—"py +— (4+yff”4ymsg) e.) (20)
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Let @ = 0, we obtained 4 + y% — 4ycos6 = %(the fixed value) 2L
0

That is, when the co-dynamic coordinates y and 0 satisfy the equation (21), the FRW sky
transforms from the deceleration expansion to the accelerated expansion. Equation (21) is the

transformation point of the FRW accelerated expansion, which is not only radial but also angular.
Also, the solution can be get cosd = 2 (1 - ﬂ) +L
y 161p 4

Therefore, the following conclusions can be inferred for the positive sky FRW cosmology

under the anti-sky (-FRW) repulsion:

) The physical reason for the accelerated expansion of the universe is due to

the chiral symmetry positive and anti-sky. It is the repulsion of the anti-sky that accelerates

the expansion of galaxies of the positive sky, manifested as a dark energy phenomenon.

The change in the A value caused the inflation disturbance is only originated form the

1 . f . .
term of (4sin29+(y_26059)2) , which is small in radial, angular changes and appears as

constant.

2) A specific critical radius of cosmic accelerated or deceleration expansion is no longer
existed. There are different acceleration or deceleration expansion turning points at different points
in space. The universe is non-spherically symmetric with the small spatial anisotropy.

3) When t — oo, thena — o, thus p — 0.The equation (15) then transformed to

GM

.2 — é\ _
a(4+y? —4ycosf) ~
1

Kc?

. L
When K=0, az(t) =2 ($)2 t + constant
2 \a(4+y2-4ycosB)
1

3 1
When K=1, az(t) =2 ($ — CZ)2 t + constant
2 \a(4+y2-4ycosh)

1
3 1

When K=-1, az(t) = %(m + 62)2 t + constant

Whether FRW positive sky is flat, open, or closed, the radiusavaries is substantially same
with the time t.

4) The total kinetic energy of the positive sky (FRW) in the universe.

2
E = lMdz — 4MTGpo GM _ lMKCZ
2 3a 2a(4+y%2—-4ycosf) 2
The total kinetic energy of the FRW space with the antimatter sky model equation is one more
GM?

than that of the Friedmann total kinetic energy, PPTTERy———t which enables the FRW space to

L )+Z. Otherwise, it will be a
16mpg 4

decreased expansion. Since the action of the positive and anti-sky is mutual, the energy in the total
universe remains conservation, namely, the law of energy conservation is also held on large scales.

4.2 Application in symmetry and Higgs Mechanism

Now, due to the the limitation of space only the significant conclusions are summarized here
(others like the discussion of vacuum symmetry breaking caused by gravitational field and the
detailed Higgs mechanism have listed in Appendix 4). Based on the analysis of the Higgs
mechanism and the energy solution of the quantization equation of section 3.2, it can be concluded
that the mass matter generated by energy matter must have transverse electromagnetic field
conditions and longitudinal gravitational field conditions. The stronger region of the positive sky
gravitational field is, the matter will be more stable in this region. Meanwhile, the antimatter is

accelerated expansion if it matches with cos 6 > i(l —
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obviously more unstable. Similarly, in the strong region of the anti-sky gravitational field, the
antimatter is more stable while the matter is more unstable. So, the matter and antimatter cannot
be intermingled, and they can only form a chiral symmetric positive-antimatter sky to construct
the universe.

5 Discussion

The boundaries of the positive and antimatter sky will not be areas of extremely intense
activity. The mass particles cannot reach the boundary because the positive and anti-sky is far
away and the boundary area is broad. Thus, the mass particles in the positive material sky side
cannot have enough kinetic energy to overcome the continuous force towards the center of the sky
to reach the boundary. It is similarly for the mass particles in the anti-material sky. So, the extreme
violent phenomenon of the positive and anti-particle annihilation in the positive and anti-sky
boundary will not occur. In addition, one kind of the O mass energy particles, such as
electromagnetic wave, can converse the right-hand light to left hand light if they enter the
gravitational field from the right-hand side into the left-hand area. The boundary of the energy
conversion from the positive sky to anti-sky is equal to the conversion from anti-sky to positive
sky due to CPT conservation. There will be no violent energy fluctuations but only the weak energy
exchange. Another energy particle, such as neutrinos, have the nature of the gravitational field, let
alone a violent energy conversion.

This work cannot completely solve the understanding problem of the gravitational field. In
different theories (such as Newtonian gravity theory, the general relativity, the symmetry, the
gravitational field under quantum mechanics, the gauge theory of the "scalar field", etc.), there are
different performances and mathematical expression in the gravitational field. It results in no
unified and ineffective integration of gauge theory and gravitational theory.

The cosmological observations are related to the location of the universe we are in, and a
large amount of data should be able to determine the general direction of the line of the centroid
between the positive sky and anti-sky_which can be understood as the "magic axis" of the
microwave background of K. Land and T. Magueijo[43]. If so, the credibility of the cosmic model
of the positive-antisky is also increased.

After all, the gravity is relatively weak, and its effect is not very obvious. However, at least
three experiments can be used to confirm or falsify the present theory: (1) anti-hydrogen atomic
experiments. Synthetic anti-hydrogen atoms should drift upward in the earth's gravitational field.
But the antihydrogen atoms trace is a problem. (2) the positive-antiparticle lifetime experiments
or half-life experiments. The positive-antiparticle life is different in the gravity field. The stronger
the gravitational field, the greater the positive-antiparticle life difference is. The similar
experiments are the half-life of the radioactive matter changes with the strength of the gravitational
field. The stronger the gravitational field, the longer the half-life of the radioactive matter in it is.
However, it is unlike the difference in positive and antiparticle life, the strength of the gravitational
field that could affect the half-life needs to change greatly with the earth's gravitational field due

60
to the more inert Half-life. (3) the parity breaking experiment. Like Co , the gravitational field
condition changes while the degree of breaking changes. We do not know whether the experiment
can be tested for the weak change of the parity breaking caused by the change of the very small
gravitational field strength such as the tide-induced force.

Finally, it should be pointed out that we only define dark matter as ordinary dense matter
when the quantum condition factor Cm — 0 (gravitational field strength is infinite) in term of mater
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structure, which infers that the dark matter only exists in the center of the galaxy. But this work
does not consider the relative movement of the dark matter found in the literatures [5,6].

5 Conclusions

The following a set of the interrelated conclusions are derived based on the forementioned
analysis:

1) We have quantized the gravitational field, and obtained the quantization equation of the
gravitational field. Furthermore, the Schrodinger equation and Dirac equation under a variable-
gravitational field condition have been obtained by variables separation method.

2) The following conclusions have been derived from the quantization equation of the
gravitational field: a) The strong change of an external gravitational field will introduce the change
of the atomic structure and then result in the spectral shift effect. The redshift of quasar spectrum
is just this effect. b) the dark matter is an ordinary dense matter when the gravitational field
quantum condition coefficient Cm — 0, that is, the gravitational field tends to be infinite. It is
recognized to be the essence of the dark matter in view of the matter structure. c) Due to the
different gravitational field strength (e.g., the different Cwm values), there are several discrete stable
quantum condition regions in the universe, and the Earth region is only that of the gravitational
field quantum condition factor Cu=1.

3) The universe is composed of the chiral symmetric positive matter sky and antimatter sky.
The "gravitational” interaction between the positive and anti-sky is exclusive. It is the repulsion
that accelerates the expansion of galaxies in the positive sky and appears as a dark energy
phenomenon, which is the physical essence of dark energy.

4) The cosmological constant is obtained by this calculation, which has small changes in both
the radial and angular directions, producing a small anisotropy of the cosmic space.

5) The positive-anti baryon number in the universe is equal and the total energy of the
positive-anti sky is conserving.

6) Not only a vacuum symmetry breaking but also a parity breaking could be caused by the
gravitational field. The stronger the gravitational field will lead to the greater breaking degree.
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Appendix 1. Evidence of the CPT theorems under the definition of manual performance
energy and mass

This appendix defines various fields in the presence of CPT invariance, and then proves the
CPT theorem:
1.1 The quantization of the free electromagnetic field (spin is 1 and m=0)

From the invariance of CPT, there are two kinds of vacuum: one is the positive matter vacuum
(e0 >0, uo > 0), and the right-hand energy is in it, Kr =K. The other one is antimatter vacuum (go
<0, wo < 0), and there is the left-hand energy in it, KL = -K.

Let A (t, r) to be the vector potential of the free electromagnetic field, and satisfy the
"transverse condition” divA = 0, then scalar potential ¢ = 0. Whereas, field E and H are for:

E=-4, H=rotA (1)

. . . 924
Maxwell's equations can be transformed into wave equations of A: AA - Frok 0

In classical electrodynamics, the localized fields can be expanded into the plane waves, and
their potentials can be represented as a series (Fourier expansion):
A = Y(age™Y +age KT) 2
Where ay is a function of time,
ag ~ e K, w=|K]| (3)
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Define the regular variable for the field: Qx = \/% (akx + ag)s Px = \/%(a,( —a}) = Qg

Each vector of Py and Qg is perpendicular to the wave vector K, that is, there is two
independent components. The direction of the vector determines the polarization direction of the
corresponding wave, which the two components are represented by using Q. and Py, (o =1, 2).

Now, quantizing the free field, and then the classical description of the above field could be
transited to the quantum theory. Meanwhile, the regular variables could be treated as operators that
satisfy the commutation relations: Py, Qxe — QxaPra = —i. All operators with the different K and
o can be commutative with each other. The potential A and the fields E and H (by formula (1))
also form the Hermitian operators.

Define the operators Cy, = \/% (wQka +1Pyq)s Ciy = \/% (wQke — iPyq)

Cxq and Cit, meet the commutation relationship Cy,Ct, —CiyCra = 1
The operator of the potential A is (see formula (2))

A= ZK(éKaAKa + CI?aA;(a) (4)
where
() .
Age = V4n37_we‘K'r ®)

The symbol e® is the unit vector of the oscillator polarization direction, and it is
perpendicular to the wave vector K. Also, it has two independent polarization directions for each
K, similarly to write the operator

E= Z(éKaEKa + Clj-aEI?a)
K

a

H = ZKa(CKaHKa + CI}—aH;}a) (6)
Where EKa = i(l)AKa; HKCZ =nX EKCZ

Exq = —iwAyys Hgq =n X Eg, (7)

In the vacuum of &0 < 0, po < 0, the left-hand energy is running. The three vectors of electric
magnetic field strength vector E, the magnetic field strength vector H, and the wave vector K form
the left-hand system, thus K. = -Kr = -K. Then, the ax, Qx> Px» Pxq» Cxq» E» H, Ay, and
their corresponding conjugators are defined as the right hand energy. Then, define each quantity
in the left-hand energy as a complex vector (comparison with the formula (3)) a_x ~ e'“¥ = aj

Thus, let

a_K = a;(, aiK = ag (8)
1 * 1 * * - H
Then, Q_g = E(a_,( +aly) = ﬁ(a,( + ag) = Qg = Qr (Hermit quantity)
iw 1
Py=—(a_x—a‘y) =—(ay —ayx) = —P,
K \/E( K K) \/E( K K) K
After the operation of Q_x = Qx, P_x = —Px, it can be defined similarly:
A 1 ~ ~ 1 ~ ~
C_pyg=—(w0Q_g, +iP_ = —(wQ_g, — IP_ =Cyt
Ka m( Q Ka Ka m( Q Ka Ka Ka
A 1 A PN 1 ~ A A
CI-{’-a = ﬁ(wQ—Ka - lP—Ka) = E(wQKa + lPKa) = Ckaq 9)
A, = Z(C—KaA—Ka + éjKaAtKa)
@ -Ka
A—Ka == _V47Te_e_iK-r == _A;(ay

V2w
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With the left-hand energy, the vector A takes negative values,
el@®

Algy = —V 4nﬁe”{'r = —Akq
E_ka = IWA_kq = —iwAkq = Egq
EiKa =K_l(l)A*_Ka = _la)(_AKa) = i(l)AKa = EK(X
H_goq = 1y X E_gq =%XE;2(1 = —nXEgq = —Hgg
Hgq =ny, X Elgq = (=1) X Exq = —Hgq (10)

Then it can be derived:
Bu= ) (CkaBoka + CokaEika) = ) (ChaFia + CxaFia) = £ = By
Ka

“Ka
A=) (CokaHloka + CriaHlne) = ) [Cha(—Hi) + Cra(—Hio)]
—-Ka Ka
_Z(C;aH;a + éKaHKa) =-H= _ﬁR
Ka
AL = z (é—KaA—Ka + CjI(aA*—I(a) = Z[é;a(_/l;(a) + CKa(_AKa)]
~Ka A A ‘Ka
= — ZKa(Cf(LaA?(a + CKaAKa) =—A=—Ap (11)

Since the above quantization of the electromagnetic field start from the classical definition,
the production and annihilation operators of the electromagnetic field are expressed by Cy, to
avoid confusion with the classical plane wave expansion. Then, when the spin is defined as 0 or
1/2 field, both a or a are used to represent the generation and annihilation operators.

The plane wave is defined as spin is 1 and mass m of particles does not require to be 0,
similarly with the electromagnetic field with 0 mass and spin =1. Corresponding to the right-hand

plane wave A, = e'KrTjs the left-hand plane wave. By referencing to 0 mass definition, it
has A, = -

1
V2w
1 i, . . .

Qe‘KL " here, K = K = —K,, and the Fourier expansion is:

1 | |
Ap(t,T) = § [ak, (De™RT + aff (e HrT]
= V2w

[ak(©eET + af (e 7]

1
B - V2w )
12)

A(t,r) = [ak, (e LT + af (e KLT]

T

“ 2 m

[a_x(®)e T + at ()e™T]

-~ 27w

K

[af (©)e KT + ay (De® ] = —Ag(t,7)

(13)
Such as the transformation of Cy,, in the electromagnetic field with 0 mass and spin 1, here
a;'{- = a_K’ aK = ai_K
1.2 Secondary quantization of the field where spin is 0
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Following the quadratic quantization methods, the arbitrary wave functions unfold by an
eigen function of a complete set of possible states, such as the plane waves could be represent as:

b= ardp. & =) apd;
P P
1

— _ -  ,—iPx * . iy P 1 iPx
¢p = —e""P*, ¢ could be viewed as the plane wave of —P: ¢Zp = —e*.
1

i _ — —IPRX — 1 —iPx
As defined by the four-momentum momentum, ¢, —e —e
1

bp, = me‘“’”‘ = \/ﬁe“’x, ¢r and ¢, conjugate each other

Corresponding to the annihilation operator ap of the particle, the antiparticle production
operator b* constitutes a complete set.

1 ] ,
Ber) = ) —==[ap(Oe "7 + b ()]

=z " [ap(t)e T + b (£)e 7]

V2wl
(14)
The Hermit conjugation:

¢a’r) — Z[a;(t)eiP-r + bP(t)e—iP~T]

P
1.3 The secondary quantization of the spin-1/2 field
u

P
In the four-vectors, P#* = ( 5

P
L

> , the right-hand plane wave ¥ (x) and the left-hand plane

wave could be introduced:

1 , )
(x) — u e—LPRx — u e—lPx
¢R \/ﬁ PRr,S \/ﬁ P,S
sz(x) = _\/15 Up, s —iPLx — _mU—P,SeiPx

Here the spinor transformation follows the agreement of the phase factor:

() vps = VaUpss U_ps =V2Ups

(i) Youp,s = U_p—s» VoUps = —VU_ps

(i) oyup s = €9Psu_pg, oyup s =e 0 Psy_pg, HHelfrs = —elfp-s

Here, y is the Dirac matrix.

At any given moment t, like the original-spin 1/2 field, the spin 1/2 field operator under the
left-handed four-momentum is introduced and ¥ (x) = (¢, r)could be extended with the Fourier

series:
eiP~r

Va

(e = ) S
P

(15)
Where, Sp(t) is 4x1 matrix which is not relative with y, and Q is the volume taken. It also
takes C-number base vetors, like up, s = up s, Up, s = U_p s inthe spinor space and all meet with
the Dirac equation (y#P, + m)u = O thatis, (a-P; + m)u = Epu.

m m E E Upp s Ups
Herem={R={ ,EP={R={ P,u={ R ={
m; —-m E; —Ep Up, s U_ps
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In above formula, substitute a group Er, Pg(including three vectors) simultaneously, my or

E,, P,mg:
(0-P+m)ups = Epupg
(6-P—m)v_ps=—Epv_ps

To normalizing the vector, let uf sups = v psv_ps =1

up ¢ and v_p ¢ form a complete set of the orthogonal base vectors in spinor space, Sp(t) could
be deployable by this set of base vectors:
Sp(t) = Zszi%[ap,s(t)up,s +bp s(Dv_p] (16)

In the formula, ap (t) and b*; ¢(t) is the Operator in the Hilbert space, and combining (15) and
(16), we have
Y(x) =y, = %ZP.S[“F,S(t)uP,SeiP'r + b;,s(t)vp,se_ip'r] (17)

Yr(x) =y*(tr) = \/%Zp.s[a;,s(t)u;,se_iplr + bP,s(t)UzJ:r,seiP'r] (18)

Below is a proof of CPT's theorem under the definition of a chiral field.
Considering the localized field theory, where there is N; the field of the Spin j and it is
represented as:

Spin 0: ¢1(x)~ Po(x) ... Py, (x)
Spin: 1 ()~ P2 (x) ... Yy, @)

Spin1: [A;(0)]u [A2(0)]y - [An, ()], (19)
Under the Lorentz group or the C.P.T transformation, in terms of transformation properties,
Field is available a symmetric tensor representation with the spin j as an integer: Tuy s (%)

(20)
A field with a spin j as a half-integer is represented as S, , .« (CO~T,, v Pa(X) (21)
=3 =3
It can be seen as transforming as the direct product like the order symmetric tensor of
Tﬂl_#j_%with a spin j as a half-integer and Dirac spinor.

Assuming the Lagrangian density
L(x) = (6%, ba ba, ¥y, (A (A, ...)sum of the formal products.
All of the fields are taken at the same space time point x, x,, = (it,7)

Operator ¢ = CPT (or the other arrangement and combination forms of the CPT)
(22)

The theorems can be Introduced: Any the Lorentz-invariant £(x)meets with ¢ £(x)¢$ o

L7 (—x)
If we make the following choices
Foralla=12,..Ny» §d,(0)$ = ¢ (—x) (23)
Forall b= 1.2,.. N1y § ($,(),$ " = i)ap(¥5(-2)),  (24)
Forallc =12, Ny, §(4:(0) § " = —(4f (=), (25)

For all integer j field (20), $ T, ()$ o (—1IT 0, (-2)  (26)
For all semi-integer j fields (21),
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$ Suseis, 1a(I$ " = D WsDapSi () (27)

Proof:
(1) Consider the field with the spin 1/2
under the introduction of the defined spin 1/2 field of the left-hand energy, the final Fourier
expansion is formula 17.

1 ) .
P(x) = \/—EZ[aP,S(t)uP,Se‘P'T + b;s(t)vp,se_lplr]
P.S

@if CapsC* =ncbps
CbsC* =ncaps
the conjugated Cajp C* = nfbg s
and under the spinor transformation convention of the formula (19), it has Cy(x)C* =
NP (x) (28)
@ if PbjgP* = —npbtp
PapsP* =npa_p_s
the conjugated Paj sP* = npa*y g
And formula (19) , it hasPy (t, )Pt = npy (t, —1) (29)
@ ifTapsT™t =e -Psa_pg
TbisT™' = e'0-Psh_p
the conjugated Tap T~ = e'f-Psat, ¢
ThpsT™ 1 =e 0-Psp_p ¢
and formula (19) , it hasTy (¢, )Tt = n.o,p(—t, 1) (30)
by formula (28), (29) and (30)
() " = CPTY(t,r)T~1P~1C1 = CPy,oh(—t,1)P~1C1
= Cnnporyop(—t, —1)C™" = nenpncoyy o (—x) = n(irs)Y* (—x)
Here, ¢ = v Y™, 02¥0Y2 = 02020302 = —ip = iys, letnmpn. =1
It matches with the conditions of CPT invariance (24)
(2) Consider a field with a spin=0
The final Fourier expansion is formula (14) by defining the spin as 0 field with left-hand
energy

1 | |
o) = [a (e T 4+ b"‘(t)e—lP-r]
Z V2o o P

Under the transform of CapC* = n.bp, PapP* =npa_p, TapT ' =nra_p
CapC*t =nib}, PapPt =npatp, TapT ! =nrat,
It has Cop(x)Ct =n.pT(x)
P¢(t,T)P+ = T]pd)(t, —T')
T, T~ =nep(—t,—7)
Thatis, § (x)$ ' = ¢*(—x), and it matches with the conditions of CPT invariance (23)
(3) Consider a field with a spin=1
The final Fourier expansion is formula (12) and (13) by defining the spin as 1 field
with left-hand energy.
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A(t,r) = z ! [ax (e ™ + a}(t)e 7]

V2wl
under the transform of PaiP* = —af,, CafCt = —aj, TafT™ ' = —aty
PaKP+ = _a_K7 CaKC+ ES _aK’ TaKT_l = _ai-K it ha.S

PA(x)P* = PA(t,7)P* = —A(t,—1), CA(x)Ct = —-A(x),

TA(t, )T~ = —A(—t,71)

Thatis, § (4c(0) § " = —(48(-2),

Here A, = (i4,A), and A = A™ is Hermitian. Whereas, A, = —A" is anti- Hermitian.
However, i becomes -i under the time inversion. So 4, = A:; will meet with the conditions for

CPT invariance of the formula (25) .
The spin 0,1 and 1/2 fields based on the definition of the above right hand or the left-hand
energy meet with the conditions of CPT invariance under CPT joint operation, where the proof of

the CPT theorem ¢ £(x)$ ' = L*(—x) is consistent with any textbook on particle physics, and
thus here it is no longer repeated discussed.

From the CPT's theorem, the following conclusions are drawn:

1) The existence of right-handed energy Er and the chiral symmetrical left-handed energy
EL. Itis set ErR=E during the calculation which is known as the positive energy while E_=-E known
as the negative energy.

2) There is right-handed mass matter (also called normal matter mg=m) and left-handed mass
matter (also called antimatter m_=-m). This mass chirality is the intrinsic property of matter and
does not change due to the selection of reference system.

3) The mass matter carries the gravitational field and the mass matter exhibits chiral
symmetry. Then, the gravitational field accordingly presents chiral symmetry. That is, the normal
matter carries a right-handed gravitational field and antimatter carries a left-handed gravitational
field.

4) There is a microscopic world of chiral symmetric particles, and also there is a macroscopic
chiral symmetry universe. Such universe consists of the positive matter sky and the antimatter sky
with the chiral symmetry (the matter and antimatter in the universe form their own positive and
antimatter sky, respectively. But it cannot be a mixture of matter and anti-matter to form the
universe which will be discussed in the Appendix4 particle physics parts). In a physical vacuum
in the sky of matter, itise, > 0, u, > 0. While, in a vacuum for an antimatter sky, itis e, < 0,
Uo < 0. It means there are two gravitational field vacuums in the universe. The defined "positive
sky" is actually what people now call the universe. In fact, the cosmic model in this manuscript
doubles the original universe (a pair of positive and anti-sky).

Appendix 2. Analysis of the quantum mechanics equation under the gravitational field
Under the energy scale nucleon mass m=1GeV condition, the strengths of the four
interactions are divided into the strong 1, electromagnetic 102, weak 107, gravitational 103,
respectively. The gravitational interaction is extremely weak than the other three interactions, so
the quantum mechanics described the microscopic particle interactions does not consider the
gravitational field at all. However, all the physical behavior occurs in the gravitational field and
thus it is inseparable from the gravitational field, which forces us to consider the influence of the
gravitational field. Meanwhile, the gravitational field is also a longitudinal condition for the
generation of mass matter, so a complete quantum mechanical system must include gravity.
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3.1 Quantum mechanics equation of the gravitation field (3.6)

2
k(— n y'V: + vy (r, t, o) = 4720
2m c

0
hy’ — w(r, ¢, (D
ihy® — w(r, t, o)

When the mass matter exists at a mass particle and the transverse energy without the
longitudinal energy, the equation (3.6) transforms into the Schrodinger equation:

C (- g VOw(r,t) = ih 9 w(r,t) (2)
o 2m ot

Equation (2) is the Schrodinger equation on the background of the gravitational field.

When all the mass material is converted into the longitudinal gravitational field energy, there
IS no transverse electromagnetic field energy, and thus the equation (3.6) becomes a massless
spinor field Dirac equation:

C,y - by(r,t,0) = ihy’ % w(r, t, o) (3

Equation (3) is the Dirac equation in the context of a gravitational field. Equations (2) and (3) can
also be seen as the equation obtained by separating variables from equations (1).

The energy solutions to the Schrodinger equation and Dirac equation in the context of the
gravitational field are explained as follows:

(1) One-dimensional fixed state

The Schrodinger equation is H'(x) = Ey(x)

H' = CyH = Cy [~ V% +v ()]

0, 0<x<a
o0, x<0orx>a .
The Schrodinger equation in the one-dimensional fixed situation well is: —C), :—m%l/) = EyY

Let K = /ﬂ, we obtain:
Cph?

Y(x) =Asin(Kx + o), sinKa=0, Ka=nm, n=123...

One-dimensional square potential trap v (x) = {

nw _ |[2mE __ Cyh?n?n?
a  ACcyh?’ = 2ma?
The level distance between the adjacent energy levels:
_ CMhZTEZ 2 21 _ CMhZTL'2
AE, == — [((n+ 1) —n*] = N (4)

Known from the formula (4), if the gravitational field strength coefficient Cm changes, the
energy level AE, also changes. When the gravitational field increases, Cm decreases, and AEn
decreases. That is, the the energy level difference decreases with the external gravitational field
strength increases. Therefore, the change of the field strength of the external gravitational field (or
background gravitational field) will alter the atomic structure of the material.

(2) Hydrogen atoms

The energy eigen equation is H'Y = Ey

' h?
H' = CyH = Cy [_sz +V (y)]
2
u: electronic quality, v (y) = — 67 The Coulomb action energy.
Substitute the H' to the eigen equation, it gets

Cu [~V +v ()] v = By (5)
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Take the ball coordinates, now
2 10 5,0 12 1 02 12

o ZGV_V oy wyz yorz! T w2 (6)
The formula (6) |s replaced into (5) and the equation (5) is:
%1 o2
[‘Z;WV W+ (y)]¢_—¢ (7

From the separation of the variables Y (y, 6,4¥) = R;Y;,,,(6,4), the radial equations are
available

1 d? 2u( E l(l+1)

L-,d—yz)""ﬁ(a—V () - )]Rz =0 (8)
Divided the singularity y = 0, let R;(y) = l(y)/y, and then substitute it into equation (8):
X{' + [if; ( =~V (y )) “””] X=0 (©)

Coulomb energy is substituted into equation (9)

2uf E  e?\ 1(l+1)
X!+ |5 =+ = X, =0
l+[h2<CM+V> yz |7t

Considering y — 0, y — o and the boundary conditions, the physically allowed solutions can
be get by the application of the confluence super geometric equation:

E=E,=-Se o o1 o123, (10)
hZ
B W
The energy difference AE = hv = hz =E,—En,=Cy [th ( - %)] , (m>m)
7= [ (e = )] = ok G-d)
R=2 “ ¢® 3y Rydberg constant.

In the graV|tat|onaI field quantum condition in the Earth region Cv=1, v = R (% —i) is

converted into the Rydberg formula.

According to the spectral formula (11), when Cwm take different values, e.g., the various
external gravitational field strength, the hydrogen characteristic spectrum moves as an whole.
Unlike the energy level splitting of the Stark effectin in the external electric field and the Zeeman
effect in the external magnetic field, the atomic characteristic spectra in the external gravitational
field have the effect to move with the strength of the gravitational field overall. Such as, the quasar
spectral redshift is this effect (after all, the big red shift of the mass matter almost the speed of light
is difficult to be widely accepted). The greater the field strength will lead to the greater the spectral
movement.

1

In the strong gravitational field region, v = Cy R (# - n—), Cy < 1, ared shiftis produced.

2
Therefore, it could explain the quasar big red shift, which is a spectral redshift caused by the
external gravitational field (or the gravitational field in the background) changing the atomic
structure. See the literature [18] for more details.
Referring to the literature [18], the presence of n stable quantum condition regions in the
universe is defined by the redshift distribution of the number of quasars. It is only one of n stable
quantum condition regions for Earth.
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The number of quasars reaches its peak at the redshift values of Z = 0.3, 0.6, 0.96, 1.41, 1.96,
respectively.

If we define Cy, = % the peak values are corresponding to C,, = 0.77, 0.63, 0.51, 0.41,

0.33.

That is, when the Cw difference is about 0.1, there is a stable quantum condition region, and
the gravitational field quantum condition is also a gradient, non-continuous.

(3) The Dirac equation

The Dirac equation for free electrons

ih= = H'p (12)
H' = CyH = Cy(—ihca -V + mc?B) = Cy(ca - P + mc?p)

Y p(r,0) = UP)exp [P T~ ED/, ]

Replacing the upper 2 formula into equation (12), it gets:
Cy(caP + mc?Bf)u = Eu (13)

Then, it is obtained: E = +CyVm2c* + c2h2K?2, here P = hK, « and g are the matrix
formula.

It is learned that the energy "content” is still related to the background gravitational field
strength. When the gravitational field increases the Cwm decreases and the particle energy decreases.
Appendix 3. The Einstein cosmological constant derived from the "gravitational™ repulsion
between the positive-sky and anti-sky

According to CPT invariance, there exists a chiral symmetrically positive matter sky and anti-
matter sky in the universe (it will explain in the section of the particle physics part that the matter
and anti-matter will form the positive and anti-matter sky, respectively, but not the matter and anti-
mater mixed together to form the universe). It is the cooperation between the repulsion action of
the anti-sky to the positive sky galaxies and the gravity effect of the positive sky on its internal
galaxies that can accelerate the expansion of galaxies in the positive sky in the universe, manifested
as a dark energy phenomenon. The following calculation is the evolution of the positive sky under
anti-sky repulsion.

Under the cosmological assumption, the positive sky (M) and the anti-sky (-M) are applied
to the physical laws of FRW (Friedmann-Robertson-Walker), respectively. However, the
geometry influence cannot be clearly determined due to the large scale, the selection of coordinates
and direction of action. Moreover, the positive sky metric tensor under anti-sky action cannot be
determined. Therefore, the 4-dimensional space-time tensor equation cannot be applied to the
connection between the positive sky and the anti-sky. In considering the role of the mass center in
the anti-sky on galaxies in the positive sky, it can be regarded as the role of the Newtonian potential
at t moments in a very large-scale space. It is applicable the positive sky evolution under the FRW
metric at 1-dimensional time and 3-dimensional Euclidean space with the same time horizon (FRW
represents the positive matter sky, and -FRW represents the anti-matter sky in the followed
descriptions).

The universe consists of the chiral symmetric positive sky (FRW) and anti-sky(-FRW) and
begins to expand in the two directions after explosion, forming the today's universe (see Fig. 3.1).
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Figure 3.1 a cosmic model formed by the explosion of the positive and anti-sky. A: anti-center of
sky, M is total mass. B: the positive sky galaxy m position, a is the radius of the positive and anti-
sky, ra is the co-moving distance of m from the positive center of mass, « is the angle between
the positive and anti-sky on m force. C: the positive center of mass, and M is total mass.

InFig. 3.1, AC = 2a, BC =ra

(4AB)? = (2a)? + (ra)? — 2(2a)(ra) cos B

= 4a? + (ra)? — 4a*r cos

Here, we do not know the centroid of mass position of-FRW and FRW and angle (a-y) cannot
be measured.

When the galaxy is selected as the coordinate origin, and the spherical coordinates is taken,
the angle p = a-y is 0~27 if #is 0~2n and ¢ is fixed. Accordingly in this way, we can always let
the angle of @ and (o-y) is roughly the same by selecting the coordinate system. If the angle
difference is &, 6=(a —y)-61, a € [0,2n], 6 € [0,2w]. Then, we can replace the (o-y) value
with 6. Thus, when 6 value takes 0~27, (a-y) also takes the corresponding values. Consequently,
the cos values for dand (a — y) are always in the same region, only the order of the taken value
is different. Therefore, the instead (a-y) with @ does not affect the calculation of the cos value.
Furthermore, the impact is even less for our astronomical observations due to the A values from
the two galaxies.

Therefore, (AB)? ~ 4a? + (ya)? — 4a®y cos 8

We can only use the Einstein tensor equations of four-dimensional space time in observing
and computing cosmological evolution. But at a very large scales, the role of the-FRW sky on
galaxies in the FRW sky can only use the Newtonian potential and the interaction on m is in case

at an invariant mass (-M) center of mass:
F=_ G(-M)m _ GMm (é )
(AB)? a?(4+r2—4rcos@) -
The acceleration of the Newtonian potential due to the interaction of anti-sky on galaxy m in

FRW (Euclidean space)
d?(4B) _ GM ~
dt2 ~ a2(4+r2—4rcos@) (e_)
é_: itis the interaction direction of the anti- sky on the galaxy, which cannot be determined
now, and it is only shows the difference from the later metric.
In the positive sky, the spherical coordinate system and the FRW metric are taken, and the m

point is defined as the coordinate origin:
2
ds? = —c?dt? + a? [% + r2(d6? + sin? 6 d(pz)] (1)
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Let (x°,xt, x2, x3) represents (ct,r,0, @), and thus this metric tensor component is:

2
Joo=—1, g11 =
(2)
Under the symmetry conditions, the FRW medium energy momentum tensor in the universe
takes the following form:
pC? 0 0 0
0 g1P O 0

P g2z = a*r?, gs3 =a’r?sin®0, g, =0, Vu#v

T, = 3
w=l 0 "o gup 0 ©
0 0 0  g33P
The connection formula by diagonalization T'X = 0, when i, j, K is not equal to each other
K _ 1 1 99ii
[ = T 3 gee 0K’ i#K, 1<i
_ lL agKu .
g = RK—MMaﬂ,lﬁl
For (1), AlTZ (notequal to zero) are listed as below:
0 _ 100k -
T
. 1 da
I = -rsin?0 (1 —Kr?), T, = —= 4)
TZ = éz—?, T4 = %, ['%4 = —sinf cosf
3 1 da 3 1 3 __ cosf
30 ca 6t 31 7 T" 32 — sin9_ .
According to the formula of the Ricci tensor R,
OTin _ 0Ty ) p)
R,uv T oxv  oxh +F ve — F Fla
Calculated by the formula (3):
3 18%a
Roo = -=- FKo"‘F FOazczaatz
ar ori, ar?
Ry = ail 6;1 - Caltl - FMFo}ﬁ 1_‘11 1_‘111_‘040
— 2
- c2(a- KTZ)[ a2 7 +2 (at) +2Kc ]
ary, ard ari
R22 - 622 - Caztz - 2 + F )\FZO( FZ}LZF;LX(I
—_1|, 2 2
= [ at2+2( ) +2KC] (5)
ar’t
Ryy = — =2 + T[T, — ThIN,

__r 2
= sm 9[ at2+2( ) +2Kc]
Rw=0, Yu+v
For Ty, — %ng, it has
T = guTw = —pc? + 3P

1 2 3P
Too —‘gooT:C_(P+C_2)

1 a’c? P

T14 _‘911T — (P__)

2 1-Kc?
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T2 — %gzzT = ‘TZCIZCZ ( - i)

c?
1 P
T33—5922T:§Y a’sin® 6 c? (P—C_z) (6)
1
Tuv_gguvT: 0. Vu#v

Here, the A equation for Lemaitre of the FRW metric is applied
8nG 1
Ry = — :T(Tuv - EguvT) + Ag;j (7

Now, gij = —Guv
Replace formula (5) and (6) into formula (7), then by equation R, it can derive:

2
i=-22(p+%)a+*a 8)
The acceleration of the Newtonian potential from the action of the cosmic anti-sky on the m
galaxy in the positive sky

2
g - ——(2.)
de? a?(4+r2—4rcosf)

2
Comparing to formula (8) and the Friedmann universe model, there is an extra term ATCa. It

is the physical effect of anti-sky action on the positive sky galaxies. Thus, at the determined
moment, the galaxies moving in FRW can be treated as the instantaneous cooperation of -FRW

and FRW. Replacing the item contalnlng A in formula (8) W|th |t will derive:

4G
a=- ('0 + ) + a2(4+r2- 4rc059)( ) (9)
Comparmg formula (8) and (9)
_ _ 3GM
adc 2(4+r2 4rcosf)  a3c? [4 sin2 0+(r—2 cos 0)2]
It obtains by equation R,;:

ad + 2d% = 476G (p — =) a? - 2Kc? + Ac?a?
Substituting the A value into the above formula:
ai +2d% = 476 (p — =) a® — 2Kc? + 36M (10)

al4sinZ 0+(r—2cos 6)2]
By equation (9) and (10), to eliminate the a:
a\? 8 GM A Kc?
(;) - EnG'O T a3(4+r2—4rcosf) (e_) ez (11)
By the divergence equation DT, = 0, it derives:

w30 (p+5)=0 (12)

Any two combination of the equation (9), (10), (11), and (12) could be called the improved
Lemaitre equation, which is a cosmic model composed of the positive and anti-sky. By applying
the Newtonian potential and Euclidean space on a very large scale, the evolution equation of the
positive sky in Universe could be derived. This time, the FRW metric and the Lemaitre four-
dimensional tensor equation in the positive matter sky should be adopted.

Appendix 4. Application in symmetry and Higgs Mechanism
1. Vacuum symmetry breaking

The universe is composed of the positive and anti-sky. Taking any point x (X. = (Xo, X)) in the
positive sky, where the effective gravitational field at this space time point is the summing field of
the positive and anti-sky gravitational field (the general relativity curved space time is not
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considered here, and it is stated in the part 2.2 that the equivalence principles are not suitable for
quantum mechanics). It is traditionally represented as:

<p=<pR+<pL=—K;"R—% )
R YL

my is the positive sky effective material mass that produces the gravitational field at the fixed
point of the positive sky while M, is the total mass of the anti-sky. The difference is small for them.
However, because the taken point is in the positive sky, thus, yg < y., and @z > ¢,. As a result,
the physical vacuum in the positive sky appears as a right-hand gravitational field. In order to adopt
the quantum theory, the classical gravitational field can be phenomenally defined as a spinor field
v with a spin value of 1/2 according to the definition of some chiral gravitational field in sections
1 and 2 of this paper. In the quantum mechanics equation under gravitational field (2.6), the
Newton scalar potential of the macroscopic gravitational field can be understood as a quantum
hierarchical spinor field scalar w7y . The physical process observed and experiment test is always

occurred in the "vacuum" of the positive sky, which always exists a gravitational field, e.g., the
summing field of the positive and anti-sky.
o=k w, + ky,y, (2)

As mentioned above, the right-hand field is far larger than the left-hand field. Thus, the
physical effect is manifested as the right-hand gravitational field vacuum, and this vacuum is
invariant under any the parity transformation. It always represents as the right-hand gravitational
field vacuum. In the (2) formula, if xy v, =ky,w, (here ¢=0), it is the symmetry point of the
cosmic space in the positive and anti-sky, at which the symmetry of the vacuum remains constant.
Itis kv, > ky,w, and p=ky v, + ky,y, # Oatanany point in the positive sky vacuum.

Therefore, the vacuum gravitational field involved in the interaction is actually symmetry breaking,
and this breaking is caused by the asymmetry of the positive and anti-sky gravity field at any point
in the positive sky space, which is the physical interpretation of the "vacuum symmetry
spontaneous breaking" of the real physical vacuum. The breaking increases if the gravitational
field is enhanced at x point, that is, the strong difference between the right-hand gravitational field
and the left-hand gravitational field increases (The variety of the left-hand gravitational field in
the positive sky is very small). Further, the parity transformation cannot change gravitational field
of our experimental environment in the positive sky (our experiment or observation phenomenon
is always in the positive sky gravitational field, and the positive sky gravitational field can be
mathematically transformed into the anti-sky gravitational field, which is so-called mathematical
parity conservation). The parity breaking caused in this case is assigned to the intensity of the
gravitational field. The difference of the parity breaking degree is found originated from the
gravitation field different from the earth region. A more detailed study is the observable parity
breaking arising from the action difference between the right-handed gravitational field in the
positive sky vacuum and the positive-antiparticle or the differences in spatial orientation, such as
the C8° experiment. It is the topic of replacing the scalar field with the spinor field in gauge theory.
2. Analysis of the quality generation using Higgs mechanism

In the Higgs mechanism of the standard model in the particle physics, it is assumed there is a
scalar field ®(y) in nature. It interacts with the gauge and fermionic fields by maintaining the
localized gauge symmetry, and the scalar field strength is not the lowest energy state of the system
by assuming a suitable scalar potential. However, the vacuum state of the system in the quantum
theory is the lowest energy state of the system, causing the spontaneous breaking of vacuum
symmetry. The vacuum state of the scalar field interacted with the gauge and fermionic fields gives
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a mass to the gauge particles and fermions. However, it is only a guessed scalar field and the
corresponding spontaneous breaking vacuum state under the requirements of gauge theory. On one
hand, we are still not clear whether such a physical scalar field and its required spontaneous
breaking vacuum state exists. On the other hand, our understanding of the physical real vacuum is
still vague, and we can contact only one physical real vacuum state if regardless of the varies of
the vacuum gravitational field strength. Whereas, it had to be the different vacuum or vacuum
states, which is required by different physical theories. In fact, we can create countless vacuum
states mathematically. It is known that there must be a gravitational field in the physical vacuum.
All physical experiments or phenomena are performed in a vacuum contained a gravitational field.
The gravitational field in the vacuum, especially at a relatively low energy, has still not been
introduced into the gauge theory. If the gravitational field is quantized and the physical vacuum is
described on the basis of the quantum gravity field, the physical vacuum and its vacuum state
contained the quantum gravitational field are very suitable for the gauge theory. Therefore, it
determines the real physical field required by the scalar field and determines the physical reality
of the real vacuum (the vacuum is a gravitational field medium). Then, the theoretical vacuum and
the real field have been equated and finally the gravity field is introduced into the gauge theory,
promoting to build the gauge theory and the standard model of particle physics.
As for the analysis in the section 1, the gravitational field may be represented as:

o ( !/:,,l///,] (3
VeVr

The formula (3) is the scalar field required by the standard model gauge theory, so that the
gravitational field existed in the positive sky space (the gravitational summary field caused in
positive and antisky) corresponds to the scalar field required by the gauge theory. Then the
gravitational field vacuum state in the positive sky corresponds to the scalar field vacuum state,
and the scalar field and vacuum state in the gauge theory present the physical reality. In considering
of the different requirements, such as for the convenient calculation and analysis for the Unitary
gauge and the renormalizable non-unitary gauge contained Goldstone particles, the Scalar fields
of unitary or other specifications will be used. For example, to match with the Weinberg-Salam-
Glashow weak electro-uniform gauge theory, the scalar field is:

Dd(x)= [¢ (X>] or®(x)= ¢"(x) (4)
¢ (x) v+ H) + (0] /2
The potential energy term is
V(D) = —f/ DD + AD D) (5)

The breaking of vacuum symmetry will spontaneously appear and it will lead the gauge
particles to have mass and then Higgs particles will presence. All this will not be repeated here.
This work will focus on two inseparable aspects of the same topic: one is to explain the dark energy
phenomenon and calculate the cosmological constant with the interaction between macroscopic
mass matter. On the other hand, the microscopic gravitational field is quantized and then the real
vacuum and vacuum states of physics are defined based on this gravitational quantization and mass
generation, to derive parity breaking and confirm the scalar field vacuum in the Higgs mechanism
of the standard model without further Feynman rules and cross-section calculations. As we know,
the interaction between macroscopic mass matter needs to recognize and define gravitational fields.
The gravitational field quantization, the generation and the stability of mass matter all need to
analyze the microscopic particle mass generation and interaction information. In order to obtain
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the particle mass generation and interaction information, the gravitational field vacuum physics
reality is not considering here. Then, the non-abelian group Su(2) gauge symmetry spontaneous
breaking is used as an example and the U(1) gauge transformation of QED is directly analyzed.

The real scalar field ¢ is transformed in 3 dimensions of the Su (2) group. The matrix
generated from Su (2) denoted as L;(j = 1,2,3). Let A, = A;,L;, the covariant differential
quotient [(9, + igA, )] = 0,0; — gAjucijxpr » and the partial of ¢ was included in the
Lagrangian density.

L= %(ayfpi — gAi ik pr) (0% — 9A] €itmom) — V(T - @)  (6)

Let SU (2) has symmetry spontaneous breaking, that is, V(¢ - ¢) has non-zero minimal

0
points, thus it is always (@), = (O) by rotating SU (2). Thus, the nonzero vacuum expectation

v
appears only in the third component of (¢@),.
0 0 O 0 0 i
0 0 —i], L, = [0 0 0], and Ly =
0 i 0 -1 0 O

0
, respectively. Therefore, there is L1(¢)0=[—iv
0

The 3 D representation matrix of SU (2) is L, =

0 - O
i 0 O
0 0 O

L3{p)o = 0.
It suggests that the vacuum is no longer invariant under L, and L,, whereas it is still invariant

v
0
0

7‘:0, L'2<(p>0= 7‘-'0,

0
0

under L;. By parameterizing, it could obtain ¢ = exp [—%(§1L1 + (zLZ)]
v+n

02
i
n

= (@) +

+ high-secondary term of the field.

{; and {, are two Goldstone bosons associated with the breaking generation L;and L,.
Make the domain Su(2) specification transformation: @(x) = ¢ (x) = U(x)p(x) =

. 0
exp {% [{1(x)Ly + (2(X)Lz]}(p(x) = ( 0 )
v+

: 1
A,,(0L; - Ay (0L = Ux) [Al- JGOL — Ea“] U*(x)
Substituting the upper binary formula into the equation (6), we obtained:
c 1 1 . .
L(p, A) =L(¢» 4,)= E(aun)(aﬂn) + Egzvz(AwAf + AzquM) + -

It is noteworthy that in £ the scalar field ;. ¢, corresponding L, and L,  vanishes.
However, the gauge fields A'w and A'ZH corresponding L;, L, gain the mass. Known by the

infinitesimal transform U(x) = 1 +£((1L1 + (,L,),
Hu() = A () = (3,500 + 0% W), F12 (D

Thus, the vanishing scalar fields {; and ¢, are absorbed into the longitudinal components of
the gauge fields A’lu and A’zﬂ, respectively, making them massive fields.
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For the gauge transformation of u(l) in QED, in the invariant L-quantity after gauge
transformation, A;l(x) =A,(x) — iaﬂ((x)o The vanishing scalar field ¢ enters the longitudinal

component of the A;l, making the massless vector field A, a massive vector field.

In terms of the mass production of the Higgs mechanism of the above Su(2), u(1) gauge fields,
the scalar field is necessarily required both in the electromagnetic gauge theory or the standard
model gauge theory (containing U(1) gauge). Moreover, the gauge particles could obtain mass
only when the vanishing scalar fields such as ¢; and ¢, in SU(2), become longitudinal components
of the gauge field. In the previous discussion, it is clear that the scalar field required by the standard
model gauge theory of the particle physics is the scalar of the gravitational spinor field in the real
physical vacuum. The mathematical formula of the scalar field introduced to the theory is
represented as formula (4) and its potential energy terms is showed as formula (5), which gives
the gauge particle mass during the symmetry breaking. Therefore, the generation of mass can be
understood as: although the gravitational field is weak, the longitudinal polarized gravitational
field is one of the conditions for the generation of mass matter (that is "mass matter™). The other
is the transverse condition and it is the transverse polarized electromagnetic field for electrons.
The two conditions are indispensable, neither deficiency can constitute a stable mass matter
(particles). Furthermore, it is concluded that the mass material generated by the energy levels must
have transverse electromagnetic field conditions and longitudinal gravitational field conditions.
Consequently, the stronger the gravitational field in the positive sky is, the more stable the particle
is, and the more unstable the anti-particle is. Obviously, this particle stability conclusion is related
to the Yukawa coupling of the fermions and scalar field ( Lyykqwa = —gFLig®@TL +
g5 di®*q] — gi't;r®*qf + h.c).Due to the positive and antiparticle spin in the coupling term
between the scalar field (gravitational field) in the Lagrange quantity and the fermion field, the
different positive and negative masses make different contributions to the Lagrange quantity
values. Thus, the positive and antiparticle show the different lifetimes. Consequently, a positive
matter is stable and antimatter is unstable in the right-handed gravitational field. And the stronger
the field strength, the greater the difference between the Lagrange quantity value of the positive
and antiparticles is. That is, the stronger the right-hand field strength, the more stable the positive
matter is, and the more unstable the antimatter is. Therefore, the right-handed gravitational field is
a stable field for the positive matter and the unstable field for the antimatter. It derives there existed
a microscopic chiral symmetric particle world and also a macroscopic chiral-symmetric universe
via combining the CPT theorem and the limit case of the Rydberg formula in the gravitational field
condition. The universe consists of the positive and antimatter sky, in which the positive and
antimatter cannot mix together to form the universe. We do analysis by above approaches but not
to calculate particle lifetime through the Green's function, because it is a real new physics by
introducing the gravitational field scalar into gauge theory. It is involving into the gravitational
field (scalar field) and gauge field, fermion field, Faddeev-Popov ghost field. The issues to select
the scalar gravitational field or spinor is still existence, and it is the problem we will continue to
solve in future.

Based on the analysis of the Higgs mechanism and the energy solution of the quantization
equation of section 3.2, we can conclude that the mass matter generated by energy matter must
have transverse electromagnetic field conditions and longitudinal gravitational field conditions.
The stronger region of the positive sky gravitational field is, the positive matter will be more stable
in this region. Meanwhile, the antimatter is more unstable. Similarly, in the strong region of the
anti-sky gravitational field, the antimatter is more stable while the positive matter is more unstable.
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So, the positive and antimatter cannot be intermingled, and they can only form a chiral symmetric
positive-antimaterter sky.

In terms of the micromatter structure, the synthetic particles should have two conditions: one
is the transverse energy and the other is the longitudinal gravitational field. Under a fixed gravity
field condition of Cm=1 in the earth area, we cannot synthesize the big massive particles even if
we promote the energy conditions. If you need to synthesize the big massive particles, it is
necessary to reduce Cw, that is, to improve the gravitational field strength. Therefore, to synthesize
the big massive particles, you have to find a larger field strength zone (by the way, | therefore don't
advocate building a large high-energy collider on earth, it is firmed not get any experimental
results). With the enhancement of the gravitational field, it performs in macroscopic as a
spectroscopy red-shifted of the atomic structure, the atomic structure of the white dwarf, and the
dense material structure of the neutron stars. In fact, these macroscopic phenomena themselves are
proof that the external gravitational field will change the matter structure.



