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Cosmic Evolution Physics (11) for Inflationary
Universe with Rip-Rebound Clusters

Li Zongcheng
('Research Lab of Interdisciplinary Science, Soochow University, Soochow, P. R. CHINA)

Under the big unified framework of quantum gravitational field and quantum repulsive field, the earlier in this
series of work has comprehensively expanded the general relativity and loop quantum ring gravitation theory, set up the
quantum repulsive field equation corresponding to the quantum gravitational field equation, and then established the
quantum hedge-unified field equation describing the interaction of quantum gravitational field and quantum repulsive
field; On this basis, the quantum repulsive universe equation corresponding to the quantum gravitational universe
equation has be established, thus a set of new equations describing the expansive universe model under the condition of
fully considering the hedge effect of quantum gravitational field and quantum repulsion field, which can be called the
expansive universe equation of quantum hedge-unified field theory, has be established. Now, let's go deep into the
arche-unified physics behind the creation of the universe. Although all kinds of inflationary universe models can solve
cosmological problems to a certain extent, there is no natural and reasonable analysis and explanation for all
cosmological and physical consequences. For example, it is impossible to predict a large tensor-scale ratio and a
relatively large spectral index run at the same time. At present, string theory, membrane theory, loop quantum gravity
theory, super-gravitational holography principle and M theory, which are the theoretical basis of cosmology, are basically
established by simplification in the case of breaking away from the extreme background conditions of the universe.
While cosmology, which is deficient in nature, cannot provide strong support for particle physics to further advance to a
wider field and a deeper level. Due to the lack of new ideas, the construction of existing theoretical models is difficult.
Therefore, the existing research can only be further promoted by new astronomical observation. Unlike existing studies,
we concentrate on the emergence of the big rip-rebound clusters of quantum chaotic-reticulate distribution between the
outwards-push of the universe as a whole (related to pseudo-vacuum energy, Higgs field, dark energy, etc.) and the
inwards-pull of the universe in local scale (related to dark matter, quantum gravity and initial gravity separated from
high-dimensional supergravity, and the initial strong force separated from the grand unified force subsequently). On the
one hand, we find a great impetus to make the inflation of the universe into firstly-imposed suppression, then-imposed
acceleration and finally-imposed deceleration, which really explains why the universe expands at a critical rate and has
the same temperature in different regions, on the other hand, we find a fundamental unit of matter and its emerging
clusters evolving in the big bang, inflation and expansion of the universe accompanied by the great rip-rebound clusters
of quantum chaos-reticulate distribution, which can be reduced to an arche-pulsator of neither punctiform particle nor
linear string. From these two aspects, it can been seen that the evolution of the early universe is much more complicated
than people originally thought. The complexity of the super inflation of the universe is mainly reflected in the big
rip-rebound cluster emerging behind the gravitational disturbance (the pressure and tensor disturbance related to dark
matter), the repulsive disturbance (the pressure and scalar disturbance related to dark energy), the cosmological
disturbance (related to the interaction between high-dimensional supergravity and high-dimensional superrepulsion).

This is a system of nonlinear stochastic differential dynamics, or a quantum statistical physical process of nonlinear
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nonequilibrium state. In the new research paradigms established in this series, the arche-conjugation between the
high-dimensional supergravity and the high-dimensional superrepulsion, as well as between the quantum gravity and the
quantum repulsion, is higher than the supersymmetry, and then becomes the core concept of the new theory. In this series,
cluster-inflating configuration, spin network space and cosmic paradigm vectors are proposed, so the model of the
super-inflated universe with quantum chaos-reticulate distribution emerged under the great impetus. The new model
reveals that the unified inflation of the universe as a whole and the local inflation of the universe emerge together in the
great impetus of the big rip-rebound cluster of quantum chaos-reticulate distribution. As a spin network model variable,
the spatiotemporal mode variable is a vector composed of a series of variables, which variables include: dimension,
curvature, range, expansion speed, dynamics, quantization, chaotic-reticulate distribution (inhomogeneity, concentration,
fluctuation), synergy, and so on. Between particle physics and cosmology, this series of papers proposes the cosmic
quantum evolution mode, the physical-sphere distributing configuration and the interaction situation variables, organizes
the concepts, variables and models of these three levels, and establishes a systematic super-synergy paradigm. In this
paradigm, the general Langevan equation and the general Fokker-Planck equation are established. For the quantum
cosmic-sphere, a series of trend parameters are introduced to establish the dynamics of quantum gravitational mode and
its master equation, and then to establish the operator distribution function and its motion equation of the action mode.
For the Tachyon of upheaval in the rip-rebound-inflating of the universe, the hypothesis on the bifurcate-chaos wave of
quantum is given, the quantum theory of the early photons in upheaval is set up, and the analysis on the particles of the
ultrahigh energy cosmic ray from the y ray burst is made. Finally, using Wigner-Ville distribution as a nonlinear
time-frequency distribution, we establish the ultra-synergistic field equation of quantum-classic unifying action-sphere.

Keyword: supergravity; superrepulsion; rip-rebound cluster; super-inflationary universe; ultra-synergy dynamical
equation
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1 Introduction

Historically, thinking about the inflation of the universe has been based on a number of different
perspectives. From the old inflationary universe model (A. Guth)! to the new inflationary universe
model (A. Linde)? , from the chaotic inflationary universe model (A. Linde)l®! to the extended
inflationary universe model™l, from the multi-field inflationary universe modell®l"] to the hybrid
inflationary universe model (A. Linde)®l®l, from the natural inflationary universe model'® to the
inflation universe model with non-regular scalar field*3l, from the K-inflationary universe modell*2-114]
to the inflationary universe model with non-regular Kkinetic energy®®-71  there were various
inflationary universe models later, for example, tachyon modell*82°  Dirac-Born-Infeld model
(DBNRY, multi tachyon inflation modell?2-24 phantom inflation model1?9 non-commutative
spatiotemporal inflation model®-34, double inflation model, rebound inflation model, self-anisotropic
inflation model, deformed phase space inflation model, strange inflation model, viscous fluid inflation
model, quintessential inflation model, and so on[33%8  there appeared Hadley-Hawking initial state,
string theory cosmology, loop quantum cosmology, transmode inflation, string gas cosmology, fire
disaster cosmology, and so on[39-[44],

However, there is a problem in the existing inflation models: they can not predict a large tensor-
scale ratio and a relatively large spectral index run at the same time. In order to be consistent with the
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observations, some studies have considered the model outside the single scalar field, the simplest of
which is to consider the role of cosmological constant in the period of the inflation. The cosmological
constant is usually ignored because it alone can only predict a scale invariant power spectrum, that is,
the Harrizon-Zel'dovish spectrum ns= 1, which has been excluded from the Planck experiment at a
confidence level of more than 5¢. See reference [32]. However, some researchers have found that when
the universe is dominated by the inflation field and cosmological constant at the same time, the
situation changes. It can not only predict a red spectrum ns< 1, but also predict a large scale ratio. At
the same time, the e-folding number is large enough to meet the needs of solving the flatness problem.

For the inflationary universe, once a large spectral index run is confirmed, a mechanism is needed
to explain it. People don't understand why the prediction of the inflation is highly sensitive to the initial
conditions, or why the inflation will lead to the eternal inflation, which will lead to multiple universes
— there are infinite theoretical output resultsi*>47], Logically, if the output of the inflation is highly
dependent on the initial conditions that have not been well understood, then the result cannot be
determined. Moreover, if the inflation produces multiple universes, as A. Guth said, "anything that can
happen will happen", then it will make any discussion of the prophecy meaningless“é1°0, Different
from the standard model of particle physics, even if all parameters are fixed, the inflation model will
still give infinite results, and no one result is more special than the other, which makes the inflation
immune to any experimental test.

We know that the Higgs boson discovered by Peter W. Higgs and Francois Englert, et al, is one of
the core parts of the standard model of particle physics, which describes how the world we live in is
made up-53, The completion of the standard model requires the existence of a particle, that is the
Higgs particle, which originates from an invisible field that fills the whole space. It is through the
interaction with this field that a particle gains mass. Engler's and Higgs' theories describe this process.
In 2012, CERN particle physics experiments confirmed the existence of Higgs particles.

The universe may be symmetrical at its birth, but after only 10! seconds of the Big Bang, the
Higgs particle deviates from the center of symmetry and reaches its lowest energy state, thus breaking
the symmetry[>I-15¢1, There is not enough observational evidence to explain why there are more baryons
than antibaryons in the universe. To explain this ratio, the Sakharov situation must occur sometime
after inflation. When such a scenario is considered, although this phenomenon is observed in the
experiments of particle physics, the observed asymmetry is too small to satisfy the observed asymmetry
in the universe. Although the discovery of Higgs particles eventually fills in the last missing link in the
standard model, the standard model itself is not the last link to uncover the ultimate mystery of the
universe. Andrei Linde recognizes in the advance of the next step that there is no need to make any
special provision for the Planck-sized space-time zone that expands into our universelP7. If that's a
part of some larger space-time region where all scalar fields are valid, then only those space-time
regions where scalar fields can trigger a inflation can lead to a universe like ours. Lind calls this
“chaotic inflation”, because scalar fields can take any number at different locations in the early
super-universe; this is the standard version of today's inflation theory, which can be regarded as an
example of theoretical thinking related to the principle of anthropology (note that the use of the word
"chaos" here is similar to the meaning of the daily mess. It has nothing to do with the number of
subjects called chaos theory.

The idea of chaotic inflation has led to the significant progress in inflation theory so farl>-591, The
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main question that standard Big Bang cosmology fails to answer is what is "before™ the singularity. It is
often said that this problem is meaningless, because time begins at the singularity. However, the chaotic
inflation theory holds that our universe is formed by quantum fluctuations in a pre-existing
spatiotemporal region, and that it can also create an inflationary zone through a completely equivalent
process in our own universel®-62  In short, the new universe can be separated from our universe, our
universe itself may be separated from another universe, which is a process without beginning or ending.
One way of saying about this topic is that the “separation” process takes place through black holes.
Whenever a black hole collapses into a singularity, it "jumps” out and enters another set of space-time
dimensions, creating a new booming universe, which is called the baby universe 6365 The two Dicke
coincidences are manifested in cosmic flatness and cosmological constants. In the existing cognition,
the macrogeometry of the universe is basically divided into three categories: hyperbolic geometry
(open universe), spherical geometry (closed universe) and Euclidean geometry (flat universe).
Observed data from the microwave background of the universe verify that the universe is flat, and the
error is less than 10 %, which makes the flatness problem more significant. Relevant researchers are
always considering the reasons why the universe becomes flat [661-[68],

For the real solution of the problem, existing models of inflation, dark energy and dark matter
need further improvement and development, rather than a tactful avoidance. The Higgs field can not be
used to fully explain many problems of the early universe*I%7], In addition, Max Tegmark believes
thatl®-8l the parallel universe is not a theory, but a theoretical prediction. Various models of the
inflation universe depend on the choice of parameters, including the dependence on the shape and
initial conditions of the energy density curve of inflation. In our view, the Higgs mechanism is only one
aspect of a much larger and more complex ultra-synergy mechanism than previously thought.

Up to now, there does not seem to be a clear answer that is in line with human wishes, as people
expect. The theory and model of the Big Bang are not impeccable and without loopholes, nor can
people prove that it fully conforms to the real situation of the evolution of the universe. Therefore,
today's cosmology is far from being able to predict the ultimate outcome of the universe. It is still
unknown whether string theory can successfully explain the universe which are based on all the forces
and substances known in the physical world, and its extreme cases in which quantum mechanics and
general relativity is needed to be applied to "black holes" and "Big Bang of the Universe", etc. How to
use string theory to explain the initial starting point of the Big Bang is still an unsolved problem.

In the situation of neither improving both quantum mechanics nor relativistic physics, some new
theories and models have been developed to explore the combination of quantum mechanics and
general relativity, such as superstring theory, superfilm theory, loop quantum gravity theory>0l[6€l[69]
holographic principle, M theory (membrane theory or mystery theory) and reversed Sitter space (AdS) /
conformal field theory (CFT). In the attempt to improve quantum mechanics, there are only a few
theories and models to explore the combination of quantum mechanics and general relativity, such as
Roger Penrose's theory of spatiotemporal torsion and Alain Connes' new exploration without relativity
and quantum mechanicst’o-72],

Although all kinds of inflationary universe models can solve cosmological problems to a certain
extent, there is no natural and reasonable analysis and explanation for all cosmological and physical
consequences. In the scientific exploration of approaching the arche (origin) of all things, physics is
closely related to geometry, so that there is neither pure physics (such as Euclidean quantum gravitation,
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torsion) nor pure geometry (such as non exchangeable geometry, acoustic gauge), only physical
geometry and geometric physics. In the exploration of approaching the arche (origin) of all things,
physics is closely related to ontology, so that there is neither pure physics nor pure ontology here, only
physical ontology and ontological physics. Finally, we should and must return to the noumenon of
natural science.

At present, string theory, membrane theory, loop quantum gravity theory, super-gravitational
holography principle and M theory, which are the theoretical basis of cosmology, are basically
established by simplification in the case of breaking away from the extreme background conditions of
the universe. While cosmology, which is deficient in nature, cannot provide strong support for particle
physics to further advance to a wider field and a deeper level. Due to the lack of new ideas, the
construction of existing theoretical models is difficult. Therefore, the existing research can only be
further promoted by new astronomical observation. For the universe in the formation of fundamental
particles and the fundamental particles in the evolution of the universe, whether the reduction under the
principle of simplicity or the synthesis under the principle of complexity, it is not enough to establish a
reasonable theoretical basis. The best way of research should and can only be to form a summary of
relevant research on particle physics and cosmology under the principle of fusion.

Therefore, it is necessary to do more in-depth systematic research on the interaction between the
expansion force caused by Higgs field and all the internal gravitation, as well as the interaction between
the expansion force caused by Higgs field and all the internal strong and electro-weak forces.

Let's further expand our thinking space:

Before the creation of our universe, the whole world system of multi-verse was filled with infinite
pseudo-vacuum oceans, where high-density energies converged. Every fluctuation of the initial vacuum
implies the collective birth and death of particles.

The pseudo-vacuum, which accumulates extremely high density energy, forms negative pressure
on the universe and then converts it into repulsive force4€062  opening up a new space-time for the
universe. With the rapid expansion of space and time, the Higgs field began to over-cool, and the
pseudo-vacuum began to increase, causing a larger scale of expansion, leading to the enlarging of space
and time. Through the non-linear feedback, the pseudo-vacuum increases continuously, and the initial
gravitation and strong force separated from the high dimensional supergravity form a big rip-rebound
cluster of quantum chaotic-reticulate distribution at macro and micro levels respectively with the
expansion force caused by Higgs field, thus forming a great impetus of first suppression, later
acceleration and last deceleration of the universe, and then causing the universe to enlarge
exponentially.

Under the extreme conditions of the initial universe, in the a big rip-rebound cluster of quantum
chaotic-reticulate distribution emerging between the initial gravity separated from quantum gravity and
the expansive force caused by Higgs field, and then between the strong force separated from the grand
unified gauge field and the expansive force caused by Higgs field, the basic matter unit successively
becomes the arche-chaotic pulsator, quasi-spherical pulsator and spherical pulsator. Various wave
modes of the arche-pulsator form various particles.

In the initial stage of the creation of the universe, the interaction between the expansive force
caused by the Higgs field and all the internal gravitational forces, as well as the interaction between the
expansive force caused by the Higgs field and all the internal strong forces, become a big impetus for
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the acceleration or deceleration of the cosmic inflation, thus becoming an extremely important factor
that can not be ignored. The higher the density of cosmic energy, the higher the degree of synergy of
the interaction system. This ultra-synergy between particles and the universe creates a sudden force of
cosmic inflation, which leads to the exponential increase of cosmic inflation. The faster the universe
cools, the stronger the power of space-time.

Now, let's go deep into the arche-unified physics behind the creation of the universe.

In the new research paradigms established in this series, the arche-conjugation between the
high-dimensional supergravity and the high-dimensional superrepulsion, as well as between the
guantum gravity and the quantum repulsion, is higher than the supersymmetry, and then becomes the
core concept of the new theory.

Under the big unified framework of quantum gravitational field and quantum repulsive field, the
earlier in this series of work has comprehensively expanded the general relativity and loop quantum
ring gravitation theory, set up the quantum repulsive field equation corresponding to the quantum
gravitational field equation, and then established the quantum hedge-unified field equation describing
the interaction of quantum gravitational field and quantum repulsive field; On this basis, the quantum
repulsive universe equation corresponding to the quantum gravitational universe equation has be
established, thus a set of new equations describing the expansive universe model under the condition of
fully considering the hedge effect of quantum gravitational field and quantum repulsion field, which
can be called the expansive universe equation of quantum hedge-unified field theory, has be set up.

In order to reduce the excessive dependence of various inflationary universe models on the initial
conditions*151 we will fully consider and study a great impetus, which is a super-synergistic
dynamic system between particles and the universe. Through this great impetus, we can reduce the
excessive dependence of the inflationary universe model on the initial conditions to a large extent, and
increase the reasonable dependence of the inflationary universe model on the evolution process to a
large extent.

Unlike existing studies, we concentrate on the emergence of the big rip-rebound clusters of
guantum chaotic-reticulate distribution between the outwards-push of the universe as a whole (related
to pseudo- vacuum energy, Higgs field, dark energy, etc.) and the inwards-pull of the universe in local
scale (related to dark matter, quantum gravity and initial gravity separated from high-dimensional
supergravity, and the initial strong force separated from the grand unified force subsequently). On the
one hand, we find a great impetus to make the inflation of the universe into firstly-imposed suppression,
then-imposed acceleration and finally-imposed deceleration, which really explains why the universe
expands at a critical rate and has the same temperature in different regions, on the other hand, we find a
fundamental unit of matter and its emerging clusters evolving in the big bang, inflation and expansion
of the universe accompanied by the great rip-rebound clusters of quantum chaos-reticulate distribution,
which can be reduced to an arche-pulsator of neither punctiform particle nor line string. From these two
aspects, it can been seen that the evolution of the early universe is much more complicated than people
originally thought.

We further find that at the initial moment for fundamental forces to separate, both the quantum
gravi-source and the gravi-source, as well as the strong force source and the electro-weak force source,
are very powerful, and between ever-increasing interaction sources there should form superimposed
amplification effect. These ultra-synergy in several phase transitions during the creation of the universe
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are the big impetus for the rip-rebound- inflation and further expansion of the universe. With the big
bang, inflation and expansion of the universe, the quantum phy-sphere approaching Planck energy scale
has experienced several phase transitions. Quantum gravitation, gravitation and gauge field force have
been separated from the high-dimensional supergravity successively, and the big rip-rebound cluster
with the network distribution of quantum chaos emerges between the universe and particles, thus
forming the super synergy.

On the basis of the previous discussion in this series, the quantum phy-sphere is proposed and
studied in this paper, which is a system of all things accumulation centered on quantum gravitational
sources. It is not only limited to the scope of quantum systems, but also involves the scope of
macro-systems. It is not only limited to material or physical things, but also involves the complexity
with a variety of elements. Its range of existence and evolution is generally slightly larger than the
event horizon. In the quantum phy-sphere, the quantum gravitational source is not unique, but may be
multiple.

The basic meaning of the super-inflating universe model is that our universe in four-dimensional
space-time is an expansive bulk emerging through continuous breakthrouth to the compactness of
four-dimensional space-time in the Big Bang and the inflation from a high-dimensional space (Karuza-
Klein theory). In the case that all the extra dimensions outside the four dimensions are compacted,
although the universe contains other extra dimensions, there is no reference frame for these extra
dimensions in this "expansive bulk”, and other four-dimensional space-time "bulks" can also pass
through this high-dimensional space-time "bulk" and interact with this high-dimensional time-space
"bulks", so as to produce some effects that are not visible in standard cosmological models.

For the cosmic ecosphere of the multi-verse world, this series sets up a larger theoretical
framework at a deeper level, which combines the creation of the universe with the unification of basic
interactions. On the one hand, we re-study the primitive unification of fundamental interactions under
the extreme conditions of the creation of the universe; on the other hand, we re-study the creation of the
universe on the basis of the primitive unification of fundamental interactions. Therefore, this series of
work provides a more perfect and reasonable description, analysis and interpretation as far as possible,
and brings a more approach to the world noumenon for particle physics, astrophysics and cosmology.

The complexity of the super inflation of the universe is mainly reflected in the big rip-rebound
cluster emerging behind the gravitational disturbance (the pressure and tensor disturbance related to
dark matter), the repulsive disturbance (the pressure and scalar disturbance related to dark energy), the
cosmological disturbance (related to the interaction between high-dimensional supergravity and
high-dimensional superrepulsion). This is a system of nonlinear stochastic differential dynamics, or a
quantum statistical physical process of nonlinear nonequilibrium state.

In the new research paradigms established in this series, the arche-conjugation between the
high-dimensional supergravity and the high-dimensional superrepulsion, as well as between the
guantum gravity and the quantum repulsion, is higher than the supersymmetry, and then becomes the
core concept of the new theory.

In this series, cluster-inflating configuration, spin network space and cosmic paradigm vectors are
proposed, so the model of the super-inflated universe with quantum chaos-reticulate distribution
emerged under the great impetus. The new model reveals that the unified inflation of the universe as a
whole and the local inflation of the universe emerge together in the great impetus of the big rip-rebound
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cluster of quantum chaos-reticulate distribution. As a spin network model variable, the spatiotemporal
mode variable is a vector composed of a series of variables, which variables include: dimension,
curvature, range, expansive speed, dynamics, quantizing, chaos-reticulated distribution (inhomogeneity,
concentration, fluctuation), synergy, and so on. Between particle physics and cosmology, this series of
papers proposes the cosmic quantum evolution mode, the physical-sphere distributing configuration
and the interaction situation variables, organizes the concepts, variables and models of these three
levels, and establishes a systematic super-synergy paradigm. In this paradigm, the general Langevan
equation and the general Fokker-Planck equation are established. For the quantum cosmic-sphere, a
series of trend parameters are introduced to establish the dynamics of quantum gravitational mode and
its master equation, and then to establish the operator distribution function and its motion equation of
the action mode. For the Tachyon of upheaval in the rip-rebound-inflating of the universe, the
hypothesis on the bifurcate-chaos wave of quantum is given, the quantum theory of the early photons in
upheaval is set up, and the analysis on the particles of the ultrahigh energy cosmic ray from the y ray
burst is made. Finally, using Wigner-Ville distribution as a nonlinear time-frequency distribution, we
establish the ultra-synergistic field equation of quantum-classic unifying action-sphere.

2. Research Framework between Particles and the Universe

As an important step in the establishment of ultra-synergy physics between particle physics and
cosmology, we now combine the study of cosmic synergistic-evolution mode (cosmic quantum space-
time and cosmic quantum field) with the study of the phy-sphere organization configuration and the
study of physical action situation, to put up the unified research framework for the evolution of nature.

Facing the cosmic ecosphere in the multi-world, the central content of the unified research
framework for the evolution of nature is summarized as the research on the great impetus mechanism
of cosmic evolution. This research includes three levels of mechanism research, namely, the research
on the great impetus mechanism of the cosmic Big Bang, the research on the great impetus mechanism
of cosmic inflation and the research on the great impetus mechanism of cosmic expansion.

Figure 1 (Li Zongcheng, 2019) gives a framework for ultra-synergy physics between particle
physics and cosmology. If we rewrite the formula ( 1b) in Friedmann equation

al 81G kK A

|-|2=¥=_3 p—¥+§ (la)
a 472G A
—=-——(p+3p)+— (1b)
a 3 3
as follows:
GM A

it can be seen that the repulsion force produced by cosmological constant increases with the increase of
distance. Whether the expansion of the universe slows down or accelerates depends on the contrast
between the two terms on the right of equation ( 2 ), that is, the counterbalance between the gravitation
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of matter and the repulsion of cosmological constant. In the distant past, cold dark matter dominated
the universe, slowing down the expansion of the universe; about 5 billion years ago, cosmological
constants began to dominate gradually, and the expansion of the universe began to accelerate.
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Fig.1 Research Framework of Ultra-Synergy Physics between Particle Physics and Cosmology

The basic contents of the research on the great impetus mechanism of the cosmic Big Bang (10*°
GeV, 10 “4sec ~ 10 % sec ):

In the big rip-rebound cluster with quantum chaotic network distribution between the
outwards-push from the Big Bang of the universe as a whole (related to the energy accumulation
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mechanism of pseudo-vacuum) and the inwards-pull of the universe in local scale (related to the
separation mechanism of quantum gravity), many arche-chaotic pulsators are formed in the quantum
chaotic universe. In this regard, we study the ultra-synergy dynamic process between the arche-chaotic
pulsator and the quantum chaotic universe.

In the big rip-rebound cluster with quantum chaotic network distribution between the
outwards-push from the Big Bang of the universe as a whole (related to the energy release mechanism
of pseudo-vacuum) and the inwards-pull of local initial gravitation (related to the separation
mechanism of quantum gravity), many chaotic bulks (the group of arche-chaotic pulsators) are formed
in the quantum chaotic universe. In this regard, we study the ultra-synergy dynamic process between
the group of arche-chaotic pulsators and the quantum chaotic universe.

The contents of the research include:

relevant Initial spatiotemporal mode vectors and their basic dynamic equations

generalized master equation, generalized Langevin equation, operator distribution function,
Fokker-Planck equation and average value equation of the related organization configuration of
guantum gravisphere

relevant trend parameters and basic vector dynamic equation of interaction situation

The basic contents of the research on the great impetus mechanism of the cosmic inflation ( 2 x
10 GeV, 10 *¥sec ~ 10 ¥sec):

In the big rip-rebound cluster with quantum chaotic network distribution between the
outwards-push from the inflation of the universe as a whole (related to the pseudo-vacuum, Higgs
mechanism and the synergy of great impetus) and the inwards-pull of local gravitation (related to the
separation mechanism of quantum gravity), the cosmic inflation field should produce many bubbles in
exponentially ever-increasing. In this regard, we study the ultra-synergy dynamic process between the
group of quasi-spherical pulsators and the whole of the quantum universe.

In the big rip-rebound cluster with quantum chaotic network distribution between the
outwards-push from the inflation of the universe as a whole (related to the pseudo-vacuum, Higgs
mechanism and the synergy of great impetus) and the inwards-pull of initial strong interaction (related
to the separation mechanism of gauge field), a large number of fully chaotic pulsators should evolve
into quasi-spherical pulsators. In this regard, we study the ultra-synergy dynamic process between the
quasi-spherical pulsators and the quantum universe.

The contents of the research include:

relevant evolutionary mode vectors of the quantum universe and its basic dynamic equations

generalized master equation, generalized Langevin equation, operator distribution function,
Fokker-Planck equation and average value equation of the relevant organization configuration of
guantum universe

relevant trend parameters and basic vector dynamic equation of interaction situation

The existing theory can confirm that the T.~ 10 GeV is the phase transition temperature from
the grand unified phase to SU (3) x SU (2) x U (1). The corresponding time can be derived from the
following formula:

45 M, . _ .
4_t (radiation-dominated period) (3)
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here N ¢ is taken as the typical value of the grand unified theory, N = 100, and we get t .~ 10 3 sec.

In the framework of the great unity of quantum gravitational field and quantum repulsive field, the
scalar disturbance is regarded on the one hand as the reflection of repulsive effect, the tensor
disturbance is regarded on the other hand as the reflection of gravitational effect. In the initial stage of
the big ripping, due to the mutual restraint of quantum repulsion and quantum gravity, the scalar and
tensor perturbations are not obvious. However, at the end of the big ripping, the scalar and tensor
perturbations are very significant, and there is a large power spectral exponential run.

During the inflation of the universe, the tensor perturbation mode stimulated the B-mode of photon
polarization, and this signal has been observed by BICEP 2 experimental groupl’37¢l  In fact, the
tensor disturbance of the gauge field corresponds to the forming of gravitational wave. The observation
of B-mode means that the gravitational wave is observed, but the gravitational wave is excited in the
early universe, which is called the primary gravitational wave. Through the measurement of B-mode,
the magnitude of tensor disturbance can be estimated, which is usually described by a quantity called
tensor-scale ratio. By the data analysis of BICEP 2 experimental group, the tensor-scale ratio was

limited to r =0.20"00; (68% CL ), and the possibility of r = 0 was excluded on the confidence level

of 7.0 o. With the limit of the tensor-scale ratio and the spectral index, we can distinguish and exclude
some inflation models, such as small field inflation model.

However, there are some inconsistencies between the results of BICEP 2 and Planck experimental
groups. According to the data of Planck + WP + high L, the spectral index is limited to ns = 0. 9600 £ 0.
0071, while the tensor-scale ratio can be almost ignored roop2 < 0. 11 ( 95% CL ) B8II741 | However,
when using the run of spectral index as an independent parameter to fit the same data, it can be found

that ns = 0. 95700 + 0. 0075, rooo2 < 0. 26 and n, =-0.022"022 (195% CL ). That is to say, in order

to make these two results coincide with each other, theoretically there should be a relatively large
spectral index run, such as n's<— 0. 001. Of course, the size here refers to the size of its absolute value.

On the other hand, the inflationary universe is regarded as the most economical choice to solve the
problem of universe flatness in the big bang cosmology M2I771, Moreover, the quantum perturbations
of the inflation field and the background gauge field will become the seeds in the formation of the
large-scale cosmic structure. The discovery of photon polarized B-mode also confirms that the universe
did inflate in the early days. In the simplest model of the inflationary universe, a scalar field called an
inflaton drives the universe to expand faster. The scalar field needs a very flat potential energy V (¢ ) in
order to have a long enough inflation time in the early universe. When the inflation starts, it will slowly
roll from the place with high potential energy to the place with low potential energy. This process is
called slow-roll inflation. For example, in the chaotic inflation modell, there is V ~ ¢"; in the natural
inflation model, there is V ~ Vo (cos ¢ / f+ 1) 110,

In these models of the inflation, the order of magnitude of spectral index deviation from Harrison
Zeldovich scale invariant spectrum is ns — 1 ~ O ( 10~ 2), and the order of magnitude of spectral index
runisn’s~ O (10 *). It can be seen that for these models, it is not easy to achieve a large tensor-scale
ratio and a large spectral index run at the same time. This problem is particularly discussed in reference
[78], but there is no solution. In addition, reference[79] also points out that for the slow-rolling inflation,
it is difficult to keep the potential energy of the inflation field with a relatively large third derivative
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while keeping the first derivative and the second derivative relatively small, unless the required
e-folding number N is relatively small, for example, when N = 20 ~ 30. The same conclusion is given in
reference [80].

The extreme flatness of space and time means that the expansion of the universe and the resistance
of gravity are balanced, so that the universe is precisely at the boundary between the eternal expansion
and the eventual collapse to big crumbling.

The basic contents of the research on the great impetus mechanism of the early cosmic expansion
(10 %2sec~10 %sec):

In the big rip-rebound cluster with quantum chaotic network distribution between the outwards-
push from the expansion of the universe as a whole (related to the excessive freezing, Higgs
mechanism and the synergy of great impetus) and the inwards-pull of microscopic strong interaction
and weak force (related to the separation mechanism of gauge field), many quasi-spherical pulsators
should evolve into charged particles, photons and leptons. In this regard, we study the ultra-synergy
dynamic process between spherical pulsators and the universe.

In the big rip-rebound cluster with quantum chaotic network distribution between the outwards-
push from the expansion of the universe as a whole (related to the excessive freezing, Higgs
mechanism and the synergy of great impetus) and the inwards-pull of local gravitation and
electromagnetic force (related to the separation mechanism of quantum gravity and gauge field), the
cosmic inflation field should produce many bubbles in exponentially ever-increasing. In this regard, we
study the ultra-synergy dynamic process between the group of spherical pulsators and the whole of the
universe.

The contents of the research include:

relevant evolutionary mode vectors of the universe and its basic dynamic equations

generalized master equation, generalized Langevin equation, operator distribution function,
Fokker-Planck equation and average value equation of the relevant organization configuration of
physphere

relevant trend parameters and basic vector dynamic equation of interaction situation

For the cosmic ecosphere in the multi-world, the basis of the unified research framework of the
nature evolution is summarized as the research of ultra-synergy physics of quantum phy-sphere. This
kind of research includes three levels: the study of spin network synergetics for the multi-world
ecospheres (quantum-spatiotemporal evolution dynamics), the study of natural paradigm synergetics
for high-dimensional supergravity, and the study of quantum phy-sphere synergetics for the cosmic
creation. This kind of research is not only self consistent in theory, but also can alleviate the above
problems. For the study of how to achieve large scale ratio and spectral index run, refer to [81] - [84] .

In the analysis of this series of papers, as a variable of spin network mode, spatiotemporal mode
variable is a vector composed of a series of variables. These variables include:

dimension, curvature, range, expansion rate, dynamicity, quantization, distribution (inhomogeneity,
concentration, fluctuation), synergy (cooperation and competition), and so on.

In the quantum phy-spheres studied in this series, the basic unit of matter is the quantum
gravi-pulsator. As the smallest condensation of energy, the quantum gravi-pulsator is mainly manifested
in the 10 ~*sec - 10 ~ % sec of the creation of the universe. It is neither a punctiform particle nor a
superstring, supermembrane or superembryo. It can be inferred that in the extreme background and
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environmental conditions of the universe, through the big rip-rebound cluster of quantum
chaos-reticulate distribution emerged between the huge outwards-push (the Big Bang force, the
inflationary force and the expansive force) and the huge inwards-pull (gravitation, strong force,
electromagnetic force and weak force), the basic unit of matter must have undergone three basic forms
successively: complete chaotic pulsator, quasi-spherical pulsator and spherical pulsator. Various pulse
modes of the quantum gravi-pulsator give rise to a variety of elementary particles.

In the quantum phy-spheres studied in this series, boiling at ultra-high temperature is everywhere,
and many vacuum bubbles are scattered. At this moment, pseudovacuum decays into the real vacuum,
the grand unified symmetry is broken, and there is a synergistic derivation mechanism of the initial
cosmic interaction system, so there is the possibility to reveal Higgs effects in a more natural way.

In the model of the super-inflating universe with a great impetus, the Higgs field becomes the
origin of vacuum energy in quantum mechanics and then the origin of stationary mass under the great
impetus of super-synergy.

In the cosmic inflation, the energy density of the inflationary field is almost unchanged, while the
Inhomogeneity, anisotropy, spatial curvature and the number density of various singular particles will
be reduced, and the number density of photons will also be reduced, and after enough inflation, it will
be reduced to a negligible level. As a result, a flat-symmetrical universe near vacuum was created,
which entered reheating.

In the expansion of the universe, the energy density decreases as the volume increases, while the
density and volume of ordinary "cold” materials are inversely proportional, the energy density is
inversely proportional to the cubic power of the volume, and the radiation energy is inversely
proportional to the cubic power of the volume.

After the Big Bang, there will be some remnants, such as microwave background radiation,
reflecting small fluctuations of temperature long after the Big Bang (380000 years); for example, there
will be adiabaticity, Gaussian density distribution, scaling invariance of density fluctuations, where
there is polarization distribution (E mode and B mode), which reveals the statistical information of the
universe.

Now, on the basis of various cosmic model analyses, we have found a great impetus with first
suppression, later acceleration and last deceleration on the inflation of the universe, from the
ultra-synergy (emergence of big rip-rebound clusters with quantum chaotic-reticulate distribution )
between the cosmic outwards-push caused by the Higgs field and the quantum gravity with the initial
gravity just separated from the high-dimensional super-gravity, and between the cosmic outwards-push
caused by the Higgs field and the initial strong force separated from the super-symmetric grand unified
force, thus we have really found the explanation why the universe expands at a critical rate and has the
same temperature in different regions.

3 Repulsion and Gravitation behind Cosmic Inflation

For the big bang, inflation and subsequent expansion of the universe, we can't help but think of
dark energy. For the researchers of dark energy, they often think of the cosmological constant in
Einstein's field equation!®87, For cosmological constants, there has always been a so-called fine
tuning problem.
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It is generally accepted that the vacuum energy is equivalent to the cosmological constant in
physical effect!®87, In astronomical observation, if vacuum energy exists, it should always be less
than the critical density of the universe, that is:

Piac < P, ~1077GeV* (4)

Through some estimates, the ground state energy (quantum zero point energy) density of a free scalar
field with mass m is preliminarily obtained:

th 1 1 /7 2 2 1 4
= =Vk*+m* 4k dk = k 5
Ploe= il 3 L (5)

here, k ¢ represents the upper limit of the frequency. If the relevant theory is applicable to Planck energy

scale mp ~ 101°GeV , then the density value of vacuum energy can be estimated as: o™ ~10"GeV*.

vac

It is not difficult to find that the observed value of vacuum energy is 121 orders of magnitude smaller
than the theoretical value.

For cosmological constants, there are also so-called cosmic coincidence problems. In order to
effectively alleviate the fine regulation brought by the coincidence problem in the universe, some
researchers have considered the scalar field ¢ and the specific potential energy V (¢) in the energy
-moment tensor. Here, the Lagrangian of a scalar field ¢ is

s=[d'x/-g Ea#w%—vwﬂ (6)

where, V (¢) is the potential of scalar field, when & = 1, it means the quantum scalar field; when e =—1,
it means the phantom scalar field. For the variation of action ( 6 ), the energy-moment tensor of scalar
field can be obtained:

T(9) =ga~¢aV¢—g”{§a,,¢aﬂ¢—V<¢)} (7)

Both the huge magnitude gap problem in the fine regulation of vacuum energy and the potential
energy problem in the fine regulation of cosmic coincidence, they all suggest to us on the other hand
that at the beginning of the creation of the universe, the huge magnitude gap contains huge repulsive
energy. The quantum repulsion must be closely related to the high-dimensional superrepulsion, and the
guantum gravity must be closely related to the high-dimensional supergravity. The quantum conjugate
relation is formed spontaneously between the quantum repulsion and the quantum gravity, and the
arche-conjugate relation is formed spontaneously between the high-dimensional super repulsion and the
high-dimensional super gravity. We can reduce the pseudo vacuum energy considered in inflationary
universe model, Higgs field predicted by the standard physical model and dark energy inferred by the
observation cosmology to the positive energy system with strong negative pressure, and they can also
be reduced to the repulsive force (all factors resistant to the gravity) which forms the conjugate
relationship with the gravity.

For the inflationary universe, the repulsion can be theoretically realized by the Kinetic energy term
of the inflationary field, which is the known k-inflation skyrocketing modell*2-13] |n the period of the
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inflation, the energy of the universe is very high, and the effect of gravity is relatively large. By general
relativity, gravity is described by the geometry of space-time. Now, we research the k-inflation model
in noncommutative space-time based on the uncertainty principle of space-time. The results show that,
in this model®“°1, all disturbance modes are generated in the horizon, and the non commutative effect
of space-time contributes to the power spectrum index of disturbance in the form of linear term.
Compared with the experimental observation, it is found that the model can better meet the latest data.
Relevant research shows that!?®l88] the reason why large-scale structure was formed in the middle
and late stage of the universe is that during the period of inflation, the quantum perturbations of the
inflation field (also known as the inflation oscillator) and the spatiotemporal background field (known
as the gauge field) were rapidly stretched out of the horizon and stopped evolving, and then evolved
into classic perturbations and were preserved, and finally became the seed of the formation of
large-scale structure. In fact, the inflation may never end, which is called the eternal inflation[®8-%, |n
many experiments, detecting the B-mode of photon polarization has been taken as the primary task. It
is shown that only tensor perturbation can contribute to B-mode, while scalar perturbation only
contributes to E-mode. Detection of B-mode is equivalent to detection of tensor disturbance, or
detection of primary gravitational wave. The well-known BICEP2 project is based on their detection of

disturbed B-mode. The data shows thatl™®Il*7], the tensor-scale ratio is limited tor =0.20"%% and the

possibility of r = 0 is excluded at the confidence level of 7.0 ¢. Based on these data, we can limit and
exclude all kinds of the inflation models, including simple chaos inflation to complex multi-field
models.

For the inflation of the commutative universe, some studies consider that a complex kinetic energy
term is called irregular Kinetic energy, and such a model is called K-inflation[251(88]-1%1 For example,
Tachyon model™200911 Dirac-born-Infeld modell*>121, all belong to this category.

At the time of the inflation, the energy scale of the universe is very high, which can be compared
with the grand unification or even the Planck energy scale. Therefore, when it comes to the calculation
of the inflation field, some appropriate corrections from quantum gravity are needed. As one of the
most promising candidates of quantum gravity, superstring theory should give the necessary correction
methods. In fact, nonperturbative superstring (or m) theory points out that any physical process, when

the interaction distance is very small, should meet the uncertainty relationship: AtpAXp > ISZ.

Now, we consider introducing the interaction of repulsion and gravitation into the inflation model
in noncommutative space-time.
First, consider the repulsion field behind the inflation. if the kinetic energy term of a single scalar

1
field ¢ is expressed as X = -5 9"V @V, @, then the most general repulsive action used to describe

the field can be expressed as:
R
S¢=J-d4x'\/_g|:5+prepl(¢’x):|' (8)

here prept ( @, X ) is an arbitrary function of the scalar field ¢ itself and its kinetic energy, and the
definition of X and the above repulsive action ensure that the motion equation of the field is second
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order. The energy momentum tensor of the inflation field can be obtained by the variation of the
repulsion action.

I}
K/Jv = _L ,Z)v = prePI,XVﬂ(DvaD_F pfep|gﬂV’ (9)
V-9 %
apre (§0, X)
prepI,X Ep(la—x' (10)

It is also equal to an ideal fluid, as long as its energy-momentum tensor is expressed as
K,uv = (O- + prepl )U q),yU oV + prepl gyv ' ( 1 )

The prepi appearing here is the pressure ( prepi< 0) defined of repulsion in the co-moving coordinate
system, while the energy density defined in the same coordinate system is:

o= 2Xprep|,x - prepl : (12)

In addition, the definition of four velocity U,,,is U, , ==V @/J2X .

Second, consider the gravitational field behind the inflation. if the kinetic energy term of a tensor

. . 1 . o . .
field 6 is expressed as X =——=0“'V HHV L0, then the most general gravitation action used to describe

the field can be expressed as:

sgzjd4x\/_1_g{%+ pgrav(ﬁ,x)}, (13)
here pgrav ( 6, X ) is an arbitrary function of the tensor field ¢ itself and its kinetic energy, and the
definition of x and the above gravitational action ensure that the motion equation of the field is second
order. The energy momentum tensor of the inflation field can be obtained by the variation of the
gravitational action.

1 — &
T#V = _5 N g &‘J—f" = pgrav,vagvve—'_ pgfan/“’ ! ( 14)

_ apgrav (9! X)

=—), (15)
grav,X aX
It is also equal to an ideal fluid, as long as its energy-momentum tensor is expressed as
T/IV = (,0 + pgrav )U H,yU A% + pgrav gyv ' (16)

The p grav appearing here is the pressure ( pgrav> 0 ) of gravity defined in the co-moving coordinate
system, while the energy density defined in the same coordinate system is:

pP= 2ngrav,x ~ Pyray - (17)
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In addition, the definition of four velocity U g, , is UW = —Vﬂ«9/\/2x )

Now, consider the interaction between the repulsive field and the gravitational field behind the
inflation. In this case, the most general hedging action between the repulsive field and the gravitational
field behind the inflation field can be expressed as follows:

S, =S :Id4xﬁ{g+ Prepi ((/):X)} jd X

where, 7s>> 0.
By the variation of the action, the energy momentum tensor of the hedging action behind the
inflation field can be obtained

2 &, 1
K, ~T, =— 1/
G 2l

= prepl,xquovvgo_'_ preplgyv - pgrav,xvygvve_ pgravgyv' (19)

A pon]n o

_ aprepl ((01 X) apgrav (91 X)
prepI,X - pgrav,x = P - ox )

(20)

It is equivalent to a fluid, as long as its hedging energy momentum tensor is expressed as
Kiv =T = (@ + Prep )V Uy + Prei 9,0 = (0 + Py )V, Moy = Py G- (21)
For an uniform and homogeneous flat universe ( space curvature K = 0 ) can be described by
Friedmann-Robertson-Walker (FRW) gauge in the form of ds® = —dt®+a*(t)dx>. In this way, the

Kinetic energy

X—X=%(¢2—9’2), (22)

of the inflation field and the noncommutative relation of time and space become: AtAx >12/a(t).
In order to make the non commutative relation meaningful at any time, we must introduce a new

time coordinate  : dz =a(t)dt, the gauge also changes. Now, there is a good definition of non

commutative relation of time and space: AzAX > 1.

By introducing FRW gauge into the repulsive field equation in the inflation, non Friedmann
equation related to repulsive field can be obtained:

Hr2epl = 3 3 ((D prepl X prepl) ' ( 23)

and by introducing FRW gauge into the gravitational field equation in the inflation, Friedmann equation
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related to gravitational field can be obtained:

p_1.,
H grav = E = 5 (02 pgrav,X - pgrav) ) (24)
Thus we can set up the hedge-expansive universe equation reflecting the interaction between repulsion
and gravity:
2 2 1 1. ., 12
Hrepl - ngav = g (O-_p) = g (gD prepl,x - prepl -0 pgrav,X + pgrav) : ( 25 )

By the variation of the repulsion action ( 8 ), the equation of motion related to repulsion in the
inflation field can be obtained

§0( prepI,X + ¢2 prepl XX ) + 3 H repl gbprepl,x = prepl,(p - ¢2 prepI,X(p ' ( 26 )

In addition, there are the equation

. 1.
Hrepl :_Xprepl,x :_E¢2 prepI,X

Because of the irregular kinetic energy term in function p rep , the dispersion relation of the inflation
field is modified, and the perturbation mode of quantum repulsion no longer moves at the speed of light.
The propagation velocity of repulsive disturbance can be characterized by the velocity of sound defined
by the following formula:

2 Prept, x Prept, x
s,repl = = i <1. ( 27 )

C
)
GX prepI,X + (p prepl XX

Back to the regular case: prept (@, X) =X — V (@), V (¢) is the repulsive potential energy of the
inflation field.

By the variation of the gravitational action ( 13 ), the equation of motion related to gravitation in
the inflation field can be obtained

0( pgrav,x + 92 pgrav,xx) +3H grava.)grav,x = pgrav,(p - 92 pgrav,xqo : ( 28 )

In addition, there are the equation

__ Ll

ngav = _ngrav,x 9 pgrav,x

Because of the irregular Kinetic energy term in function p grav , the dispersion relation of the inflation
field is modified, and the perturbation mode of quantum gravitation no longer moves at the speed of
light. The propagation velocity of gravitational disturbance can be characterized by the velocity of
sound defined by the following formula:

C2 = pgrav,x — pgrav,x < 1 . ( 29 )

s,grav 2
Px pgrav,x + 9 pgrav,xx

Back to the regular case: pgrav (6, x) =x — V (8), V () is the gravitational potential energy of the
inflation field.
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By combining equation ( 26 ) with equation ( 28 ), the motion equation of the hedging between
repulsion and gravitation in the inflation field can be obtained

(0( prepI,X + ¢2 prepl XX ) - 0( pgrav,x + 92 pgrav,xx) + 3(H repl¢prepl,x - H gravﬂ.)grav,x)

= prepl,(p - ¢2 prepI,X(p - pgrav,(p + QZ pgrav,x(p' (30)
In addition, there is
L 1, 1
H repl — H grav — _xprepl,x - ngrav,x = _E¢) prepI,X + 59 pgrav,x ( 31 )

The propagation velocity of hedging disturbance can be characterized by the velocity of sound defined
by the following formula:

2 2 _ prepI,X pgrav,x _ prepI,X pgrav,x
s,repl Cs,grav = - = — <1. (32)

C -
) 2
O-X px prepI,X +(0 prepI,XX pgrav,x +9 pgrav,xx

Back to the regular case:
Prept (¢, X) = Pgrav (6, X) =X=X=V (p)+V(0),
V (¢)—V(8) is the hedge-potential energy of the inflation field, the speed of sound is equal to
Csz,repl - Csz,grav =1.

Therefore, we can define several slow-rolling parameters to describe the process of the inflation:

Hrepl + ngav _ xprepl,x ngrav,x

1Y) T T (33a)
H repl H grav H repl H grav
&
&= : (33b)
gl(H repl — H grav)
S— Cs,repl _Cs,grav (33¢)
Cs,repl H repl Cs,grav H grav

They are small in the period of the inflation, i.e. |e1], | e2], s < 1.

It can be inferred that in the early evolution of the universe, the interaction between quantum
repulsion and quantum gravity led to a big rip and a big rebound. Then it is concluded that in the initial
stage of the big rip, quantum repulsion and quantum gravity restrain each other, leading to the slowing
down of the big bang of the universe; and at the end of the big rip, quantum repulsion and quantum
gravity form a superposed big rebound, leading to the super inflation of the universe.

4 Perturbation of Repulsive Scalar and Gravitational Tensor
On the one hand, the scalar disturbance is considered as the showing of repulsive effect, on the

other hand, the tensor disturbance is considered as the showing of gravitational effect. In the initial
stage of the big rip, due to the mutual restraint of quantum repulsion and quantum gravity, the scalar
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and tensor perturbations are not obvious. However, at the end of the big rip, the scalar and tensor
perturbations are very significant, and there is a large power spectral exponential run.
Let V be the volume of space, and the repulsive action of scalar disturbance can be given by

\Y o
sfp - 5 K<k, dnd k=~ 2? () (& Sk _Csz,rEpI kzg—ké’k) ) (34)
where the apostrophe represents the differential of the new time coordinate », which is defined as:
d ﬂ7 1/2 l
m_ -

here the function of g (r) is defined :
Bi(r)=a”(t—Ar), Ar=1%k. (36)

where { «is the curvature disturbance and z = a./2¢, /c,is Mukhanov variable. The 4 (r) function
used here is equivalent to the formula used in other literature in the sense of integral, and once the exact

solution of the perturbed equation is obtained, the form of the g, (z) function will not affect the final

physical results. However, if the present form is chosen, the effect of non commutation of space-time
can be highlighted to the greatest extent under the approximate conditions, and the perturbed equation
will become easier to deal with. The equation of motion satisfied by the variable ('« is:

u{j+(cfk2—z7Juk =0. (37)

This equation can be obtained by the variation of action ( 34 ), where the modulus function is defined
as Uk = z {«. By using the slow-rolling approximation condition and the slow-rolling parameters, the
third coefficient of the disturbance equation ( 37 ) can be obtained:

Z—zi(l—g)’ZZ’z(r,Ar) 23(z,A7) 1482 g|og 422 5| (38)
2 1 !
Z n 2 2

The following relationships are used in the derivation:
n~-la(t—Ar)H(E -A7)1-¢)]™", (39)
This relationship can be obtained by equation (35). In ( 39 ) function X' is defined as:

a(T) H repl (T - AT)
a(T - AZ’) H repl (T) .

X(r,A7) = (40)

It can be seen from the uncertainty principle of time and space that the time when all modes are
generated is when the non-commutative relation of time and space takes the equal sign. At this moment,
the co-moving wave number has the maximum value:
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P _2048) T DtaeH () -1 (41)

ko(7) =

In other words, at time 7, a mode of wave number to be ko is generated. Moreover, the value of 4 at this
time can be estimated:

AT | ~LH
a(z)H g (r) - At| :

k=kq

2 . (42)

where H_'is called the Hubble horizon. In the period of the inflation, the scale factor a ( t) either

evolves in the form of approximate exponential function, i.e. a ~ ™, or in the form of power-law
function, i.e. a ~ t", where n is a relatively large constant. At the same time, H = hardly evolves. Thus,
by equation (42), it can be seen that the parameter 1 decreases with time.

At time 7, if a mode just crosses the horizon, it should have momentum

H._ (r
kc:a(r)L(), (43)
s,repl
then we can get:
ke a() |H o (7)1 H. (44)
k() a(T) -H repl (T)AT Cs,repl c:s,repl

In the following, the research will focus on the case of IsH =« / Cs rep<< 1, that is, all the modes are
generated within the horizon ( ko>> k). The reason for not considering another case IsH =/ Cs repi> 1
is that it is difficult to explain the flatness of microwave background radiation. See literature [90] [88]
for detailed discussion. Therefore, in the case of IsH«/ Cs repi << 1, it is very reasonable to treat 1 as a
small quantity and retain its first-order term in the calculation. In this way, the power spectrum of the
disturbance can be calculated at the time when the mode is out of the horizon (k=a Hepi / Cs, repl ).

In the case of slow-roll approximation, equation ( 37 ) is simplified to:

2
" Vv _1/4
Uy +(C52,replk2 _—Z]Uk =0, (45)
n
Take the initial condition as the Bunch-Davies vacuum defined as follows: u, :;e_icmp'k”.
2Cs,repl k
The final solution of equation (45 ) is as follows:
\/; i(v V4 [
Uy (77) = Tel( 2 _anzepl (_Cs,replkn) : (46 )

1)

(
where, H v.repl

represents the first kind of Hankel function related to repulsion. On the scale beyond the

horizon, the solution is approximately:
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v— v— F(V) 1 1/2-v
u (77) 2 -3/2 l( 1/12)712 ( —C kn) , (47)
k r(3/2) \/205 el s, repl
Then, the original scalar perturbation spectrum is obtained:
g p- R fuf
2722 7 otz
1 HZ

repl ( 48 )

~ 2 2
CSVI'ENk:aHTeP' 87[ gICS,I’epl MD| cs‘replk=aHrepl

22‘/74 |: F(V) :|2( jz Cs,replk o
srepl r(3/2) a‘Hrepl

By the definition of the scalar disturbance spectrum index, we can get:

LS U L (49)
dInk 3
In addition, the spectral index runs as follows:
dn, 4 4
o, = k- —28,8 — £38, +Sls—§2.(1+/1)(1+ &)~ —52,. (50)

Some small quantities &; = &,/(g,H ;) and s, =$/(sH,,, ) are defined here.

The motion equation of tensor perturbation related to repulsion is almost the same as that of scalar
perturbation, but the definition of Mukhanov variable becomes z = a. The specific disturbance equation

is as follows:
a!!

where the modular function is defined as vi=a h k / 2. It should be noted that h here represents two
physical freedom degrees of tensor perturbation, namely h.and hy. Using the same approximation as
scalar perturbation, we get:

a” (1 &) 227 (7, AT)[22(z, AT) - 81]~—1/4, (52)
a 77 77

The solution of equation ( 51 ) is obtained by keeping the value of v to the linear term:

\/_ |v+ 72 [
Vk(n)ZT Gz H‘Elzepl( k’?) (53)

The solution also satisfies the Bunch-Davies vacuum condition. On the scale beyond the horizon, the
solution is approximately:

V=312 4i(v-1/2)712 vy 1 U2-v
u () =2 F(3/2)\/_( n) (54)

then, the original tensor perturbation spectrum related to repulsion is obtained.
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T ra) 2z ) |aH,,,

By the definition of tensor disturbance spectrum index and tensor-scale ratio, we can get:

ANk 5 o rpg+2a, r=h
dink 3 P

k3

2
T

2,

2 Hg

grav

~ —

2 2
k=aH grav 4 M pl

k=aH grav

n =

= 16Cs,repl gl '

It is precisely because the A term appears in the above equation that a new kind of inflationary
universe model with kinetic energy term based on the non commutative relation of space-time will be
more consistent with the experimental observation than the related model in the commutative
space-time. Next, by references [36][37][73], we can compare and analyze these models with the latest
experimental observations.

In order to constrain the parameters (fast sub model and DBI model) in the K-inflation model in
non commutative space-time, the latest observation data are used, including: microwave background
radiation data in Planck experiment, supplemented by large-scale polarization data in WMAP
( hereinafter referred to as Planck + WP ); the large polar moment data of microwave background
radiation ( hereinafter referred to as high L ); Planck gravitational lens power spectrum. Large scale
structure ( hereinafter referred to as BAO ) data, etc. Specific data in reference [36]: scalar spectral
index 0. 9583 + 0. 0081 ( Planck + WP ), 0. 9633 + 0. 0072 ( Planck + WP + lensing ), 0. 9570 £ 0.
0075 ( Planck + WP + high L), 0. 9607 + 0. 0063 ( Planck + WP + BAO ), its running value n 's=— 0.

021 + 0. 012 ( Planck + WP ), n 's= — 0. 017 + 0. 012 ( Planck + WP + lensing ), n. =-0.022"%%
( Planck + WP + high L ), n]=-0.021'3% ( Planck + WP + BAO ); and in reference [37]: tensor
-scale ratio r=0.20"00;. In addition, there are values given in reference [73]: r =0.23"% and

n =0.0377.
For the inflation of tachyon, considering the case that M is large enough, and taking the e-folding
number as a parameter, the following limitations are obtained by fitting:
A =0.0138 700004 N =34.64734°  (68% CL).
For the DBI inflation model, the parameters are limited to:
A =0.0998799%%¢% ' N =59.61'52  (68% CL).

Figure 2 provided in reference [37] shows the contour of parameters in the confidence interval of
1 o and 2 o. It can be seen from Figure 7 that the e-folding number in the tachyon model is relatively
small. If the value of e-folding number is required to be between 50 and 60, the model can only be said
to be in good accordance with the observation; however, in the DBI model, the value of e-folding
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number is enough to solve the flatness problem in the big bang cosmology.

0.025 confidence level 0.020 confidence level
68 % 68 %

0.020 95 % 0.015 95 %

0.015 0.010

0.010 0.005

0.005 tachyon model 0.000 DBI model

25 30 35 40 45 50 50 60 70 80
N N

The center red dot represents the best fit value of the parameter.
Here, the left figure corresponds to the tachyon model; the right figure corresponds to the DBI model.
Fig. 2 contour of parameters 2 and N in confidence intervals 1 ¢ and 2 ¢

It can be seen from the above discussion that repulsion and gravitation always interact in the big
bang, inflation and subsequent expansion of the universe.

5 Model (1) of Super-Inflating Universe with Big Impetus

Early studies of the inflationary universe assumed that the Hggs field, which caused the break of
the grand unified symmetry, drove the inflation!Hl77131 However, it was soon found that the effective
potential of the Higgs field was not flat enough due to the radiation correction given by the gauge
coupling, and that the quantum fluctuation of the Higgs field would give too large and unacceptable
mass density fluctuations®I50l581, Therefore, in the later model, scalar field ¢ is a gauge singlet, called
an expander. In most cases, this field only promotes inflation, and all models based on slow roll phase
transition are called new inflation cosmic models(>01551656],

The new inflation cosmic model set by Andrei Linde, Andreas Albrecht and Paul Steinhardt, et al.
is basically consistent with the initial conditions of the universe in the original model of inflationary
universel>0I5IB61 In order to obtain a new inflationary cosmological model, Linde, Albrecht and
Steinhardt et al. require particle physics theory to contain a scalar field ¢ , and have the following
properties>0I51561 - (i) the effective potential function V (¢ ) must have a minimumat ¢ # 0 ; (i) V (¢)
must be very flat near ¢ = 0, and it is usually assumed that at ¢ = 0 It is a local maximum of V (¢ ); (iii)
at high temperature T, the heat equilibrium value of ¢, i.e. the minimum of the effective potential V1
(@, T) at finite temperature must be at ¢ = 0.

Now, we are trying to adjust and modify the old and new models of the inflationary universe to
relax the strict restrictions of Linde, Albrecht and Steinhardt on a scalar field of particle physics. In the
supernatural way of ontology, combining physical geometry with geometric physics in the supernatural
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way of ontology, and then combining physical cosmology with cosmic physics, we study the following
ultra-synergy (emergence of big rip-rebound clusters with quantum chaotic-reticulate distribution)
between the universe and ever-increasing particles (clusters):

The ultra-synergy (emergence of big rip-rebound clusters with quantum chaotic-reticulate
distribution) between the quantum universe in the Big Bang and ever-increasing quantum gravitational
sources (clusters),

The ultra-synergy (emergence of big rip-rebound clusters with quantum chaotic-reticulate
distribution) beteen the inflationary universe and ever-increasing gravitational sources (clusters) as well
as strong force sources (clusters),

The ultra-synergy (emergence of big rip-rebound clusters with quantum chaotic-reticulate
distribution) between the expansive universe and ever-increasing gravitational sources (clusters), strong
force sources (clusters) and electro-weak force sources (clusters).

These super-synergies in several phase transitions during the creation of the universe are the
driving forces leading to the emergence of rip-rebound-inflation in the universe.

By the research in [88], let V represent the potential energy function of the inflation field, and
assume that it has the following form:

V(g) = ﬂi a,¢”" (55)

where / is a proportional coefficient, which will be determined by the amplitude of the power spectrum.
Define slow roll parameters:

M2 (V'Y VA VAVA

where the apostrophe is the differential of the field ¢, the power spectrum index ns and its running n’s
of the scalar disturbance can be expressed as:
n,—-1~2n-6g, nl~16en-24s>-2¢&. (57)
In fact, any potential energy function can be expanded into infinite power series, for example, the
exponential potential energy V ~e’, can be written as V ~%¢"/n !, and the general potential energy

can also be expanded into Taylor series. However, when people expand a general potential function
according to Taylor series, they will encounter infinite expansion coefficients, which makes the model
impossible to deal with. The only way is to expand the potential energy by several steps when the surge
occurs, and then reconstruct the potential energy according to the experimental data, as shown in [93] -
[94]. In equation (55), although the potential energy has infinite items, there are only three parameters:
a, fand 4 . Such a potential energy may come from some super gravity theory (sugra):

V =e“[KT"(DW)(D,W)-3|W )], DW =oW +(0,K)W, (58)

Where Kabhler potential is taken as:
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1
K =91(€0+§0*)+E(¢>+(pT 2] X =y | X | 4+,
(99)

It can be predicted that the theory is shift invariant and the symmetry ensures that the potential
energy is flat along the imaginary part of the field ¢. Here ¢ = \/E Im ¢ is the inflationary field, and X
is another chiral superfield. In addition, it is assumed that the hyperpotential is in the most general case:

W =X>"h¢" +W, (60)

For the theoretical study of super gravity, please refer to [10]. In addition, the polynomial inflation
model is considered in references [95] - [96], that is, the potential energy has some finite terms.

It can be seen from Fig. 3 that the potential energy is a monotonic increasing function of the
inflation field ¢o. When the parameter « is small, the potential energy is more steep. It is also obviously
different from the case where the chaotic inflation takes the form of ¢ 2 or ¢p*. When ¢ is small, it is
close to ¢ ? potential, but with the increase of ¢ value, it is close gradually to ¢ 4 potential.

VI VI
4000
10 10
3000 108
106
2000 104
100
1000 1.00 |.
0.01 1
0
5 10 15 20 0 5 10 15 20 25 30
@I Mp @ Myl

The value of parameter a is shown in the figure, and the value of g is in its best fitting value
Fig. 3 left: potential energy V in formula (1); right: compared V ~ ¢ 2, ¢p * with other forms of potential energy

First, we should distinguish two kinds of vacuum: cosmological vacuum and quantum mechanical
vacuum; the former is a pseudovacuum with extremely high energy density, and the latter is a real
vacuum with the lowest energy density.

Monopole can be formed in the process of SU (5) symmetrical rupture. However, Gus's in-depth
research shows that for elementary particles, the weight of a monopole is extraordinarily large, and its
mass-energy is equivalent to 10 6 GeV. Therefore, the weight of a monopole is equivalent to 10,000
trillion ( 101°) protons, or to a bacterium, a small organism, in the universe, each proton corresponds to
about one billion photons.

In the original model of the inflationary universe, the universe was created by pseudo-vacuum
energy, and the Big Bang originated from pseudo-vacuum. In Einstein's theory, it is the density of
matter and energy in the universe that determines the dynamics of space and time. Pseudo-vacuum
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energy is real energy, which may affect the universe and destroy the Big Bang, while the over-cooled
universe is a universe that nurtures energy. Andrei Linde, Andreas Albrecht and Paul Steinhardt
respectively found a solution to the problem of foam collisionf®I50l55], In this "slow-roll inflation"
model, the mechanism of decay from the pseudo-vacuum state is no longer a quantum tunneling effect,
but a scalar field rolling down from the potential peak. If the scalar field rolls down the potential energy
peak at a much slower rate than the expansion of the universe, the inflation will occur. Once the
potential peaks become steeper, the inflation will end and the reheating process will begin.

As shown in Fig. 4 (Li Zongcheng, 2019), each high-intensity quantum gravi-source forms a
rip-rebound center for the Big Bang or explosion of the universe at the microscopic level. Here the dark
part in the figure represents a larger density, while the light part represents a smaller density.

Fig. 4 Each high-intensity quantum gravi-source forms a rip-rebound center

for the Big Bang or explosion of the universe at the microscopic level

As shown in Fig. 5 (Li Zongcheng, 2019), each initial high-intensity gravi-source forms a
rip-rebound center for the Big Bang or explosion of the universe in macro-scale. Here the dark part of
the figure shows a higher density, while the light part shows a smaller density.

Higgs energy, dark energy and gravitational energy also play an important role. The former two
are mainly positive energy, and the latter are mainly negative energy™I5°l5%1 | From Planck time (10~
sec) to the beginning of the inflation (10 ~%¢sec or 106 GeV), it is a very important time. The end of
the inflation is related to the cohesion of the Higgs field, which produces mass. In the universe, there
are quantum random fluctuations. The scale of fluctuations is nearly equal. The matter and radiation of
the universe are formed in this general fluctuation, and eventually galaxies and clusters are formed.

In existing cosmological estimations, the Big Bang of the Universe occurred 13.7 billion years ago
(t=0). In the 10 *sec of the creation of the universe, the intensity of the Big Bang just meets the
requirement of breaking through four dimensions of space-time. In the subsequent expansion of the
universe, the Higgs particle (Higgs boson) deviates from the center of symmetry and forms the lowest
energy state, resulting in a symmetry break (phase transition of Higgs field). The excessive cooling of
Higgs field leads to a pseudo-vacuum state, which is equivalent to igniting an atomic bomb®I0l(55]
during the explosion of a hand grenade.
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With regard to the super-inflating universe in the big impetus, we can put forward the following
basic ideas here: In the very early universe, there was not only an accelerated expansion stage (R > 0),
with an exponential growth R oc e™ of the scale factor of the universe, in which H was the Hubble
constant; but also a big impetus stage from super-synergy (represented by the emergence of big
rip-rebound clusters of quantum chaos-reticulate distribution), in which firstly super suppression is
imposed, then super acceleration is imposed, finally super deceleration is imposed. For such a strong
rip-rebound-inflation under a big impetus, we need to introduce a ultra-synergy scalar field ¢ gs, which
satisfies the minimum coupling conditions with repulsion and gravity.

Fig. 5 Each initial high-intensity gravi-source forms a rip-rebound center

for the Big Bang or explosion of the universe in macro-scale

The basic functions of ultra- synergy scalar fields can be expressed as follows:
n H
I:u—syn = Nb|:(l+2’den)F_(l+ﬂ‘dmatt)r_wj|’ (S > W) ) (61)

here N is the total number of gravi-sources, b is the super-inflation index, r is the radius of gravitational
action, # , u, s, w are the theoretical values greater than zero, A4.en is the enhancement coefficient of
dark energy, A ¢-mart is the enhancement coefficient of dark matter, and the first term of the full
expansion represents the effect of the repulsion of the universe as a whole on the N gravi-sources, the
second term represents the effect of primitive quantum gravity on these N ° gravi-sources.

As shown in Figure 6 (Li Zongcheng, 2019), the big impetus mechanism of the inflationary
universe in the big rip-rebound cluster of quantum chaos-reticulate distribution is discussed.

As shown in Fig. 4, Fig. 5 and Fig. 7 (Li Zongcheng, 2019), more and more gravi-sources and
gauge field sources form a traction on the repulsion of the universe.

The ultra-synergy potential energy is expressed as follows:

E, =] Foypdr =N b[(lwa% (14 ) rﬂ (62)

28


https://doi.org/10.20944/preprints202011.0057.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 November 2020 do0i:10.20944/preprints202011.0057.v1

here 77’=L, y'=L.
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Fig. 6 The big impetus mechanism with big rip-rebound Cluster
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of Quantum Chaotic-reticulate Distribution

-~

/

Fig. 7 Ultra-synergy of quantum universe with whole repulsion and inwards-pull

The energy density and pressure of the ultra-synergy scalar field can be expressed as follows:

1. 1.
Pluitra—syn = E ¢I§S + (1_ A)V (¢BS) J pultra—syn = E ¢BZS - (1_ A)V (¢BS) ’ (63)

here V (ggs) is the potential energy of ultra-synergy field, A= —R/RH?2, Ais a binary quantity:

. ) . .
A:{—R/RH >0 A is deceleratihg factor (64)

—-R/RH?<0 A s acceleratng factor

Expression ( 63 ) can be written in the following form:
1.
pultra—syn =N b{ (1+ ﬂ’d —en )|:§ ¢r2ep| + (1_ Aacce )V (¢rep| )j|
1.
- (1+ ﬂdmatt)[a ¢gzrav + (1_ Adece )V (¢grav)} } ( 65a )
b 1.
pultra—syn =N (1+ ﬂd —en) E ¢repl - (1_ Aacce )V (¢repl )
1.
- (1+ ﬂdmatt)[a ¢92rav - (1_ Aiece )V (¢grav)i| } ( 65b )
here N is the total number of gravi-sources, b is the super-inflation index, ¢ repi is the scalar field under

the repulsion of the universe, ¢ grav is the scalar field under the quantum gravity, A acce is accelerating
factor, A dece is decelerating factor, 4 ¢n is the enhancement coefficient of dark energy, A g-mar is the
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enhancement coefficient of dark matter, and the first term of the full expansion ( 65 a ) represents the
energy density under the repulsion of the whole universe to N° gravi-sources, and the second term
represents the energy density under the gravitation of the arche-quantum to N ® gravi-sources, the first
term of the full expansion ( 65 b ) represents the pressure under the repulsion of the whole universe to
N gravi-sources, and the second term represents the pressure under the repulsion of the whole universe
to N° gravi-sources, and the second term represents under the gravitation of the arche-quantum to N°
gravi-sources.
The extended form of Klein-Gorden equation for ultra-synergy scalar field should be

. . dv
¢BS +3H¢BS +(1_ A) d¢BS

=0 (66)

Assuming that the ultra-synergy scalar field is dominant in all components during the rip-rebound-
inflation stage of the big impetus, the extended form of Freeman equation should be

H? = 8”6[ g2 + (1—A)V(¢Bs)} (67)

Expression ( 67 ) can be further written in the following form:

Hu2 syn = Nb{ (l+/1d—e )87ZG|: ¢repl (1_Aacce)v (¢repl):|

- (1+ ﬂdfmatt) % |:% ¢§rav + (1_ Adece )V (¢grav)i| }

(68)

The model of the super-inflating universe with the big impetus sets up a effective potential V ( ¢ )
of the big impetus similar to Figure 8, which comes from the interaction among the Higgs field and the
initial gravitational field (the gravity only just separated from quantum gravity is very strong) as well as
the grand unified field of super-symmetry. When T = 0, the total minimum value of the big impetus-
effective potential is called the real vacuum, and ¢ = ¢ we . the current scalar fields in the universe are
experiencing small fluctuations to real vacuum values, while the value of V ( ¢ we ) represents the

energy density of vacuum, and the relation related to the cosmic constant 4 is A =87G -V (¢, ) -

The effective potential of the big impetus at T = 0 has a second local minimumIS0l55] where the
value of ¢ is denoted as ¢ rase, and the state of the expected value < ¢ > = ¢ rise Of the big impetus-
effective field is called a pseudo-vacuum, and the energy density is denoted as p . Furthermore,
suppose there is a critical temperature T ¢, above which the value of the big impetus-effective potential
at finite temperature near the pseudo-vacuum is less than that near the real vacuum. As shown in Figure
8 (Li Zongcheng, 2019), T cis the critical temperature of the first-order phase transition.

Le Tes, v be a covariant conserved tensor consisting of the big impetus-effective field containing
Higgs field, the metric and the primary and secondary derivatives of this field. We can derive the
energy-momentum tensor T gs, v Of the big impetus-effective field in a pseudo-vacuum. Because the big
impetus-effective field is a constant in pseudo-vacuum, the only tensor for T gs, . IS g 8s, xv, and
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1
GBS,,uv = R,uv _E RgBS,,uv ( 69 )

So, T s, w has the following form: Tgg ,, = AQgs ,, +BG here A and B are constant. The

BS,uv?
equation of ultra-synergy field including Einstein field is

GBS,,uV = _87ZGTBS,;¢V (70)

Therefore, the term BG s, v Can be absorbed into the T gs, . On the left side of the equation by
redefining the gravitational constant G. Reusing the energy-momentum tensor form of ideal fluid

TBS,/[V = prSqu +(p+ p)uyuv (71)
we determine constant A to be just the negative value of pseudo-vacuum energy density, so

T#V =—p; *9,, . This formula means the pressure p = — o+ of the pseudo-vacuum.

10
<
=
o
o 5
@,
<

pt pseudovacuum

o 0 0.5
pseudo-vacuum p (105GeV) real vacuum

Fig. 8 Curve of Big Impetus-Effective Potential Function
Adjusted to the New and Old Inflationary Cosmological Models

In the new models set up in this series, we should take into account a very important but often
neglected situation: when gravity, strong force and electro-weak force are separated from super-gravity
or quantum gravity respectively, they are accompanied by more and more new-born field sources and
the expansion of the universe as a whole to form big ripping clusters. This large tear cluster will
temporarily hinder the whole expansion of the universe at the beginning, but it will become a big
impetus force for the whole expansion of the universe immediately near the end of the big ripping.

For this reason, we set the scalar functional:

I =1g+1g+1Igs = [ (Lg + L + Lgs )y gd “x (72)

here

Isand L g represent the action and its Lagrangian function of the whole Big Bang (outwards-push)
of the universe, respectively.

Isand L s represent the action and its Lagrangian functions of gravity (inwards-pull) respectively.
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I gs and L gs represent the interaction between the whole Big Bang and gravity and their
Lagrangian functions, respectively.
The expression of I sand L s is taken as

L, =R, L, =—2KkL;. (73)
here k is Einstein gravitational constant, k =8z G /c*.

Here the variational principle can be expressed as: ol = (I + 15+ 155)=0.

As shown in Figure 9 (Li Zongcheng, 2019), in the initial stage of the Big Bang (0 ~ 10 8 sec),
more and more quantum gravitational sources and the Big Bang of the universe formed big ripping,
which should temporarily hindered the initial Big Bang of the universe. However, before and after the
end of the big ripping, it would instantly become big impetus to the whole Big Bang of the universe.
When gravity separates from quantum gravity (around 10 0 sec), the universe undergoes phase
transition, more and more gravi-sources and the whole expansion of the universe form a big ripping in
the macro scope. However, before and after the end of the big ripping, it would instantly become big
impetus to the whole expansion of the universe. When strong force separates from the grand unified
force of super-symmetry (around 10 % sec), the universe undergoes phase transition, more and more
strong force sources and the whole expansion of the universe form a big ripping in the micro scope.
However, before and after the end of the big ripping, it would instantly become big impetus to the
whole inflation of the universe. When electro-weak force separates from the gauge field (around 10 *°
sec), the universe undergoes phase transition, more and more electro-weak force sources and the whole
expansion of the universe form a big ripping in the micro scope. However, before and after the end of
the big ripping, it would instantly become big impetus to the whole expansion of the universe.

rip-rebound-inflation : rip-rebound-inflation

begins end

dotted line: standard inflating cosmic curve
separation of SF

solid line: super-inflating cosmic curve

Big Bang of universe

cosmic expansion separation of EW

separation of g

(1) o 1010€} 3]€IS IS0

phase transition
Phase || transition

10 4 0 °* 0 10 * 10 * 10’
time t (unit: sec)
Figure 9 Cosmic Phase Transition, Separation of Forces and Cosmic Rip-Rebound-Inflation
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For those regions which are still in the pseudo-vacuum state after supercooling, we give the

Einstein field equation as follows:
- \2
R 87
~ | ==2ZG
5] %

Its solution is R(t) oc €%, here y = /%pf ~10"°GeV ~10* sec™.

The main result of the huge energy density p ¢ of pseudo-vacuum is the exponential growth of
scaling factor R (t), and the time constant is y . The exponential of the big impetus is described by the
flat Robertson-Walker metric, and the space with exponential growth scaling factor is de Sitter space.

For ultra-synergy dynamics under the big impetus, we should consider not only the second-order
Einstein field equation.

Fé:—%[G(p+3p)R

This equation means that the deceleration —ﬁ(t) of the cosmic scaling factor is proportional to

(o +3p). During the rip-rebound-inflation with the big impetus, p = — p = — p ¢, so the negative

contribution of pressure exceeds the positive term of energy density. On the contrary, the macroscopic
ripping between the cosmic outwards-push induced by Higgs field and gravity, and the microscopic
ripping between the cosmic outwards-push induced by Higgs field and the strong force subsequently
just separated from the grand unified gauge field induced, have a synthetical effect (i.e. big impetus) of
enhancing expansion, so R increases monotonously with time.

In other words, for the cosmic inflation, the ultra-synergy between the cosmic outwards-push
induced by the Higgs field and the quantum gravity as well as initial gravity only just separated from
high-dimensional supergravity, and between the cosmic outwards-push induced by the Higgs field and
the initial strong force only just separated from gauge field, form a big impetus that first blocks, then
turns into super-acceleration, and then into super-deceleration.

It is noticed that the dynamics of the big impetus-effective scalar field is determined by the
effective potential function, and the perturbation behavior at ¢ = 0 is determined by the effective
potential near ¢ = 0. Assuming that the big impetus-effective potential is very flat near ¢ = 0, for the

Ve 0V
op op°

When the grand unified symmetry is broken, the energy is 1016 GeV, the temperature is 10?7 K, the
phase transitions occur and the bubbles increase. At the same time, the quantum fluctuations (gravitons
bearing gravity) of micro-gravitational waves and space-time increase extremely. Later, a freeze occurs
instantaneously, triggering a polarization eddy (the new discovery of microwave background radiation
is considered a triumph of the inflationary universe theory). The freezing of the Higgs field is slowed
down by the big impetus between the cosmic expansion force and the basic physical force.

Random quantum fluctuations in the energy field of the universe can increase the vacuum energy

sake of clarity, assuming that at ¢ = 0, there should be =0, <.

< 2 83VBS
> ) a;f
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density somewhere and make that part of the universe erupt violently into a state of inflation. In the
model of the super-inflating universe with the big impetus, the unified inflation of the universe as a
whole and the numerous local inflations of the universe emerge together.

6 Model (1) of Super-Inflating Universe with Big Impetus

Under the ultra-synergistic effect with the big rip-rebound cluster, although the inflation of the
universe is accelerated exponentially, for example, the expansion of the universe exceeds the proportion
of e 80 (=10 %), it always goes through instantaneous blockades and then swiftly goes into
super-inflation, in every process of the phase transition of the universe and the separation of basic
physical action. In this process, the diameter of the universe increases multiply, the volume of the
universe increases exponentially, and the pseudo-vacuum energy of the universe also increases
exponentially. When the universe inflates to 10 ~ 33 sec, the volume of the universe changes to 10 % ft
(0.3048 x 10?5 km). At the end of the inflation, the diameter of the universe can reach dozens of
light-years. As a result, the universe escapes faster, making it flat, homogeneous and isotropic on the
largest scale.

In the stage of cosmic inflation, there are quantum fluctuations everywhere, and there are subtle
temperature differences in various regions of the universe. With the expansion of the space caused by
the inflation, the number density of large-mass singular particles (for example, magnetic monopoles
predicted by the standard model of particle physics) decreases rapidly®®l | Today, there is no
monopole in the visible universe, so the "hairless effect" (theorem) of cosmic inflation has appeared,
which is similar to the black hole hairless theorem.

The thermal effect is important in the initial fluctuations, but the temperature is quickly neglected
as the rip-rebound-inflation continues. So there is L1 ¢ = — 0 Vs / 0 ¢ , which in the de Sitter metric
becomes

OVgs

p+3rp=-=

74
20 (74)

If we take ¢ as a position coordinate, then this equation describes the motion of particles in the big
impetus-effective field V gs (¢ ) with damping force 3 y¢ . this damping term reflects the expansion of

the universe. It is this damping term that makes the model of super-inflating universe with big impetus
possible. Under the action of the big impetus, the scalar field must decline slowly enough along the
potential Vs (¢ ) to make the coherent region possible to experience a prolonged explosion.

When ¢ = 0, the energy density is very close to that of p, so the exponential expansion is
maintained during the slow rolling process. The typical scale of the coherent region will be stretched to
Zx ' where Z=e%’, and At represents the time of exponential expansion.

However, when the effective scalar field in the big impetus reaches the steep part of the potential
Vs (@), it drops rapidly to the minimum, and then the minimum oscillations occur, which will be
damped by the coupling terms of the ¢ field and other fields in the motion course of the big impetus.
Similar to the original inflation model, the temperature after reheating can be calculated by energy
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conservation, and its typical value is still Tgg o, = ETBS,C'

It is generally believed that within the framework of classical gravity theory, problems such as
singularity of the Big Bang, dark energy, origin and formation of the large-scale structure of the
universe can not be solved®®l, For further calculation, we make Fourier expansion for the big
impetus-effective scalar field ¢ :

1

¢(X’ t) = (272_)3/2

[ Ak ()™ s (k, ) +d* (K)e ipraq (K, 1)} (75)

The ultra-synergy modular function yss (k , t) satisfies the following equations of motion:

Wes +3XWes :[ﬂz_e_m(k2+72)]'//ss (76)

1 —
here y = ZaTEfS . When t— — oo, the equation satisfied by each wgs ( k, t) approximates to the

arche-oscillating equation of the harmonic oscillator, whose frequency is @(t) =e #/k* +7° .

When the universe expands exponentially under the big impetus action of super-synergy, the
frequency drift rate of the harmonic oscillator has the magnitude of y. However, when t — — oo, the
frequency of the harmonic oscillator is w — oo, S0 there is w >> y in the early stage.

Equation ( 76 ) has two linearly independent solutions, each of which is the product of an
exponential function and a Bessel function. We can choose the appropriate linear combination to make
it consistent with the standard treatment of free field theory in Minkowski space. So we chose

1 |Ix —glt @)
l//BS(k,t)=§ ;e HBS,P (2) (77)
here Hgs, p M ( Z) is the extended Hankel function, and

2 2 2
po 2.4 K (78)
4 X

The linear combination of ( 78 ) is chosen because when t gradually approaches zero, it has the
following form:

e—ia)t

V2a(t)

34112

WBS (k,t) - ei@(t)e73;(t/2 ( 79 )

here e'® O s a slowly varying phase factor. There is no factor e in Minkowski space, which is a

slow drift in normalization conventions. The use of regular commutation relations for ( 78 ) and ( 75)
formulas proves that:

[d(k),d" (K)]=5°(k"~k) (80)

After giving the behavior ( 79 ) and the commutation relation ( 80 ) of the ultra-synergetic modular
function, we will see that the early operators d* ( k ) and d ( k) can be interpreted as the generation and
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annihilation operators of arche-pulsators as Minkowski-like particles.
To obtain a measurable ultra-synergistic operator, we have to "fuzzify" the effective quantum field
with the big impetus in a finite volume, and define a "fuzzifying" ultra-synergistic field

A _ 1 3y ,a—(x=y)?/212
¢|(X,t)—mjd ye @(y,t) (81)
here | is the length of "fuzzification" described by co-moving coordinates.

Considering the one-loop correction of ultra-synergistic gauge interaction, the big impetus-
effective potential at zero temperature is as follows

25 1
V)= 2ol g7 107+ (0" -0} (82)

here « = g%/ 4 n = 1/ 45, g is the gauge coupling constant, ¢ = 1.2 x 103 GeV. The form of this
potential is shown in Figure 8 above. The minimum value of Vgs (¢ ) is at ¢ = ¢, corresponding to the
actual vacuum, and ¢ = 0 is an almost unstable equilibrium point. At zero temperature, the
configuration of ¢ = 0 is called pseudo-vacuum.

The big impetus-effective potential at finite temperature is

18T (= 5
VBs((PaT):VBs((”)"‘?J.O dq‘qz|n|:1_eXp[_\/q2+?ﬂa¢2/TBsJ} (83)

The form of Vs (¢, Tgs ) is shown in Figure 10 (Li Zongcheng, 2019).

5.75 x 10 3GeV
10
5
< 101 GeV
-
o
@ 0
=
= Tes=Tes c=1.45 x 1014 GeV
-5
1.52 x 104 GeV
—10
1.65 x 1014 GeV
—15

0.5 1.0 15
¢ (10°GeV)

37


https://doi.org/10.20944/preprints202011.0057.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 November 2020 d0i:10.20944/preprints202011.0057.v1

Figure 10 Function Curve of Big Impetus-Effective Potential in Finite Temperature

These ultra-synergistic curves undergo first-order phase transition at Tgs = Tgs,c= 1.25 x 10
GeV. When Tgs < Tas ¢, C, the minimum value of the big impetus-effective potential is in the range of
¢ =0 ; and when Tgs > Tss, ¢, the minimum value of the big push effective potential is in the range of ¢
= 0. When 0 < Tpgs < Tags, ¢, there exists a metastable phase of ¢ = 0, corresponding to the local
minimum of the big impetus-effective potential.

With the inflation of the universe, the supercooled expansion occurs, the temperature drops rapidly
from 1027 K to 10 %K, the huge potential energy of the inflationary field decays, and some particles
(including electromagnetic radiation particles) of standard model appearst®-l. As a result, reheating or
heating occurs, the temperature recovers from 10 22 K to 10 2 K, which leads to the particles in
relativity plasma (quark-gluon plasma), so that the universe entered a radiation-dominated period (in
the form of quarks, electrons and neutrinos).

Referring to the calculation of the inflation universe theory and the new research in this series, we
can infer that after the inflation, the scale of the universe should expand about e 70, the quantum
fluctuation should expand rapidly, while the material-energy distribution should show irregularity, and
the state of supercooling should appear. On a larger scale, there should be multiple universes with
constant inflation and explosion.

Furthermore, by the method in literatures [97] and [98], we introduce non commutation into
inflation cosmology, which can better explain the source of running spectrum index in a natural way
and get the results consistent with the experiment.

Non commutation is studied by Moyal product. Therefore, in general curved space-time, we define
the Moyal product:

fl*...*fn:(1+l9”"ZDZDf—éeﬂvem Z D;D‘?D;Dg)flfn. (84)

a<b a<b,c<d
The lower order disturbance (accurate to O ( 62)) is:

1 ApP e
Gyfyeeer £y == 00 3 DIDIDID)fy-+-f,. (85)

a<b,c<d

Set 0°1 = 0 by unitary. Considering the non commutativity, we take 8'> = 12 / a”in the co-moving

coordinate.

: : I 1 .
The non commutative correction of kinetic energy X = —56ﬂ¢6”¢ is calculated as follows:

1 v
5,X =4 (6" 9" (D,D,D,¢D,D,D,4 - D,D,D,¢D,D;D,4). (86)

It is generally assumed that there is a inflation, and its non commutation correction is as follows:
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SN = @ (012)2 ¢n72 (D1 D1¢D2 D2¢ - D1 D2¢ﬂ:)2 D1¢)

- W (09" (D,Dy¢D,D,¢ + D, D,¢D, Dy

- Dl D2¢D1¢D2¢ - D2 D1¢D2¢D1¢) : (87)

Considering the lowest order modification of the correlation function 62, and using 69 X and 6¢ Y
to identify the correction of kinetic energy and potential energy respectively, the corrected action of the
inflaton is as follows:

S=Id4x,/—g(PX5¢X+PV5€V). (88)

In the vicinity of background space-time, P xand Py are transformed into terms of 6o X and 64 Y
by Taylor expansion. At the same time, taking the leading order of slow roll parameter, we get:

5,8, = j d*xVN(Py, (6,X), + Py x, (5, X),(5,X),

R, (BN 1), + R, (8,5X),(GN),) + Py (3, X)), (89)
where,
8 X=X =Xy, (GX) =t (6,X), =0 ~(00)).
We can decompose the perturbation of potential J ¢ X into different orders, for example:
0y X =(0,X), +(9,X); +(5,X),. (90)
Similarly, we can decompose the perturbation of potential V into different orders, for example:
OoN =0 V), +(0V), +(5,V),, (91)
We calculate the non commutative correction of two-point Green's function at the lowest order:
5 <¢(4)¢ (%) >,=2Re([] dnfi <L (%) (0)OLy +20N),)0) >) . (92)
Here, k1= k2 =k has been set to write the corrected power spectrum:

&394 =6< g“(xl)g(xz) >0

1 ; 1 45 681 333
= 327”%:%‘/502'_{ e e + 16K - 8Cs6k14)PX

Cs +%

O g8

)Pxx -

=D =g o } (33)

4HK> T 4R

According to Max Tegmark, the parallel universe is not a theory, but a theoretical prediction.
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Various models of the inflation universe depend on the choice of parameters, including the shape and
initial conditions of the inflation energy density curvel?1-123],

Let's further expand our thinking space:

Before the creation of our universe, the whole world system of mult-verse was filled with infinite
pseudo-vacuum oceans, where high-density energies converged. Every fluctuation of the initial vacuum
implies the collective birth and death of particles.

The pseudovacuum, which accumulates extremely high density energy, forms negative pressure on
the universe and then converts it into repulsive force, opening up a new space-time for the
universel?231 With the rapid expansion of space-time, the Higgs field began to over-cool, and the
pseudo-vacuum began to increase, causing a larger scale of expansion, leading to the increase of
space-time. Through the non-linear feedback, the pseudo-vacuum increases continuously, and the initial
gravitation and strong force separated from the high dimensional supergravity form a big rip-rebound
cluster of quantum chaotic-reticulate distribution at macro and micro levels respectively with the
expansion force caused by Higgs field, thus forming a great impetus of first suppression, later
acceleration and last deceleration of the universe, and then causing the universe to enlarge
exponentially.

Under the extreme conditions of the initial universe, in the a big rip-rebound cluster of quantum
chaotic-reticulate distribution emerging between the initial gravity separated from quantum gravity and
the expansive force caused by Higgs field, and then between the strong force separated from the grand
unified gauge field and the expansive force caused by Higgs field, the basic matter unit successively
becomes the arche-chaotic pulsator, quasi-spherical pulsator and spherical pulsator. Various wave
modes of the arche-pulsator form various particles.

In the initial stage of the creation of the universe, the interaction between the expansive force
caused by the Higgs field and all the internal gravitational forces, as well as the interaction between the
expansive force caused by the Higgs field and all the internal strong forces, become a big impetus for
the acceleration or deceleration of the cosmic inflation, thus becoming an extremely important factor
that can not be ignored. The higher the density of cosmic energy, the higher the degree of synergy of
the interaction system. This ultra-synergy between particles and the universe creates a sudden force of
cosmic inflation, which leads to the exponential increase of cosmic inflation. The faster the universe
cools, the stronger the power of space-time.

At the end of the cosmic explosion, the intensity of gravitational wave decreases rapidly, the
electromagnetic interaction is separated from the weak interaction, and the cosmic inflation ends. At
this moment, the temperature is 1028 K, the time of cosmic creation is 10 32 sec, and the zero energy
vacuum is formed. With the expansion of asymmetric space-time, the expansion continues until 10 2
sec of the creation of the universe, but the expansion of the universe in this period of time is in
deceleration expansion, and ultimately the universe forms.

The universe today is not expanding in an inflationary way. In this way, it must have a mechanism
to eliminate this very large effective cosmic constant, so that the expansion rate can change from an
accelerated state to a slowed down state by gravity as it is today. One can expect that the symmetry
between forces will eventually be destroyed when the universe inflates, just as supercooled water will
eventually solidify. In this way, the extra energy of the unbroken symmetric state will be released and
the universe will be re-heated to just below the critical temperature at which different forces are
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symmetrical. After that, the universe continued to expand and cool in the standard Big Bang mode.

7 Basis of Ultra-Synergy Dynamics for Quantum phy-sphere

In physics, the exploration of trying to approach the original and seek the grand unification is
basically carried out in the category of gravity (covering classical gravity, quantum gravity and high-
dimensional super gravity). Up to now, one of the most profound problems in theoretical physics is to
reconcile between general relativity and quantum mechanics. The former describes gravity and can be
applied to large-scale structures (stars, planets, milky way), while the latter describes other three kinds
of actions and reconciles basic forces at the micro scale.

An important lesson in general relativity teaches us that there is no fixed background of
space-time, but in Newtonian mechanics and special relativity, space-time geometry is dynamic.
Although it is easy to master in principle, it is the most difficult concept in general relativity, while the
results it brings are quite far-reaching, and it has not been fully explored, even in terms of classical
level. In a sense, general relativity can be regarded as a relational theory. In such a theory, the only
physically important information is the relationship between different events in time and space.

While guantum mechanics depends on a fixed background, since it started from a fixed (non
dynamic) background structure. In quantum mechanics, time is given at the beginning and is not
dynamic, just like Newton's classical mechanics. In relativistic quantum field theory, as in classical
field theory, Minkowski space-time is the fixed background of the theory. Finally, string theory is based
on the expansion of quantum field theory, in which point particles are replaced by string objects,
transferring in a fixed spatiotemporal background. Although the origin of string theory is in the study of
guark confinement rather than quantum gravity, it was soon found that the spectrum of strings includes
gravitons, and the "condensation" of several specific vibration modes of strings is equivalent to the
modification of the original background.

The quantum field theory in the bending (non Minkowski) background, although not the quantum
theory of gravity, also shows that some assumptions in the quantum field theory can not be extended to
the curved space-time, let alone the perfect quantum gravity theory. In particular, when a vacuum exists,
it is indicated that there is a dependency (Unruh effect) between the vacuum and the spatiotemporal
path that the observer passes through. In addition, the concept of field seems to be more basic than the
concept of particle (particle concept is taken as a convenient method to describe local interaction). The
latter view is controversial and contradicts the quantum field theory developed in Minkowski space.

With the help of classical general relativity to describe the curved background space-time, physics
defines the quantum field theory in the generalized curved space-time. Through this theory, it can be
proved that black holes are also releasing particles through black body radiation, which is Hawking
radiation, and it is possible to cause black holes to eventually evaporate through this mechanism. This
shows that Hawking radiation plays a key role in the study of black hole thermodynamics. As the basis
of particle physics in modern physics, quantum field theory is usually based on the flat Minkowski
space-time, which is a very good approximation for the description of micro particles in a weak
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gravitational field like the earth. In some cases, the strength of the gravitational field is enough to affect
the quantized matter, but it is not enough to require the gravitational field itself to be quantized.

Another attempt comes from the canonical quantization method in quantum theory. Applying the
initial value form of general relativity, the result is the Wheeler Dwight equation (its function is similar
to Schrodinger equation). Although the definition of this equation is not complete in general, but under
the introduction of the so-called Ashtekar variable, we can get a very promising model from this
equation: loop quantum gravity. In this theory, space is a kind of network structure called spin network,
which evolves in discrete time. It depends on which properties in general relativity and quantum theory
can be accepted to retain, and which energy level needs to be changed.

Cyclic quantum gravity or loop quantum gravity is the result of constructing the background
independent quantum theory. Topological quantum field theory provides an example of background
independent quantum field theory, but it has no local degrees of freedom and only a limited number of
global degrees of freedom [99]-[101]. In this way, we can't describe 3+1-dimensional gravity;
according to general relativity, even in vacuum gravity, there are local degrees of freedom. However, in
the 2+1 dimension, gravitational theory can be topological field theory, which has been successfully
quantized by many methods, including spin network.

There are many other attempt theories of quantum gravity, such as dynamic triangulation, causal
combination, torsion theory and quantum cosmology model based on path integration. All these
tentative candidate theories still have major problems in form and concept that need to be solved, and
they are all facing a common problem, that is, there is no way to verify the predictions of quantum
gravity theory from experiments so far, and thus it is impossible to judge the correctness of the
predictions by some differences between multiple theories. In this sense, the experimental observation
of quantum gravity still needs to rely on the future cosmological observation and the related particle
physics experiment to become possible.

This series of research attempts to transcend quantum gravity, supersymmetry and hypergravity,
and make more in-depth and systematic exploration between high-dimensional hypergravity and
high-dimensional hyperrepulsion, quantum gravity and quantum repulsion, and classical gravity and
classical repulsion

It should be noted that this is a pursuit of the supreme goal: to develop a theoretical framework,
not only with the help of experimental data can we infer the specific model of the observable universe.
Like any scientific theory, there is no need for inflation to solve all possible problems. Although the
new inflation model, like all scientific theories, is based on a set of assumptions and tries to understand
these assumptions, this series of studies attempts to establish some deeper theories.

By the analysis and inference presented in this series, there is such a complex super-synergy
mechanism:

In the Big Bang, inflation and expansion of the universe caused by pseudo-vacuum decay, Higgs
mechanism and dark energy fluctuation, etc., the gravitational force, strong force and electrio-weak
force separated from quantum gravity, supersymmetric unified force and gauge field force are very
strong at the beginning (close to the intensity of quantum gravity). With the coordination of dark matter,
they will form a strong attraction to the energy and matter around them, and ever-increasing
gravitational sources, ever-increasing strong force sources and ever-increasing electro-weak sources
should form a superimposed amplification effect, thus constructing a big rip-rebound cluster to the
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whole universe and the energy and matter around them, and then forming a great impetus role in which
firstly super suppression is imposed, then super acceleration is imposed, finally super deceleration is
imposed, for the inflation of the universe caused by pseudo-vacuum decay, Higgs mechanism and dark
energy fluctuation. As a result, a flash-like super-inflation was created.

At the same time, in the big rip-rebound cluster of quantum chaotic reticulate distribution emerged
in the early universe, the formation, movement and development of all particles (including superstring,
superfilm, quark, etc.) can not be isolated events, nor can they be simple, random and idealized
(absolutely not a free deduction of pure geometry). The most elementary unit of matter inevitably
becomes a basic existence which evolves with the big rip-rebound cluster in the Big Bang, inflation and
expansion of the universe. It must have gone through the evolution stages of chaotic pulsators,
quasi-spherical pulsators and spherical pulsators, so that we can attribute the elementary unit model of
to the arche-pulsator neither punctiform particles nor string objects.

On the basis of the previous discussions in this series, the quantum phy-sphere is proposed and
studied in this paper is a system of all things accumulation centered on quantum gravitational sources.
It is not only limited to the scope of quantum systems, but also involves the scope of macro-systems. It
is not only limited to material or physical things, but also involves the complexity with a variety of
elements. Its range of existence and evolution is generally slightly larger than the event horizon. In the
guantum phy-sphere, the quantum gravi-source is not unique, but may be multiple. Before the inflation,
the quantum universe could be regarded as the earliest quantum phy-sphere, and also a quantum
phy-sphere with very short existence time. Each black hole itself is also a quantum gravi- spheres, and
many of the binary star systems have become or will become quantum phy-spheres.

Quantum phy-spheres basically take the vicinity of black holes as their own sphere of influence, or
with Schwarzschild radius as their own radius:

2GM
R, =——— here G is the constant of gravitation, M is the mass, c is the speed of light.
c
The Schwarzschild radius formula is actually derived from the escape velocity formula of an
object.

Taking the smallest black hole XTE J1650-500 discovered so far as an example, its radius is only
12 km, but its mass is equivalent to 5 to 10 times the mass of the sun.

For example, the GCIRS 13E black hole is the same size as the entire European continent, but its
mass is equivalent to 1,300 suns.

Taking HLX-1, a medium-sized black hole, as example, with a radius of 295,300 km, the size of
four Jupiters side by side, but with a mass equivalent to 100,000 suns.

A supermassive black hole called Sagittarius A, located in the middle of the Milky Way, has a
radius of 12,700,000 km. This giant beast contains the mass of 4,300,000 suns!

Taking S5 0014+81, the largest black hole ever discovered in the universe, for example. Its radius
is 1600 times the distance from the earth to the sun, and its mass is 40 billion times the mass of the sun.

In addition to various black holes, the original quantum universe can also be regarded as a
guantum phy-sphere.

Under the framework of ultra-synergistic analysis of quantum universe proposed in this series, we
have improved and expanded the path integral representation of quantum gravity through the previous
work. For the quantum universe, we should consider not only the inwards-pull of quantum gravity, but
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also the outwards-push of the whole Big Bang. Here, we introduce a spatiotemporal metric of compact
four-dimensional manifold which reflects both inwards-pull and outwards-push, and it can be written as

ds? =—(Ngs — Ngg;Ngg)dt? + 2N dx'dt + hgg ; dx'dx’ (94)

here N gs is a time-lapse function reflecting the ultra-synergism, N gs, i is a shift function reflecting
ultra-synergism, h gs, jj is an intrinsic metric on three-dimensional space-like Hypersurfaces under
ultra-synergism, and Ngs , Ngs,i, hgs, ij are all functions of space-time coordinates of ultra-synergistic
motion.

For the quantum universe, the coordinates of ultra-synergistic conformation space should be h gsijj
and matter field ¢ ss . The quantum universe is described by ( hassij, ¢ Bs). Thus, the transition
probability amplitude of the universe from a three-dimensional space-like hypersurface hgs;j ( there is
field ¢h sson it ) to a space-like hypersurface h'ss;ij ( there is field ¢»'sson it ) can be expressed as

< hI’BS,ij ' ¢I,33 | hBS,ij ' ¢BS > = Iﬁ[g BS,yv’¢BS]eXp(i| [g BS,/IV’¢BS]) ( 95 )

here

I[gBS,,uv’¢BS]: IB[gB,yv1¢B]+ IS[gyV’¢]+ IBS[gBS,yv1¢BS]

Is[ 9. wv, @8] represents the outwards-push of the whole Big Bang.

Is[ 9w, @] represents the inwards-pull of quantum gravity.

Ies[ Oesu, ¢hes] represents the ultra-synergism between the whole Big Bang and quantum
gravity.

Similar to the treatment of general quantum systems, the pulsed function of ultra-synergism can be
expressed as

Wlhas . a1 = N [ Bgs, 0 s XD il [Ges 51} (%)

here, N is the normalized constant, and the integral region C is all the paths of the connective points
(‘hes,ij, ¢es) and the initial points in the ultra-synergistic configuration space. Under the full horizon
criterion both inside and outside the universe, the ground-state pulsing function of ultra-synergistic
system has the following form:

Wlhgg 5] = N [ Bgs 0 s XD 1[0 0 Fas ] (97)

It can be expected that the pulsating wave function ( 97 ) under ultra-synergism should satisfy a
cosmic pulse dynamical equation similar to Schrodinger equation. The following equation belongs to
this kind of equation, which can be regarded as an extension of Wheeler-De Witt equation.

Under the one-cycle (also called semi-classical WKB) approximation, formula ( 97 ) has a form:

IIJ[th,ij +Pes]=N Z B; exp(-I liBS,cl) (98)

here, 1'ss o is the i-th ultra-synergism which satisfies the principle of minimum action in classical
physical form. N is the normalized constant, and B is the fluctuation of classical orbit.

By the uncertainty relation in quantum theory, the higher the energy is, the closer the interaction
is., we always know the smaller scale physics by observing the scattering of higher energy scale.
However, under the influence of gravity, this relationship no longer holds. In the analysis of existing
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theories, high-energy scattering beyond Planck energy scales (10*° GeV) will lead to black holes, and
the Schwarzschild radius increases with the increase of mass. The higher the scattering energy is, the
larger the black holes is, so that the closer interaction can not be observed. For general relativity, this is
a difficult problem that can not be solved by renormalizationt*-21],

For the quantum phy-sphere proposed in this series, we introduce scalar functional:

I =1g+1g+Igs = [ (Lg + L + Lgs)y—gd “x (99)

Isand L g represent the action and its Lagrangian function of the whole Big Bang (outwards-push)
of the universe, respectively.

Isand L s represent the action and its Lagrangian functions of gravity (inwards-pull) respectively.

I s and L gs represent the interaction between the whole Big Bang and gravity and their
Lagrangian functions, respectively.

The expression of I sand L s is taken as

Ly =R, L;=-2kL;. (100)
here k is Einstein gravitational constant, k=87 G /c*.

Here the variational principle can be expressed as: ol = (I + 1+ 155)=0.

Physical studies of black holes show that there is a very large gravitation inside the black hole,
and the closer it is to the center of the black hole, the stronger the gravitation is; there is a huge
temperature difference between the visual interface and center of a black hole, and the non-equilibrium
thermodynamic effect is very significant. Considering the non-equilibrium thermodynamic effect, and
in order to overcome the singularity and information paradox of black hole, we can infer that under the
combined action of great gravity and thermodynamic force, photons on the one hand take mass in the
radial direction towards the black hole center, which results in a non-linear evolution; on the other hand,
accelerate in the radial direction towards the black hole center, which may exceed the photons in the
vacuum in velocity. (but not faster than photons in vacuum at each relative equilibrium time). Further,
we can deduce that under the combined action of great gravity and thermodynamic forces, all physical
particles on the one hand evolve nonlinearly in the radial direction towards the center of the black hole,
on the other hand accelerate in the radial direction towards the center of the black hole. For a Kerr
black hole with charged spherical collapse ( E # 0 ), the outer spatiotemporal geometry of matter is
described by Reisner-Nordstron solution. Because Birkhoff theorem can be extended to ensure that
Reisner-Nordstron space-time is the only spherical electrolysis.

8 Distrib-Configuration and Mode Vector Dynamics

For the quantum phy-sphere (QGS), we can consider the establishment of spin network space,
guantum distribution configuration and gravitational field mode which represent the rationalization of
space-time, and regard the ultra-synergistic distribution of quantum phy-sphere as an interaction system
among the synergistic trend space, distribution configuration and interaction mode of all gravitational
correlators in the quantum phy-sphere.

For the initial quantum universe, the arche-pulsator is used as the elementary unit of the quantum
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phy-sphere. For micro and small black holes, the fundamental particles are used as the elementary
components of the quantum phy-sphere. For medium-sized and large black holes, the group of
fundamental particles is used as the elementary unit of quantum phy-sphere.

For the ultra-synergistic distribution (instantaneous and real-time cluster distribution) of quantum
gravitational circles, we consider all gravitational correlators in the sphere, including internal and
external gravitational correlators, as well as direct and indirect correlators of quantum gravitational
distribution, and consider their tendency towards the combination of gravitational collocating elements
in different force fields, while the scope of gravitational allocation is the combination of gravitational
collocating elements, including the gravitational collocating space, gravitational collocating base,
gravitational collocating network, gravitational collocating environment, and so on.

For the spin network space as spatiotemporal rationalization, we can combine the spatiotemporal
mode variables with the state variables of spin network, and analyze them from different aspects.

Here, it is assumed that the spin network space of the quantum phy-sphere has A sides, namely,
dimension (including integer dimension and fractal dimension, high dimension and low dimension) z1,
curvature u 2, spin quantum number w3, contraction velocity x4, spin angular momentum u s,
fluctuation level u 6, concentration degree u 7, action radius w g, inhomogeneity u 9, range (distance
scale) w10, magnetic moment w11, network node number x 12, concentration degree u 13 of network
node distribution, competitiveness u 14 of network node distribution, etc.

Moreover, there are d 4 states in each side a of spin network space, where a=1, 2, -, A. Thus, the
A-dimensional trend space M of the gravitational collocation with A side is established. The
gravitational collocation trend vector r = {r1, r2, -+, r o} of each elementary unit points to a lattice
point in M space, which indicates the tendency of this elementary unit to all A sides. Therefore, there

A
are L= l_Ida lattice points.
a=1
If the ultra-synergistic distribution of the quantum gravit-sphere is composed of I7 basic
components, it can be divided into G clusters (not limited to physical clusters). There are I7, basic

G
components in the cluster &, ( p = 1, 2, -+, G ). Therefore, H:ZHp , S0 the probability
p=1
characteristics in M-space can be described by the basic components of each cluster.
When considering the formation and disappearance, or entry and exit of basic components, 77, is a
function of time.
Generally speaking, in a gravitational collocation cluster 5, (not limited to physical clusters), The
tendencies of I7 , basic constituent units are different. We use 7, r to denote the number of basic

G
constituent units with the tend asr = {r1, r2, -, r a} in ,. Therefore, II, = Zﬂp, , and the total
p=1

number of trends r in the ultra-synergistic distribution has the following relationship:

L G L G L
HzZZﬂﬁ: IT, =) I1,, here Hp=27rpr. (101)
r=1 p=1 r=1 p=1 r=1

46


https://doi.org/10.20944/preprints202011.0057.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 November 2020 d0i:10.20944/preprints202011.0057.v1

The distrib-configuration is now used to describe the macroscopic distribution of the quantum
phy-sphere :

7[:{”pl}:{ﬂll’”ﬂ"“’EGD“"ﬂpr’“'77z.1L77z-2L1“"7z-GL} (102)

It consists of D = GL integer primitives with z,r> 0. Distrib-configuration = describes the trend
distribution of the basic components in the distribution cluster &, (not limited to physical clusters) of
guantum phy-spheres.

Here,z (t)=n (t [SET]),n (t)is the distrib-configuration of the quantum phy-sphere.

We use the motion pointz (t) ={z,(t)}={n,r(t [SET]) } of Q gravitational collocation
space (spin network space) of D-dimensional distrib-configuration to express the time relationship of
the distrib-configuration of the sampling quantum phy-sphere.

In the case of z,>> 1 and properly tending to 770>> 1, the quasi-continuous variable X ,r= 7,/
ITo can be used.

On the establishment of the ultra-synergy distributing dynamics of quantum phy-spheres, we
should consider not only the trend and configuration of all gravitational correlators of the ultra-synergy
distribution, but also the mode of gravitational interaction.

We can describe the gravitational mode as a vector from S sides. Here we consider:

w 1. strength, w. force range, ws. mass density, w. the inverse ratio (1 /S ?) to the square of
the gravitational distance, ws. quantization of gravitation, we . transfer of force, w7. symmetry, ws.
inhomogeneity, w ¢ . conentration, w 1o. fluctuation, w11 . synergy (cooperation and competitiveness),
etc.

After defining the componentwg( 8 =1, 2, -+, S) from the S sides of the gravitational mode of a
guantum phy-sphere, we can introduce the S-dimensional gravitational mode space 2 , so we can use
the gravitational mode vector :

w=Yy/[SET]=(W,W,, -, W;[SET]) e Q (103)

to describe the interaction mode of the quantum phy-sphere. Here, ws =y 4/ [SET] (f =1, 2, -, S),
y sis a component of the interaction mode vector of quantum phy-sphere.

Let w1. strength, w. force range, ws. mass density, w 4. the inverse ratio (1 /S ?) to the square
of the gravitational distance, w . conentration, w 11 . competitiveness, then there are many types of
gravitationalmodes (sub-modes), such as:

Mode type 001: w [ 001]=(0.85~1.11, 10cm ~15cm, 108g/cm3~10°g/cm?3,1/10%~1/
102,0.70-1.00,0.85-1.00) € Q;

Mode type 002: w [ 002 ] = (0.70 ~0.85, 30 cm ~ 40 cm, 106g/cm3~107g/cm?3,1/25%~1/
252,0.85-0.85,0.85-1.00) € Q;

Mode type 003: w [ 003] = (0.70 ~0.85, 30 cm ~ 40 cm, 106g/cm3~107g/cm?3,1/25%~1/
252,0.85-0.85,0.85-1.00) € Q;

By the interaction of spin network space, distrib-configuration and gravitational mode vector, a
ultra-synergy distributed dynamics system of quantum phy-sphere can be established :

On the one hand, under the influence of a certain interaction mode vector w and each basic
component unit on the trend parameters 2 = { 11, 12, -, Ae } of the gravitational collocations range, a
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certain trend distribution and distrib-configurations z ('t ) will be formed, and the trend change of the
basic components causes the motion of = ( t ); On the other hand, the change of the distrib-
configuration will drive the action mode vector w ( t ) into a new state. For example, the pattern of
ultra-synergistic distribution may be changed by basic components for activities with a certain synthetic
trend. At the same time, the changed interaction mode w ( t ) will also react on the distrib-configuration
7w ( t). Under the simple assumptions, the gravitational collocation motion can terminate at the
stationary state { zst, Wt }. Generally speaking, however, the interaction between z (t) and w (t) can
lead to highly complex coupling motions that are endless.

So far, the motion equation for the distrib-configuration of the quantum phy-sphere still does not
contain all the complex factors of the ultra-synergy distributed dynamics. The above model only
describes the movement of complex processes (i.e. the change of group trend) caused under the action
mode vector w and the trend parameter A . Sometimes w and A can be regarded as constants or
slow-varying functions of time in discussion. The reciprocal transfer probability or drift and fluctuation
coefficients (through parameters w and A ) are slow variable functions of constant or time.

If they are constants, then the master equation or the Fokker-Planck equation can be used to prove
(for example, through the famous Boltzmann H-theorem) that all the distributions will eventually enter
the stationary distribution W ( x ). In stationary state, the motion of the sampled quantum phy-sphere is
only caused by the stationary fluctuation near the probability peak. This motion represents a "stationary
distribution™ under the condition of a stable state and interaction mode.

In general, the ultra-synergy distributed dynamical system of the quantum phy-sphere should be
composed of the interaction among the distrib-configuration x (t) € &, the action mode vector w (t) €
Q and the trend parameters A (t) ={ A1(t), 22(t), -, 2e (t) } € £ (where the trend parameters are
expressed as the elements of the E-dimensional trend space).

When we discuss their coupling through Langevin's equation, we must treat variables as

X, W(t), A()}eF ®Q® 2= .u (104)

Now, the whole space of dynamic variables includes not only the mode vector w (t) and the trend
parameter 4 ('t ), but also the distrib-conformation variable x ('t ), where the structure of motion
equations of w (t) and A (t) is discussed, and the states of quantum phy-spheres under various
conditions are reflected in the model.

All the gravitational correlators of the ultra-synergy distributed dynamical system of the quantum
phy-sphere will collectively "drive" the vectors of the interaction mode to generate motion, so that the
time derivatives of w (t) should consist of the superposition of these competitive partial derivatives:

dwﬂ: awﬁ + awﬂ 4ot % , ﬂ:1,2,"',S (105)
dt ot ) ot ), a ),

here each item represents a function. In general, it depends on the nonlinear action of mode vector w
(t), distrib-configuration x ( t ) and some control parameter 1 (t).

Similarly, the time derivative of the trend parameter 4 ( t ), which determines the formula of the
transition probability, represents the complex role of the tendency to change the interaction mode, and
is also composed of the superposition of the competitive partial derivatives:
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%:(%j +(a_ﬂ1J ++(%j , 1=1,2, - E (106)
dt at 1 at 2 8‘: r

Here, the partial derivative denotes the change of action mode vector w ('t ) caused by each trend,
which will cause the change of distrib-configuration, while the new configuration in turn drives action
mode w (t) into the next new state, and so on. So far, the random force terms have been neglected in the
formulas ( 105 ) and ( 106 ). When the random force terms are added, the formulas ( 105 ) and ( 106 )
become Langevin equations, and the statistical description of x ( t) is obtained. A multi-dimensional
periodic or quasi-periodic or even chaotic motion of & @ Q® ¥ = .« is a description of the average
time development of the interaction mode, the trend parameters and the distrib-configuration. Of course,
there are also the nonlinear coupled differential equation system of "limit cycles” or “singular
attractors”, whose solutions just show the characteristics of quasi-periodic or chaotic.

If the dynamic equation of the trend parameter is established by coupling the trend parameter with
the interaction mode, the second-order trend parameter must be introduced. If the latter is regarded as a
dynamic variable, an endless infinite coupling will be obtained; the dynamic equation of n-order linear
parameters includes ( n + 1) order trend parameters (n=1, 2, --).

For drift coefficient K; ( x ) and transfer probability W [ K, z ], we can get the equation of specific

average value 7 ;.

Neglecting the process of creation and extinction, we only consider the process described by
transition probability (such as transition probability pﬁ and piﬂp ) between trend and cluster (not limited
to physical cluster). For simplicity, the following approximate closed mean value equations are given:

dz,

L L
_}/: Ziﬂypﬁi(ﬁ:’w’//{)_ 7?7ip}/ﬂ.(77’wiﬂ“)
dt i=1 j=1

G G
+{Z7?pﬂ Py (7, W, A) =D 7, P (7, W, l)} (107)
p=1 p=1

In General, the transition probability here depends not only on the distrib-configuration 7 and
trend parameter A, but also on the interaction mode vector w.
The conserved number of the first term on the right side of equation ( 107)

G
the conserved number of the second term is 11; = Z;r i1=1,2, L.

P
p=1

However, if 7?71 change in the two effects, there only is the total
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G L

N=>> 7z, p=12,-G; i=12L

p=li=1

to be conserved.
This problem is described as follows: suppose that there are L trends and G clusters (not limited to
physical clusters) (where L >> 1, G >> 1), there are D = GL the descriptions of dynamics for the

ultra-synergy. The average value 77 i Of distrib-conformation variable { 7, } is still a complex variable

of "fine grains". Therefore, the average equation of several total variables are derived from ( 107 ).
These total variables should be functions of D distrib-conformation variables { z,i }. Although the
basic components of ultra-synergy distributed dynamics are fewer than { z,; }, we should be cautious
in studying the overall state of ultra-synergy distributed dynamics.
Assuming that the general form of the total variable is

L G
Ho=2 Y, (108)

Here, h%i( g =1, 2, -, Q) is the real coefficient, that is to say, the weighted average of proper
tendency is carried out on the basic constituent units of clusters with some tendency (not limited to
physical clusters), and the basic constituent units 77,and I7;are the special cases of the total variables.
For example, the total variables P 1 and P , represent the overall state of the "complex state” from
"consistent™ to "conflicting"” between two interacted quantum phy-spheres & in competition.

If P; represents a positive (negative) value dominated by consistency (conflict), it will obviously

tend to the weight defined by P ;. For example, positive weight h}{i > 0 classifications tend to be

hierarchical ( pi ) such as "cooperation” and "support", and negative weight hﬁik < Oclassifications tend

to be hierarchical ( fi ) such as "arbitrariness™ and "vertical communication™.
Consider how to derive the non-closed motion equation of average value ﬁq . By hi multiplying

(107) and taking the sum of y and k , we get

thﬂ}k: H th ZL‘/?M.pk’i(%,w,ﬂ)—i%}kpj’k(i,w,ﬂ)}
i1 i1

gL [ 6 G
+Zk:h;1 zlipkp(p(i,w,/l)—zliykp,ﬁ”(i,w,ﬂ)} (109)
7 L P= P=

The right side of the upper formula depends not only on H~q , but also on 7?}4- , 50 that (109) is not closed.
In order to obtain the closed equation of H~q , New assumptions and approximations must be made.

Firstly, it is assumed that the transition probabilities p; and p;” are the positive exponential expression,
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and only the linear terms of Taylor expansion for 7 and w are preserved in the exponent.

G,L ]
017w, 2) =vexp 5( )+ S A 8, ey + oz, (110)
L B m |
o (7w, ) = wexp) (7 )+ 3 4(1 8 ),wz oI mh, (111)
L B

Here, coefficients v, 5(@), ﬂ({ilﬂj), a(ﬁilm) as well as g, 5({”), l(i’plﬁj) and O'(fplm) are

trend parameters that are not further explained here.

If the total variable approximately obeys the uniformly closed sub-dynamics and the transition
probability depends only on { z,i } by the total variable, it can be taken as a self-consistent form. This
assumption requires special trend parameters

Als)=Y (k.| aht . Alr1p)=YelrIahs (112)

SO as to obtain

07 (7%, W, A) = pi[H,w, 4] = uexp{a(ii)iw(m QHy +> o {7 mhw, (113)
g=1 m i

D (7, W, ) = piyp[H,W,ﬂ]Z#eXp{fS(?p)‘Fiw(yﬂQ)Hq +io(rpl mw, (114)
g=1 m i

py.and p;” depend not only on pi[H, w, 4] and p/”[H, w, 4], but also on each ﬁpj (p=1,2,
. G;j=1,2, -, L),sothe closed equation of H~q can not be derived. However, as long as the function

of the mean value H~q (t) is used, we can be proved 7 , (t) = 7 pi[H~(t)], it can be transformed into an

approximate closed equation:

%I:|q(t)=293{25}4—(H~)pkyi(H~,W,l)—ZiE}k(H~)p?k(ﬁ,w,l)}

+Zg;‘<[z7fﬂ<(H)p(p(H w, 4) - Zﬂ%(H)pﬁ”(H Wﬂ)} (115)

7.k p=1

By substituting the formulas ( 113 ) and ( 114 ) into ( 109 ), the reduced set of the mean value H~q (t)

(g=1,2, -, Q) of the total variable can be obtained. In order to determine the function 7?pj [I:I ], the

basic method of statistical physics is used to study the catastrophe in ultra-synergistic distribution.
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Obviously, the distrib-configuration 7, ( t ) of the quantum phy-sphere should be consistent with

the known value of Hq (t), and the mean value H , (t) of the total variable at moment t should be meet

G,L -
Zhgiﬂ.pi(t):Hq(t)i q=11 2, iQ (116)
pi

Nowadays, the distrib-configuration { = , i} is a macroscopic configuration formed by many
microscopic configurations. Microstructure refers to the distribution of clusters (not only physical
clusters) in GL "boxes", ( p, i ) denotes clusters p (not only physical clusters) and trends i . The number
M ({z,i}) of micro-configurations corresponding to a macro configuration { 7, } is

M ({r,3) = 2] [ 7! (117)

Furthermore, the mean value I:Iq (t) of total variables (t) is only a slowly varying time track,

compared with the fast transfer between various micro-configurations. At this time, it can be assumed
that the instantaneous equilibrium transfer is achieved among the micro configurations at the

determined value I-~|q (t), while the magnitude order of the transfer probabilities among all the micro
configurations satisfying the constraint condition (116) is the same. Under this approximation condition,

the instantaneous mean value H ('t ) of the total variable is equal, and all kinds of microscopic

configurations have the same weight. Therefore, at a certain H~q( t ) , the probability of macro-

distribution configuration { z,i} = = is proportional to the number of realizable micro-configurations,
that is to say,
When z={r,i}and ( 116 ) are consistent,

P (7) =M () 3 M () (1182)
{7}

When z={x,i} and ( 116 ) are inconsistent,
p,(7)=0 (118b)

(H)
Here the summationz of all macroscopic distrib-configurations = = { z,;} is the same as that of

{7}
(1116 ). Under the constraint of ( 116 ), by using ( 118 ) and by definition
77pk(t):z77ﬁkp|-|(t)(”) (119)
{=}

In principle, the average value 77pi (t) can be calculated. Since the probability distribution ( 118 )
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depends on Iflq (t), the average value 7?[,‘( (t) of the distrib-configuration becomes a function of the

average value H (t) of the total variable.

In fact, it is troublesome to calculate the average value ( 119 ) by this method, but under the

constraint ( 116 ), the probability distribution ( 118 ) has an obvious or a steep maximum at{;%pi}.
Because the steepness (approximation) of the mean value ﬁﬁk of the maximum pn({ z,i}) is the same
as the maximum{r?pi}of pH{ 7,i}), we can calculate ﬁﬁk conveniently. Using Stirling's formula

In(n!) = nIn(n) —n, the following relations can be obtained

! eL
In| s—— zHIn(H)—H—Z[zpi In(7 ;) -7 4] (120)
Hﬂ'pi! P
pil
G,L
The above formula must be very large when ( 116 ) and the conditions Zﬂ' b= ITare met. Using
P

the variational principles

5{—625[% |n(7fpi)—ﬁpi]+ﬂo(eiﬂm- _HjJriﬂqri hiz,— I:Iq(t)}} =0  (121)

here woand uq (q =1, 2, --, Q) is a Lagrangian multiplier, and each z,can vary independently. We
derive by Variation

Q
when 7, =7, and ﬁpzexp[,uo+zluqhgi}
q=

Q
§7rpi{—|n(7rpi)+,uo+Z,uqhgi}:o (122)
g=1
here, Lagrange multipliers uoand u 4 are treated as functions of 77 and H-“q (t)(gq=1,2,-,Q),i.e.

#o = o (T H, (0) and 2, = 1, (T, H, (1)

Under the constraints :

G,L G,L Q
> 7, EZeXp[,uO+Z,uqh2ij=H (123a)
pii P

g=1
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G,L G,L Q ~
> hiz,=>hs exp(,u0+z,uqh;J:Hq(t) (123Db)
pi P q=1

By putting Lagrange multipliers , (I, I:Iq(t)) and g, (IT, I:Iq(t)) into ( 122 ), the most probable
distrib-configurations {7 ;} ~{r Liyas 1T and I-~|q (t) functions are obtained. By putting the function

7 (I, I:I) into formula ( 115 ), the motion equation of H~q (t) is obtained.

In order to illustrate the similarity with statistical physics, a quantity similar to the entropy
function is introduced :

G,L

$(0)= -2 [, O, (1)~ 7, (1)] (124)

pi

After differentiating the upper formulas and putting it into ( 122 ), we can get the result.

as@)  $Ldz,
dt pz dt 7)

sLdz dim & dH(t)

Q
== =2 g+ > s =y ——= 125
< dt (IUO =i luq ol J IUO dt luq dt ( )

g=1

By introducing "the dynamic potential of ultra-synergy distribution”

R A Q R
T() =S+ 1+ uH, (126)
g=1
and its equivalent formula
drt) _dy, & 5 .. 0,
—==11—+ H (t)— 127
dt dt qzi' o) dt (121)

Then ( 115) is put into the right side of (125 ) or ( 127 ), and the motion tracks of the ultra-synergistic
distributed dynamic entropy and the ultra-synergistic distributed dynamic potential are obtained.

9 Computational Example of Cluster-Inflating Configuration

Now, we can describe the process of the universe from 13.8 billion years to just one nanosecond in
a way that is as close to the arche as possible. Here, we consider the basic quantities involved in the
ultimate theory: energy, density, temperature, spatiotemporal dimension, scale, expansion rate, volume.

At the moment (t =0 ) of the Big Bang of the universe, the temperature reached its maximum:
T max >> plan temperature 1.416833 (85) x 10%K; 1< 1,=10"3cm, E > 1.2 x 108, p > density 10%
g - cm 3. From the beginning ('t = 0) of the Big Bang to 10 ~#*s (planck time) after the Big Bang: the
universe is in the super-symmetric grand unification stage. In the Planck time of one unit after the Big
Bang, the density of the universe is about one unit of Planck density:
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m, 7t c®
po =it =M

o1 mG?

~5.155x10%kg-m2.

At this time, the temperature is about the Planck temperature 1.416833 (85) x 1032 K. Planck's law
states that energy cannot continue to increase, otherwise it will produce unimaginable rays. The limit
point is about 1.416833 (85) x 1032 K, commonly known as Planck temperature.

According to current physical cosmology, this is the temperature of the first instant of the Big
Bang (the first unit Planck time):

2 5
T, =M€ A 1 416833(85) x 102K
K Gk

here, mpis Planck mass, c is the speed of light in vacuum, 7 is reduced Planck constant (also known
as Dirac constant), x is Boltzmann constant, G is gravitational constant, and the last two uncertainties
(standard deviation) are in brackets.

Before the explosion ( T < 10~ %s), the universe expanded at the square of the speed of light:

5
E, = Ep =1/% ~1.956x10°J ~1.22x10°GeV ~ 0.5433MWh

m, At, ¢°

Popry =Pp =75 =75 = 157 ~5.155x10%kg-m~°
P P

The creation period of the universe (10~ %s~ 10~38s; 0.999999 x 10~ 38s)
m=E/c*=1.2x10*J/(3x10"cm-s™)* = 0.136 x10*°kg

After the super-inflation, the scale of the universe increases by 102 times ( 102*x 10 3*cm = 10
~2cm ), the volume of the universe V y.pny = 4.222 x 10 °° cm, and the expansion is 10 7 times.

The super-inflation occurred between 10~ 3¢ sec and 10 ~32 sec after the Big Bang of the universe.
During the infaltion of the universe, the temperature dropped from 1027 K to 102 K.

As two examples, Table 1 (Li Zongcheng, 2019) gives cluster-inflating configurations in different
spin network spaces and arche-state vectors, and Table 2 (Li Zongcheng, 2019) gives cluster-inflating
configurations in different action mode vectors and spin network spaces.

When the universe is at an extremely high temperature of 1032 K ( 10 % times higher than the
temperature of our Sun), the gravity is separated from the other forces of the super-gravity. When the
universe enters t = 10 - ¥ s, T = 1.4150 x 10 ?® K, E ypny = 2.7488 x 10 % GeV, m ypny = 0,
R = 9.9999 x1078¢m, p yphy = 1.07355 x 1084kg - cm 3, V ypny = 4.18654 x 10 5! cm 3,

E

u—phy

=1.45X1018GGV><(47ZR3/47Z1’3| k)
3 3 plancl

3
—1.45x10"*GeV ><[(9.999><1o-18cm)3 / (;x1.616x10‘33cm) }
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0.52751x10™*°cm

= E><1.616><10‘33cm +(3x10%cm-s)? x10 s
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=2.7488x10%®GeV

Table 1 Cluster-inflating Configurations in Different Spin network spaces and Arche-State Vectors

spin net space

spin net space

spin net space

spin net space

spin net space

SN 01 SN 06 SN 09 SN 11 SN 13
(10 “sec) (10 *#sec) (10 36 sec) (10 3 sec) (10 *2sec)
arche-state vector | clus infl config
AS 01 (10 “sec) 1

arche-state vector
AS 03 (10 “?sec)

clus infl config

229.923 x 10
3

arche-state vector
AS 05 (10 “0sec)

clus infl config

234,799 x 10
42

clus infl config
236.890 x 10%°

arche-state vector
AS 06 (10 *sec)

clus infl config
236.954 x 104

arche-state vector
AS 07 (10 % cm)

clus infl config
236.960 x 104

arche-state vector
AS 08 (10 ¥ sec)

clus infl config
236.961 x 1048

arche-state vector
AS 09 (10 6sec)

clus infl config
236.962 x 1050

arche-state vector
AS 10 (10 >sec)

clus infl config
236.963 x 1067

clus infl config
236.963 x 107

arche-state vector
AS 11 (10 %*sec)

clus infl config
236.964 x 10%

arche-state vector
AS 12 (10 *sec)

clus infl config
236.965 x 10110

clus infl config
236.965 x 10114

arche-state vector
AS 13 (10 *?sec)

clus infl config
236.966 x 10 1%

=0.808 x10"**cm +9x107**cm ~ 9.0000000080 8x10 *cm
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R =9.00000000 0808 x10**cm +¢* x10*s

do0i:10.20944/preprints202011.0057.v1

=9.000000000808 x10 **cm+(3x10"°cm-s™)?x10™*s

=9.0000000008 08 x10~**cm +9x10**cm ~ 9.9000000008 08 x10**cm

R =9.90000000 0808 x10*cm +c* x10™*s

=9.900000000808 x10%*cm + (3x10™cm-s™)* x10™*'s

=9.9000000008 08 x10~**cm +9x10**cm ~ 9.9900000008 08 x10**cm

Table 2 Cluster-inflating Configurations in Action Mode Vector and Different Spin network spaces

action mode action mode action mode action mode action mode
vector FM 01 vector FM 06 vector FM 09 vector FM 11 vector FM 13
(10 “sec) (10 *#sec) (10 36 sec) (10 3 sec) (10 *2sec)
spin net space clus infl config
SN 01 (10 *sec) 1

spin net space
SN 03 (10 “?>sec)

clus infl config

229.923 x 10
33

spin net space
SN 05 (10 “°sec)

clus infl config

234.799 x 10
42

clus infl config
236.890 x 10%°

spin net space
SN 06 (10 *°sec)

clus infl config
236.954 x 104

spin net space
SN 07 (10 %8 cm)

clus infl config
236.960 x 104

spin net space
SN 08 (10 3" sec)

clus infl config
236.961 x 1048

spin net space
SN 09 (10 % sec)

clus infl config
236.962 x 1050

spin net space
SN 10 (10 3 sec)

clus infl config
236.963 x 1067

clus infl config
236.963 x 107

spin net space
SN 11 (10 3*sec)

clus infl config
236.964 x 10%

spin net space
SN 12 (10 3¥sec)

clus infl config
236.965 x 10110

clus infl config
236.965 x 10114

spin net space
SN 13 (10 3?sec)

clus infl config
236.966 x 10 1%
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Tble 3 (Li Zongcheng, 2019) shows the spin network space at the different times of the creation
of the universe. Table 4 (Li Zongcheng, 2019) shows the state vectors of arche-pulsator at the different
times of the creation of the universe.

R = 9.99000000 0808 x10%*cm +c¢? x10™s
=9.99000000080 8x10 *cm + (3x10"cm-s7)*x10™*s
=9.9000000008 08 x10**cm +9x10*°cm ~ 9.999000000808 x10*°cm
R =9.99900000 0808 x10"2°cm + ¢ x10™*s ~ 9.99990000 0808 x10**cm
R =9.99990000 0808 x10**cm + ¢2 x10~**s ~ 9.99999000 0808 x10¢cm
R =9.99999000 0808 x10*¥cm + ¢ x10~"s ~ 9.99999900 0808 x10™* cm

R =9.99999900 0808 x10™* cm +¢* x107* s ~ 9.99999990 0808 x10**cm
1

Pu-pny = 27488 x10°GeV x
g7r(9.9999 x10cm

1
4186.541x10%cm®

1
4186.541x10"%*cm

=4.4063x10%*J x

=4.4945x10%kg x - =1.07355 x10**kg -cm™

Table 3 Spin Network Space at Different Moment of Creation of Universe

spin quantum | spin angular spatial radius number of concentration
number momentum dimension of action net nodes ratio
S01 S 02 S03 S04 S05 S 06
spin net space 0 >10d 0.5 x1.616 x L !
SN 01 (10 *4sec) Higgs field contract 10 %3cm
spin net space 0 Higgs <10d 0.5 x 9.900000 229.923 B
- B 1.5924 x 1074
SNO03 (10 “?sec) | 2 graviton extended 4d x 10 %2cm x 103
spin net space 2 graviton hi2n <10d 0.5 x 9.999000 236.890 0.0000000149
SN 05 (10 “°sec) 1 photon photon extended 4d x 10 2cm x109% x104
spin net space 2 graviton hi2n <10d 0.5 % 9.999900 236.954 1.44209
SN 06 (10 *sec) 1 photon photon extended 4d x 10 ¥cm x 1042 x10°6
spin net space 2 graviton hi2n <10d 0.5 % 9.999990 236.960 0.88846
SN 07 (10 *#sec) 1 photon photon extended 4d x 10 8cm x 104 x 1077
spin net space 2 graviton h/i2n <10d 0.5 x 9.999999 236.961 0.67682
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SN 08 (10 % sec) 1 photon photon extended 4d x 10 Y cm x 1048 x10°8
spin net space 2 graviton hi2n <10d 0.5 x 9.999999 236.962 0.20825
SN 09 (10 % sec) 1 photon photon extended 4d x 10 6cm x 10%0 x 10710
spin net space 2 graviton o (h Y <10d 1.5x0.5%9.9999 236.963 0.12566
SN 10 (10 *®sec) | 1/2 v-quark 27 [Eaj extended 4d x 10 °cm x 1072 x 1016
spin net space 2 graviton ho, (. <10d (1.5)2x0.5x 236.964 1.159707
SN11(10 3sec) | 1/2 v-quark 2 [EUJ extended 4d | 9.999 x 10 %cm x109% x10°%
spin net space 2 graviton L (hLY <10d (15)3x0.5x 236.965 0.67546
SN 12 (10 *sec) | 1/2 v-quark 2z (EUJ extended 4d | 9.999 x 105cm x 1014 x 1046
spin net space 2 graviton C(n.YV <10d (15)4x0.5x 236.966 1.46779
SN 13 (10 *?sec) | 1/2 v-quark 2 (Eaj extended 4d | 9.999 x 10'2cm x 10135 x 1076

Table 4 State Vector of Arche-Pulsator at Different Moment of Creation of Universe

dimension Pulsation basic form Lyapunov index total concenfratlon
S frequency S8 S number ratio
S 02 S05 S 06
state vector 1.616
SV01(10 *sec) | x10 #cm ! !
state vector 1.616 3.84913 chaotic Lyapunov index 4 229.923 B
_ _ _ . 1.5924 x 10™*
SV 03 (10 “?sec) | x10 %cm x 10 *?sec pulsator undetermined x 103
state vector 1.616 7.29824 chaotic Lyapunov index A 236.890 | 0.0000000149
SV 05 (10 “°sec) | x10 %cm x 10 “0sec pulsator undetermined x103% x104
state vector 1.616 4.28722 chaotic Lyapunov index A 236.954 1.44209
SV 06 (10 *¥sec) | x10 cm x 10 *%sec pulsator undetermined x 1042 x10°6
state vector 1.616 2.48927 chaotic Lyapunov index A 236.960 0.88846
SV 07 (10 ®sec) | x10 =cm x 10 38sec pulsator undetermined x 104 x10°7
state vector 1.616 8.28392 chaotic Lyapunov index A 236.961 0.67682
SV 08 (10 ¥sec) | x10 %cm x 10 ¥ sec pulsator undetermined x 104 x10°8
state vector 1.616 4.37710 chaotic Lyapunov index A 236.962 0.20825
SV 09 (10 %sec) | x10 *cm x 10 6sec pulsator undetermined x 1050 x 10710
state vector 1.616 5.43371 quasi-sph Lyapunov index A 236.963 0.12566
SV 10 (10 ®sec) | x10 3cm | x 10 Hsec pulsator undetermined x 1072 x 10716
state vector 1.616 6.79272 quasi-sph Lyapunov index 4 236.964 1.159707
SV 11 (10 *#sec) | x10 ¥cm | x 10 **sec pulsator undetermined x 109 x10°%
state vector 1.616 5.39116 quasi-sph Lyapunov index A 236.965 0.67546
SV12(10 #¥sec) | x10 ¥cm | x10 Bsec pulsator undetermined x 1014 x 10746
state vector 1.616 6.20811 quasi-sph Lyapunov index 4 236.966 1.46779
SV 13 (10 *#sec) | x10 3cm x 10 %2sec pulsator undetermined x 10135 x 10 6t
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4

u-phy — E

4

Y/ R = §><3.14>< (9.9999x10"®cm)® = 4.186541x10 >'cm®

When the universe was at t = 10~ %s, the temperature T = 1.22 x 1022 K of the universe, the
energy E yphy = 1.042603 x 1072 GeV of the universe, Mypny =0, R =9.9999 x107*°cm, ZJE pypny =
4.071902 x 108%kg - cm 3, the volume V ypny = 4.18654 x 10~ 4 cmd of the universe

E, .., =0.55x10"GeV x(4zzR3/47zr3, k)
3 3 planc

u—phy
1 3
=0.55x10"GeV x[(9.9999x10‘16cm)3 / (2x1.616x10-33cm] }

999.97 x10™®cm

——— =1.042603x10"GeV
0.52751x10 *cm

=0.55x10"%GeV x

R ~ 9.9999990008 08 x10 " cm + (3x10"cm-s7)*x10 *s

=9.9999990008 08 x10~*"cm +9x10~**cm ~ 9.9999999008 08 x10**cm

1
4

Pu_ony =1.042603 x10"*GeV x
u—phy
3 7(9.9999 x10*cm

1
4186.541x10*cm®

1
4186.541x10*cm

=1.67129x10*J x

=1.70472x10%°kg x - =4.071902 x10%kg -cm™

4

Y/ 4R = §X3'14X (9.9999x10"°cm)® = 4.18654x10 *°cm®

u-phy — §

10 Operator Distribution Function of Interaction Mode

What we have obtained above is the equation of motion describing quantum gravi-operators
(mode vectors or density matrices). Unless the system itself has only finite mechanical states (operators
correspond to finite dimensional matrices), it will be very difficult to obtain quantum effects directly
and correctly (for example, considering the vibration of zeros, the non-commutative properties of
operators, etc.). Next, we will establish a Fokker-Planck equation which can be transformed from the
operator equation to the C-number function (operator distribution function), so that we can solve many
problems by using the traditional method of solving partial differential equations.

In the interaction system S, a complete set a1, a2, -, an of operators which obeys certain
commutative or anti-commutative relations is chosen. For example, for a commutative quantum
gravi-system, a and a T are corresponding annihilation and generation operators respectively, [a,a ] =
1,thena;=a,az=a’. Any operator Q of S can be expanded by { a;} and its product. Because it is
not commutative, we have to arrange a sequence (for example, the order is a1, a2, -, an) of { ai}
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products beforehand, which is called N order. So, the expansion of Q is

Q=2 ay(n,r, - ry)afay --ay (128)
{r}
here Z:ZZZ . Introducing C-Number Function
{r} non 'n
Qulay, o o) = D Ay (5, 1y 1 Jaray - ay) (129)
{r}

a1, az, -, anis N independent variables, then we establish a one-to-one correspondence between the
ordering operator function Q and the C number function Q n. We can use Q nto express Q :

Q:IdaQN(a)5(a1_a1)5(a2_az)"'g(aN_aN) (130)

hereda=d a1 dan. Informula ( 130 ), special attention should be paid to the order of ¢ functions.
If a; isaHermitian operator and « ; is a real variable, the operator's ¢ function can be expressed as

1 = ib (@ —a,
oo —ai):z.[n dbe ) (131)
If ai is not Hermitian, then o is a complex variable and there is
1 ¢~ —ib* (e —a*) —ib: (cr: —a
o (ai—ai) Sy —a)=—5 [ dpe e (132)
72' o0

hered?bi=dRe (bi) dIm (bj); formula ( 132) is the integral of the whole complex plane of b.
If the density matrix of the interaction system Sis ps(t), then there is

TrQp, (t) = [ daQy (@)Tryd (e, —a,)S (e, —a,)-+S(ay —ay ) ps (1)

= [daQy (@)P(a,t) (133)
here
P(a,t) =Trs6(a, —a,)0(a, —8,) -+ 5y —ay) ps (1)

is called the distribution function of density matrix ps( t), or operator distribution function for short.
Obviously, if P (e, t) is obtained, we can also get the average value of all mechanical quantities, thus
we can know the complete dynamic behavior of the system. The operator distribution function is
equivalent to the density matrix or a complete set of operators (Heisenberg image) to describe the
motion of the system.

In relativistic quantum mechanics and subsequent quantum field theory, the idea of "ensemble”
has been included®1i1021041 - This shows that ensemble interpretation of quantum mechanics has a
broader application than the Copenhagen interpretation of quantum mechanics. In recent years, the
quantum mechanics of dissipative systems has made some progressPHio4-108] ~where one of the
important methods ( Feynman and Vernon, Leggett ) is to represent the environment with a large
number of harmonic oscillator groups, and the harmonic oscillator with the system interact each other;
the path integral of system-environment is written, and the environment coordinate is integrated, in
order to obtain the effective theory of dissipative effect of system under the action of environment.

For the high-energy cosmic ray, astrophysics circles in the discovery of the positron at the same
time, also found the electromagnetic cascade shower, which is the process produces of a large number
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of positive and negative secondary electrons and photons from a high-energy electron or photon in the
air or other material, after repeated electromagnetic action. Afterwards the phenomenon of extensive air
shower is discorerd, it is the nuclear cascade process for the hadron of cosmic ray with the energy
higher than 10'*eV in interaction with the nucleus at the top of atmosphere to produce a large number
of secondary hadron which continue to act. In this process, 2 y photon from the decaying of z° meson,
then quickly form electromagnetic cascade shower. The secondary cosmic rays near the sea level can be
divided into two components: hard and soft. The soft component is almost all absorbed after 10 cm of
lead, which is mainly electrons and y photons; the hard component can penetrate the very thick material
layer, which is mainly the muon. The = meson, K meson, 49 2*° and =~ hyperon, etc. have been
found in cosmic rays. The nuclear effect of cosmic rays in the chamber and nuclear emulsion also gives
good results, the phenomenon of injection has been found.
The Fourier transform of operator distribution function is often used:

G(n,t) = Idaei(a1’71+az'72+"'+amf7w)p(a,t) =Trsei771alei’lzaz -GN s (t) (134)
Since G is the average value of the operatorHei”'a' , we call it a generating function (in probability
i

theory, it is called a characteristic function). Similarly, the inverse Fourier transform of Qn( a ) is

introduced:
~ 1) .
Qu(m) = (—} J‘dae'(“l”““z”z*”'*““”’“ )QN () (135)
27
then
TrQp, (t) = [ dnQy ()G (1,1) (136)
Q — J‘dnéN (n)ei’haleiﬂzaz .. 'ei”NaN ( 137 )

We can see that if P ( «, t) is regarded as the classical probability, the average value of the
ordering operator is calculated as the classical average value; { a.i } can also be formally understood as
the value of { a; }. After introducing the generating function, the moments of a can be written as

al’1+l’2+-~~+rN

Tra*a?...a™ = G 't — daarlarz---a'NPa,t
n N o(in) " o(in,)? ---o(in )™ (7 ){m=0} I 1 &2 N P(at)

(138)
Obviously, P («, t) is related to the order of selected operators, and it is not possible to restore ps
(t) directly from P . If we expand the ps(t) in the same order :

ps®)=> p(r)atay --ay
{r}

= Idaps,N (. )6(a, —2,)6(a, —a,) -5y —ay) (139)

here

Psn (e, t) =D p(Nagiay --ay
{n}
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then
P(a,t) = [dBps  (BHK (B, @) (140)

here
K(B,a) =TH{o(B,~2)5(B, —a,)--5(By —ay) x5(e, — )5 (e, —a,)-+ 5y, —ay )}

The elimination and generation operators a and a  of the interaction system satisfy the
commutative relationship: [a, a T] =1 . Any mechanical quantity can be written as a function of a and
a’ :f(a, af). There should be two kinds of operator arrangement order: one is the normal order, a
is on the left of a and is recorded as N; the other is the anomalous order, a is on the left of a Tand is
recorded as A. Two sequential expressions of f can be written by using the exchange relation :

f(a,af)=fn(a,a’)=fa(a,af)
and

f = [d?of ,(a)d(a-a)o (a—at) = [d*Bi (B (p—a") o (s —a)

here fa( @) and fn( f) are C-number functions (It can be abbreviated as inverse order C-number
function and positive order C-number function respectively) corresponding respectively to the inverse
order operator function fa(a, a *) and the positive order operator function fy(a, a ™).
The energy eigenvalue representation can be used to discuss the harmonic pulsator :
afaln>=n|n> n=0,1,2 ;
When discussing the coherence of light fields, it is more convenient to introduce coherent states: a | a >
= a | a>, and o takes the complex number.

Ifyoutake|a>:ZCn|n>, <a :Z<n|C:> and <a|a > =1, it's easy to get
n n

1 2 n
- o
C =e?2 —.

n \/ﬁ
2
We note|< n|a >*=e ™" |a|* /n!, which is that the number of photons in coherent states satisfies

2
Poisson distribution. There is no orthogonality |< 8 |c >?=e* " 0 between coherent states.

_¢d’a
However, all coherent states form a complete group and there |sJ‘ la><al| =1.
In essence, they are a super-complete group. For regular ordering,
f(a,at)= Z fy(r,r)afmar
1)
SO
<a|fla>= Z fy(n,n)aa?=f (a)at™am (141)

n,rn

Considering[a,a ] =1, fn(a) can also be written as

63


https://doi.org/10.20944/preprints202011.0057.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 November 2020 d0i:10.20944/preprints202011.0057.v1

fN(a)=f(a+i*,a*j~l (142)
oa

Likewise, there should be

2

f :J‘dﬂa

la><al| f(a), fA(a)=f(a,a*—ij-1 (143)
o

11 Motion Equation of ODF of Interaction Mode

Time Partial Derivatives for Operator Distribution Function (ODF) P ( «, t) is taken as follows
0 0
2 P(a,t) =Tro(ey —a,)0(a, —a,) -0 (ay —ay )E'OS
The invariance of array rotation is used, then there is

% P(a,t) = TrlIL S (e —a)5(a, —a,)- (et —ay )]
_ZWI:ror[é‘(al —61)5(0(2 _az)"'é‘(aN _aN)’Qk]ijS

* Z WJTkTrQJ' [6(cy —2,)6(a, —8,) -6 (ay —ay),Qc]ps

0
a—
oa;

here Qxand Q jare functions of operator a . The representation 5(¢; —a,) =€ o(ex;) of translation

group is used, then
o P(a,t)=Tr L'(i aj5(a) (144)
A

here
0 L N L2
Lr(a,aj=iLse oa _ij*k[e *,QIQ, +ZW|<]QJ—[9 Q]
ik i

F) 0 Gl 0
o o toag Coap . n Noay
e a=e 1 e 2 ... e N

d(a)=0()d(ay) -5 (ay)

. . ’ ! a
If the operators in L"are arranged in the selected order (N) : L' =L (6_ , aj , then
a

% P(a,t) =Trps (t)Ly (% ’ aj5 (@)
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=Trp (t) j daL;, (% : ﬁ)% (B-a)d(a)

T, (0] 44T, (ai ﬁja‘N (B-a)5(a— )

1
(24

=Trp, ()L, (% , ajé‘N (x—2a) (145)

here

oy(@-a)=06(a,—a,)0(a; —a,) -0 (ay —ay)

— (0 f%_,j_
ST

In ( 145), the operator a is no longer included, so it can be moved out of the trace to obtain the
equation of motion satisfied by P (a, t) :

0 —( 0
aP(a,t)=LN[%,ajP(a,t) (146)

It is noted that formula ( 146 ) contains all quantum effects, which are equivalent to Master equation
satisfied by ps. In many cases, derivatives higher than quadratic are either nonexistent or very small,
formula (146 ) is reduced to the Fokker-Planck equation:

B 8 6’
TP, ) x-S L (A (@)P)+> —2 (D, ()P
o (a,t) Ej aO[J_( (@) )+§j’k aajaak( i (@)P) (147)

In the specific derivation, it is more complicated to get L'y from L’ . Taking the two-level system
as an example, the specific calculation steps are explained. Taking

01 0 0 1 0
a0 =0 o] @Do= | &o= )

then the Hamiltonian of the system is
Hg = %as , IS the energy of the system,
and the distribution function of density matrix ps(t) is
P, s 113, 0) =Trps )6 (1, —0,)6 (1 —0.)6 (115 — 75)

If the heat reservoir is only coupled with 63: Hss = B3so3, then (144 ) is written
0 0
—P(u,t) =Trp,L'| —,0 [0
p () =Trpg (8,11 ] (1)

here
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w=,p 1), o=(0,,0.,0,)

0 0 0

L'(ai , aJ —ile ¥ —wile *,05lo, +Whole *,0,]
u

W,y = 71T1 B0 (Lg ) By pgy = —Wig

Let's look at the free term first :

. °5, €&. g
iLse “”=E|[03,e %

0 0 0 0 0 0
v 2 e

- e o o Ein om “ou *ou
:E|[a3,e e *e 3+Ele ‘o, P]e

from[o3,0+]=20+and[03,0-]= —20-, we obtain
e’ +0,6" =0, t20,a, € -0, =0,T20. (148)
therefore
0 0 0 0 0
i -0—— i 0 -oc— . oo 0 —0_— —03——
iLe *=-do,—e %+de %o —e He %
H, H

or

iLee " (u) =ic dﬂ(ﬂ b %}5 (B=0)5(u~p)

(0 0
el — - |6 (-
( o 7 o, ﬂ+J v(u—o)

Look at the relaxation term again. As Wg, = —Was, SO

0 0 0
o o= —o=
y

73 - 3 3
—Wyle %, o5]o; +Wosle 03] =-wg[e ¥, 0,0,]=0
Thus, we obtain the Fokker-Planck equation without diffusion term :

0 . [ O 0
ap(ﬂ,t)_lg(aﬂ_aﬂ+jp(ﬂ't) (149)

- +

Further, we can use the above ordering method to transform the motion equation of mechanical
guantities in Heisenberg image into the equation of C-number, mechanical quantities can be written as

Q=[Qu(@), (a-a)da

Thus, the time derivative of the mean value of mechanical quantity Q can be written as
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£ <Q> =Trp, (050
=w%wummu%xmﬁu%—a)
_Zw;k[b‘N (at _at)’Qj]Qk _ZWLZij[éN (at _at)1Qj]}

[ 0
=Trps (O)IdO‘QN (o)L (a , atJé‘N (o, —a,)
t
here both ¢+ and a: change with time. If the highest derivative in L' is the second order :
=—Z—A (a)+Z D,k (a)

then after the integral is divided into parts, we obtain
d
4 <QO> =Tro(0) [das, (a-a)

2

{ZAwre+qun %uao

J

=Trp, (0) [ dady (@ _a)EQ“ (1)

so there should be

—QN(a t) = —ZA(a) QN+Z D, (@) ———Q, (150)

oa 8
That's what we want. taking Q = ax, Qn=a: (1), then formula ( 150 ) gives
a0 -A@ (151)
Similarly, letQ =ajak(k>j), Qn=aj(t) ak (t), then there should be
%“i O (V) =a;(OA (@) + o (1) Aj(@) + 2D (a) (152)

Because the physical image is more intuitive, formula ( 150 ) can be used as a starting point for
analyzing how to adopt appropriate approximation, and then converted into the equation of operator
distribution function and solved concretely.

12 Tachyon of Upheaval in Super-Inflating Universe

The inflation-with-tachyon model was first established in references [18]-[19]. After that, many
researchers analyzed and discussed the model in detail, such as references [20]-[24], [91], [107]-[109].
The tachyon model considered below is a model called the model of inflation with assisted tachyon, see
reference [90]. This model solves some difficult problems in the tachyon model of single scalar field,
for example, how to realize the inflation of the universe within the effective parameter range of
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guantum field theory. The origin of the problem is shown in reference [4]. In addition, it is pointed out
in reference [110] that these problems can also be solved by introducing non-minimum coupling.

The following Laplacian can be used to describe n Tachyon fields that do not interact with each
other:

p((oi’xi):_iv((oi)\/l_ZIszxi ' (153)

When the parameter n is large enough, for example, n > 107 9 the four-dimensional quantum
field theory is effective, and the Friedmann equation can then be written as:

" V(p) -~ Vi) n
H2: i — 1 z_V( i)' (154)
§3\/1—2|52Xi CENEDOE

The motion equation of the inflationary field is given by the following formula:

V 2 -2
co+3H¢.(1—|s<o.)+\T”"2(1—ls¢i)=0- (155)

S
In addition, we can get:

H=_ S 19N (o) 2"31

. Cl=1-129* ~1-1 (156)
7 21127 3n
Then, the slow roll parameters can be calculated:
2 2
n Vv Vv
gl:§ |52¢,|2 ; i zz; U (157)
2 i=1 2| nv(¢|) 2|s nv(¢|) \
2V,
gy v —————% 1 6g +0(g?), (158)
120V (p) V
¢ G2 é £,& 1 Y
S S . Hp V. TR A | O [ ) 159
cH 2¢’H  3nc’H 3n ( 3n lj (") (159)
Considering a power-law potential energy functionV (¢,) = a@" , we can get:
2
glz > m 2z m , gzzm i Cszl_ﬂ, (160)
A0V ()T 2(m+2)N IInV(p)p! N 3n
where N is the e-folding number, which is defined as follows:
sze"" Hdt ~—[" 3H2I2V ,
t @ Y/
Pi
2 end 2 2 2
NG g Ikna oo 1INV (@)e, . (161)

m o Tmm+2)" T mm+2)
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Finally, the spectral indices of scalar and tensor perturbations are obtained

2m+2 4 m 4
n—l=——""°% 473 n=- 4o (162)
(m+2)N 3 (m+2)N 3
and the tensor-scale ratio
po_SM ;. m < LU (163)
(m+2)N 6n(m+2)N (m+2)N

It is worth noting that when n > 107 and the parameter m is a positive number, the sound velocity cs
will be very close to 1, so that the obtained disturbance spectrum will not have a large non-Gaussianity.

According to the model of the universe with rip-rebound-inflation established in this series,
photons are generally in a very strong excitation state in the cosmic inflation with the big rip-rebound
cluster. This extraordinary photon system can be regarded as a process far from equilibrium, chaotic
and catastrophic. The nonlinear medium of the early universe can rapidly change its oscillation
behavior.

For the universe in the big impetus with rip-rebound-inflation, we consider that the arche-pulsator
transits from the ground state g to the excited state w (energy band), then relaxes quickly to the
metastable state (long-lived excited state) e, further transits to the low-energy state g', and finally
returns to the ground state g quickly through the stimulated radiation and spontaneous radiation. Here,
the energy interval between g’and g iISAE> ks T.

The number rate equation of the ultra-syncergistic photon in the early universe

We consider a rapidly expanding region of the universe in the big impetus with rip-rebound-
inflation . The number of photons in this region is N , the difference between the occupancy numbers of
two energy levels e and g’ is n = Ne— Ng . When the spontaneous emission is neglected, the rate
equation can be written directly.

d d
—N=-nN+RNN, —n=-n7,n—RnN+E 164
at e at n (164)

here ne ' is the lifetime of photons in a certain region, 7 a is the rate at which quasi-spherical pulsators
relax from energy state e to other energy states in a non-radiative way, where there are 7a>> ¢, R is
the radiation coefficient of super excitation, E is the intensity of super excitation source. The steady
state solution of ( 164 ) is

{(E—Es)lne, E>E, =nn,/R
N, =

0, E <E,
nIR, E>E,

Ny = (165)
Eln, E<E,

E sis the threshold of ultra-synergistic photons in the early universe. E < E, then No= 0, that is, there
is no ultra-synergistic photon. When E > Es, near the steady state, small perturbations 6 N = N—N ¢
andon=n—ny satisfy the following system of linear equations:
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%5N=EAE5n, d£6n=—EE5n—7766N (166)

e t e
here AE=E—Es. let oN,dn ~e™, we can obtain the eigenvalue equation

/12+E}L+RAE=O (167)

e
If the result is very close to the threshold, A E/ E <<#a/ 5, there are
Al ~-RE/In,~-n,, A, =—nAE/E. (168)

All perturbations decay exponentially, so the steady state is always stable. E— E s, then 1, — 0, that is,
the fluctuation (at least one disturbance mode) attenuates more and more slowly. This is a characteristic
of critical slowing down, i.e., critical slowing down.

If na>> 5 ¢, the adiabatic approximation is taken to the quasi-spherical pulsator, we will obtain :

on= _U_fm .
RE

Based on the instability, bifurcation and chaotic behavior revealed by existing theories and
experiments for devices with two-level atoms in a non-linear medium, a simulation experiment based
on the signal nonlinear oscillation circuit was designed, the hypothesis of bifurcate-chaos quantum
wave was set, and the nonlinear superposition of quantum coherent states was discussed, and the
analysis and calculation on the example of frequency and wavelength of the multi-level of
bifurcate-chaos waves as the main component are given. Using the distribution of Wigner-Ville (WVD)
as the nonlinear time-frequency distribution, we put forth the full-view Wigner distribution between
classical wave function and quantum wave function, so as to put forth the quantum-classical equation
of joint-varying dynamics for the spatiotemporal complexity, and then establish the quantum-classical
equation of joint-varying electrodynamics for the spatiotemporal complexity.

This study involves the non-linear non-equilibrium action and process of micro-particles, and
relates to the various evolution states (multi-stage multiple generation processes) of micro-particles,
such as ordered state, coherent state, quasi-Bose condensation state, dissipative structure state, chaotic
state, etc.-131 . The problem to be considered in this paper is how to combine the classical phase
point with the coherent state wave packet of quantum, link the energy surface where the phase point
moves with the energy region occupied by the coherent state, so as to study the evolution of a
composite particle in the non-linear and non-equilibrium condition from the primary particle described
by quantum mechanics into the multi-particle system described by classical mechanics. The further
problem to be considered is how to link the matter wave described by quantum mechanics with the
matter wave packet and its fluctuation described by classical mechanics, so as to study the complex
evolution behavior of a composite particle under non-equilibrium conditions and in non-linear
interactions.

Considering that there is a random fluctuation source ¢ (t) in the ultra-synergistic light field, then

70


https://doi.org/10.20944/preprints202011.0057.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 November 2020 d0i:10.20944/preprints202011.0057.v1

d AE
— N =-7,— N +g(t 169
o (= (1) (169)

Leto N (t=0) =0, then the solution of formula (169 ) is
t _AE t-t')
N(t) = jo dt'e £ 4(t).

Because < ¢ (t) > =0, there should be < N (t) > =0.

76 (

If the correlation function of @(t) is white spectrum : < ¢(t)@(t') > = CS(t —t"), the fluctuation

(quadratic moment) is

CE (1_ef%ﬂet) _CE_ 1
AE e " on, AE 252N,

<5I\12(t)>=2 (170)

e

When E approximates E s (the output of ultra-synergistic light tends to zero), then the fluctuation

J< &N? > becomes larger and larger. This phenomenon of fluctuation divergence is critical fluctuation,

which is the same as that of continuous phase transition at the phase change point. In fact, it is due to
the disappearance of resilience ( the first term on the right of formula ( 169 ) approximates zero ) or the
appearance of soft modes.

As a random variable, the photon number N of super-synergy with its distribution function f ( N )
in the early universe satisfies the Fokker-Planck equation :

1 ¢

0 0
af(N,t)——a—N[Kl(N)f]Jraw(Kzf) (171)

K1 ( N) is the friction force in Langevin equation, K2 is the correlation strength of fluctuation force. If

we take the adiabatic approximation for n, we get K;(N) = —a%v (N), here

V(N)=—EN +%776N2 +’7—F;E In;7, + RN),
K 2= C . The steady-state solution of the Fokker-Planck equation (171) is
f,(N)=x"exp[-2V (N)/C] (172)

x is the normalization factor. When E > Es, No= A E / 5 is the minimum of the equivalent potential V
(N). In the vicinity of Ng, N=Ng+ d N, there is
d\l 2
N=Ng '
This is the Gauss distribution.

The number rate equation qualitatively describes the change behavior of the output intensity of
ultra-synergistic photons, but the coherence of ultra-synergistic photons is not taken into account.

. 2 1 6%V
fy(N) =& exp{—gvmo)—— ¢

C ON?

13 On Bifurcate-Chaotic Volatility of Quantum System
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Dissipative quantum systems and their irreversible processes form new problems of complexity to
existing quantum mechanics™4-161 . The quantum hypothesis as the basis of the existing quantum
mechanics is confined to the thermal equilibrium condition in the beginning, so to make quantum
mechanics into incongruity with non-equilibrium statistical theory and nonlinear dynamics. For the
particle with complex evolution behavior, it is necessary to again explore some of the basic concepts of
guantum mechanics. In the Langevin equation for the interaction of light and atoms, the effects of
various random forces (optical noises) are included, so that only the observed quantities are used in
getting statistical average to random forces, it can be combined with the experimental values**®Il17]
Optical chaos is another case, here there is no need to add the influence of random force to the Kinetic
equation. The study of optical bifurcation and chaos is a new stage in the development of nonlinear
optics.

In this series, the author proposes that nonlinear oscillation experiments based on RLC circuits
(Kraus J, Schafer K, Kulander K. Phys. Rev Lett, 1992, 68: 766) should be used to simulate the
complex behavior and processes of particles. In the further research on the complex quantum behavior
of microscopic particles, we can introduce nonlinear oscillation circuits into particle accelerators or
electron guns. The studies of nonlinear oscillations have shown that a non- autonomous 2-order circuit
should become chaotic, while an autonomous 1-order circuit. can not be chaotic, because it can only be
transformed into an equivalent 2-order autonomous system.

By all kinds of nonlinear oscillation circuit experimental results, we can conclude that with the
increase of the bifurcate stage number n, the nonlinear oscillation signal is in the increase (z (n) 1) of
its wavelength by z ( n ) times of period and the decrease (v /z (n)) of its frequency by z (n) times of
period; in the n-th stage of bifurcation, the nonlinear oscillation signal is formed in the superposition of
z ( n) branch signals; if the sampling divide-frequency is 1 / z ( n ) 4, and the divide-frequency of
signals is higherthan 1 /[ z (n + 1) 4 ] H z, then there is the lower divide- frequency appeared in
divide-frequency analyses (Kraus J, Schafer K, Kulander K. Phys. Rev Lett, 1992, 68 : 766), where z
('n) is the numerical functions associated with the bifurcate stage number n.

Take the sinusoidal signalsin g, 277(v/2")t in the n-th stage of bifurcation as example, there

should be the following property :

2ﬂ

Sin g,y 27 (v /2"t = Zsin[ni] 27(v 12"t =2"sin,, 27z (v /2")t (173)
i=1

where z (n) =2", subcript ([n]) expresses the n-th stage of bifurcation.

For the N-th stage of bifurcation-chaotic signals in nonlinear circuits, the periodic time-domain
function x ( t ) can be expanded into a period-doubling time-domain function x ¢y ( t ), which is
expressed as the sum of the corresponding trigonometric series. For example, here are the following
expressions:

Xy (1) = A, +i Zn:z(n)[A11n cosm, (e, /2")t+2"B,, sinm, (e, /2")t] (174)

n=0 m,=M,_;

wheren=1,2,,N; Mny=oo.
Based on the above theoretical explanation and simulation experimental analysis, we put forth the
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following hypotheses:

1. Any particle consisting of fundamental particles in open conditions should be viewed as a
Poincare system, and any particle as an unstable Poincare system in open conditions can be regarded as
a nonlinear and non equilibrium system with self organization.

2. The material particles and photons in nonlinear actions should have the N states of bifurcate-
chaotic volatility with its divide-frequency as v/ z (n) and wavelengthasz(n)A(z(n)) (nisthe
number of the branches of the n-th stage of bifurcation), and the material particles and photons should
evolve in the bifurcate-chaotic wave under the thermal condition of non equilibrium. In particular,
when n — oo, the physical particles have tge bifurcate-chaotic volatility as photons do; when n = 0, the
particles have the de Broglie volatility as photons do.

3. The particle at the g-th branch of the n-th state should have the wave with its divide- frequency
asv/z(n);the particle in the n-th state should have z ( n) branch waves; the particle in the N stage of

N
bifurcation should have Z z(n) bifurcate-chaos waves.
n=1
4. The above bifurcate-chaos volatility of the microscopic particles should be attributed to the
volatility of the quantum nodes in multilayer and multiple branchs, and then can be described with the
joint-varying physical quantities of the quantum nodes in the full-view space.
The basic corollary is as follows:
In general, for any complex particle under non-equilibrium conditions and nonlinear actions, the
frequency and wavelength of the n-th bifurcate waves should be

1 1
Vi = V[W m(L+n)], Aty = MW z(n)p, (1+n)] (175)

where J is Feigenbaum constant; #  is the proportion of un-bifurcated period [ to, t1] in a specific
period [ to, t ] of evolution, and 0 <7< 1; 1is the proportion of the 1st stage bifurcated period [ t1, t
2]in[to, t]. The superimposed frequency and the superimposed wavelength of the n-th stage bifurcate

wave shall be
1 1
Vi) = V[W m (1+ n)] ; /1([n]) = A[W i (l+ n)] (176)
The frequency and wavelength of N stage bifurcate wave should be
Vi —v[no+Z — o md+n)l, (177)
Ay = A, +Z (), (@+n). (178)

For simplicity, sometimes v¢ny and 4 ¢y can be denoted respectively asv;and 4 ;, where 7 ; is
N1
17, =770+25n_1771(1+n)' (179)
n=1

In the A-th case, by the above basic hypotheses as well as the momentum-energy relationp=E /¢
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of the special relativity theory and Planck’s energy relation E = 4 v, it can be determined that the N
stage bifurcate-chaos chaotic particle and its bifurcate-chaotic wave should satisfy the relations:

1 1
Eqy =h-vpy =7 a)[no +Z _1771} Py = hR, T Tk - (180)
{N}

where the numerical value of wave vector k ;n; and wavelength 4 gy in N stage bifurcaton should be

k{N}—Zﬂ/ﬂ(wZ mlj Ny = [wz mlJ (181)

In the B-th case, by the above basic hypotheses as well as the momentum-energy relationp=E /¢
of the special relativity theory and Planck’s energy relation E = 4 v, it can be determined that the N
stage bifurcate-chaos particle and its bifurcate-chaotic wave should satisfy the following relations:

N 1 1
E{N} :h.v{N} :h'w(ﬂ0+ZFﬂl(l+ n)) P{N} :hpo'T:hk{N} (182)
"=t N}

where the numerical value of wave vector k ;ny and wavelength 1 gy in N stage bifurcaton should be

k{N}—Zﬂ//’L[nO+Z nl;71(1+n)j {N}—ﬂ{ﬂo+z nl771(1+n)j (183)

14 Quantum Theory of Early Photons in Upheaval

According to the model of the universe with rip-rebound-inflation set up in this series, the photon
are in a upheaval under the ultra-synergy of the inflation universe, the fluctuation of phase leads to the
slow drift of average phase (fluctuation dissipation theorem), and makes the spectral line have a certain
width. When the energy spectrum of photon field maintains the form of Planck distribution, the
relevant temperature parameter T, is inversely proportional to the cosmic scale factor R (t), i.e.

A R
T.()= =T, | —
RO "[RE)
Therefore, it is necessary to establish the reciprocal quantum theory to discuss the spectral line
width or phase drift of photons in the early cosmic upheavals. In addition, for the changes of photon

statistical properties in the early cosmic upheavals, only the reciprocal quantum theory can be set up for
further discussion. Below the threshold, the photon distribution in upheaval with ultra-synergy is

Gauss-type: Py (a) ~ gl " M is average photon number. Above the threshold, the ultra-synergistic

field is basically in the coherent state, and the statistics of ultra-synergistic photons obey Poisson
distribution. How to determine the number of ultra-synergistic photons near the threshold from Gauss
type to Poisson typer, and how to change the distribution of rapidly changing photons in various
ultra-synergistic multiphoton processes, are the issues we will further explore in the future.

Consider a composite system consisting of a quantum cosmic medium and an early photon field
participating in ultra-synergy :
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H, :%2031. , H =w,a’a, H, = gZ(aaﬂ- +afo )
] ]

here a is the extinction operator of ultra-synergistic photons. The ultra-synergistic photon resonates
with the quantum cosmic medium (the energy is wo). o+and o3 are Pauli matrices. The sum of j is
found in all ultra-synergistic media. The whole photon system in upheaval is in contact with the
guantum universe as a heat reservoir, the corresponding general Master is

0

apTOL —i(Ly + Ly) Proc (184)

here L, =L, +L,—16,—i6., s is the relaxation operator of ultra-synergistic medium and & is the

relaxation operator of ultra-synergistic photon field. If we neglect the temperature effect (I = 0 ) of the
guantum universe as a heat reservoir, then

erpr :_K{[a!pra% ]+[apr1aT]}

It can be inferred that the relaxation time of ultra-synergistic medium is much shorter than that of
ultra-synergistic photon field: || 9s|| >> || &« ||.

Corresponding to the gradual approximation in semi-classical theory, we can introduce projection
operators:

Ppro = SeTlProL = Sop; (185)
1 L o _
here S, = HSOJ' , Soj = §(1+ dy03;) , The excitation intensity is marked by do. If Q =1 —P, then
i

< P O=(iL=0,-9)p, ) (186)

here

¢= j: deTr, L, e %L S, =—iTr,L L s (187)

s —sr QLQ—I&' sr~0 o

Compared with the semi-classical theory, it can be seen that at the threshold, 6 should be offset
with the lowest order (proportional to g2 term) of ¢ , so it is necessary to expand ¢ for g ( the coupling
constant in L ) to the fourth order (the third order term is eliminated in formula ( 187) to s tracing):

1 1 1 1 1 1 1
L

QLQ  QLQ QLQ *QLQ " QLQ " QLQ ™~ QLQ

that is
¢= —i{Trs L, i LerO +TrL, i L, % L, i LerO} (188)

In order to solve the solution of ( 186 ) concretely, the operator distribution function is introduced :
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P(a,t)=Tr.p, (t)o(a” —aT)d(a —a)

In the ultra-synergy, @ ="', at=Db"e'" soformula (186 ) can be written as

0
P P(a,t) =Tr{(=6, —¢) o, (}(e\dy () (189)
pv o N
here e, =€ %a"g %« the contribution of therm @ in formula ( 189 ) is given
(QPJ =K(ia+i*a*]P(a,t) (190)
ot ) oo oo

In calculating term ¢ , since we adopt resonance interaction (i.e. o+jb, o-jbT), thereis [Hs+ H,, H

«]1=0,50 Lo only needs to be taken (—id, —i6,)™" = (~i6,)™. Itis not difficult to get:
o, 101 = 77110-1 :
here 77,"is the lateral relaxation time. The exact expression of 6,'c, is more complex, but in most

cases the results are similar to the phenomenological introduction of a longitudinal relaxation time 770‘1,

1
so we take 6’;103 ~ —0,. Itis easy to calculate the first item (g ?) on the right side of ( 188 ), which

1o
is then obtained from (1189 ):
2 2 2
(29) N[ 25, 0 o, NGE) 2 o,
ot ), n \Oa oa n, oaoa

here N is the number of the pulsators involved in ultra-synergy. If it is not too far from the threshold,

% Ng*d, >> Kiﬁ Ng‘dyn,,
If npis the average number of photons, only the first order derivatives of « ( because || &¢|| ~ || @2 )
are retained. Therefore, in the expressions of ¢ 4 written above, all the terms of quadratic commutation
relations can be omitted (they are only the second order derivatives caused by modification of ¢2). We
can then write out:

(QPJ = 124Ng4d0(ia+i*a*Jaa*P (192)
ot ), oa oa

yiun
By combining ( 190 ) with (191 ) and (192 ), we obtain the following Fokker-Planck equations:

6 * *

aP(a,a 1) =QP(a,a’,t) (193)

here
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2

oaoa”

Q=(ia+i*a*j(u+wxa*)+eq (194)
oa oa

u=K-Ng°d,/n,, v=4Ng'd,/n.n,, q=Ng*+d,)/n,

The first term in Q is the drift term, and the drift coefficientis u + v a o™, the second is the diffusion of
distribution function caused by fluctuation (spontaneous emission is proportional to N ( 1 + do)), which
is caused by quantum effect.

The steady state solution of equation ( 193 ) is

P0(|a|2)=R1exp(—i|a|2—i|a|“J (195)
20 4q
u = 0 is the threshold condition. Under the threshold u > 0, P (| & |?) is mainly gaussian, with | a |?=0
as the maximum. The extreme value of P (| « |?) deviates from zero above the threshold value u < 0,
which corresponds to the appearance of ultra-synergistic light.

From the Po (| a |?) distribution curves with different u values, we can clearly see the transition
process from spontaneous radiation to ultra-synergistic light. Starting from P o (| « | ?), the ultra-
synergistic photon number distribution can also be calculated :

o 1 n o—7laf?
f)=[ ~@laf)e™R(al)dlal,

here 7=T+/V/K , T is the measurement time intervals. It is not difficult to see that below the

threshold, f ( n ) approximates Gauss type, while above the threshold, it approximates Poisson type.

If we want to discuss the spectrum of ultra-synergistic light, we must calculate the solution of
formula ( 193 ) which changes with time, that is, its Green function. This is limited to cases far above
the threshold: | o |2>> | u|. Let

t=Jvat, u=-u/\\g, |BP=\N/glal,

the formula ( 193 ) is changed to
oP 0 o . 2

= — B+ u'— P+4

P (aﬂﬂ aﬂ*ﬁj( | BI")P+4q

a 2
opop”

P (196)
Introduing the polar coordinates: £ =re', d?f4 =rdrdg, then the formula ( 196 ) is changed to

— == — —P-Z=—[(U'-r?®?r%pP 197
ot ror\ or rar[( ) ] ( )

oP 10( 0 1 6° 10
= —r P+—2 2
r°op

If the stationary solution corresponding to u’is P ( r), then the stationary quadratic moment is:

<Bp> =Lw r?Ry(ryrdr~u’.

When it is far from the threshold, the fluctuation is relatively small and can be expanded nearJu' :
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r:W+r1(t), rdr ~J/u'dr,, Ir | <<Au’".

After omitting the term r 12 or more, there are

2 2
LSNP e W
ot or or, u' e

P (198)

_ L _ W e _
The steady-state solution satisfying P (¢ +27) =P (¢)is P,(r)=,—¢€ e , .. the fluctuation of
V4

amplitude is Gauss type. The Green function ( 198 ) can be further calculated:

G(r,t'|r,,0) _tq_)a(rl —1)d(p—¢,) = "ng \/Ee_g(rl_rm)2 Z ziein(w_%)
£ T e 27T

and then we get

1 O, E-EOF ]S et
G—27Z " exp{ 50 }Z e e (199)

N=—0o0

here 77(t) =5(1) ", 5(t)=$(1—e“‘“"), () =re™".

Thus, the correlation function can be calculated directly:

ia)ot—i’ ’ 1 —2u't

<af(a(0)> =e “ju'+—e (200)
2u

and the fluctuation spectrum is obtained :

2 2+vq/u®

F(w)= > >+ 5
(0, —®)"+vqlu® (@, —®)+(vq/u+2u)°/vq

(201)

This is the superposition of two Lorentz curves, here the first one is the real ultra-synergistic optical
part, its half width (v q / u?) is very small, which is formed by the phase drift caused by spontaneous
radiation; the second one has a large half width ( ~ 4 u?/ v q ), which can be regarded as the
background noise field.

15 On Particle of High-Energy Cosmic Ray from y-Ray Burst

One study [118] used Fermi-LAT data for three years to search for possible signals of y-ray
produced by dark matter annihilation of globular clusters NGC6388 and M 15. The Fermi group has
observed the y-ray radiation of NGC6388, and the observed y-ray spectrum is consistent with that of
millisecond pulsar. At the same time, the energy spectrum obtained by annihilating dark matter to bb
and then generating y-ray is in good agreement with the observed energy spectrum. No significant y-ray
radiation was observed in globular cluster M 15. Now, the related research gives the upper limit of the
flux of y-ray produced by dark matter annihilation of NGC6388 and M 15, wherein the products of dark
matter annihilation are bb, W + W_, u + -, 7 + -, and monochromatic light. The upper limit of these
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fluxes limits the mass and scattering cross section of dark matter several times higher than that of Fermi
group through the observation of dwarf galaxy y-ray.

By the relevant data provided by the reports from ground-based experiments such as Fly’s Eye
(Bird D J, et al. phys. Rev. lett. 1993. 7 1 2 1: 340 13404; Bird D J, et al. Astrop hys. J 1994, 424 1: 49
1502.), Haverah Park ( Lawrence M A, Reid R J O, Wat son A A. J. Phys. G. Nucl. Part. Phys 199 1, 17
5: 733757.), A GA SA ( Hayashida N, et al. Phys. Rev. Lett. 1994. 73 26: 349 13494; Takeda M, et al.
Phys. Rev. Lett. 1998, 81 6: 11631166.), Yakut sk ( Efimov N N, et al. in: Proc. International
Symposium on Astrop physical Aspects of t he Most Energetic Cosmic Rays, eds. M. Nagano and F.
Takahara, Singapore: World Scientific, 199 1, 2024; Afnasiev B N. in: Proc. of International
Symposium on Extremely High Energy Cosmic Rays: Astrop physics and Future Observatories, ed. M.
Nagano, Tokyo: Institute for Cosmic Ray Research, 1996, 3236.), Volcano Ranch (Linsley J. Phys. Rev.
Lett. 1963, 10 4. 146148; Linsley J. in: Proc, 8t h International Cosmic Ray Conference 1963, 4.
295297.) and SU GA R ( Winn M M, et al. J. Phys. G1986 12 12: 653674.), for the need of this
research on examples, this series of papers provide the multi group of data in favor of the example
calculation within a reasonable range of values, as shown in Table 5 and Table 6.

It is not difficult to give an example of the initial frequency and wavelength of the major
components of ultra high energy, very high energy and low energy cosmic rays. For example, on the S°
particle with its energy > 2. 3x10 %0 eV, it gives the calculating results of the initial frequency and

wavelength:
_E_ 3.489x10%%V ~h_hc 6.626x10*J-Sxc
h 6.626x10*J-S =~ p E  3.489x10%eV

It is not difficult to give an example of the frequency and wavelength of the un-bifurcated and the
n-th stage bifurcate wave of the SCparticle in ultra high energy cosmic rays. For example, on the S°
particle in ultra high energy cosmic rays, it gives the calculating results of the frequency and
wavelength of the 2nd stage bifurcated wave when the number of bifurcation is 2 :

3045k L ( 3.489x10%eV j
2~ : '

X
4% 4.6692 6.626x10734J-S

2,[2] =3x4x0.45x%

1 X[ 6.626x10™J-Sxc j
4.6692 3.489%x10%eV

By expressions ( 177 ), (178 ) and ( 179 ), Table 5 and Table 6 give an example of the frequency
and wavelength of the N stage bifurcate-chaotic wave of the major components of cosmic rays.

By the relevant data provided by the reports from ground-based experiments such as Fly's Eye
( Bird D J, et al. phys. Rev. lett. 1993; Astrop hys. J 1994), Haverah Park ( Lawrence M A, et al. Phys.
G. 1991), AGA SA (Hayashida N, et al. Phys. Rev. Lett. 1994; Takeda M, et al. Phys. Rev. Lett. 1998),
Yakut sk ( Efimov N N, et al.; Afnasiev B N., 1996), Volcano Ranch ( Linsley J. Phys. Rev. Lett. 1963;
Linsley J., 1963) and SU GA R ( Winn M M, et al. J. Phys. G, 1986) , for the need of this research on
examples, this series of papers provide the multi group of data in favor of the calculation of examples
within a reasonable range of values, as shown in Table 7 and Table 8.

It is not difficult to give an example of the initial energy and momentum of the major components
of ultra high energy, very high energy and low energy cosmic rays. For example, on the S particle with
its energy > 2. 3x102° eV, it gives the calculating results of the initial energy and momentum :
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_ v _ 3.489x10%eV he p _h_ 6.626x10 > J -Sxc
h 6.626x10*J-S A 3.489x10%eV

It is not difficult to give an example of the energy and momentum of the unbifurcated and n-th

bifurcate wave of the S°particle in ultra high energy cosmic rays. For example, on the S°particle in

ultra high energy cosmic rays, it gives the calculating results of the energy and momentum of the 2nd

stage
Table 5 Example : Frequency and Wavelength of the N Stage Bifurcate-Chaotic Wave
of the Major Components of Ultra-High Energy Cosmic Rays
energy component N1 frequency and wavelength of the N stage bifurcate-chaotic wave
20
Vo= | 70042401 304241 0424 |x 22 45X10 BV
Ultra 4x4.6692 2x(4.6692) 6.626x107"J -S
H-dibaryon | 0.42
-energy 6.626x10J-S

1 x3><4><0.42+#><4><8x0.42+-~~ X
92 15.945x10"eV

(4.6692)°

1 4.369x10%eV

vy =[7,+0.35+ x3x0.35+ —————x0. X

super-heavy 4x4.6692 2x(4.6692) 6.626x10~"J -S

0.35

fermion 34
Ay =[ 7 +4x0354 1 x3x4x035+ - x4xBx0354... |x2020x10 "I S

92 (4.6692) 4.369x10%eV

20
vy =|1,+0.45+ 1 x3x0.45+ ———————x0. xw
4x4.6692 2x(4.6692) 6.626x10™"J - S

SOparticle | 0.45
6.626x10*J-S

3.489x10%eV

L 3x4x045+ E  x4x8x045+-- |x
% (4.6692)

3x0.37

), 28281x10%eV
6.626x10 %S

1
+———x0.
2% (4.6692)
W boson 0.37
6.626x107J-S

28.281x10"eV

1 ><3x4><0.37+;2><4><8><0.37+~-- X
92 (4.6692)

3x0.33

), 13287x10%v
6.626x10 %3-S

1
+ 0.
2x(4.6692)
Z boson 0.33
6.626x10*J-S

192><f>’><4><0.3f>’+;2><4><8><O_33+...j><

(4.6692) 13287x10%¢V
19
Vo =[ 7103241 x3x0824 - 1 0324 |x0923x107eV.
4x4.6692 2 (4.6692) 6.626x10J S

nucleon 0.32

—34
Ay =[ 7 +4x0324 1 x3x4x0324  ~ x4x8x0.32+4. |x 02010 IS
4.6692 (4.6692) 10.923x10%eV
19
Vo= | 7403841 %3034+ = 0344 |x 22210 eV
4x4.6692 2% (4.6692) 6.626x10>J -
quark 0.34
—34
Ay =[ 7 +4x0324 1 x3x4x0324  ~ x4x8x0.32+4.- |x 2020x10 IS
92 (4.6692) 5.257x10"eV
19
Vo= | 70402941 %3020+ = 50294 |x 210 eV
high-energy 4x4.6692 2% (4.6692) 6.626x10™"J-S
0.29

7 meson
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—34
A, =| 7, +4x0.29+ X3x4x0294 - 4x8x0.29+... | 002010 IS
4.6692 (4.6692) 5.349x10"eV
18
Vo=[ 710284t 3x0284 - L 0284 |x 000010 BV
high-energy 4x4.6692 2x(4.6692) 6.626x10™"J-S
0.28
meson 347,
’ Ay =| 1y +4x0.28+ L X3X4X0-28+%x4x8x0,28+--~ XM
4.6692 (4.6692) 6.355x107eV

Table 6  Example : Frequency and Wavelength of the N Stage Bifurcate-Chaotic Wave
of the Major Components of Very High Energy and Low Energy Cosmic Rays

energy | component 71 frequency and wavelength of the N stage bifurcate-chaotic wave
19
Vy=| 10284 (3x0284 - L 0284 |x 24310 eV
very 4x4.6692 2 (4.6692) 6.626x10J S
proton 0.28
enert 4.
¥ Ay =| 7y +4x028+ 1 3x4x028+ 1 x4x8x028+... |x2020x10 IS
4.6692 (4.6692) 2.473x10°eV
19
Vo= | 740304t x3x0804 L %0304 |x —a08x10 eV
4x4.6692 2x(4.6692) 6.626x10~"J-S
neutron 0.30
—34
Ay =| 7, +4x0304 1 3x4x0.30+ —+_ x4x8x030+-. |x 2020x10 IS
4.6692 (4.6692) 3.488x10°eV
15
Vo= | 0254 3x0254 L0251 | 2029x107eV.
Light 4x4.6692 2x(4.6692) 6.626x10~"J-S
0.25
nuclei H 4.
Ay =| 7, +4x0.25+ X3xAx0254 & 4xBx0.25+ - |x 002010 IS
4.6692 (4.6692) 19.029x10%eV
17
Vy=| 028t 3x023+ - T 0234 |x 229810 eV
Light 4x4.6692 2x(4.6692) 6.626x10~"J-S
0.23
nuclei He 4.
Ay =| 70+ 4x0.231 L x3x4x0.23+ ——— x4x8x0.23+-.. |« 202010 1S
4.6692 (4.6692) 4.298x10" eV
5
o080 L s0ste L g | 35T
low 4x4.6692 2 (4.6692) 6.626x107J S
X -ray 0.31
enert 4.
v Ay = 770+4><0.31+#><3><4x0.31+72><4><8><0.31+--- XM
4.6692 (4.6692) 13.345x10%eV
6
vy =| 7, +0.26+ 1 x3x 26+%><0. xw
4x4.6692 2x(4.6692) 6.626x10~"J-S
7 meson 0.26
—34
Ay =| 7 +4x0264 1 x3x4x0264 L x4x8x0.26+... |x 202010 IS
6692 (4.6692) 3.480x10%eV
5
Vy = 770+O.25+#x3x0.25+%x0.25+~~ xw
positron 4x4.6692 2x(4.6692) 6.626x10™"J -S
0.25
-electron 341
Ay =[ 7 +4x025+ L x3x4x0254 L xaxgx0.25+..|x2020x10 IS
4.6692 (4.6692) 5.110x10°eV
Vo= 7040224 L 30224t 0224 |x 12320xKEV
low energy 4x4.6692 2x(4.6692) 6.626x10~"J-S
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ra 347,
T 02 | 4y =] ny+ax022+ XBxAx0.224 —+ 4x8x0.22+-. | 202010 IS
4.6692 (4.6692) 15.320x KeV
Vy=| 70484 (30184 L 018+ |x—0000xKeV
low energy 4x4,6692 2)((46692) 6.626x107"J -S
0.18
muon 34 7.
g Ay =| 70+ 4x0.18 4L x3x4x0.18+ ———_ x4xBx0.18+ ... |x 2020x10 IS
4.6692 (4.6692) 10.000x KeV

Table 7 Example : Energy and Momentum of the N Stage Bifurcate-Chaotic Wave
of the Major Components of Ultra-High Energy Cosmic Rays

energy | component 71 energy and momentum of the N stage bifurcate-chaotic wave
20
Ey=|m 404241 340424 1 042 |x 2240107V,
Ultra 4x4.6692 2x(4.6692) 6.626x10~"J-S
H-dibaryon 0.42
-ener 347,
o py =h/| ny+4x0.42+ L ><3><4><0.42+%><4><8><0.42+~-~ XM
4.6692 (4.6692) 15.945x10%eV
20
Ey =| 7403545 x3x085+ - = 0354 |x o010 eV
super-heavy 4x4.6692 2X(46692) 6.626x107°J -S
0.35
fermion =47
py =h/ 770+4><0.35+ix3><4><0.35+%><4><8><0.35+-~- XM
4.6692 (4.6692) 4.369x10%eV
20
Ey ={ 7404541 x3x045+ - 1 0454 |x 20910 eV
4x4.6692 2x(4.6692) 6.626x10~"J-S

SOparticle 0.45
6.626x107J-S

pN:h/[no+4><0.45+ ><3><4><0.45+;2><4><8><0.45+~-~j><

46692 (4.6692) 3.489x10%eV

19
Ey=| 7408741 34037+ L %037 | 20281107V,
4x4.6692 2 (4.6692) 6.626x10 %15

W boson 0.37

—34
py =h/| 17, +4x0.37+ L ><3><4><0.37+%><4x8><0.37+~-~ XM
46692 (4.6692) 28281x10°6V
19
Ey=| 7403315 x3x033+— © 50331 |x :287x107eV.
4x4.6692 2x(4.6692) 6.626x10 %S
Z boson 0.33
—34
Dy =N/ 7y +4x0.334 & x3x4x033+ -y 4x8x033+ ... [x 20210 IS
46692 (4.6692) 13287x10%eV
19
Ey=|7 408241 34082+~ x030+... |x 0923x107eV.
4x4.6692 2 (4.6692) 6.626x10%J S
nucleon 0.32
—34
D, =h/| 7, +4x032+ X3xAx032+ - 4xBx032+ - |x 20210 IS
46692 (4.6692) 10.923x10%6V
19
E, = 770+0.34+#x3x0.34+%x0.34+--~ xwlh
4x4.6692 2 (4.6692) 6.626x10%J S
quark 0.34
31
Dy =N/ 7+ 4x0.324 - x3x8x0.324 ——— x4x8x0.32+... | 22X10_J-S
46692 (4.6692) 5.257x10%V
19
Ey =[ 7402941 x3x029+——~ 0, .-.)xmlosfv
high-energy 4x4.6692 2 (4.6692) 6.626x10 7S
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meson 547
" 0.2 | py=hin+4x029+ X3x4x029+ = 4x8x029+... | 2020X10 IS
4.6692 (4.6692) 5.349x10"eV
18
Ey=| 74028+ 1 x3x0284- = x028+- |x 0o00x10 eV
high-energy 4x4,6692 2% (4.6692) 6.626x10~"J-S
0.28
meson 347
' by =h/[ 7y +4x028+ L x3x4x028+ L x4x8x028+.. |x 202010 I3
4.6692 (4.6692) 6.355x10"°eV
Table 8 Example : Energy and Momentum of the N Stage Bifurcate-Chaotic Wave

of the Major Components of Very High Energy and Low Energy Cosmic Rays

energy component 71 energy and momentum of the N stage bifurcate-chaotic wave
19
Ey=|7,40284 1 x3x028+- = x028+... |x 210 EV.
very high 4% 46692 2 (4.6692) 6.626x10%J-S
proton 0.28
ener 4.
¥ Dy =/ 7y +4x028+ L x3x4x028+ - xax8x0.28+.. |x 202010 IS
4.6692 (4.6692) 2.473x10%eV
19
Ey=[ 7408041 x3x0304 -~ x030+- |x208x10 &V
4x4.6692 2x(4.6692) 6.626x10J-S
neutron 0.30 w
B =/ 7o + 40304 2 x3x4x030+ - x4x8x030+... |x 2020x10 I3
4.6692 (4.6692) 3.488x10%eV
15
By =| 7402541 x3x025+ - T 0254 |x 2029x107eV.
light nuclei 44,6692 2 (4.6692) 6.626x10%J-S
0.25 .
H B .
py =h/| 1, +4x0.25+ x3x4x0.25+ ————x4x8x0.25+--- XM
4.6692 (4.6692) 19.029x10%eV
17
Ey=| 7402341 %3023+ = 0234 |[x 22810 eV
light nuclei 4x4.6692 2x(4.6692) 6.626x107J-S
0.23
He 347,
B = 7+ 4x0.231 - xBxAx023+ - xdx8x0.23+... |5 202¥10 IS
4.6692 (4.6692) 4.298x10"eV
5
R TS SV NV B c 72
low 4x4.6692 2x(4.6692) 6.626x10J-S
X-ray 0.31 w
ener B .
v py =h/| n,+4x0.31+ ! x3x4x0.31+ 1 >x4x8x0.31+- XM
4.6692 (4.6692) 13.345x10%V
6
Ey=[ 7402641 x3x0264 -~ x026+- |x 0010V
4x4.6692 2x(4.6692) 6.626x10J-S
T meson 0.26 “
by =/ 7, +4x0.26+ X3x U026+~ x4xBx026 4. | 20200 IS
4.6692 (4.6692) 3.480x10°eV
5
Ey=[740250 5 x3x0254 - 0254 [x A0V
positron 4x4.6692 2x(4.6692) 6.626x10%J-S
0.25
-electron a4
By =i 7o + 40254 — - w3 Ax0.254 = xdx8x0.25+ ... |x 202x10 IS
4.6692 (4.6692) 5.110x10%eV
E, = 770+0.22+;x3x022+%x0. . xw
low energy 4x4.6692 2x(4.6692) 6.626x10%J-S
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7 ray 6.626x107*J-S

15.320x KeV

0.22 pN:h/[n0+4><0.22+ ><3><4x0.22+;x4x8x0.22+~~]x

4.6692 (4.6692)°

E, :(770+0.18+ <3x0184— L _x0. ]NOOOKV
|owenergy 4x4.6692 2><(46692) 6.626x10"J -S
0.18
ray 347
e py =h/| 7, +4x0.18+ ! ><3><4><0.l8+;2><4><8><0.18+~~~ XM
4.6692 (4.6692) 10.000x KeV
1 3.489x10%eV
B, =3%0.45x X — /hs
4x4.6692 6.626x10™"J -S

—34
By = /3% 4% 0.45 ¢ 1 [6.626><10 J-Sxc J

46692 | 3.489x107eV

It is not difficult to give an example of the energy and momentum of the unbifurcated and n-th
bifurcate wave of the W boson in ultra high energy cosmic rays. For example, on the W boson in ultra
high energy cosmic rays, it gives the calculating results of the energy and momentum of the 3nd stage
bifurcated wave when the number of bifurcation is 3 :

9
1 ( 28.281x10%eV J/h'

E =4x0.37x

g 8x(4.6692) | 6.626x10%3-S

1 X( 6.626x10*J-Sxc J
(4.6692)° 28.281x10"eV

Table 7 and Table 8 give an example of the energy and momentum of the N stage bifurcate-
chaotic wave of the major components of cosmic rays.

For both the macroscopic quantum system and the microscopic quantum system, the influence of
environment (external field) and the interaction between quantum system and environment must be
considered. In the analysis of this paper, electrons, quarks and so on are the secondary particles with a
certain dividing frequency and wavelet on the bifurcate-chaotic wave of an original particle. In the
viewpoint of the quantum mechanics of nonlinear non-equilibrium, these fields such as electromagnetic
field and electronic field is not basic, which can only be used to approximately describe the
phenomenon, and is effective only in so low energy that the high frequency vibration mode of the string
can not be excited. In the simplest form of the original standard model, the mass of particle is related to
some constants. The latter has determined the interaction intensity between various elementary particles
and a new field all over the whole universe.

As a complex plasma system, the cosmic ray of ultra high energy interacts with its environment,
just like the other macroscopic systems. In general, it is irreversible and tends to erase the coherence of
qguantum. Take SQUID or CBJ for example, even in T << T, the number of normal electrons is still
limited, and they lead to dissipation. To show the environment, Feynman and Vernon use the "bath of
oscillator”, Caldeira and Leggett follow this scenario. Here, the environment is a fairly large number of
harmonic oscillators, and the mass, frequency, and coordinates are mi, wi, Xi(t), wherei=1,2, ---, N.
They interact with the system (mass M, coordinate q (t)) in the potential field V ( g ) and the external
force Fex ().

P =h/4x8x0.37x

16 Equation of Quantum Field for Space-Time Complexity
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Based on the above basic assumptions and the basic equations of quantum classical mechanics for
the complexity of space-time, we will discuss the establishment of the basic equations of the quantum
field theory for space-time complexity ( full view theory of quantum field ) through Wigner distribution
as a nonlinear time-frequency transformation. From the information level, the basic equations (formula
(215), (219) and ( 223 ) below) of the quantum field theory for space-time complexity ( full view
theory of quantum field ) are a normalized scheme of ultra-synergy about classical field theory
information and quantum field theory information.

In any system of quantum gravitational field, taking the limit n — o for the number of particles,
where an operable model of the "environment” is the set of a large number of oscillators, or
equivalently represented by scalar fields. The displacement coordinate (position) of matter fields is
denoted as ¢ x ( X, t ), it interacts with the scalar field ¢ ( x, t ) spreading in direction y :

i d
H ;”t =24, d_(tp; the order change (such as density difference, entropy change, information entropy
change) coordinate of matter fields is ¢, ( o, t), it interacts with the scalar field ¢ ( X, t) spreading in
i d
direction y : H;f: :H¢Gd—(t0. Introducing the full-view gauge parameter, there should be the

following relation between the displacement coordinate ¢ x ( X, t ), order change (such as density
difference, entropy change and information entropy change) coordinate ¢ ,( o, t ) and joint-varying
coordinate ¢, (y, t) of a matter field :

_ de ol o¢
HM — 1T Lo dg =—Ldo +—Ldg_; 202 a
b ¢7 dt ¢]/ a¢x ¢X a¢o‘ ¢a ( )
) d(p of, 09,
HM — 1 r dg =—""d¢p ——"dg : 202 b
¢r ¢r dt ¢r a¢y ¢}/ a¢o— ¢¢7 ( )
: do o¢ 9,
HM™ — 11 o do =—2dd ——2=dg . 202
b ¢6 dt ¢|’ 6¢7 ¢7 a¢r ¢r ( i )
Under the gauge, the ground state wave function of quantum gravitational system should have the form
0 0
\P[hu,ij ! ¢com] =N J.®u,/w5[¢com = hd¢mov + hd¢dev exp{— I [gUxHV’¢C°m]} ( 208 a)
¢ a¢mov a¢dev
0 0
lI’[hr,ij ’ ¢mov] = Nj&r,yv5[¢mov = & d¢com _& d¢dev exp{— I [gfuuV’¢m0V]} ( 203b )
¢ a¢com 8¢deV
0 0
I . b 1= N Lag@“ "’”5(%” ) Jﬂd%m _azid(émov expl-1[9, 0 f])  (203€)

where | [ gy, @ com] IS Euclidean joint-varying action quantity.
Not to set the restriction on temperature, we can set the master equation of fields satisfied by the

field density matrix p,,(4,,4,) in the expression of @, (X,t) :
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dp¢ X _
dt

(b= Py (204)

d
[H par]— (9, ¢)( Pox pﬁ“j 2makT

dg,  dg n’
and set the master equation of fields satisfied by the field density matrix p,,(4,,4,) in the
expression of p ,( o, 1) :

dp¢,0
dt

(¢, —¢2) Pyor  (205)

=——[ Pyl 1D, ¢)[ p""’—dp"""]—zmﬂkT

dg. dg. /

where, H is the Hamilton quantity of fields, o and u are relaxation rates, and T is the temperature of the
field ¢. On the one hand, T relates to viscosity coefficient #,, x, while 7, x depends on the coupling

constant X of fields and environment in H;:t e o=n,12m, n, = ¥?/2; on the other hand,

relates to viscosity coefficient #,, - , while 7, , depends on the coupling constant /7 of fields and
environment in H;m Jlepu=mn,, 12m n,, = 117 ] 2. In equation ( 204 ), the first item is the

kinetic joint-varying of motion-like, and it is the inference of field equation. In equation ( 205 ), the
first item is the kinetic joint-varying of evolution-like, and it is the extension of field equation. The
second item is the dissipation effect of the environment, and the third item is the fluctuation causing the
Brown motion, which is the root cause of the de-coherence.

By p, = Poy + Pos with (204 ) and ( 205 ), we can create the master equation
y p¢v}’ - a p¢,X a p¢,a’ ’ q
p¢,x p¢,o‘

of joint-varying matter fields satisfied by the particle density matrix p, ,( ¢,, ¢',) in the expression of
9, (1 t):

dpm _ apw p dp¢,x dp¢,x 2m60kT
dt - ap(ﬁvx dt{ [ !p¢,x] a)(¢x ¢x) d¢x d¢)’( h (¢ ¢) p¢ x}
6’0¢7 Py dp, | 2mukT 2
ap¢’o_ { [ ’p¢0] ’u(¢ ¢ )( d¢ d¢;_ hz (¢0' ¢a) p¢,o-}'
(206)
0
BY 0, = ap""x Py, —apﬁpw, with (204 ) and ( 205 ), we can give the following relation:
p¢,y p¢,o‘
do,, _dpy, 0 - i do,, dp,, 2ma)kT
do,, 0 dp, . dpy. ) 2makT
_ e ¥ r "TH X ,
o '[H.p,,1- 04, ¢)[ o | 2L g )
(207)
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_ WPyo . _ap¢,0'

ap¢,x

pm, with (204 ) and (205 ), we can give the following relation :

dp¢,a dp¢,o‘ 0 . [

d d
Poa P “]— KT (5~ 41) 9y}

H,0,,1- (4, —¢;)£

dt dt op,, " 0 dg, dg, ) W
Aosx 0 ¢ ] doy, Op,, | 2mukT ,
-———{——-[H ) — —&' o _ A Y
dt ap¢]x{ h[ p¢,a] ﬂ(¢o‘ ¢o‘)( d¢o_ d¢(;. h2 (¢o‘ ¢o‘) p¢,o—}

(208)
For the joint-varying gravitational field, the coherent super-positions of two Gauss wave packets
are considered:

X($)=X"(¢)+ X (4), 0O(4,)=0"(4,)+0(4,). (209)

where the width of wave packet are J, xand d,, ., the distance that they are away from the center are
respectively A gxand A ¢ 5, Apx << d 4, x, Ap << 4, . There are 4 peaks on plane (p x¢'x) in the
density matrix p, x(@x, @'x ) = X (px) X* (p'x), where two come from the diagonal element (the
position ¢ x = ¢'x of the peak), the other two are from the non diagonal element (px = — ¢'x). The last
item of master equation ( 204 ) is proportional to (¢ x— ¢'x) 2. It has little effect on the diagonal element,
but on the non diagonal element becomes the factor causing the attenuation. The decay rate is written

2 2
directly from the equation: ;= ~ wa, it x2u mkT (A4, )

o . De-coherence time zp xand
K h2 !

7D, sare respectively

~ —
~

Toy X Tx " —rR(ﬂT], Tn, ® TR U =Tg ATJ,
' 2mkT (Ag, )’ Ag, 7 omkT(Ag, ) Ag,

Because A; =

. . 1 1
is the wavelength of thermal de Broglie, 7, =—andz,  =—are
[

h
v 2mkT

2 2
relaxation time, 7 p,xcan be written 7, = TRYX(—J ,TD,0Can be written 7, = TR,G(AJ .
Ag,
We know that quantum field theory is expressed in Hilbert spaces, and classical field theory is
expressed in phase space. Under the full-view gauge put forth in this series of papers, by the the
following relation:

X

W, (4., oW, (4.,
aW,, 6, 0) =W, 6, 9) e P, (g, ) e )
#.x $.0
_ aW¢,X(¢)(’ p) _ aW¢yx(¢X1 p)
dW¢,x (¢X 1 p) - AW¢,;/ (¢y 1 p) 8W¢‘;/ W¢,o‘ (¢o" p) 8W¢’O_ 1 ( 210 )
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_ wW,,(4,.p) oW, ,(4,,p)
W¢,0 (¢6’ p) - AW¢,7 (¢7’ p) 8W¢’y AW¢,X (¢x' p) —GWW .

We can use the Wigner transform of gravitational field function, set the following relation between
the quantum gravitational field and its classical limit :

1 ol .
W¢,X(¢x’ p) =5 4 2 J. py/hl//¢ x(¢x + %jvl¢,x(¢x _%jdy 1 ( 211 a)

W, (4,.p)= 5 ﬂhf e"’y“"‘P;,g(%%j‘I’a(«/ﬁg—%)dy, (211b)

Wigner distributions W, x (¢ x, p) and W, - (p -, p ) are real function, but may be negative.
Therefore, in general, it cannot be interpreted as a distribution function. However, if W, x (¢x, p ) and
W, +(p s, p) are integral respectively to p , then

J-joW{ﬁxX (¢X ! p)dp :J.: 5(y)\y*,x(¢x + %jlpqﬁ,x (¢x - %jdy = LII;,X (¢x )\P¢,x (¢x)

["w, @, pdp=[" 5(y)‘11*,(,(¢a %}w,g[@ —%jdy =¥, (8,)¥,,(4,)

are respectively the distribution of ¢ x and the distribution of ¢, .

Give the Fourier transform of ‘¥, 1 ¢, . (p) = _"’5*/”‘1’ (&)dE,, the distribution of

ik
pis
2,(P)P(P) = j eI ()Y, (E)dEdA,

y y .
Let A, =¢, +-=, =@ ——=, thereis
by b

* _ 1 (= ipy/ g™ y y _
¢¢,x ( p)¢¢,x( p) - % _we \P¢,x(¢x + Ejl}l¢,x[¢x _Ejd¢xdy - I_wW¢,x(¢x7 p)d¢x !
i.e. the integral of W, ( #,,p)to ¢, gives the distribution of p.

Give the Fourier transform of ‘¥, ¢, .(p) = el (&, )dE, , the distribution

ok
of pis

230 (P)0s0 (P) = — j eI (2, )y, (S, )dE, A2,

Let 4 =4, +— & =4, _E there is
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2 (P)Ps.,(P) = ﬁ jjoe"’y’hw;,{qﬁa %}1@,0[@ —%jdqz,dy =[ W, (4,. p)dg, ,

i.e. the integral of W, (¢_,p)to ¢, gives the distribution of p.

For the displacing wave packet

Vor9,) = oxp —{qﬁx boo=(4,-,0) Zz -4, —¢U,o>§ﬂ /52 vi o

of minimum uncertainty, Wigner distribution is

VildoP)= e —[¢X—¢X,o=(¢y—¢m)2j—(¢G—¢a,o)§ﬂ /o“z—W ,

(212)
where ¢ x and p obey Gauss distribution, and meet the minimum uncertainty relation, it shows that this

‘I’¢’X is the nearest simulation of the motion-like wave function (the vector in Hilbert space) of

guantum gravitational field for the classical equation of a motion-like gravitational field. Wigner
distribution can be extended to the density matrix

1 = y y
W p)=— Pyi -=, = |dy. 213
¢,X(¢x p) 2 1 J-_we p¢,x(¢x 2 ¢x + 2) y ( )

For the coherent superposition X = X * + X ~of two Gauss wave packets given in expression
(209), its Wigner distribution is

W' +W 1 1 ¢ ( A¢)
W, ~-—9% 2%, = axpl — = p?62—% |cos| p—2* |, 214
i ; — p{ p 52} p= (214)

where WJX and W are the Wigner distribution of X *and X ~. Because of the oscillatory behavior of

W

4% it can not be interpreted as the distribution of phase space. The motion equation of W¢,X can be

given by the master equation ( 204 ) for the density matrix px (@, » ¢, ) of fields to meet :

dw W oW ol pW o'W
e :(_B ox OV ¢’X)+2w (p ¢’X)+D X (215)

dt m o4, O, p op op°
where V is potential energy, D x = 2mwkT, the second item is the damping term, the third item is the

diffusion of W¢,X in the momentum space, with the diffusion coefficient as D x. The first item in the

bracket of equation ( 215) is the classic Poisson bracket :
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COH AW, aH W

H'W x dPoisson =— X #x ¢YX
Wl =55 00"~ o0 29,
it is because of 8_H:8_V 8H (ﬁx :B. The Liouville form of classical dynamics in phase

op, 04, 010 m

space for harmonic oscillator is derived from quantum dynamics. For the general displacement system
of field, in the right of equation ( 215 ) there shall be also the quantum correction with the order of O

(%), the 2nd item is damping, the 3rd item is the diffusion of W¢'X in momentum space, with the

diffusion coefficient as D . In fact, the effect of the diffusion term is simple. Since the oscillation term

2

A 0
cos( p : Jm equation ( 214 ) is an eigen-function of — 02 , the diffusion term tends to decrease the
p

2
A
oscillation term, and the decay rate is r,;fx = mekT(%] :

For the evolution wave packet

RCAEE {@—@,o=<¢7—¢7.o)‘2§0—<¢ ~4,0) ﬂ /52+ip07¢a

of minimum uncertainty, Wigner distribution is

'//¢,a(¢gv p):%exp _|:¢o'_¢a',0 :(¢y_¢;/,0) ZZU xO) az :| /2 W )

(216)
where ¢, and p obey Gauss distribution, and meet the minimum uncertainty relation, it shows that this

b d

4.0 15 the nearest simulation of the evolution-like wave function (the vector in Hilbert space) of

guantum gravitational field for the classical evolution of an evolution-like gravitational field. Wigner
distribution can be extended to the density matrix

W, (4, p)= Iw "’”’"%,{qﬁa —% 9, +%)dy . (217)

For the coherent superposition = = & * + & ~ of two Gauss wave packets given in expression
(209), its Wigner distribution is

N _ 2
Wgzw+iexp|:_i pzéz_%}cos(p%j, (218)

where WJU and W, are the Wigner distribution ofZ *and = . Because of the oscillatory behavior
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ofWM , it can not be interpreted as the distribution of phase space. The evolution equation ofWM can

be given by the master equation (205 ) for the density matrix p, , (¢, , #.) of fields to meet :

dw oW W ol pW oW
— o :(_B <+ NV ¢"’j+2w (p '”)+D v, (219)

dt m o4, 0O¢, op op op®
where V is potential energy, D, = 2m u kT, the second item is the damping term, the third item is the

diffusion of W, in the momentum space, with the diffusion coefficient as D . The first item in the

bracket of equation ( 219 ) is the classic Poisson bracket :

oH OW,, oH oW,

H ’W oisson —
AWl =55 o0 "o 20,
it is because of 8_H =— v and— oH ¢50 = B. For the classical gravitational field, in the right of
o, 04, 0P m

equation ( 219 ) there shall be also the quantum correction with the order of O ( 7 ), the 2nd item is

damping, the 3rd item is the diffusion of WM in momentum space, with the diffusion coefficient as

D, . In fact, the effect of the diffusion term is simple. Since the oscillation term Cos(p%jm

62
equation ( 218 ) is an eigen-function of — ey , the diffusion term tends to decrease the oscillation term,

Ag, Y
and the decay rate is7,, = ZmykT(TUJ :

For the joint-varying wave packet

v,,(6,)~ exp { —4,0=(4, ¢xo)7 (4, -4,

2
i p0¢y
¢ h
of minimum uncertainty, Wigner distribution

Y. (¢7’ p)= iexpl:_ |:¢7 _¢}/,0 = (¢x ¢x 0)i (¢ ¢a ¢ :| / ? M:|a

7h 09, op, h’

(220)
where ¢, and p obey Gauss distribution, and meet the minimum uncertainty relation, it shows that this

b d

4, 15 the nearest simulation of the joint-varying wave function (the vector in Hilbert space) of

guantum gravitational field for the classical joint-varying equation of a gravitational field (a point in
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phase space). Wigner joint-distribution can be extended to the density matrix
ipy/h y y
¢7(¢y'p) 2711‘1". e p¢,7(¢7_57¢7+Ede- (221)

For the coherent superposition X (4,) =X "(4,)+ X (4,)and®(g,)=0O"(4,) +O (¢4,) of two

Gauss wave packets given in expression ( 209 ), theirs Wigner joint-distribution is
WS +W, 1 1 ¢ Ag,
W, ~—r 87 4 = expl —— p?6%—~L |cos p—= |, (222)
4 2 o TP T P
where WJJ andW¢fy are the Wigner joint-distribution. The joint-varying equation (as the basic equation

of quantum complexity mechanics for space-time complexity) of Wm can be given by the master

equation ( 206 ) for the density matrix o, (¢,,4,) of fields to meet :

}

dw d oW oW ol pW oW
o1 _ OPox 0 dt{(—ﬁ ox N ""Xj+2a) (p ¢‘X)+D $:x

dt  dt dp,, m o4, 0@, P op op?

d oW, , oW ol pW oW
P j + N Mo |4 20 (p ¢*X)+D X} (223)
dt Jp,, m 8¢ 8¢X op op op

where V is potential energy. The first item in the bracket of equation ( 223 ) is the classic Poisson
bracket under the full-view gauge :

oH oW, _a_H ow,,

[H ,W ] oisson —
PTOSNog, p op o4,
it is because of ﬁ = 6\/ and— oH qﬁy = i . For the general joint-varying field system, in the right
op, 6¢ op m

of equation (223 ) there shall be also the quantum correction with the order of O (%), the 2nd item is

damping, the 3rd item is the diffusion of W

by in momentum space, with the diffusion coefficient as D

: _— Ay). : o _ 0 o
»- Since the oscillation term Cos( p 7;/) in equation ( 222 ) is an eigen-function ofa—2 , the diffusion
p

2
A
term tends to decrease the oscillation term, and the decay rate is r,;fy :ZmeT( :y J , Nis

related to relaxation rates w and u .

17 Summary of This Series of Studies
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To solve a series of major problems, such as the singularity before the big bang, the inflation of
the early universe and the accelerating expansion of the present universe, this series of studies start with
super gravity, dark energy and dark matter, go beyond the surface of a lot of observation data, deeply
and systematically reveal the arche-internal mechanism of all things, establish the arche-unity of
physics, and give a natural and reasonable explanation.

In this regard, we have considered noncommutative spacetimel3H-[341140189  introduced ultimate
super- symmetry and arche-conjugation, and then introduced holographic quantum unity and
ultra-synergy. We expect that the closer it is to Planck scale, the stronger its conventional quantum
effect, non commutative quantum effect, arche-conjugate effect, co-frequency resonance effect,
holographic quantum unity effect and ultra-synergy effect are.

Now, for a series of major difficult problems, such as the singularity before the big bang, the
inflation of the early universe and the accelerating expansion of the present universe, we can sum up all
the previous research results of this series, and give the corresponding analytical framework of natural
mechanism. In general, the analytical framework of this mechanism consists of the following aspects:
non-commutative space-time; ultimate symmetry; arche-conjugation; arche-pulsation; quantum hedge
-unification; holographic quantum unity; ultra-synergy.

The arche-unified physical analysis framework of natural mechanism is shown in Figure 11 (Li
Zongcheng, 2019).

The mechanism of holographic quantum unified interaction revealed in this series shows that: the
dominant role of supergravity in high dimension (d5-d11) space-time corresponds to the dominant role
of superrepulsion in low dimension (d1-d4) space-time; the dominant role of high dimensional
supergravity and quantum gravity in small scale (close to Planck space-time) corresponds to the
dominant role of high dimensional superrepulsion and quantum repulsion in large scale (greater than
Planck space-time).

All the previous analysis and discussion in this series can get the following results:

(‘a) at the level of quantum gravity, the interaction between high-dimensional supergravity and
high-dimensional superrepulsion, as well as the interaction between quantum gravity and quantum
repulsion, is a process that happens all the time and everywhere, which can be called the quantum
pulsation process of the arche-conjugation.

( b) although dark energy and dark matter are introduced to analyze and explain the accelerated
expansion of the universe, they are essentially the phenomena of quantum repulsion and quantum
gravity.

( ¢) quantum gravity doesn't only exist in the early universe and all kinds of the later black holes.
In fact, they interact with quantum repulsion all the time and everywhere, and exist in our universe in
the form of the interaction between dark energy and dark matter.

(1) noncommutative time and space

For supergravity, dark energy and dark matter, we enter into supersymmetric space-time, quantum
gravitational space-time (or Planck space-time), non-commutative quantum space-time, and will
introduce the arche-pulsating space-time, which always exists and determines to affect the current and
future world.

One of the characteristics of quantum mechanics is that in this theory coordinates and coordinates,
momentum and momentum are commutative, while the relationship between coordinates and their
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conjugate momentum is non commutative. Some researches on string theory show that the coordinates
are not commutative when they are close to Planck scale, and its relation satisfies

[X“. X" ]=iaM*" (224)

herex € R, M#'is an anti-symmetric matrix, X is a noncommutative coordinate. In this way, common
guantum mechanics becomes noncommutative quantum mechanics. In order to ensure that the system

high-d supergravity high-d superrepulsion

J |

il

non-commutative space-time ultimate super-symmetry
—i[d, p]—>[a, p] =iy1-ap?® 8D =—iAb 7 (ibe¥) 5(ib&¥) = -ibzBde
—— Ga - x/TDb(iI&f,b’a] +Ta))

a= —4’;(3 Do 1-opt?
a

A =%([i15",iFa.,]—T"iFab)

| |

quantum gravity «——  Quantum repulsion

| 4

arche-conjugation

2
p, = @p—;+3azp+a3d—p 1-ap?
3 a da

1 i
#.(7) =——=(a, () +a (1)
arche-pulsation ‘ Jak
fo(n) = L(Uk(77)+‘/;(’7)) ()= —i\/E(a (n)-a f k (m)
2k k 2 K

ay )= Uy (ﬂ)ak (770) +Vy (ma ' ~(10)
a, () =uma’ () +v (ma

el ) | !

\4

9c(n) = \/g(uk () = v (1))

S :((E, ), (p, 2 p.,)j
dark energy dark matter

| |

ultra-unity
I=Tg+1g+1gs ZJ.(LB +Ls+ LBs)\/_gdAX

holographic quantum unity
Qoo = Py Pyrave Porept = Prept | Prepie |——

d . t
W a e 1 G EO=10-e0- [ dK(@)-et-1)+E©
3.dz Q,
<— gp(a t)z—zi(Av(a)P)+ZL(Dv (2)P)
q=-1-(1+2) d(?AQL a T oa; T oa00, "
z A
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Figure 11 Arche-Unified Physical Analysis Framework of Natural Mechanism

has rotational symmetry, it is necessary to have[p”, p"]=0, the noncommutative relationship

between coordinates and momentum becomes

[X, p]=i/1—ap? (225)

When a — 0, the theory goes back to quantum mechanics. In 2009, M. Battisti considered the non
commutative geometry in Synder spacel’, and obtained the modified Friedmann equation through the
guantum classical correspondence. The general process is relatively simple: under the classical limit,
the commutation relation of operators should return to the form of Poisson bracket:

—i[d, p] = [q, p] =iy1-op® (226)

Therefore, the relation a is satisfied for the commutative scale factor a and its conjugate momentum pa,

where
32@& 1—040; (227 a)
3 a
: 272G p; 2 sdp 2
= ——2+3a°p+a’— [j/1- 227 b
pa ( 3 az p da apa ( )
By the above two formulas and the Hamiltonian constraint H nc =~ 0, we get the background evolution
equation:
8
H? :ﬁp[l—sgn aﬁJ (228)
3 Pe

where the critical density is o, = p,(22G /3|« ). When & — 0, p, —> coreturns to the classical

case. In the case of a > 0, Friedmann equation has a rebound solution.

(2) Ultimate Supersymmetry

As a mathematical method, supersymmetry has very rich physical significance, which is related to
superfield, hyperspace, super transformation and so on. In superfield, such as scalar superfield @ (x, 6),
Bose field ¢ (including all kinds of scalar field, vector field, tensor field, etc.) and Fermi field y are
included. There are all kinds of super gauge transformations between the two fields!o-121],

Now, in the super unifying force field Q ( X, @) introduced here, we consider the gravitational
field (especially the high-dimensional super gravitational field including Fermi field) & on the one
hand, and the repulsive field (especially the high-dimensional super repulsive field including Bose field)
¥ on the other hand. All kinds of supernormal transformations between gravitational field and repulsive
field can be summarized as follows:
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D =AgY, oY =-Bdg, (229)
where, ¢ is the rotation angle of the hyperparticle, as the major rotation of the anti commutation.

o
Suppose the multiplicity of sparticle is € = (b“PJ , formula (229 ) becomes a
ibg

oD =—iAb (ibe®), S(ibe¥)=-ibeBds, (230)

)\ (1 —iAbtY @
ibe?’) |-ibsBe 1 ibey )’

here ¢ is commutative to the repulsive field @ and anti-commutative to the gravitational field ¥, then

1 —iAb™ 1 0) [ O Ab!
a, =| . = —1 . (231)
# —ibeBe 1 0 1 beBe 0

The Lagrangian of super unified field is:

SO

L =é(5D)2(Q+Q)—%5Dw (@) +V (@], (232)

where, Q:and @, D and D are completely symmetrical.

For the quantum unified action from the interaction of quantum gravity and quantum repulsion,
new variables are introduced: the square root ¢ of the three-dimensional metric and the potential A,
of the curvature self duality. The dynamic equation of the quantum unified action is as follows:

52 =2 D, (iT&" ) + T, (233a)
A, =%([i'l_’5—b,+Fab]—Tb+Fab). (233 D)

On the one hand, we consider the symmetry of supergravity['?2-1241: graviton vs gravitino; on the
other hand, we introduce and consider the symmetry of superrepulsion: repulsion and repulstino.

Gravitons and gravitinos form supersymmetric relationships, which leads to the formation of high
dimensional hypergravitons.

Repulsons and repulstinos form supersymmetric relationships, which leads to the formation of
high dimensional hyperrepulsons.

Furthermore, between the high-dimensional supergraviton and the high-dimensional superrepulson,
we introduce the high-dimensional supersymmetric arche-conjugate pulsaton (super coupling).

On the one hand, the quantum aspect of dark matter is attributed to quantum gravitons, on the
other hand, the quantum aspect of dark energy is attributed to quantum repulsons.

Furthermore, we introduce and analyze the quantum conjugate (super coupling) pulsaton between
the quantum aspect of dark matter as a quantum graviton and the quantum aspect of dark energy as a
quantum repulson.

The application of ultimate supersymmetry to unified action theory leads to the introducing of
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ultimate unified action. The ultimate supersymmetry includes gravitational supersymmetry and
repulsive supersymmetry, in which the gravitational supersymmetry is a theory constructed by adding a
graviton ( whose spin s = 2 ) as a boson to a gravitino ( whose spin s =3 /2 ) as a Fermi partner[25-[126]
while the repulsive supersymmetry is a theory constructed by adding a repulson to a repulstino.

(3) Arche-Conjugation

We will not only consider the dynamic dark energy and the interacting dark energy, but also
introduce and consider the arche-conjugate dark energy.

We will not nonly consider the dynamic dark matter and the interacting dark matter, but also
introduce and consider the arche-conjugated dark matter.

Let V be the volume of space, and the action of scalar disturbance can be given by the following
formula:

S:% k<ko dndskzZZ(U)(CLkQ_Cskzé’—k@)' (234)

where the apostrophe represents the differential of the new time coordinate #, { « is the curvature
disturbance and z = a,/2¢, / C,is Mukhanov variable.

The equation of motion satisfied by the variable {'k is:
" 21,2 Z” _
uk+(csk —7Juk_0. (235)

This equation can be obtained from the variation of action ( 234 ), where the modulus function is
defined as ux = z {'. In the case of slow-rolling approximation, equation ( 235 ) is simplified. After the

first order terms of slow roll parameter and A are retained, the following results are obtained:

vz§+el+i—s—g/l. (236)
2 2 3

The motion equation of tensor perturbation is almost the same as that of scalar perturbation, but
the definition of Mukhanov variable becomes z = a. The specific disturbance equation is as follows:

vg+(k2—az}vk =0, (237)

where the modular function is defined as vi=a h k / 2. It should be noted that h here represents two
physical freedom degrees of tensor perturbation, namely h . and hy. To define conjugate momentum
and its quantization:

!

ﬂ-k::uli_i:uk' (238)

a
u, (n)=ﬁ(ak (m+at (), (239a)
zk(n)=—i£(ak<n>—an(n» . (239b)

Under the special conformal time # o, by the Bogoliubov transformation, we have:
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a, (17) = u (may (17) + v, (m)a’_, (1) . (240a)
a () =u, (ma’_ () +v, (ma, (). (240Db)
S0 in ux, 7« there should be
() = f (ma (o) + £ (mat_ (m,) (241a)
m () =19, (m)a, () + 9 (ma ', (1,) - (241D)

In fact, the arche-conjugation introduced in this series of work is the requirement of super
dynamic equilibrium, that is to say, the arche-conjugation is the fundamental requirement for the
natural formation of the universe between high-dimensional supergravity and high-dimensional
superrepulsion, between quantum gravity and quantum repulsion, as well as between classical gravity
and classical repulsion.

For the high-dimensional super unified action between the high-dimensional supergravity and the
high-dimensional superrepulsion, the quantum unified action between the quantum gravity and the
guantum repulsion, and the classical unified action between the classical gravity and the classical
repulsion, the disequilibrium is the actual form (normal state), the equilibrium is the ideal form
(abnormal state), therefore, in the normal state, the degree of deviation of the equilibrium is non-zero;
in the abnormal state, the degree of deviation of the equilibrium is zero. Imbalance always drives the
super forces to form deviation, while equilibrium always requires the super forces to shorten the
deviation. Here are three situations:

(a) V. ((1)) _Vsurepl (q)) =0,

sugra
the effective potential of supergravity and that of superrepulsion reach equilibrium;

(b) \Y ((1)) _Vsurepl (q)) <0,

sugra
the effective potential of supergravity is less than or equal to that of superrepulsion;
(c) Vsugra (q)) _Vsurepl (QD) >0,

the effective potential of super gravity is larger than that of super repulsion.

In the super-inflationary universe model of ultra-synergy physics established later in this series, a
mechanism (the quantum statistical physics process of nonlinear non-equilibrium) that combines the
generation of baryon asymmetry with the super-inflation and reheating process of the universe will be
studied.

(4) Resonance at the Same Frequency

Now, a basic inference is given: at the level close to quantum gravity and quantum repulsion, all
the gravitons and gravitinos, as well as all the repulsons and repulstinos, are in the co-frequency
resonance state.

In our opinion, a series of major knotty problems, such as the singularity, inflation and accelerated
expansion of the universe, involve super gravity, dark energy and dark matter. Super gravity, dark
energy and dark matter are three closely related problems. In essence, dark energy and dark matter are
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problems of quantum gravity and quantum repulsion.

The coupling of dark matter and dark energy is attributed to the interaction of quantum gravity and
guantum repulsion.

The decoupling of dark matter and dark energy is attributed to the separation of quantum gravity
and quantum repulsion.

(5) quantum hedge-unification

Under the big unified framework of quantum gravitational field and quantum repulsive field, this
series of work comprehensively expands the general relativity and loop quantum ring gravitation theory,
establishes the quantum repulsive field equation corresponding to the quantum gravitational field
equation, and then establishes the quantum hedge-unified field equation describing the interaction of
guantum gravitational field and quantum repulsive field; On this basis, the quantum repulsive universe
equation corresponding to the quantum gravitational universe equation is established, thus a set of new
equations describing the expansive universe model under the condition of fully considering the hedge
effect of quantum gravitational field and quantum repulsion field, which can be called the expansive
universe equation of quantum hedge-unified field theory, is established.

For the classical flat FRW universe (Friedmann-Robertson-Walker), the Hamiltonian constraint of
its gravitational action can be simply expressed as

3
Hcl,grav == 87ZG]/2 pgrav CZ +H M ( 242 )

where, the momentum of gravity P, =1/a%, c=j4, y~0.2375, ais the scale factor, and H

HM
a’’
When the loop quantum gravity effect cannot be ignored, the Hamiltonian constraint of the

original gravity is modified as follows:

E
is the Hamiltonian of the gravitational mass. Here, define the energy density: 7 = \7 =

3 s,
HQ,gravz_W\/Bsmz(;uc)"_HM (243)

where g is the length of the loop that makes up the smallest facet. When £ — 0, there is

sin®(uc)/z* -1, then H —H will return to the classical limit. Thus the modified

Q,grav cl,grav

Friedmann equation related to gravity is obtained:
812G
H2,, =222 p(l—ﬁj (244)
3 Pe

where the critical density is

J3 ]
Pe=—55Py Py=G~

is the first density of Planck.
167[27/3 p y

The appearance of the critical density p  is completely a quantum gravitational effect.
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For the classical flat FRW universe (Friedmann-Robertson-Walker), the Hamiltonian constraint of
repulsion can be simply expressed as
3G

Hcl,repl :_8_71'7/2 prepIC2+HE (245)

2

where, the momentum of repulsion p,,,, =a°, c=7a, y~0.2375, ais the scale factor, and He is

E
the Hamiltonian of the repulsive energy. Here, define the energy density: 7 = \7 =—.

When the loop quantum repulsion effect cannot be ignored, the Hamiltonian constraint of the
original repulsion is modified as follows:

3G —
HQ,repI == lu prepl Sln (_ C) + H ( 246 )

where g is the length of the loop that makes up the smallest facet. When £ — 0, there is

NTPE S . o .
sin?(=c)u” —>1, thenHy o) = Hy o Will return to the classical limit. Thus the modified non

Friedmann equation related to repulsion is obtained:

_8r
H2 = 1-— (247)
repl 3G [ UC ]
where the critical density is
RY, 37/3 9 . . .
o, = 16—26p , o, = G~ s the first density of Planck. (248)
T

The appearance of the critical density o ¢ is completely a quantum repulsive effect.

On the basis of the above discussion, for the classical flat FRW universe (Friedmann-Robertson
-Walker), the Hamiltonian constraint of the grand unification of gravity and repulsion can be simply
expressed as

3G 2 2 3 2
—H =—-——7 preplc +HE +87ZG—2 pgravC _HM (249)

cl,grav 871'

H

cl,repl

When the loop quantum repulsion effect and the loop quantum gravitational effect cannot be ignored,
the Hamiltonian constraint of the original hedge between the repulsion and the gravitation is modified
as follows:

3G PP
HQ,repI - HQ,grav == /u 7 \ prepl sin (_ C)+ H t———— \/ESInZ(,uc)— HM (250)

3
87ZG22

where £z is the length of the loop that makes up the smallest facet.
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Whené—ﬁ—>0,there is ﬁzsinz(écj—%sinz(ﬁc)al,
7 2 ) &

then H H —>H will return to the classical limit. Thus the modified quantum hedge-

Q,repl — " 'Q,grav cl,hedge

unified expansive universe equation related to the quantum repulsion and the quantum gravitation is

obtained:
87 o 872G P
H2 —H2 =°% = | 2= R 251
repl grav 3G O-[l o J 3 p(l pcj ( )

c

where the critical density is

~ V37 V3

= O' e —————— s
R 1Y 167[2}/310p

(252)

c,—p,=G —é is the first density of Planck.

The appearance of the critical density o of the hedge matter ( mass and energy ) is completely a
guantum hedge effect.

Therefore, the semi-classical quantum hedg-unified cosmology shows us the evolution of the
universe from contraction to rebound and then to expansion.

(6) holographic quantum unification

At the level of quantum gravity and quantum repulsion, a holographic quantum unifying
interaction mechanism that can be promoted to the basic principle has been explored and proposed
earlier in this series. This mechanism discussed in this paper is derived from the holographic principle
and holographic dark energy model, and the holographic principle is closely related to the entropy of
black hole271131],

When the loop quantum gravity effect cannot be ignored, the original Hamiltonian constraint is
modified as follows:

Hioc = \/Esinz(ﬁc)jLHM (253)

_87ZG}/2,[_12
where z is the length of the circle that makes up the smallest facet. When z — 0, there is

sin(zc)/u? >1, H o — H will return to the classical limit.

The modified Friedmann equation and energy conservation equation are given

871G Pyrav T Pre
H2 :T(pgrav"_prepl)[l_ngljv (254)
ptot +3H(1+ Wtot)ptot =0, (255)

a. . — . .
where, H = —is the Hubble parameter, & represents the derivative of a with respect to time t . p grav
a
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and p repi are the energy density dominated by quantum gravity and the energy density dominated by
qguantum repulsion (dark energy density related to cosmological constant), respectively. Their critical
density is

V3

_~-2 .
Pe = Pyave + Preplc = pr, p, =G isPlanck density. (256)

The appearance of the critical density p ¢ is a quantum effect. It makes the total energy density p ot
= pgravt p repi OF the universe no longer diverge in any case. Therefore, the curvature of space-time is no

longer diverging. In addition, W, = Pro is the state parameter of the total energy density.

tot

Considering the interaction between matter and dark energy, p grav @nd p rept N0 longer meet the
energy conservation equation alone, but should meet the balance equation:

pgrav +3Hpgrav :_Q ' lbrepl +3H (1+Wrepl)prepl :Q' ( 257 )
where, Q is the unified term of interaction between quantum gravity and quantum repulsion.

Using the dimensionless density parameter Qgrav = pgra\,/ Pgrave s Qrepl = Prepl / Prepic the

Hubble scale H is chosen as the infrared truncation scale, and the energy truncation of the five

dimensional quantum universe is done. The density of the holographic dark energy is p repi = p 4= BH,

p 418 the dark energy density related to the cosmological constant 4, and B is the constant. we can get:
H _ gz’repl QIA

= =__4A 258
HZ  Q Q, (258)

repl

In order to investigate the early skyrocketing and the present accelerating expansion of the
universe, it is necessary to calculate the deceleration factor . By equation ( 258 ), we can get:

2-Q, dQ, 1

1+z2)=—A""A - 1-Q c=0, 259
(1+72) 0. QA+3( A)+3c=0 (259)

1dQ, 1
wih=—1-(1+2)——2 —, 260
(i )3 dz Q, ( )

dao, 1
=—1-(1+z A - 261
q (1+2) @ Q. (261)

It can be seen from equation ( 259 ) that in the future, the value of the effective state parameter
will approach to — 1, but it will not exceed — 1. This shows that there will be no future of big tears in
the universe. Even in the infinite future, z — — 1, the first term of formula (259 ) tends to zero.

As long as it is recognized that the dark energy component is still increasing at present (z =0),
the value of Q4 will always be less than 1 + c. Therefore, from equation ( 259 ) and equation ( 260 ),
we can see that the value of w *™ is always greater than and tends to — 1.

Therefore, we propose a basic inference that can be promoted to the hyperholographic synergy
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principle of high dimensional universe.

The interaction between supergravity and superrepulsion in the complex evolution of the
high-dimensional universe forms a dual relationship with the interaction between quantum gravity and
quantum repulsion in the early inflation of the 4-dimensional universe.

The interaction between quantum gravity and quantum repulsion in the early inflation of the
4-dimensional universe form a dual relationship with the interaction between quantum-classical gravity
and quantum-classical repulsion in the late accelerating expansion of the 4-dimensional universe.

Further, we propose a basic inference that can be promoted to the principle of hyperholography of
high-dimensional universe (or multiuniverse): in a parallel universe formed by mutual coupling and
holographic correspondence between the P universe dominated by negative pressure (high-dimensional
superrepulsion and quantum repulsion of accumulating positive energy, mainly composed of dark
energy) and the N universe dominated by positive pressure (high-dimensional supergravity and
guantum gravity of accumulating negative energy, mainly composed of dark matter), there is a
correspondence between the small-scale physics (ultraviolet cutoff) of the P universe and the
large-scale physics (infrared cutoff) of the N universe, while there is a correspondence between the
large-scale physics (ultraviolet cutoff) of the P universe and the small-scale physics (infrared cutoff) of
the N universe.

(7) ultra-synergy

The foregoing in this series has discussed the paradigm dynamical behavior of our early quantum
universe U in the Multi-verse world system (large heat reservoir) W, which corresponds to the
Heisenberg image. Hamiltonian of total system W @ U

HTOL:HW+HU+HUW:HO+HUW (262)

here Hw is the Hamiltonian of W itself, H y is the Hamiltonian of U itself.
The relevant Liouville operator can also be written as

Lioo =Ly + Ly +Lyw = Lo + Luw (263)

All the mechanical quantities of the total systemW @ U constitute the C * algebra u ™.

We can take the cosmic paradigm vector as an extension of the cosmic paradigm and describe it
from S sides. Consider here: u 1. energy density, u .. accumulation intensity, u s. spatiotemporal
dimension (high dimension, no upper limit, including fractal dimension), u4. curvature, us. expansion
rate (or contraction rate), us. inhomogeneity, u 7. concentration, ug. fluctuation range, etc.

If the temperature of the multi-verse world system as a heat reservoir is 1, the inner product can
be introduced into u TO*:

(K, Ky) =TrK/ Ky o000, K K, eu™ (264)

here pro o = g /Mo [Tre™or By formula ( 264 ), we introduce the distance

” K1_K2 ”: \/(Kl_KZ’ K1_K2)

We can make u ™" complete and get the Hilbert space s ™. The total Liouville operator L is
Hermitian in &5 ™. What we really care about is the paradigm vectors of the early quantum universe
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U, which constitute a subspace ;Y of 5O If the vector e = { ei}i is a set of bases in #; ™", then
the motion of the U system is completely given by the temporal behavior of e (t).

The generalized Langevin equation can be regarded as the mode dynamical equation of the open
guantum gravi-system S in Heisenberg's image, and the density matrix motion equation of the quantum
gravi-system S can also be discussed from Schrodinger's image (Liouville equation).

The density matrix p to. of ultra-synergistic system B @ S satisfies the liouville Equation:

d .
apTOL =—i(Ly + Lgs) ProL (265)

here Lo= Lg+ Ls. Of course, we only focus on the mean value of the mode vector of the quantum
gravi-system S :

<e> =Trepyy =Trse(Trypro) =Trseps
Therefore, we hope to get the equation of motion satisfied by p s. Setting projection operator P :

PproL = Pg, e ProL (266 )

p eois a traceable operator of B system: TrB,oBO =1, its selection depends on the specific problem.

LetQ=1—P, sowe get

S o =1Ly [ dK(-1): oo () +F (267)

hereitusesPLg=0and PLs=LsP, and there is

L,s=Trg LpBO =Ls+Trg LBSpBO

K(7) = pasPLQe " " QLP =Try Ly "' Q(Lg + Lgs) P (268)
If the change of K (z) is much faster than that of p'u (t), the Markov approximation can be introduced :

[[dK@e™  pit-2) = [ deK(2)ps (1) = o (1)

We get Master equation :

%ps(t)z—iLe,s-ps(t)—ﬁ-ps(t) (269)
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