Matter is the representation of space-time
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Abstract

The continuous flowing spacetime forms a spacetime group G, one of its
fundamental groups is the Poincare group PO(1,3), and the matter and interaction
fields are representations of its intrinsic spacetime group. As a kind of quantized
space-time unit, space-time group elements generate both space-time manifolds and
matter. Matter and fields are aggregates of the quantum space-time within them and
determine their type: the Lorentz group SO(1,3) represents a rotating spacetime
corresponding to visible matter and the translation group P’ represents a translational
spacetime corresponding to dark matter and dark energy. The aggregation mode of
space-time degrees of freedom in matter reveals that charge conjugation symmetry is
the inverse symmetry of internal time of charged particles, and the external parity
breaking of neutrinos is also due to their internal spatial aggregation mode.
Keywords: Space-time group; Space-time entanglement; Quantization of space-time;
Dark matter and dark energy; CPT Symmetry.

1. introduction

The theory of relativity provides us with a theory of objective spacetime[l], in
which the transformation from the coordinates of one observer to the coordinates of
another observer, the physical quantities are like the geometry of spacetime, the
transformation of coordinates is covariant, and the basic physical equations are like
the geometry of spacetime, keeping the formal structure unchanged. According to this,
we further hold that: after defining the physical meaning of the space-time geometry,
the physical law is equivalent to the space-time geometry law, and the particle and
field are equivalent to the structure of their internal space-time. An interesting
phenomenon is that people generally take an intuitive and one-sided view of
space-time understanding, that is, only space-time coordinates are regarded as
space-time. Modern theory shows that the coordinate transformation is also the
movement behavior of space-time, we should not only consider the reading of the
clock and the scale as space-time, but also consider the group of space-time
transformations as space-time. Coordinates and coordinate transformation groups
should be regarded as space-time, they are two representations of space-time, the
former focuses on the length and direction of space-time such as the external property,
while the latter expresses the symmetry of space-time such as the intrinsic property. In
addition, a quantum system also shows that there is a strong correlation (entanglement)
between time and space and that time and space will periodically transform each other.
The behavior of objective spacetime is actually a set of several fundamental properties,
and modern theory shows that the set of these properties constitutes a group. The

aforementioned space-time coordinate based on the observer's intuition is actually the
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mark or event of space-time, which is actually a mapping of real numbers. The linear
space constructed by the field of real numbers is the representation space: the
Minkowski space M*. The elements of this space form a group under the addition
operation, and any one of them is the vector representation or spatial representation of
space-time. Spacetime transformation, on the other hand, is a matrix group
representation of spacetime on M* space. All symmetries of spacetime are
spontaneous behaviors of objective spacetime and should be regarded as intrinsic
properties of spacetime. Spacetime and symmetry are inseparable, so the symmetry
group of spacetime is also spacetime. After group mapping, the space-time symmetry
group also describes space-time, so we call all these symmetry groups collectively the
space-time group G. In M* space, a basic space-time group composed of 10 kinds of
motion behaviors of space-time that satisfy isomorphism is Poincare group
[2](non-homogeneous Lorentz group) P0O(1,3), i.e. G, = PO(1,3). This space-time
group is the semi-direct product of the space-time rotation group, i.e. the
homogeneous Lorentz group S0(1,3), and the space-time translation group P3:
G, = P1? x S0(1,3), and the space M* can be seen as a coset of the space-time group
and its subgroups: M* = P0(1,3)/50(1,3), which means that the group representation
space is still generated by the group. Since elementary particles are constructed from
their internal spacetime, in this case the spacetime group is mapped to a unitary group
with corresponding unitary representations, and the spacetime representation space is
mapped to the Hilbert space H, any element of which is also a vector representation of
spacetime and is called a state vector. In particle physics, space-time groups are
represented as gauge groups on which the standard model of particle physics is built,
and the generators of space-time groups are represented as operant groups and
generate phase Spaces, which are mapped to physically observable in a certain way.
Therefore, we can point out more generally: after giving the physical properties of
space-time geometric quantities, the motion characteristics of space-time are
equivalent to the motion characteristics of physics, space-time coordinates, physical
quantities, quantum wave functions, space-time degrees of freedom and the generated
space are all derived from objective space-time, and the physical system is a
combination of objective space-time.
2. Matter and the interaction field are representations of space-time
In special relativity, the metric describing the four-dimensional space-time
continuum is: ds? = dx? + dy? + dz? — c?dt? , giving this quadratic invariant
transformation group the name Lorentz group. Due to the particularity of the time
dimension in this quadratic form, it can be expressed as the rotation group of the
rotation imaginary Angle between space-time, or the rotation group of time is the
imaginary axis, so its transformation group is also called the pseudo-rotation group.
Considering a two-dimensional case, a general transformation that leaves x? — c?¢t?
unchanged is:

ot R P | (1)



The set of the above transformation matrices is a two-dimensional representation of
the pseudo-rotation group. By substitution: (x,ct) = (x, ict), then the group that holds
x? — c?t? = x? 4 (ict)? unchanged is the SO(2) group, whose general transformation is:

[x',]:[cosqb singb“x] (2)
ict —sing cos¢] lict
This is the two-dimensional rotation of time as an imaginary number. Giving a = i¢
in equation (1) gives the same transformation relationship as in equation (2) :
[C(_)sha sinha] _ [F95¢ isinq_’)] N [x] _ [ CO§¢ singb] [.x ] (3)
sinha cosha ising cos¢p ict —sing cos¢] lict

When time takes real coordinates, the transformation matrix of virtual rotation
Angle is called Lorentz boost. According to our point of view, time should be
regarded as a real existence, and the above-mentioned rotation of space-time should
be regarded as a real rotation, then the internal time of the physical system should be
an imaginary number, and the invariance of ds? shows that this rotation transforms
time and space into each other. The above transformation matrix describes a
representation of the Lorentz group, a subgroup of the spacetime group, in a complex
two-dimensional spacetime, and the intrinsic spacetime of a physical system should
be represented as a complex number in the appropriate representation space. Taking
the observer's space as a representation space is based on the coordinate or coordinate
difference of spacetime, which is an external property of spacetime, where time is
usually expressed as a real number and is positive definite. In the observer coordinates,
we have established various motion equations and field equations, including the
Schrodinger equation. All the time in these equations is based on the observer's time,
and in most cases, only the length of time is included as a feature. Observer time
comes from the marking of events, and in fact, the behavior of this marking
(measurement) maps the objective spacetime of complex numbers to a real number.
For a classical mechanical system, the correlation between time and space is very
weak, and sometimes time in classical mechanics can be separated from space-time as
an independent parameter, but for a quantum mechanical system, time and space are
highly correlated, and the objective feature that time is an imaginary number will
appear. The representation space of the internal space-time of matter must be replaced
by the Hilbert space with complex structure, and the Schrodinger equation describes
the evolution of the internal space-time of matter from the perspective of observer
coordinates (external space-time), in which the internal space-time is a complex
number|[3].

In the previous article[4], we made a space-time interpretation of the wave function:
the real part and imaginary part of the wave function are respectively interrelated
space waves and time waves. The complex wave function represents a space-time
quantum unit entangled with time and space, which is a description of a space-time
feature of matter or elementary particles. The wave functions distributed in space
share time, clock synchronization and have corresponding conserved quantum
numbers. The space-time interpretation of the wave function reveals the nature of
time. We cannot "see" time in space, but we can feel time because time is an
imaginary number, which is associated with space in the form of an imaginary
number. The physical meaning expressed by time with the imaginary number unit 7 is:
It not only indicates the particularity of time that is different from space, but also
indicates that time can be entangled with space in a non-localized way. Quantum is



not a point in space but a subregion in space-time. In this subregion, time waves and
space waves form an entangled region (the distribution of wave function). This is
reflected in the collapse of the wave function when measuring or interacting and the
global integration and normalization of the wave function in the relevant quantum
operations. Replacing the probability amplitude in space with the space-time
amplitude can give a physical explanation of the collapse of the wave function, but
the probability cannot. In fact, if the quantum particle is understood as a point in all
processes, then it is inevitable to make a statistical probabilistic interpretation of the
quantum wave function, which is actually a semi-classical interpretation of the
quantum without abandoning the concept of particle points. One of the wonderful
reasons why the probabilistic interpretation can be effective is that the space-time
amplitude of a quantum is equivalent to the probability amplitude. On the other hand,
the mathematical rotation characteristic of the imaginary number unit i corresponds to
the unitary evolution of the wave function that physically describes a phase change,
which means that a quantum time and space will transform each other, and this
fundamental law of space-time transformation reveals the so-called " the First Cause"
problem. The above two aspects ultimately come down to the indivisibility of time
and space, which constitutes matter within a specific range, and we must express time
as an imaginary number in order to be fully expressed. In statistical physics, replacing
real time with imaginary time is called Wick rotation, and the introduction of
imaginary numbers implies the introduction of non-localized quantum correlations.
An important symbol of the transition from a quantum mechanical system to a
classical mechanical system is that i — 0 of the classical system, as a macroscopic
inertial system constructed by the combination of quantum space-time, changes phase
Angles rapidly in finite time t due to L/A —» oo in e®/" = eilt/h which represents the
transformation of space-time. The wave function propagating along any path makes
space-time rapidly transform into each other, and the system becomes a mixture of
space-time, which makes the wave property no longer obvious, and the coordinate
transformation appears as the change of space-time length caused by the mutual
transformation of time and space, and the correlation between time and space is only
expressed in the constant four-dimensional interval. On the other hand, when ih — 0,
the Schrodinger equation and the Dirac equation fail, the commutation relation of
quantum operators becomes a classical relation, and the quantum effect of the whole
system is no longer obvious. In this case, the space-time group does not need to
consider the quantum characteristics. In addition, for a classical macroscopic system,
the wave effect will be further weakened due to the collapse of the wave function due
to frequent spontaneous interactions within the matter. However, for the microscopic
system constructed by space-time, especially the elementary particles, L/A is a finite
number, so the phase angle changes slowly, and the continuous mutual transformation
process between space-time and the non-local correlation between space-time will
appear. The most appropriate way to express this entanglement of space-time is to
express time as an imaginary number. To represent a quantum as a whole is to
represent it as a complex number. In modern theory, the background space-time of the
observer and matter is regarded as a four-dimensional Riemann manifold {M*,g,,},
the internal space-time of matter is regarded as the fiber bundles[5] distributed on the
base manifold M* where the observer resides, and the internal space-time structure
group of the matter field and the interaction field is the gauge group. The base



manifold and the Lie algebra of the gauge group together form fiber bundles, and the
cross section of the fiber bundles projection map of space-time geometry is
represented as a physically meaningful field: scalar field, vector field, spinor field,
tensor field, etc., wherein the interaction field and matter field correspond to the
principal bundles and associated bundles respectively, and the wave functions of the
interaction field and matter field are described by a space-time fiber of the principal
bundles and the associated bundles respectively. The space-time structure group of
one-dimensional fiber bundles is G,,, = U(1), which describes the electromagnetic
interaction. The space-time group of two-dimensional fiber bundles: G, = SU(2),
which describes the weak interaction; The space-time structure group of
three-dimensional fiber bundles is G, = SU(3), which describes the strong interaction.
The group of space-time structures that unites the three standard models of
interactions is the direct product of the three gauge groups: G, = U(1) ® SU(2) ®
SU(3). From this, we can see that all physical quantities, including the wave function,
are a representation of the geometry of space-time inside matter. For example, when
space-time is expressed as a wave function, the internal space-time of the Dirac spinor
field ¥ = (Y1, ¥3,¥,)T can be regarded as a 4-dimensional complex space €*, and
the wave function of x point on M* is a mapping: ¢: M* - M* x C¢, vx € M*. For
the Standard Model, the N-dimensional special unitary group describes N fermions,
and the (N?—1)-dimensional Lie algebra describes bosons. Field particles are
irreducible unitary representations of the space-time group, that is, they are all
represented as rotating state vectors in Hilbert space. Both the wave function and the
Hilbert space have space-time properties. A point on the complex plane corresponding
to any phase Angle of the state vector should be regarded as a space-time point in the
space of bundles. The arbitrariness of the selection of the initial phase Angle
corresponds to the arbitrariness of the selection of the space-time reference point.
Therefore, we can think of special relativity as the space-time relativity principle
expressed in Minkowski space and gauge invariance as the space-time relativity
principle expressed in Hilbert space, and the space-time relativity principle does not
change with the mapping of space.

Since the wave function, like other physical quantities, is a representation of
space-time fibers, the continuous distribution of fiber bundles on the base manifold
allows the four-dimensional space-time continuum to be described as a continuum of
wave functions, with the Hilbert space embedded at every point in space-time on the
M* manifold and the wave function y having any representation.According to the
Feynman path integral principle[6], the wave function of any space-time point is the
initial amplitude and initial phase determined by the initial wave function of all other
space-time points on the manifold along infinite paths with the action S[x] as the
following functional integral:

Yp=C f D[x] e/

Since the wave function on each path can be regarded as a vector in H-space, the
above integral is equivalent to the sum of all vectors, and the resulting vector must be
a wave function in terms of the universal action S:

Y = CeS/h (4)
The universal action S satisfies all space-time symmetries at this point. The action
may be selected as follows:



S= f[LEH + Logp + Lews + Locp + Lp + Lyely —gd*x

The integrable functional is Einstein-Hilbert, QED, GWS, QED, Dirac, and
Klein-Gordon action densities, each of which determines a quantum correlation
governed by time waves in equation (4). The field equation corresponding to the
action can be derived from the principle of minimum action 6S=0. It is noted that
equation (4) is a representation of the transformation of space and time at any point on
the M* manifold by the phase Angle p=S/h, so dp=0 means that the universal field
equation is the constraint of the transformation of space and time or the description of
the law of the transformation of space and time. In addition, equation (4) also shows
that at any point on the M* manifold, even the vacuum without matter or radiation,
there are gravitational wave functions governed by the curvature of spacetime. These
wave functions that evolve over time constitute the background spacetime of the
universe, and the corresponding action is determined by the curvature R of spacetime:
S¢ = kf R\/—gd*x, if at time t the space scale of the universe is a(t) and the mean
curvature of spacetime is R(t), then there is a gravity-dependent wave function
that fills the whole universe satisfying the following equation:

iﬁ%lpg = —kcR(t)a®(t)\/—g()Y;, k =c3/16nG (5)

Because the curvature of spacetime is related to all matter, it is difficult to imagine the
existence of a graviton filled with a total spacetime manifold, which means that it is
confusing to understand gravity in terms of forces, which behave locally as a scalar
and are quantized in a way such as formula (4). The background space-time of the
universe is the gravitational connection of all matter, and a strictly flat space-time
does not really exist. The effect of matter and field on the structure of background
space-time (base manifold) is simply expressed as: the metric tensor g,, » Affine
connection (Christoffel symbol) I;5 —Riemann curvature tensor Rj, — space-time
curvature R — the space-time continuum characterized by wave function .

To sum up, elementary particles and fields are space-time structures of complex
manifolds, and the inherent property of space-time is group symmetry, so the group
operation of space-time groups corresponds to some interaction in nature. For
example, the space-time group defines a binary operation between two group
elements that corresponds to the interaction between space-time, which contains the
physical nature of the measurement and interaction, one of the most important
interactions is the conjugate interaction between wave functions: y*y, when
measuring a Schrodinger system, the collapse of the wave function is described by the
well-known equation a,(y*y) = ihV - (Y*Vy — YVip*)/2m, which also has an equation
for measuring a Dirac system or other quantum systems. In this case, the wave
function is a group element of the space-time group. As the basic space-time group in
Minkowski space, the 10 generative elements of Poincare group give rise to the
freedom and extensibility of space-time rotation and space-time translation. We think
that matter is classified according to the 10 degrees of freedom of its internal
spacetime, with 3 spatial rotation and 3 boost degrees of freedom generating visible
matter, 3 spatial translation degrees of freedom generating dark energy, and 1 time
translation degree of freedom generating dark matter. The general Poincare
transformation can be expressed as:



xV = Ajxt +a¥ (6)
the group element of the corresponding space-time group is expressed as:
G(A,a) = exp(—%a)w]’“’ —ia,P*) = exp(—i0 -] — i¢p- K — ia, P*) (7)

In the above formula, /¥ and P* are the group generators, w,, and q, are the
space-time degrees of freedom corresponding to the generators. After the generator is
defined as an observable physical quantity, the space-time group has the physical
properties of matter, so that each term of the above equation represents the evolution
and physical properties of a space-time unit. Since the above equations are induced
based on the observer of matter, they are a basic description of the interaction field
acting on matter. According to the space-time interpretation of the wave function, the
quantum mechanical rules expressed by the above equation are also a representation
of the internal quantized space-time of the interacting field in H-space. In order to
simply describe the types of matter formed by the space-time degrees of freedom, we
take the 10 kinds of quantized space-time units described by equation (7) and their
conjugations as the basic units of space-time, and propose the principle of quantum
space-time degrees of freedom aggregation, although this principle does not conform
to the current research paradigm of physics and does not have specific operational
details. But our aim is not to describe every elementary particle in detail, but to show
by a reduced representation that the fundamental space-time geometry defines the
basic types of matter that are made up of physical properties. First, note that each term
to the right of equation (7) clearly has conjugate symmetries GTG =1, Jt =], Kt =
K, PT = P, and since both the field and equation have conjugate symmetries that make
it impossible for the observer to distinguish bosons and their antiparticles, the
interacting field particles without rest mass have no composite structure in the free
state. The conjugate symmetry of its internal spacetime is its inversion symmetry. The
10 generators are reduced as follows: J -0, where the corresponding state is
exp(—i@-J) =(0U) and its inversion state is exp(i@-J) = (U) =(U)*, where they
represent the degrees of freedom of rotation +6 of space, which generates the
angular momentum and magnetic properties of matter; K -, corresponding state
exp(—i¢ - K) = (»), and its inverse state exp(i¢p - K) = (™) = (»)*, which represent the
Lorentz boost, i.e. the degrees of freedom in spacetime rotation+¢, which generates
the angular momentum and electromagnetic properties of matter; In a similar way, the
spatial component of the third term on the right of equation (7) is reduced to:
exp(—ia-p) = (=), p = —ihV, and its inverse state is: exp(ia-p) = (<) =(-)*, they
represent the freedom of space translation +a, which generates the momentum of
matter; The time components are reduced to exp(—it-E) = (-»), E = ihd, and its
inversion state is exp(it - E) = («)=(-»)*, where they represent the degrees of freedom
of time translation =+t, which describes the energy of matter. There is a
correspondence between the electromagnetic field and space-time: (4,i¢) < (a,it),
thus it is inferred that the interaction field of the charged particle is space-time
rotation, so the photon field is represented by: (y:*), and the strong interacting gluon
field is represented by: (g%:<),1 < a < 8. Secondly, the Higgs scalar boson that gives
the weak interaction field mass and zero spin is represented by: (H:-»), the neutral Z
boson is represented by: (Z:Ux-»), and the charged W boson is represented by:
(Wt:vm-») , (W™:~xe). Since the matter field particles have rest mass, their



internal space-time must be some composite structure of the space-time basic unit
expressed by formula (7), each space-time basic unit has energy, and their composite
structure makes the matter field particles have rest mass. Considering that the matter
field has a corresponding antimatter field, the internal space-time structure of the
matter field should be the same as that of the antimatter field before evolution, and its
initial structure corresponds to a unit of the space-time group under a certain
parameter, so we represent the matter field by the aggregation of the interaction field
and its inversion degrees of freedom. The interaction field between the charged
particles is a space-time rotation, and the conjugate aggregation of this degree of
freedom forms an indissoluble charged fermion and is expressed as: (©) @ (») = (»
x~), the internal space-time reduction of an electron is expressed as: (e™:¥ ™
), (eT: =), the internal space-time reduction of quarks is expressed as: (u: 9 x7),
(d: ¥=v), the spinor field with left-handed spin and right-handed spin is reduced to:
Y = [(ox)g, (DX, (x9)g, (x) ]T.Space rotation conjugate aggregate is
expressed as: (U) @ (L) = (UxVL), it makes up the internal space-time degrees of
freedom of electrically neutral spin particles like neutrinos, the internal space-time of
neutrinos is reduced to: (v:UxV), (:UxO). Conjugate aggregation of spatial
translation: (=) @ («) = (»x«), the freedom of space-time inside dark matter is
described: (DM:->wm«). Conjugate aggregation of time translation: (-») @ (¢-) = (->x
«), describing the internal space-time degrees of freedom of the dark energy field:
(DE:-»xe-). If the universe starts from a singularity without space scale, then it must
start from the one DOF of time translation, that is, the universe starts from the only
symmetry -- time inversion symmetry. Considering the entangled nature of time, it is
assumed that the universe begins with a huge number of entangled time translation
units, i.e., @Y, (-»xe);, N is a huge number, each unit corresponds to a quantized
energy, and the sum of the energies corresponding to all translation operators is the
total energy of the universe. These operators start the evolution of the cosmic time
scale, which is also consistent with our common sense, because all matter operates in
the time dimension. After that, some of the time translation degrees of freedom are
derived into other degrees of freedom and energy is conserved, and the entanglement
between the derived degrees of freedom is maintained through the space-time
curvature R, and this unbreakable space-time entanglement is called gravity. Two
points need to be emphasized here: first, time and space always abide by the law of
mutual transformation, even after it is derived into other space-time quantum modes,
time and space still periodically transform each other in a way of entanglement, which
means that they always have to be expressed in the form of a wave function; The
basic property of space-time entanglement comes from the entanglement of time, so
space-time entanglement contains the essence of quantum entanglement, but for
independent quantum without quantum entanglement, its internal space-time is still
entangled, and gravitational entanglement is included in the space-time entanglement
described in formula (4). The derivation of time translation degrees of freedom to
other degrees of freedom is expressed as: (-») = (v), (U), (=). Due to the high
energy state of the universe, some space-time degrees of freedom and their derived
degrees of freedom are aggregated, and all kinds of matter formed so far are divided
into visible matter, dark energy and dark matter. These substances then undergo
general aggregation with non-fixed combinations of degrees of freedom such as
spatial translation and spatial rotation, providing their external space-time properties



such as external momentum and angular momentum. Therefore, we reduce the
space-time freedom inside various substances to:

Visible matter: (OxU) @ (ox») P (V) P (») B (=) -+, all € (-»)or(«);

Dark matter:  (»x¢) @ (0) @ (°) @ (=), all € (-)or(«);

Dark Energy: (-»xe) @ (O) @ (©) @ (=) -, all € (-»)or(«).

Dark energy decay: (-»me«) = (-») + («-), as we will discuss later, the decay of
dark energy will cause the cosmos to expand. This decay will lead to the decay
process of visible matter beyond the influence of the standard model, which can
be verified by observing the decay anomaly of visible matter|[7].

The above analysis shows that dark matter and dark energy obey Poincare
symmetry, and they can be described as the vector field of the third term on the right
of equation (7). Since this vector field shows isotropy, it can be expressed as the
derivative of the scalar field. One scheme of this attempt is to add a covariant
derivative of the scalar field ¢ to the right end of the Einstein field equation[8]:

1 8nG
R,uv _Egyv = _:_4T,uv _D,uqu) (8)

in this equation, the covariant differential of the scalar field represents dark matter and
dark energy. Since their energy is positively definite, they affect the geometry of
space-time in the same way as the energy-momentum tensor of ordinary matter, and
the decay of dark energy may be an intrinsic mechanism for the expansion of the
universe.

The matter field at the base manifold where the observer lives is a cross section of
the associated bundles, the wave function is the mapping of the internal spacetime of
matter on the base manifold, there are spacetime degrees of freedom inside the
elementary particles, and the inversion symmetry of the observer spacetime cannot
cover the internal spacetime symmetry properties. Since we interpret the
electromagnetic field, spin, and charge as the internal spacetime of matter, it is
inevitable that the symmetry of the electromagnetic field and charge is determined by
the symmetry of their internal spacetime, through the following analysis we show that
the conjugate symmetry C of charges is actually the internal time inversion symmetry
Ti of charged particles: € = Ti. It has been pointed out above that the time of the
field equation is based on the observer time, that is, the external time of matter, and
the imaginary part of the wave function represents time, therefore, the equation
satisfied after the conjugate of the wave function (imaginary part becomes negative) is
the inverse equation of the time of quantum mapping to the outside, and the conjugate
treatment of the wave function, Schrodinger equation or Dirac equation means the
inversion of the mapping time. Consider the Dirac equation and conjugate equation of

a charged spinor particle moving in the electrostatic field Vxy:



[0, + m + eviVixy)|Y ) =0 )

[VyTau —m-— eszTV(X)]I/_)(Tx) =0 (10)

Here, x, = (x,y,z,it),c = A =1, and T represents the transpose of the matrix. There
exists a 4-4 matrix 7 and its inverse matrix 71, and the following conditions are

met:
YT = =y, (i =123), TV{T ' =y4 Tl =gy, 05 = =0,  (11)

The conjugate equation (10) returns to equation (9) through the transformation of
equation (11), which is actually the inversion of the external time of spinor particles.
According to the aforementioned degrees of freedom aggregation model, the
reduction is expressed as: T(vx™) = (©“x~)*. We believe that the matrix that can
express the freedom of time inside the charge is y4, which is derived from the
Hamiltonian of the Dirac equation: H = ca - p + mc?f. The value y, = f = +1 gives
the charge a DOF independent of external time, which can be seen to be valid even
when the charge is at rest. When y, = —1, the time inside the charge is reversed and
the polarity of the charge changes, the corresponding so-called negative energy state
should be interpreted as a positive energy time inversion state. In fact, the energy and
mass of antimatter observed in the laboratory are actually positive definite, and its
gravitational effect is the same as that of ordinary matter[9]. The transformation that
can express the inversion of internal time of charges is the charge conjugation
transformation C in QFT, which has a 4-4 matrix ¢ and its inverse matrix ¢!,

satistying the following conditions:

CHiC™ ==Yy CPly =¥y (12)
By transforming eq. (12), eq. (10) can be obtained as follows:

Va0 +m = eraVin Wiy = 0 (13)

Eq. (13) reverts to the form of eq. (9) except that charge e changes polarity, so we
think that the conjugate symmetry of charge is equivalent to the inverse symmetry of
the internal time of charge, expressed by the DOF aggregation symbol: C(e™:vx™) =
Ti(e7:ox~) = (et: =), which means that the charge of the internal time and
mapped to the external joint inversion. This suggests that part of the time-inversion
symmetry of the universe behaves as charge symmetry, which may explain the
observed asymmetry between matter and antimatter.

In the following, we make a brief analysis of the spin orientation of spinor matter
using the internal space-time freedom of matter. Fig. 1 shows the projection mapping

of the internal spacetime rotation of neutrinos v, antineutrino v and electron e~ to



the external coordinates. As a neutrino v aggregated by the mutually conjugate spatial
rotation DOF, we are always able to align the inner spatial rotation plane of the
neutrino to the x-y plane of the outer coordinates as shown in Fig. 1.a. According to
the definition of angular momentum, the spin axis of the neutrino must be in the z
direction, assuming that we observe that the neutrino is left-handed, then the spin z
direction is opposite to the direction of the momentum p, that is, a forward moving

neutrino has a negative spin on the p axis.
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Figure 1. Schematic diagram of the inner space-time rotation
of neutrinos, antineutrinos, and electrons projected onto external coordinates

If we reverse the space of a forward moving neutrino into a regressive neutrino
with the same observer perspective, we should pay special attention to the fact that
this situation appears inconsistent with the "mirror image" result, because the
neutrino's spin constraint is in its internal plane determined by the two spatial
directions x and y, and the plane will flip when reversed, as shown in Fig. 1.b. A
retroactive neutrino is equivalent to rotating the coordinate frame in Figure 1.a around
the y axis by 180°, and the internal z axis of the neutrino is reversed with the x axis, so
the neutrino's left spin chirality will remain unchanged, and its spin direction will still
be given according to the definition of angular momentum, and cannot only refer to
the direction of the rotation arrow, in fact, only the projection of the spin in the
momentum direction is observable. From this, it can be seen that neutrinos are
aggregated by conjugated space rotation degrees of freedom, and space rotation is a
constraint on two spatial directions. Unless time is reversed, neutrinos can only take
one spin direction, which may be the inherent mechanism of non conservation of
neutrino parity. When time is reversed, the motion directions of Figures 1.a and 1.b
are reversed, as shown in Fig. l.c, and the spins of all antineutrinos v become
right-handed. For charged particles, because their internal spacetime is a spacetime
rotation of one-dimensional space plus one-dimensional time, there is only one spatial
direction constraint, as shown in Fig. 1.d. If the constrained spatial direction of a
spinor particle with internal space-time U(1) is aligned with the observer coordinate x,
taking into account the relative motion of internal space-time and observer space-time,
there is an Angle difference between the internal time axis ict and the observer time
axis ict, and the spatial rotation direction projected onto the observer x-y plane
determines the spin direction. The direction of the boost (spacetime rotation)
projected onto the observer's x-ict plane determines the charge polarity, and the
internal spatial axes of the charged spinor, y’ and z' are not constrained, so the spin
can have two directions.



Based on the above analysis of the freedom of space-time inside the charge and
neutrino, it can be concluded that when the internal space-time of the spinor field is
projected into the outer space, the spatial rotation shown corresponds to the magnetic
properties of the matter, and the spacetime rotation shown corresponds to the
electromagnetic properties of the matter.

The above principle of space-time freedom aggregation is only a tentative reduction.
Because the mechanism of quantum space-time aggregation inherent in matter is not
clear, some degrees of freedom can be exchanged with each other, that is, the
aggregation is not fixed, for example, the spatial translation degree of freedom that
generates momentum. There are also some aggregations at high energy levels to form
structurally unstable matter particles with decay properties, etc., so we are only
proposing an enlightening view here. In QFT[10], the spinor field can be directly
described as the representation of Poincare group. Two spinor wave functions are
used to form the field freedom of the tensor field, for example, ¢y constitutes the
scalar, i$y#1/) constitutes the vector, ¢o, constitutes the second-order
antisymmetric tensor, etc. A precise description of all elementary particles in terms of
the degree of freedom of space-time inside matter remains to be studied further.

3. Quantum space-time connected by imaginary time

Here, we will briefly explore the physical properties of the four-dimensional
space-time background. It has been pointed out above that the four-dimensional
space-time continuum can be described as a continuum of wave functions. People are
naturally confused: spacetime is usually represented as a real number and the wave
function is a complex number, how should they be reconciled? Our point is:
Mathematically speaking, a complex number is a number that relates two real

numbers into a whole by an imaginary number unit "i"

. Physically speaking, in a
quantum system, we also need a number to associate the two real numbers of time and
space together and deal with them as a whole. The wave function of a complex
number is just such a number, the real part represents the space wave and the
imaginary part represents the time wave. Similar studies[11] also point out that the
matter wave corresponds to a space-time vibration. The energy-momentum of matter
waves causes space-time to bend.

The wave function @ distributed at the space-time point x, = (x,ict)

corresponds to the space-time fluctuation formed by a scalar field ¢ at this point.
The fluctuation is assumed to be a simple harmonic oscillation described by sine or

cosine at the equilibrium position of x,. Here, cosine is used to describe the

—_~

space-time coordinate X, actually observed by the observer as follows:

—_~

X

v = x, +Ax, = x, + Ak, cos(k-x — wt), (14)

where 4 is a constant. Let's set:

@ = AePuiu/h = getlex—ot) | = (k,iw/c), (15)
then eq. (14) can be expressed as:
X, =x, + 8%, =x, +3,(Im @), (16)

Since the phase in parentheses of eq. (14) is invariant and its corresponding cosine



function is scalar, equations (14) and (16) are covariant under relativistic
transformations. For a particle with a rest mass of m moving with velocity v
relative to the observer, k, is known as the four-wavevector and has the following
relation:

k=p/h= ymv/h, w =E/h=ymc?/h, y =1 —v?/c®)7V/?,  (17)
for photons with zero rest mass, k, = (wn/c,iw/c), n is the unit vector of the
propagation direction of the light corresponding to the space-time fluctuation.
Relative to the observer at rest of the above particle of mass m, from equations (14)

and (15), we get:
ct=ct+ %cos(mor), Qo = Ae™i@00T = femime’T/h (18)

Here, t is the proper time. This means that a quantum particle at rest relative to the
observer has its space-time fluctuations propagating only along the time line.

We express equation (15) as:
Q= we—imczt/h ) (19)

where
W = Aexpli(p - x — Et)/A], (20)

E, is the kinetic energy of the above particles, i obeys Schrodinger equation. We
write the phase Angle o in the form of an equation: @ = k- x — wt, for the wave
described by eq. (15), its wave front phase (initial phase) @, can remain unchanged,
that is: day = k- dx — wdt = 0, so the wave front propagation speed is w/k =
c?/v, it is OK to set the initial phase @, = 0, the equation k-x — wt =0 is a
spacelike world line on the space-time map. For light waves, the phase Angle of the
wave front is also constant, and w/k = c, and the equation describing the phase is a
lightlike world line on the space-time map. For the wave described by equation (20),
its phase equation is written as: a; = k- x — w,t, where w;, = E) /h, it has been
proved in reference [4] that the phase «a), of its wave front changes with time and has:
day /dt = wy, and the moving velocity of the invariant phase (phase velocity) is
wy /k = v/2, and the moving velocity of the wave front (wave propagation velocity)
is 2wy /k = v, Therefore, the equation a; = k- x — w,t is a timelike world line
with a velocity of v on a space-time map. Equation (19) shows that we can decompose
the fluctuations described in eq. (15), and the space-time fluctuations generated by the
energy corresponding to the rest mass of the particle propagate along the observer
time line, while the space-time fluctuations generated by the kinetic energy propagate
along the timelike world line at the particle's velocity. Clearly, these two space-time
fluctuations are strongly related. Before we can understand this strong correlation and

the mechanism by which space-time vibrations propagate along the timeline, we must



first understand the mechanism that forms the space-time background of the universe.
We have shown above that the universe began with a vast number of entangled time
units, which are similar to chronons[12] , and that the existence of any one chronon
must presuppose the existence of all the other chronons, that is, each chronon is a
result of the fundamental property of time being entangled. If we use the

Hi"

mathematical relation of the imaginary number unit "i" to represent this connection,

then we can say that every chronon is a imaginary time connection node, we can think

of this connection of gravity as a line a timeline. A chronon, corresponding to
the time unit mentioned above, is a group element of the time-translation group,
denoted by exp(—it - E), which corresponds to a wave function and to fluctuations in
spacetime that propagate only along the time line. According to our space-time
interpretation of the wave function and the description of space-time fluctuations, the
chronon has at least two properties:

1. The imaginary part of its wave function represents the time wave (time
fluctuation), the real part represents the space fluctuation generated by
time fluctuation, and the unitary evolution of the wave function
represents the mutual transformation of time fluctuation and space
fluctuation and maintains the conservation of space-time;

2. The imaginary unit "i" of its wave function indicates that the time
fluctuation has non-spatial locality, and the imaginary time connection
relates the spatial fluctuation non-local distribution as a whole.

According to the above properties, all chronons in the universe generate
corresponding spatial fluctuations, so that they form spatial distances from each other
and move away from each other, but the imaginary time connection property between
them remains unchanged. The wuniverse corresponds to different space-time
symmetries at different stages of evolution, and space-time groups with corresponding
Killing vector fields as generators also evolve correspondingly. In the early universe,
some chronons remain as time-shifted chronons and evolve unitary into local
space-time fluctuations to form four-dimensional space-time elements one by one.
These four dimensional space-time units throughout the universe constitute the
space-time background of the universe; The other chronons evolve into other elements
of the space-time group described in eq. (7), which form the matter field and the
interaction field superimposed on the space-time background in the form of
space-time fluctuations. We can imagine that each space-time element that constitutes
the background space-time acts as a four-dimensional space-time harmonic oscillator,
and the matter field and the interaction field can be described as the vibration on the

harmonic oscillator, which has an action of S when mapped to the phase space. For



any observer of the structure of matter, the four-dimensional space-time element is a
space-time fluctuation propagating along the time line, so any observer is at rest with
respect to the four-dimensional space-time element at any time. For a space-time
element in a vacuum without matter and interaction fields, we map the representation

of equation (5) to a representation of a wave function:

exp(—ir . E) - Y= exp(—inR\/—_gt/h), (21)
where 7 is a constant. The above equation shows that the curvature of spacetime
causes a four-dimensional spacetime element in vacuum to have the equivalent
minimum energy E, = hw, = nR,/—g, corresponding to a spacetime fluctuation with
frequency w,. Since local spatial fluctuations do not propagate, their equilibrium
spatial position is an efficient spatial point. A basic spatial distance is formed between
the two space-time elements, and each period of time resonance forms a basic time
difference, which is consistent with the assumption of equation (14).

With the above analysis, we can give a brief description of the space-time
fluctuation described by equation (19). e~mc’t/h which is a part of ¢, is a
fluctuation superimposed on the four-dimensional space-time element propagating
along the time line, and it has non-local imaginary time correlation with the other part
1 superimposed on the four-dimensional space-time element. When an interaction or
physical measurement partially related to Y occurs, the former will collapse with the
latter, so that any interaction and physical observation, the rest mass and kinetic
energy of the particle appear as a whole, and they can be described in a unified action
quantity.

To sum up, the space-time background of the universe is composed of a huge

amount of imaginary time-connected four-dimensional space-time harmonic oscillator

space-time element. The matter field and interaction field superimposed locally
on each space-time element can be described as the Killing vector field of local
superposition. The curvature and scale of space-time can be represented by space-time
fluctuations on the space-time element, which obey the relativistic principle. Time
fluctuations and space fluctuations always transform each other, so a persistent spatial
singularity cannot exist under finite energy conditions. The overall scale of the
universe will be determined by the total number of space-time elements that make up
the space-time background. If some of the matter fields decay into space-time
elements that structure the background space-time, it will lead to the overall scale
expansion of the universe. The non-locality of imaginary time ensures the causality of
any related events, since the limit case for their occurrence is that they occur
simultaneously rather than in reverse order. In addition, if gravity is interpreted as the

exchange of gravitons with local interactions, then since gravitons, like photons, are



limited by the event horizon, gravity outside the apparent horizon of the expanding
universe and inside the black hole will not reach the observer, which is difficult to
hold, and non-spatially localized connections using imaginary time become a possible
mechanism.

4. Discussion and conclusion

The basic point we want to express in this article is that spacetime is not only the
background that provides the movement and change of matter, it is also the
fundamental element of the structure of matter. Matter is the geometric structure of
spacetime. The relation of all things is gravity, which constructs the background
space-time, and the Bundles superimposed on it are the matter field and the
interaction field, which is essentially a space-time structure. The flowing spacetime
always appears as a group property, and the spacetime group of visible matter is
represented as a gauge group. This means that the particle physics standard model that
unifies the three basic interactions in nature is the internal spacetime representation of
matter. On the other hand, in general relativity, the material energy momentum tensor
at the right end of the gravitational field equation is equal to the spacetime structure at
the left end of the equation, and the physical properties of matter are equivalent to the
geometry of spacetime, so the quantization of matter particles and fields also means
the quantization of spacetime, and the theory describing matter will be unified with
the theory describing spacetime. Tracing the invariance of physical laws to the
symmetry of spacetime is undoubtedly one of the important discoveries of modern
physics. Of course, any description of objective matter cannot replace itself. However,
based on the belief that the laws of the universe follow the principles of knowability
and logical simplicity, the author proposes a preliminary viewpoint in this article, with
the aim of developing a more comprehensive theory about matter and spacetime in the
future.
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A i AT LUK DY 2 i 2 S G IR U R A S S, MY BRI — AN RN T A
Hilbert 7% [H] X B AE B R R KA ¢o #%08 Feynman B2 7 IR ER[6], (TR R 25 51
B RBUR I IS BT 23 s BT 46 8 oA BT B 8 (AT AR IR I AT AG A ARV TG 75 % A% %
B UMER RS EW iz BB 53

P = ch[x]eiﬂxl/ﬁ

TRk Ae LR G T AR A R i — AR, A RIRBUr S T T R R
SR, 520 M B R B A — A A& RV AT L S 3R O3 bR 2L

P = CeS/h )
TGRS 2 2RI I 2R AR R BO I R

S= f[LEH + Logp + Lews + Locp + Lp + Ligly/—gd* x

W ARz 543 )& Einstein-Hilbert. QED. GWS. QED. Dirac. Klein-Gordon 1EH &%,

Hrh iy —DE @) X P 7 — A IR SR & Rk, iR/ MER 25 36S = 0n]
LR SEREN N R, RSB = S/RERIEMYRIE FAEE— 5
Wb A AR R, BRI S = ORI 1137 75 A2 I 25 AH FL % A0 R 249 SRR 25 AH
AR . BEAh, (4)FOER M AT R 2 i kb RIS R B P 5 sl 5 1
LS AR EH N 23 2 T SCC ) 5] U R B, 3 A TR e D8 BR RO R T R R S
S A FH 2 R 2 % ROTIRSE : S = ke f Ry[—gd™ e, MBAnSE— I 2052 15 1) 2 18] RUBE Aa(t) »
P2 ORR (E), B AAAE— AT T 2T 15 JIAH RIS R o 7 2 a0 77 F8:

m%I'bG = —kcR(O)a*(t)y—g (s, k = c*/16nG )

RN 2 i R XA R, PRI ERA TR M AR QAP AE — N il i S E 1 51 )
+, KR DT BB E 5] 7124 NHERI, 51 0E RS R — Mg, LB
W@ AT T AW = FHEE S SR A 5] 108k, PRk R R
IS 2S5 H A B SR . WD 30 i 2 ORI MIE IS 8 B3R oR N SRAEY)
i Ky oy A B K g, — 07 S 45 ( Christoffel symbolDI,S —Riemann Hﬂ%?ﬁiRﬁuﬁ —
TR >R RAE I T IELL S .

g ERR, FEACK 1 R e SN A S5, T R R R, PR A
FEREIZ S0 BT H AR S MR BAE R o il , BB ST PN T s 2Rl —otia
XTI 2 2 TR A B A, X 7 A AR R A B S i, R — AN A
HAERRR P R RSP EAER . v, WE—A Schrodinger R0, W EREHTT
G FE AT TR0, () = iAV - (W VY — V) /2mithiR, & —> Dirac 2455k
HEET REN A MNP FE R RS, HEE % ek HOR B 25 B . /58 Minkowski
2 (A () SEA S S B, Poincare BEf 10 N RIGAE B T A28 e i AR 2 P RS 10 1 PR B )
WEVE. AT, P4 et 221 10 AN E IS, 3 ANEEFESIA 3 /> boost H H
FEAERS T R WA, 3 N 18145 B HFEAE % T I Re i, 1 AN RS2 B RS AR B T IS4
— ¥ Poincare L4 A A :

xV = Apxt +a¥ (6)

5 I AH B B I 2 B B TR R N -
G(A, a) = exp(—tw,, J* — ia,P*) = exp(—i0 -] — i - K — ia, P*) (7)
B PR RTT,  wyy May, & 52 TR N EII 25 B B, A oo tisE SO PTM
Mg )5, B8 cEA TR EE, X LXMW ER T — 2 5o
P S JE e . T BRI TR LSS 75 3 kI, FrLLEATEHER Tz
B] A AR 3 IS AR A o $ BRI R BB 251288, b aRpTdon &1 71 2R U 2 A0
TER BN E AR e B B ) —FhRoR . O 1 B Bk DL 25 B B R T B4



JRRAY, A7) HER I 10 T 1A 2 570 S ILHEAE I 25 i) B AR B o4 th &1
fE B R A R, BARZF B AR & L ar s it 7T 2 H B BAR R s A,
BIATH H B IFA R Z VR RR T — AP EEACKL 1, MR 2 s KR W] FEAH I 4

] 55 ST D EENVE SIS A A S B FE AR SR . B, VERR(7) 2 A i A B T R B
HHONFRMEGTG =1, JT =), KT = K, Pt = P, B T3 K7 B BAT FLH0R AR AU I 2 o i
eIt SR T, BRI Te g b i A TR IR J HOIRES N R = & 450, AN
I 25 P SO RR a2 L S AR M . K 10 NMEROTIEW FAMEIR: ] >0, WMES:
exp(—i@-]) =(V), BERREA: exp(if-]) = (L) = V)", EMIRRZEEHE (rotation)
611 H HHEE, % H A A BT A B B R K -, XTRIAS: exp(—igp - K) = (),
ERRED: exp(igp - K) = (™) = ()", 'EMFRRI e (Lorentz boost) +¢EI4]E e,
2 H H AR B A B A R SRR 77 2, R (7) A i B = ) 7 ) 4
LK E RN exp(—ia-p) = (=), p = —ihV, BHRREDS: explia-p) = («) =(=>)" E
MERZETFH +alft B HE, ZEHEERDTRZE: B EF7 0 ELANERRA:
exp(—it-E) = (), E = ihd,, BIIXES: exp(it- E) = (¢)=()*, BNIRREE P+
MHEBE, ZEBERRY R NGEE. Bl SN AN TN (4, i) © (a,it),
FH SR 717 RO 5 AR ELAE TS i S e, PTG T3 3RoR N (v o), s EAE FIHIIR
THERA: (g%9),1 < a < 8. Hik, TS BAEH PR HJC B g Higgs bri 3k
TR RN: (Hi-»), e Z O TRRN: (Z:0x-), HHE W BOTRRN:
WHomd-), (W™ vxe) . BTV A i LR, B e AT e a5 282 (7) 20
PR I IR BT M E G450, N TR REARSTHE A RER, EIIME S50
vk s BA 1k iiE . BBV A X B Y B, T HLA 5 B N I
FIFEAL AT N1 5 RV B TE, & RIRTaa R s BT I S B R — S 8O i — A AT,
T CARATTCAAR LA F 37 S FE B et B FR RS B 25 SRR 3y o« ol KL T 22 TB) B AH LA F 37 2
I 2 ie e, A EN TR B T A AT R 73 A 3K T IR RR N (2) @ (™) = (o),
NI AR IR N (e7romn), (et xe), SR N AR 2 2L R IR N :
(u: o), (d:vxe), BT RATIBRIBESLURIRN: P = [(ox)g, (Ox),,
(M), (o) 1T A EIER A HERILHIR S (O) @ (L) = (OxL), EETHT
S H RV B ERE N BRI R B R, R e BRI AR (v: OxD), (0: UXO).
AP HHERIRIERG: () © (<) = (owe), TR KA 2 8
(DM: »me) o WHRPFES IR G () @ () = (me), ARG RERI I P ET 2 H H
JE: (DE:-»me-)o ARG EIE T %A 2 RE A AL AL SRR G T )X —
AN E HIE, U G A ME— B0 BRI ) BB R o 5 i B I R LA 2 X — A
It LAV A8 2 i L 0 T B A EL Y ZE A B (PR S, BT @)L, (ome);, N &—MRK
L. BB ITX N T — B TR R, B TR 70 N ) RE = LA B 9 5 7 L B
o REHETE T FE A REREA, Xt 5RO EREE R, FoYIra Y5
HATES M YEE Ligty. s, — o AFR 8l AT E A B E HagEsHE, 74
S PR T EH S 2 T (R 2 a2 28 R SRR SR ORATF, IX b A ] T (1) I 2 2 2R S 51 75




X BRI R B, N TE] 5 7 ) O M S A B A X R, R ATAE N
Hen a5, iS5 2 E4hR e g 77 =08 BIPE AR B AL, X BRAE e e
e B LA — R B T ORFRIE s HOR T el i 2 2N 9 5 & 1 ) 2 4R 1) B 2 5%
R, I A GRS R PR R T I TA) R 2 2, B DA S A AL 5 7 & TR AR BT, (E T
B & A PR AT B AN AT AR R 2 G L 5] A A L A (4) ST IR IR
g KERER B I EATAERITE A ERIR A () 2 (9), (0), (). T
REIRAS (L HE 2022 B i B A AT AR B B R AE RS TR RS B & A5, AN H H B
REMEHLEO T WA W A, XY 5 s )R8 . 2 )i 4 1 il R A
AR E S R A, B TEhE . A EE MBI RN TR IRATR &R A
7 B AN RIS A
AR (Ox0) @ (%) @ (O) @ () @ (=) -+, all € (-)or(«);
(%) B (O) @ (2) ® (=) -+, all € (-)or(«);

el

p==1
mkk
N
=)

Fi 16 (o) D (V) D (2) B (=), all € (-)or(«).
BERER AL @ (-xe) = () + (), FATHG R, B RE R A 38 AN 3 30T 25 1)

T o 33X %2 AR 2 S B50RT LA IO 1) 3 A o R A v AS R Fr S, e SR U T D0 R )
AR S RN LA SE R SRR 7]

PS54 BR RIS AE B AR M Poincare XTAK, TATHAT Hiid Jy(7) 3045 3t 45 = 13 14
Y, B IR AR R S R, R AT DA R AR A Iy, X Al Sl —
AT ST Einstein 35 F2 HI A S8 N — bR 3% HI PR AR 0 [8]:

1 8nG
Ry — 39w = —:—47"”1, — DDy (8)

X BARE @ IR AEK TR R AR E . BT eElIfReERIEEr, BrLLeq1ih
I 0T 1) e B - Tk R R 0 7 USRI 2 TUART, T R R R ) B AR BV 2 K K
FEHLH .

S T AE R SR b BP0 5t 37 72 £ AN IR — AT, 38 BR 802 0 o A IS 223 A8 SRR
(RIS, FEASRL T N A AE AL T AMER I I 2 R B2, WL I 25 1) ST R A BE TER i P 38
X EME . BT IRATTR B i S R 1R R ) IO R N B 7 I AN AT A ) —
ANGE R T2 B B PR IR R A E G A 0 P 22 RO PR 2 ke s 1D, B80S 1T PR 20 B AT 14
FEL AT 8 L0 X6 TR CHL ST FRE 1 (0 A I [ S o R, Bl € = Tie AT I C 424
tH o 3777 R (RIS ) i 2 ST A 0 5 B T B A7) 5 A1 S8 IF 1) P Bt 38k e B8R A AR SR IS 1]
JIT LA R BT ORI AR A7) J5 15 A2 1 7 R agh A2 7 WSR3 S0 PR IR ] P S T 77 B, U8 iR
4. Schrodinger /7 #28 Dirac /7 F2F L0 Ab Bl 2 WK A WIS IR (] (1 [ o 5 88— AN far FELIE &
LT AE RS LAV ) FIZ BN Dirac J7 R RIIEHE)7 2

[V 0, + m + evaVixy |y =0 ©)

[¥i 0y —m — ey Vol = 0 (10)

ERrdx, = Gy, zit),c=h=1, TRREERE, FIE 44 5ERET R RFERET L, 2
LUNE L

TY{T™' =y, (0 =123), TY{T " =y4, Th(y) = Yy, 05 = —0, (11)



FHE 77 FE10)iE T (1) AL 5 BN S 2 T7FR(9), 31X H S X e &R (1) S8 I 18] B
HEIETA A R G ANEIRA: T(oxn) = (D) FATINBEIS R IE HLGT N I 1] 5
P RS 2 va » HUET Dirac 772/ Hamilton &: H = ca-p + mc?B, y, =B = +11
HUE & g B L TR (o B B B, B H ATRAE B F A Ak T LIRS I X
—HHERER . My, = — 10, 7 P90 ) S 78 HL H Aur AR P 38, ) B R BT e
AN 1R I BE IR 8] S st A , i b, S0 = I 3] (1) S 490 o (1) e 5 A o HL SR 1 v 1
BRG] )R8 5B B EI[9]. RefS 3 IA Ffar A IS 8] B ) A8 /2 QFT Hh i) ey L
BHRC, FFAE 4—4 FEFEC R SIEREC™, W2 Wl R 4 A

CyiC™ ==y, CPLy =Yy (12)
JRR(10YE T (12) 2 A A3 5 I F 5 72
[V, 0, +m — evaVix19G,) =0 (13)

FIRR(I3)R T HUAT e S50 T MR AL AR 40 #8152 B0 5 FE ) 30, DR FRAT T Ay H A ) 3
0 %ot R A5 A FRLAT PSSR IR ) SO AR, HH IR AR SRR N Cleomn) =
Ti(e7: o) = (et ve), X7 HLAT IR P FS ST TR AT Bl 5 3800 4508 10 s ) S [ e i X 32 1]
2R P ERF 15 ST X R A 0 4 I AR R, T BV R AR LI ) P R S R A
xR

AT PR PRI 2 B R BRI Y B REE R A — R . 1B 1 RoR
THRT ve RPBET U R T e~ I A BT 2 e e 17 S A AR AR (KT B R S -

Forward neutrino Retrograde meutrino Anti neutrino electron
v v v e

Y Y Yy
| ah i

;' \ momentum | \ /
z ..74 o E S - N —
(spin) | | | (spin) {

/ \

\~

rotation

(Left—handed) (Left—handed) (Right—handed)

a b C d
B LT AP CT BT PR S e R P B AN AL AR s =

VB9 A B ILYE R 2 (Al i B HEE R & B — s v, AT R LA 1.a P iis
FEAE BT 1 P 358 25 1) JE 2 ~F TR X 55 B AR AL bR (1) -y ~F TR b 32 BRA S EIIE X T
(B el — 2 1E z ), (BERATE BT R= A RR), oz m53E p 77 mMHx,
Bl — AN R AT 3 B T 2E p il BB 9 A7 a0 SR — A IR B 3 ) e A ) S el A2 Dy
—MBATHIR T, MEEMMAL, RONERNERX S “5B7 148585 kA
— B, RN 8 B DT [ 2V AR A x Ay PRS2 A R P P T, A
WZF R 285, ] 1b . —DMRATHIP AR S T T & La bR gess y il
Jigk% 180°, i+ NS z HlibH x Bh—kd S Im), PRI R Gl 2 e 1) B e MR IR FEAE, e
B e 77 AT SR R A B M B B e SOk AR R S H e gk 1771, SEbr b B e fih &
TESETT AR A D& . v DUE S BT 772 B AN A B L4000 25 () 4 5
HHERER, 2R 2 A B 7 [ 2, BrARR T R, F i+ R eI — A~ B g
Jr T, X BT TP FEARAN SR N TEALS . B (] ssEE, E La A1 1b IE sl 5 1Al A
5 W e fos, BeA OB v iR B RS N A

Xl R, T B A — A (Rl — 4R (R e, R — AN 7 R
LI, W 1.d B o AR PRI 2508 UL BT B RS2 200 1) 25 18] 77 ) 5 5 AL b



x X5, HREEI P S 5 ML B S AR IE B, P ) e U i (R B i —
MNAEZE, BRI x-y IR 2 6] e J7 1e) ko€ B R DT 1R), $REBIMEEE x-ict IR
boost FIBERE J5 A b8 1 BT AR, e B 1 A0 PN 5 R By ez AN 200, IR el
LA I AT 1) o

Zr UL EFRATT6S B A A R Gl BRI R R A ATT, AT RIS AR IR R I N R
I S B B SR A AINy,  S I 2 (A e e X B T B AR 1, RIS 2 liék%  (boost)
Xof T4 J5 1 R A

R HHEREFEE R A N ANER, B TRNENE TR T RS
WU AN B, A7 28 5 R B A] DR B A DR T A o 56 AN A& [T 1 11 48] 4 A ol 8l 8 ) = ) ~F
¥ EHE, A% N RGBS AT E R BRL T, BA R REE, BIIRAT
EIX B R 7 — M e KM A . 78 QFT H[10], Jesiyn] Bid#iAN Poincare #f
R, HIWAS R R EOR Rk B B B, Gl oY BbsE, ¢y, YRR
B, Poy, IR B SOMBRIK AR . W R LAY BT AR IN A B R AR O BT B AR T4 T
RSB HR A7 T 1 — 2P IR A

3. BEERZEZNETRZ

X, IRATEE MRS — T 4R S s BT . RATSAE ESC R, D4R
7S TELL G AR i R BURE S G . AT SRR PR R o 2 B s Dy ST
Hok—ANEHG IR AW Prive 2 BRATIM S 2 MK Pk, SEURiET— ek
B 57 BT SLHORBO — N FEEL LR, BT RGETHRAIFERERE—A
HCHE ERF F) R 2% ) 1 A SEHORBRAE — RS AR — AR SR AL B, — AN B0 R O E & X
(R —ANE, SR AE 2 A1 FL R SR A I A1, A AR BAI I FE [ 1 1148 H A BBt B —
PRI 2= 9R20, YIRS -3 B SR s .

IIATAERS 2 Rix, = (2, ict) KIS RR B i BT — MR E ) o 7212 RUB B I 25k, &%
LTV A LA, s P B I TE 5% B SR IR 1) T TR B, 3K HEL T A S48 3 W 2 2 s W 4%
B 25 A AR, N -

X, =x, +Ax, =x, + Ak, cos(k - x — wt), (14)
Hrp A Jy— % JATH:
@ = Ae'Purulh = geitkx—ot) p = (k,iw/c), (15)
T (14) 2] E 7R 9
X, =x, +Ax, =x, +9,(Img), (16)

BT (14) 355 WA AR &, B B ESX BRSO AR, BT A(14)R1(16) TE AT 101k
R RN KT —AE LR m, AN T W DGR E v BENRLF, k2 3RAT]
AR IU4ER % (the four-wavevector) , HAW FXA:

k=p/h= ymv/h, o =E/h=ymc?*/h, y = (1 —v?/c?)71/? (17)
SR E N FRCT, k, = (wn/c,in/c), nIGT 0 R 25K AL 7 7 SR
FEXT T B 5T Am B R I, (14) &2 (1519 21

ct=ct+ %cos(wor), Qo = Ae™t®0T = Ae—ime*t/h (18)

XH, TN X RIS TS L R R N ik T I TRl A ik
AR (15) TR -



¢ = pemimet/h, (19)
Hrp
Y = Aexpli(p - x — Et)/h], (20)
E N bk Tzhae, MM Schrodinger 2. BATEMIALAH S K— AT FEMIEA:
a=k-x—wt , XTSRRIV, ERIBEFETIIAA WIGEFLD ao il AARFEAAE, R
dag = k-dx —wdt =0 , FIHERTIEEEE NHo/k = /v, RNPTEVIGEHMa, =0, J5
k- x — wt = OFER B B —F KT MR L. XFTouik, HkairHw ke A%, H
w/k = ¢, FERAAHRI T FEER B 2 — %O RE . X T20) Xk itksh, ¥
MIRAI TR S i a = k- x — wpt, Hw, = E,/h, S5 CER[4]H CAEN, IR RT AL A
ay BRI A AR ), B : day /dt = wy, TN RS SE T &L Awy /k = v/2, 3
IR SR (B RIERREE) N2w,/k=v, N T e = k-x — w,t EFZEERE—
SAETEHE v R R 2. (19) R, AT L (15) Atk ik shdb A7 73, R
b5 5 XS I P e B 7 A (RIS 2 GV TR I 5 N (R B A %, T 30 e P A PRI 23 Bk V& I 26
I P A DURL T (FE Sl FEAE 6 . AR, X PR AINT 2 kv A& s OQ R I o 7 BRI Mo O I J.
I IR BRI [R] AL FR ML 2 A, AT 00 S BRAA = 1 I 25 3 s I TR b Ll o #E B30
TACafat, FHRG T BB LA PR R 50, IXLLR A 5T T 8] [12], 1F
TN TB] - IR LR A 20T DA AR A 0B (] - B AAAE AT 4, BRI (] 22 AR i ) B A
A YX — LA B AR, EAT A B . dn SRR R A 0 R O A I SRR SR 3R
INIX R, IS AFRATR AT LA g — AN 1] — AN R R I 45 N, AR X M AL 5|
JIRVEEAE G — kB8 —BF A1 2R . B [A) X0 BT b SCHE e BB TR BT, e 2 B[R]~ %
(time-translation) BEMIEFIC, WRRA: exp(—it-E), XHESEXTRHE AN HRE, IR
T S VRIS TR B AT ik (R I 2 ok o HRTRAT TR 8¢ R 280 ) IR 28 8 D B O T I 23k 9 R ok, P
8] 2= D AFLE AN Ao -
3. HURRR B AR (I (R D, SR TRk v A i) 25 (R Tk &, U
BRI L TV A R s ] )k -5 25 TR K 7 (4R L A I DR R B 2 <
4. PR R A AL NN (AR v B AR 2 (R e, R IR IR Oy AT 1 2 TR
WA K ORI — AN A
AR DA 5T, 5 A BT BB R 2 AR B B R )k T, TR BT (a2 T A s (R BR
B A R, (ER A ) B R I R PR R AN AR o T AR AL A [RI B B BT AN [
IR RR I, DU Killing 2% B3 1E A4 oo I 25 200 Mgk, B h—
053 IS 18] - DR RF A IS [A) 178 BN 23 -, FF L IR AR oy 38 R ) 23 Bk 74 T B — A — A 1 DY 4 Bif
T, IR A T E I DR S BT R T T N A s S BRI TR IR AR T (7)
TR I 2 B SIS, EAN TR T W5t S BAE F 32 9T DA 23 5 s 1) 7% 208 e
I s b JRATAT UG, MR Sl 2 iR — NI o 78 28 — AN U R i8R, W)
53 oA BAE S nT R R+ B ROARS), BRI SRR B R PE R NS . X TR N B
I (AT IR, DULERT 23 TaER & — ANV I A 20 A% 3R B B 2k 3, BT DME BOWLEE (AT S
ZIABNET- DU Gk 25 o #R 2 i 1 o X T-3%AA Y B A BAE - BB R i — A2 on, &



TR AR(S5) IR SR 9 — A iR A RO
exp(—ir : E) - P = exp(—inRﬁt/h) , 21

Hony—ANHE L BRI 22 b A F0as 0 — A DY 2 i 22 o B A S 200 e Ik e
Eo = hwy = nR\[—g, XA w, M 5KE, BT R0 Bk AL 3%, BT AHT
i ) 2 1AV BRI — N R 23 1) e AN I 28 0 2 RTINS I T — N A 23 (R BE B, T
(IR AR — A R B — AN AR ) 22, X5 (14N BGE & — 2. A 1 B R,
BATHE T LAXT(19) 30 FTHIR A 20k 4t — MR BERIR, e ~im e t/hE o3 Ji B I E DU RN 2
Jo_ LIRS AN AL R B0k, B BN AE DU 4RI 23 70 L 9 70 A = 225 8] 58 380 0 R P SR K
R A G A IS B LA S B B N, AR AR S PR B S e, R AT AT A
GAEFAEDIN, K5 R L B RS RE AR Iy — N EAR, ENIREER R g1
TERE

i EPTA, TN T SR TR N E R D 4RI 2R T —— 0T, JRisAE R
— AN T B AN B A AR 7 W] R O RS E N Killing K&, 2325 AN
I 22 RUBE T N 22 78 BRI S Tk 2R BT TR AR R VR P i B o i ]l A 2 )ik 7 A
ZONTHAL, DML IRBEERIE T, AR ST A REAF L. 30 IV BAR R
HA BRI 25 9 SR I 2 e e B o, IR Y A A RGN 2 I 208, B2 38
FH AR R RZAK . MR RN AR e e, #OR AR OCHRER AR I BRI, BN e TR AR
IR FR A A2 [RI I 5 A T AN MU J ) o ek, SOk 51 0 iR o BAT SR LA R 51 70
TR, Wb T 51 7R — RS F RIR A, B2AK T 8 T AT SR 2 LSRRI S (1
SR TR RIE MG, XM AL, T RIS A0 A 2 18 8 Sl U RSy — T e A AL o

4. FTREER

AL OSCIRA T ERIB AN 52 WS ABOE IR B FUE S AR T 5, R
JREM I FEAE SR, VRSN S0 UM . TERBE N5 1, MG T Rns, &
T R NG R RIE Y B AR ELAE I, EA BT Lo — NS 40 . Jsh 2 22
CIRERIVE BT B, mT WS I S Rom IR, X RRE S — T BRI =R A
VR PR P B PR ER AR MR AN 23R, 53— 7, | SRR R 51 13 05 R A
f s e B —ah Rk R A T U R e i R I 2 A5, M B s 1 5 I 2 LT 4630 A
KL B3 At s I 2 AL, SRR B g — TR S B
R PR AN B AR BT I 22 X AR T S R BRI B 2R B2 —, 48R, AR T
TR H AN BEACE F B B, (R BE T U5 T H B ATV U AR AT R R R g v ) S
W, AR R DL OSCHR HH — AN R AR B, DR R AR 50 T4 IS RIS 2 F) B o 58 &% F) 2
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