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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, and systematically reveal the arche-internal mechanism 

of all things, to establish the arche-unity of physics, and give a natural and reasonable explanation. At present, there are 

at least three basic pathways that are leading our research field to repulsion against gravitation, quantum repulsion 

against quantum gravitation and high-dimensional superrepulsion against high-dimensional supergravity, that is, the 

research on the accelerating expansion mechanism of the current universe, the research on the dynamic mechanism of 

the early cosmic inflation, and the research on the rebound mechanism near the singularity before the Big Bang. In this 

series of studies, the arche problem of everything is always placed under the extreme environmental conditions of the 

initial universe, the starting point of scientific logic is closely combined with the starting point of the universe history, 

the pseudo vacuum energy considered by the inflationary universe model, the Higgs field predicted by the standard 

physical model and the dark energy speculated by the observational cosmology are reduced to the positive energy system 

with strong negative pressure, and they are reduced to the repulsion (all the resistance to gravity) that forms a conjugate 

relation with gravity. In our opinion, dark energy and dark matter are essentially at the level of quantum gravity and 

quantum repulsion. Therefore, we not only consider the conventional quantum effect and non commutative quantum 

effect, but also further consider the arche-conjugate effect and the cluster resonance-at-cofrenquence effect. For 

noncommutative space-time, we put forth the ultimate supersymmetry, the arche-conjugation and the cluster 

resonance-at-cofrenquence. A relatively complete natural mechanism forms such an important inference: the closer they 

get to Planck scale, the stronger the conventional quantum effect, non commutative quantum effect, arche-conjugate 

effect and co-frequency resonance effect are. In the high-dimensional space-time (the 11 dimensional hyperspace 

compactly reduced to M 4 × N r ), corresponding to the introduction of supergravity with the supersymmetry between the 

graviton and the gravitino, we put forth the superrepulsion with the supersymmetry between the repulsion and the 

repulsitino, and establish the arche-conjugate relationship between the high-dimensional supergravity and the 

high-dimensional superrepulsion. Therefrom, 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 quantum 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. 

In the new research paradigms set in this series, the arche-conjugation between the high-dimensional supergravity and 
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the high-dimensional super repulsion, as well as between the quantum gravity and the quantum repulsion, is higher than 

the supersymmetry, so it becomes the core concept of the new theory. The arhce-unity of physics is a super unity that 

transcends the grand unification of four basic interaction, which is formed between high-dimensional supergravity 

(related to dark matter) and high-dimensional superrepulsion (related to dark energy), between quantum gravity (related 

to dark matter) and quantum repulsion (related to dark energy). From the basic component point of view, before or after 

the big bang, the gravitons and repulsons are coupled together, the negative energy contraction dominated by the positive 

pressure and the positive energy expansion dominated by the negative pressure work alternately, forming the 

arche-conjugate pulsaton of neither the point particle nor the linear superstring. 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, sets up 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 quantum 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 with quantum hedge-unified field are established. On the one hand, scalar disturbance 

is considered as the exhibition of repulsive effect, on the other hand, tensor disturbance is considered as the exhibition 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. Between particle physics and 

cosmology, we improve and expand the path integral of quantum gravity, create the path integral of quantum 

hedge-unified field, and set up the basic equation of quantum cosmic-synergetic dynamics, and then establish the basic 

equation of quantum-cosmic paradigm dynamics. Thus we put up the operator distribution function and its dynamic 

equation of the quantum arche- pulsaton, and finally use the Wigner-Ville distribution as a non-linear time-frequency 

distribution to establish the Wigner joint-distribution of quantum-conjuagted pulsation function, so as to analyze the 

arche of all things with three evolutionary forms: quantum chaotic-pulsaton, quantum quasi-spherical pulsaton and 

quantum spherical-pulsaton. In this series of work, the mechanism to avoid the singularity of the universe is put forward 

fundamentally, and the dark energy and dark matter are explained through new mechanisms and effects at the level of 

quantum gravity. Between particle physics and cosmology, we improve and expand the path integral of quantum gravity, 

establish the path integral of quantum hedge-unified field, thus establish the basic equation of quantum cosmic-synergy 

dynamics, and then establish the basic equation of quantum cosmic-paradigm dynamics. Thus the covariant gravitational 

mass and the covariant inertial mass formed by the ultra-synergy between particles and the universe are presented, and 

the equivalence hypothesis on the covariant non-inertial system which can be elevated to the basic principle, is presented. 

Based on this hypothesis, a systematic calculation and analysis of binary stars composed of neutron stars and black holes 

are made. The master equation, variance and Fokker-Planck equation for the birth-death and migration of a large number 

of particles are established between binary stars composed of neutron stars and black holes. 

Keyword: cosmic singularity; super repulsion; arche-conjugation; holographic unification; arche-pulse dynamics 

PACS: 02.30.Tb; 05.45.Mt; 11.25.Yb; 12.10.Dm; 98.80.Cq; 98.80.Qc 

1 Introduction 

In the past two or three decades, various kinds of cosmological observations have developed 

rapidly. Cosmological observation experiments[1]-[5], such as cosmic background detector (COBE), 

Sloan Digital Sky Survey Satellite (SDSS), Wilkinson Microwave Anisotropy Probe (WMAP), type Ia 
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supernova project, Planck satellite, etc, have brought us into exciting age of precision cosmology. 

WMAP data show that[6]-[8], our universe is almost flat in space, i.e. Ω_ (total) = 1.02 ± 0.02. The study 

of large-scale structure distribution of galaxy clusters shows the existence of dark matter, and its 

proportion is Ω_ (CDM) = 0.27 ± 0.04. All these results strongly show that there is an extra material 

component with strong negative pressure, which accounts for about 2 / 3 (Ω_ (de) = 0.67 ± 0.06) of the 

total. It is evenly distributed in the whole space and accelerates the expansion of the universe. Such a 

material component is called dark energy, which contradicts the thermal big bang cosmological model 

based on common baryonic matter. According to the cosmological model of the big bang, the universe 

should slow down and expand. In order to explain the current accelerating expansion of the universe in 

the framework of the thermal big bang cosmological model, it needs to be modified. So far, many 

models have appeared, such as cosmological constant Λ, slow-rolling scalar field, quintessence, 

phantom and Quintom, etc.[9]-[14]. 

In order to unify quantum theory and general relativity, researchers have opened up some new 

ways to establish the theory of quantum gravity for more than half a century, including string theory, 

membrane theory, loop quantum gravity theory, holographic principle and M theory (or mystery theory), 

inverse de Sitter space (AdS) / conformal field theory (CFT), etc[15]-[18] . However, when people think 

they know everything about nature, it always hides a greater surprise[19]-[21] . From quantum mechanics, 

quantum field theory and gravitation theory to quantum gravity theories such as superstring theory, M 

theory, AdS/CFT and holographic duality theory, etc, in modern physics there have been the differences, 

controversies and paradoxes between objective reality and subjective perception. As far as the present 

situation is concerned, quantum mechanics is not self-consistent. It has been in the entanglement of 

traditional interpretation, PTV ensemble interpretation and statistical interpretation. It still suffers from 

the Einstein-Rosen-Podolsky paradox [22]-[24]. 

At present, a series of major knotty problems such as the singularity of the universe before the big 

bang, the inflation of the early universe, and the accelerating expansion of the current universe are still 

on display in front of us[25]-[30], which involve super gravity, dark energy, dark matter and other issues, 

and ultimately involve the arche of all things and the noumenon of the world. It is not clear how the 

universe can avoid the singularity brought about by the great collapse before it is created, what is the 

reason for the emergence of noncommutative quantum relations on the Planck scale? Both 

cosmological and particle physics researchers have lacked an in-depth systematic research on 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. In order to explain theoretically the problem of eliminating or avoiding the 

singularity of the universe, there have been various researches, among which some works have 

proposed theories and methods such as large rebound mechanism, quantum effect, mathematical 

calculation and processing (for example, semiclassical loop quantum universe model and membrane 

world model)[31]-[34], so as to eliminate or avoid the singularity of the universe. However, these analysis, 

interpretation and calculation need to be further fundamentally solved. To a certain extent, we should 

avoid some magic, mystery and speculation. The great difficulty[35]-[37] brought by the discovery of dark 

energy is that why is its energy density so small? Because if dark energy is a cosmological constant, the 

energy density of the given dark energy is about 6 × 10 − 9 erg · cm − 3 (or ρ A ≈ 10 − 47 GeV 4 ). However, 

according to quantum field theory, the micro origin of the cosmological constant should be vacuum 
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energy, and the energy density of the estimated dark energy is about 10 115 erg · cm − 3 (or ρ vac ≈ 10 74 

GeV 4 , even if considering Considering the supersymmetry effect, the contribution of Boson and 

fermion to the vacuum energy is cancelled, however, because the supersymmetry has not been detected 

in the energy scale of TeV, the estimated vacuum energy is still far greater than the observation result), 

which means that the theoretical calculation result is about 120 orders of magnitude higher than the 

experimental observation result! But, if the energy density of dark energy remains at 10 115 erg · cm − 3, 

the huge repulsion generated by dark energy will accelerate the expansion of the universe extremely 

rapidly, so that stars, galaxies and the current large-scale structure of the universe cannot be formed 

under the influence of gravity. 

The nature of dark energy is still unclear to people[28]-[30]. First of all, people don't know exactly 

what dark energy is. Is it a cosmological constant or a physical field with dynamic mechanism? How 

does it affect the fate of the universe? Secondly, it is not clear whether there is a direct interaction 

between dark energy and dark matter. If this interaction exists, how does it affect the evolution of the 

universe? Third, it is not known for sure whether Einstein's general relativity is correct on the scale of 

the whole universe. In principle, the universe expansion history consistent with the existence of dark 

energy can be obtained by modifying the gravity at the cosmic scale. So, is the accelerated expansion of 

the universe caused by the existence of dark energy or by modifying the gravity? 

In explaining the accelerated expansion of the universe, there have been various models of dark 

energy and dark matter[9]-[12][38]-[49], including the CDM model, wCDM model, CPL model, slow-rolling 

scalar field model, quintessence model, phantom model, Quintom model, Chaplygin gas model, 

constant w model, α dark energy model, cosmological constant model, and generalized Chaplygin gas 

model as a unified model of dark energy and dark matter, holographic dark energy model, holographic 

gas model, etc. These models can be roughly classified as symmetry model, human selection principle, 

adjustment mechanism, modified gravity theory, quantum gravity, holographic principle, reaction 

mechanism and phenomenological model, etc. In M Theory and IIA string theory, the anthropic 

principle can be realized, i.e. in the model of the so-called string landscape that first proposed by L. 

Suskind, string theory has many vacuums[48][49]. However, they also fail to explain at the basic physical 

level the origin of dark matter, dark energy and primitive perturbation with near scale invariant energy 

spectrum: in this sense, they are only some useful parametric forms. Researchers in related fields 

estimate that these simple assumptions may not be completely accurate after they have a better 

understanding of related basic physics. For example, inflation theory predicts that the space curvature 

of the universe is in the order of 10 − 5 to 10 − 4. In addition, it's hard to believe that the temperature of 

dark matter is absolute zero. 

In the process of establishing the unified theory of interaction, between quantum mechanics and 

general relativity, the quantization of gravitational field is an important difficult problem, the 

continuous background space and time is the root of ultraviolet divergences in quantum field theory. 

Under extreme conditions, the spatiotemporal singularity is induced in general relativity, and the non 

-renormalization appears, to have shown that the theory itself is imperfect. Therefore, quantization and 

general relativity are mutually exclusive[50]-[52]. The two theories should be unified in a larger 

theoretical framework. In the past few decades, there have been many attempts to overcome this basic 

difficult, such as super symmetric gravitational theory, string theory and loop quantum gravity theory, 

M theory, as well as AdS / CFT and the dual holographic principle, etc. have successively tried to 
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become the candidate object of this more theoretical framework[53]-[55]. However, there are only two 

attempts approved in some degree, one is the loop quantum gravity theory with non perturbation, the 

other is string theory. Loop quantum gravity is reduced to quantum geometry[56]-[57]. R. Penrose’s 

algebraic form of the discrete space model is similar to the algebraic relation of the spin, which is 

called the spin network. The expressions introduced by A., Ashtekar and others in the scheme of 

canonical quantization are based on the self-dual spin connection as the fundamental field quantity [58]. 

T., Jacobson, and L. Smolin found that the Wilson loop of the Ashtekar variable satisfies the 

Wheeler-DeWitt equation. On this basis, C. Rovelli and L. Smolin proposed the Wilson loop as the 

basic state of quantum gravity, thus forming an important scheme of modern quantum gravity 

theory[59]-[61], where the use of metric fields is avoided, and the so-called "background gauge" is no 

longer introduced. This background independence of Loop quantum gravity is regarded to conform the 

physical nature of quantum gravity, because general relativity requires space-time itself to be 

determined by the law of dynamics, quantum gravity theory is the theory about space-time itself. 

At present, there are at least three places where quantum mechanics and general relativity are still 

in a tug-of-war. First, general relativity predicts that it will fail at the singularity, while quantum 

mechanics will be incompatible with general relativity near the singularity. Secondly, since the position 

and velocity of a particle cannot be determined simultaneously under the Heisenberg uncertainty 

principle of quantum mechanics, it is not clear how to determine the gravitational field of a particle. 

Finally, the contradiction between the two theories is not only a logical contradiction, but also a 

dilemma between the "violation of Bell inequality caused by quantum mechanics" (implying the 

influence of superluminal speed) and "the speed of light as the limit of speed in relativity". The solution 

to the first two points may come from a better understanding of general relativity. 

Semiclassical loop quantum cosmology shows us the evolution of the universe from contraction to 

rebound and then to expansion. In addition, some studies show that[62]-[64], the intervention of loop 

quantum effect makes it possible for the early expansion of the universe to enter a super inflation stage. 

At this stage, the expansion of the universe is very slow, but the transformation of Hubble parameters is 

very fast, so it can also solve the problem of horizon and flatness, and the disturbance of its original 

scalar field can produce scale invariant spectrum. 

In fact, string theory, membrane theory, loop quantum gravity theory, super gravity holography 

principle and M theory, which are the theoretical basis of cosmology, are basically established by 

simplification under the condition of breaking away from the extreme background of the universe, 

falling into the strange circle of mathematical games, lacking in in-depth discussion of the essence of 

the physical world. Up to now, people have not found a convincing realistic model of high energy 

physics theory, which should include the inflation field needed by the inflation theory. This reflects 

people's ignorance of a self consistent theoretical framework of high energy physics. Due to the lack of 

new ideas, the construction of the new theoretical model is difficult, so it can only use the new 

astronomical observation to do further promotion. Cosmology with a congenital deficiency can not 

provide strong support for particle physics to further advance to a wider field and deeper level. 

Therefore, for the universe in the formation of basic particles and the basic particles in the evolution of 

the universe, both the reduction under the principle of simplicity and the synthesis under the principle 

of complexity are 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 
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under the principle of fusion. 

Modern physics and cosmology are facing a series of major knotty problems of major[65]-[68] : from 

the dimension and nature of space-time to the spontaneous rupture of super-symmetry, from quantum 

de-coherence mechanism to the unification of the four fundamental forces, from the origin of black 

hole entropy to the exploring of the superstring theory for explore the self-consistent formula of action 

quantities, from macroscopically-irreversibility in statistical mechanics to the limitation of the 

historical summation method in physics, a series of enormous challenges in forming provide the 

objectives and tasks for the third upcoming scientific revolution. 

Researchers can compare the latest data from astrophysics and particle physics experiments with 

precise and quantitative predictions made by specific physical models. However, it is important to note 

that this is different from the higher goal: to develop a theoretical framework that can deduce a specific 

model of the observable universe without the aid of experimental data. Like any scientific theory, the 

inflation is not needed to solve all possible problems. Existing inflation models, like all scientific 

theories, are based on a set of assumptions, and in order to understand these assumptions, we may need 

some deeper theories. 

In our opinion, from Newton's gravity to Einstein's gravitational field, from strong and electro 

-weak force to quantum gravity and high-dimensional super gravity, classical physics and modern 

physics are basically deduced in the generalized gravity category. However, a series of major knotty 

problems, such as the singularity before the Big Bang, the inflation of the early universe and the 

accelerating expansion of the present universe, have gone far beyond the scope of generalized gravity, 

while dark energy and dark matter are essentially at the level of quantum gravity and quantum 

repulsion.   

At present, there are at least three basic pathways that are leading our research field to repulsion 

against gravitation, quantum repulsion against quantum gravitation and high-dimensional super- 

repulsion against high-dimensional supergravity, that is, the research on the accelerating expansion 

mechanism of the current universe, the research on the dynamic mechanism of the early cosmic 

inflation, and the research on the rebound mechanism near the singularity before the Big Bang. 

Therefore, it is necessary to go beyond the existing models and calculation methods, beyond the power 

spectrum, spectral index, tensor-scalar ratio and other data of the inflation, set a broader and stronger 

framework, and establish a more natural and profound theory, so as to explore the essential factors 

behind the cosmic inflation, find more information about the early universe, and reveal more physical 

laws on a smaller scale. In light of some major basic difficult problems in particle physics, astrophysics 

and cosmic physics (cosmic singularity caused by big collapse, inflation of early universe, accelerating 

expansion of current universe and related dark energy, dark matter, etc.), the physical research about the 

origin of all things is placed in the extreme environmental conditions of the initial universe at the 

starting point of scientific logic, which should be as deep as possible to systematically reveal the 

noumenon behind the physical phenomenon. 

The main task of this series of research is to establish a perfect theoretical framework for 

calculating the interaction between high-dimensional supergravity and dark energy (with strong 

negative pressure), describing the history of cosmic inflation-expansion and structural growth, so that it 

can be applied to any dark energy theoretical model and any interaction model. 

The physical ecosystem of interaction between quantum gravity and quantum repulsion proposed 
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and studied in this paper is an accumulation system of all things centered on the source of quantum 

unification, which involves not only the scope of quantum system, but also the scope of macro system; 

it involves not only the material aspects or physical matters, but also the complex things composed of 

many elements. Its existence and evolution range is generally a little larger than the horizon. In the 

quantum physical ecosphere, the source of quantum unifying force is not unique, and may have 

multiple source of quantum unifying force. 

For the cosmic ecosphere of the multiverse world, this series of work attempt to set up a larger 

theoretical framework at a deeper level, and combine the creation of the universe with the unification of 

the fundamental physic functions at the starting point of the universe, so as to study. On the one hand, 

the arche-unification of the fundamental physic functions is re-studied under the extreme conditions of 

the creation of the universe. On the other hand, the creation of the universe is re-studied on the basis of 

the arche-unification of the fundamental physical functions. 

Different from the models of superstring, membrane and loop quantum, which are separated from 

the extreme environmental conditions of the initial universe and fall into the abstract high-level 

mathematical game since they were born, this series of researches always put the arche problem of all 

things under the extreme environmental conditions of the initial universe, closely combine the starting 

point of scientific logic with the starting point of the history of the universe, so that the pseudo vacuum 

energy of the inflationary universe model, Higgs field predicted by standard physical model and dark 

energy inferred by observation cosmology are all attributed to positive energy system with strong 

negative pressure, and they are also attributed to the repulsion (all factors of resistance to gravity) 

which forms a conjugate relationship with gravity. In our opinion, dark energy and dark matter are 

essentially at the level of quantum gravity and quantum repulsion. Therefore, we not only consider the 

conventional quantum effect and non commutative quantum effect, but also further consider the 

arche-conjugate effect and the cluster resonance-at-cofrenquence effect. For noncommutative 

space-time, we put forth the ultimate supersymmetry, the arche-conjugation and the cluster 

resonance-at-cofrenquence. All kinds of strange phenomena converge into one possibility, that is, the 

closer they get to Planck scale, the stronger the conventional quantum effect, non commutative 

quantum effect, arche-conjugate effect and cluster resonance-at-cofrenquence effect are. In the 

high-dimensional space-time (the 11 dimensional hyperspace compactly reduced to M 4 × N r ), 

corresponding to the introduction of supergravity with the supersymmetry between the graviton and the 

gravitino, we put forth the superrepulsion with the supersymmetry between the repulsion and the 

repulsitino, and establish the arche-conjugate relationship between the high-dimensional supergravity 

and the high-dimensional superrepulsion. 

Therefrom, 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 

quantum 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 
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the N universe.  

In the new research paradigms set in this series, the arche-conjugation between the high- 

dimensional supergravity and the high-dimensional super repulsion, as well as between the quantum 

gravity and the quantum repulsion, is higher than the supersymmetry, so it becomes the core concept of 

the new theory. The arhce-unity of physics is a super unity that transcends the grand unification of four 

basic interaction, which is formed between high-dimensional supergravity (related to dark matter) and 

high-dimensional superrepulsion (related to dark energy), between quantum gravity (related to dark 

matter) and quantum repulsion (related to dark energy).  

From the perspective of the whole universe, before the big bang or in the compact 5-11 

dimensional space-time, the high-dimensional supergravity field (collapse field) and the gravitational 

field (contracted field) are dominant; after the big bang or in the extended 4-dimensional space-time, 

the high-dimensional superrepulsive field (inflation field) and the repulsive field (expansive field) are 

dominant. From the basic component point of view, before or after the big bang, the gravitons and 

repulsons are coupled together, the negative energy contraction dominated by the positive pressure and 

the positive energy expansion dominated by the negative pressure work alternately, forming the 

arche-conjugate pulsaton, and then forming the quantum conjugate pulsaton. 

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 

quantum 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. On the one hand, scalar 

disturbance is considered as the reflection of repulsive effect, on the other hand, tensor disturbance is 

considered 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.  

Between particle physics and cosmology, we improve and expand the path integral of quantum 

gravity, create the path integral of quantum hedge-unified field, and set up the basic equation of 

quantum cosmic-synergetic dynamics, and then establish the basic equation of quantum-cosmic 

paradigm dynamics. Thus we put up the operator distribution function and its dynamic equation of the 

quantum arche-pulsaton, and finally use the Wigner-Ville distribution as a non-linear time-frequency 

distribution to establish the Wigner joint-distribution of quantum-conjugated pulsation function, so as 

to analyze the arche of all things with three evolutionary forms: quantum chaotic-pulsaton, quantum 

quasi-spherical pulsaton and quantum spherical-pulsaton. Between particle physics and cosmology, we 

improve and expand the path integral of quantum gravity, establish the path integral of quantum 

hedge-unified field, thus establish the basic equation of quantum cosmic-synergy dynamics, and then 

establish the basic equation of quantum cosmic-paradigm dynamics. In this paper, the covariant 

gravitational mass and the covariant inertial mass formed by the ultra-synergy between particles and the 
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universe are presented, and the equivalence hypothesis on the covariant non-inertial system which can 

be elevated to the basic principle, is presented. Based on this hypothesis, a systematic calculation and 

analysis of binary stars composed of neutron stars and black holes are made. The master equation, 

variance and Fokker-Planck equation for the birth-death and migration of a large number of particles 

are established between binary stars composed of neutron stars and black holes. 

In this series of work, the mechanism to avoid the singularity of the universe is put forward 

fundamentally, and the dark energy and dark matter are explained through new mechanisms and effects 

at the level of quantum gravity. Compared with the unity of strong force, electro-weak force and gravity, 

the unity of quantum gravitation and quantum repulsion, or the unity of high-dimensional supergravity 

and high-dimensional superrepulsion, is a more basic unity with ultimate arche-meaning. 

2.  Necessity of Repulsive Force in Elimination of Singularity 

At present, there are at least three basic pathways that are leading our research field to repulsion 

against gravitation, quantum repulsion against quantum gravitation and high-dimensional super- 

repulsion against high-dimensional supergravity, that is, the research on the accelerating expansion 

mechanism of the current universe, the research on the dynamic mechanism of the early cosmic 

inflation, and the research on the rebound mechanism near the singularity before the Big Bang.  

It has been seen for a long time that although the inflation model has achieved great success, as a 

model under the framework of classical gravitational field theory, it is impossible to give a solution to 

the singularity problem of the big bang. The general tendency is to think that the solution of the 

singularity problem of the universe needs a theory of quantum gravity. Therefore, in order to solve the 

difficulties in the inflation model, there are some works to find semi quantum solutions, such as the 

rebound universe, cyclic universe and other models obtained by introducing semi classical loop 

quantum theory or string theory[62]-[64]. In these models, the big bang singularity is replaced by a 

smooth rebound, so the singularity problem can be solved to some extent. 

To find a fundamental way to solve the singularity problem of the universe, we start with a brief 

analysis of the relevant quantum effects and the big rebound. For the big rebound at the end of the big 

collapse of the universe, the repulsion and high-dimensional superrepulsion that we systematically 

introduce should be the basic motivation. 

Let's do a simple analysis first: We have noticed that in Einstein's gravitational field equation, the 

physical meaning of the universe constant Λ is the strong negative pressure field which plays the role of 

repulsion. If we rewrite the formula (1b) in Friedmann equation  

33

8
22

2
2 

+−==
a

kG

a

a
H 


                        ( 1 a ) 

3
3

3

4 
++−= )( p

G

a

a



                         ( 1 b ) 

as follows: 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 November 2020                   doi:10.20944/preprints202011.0021.v1

https://doi.org/10.20944/preprints202011.0021.v1


 

 10 

                            R
R

GM
F

32


+−= ,  R = a                           ( 2 ) 

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 contest between the gravity 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. 

According to the semiclassical theory of loop quantum cosmology, it is considered that[62]-[64], 

when the particle energy approaches the Planck energy scale, a large rebound will appear, which can 

avoid the singularity from the big bang. Since the loop quantum universe takes the regular form, we use 

Hamiltonian language to discuss it. For the classical straight FRW universe (Friedmann-Robertson 

-Walker), its Hamiltonian constraint can be simply expressed as  

                        Mcl Hcp
G

H +−= 2

28

3


                          ( 3 ) 

here
2ap = , ac = , 0.2375 , H M is the Hamiltonian of the material part. Define energy density: 

                                 
3a

H

V

E M=                                  ( 4 ) 

If H M ≈ 0, the Friedmann equation for k = 0 (which corresponds to a flat universe in FRW scale) can be 

obtained : 

                             
2

)(4
a

k
pGH ++−=                              ( 5 ) 

In this equation, when a → 0, the energy density is divergent, which is the singularity time of the big 

bang. When the loop quantum gravity effect cannot be ignored, the original Hamiltonian constraint is 

modified as follows: 

                  MLQC Hcp
G

H +−= )(sin
8

3 2

22



                      ( 6 ) 

where  is the length of the circle that makes up the smallest facet. When 0→ , there is 

1/)(sin 22 →c , clLQC HH →  will return to the classical limit. Through Hamiltonian equation: 

              )cos()sin(
2

3

8
},{ cc

a

c

HG
Hpp

LQC

LQC 



=




−==                 ( 7 ) 

By substituting p = a 2 , the evolution of scale factor with time can be obtained: 

                           )cos()sin(
1

cca 


=                             ( 8 ) 

On the other hand, from the Hamiltonian constraint H LQC ≈ 0, we can get: 
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                            MH
a

G
c

3

8
)(sin

22
2 
 =                            ( 9 ) 

By combining the above two equations, the modified Friedmann equation is obtained: 

                             









−=

c

G
H







1

3

82
                            ( 10 ) 

where the critical density is 

                  pc 



3216

3
= ,    

2−= Gp is Planck density.                  ( 11 )    

The appearance of the critical density ρ c is a quantum effect, which makes the energy density ρ of the 

universe no longer diverge in any case, so the curvature of space-time is no longer diverging. When the 

quantum effect is negligible, that is → ∞, then ρ c → ∞, this goes back to the classical case. In 

particular, in the very early universe, ρ = ρ c was a rebound point, which replaced the singularity from 

big bang in the classical theory. 

Therefore, semiclassical loop quantum cosmology shows us the evolution of the universe from 

contraction to rebound and then to expansion. 

The membrane world model is a theory of gravitation[69]-[72] based on the string theory of high- 

dimensional space-time. In the image of the membrane world, all matter in the universe, including light, 

can only be confined to the four-dimensional hypersurface of this high-dimensional space-time, which 

is called a membrane. However, gravity can exist in other invisible extra dimensions, so the interaction 

between the membrane and the membrane can occur through the gravitational field, thus affecting the 

distribution of matter. In 2003, shtanov et al. obtained a modified Friedmann equation with rebound 

solution through a 5-dimensional membrane world model[73]. In this model, the total action of gravity 

and matter can be written as: 

  ),()2(2)2( 253  ab
branebranebulk brane

hLRmKRMS   +−++−=         ( 12 ) 

where 5 R is the curvature scalar corresponding to the 5-dimensional background metric g ab , h ab is the 

induced metric on the membrane, and M and m represent the 5-D and 4-D Planck masses, respectively. 

According to the least action principle, the constraint equation in bulk  

                                  05 =+ abab gG                              ( 13 ) 

and the dynamic equation on membrane  

                        ababababab TKhKMhGm =−++ )(32                      ( 14 ) 

can be obtained respectively from the above formula. Since only the evolution on membrane is 

concerned, and the h ab in equation (14) is the RW metric of space homogeneity and isotropy and the 

case of m = 0, it can be determined that the evolution of the universe satisfies the following equation: 

                         
33

8
6

2

2

2 effN

M

G

a

k
H


+−=+


                       ( 15 ) 
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here 
6

2

32 M
eff


−


= , 

64

3

M
GN




−= . Therefore, in the simplest case without curvature term and 

cosmological constant term, we have 

                              
6

2
2

3

8

M

G
H N 

−=                              ( 16 ) 

This result is similar to that in the loop quantum universe, both of which contain the correction of ρ 2. 

Therefore, when the density of matter on the brane is very high, it will produce a nonsingular rebound. 

Both the semiclassical loop quantum universe model and the membrane world model only solve 

the singularity problem to a certain extent, which is a preparation for us to systematically introduce the 

repulsive force and high-dimensional superrepulsive force, and fundamentally solve the singularity 

problem of the universe. 

By the analysis of inflation cosmology, when the inflation occurs, the energy scale of the universe 

is very high, which can be compared with the grand unification or even Planck energy scale. Therefore, 

when it comes to the calculation of the repulsion field of inflation, some appropriate corrections from 

quantum gravity are needed. The theory of nonperturbative superstring (or m) points out that when the 

interaction distance of any physical process is very small, the following uncertainties should be met: 

              
2

spp lxt                                 ( 17 ) 

This relationship is called the principle of spatiotemporal uncertainty (or noncommutative relationship 

of space-time, SSUR). Here l s represents the characteristic length of the string, while Δ t p Δ x p 

describes the uncertainty of measurement for physical time and space coordinate. It is pointed out in 

references [47] and [48] that the non commutative relation of time and space is universally tenable. This 

conclusion is true not only for strings, but also for D-membrane. 

In reference [74], the k-inflation model in noncommutative space-time is studied based on the 

uncertainty principle of space-time. The results show that in this model, all the disturbance modes are 

generated in the horizon, and the non commutative effect of time and space 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. In our opinion, the pseudo vacuum energy 

considered by the inflationary universe model, the Higgs field energy considered by the standard 

physics model and the dark energy inferred by the observation cosmology are all related to the 

repulsive force that brings strong negative pressure, as shown in Figure 1 (Li Zongcheng, 2019). 

Note that 182 ==− GM pl   is used for all units below this section. 

Let  
 −= gX

2

1

 

represent the kinetic energy term of a single scalar repulsion field, 

then the most general action used to describe the repulsion field can be expressed as: 









+−=  ),(

2

4 Xp
R

gXdS  ,                       ( 18 ) 

here p ( φ, X ) is an arbitrary function of the repulsion field φ itself and its kinetic energy as a scalar 
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field, and the definition of X and the above actions ensure that the motion equation of the repulsion 

field is of second order. The energy momentum tensor of the repulsion field can be obtained by the 

variation of the action 

    



 



pgp

g

S

g
T X +=

−
−

2
,  

X

Xp
pX






),(
,            ( 19 ) 

 

                                       effective potential V ( t )         

                        big reversal and big bang               

                                                                         expansion 

 

                                        collapse    inflation          reheating     

 

                            contraction                       slow-rolling 

 

 

      effective potential V repl of repulsion                          effective potential V grav of gravity 

                                                                                     

 

− t                                         0                                       t 

Figure 1  Gravity and Repulsion in the Universe 

When the gravity is overwhelming for repulsion, the universe enters the stage of contraction and collapse. 

When the repulsion is overwhelming for gravity, the universe enters the stage of inflation and expansion. 

 

It is also equivalent to an ideal fluid, as long as its energy momentum tensor is expressed as 

  pgUUpT ++= )( . The p appearing here is the pressure defined in the co-moving coordinate 

system, while the energy density defined in the same coordinate system is: 

pXpX −= 2 .                            ( 20 ) 

In addition, the definition of four velocity U μ is XU 2/ −= . 

An uniform and homogeneous flat universe ( space curvature K = 0 ) can be described by 

Friedmann-Robertson-Walker (FRW) metric. Its specific form is as follows: 

                                
2222 )( dxtadtds +−= .                         ( 21 ) 

In this way, the kinetic energy of the repulsive field that determines the inflation of the universe is 

2/2=X . The non commutative relation of time and space in formula ( 17 ) becomes: 

                                 )(/ talxt s

2 .                              ( 22 ) 

The right of equation ( 22 ) is a function of time t, which is a variable in the period of Δ t. Therefore, 
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the value on the right side of the equation is uncertain. Thus, when Δ t is very large, the definition of 

formula ( 22 ) is invalid. If the conformal time d η = d t / a is used, the same problem exists. In order to 

make equation ( 22 ) meaningful at any time, a new time coordinate τ : d τ = a ( t ) d t must be 

introduced, and the scale changes accordingly: 

                            
222

2

2 )(
)(

1
dxad

a
ds 


+−= .                      ( 23 ) 

Now, there is a good definition of non commutative relation between time and space:
2

slx  . 

3.  Mechanism Framework for Offset of Cosmic Singularity 

It is necessary to point out clearly that it is an established fact that the universe avoids singularity 

before the big bang or in the big collapse, and it is not a mathematical and physical problem to be 

solved. The first thing we need to do now is to explore and reveal the internal mechanism of avoiding 

singularity in the collapse of the universe, and give a convincing natural and reasonable explanation. 

To truly explain in a natural and reasonable way the offset of the cosmic singularity before the big 

bang, the accelerating expansion of the present universe, the irregularity of dark matter and dark energy, 

we consider noncommutative space-time, and will introduce the ultimate supersymmetry, the arche- 

conjugation and the cluster resonance-at-cofrenquence. All kinds of strange phenomena converge into 

one possibility, that is, the closer they get to Planck scale, the stronger the conventional quantum effect, 

non commutative quantum effect, arche-conjugate effect and co-frequence cluster resonance effect are. 

For the new physics set up in this series, the central concept and method are the arche-conjugation, 

while supersymmetry is the key concept and method formed around the arche-conjugation. Because, in 

our opinion, supersymmetry can't overcome the UV divergence in the quantization of supergravity, and 

the arche-conjugation introduced in this series of works can overcome the UV divergence of the 

quantization of supergravity. 
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( 1 ) noncommutative time and space 

For supergravity, dark energy and dark matter, we enter into supersymmetric space-time, quantum 
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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 

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 

                             
 Mixx =]~,~[                              ( 24 ) 

here R , M μν is an anti-symmetric matrix, x~ is a noncommutative coordinate. In this way, common 

quantum mechanics becomes noncommutative quantum mechanics. In order to ensure that the system 

has rotational symmetry, it is necessary to have 0],[ = pp , the noncommutative relationship 

between coordinates and momentum becomes 

                                
21],~[ pipx −=                              ( 25 ) 

When α → 0, the theory goes back to quantum mechanics. In 2009, M. Battisti considered the non 

commutative geometry in Synder space[75], and obtained the modified Friedmann equation through the 

quantum 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: 

                           
21],[],~[ pipqpqi −=→−                         ( 26 ) 

Therefore, the relation a is satisfied for the commutative scale factor a and its conjugate momentum p a , 

where 

                               
21

3

4
a

a p
a

pG
a 


−=                          ( 27 a ) 

                      
232

2

2
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2
a

a
a p

da

d
aa

a

pG
p 





−








++=                  ( 27 b ) 

By the above two formulas and the Hamiltonian constraint H NC ≈ 0, we get the background evolution 

equation: 

                           









−=

c

a
G

H






sgn1

3

82
                          ( 28 ) 

where the critical density is |)|3/2(  Gpc = . When α → 0, →c returns to the classical 

case. In the case of α > 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 Φ ( x, θ ), 

Bose field φ (including all kinds of scalar field, vector field, tensor field, etc.) and Fermi field ψ are 

included. There are all kinds of super gauge transformations between the two fields[76]-[78]. 
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Now, in the super unifying force field Ω ( X, Θ ) introduced here, we consider the gravitational 

field (especially the high-dimensional super gravitational field including Fermi field) Φ on the one 

hand, and the repulsive field (especially the high-dimensional super repulsive field including Bose field) 

Ψ on the other hand. All kinds of supernormal transformations between gravitational field and repulsive 

field can be summarized as follows: 

                         =  A ,   −= B ,                        ( 29 ) 

where, ε is the rotation angle of the hyperparticle, as the major rotation of the anti commutation. 

Suppose the multiplicity of sparticle is 











=

ib
, formula (29) becomes a 

                   )( −= −  ibiAb 1
,    −= Bibib )( ,                 ( 30 ) 

so 

                     

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


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 ibBib

iAb

ib 1

1 1


,                     ( 31 ) 

here ε is commutative to the repulsive field Φ and anti-commutative to the gravitational field Ψ , then 
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.             ( 32 ) 

The Lagrangian of super unified field is: 

              )]()([)()( −+−+ +−= VVDDDDL
2

1

8

1 2
,                 ( 33 ) 

where, Ω + and Ω − , 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 σ i
a of the three-dimensional metric and the potential A a

i 

of the curvature self duality. The dynamic equation of the quantum unified action is as follows: 

)~(~ ][][ abab

b

a TTiD −−


+=  2 ,                      ( 34 a ) 

)],~([ ab

b

ab

b

a FTFTiA  −= 
2

1
.                      ( 34 b ) 

On the one hand, we consider the symmetry of supergravity[79]-[81] : 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. 
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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 

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[81]-[83], 

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-conjugate dark matter. 

Let V be the volume of space, and the action of scalar disturbance can be given by the formula: 

))((
2

2223

0
kkskk

kk
kczkdd

V
S  −−


−=  ,                ( 35 ) 

where the apostrophe represents the differential of the new time coordinate η, which is defined as: 
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eff ,                      ( 36 ) 

)( 

k
 functions are defined here: 

                       )()( 2  −=  ak , and kls

2= .                      ( 37 ) 

where ζ k is the curvature disturbance and scaz /2 1 is Mukhanov variable. The )( 

k
function 

used here is equivalent to the formula used in other literature in the sense of integral, and once the exact 
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solution of the perturbed equation is obtained, the form of the )( 

k
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 ζ k  is: 

                              022 =






 
−+ ksk u

z

z
kcu .                          ( 38 ) 

This equation can be obtained from the variation of action (35), where the modulus function is 

defined as u k = z ζ k. In the case of slow-rolling approximation, equation (38) is simplified to : 
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−+ ksk ukcu
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
,                       ( 39 ) 

After the first order terms of slow roll parameter and λ are retained, the following results are obtained: 
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
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22

3 2
1 −−++ s .                         ( 40 ) 

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: 
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





 
−+ kk v

a

a
kv ,                          ( 41 ) 

where the modular function is defined as v k ≡ a h k / 2. It should be noted that h k here represents two 

physical freedom degrees of tensor perturbation, namely h + and h x. Using the same approximation as 

scalar perturbation, we get: 

              
2
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a

a
,             ( 42 ) 

leave the value of v to the linear term: 

                                 
3

2

2

3
1 −+v ,                             ( 43 ) 

To define conjugate momentum and its quantization: 

                                 kkk
a

a



−= ,                             ( 44 ) 

                         aa
k

kk += )(()( 
2

1
† ))(k− ,                      ( 45 a ) 

                         aa
k

i kk −−= )(()( 
2

† ))(k  
.                     ( 45 b ) 

Under the special conformal time η 0 , by the Bogoliubov transformation, we have: 

                      avaua kkkk )()()()(  += 0
† )( 0k− ,                    ( 46 a ) 
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                      aua kk )()(  = † avkk )()(  +− 0
)( 0k .                   ( 46 b ) 

So in μ k , π k , there should be 

                      afaf kkkk )()()()(  += 0
† )( 0k− ,                  ( 47 a ) 

                    agagi kkkk )())()(()(  +−= 0
† )( 0k− .                 ( 47 b ) 

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 

quantum 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 ) 0)()( =− sureplsugra VV ,  

the effective potential of supergravity and that of superrepulsion reach equilibrium; 

( b ) 0)()( − sureplsugra VV ,  

the effective potential of supergravity is less than or equal to that of superrepulsion; 

( c ) 0)()( − sureplsugra VV ,  

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 ) Cluster Resonance-at-Cofrenquence 

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 cluster resonance 

-at-cofrenquence 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 

problems of quantum gravity and quantum repulsion. 

The coupling of dark matter and dark energy is attributed to the interaction of quantum gravity and 
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quantum repulsion. 

The decoupling of dark matter and dark energy is attributed to the separation of quantum gravity 

and quantum repulsion. 

4. High-dim Supergravity and High-dim Superrepulsion 

Based on the previous research in this series, It can be seen that gravitation, strong action and 

weak action are all quantum gravitation in essence. The unity of four basic physical interactions is not 

the ultimate unity. For super gravity, dark energy and dark matter, it is not enough to have only four 

basic physical interactions. 

In addition to the quantum gravitation, there is a need for further research, especially in the 

quantum repulsion. We should not only deeply and systematically study the unity between classical 

gravity and classical repulsion, but also the unity between quantum gravity and quantum repulsion, 

especially the unity between high-dimensional supergravity and high-dimensional superrepulsion.  

According to the viewpoint of arche-unity physics established in this series of works, only the 

unity between high-dimensional supergravity and high-dimensional superrepulsion is the ultimate 

unifying force (UUF) of the universe. 

There are still many problems in the research of supergravity[83]-[87]. The main topics include the 

supergravity of shell, off-shell and hyperspace, the coupling with matter, the extended supersymmetry, 

Kaluza Klein (KK) reduction (the only complete non-linear compact in the gravitational space A d S 4 × 

S 7 ), and the application of phenomenology, such as the theory of embedded string, etc. Previous 

studies have shown that the 11-d super gravity has N ~ 8 (maximum) supersymmetry. From the residual 

minimal supersymmetry in the englert solution of the 11-dimensional supergravity, we can find a 

mechanism of the so-called "spontaneous compactness" of d = 11 supergravity[77]-[79]. In this framework, 

11-dimensional hyperspace is compactly transformed into M 4 × N r , where M 4 is 4-dimensional AdS 

(anti de Sitter) space-time and N r is a compact (Lie group) manifold. The form of residual 

supersymmetry and internal canonical symmetry after spontaneous compact is closely related to the 

topological properties of compact 7-manifold N r . The fundamental fermions and gauge fields with 

mass obtained by Higgs mechanism actually constitute the harmonic expansion in Kaluza Klein 

reduction. It is noted that there are two breaking scales of the same or the same order of magnitude: 

complete SUSY breaking scale M SUSY and internal symmetry breaking scale M gauge . The former is 

generally believed to be the minimum scale (generally very high) that makes the nature not show the 

symmetry of Bose and Fermi, while the latter is a direct low-energy spectrum. It is difficult to imagine 

that they have the same order of magnitude! A clever way to solve this problem is to make the 

high-order terms (spin 3 / 2, 2 and other Hypergravitation propagators) "decouple" in K-K harmonics, 

but only to make the fermions and gauge fields in the usual SU (3) × S U (2) × U (l) model coupled 

with Higgs particles, so that mgauge can be indirectly depressed. This means that the supergravity is at 

least partially preserved, not completely broken. 

In the existing studies[82]-[85], it can be seen that N = 1 supergravity in 11d is the only one, because 

it is the largest dimension that we can enhance N = 8 supergravity in 4d, which is the maximum super 

gravity with spin ≤ 2 (for higher spin, there is no known way to interact with a limited number of 

fields). In a higher dimension, the eight gravitini of 4d will only form a part of a graviton. In 10 
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dimensions, there are two possible maximum gravitation, that is, when N = 2, IIA has two different 

kinds of gravitini and IIB has two kinds of gravitini with the same chirality. They correspond to the low 

energy limits of the IIA and IIB string theory. IIA supergravity is obtained by the periodic reduction of 

11d supergravity with N = 1 (11d super gravitinos split into two different chiral 10 d gravitini), but IIB 

is obtained without reduction of any dimension (although in the full string theory, it is related to 11d 

supergravity without disturbance). Therefore, 11d and IIB 10d supergravity are important examples of 

supergravity, from which we can get the rest. The biggest supersymmetric background of these two 

theories is: for 11d super gravity, Minkowski, AdS 4 × S 7 , AdS 7 × S 4 and PP (parallel plane) are 

obtained as Penrose limit of AdS 4 × S 7 and AdS 7 × S 4 . For II B super gravity, there are Minkowski, 

AdS 5 × S 5 and PP waves as Penrose limit of AdS 5 × S 5 . Therefore, the nontrivial cases related to 

compactness (except that the PP wave is only limited) are AdS 4 × S 7 , AdS 7 × S 4 and AdS 5 × S 5. 

Now, we introduce the hyperrepulsion which forms the arche-conjugate relation with hypergravity. 

As a correspondence of arche, 11 dimen superrepulsion also has M ~ 8 (maximum) supersymmetry. 

From the residual minimal supersymmetry in the englert solution of the 11 dimensional superrepulsion, 

we can also find a mechanism of the so-called "spontaneous extension" d = 11 superrepulsion. The 

form of residual supersymmetry and internal gauge symmetry after spontaneous extension is closely 

related to the topological properties of the extended 4-manifold M 4 . The fundamental fermions and 

gauge fields with mass obtained by Higgs mechanism actually constitute the harmonic expansion in 

Kaluza Klein reduction. To reduce the huge difference in the scale of decimal, the "decoupling" formed 

by the high-order terms (the propagator of supergravity with spin 3 / 2, 2 and other ) in K-K harmonics 

makes the fermions and gauge fields in the SU ( 3 ) × S U ( 2 ) × U ( l ) model coupled with Higgs 

particles, so that mgauge can be indirectly depressed. This means that the effectiveness of super 

repulsion is limited in a limited dimension. 

In a higher dimension, corresponding to 8 gravitini of 4D, we can introduce 8 repulstini, which 

only form a part of a repulstino. In 10 dimensions, corresponding to the existence of two possible 

maximum supergravity, there should be two possible maximum superrepulsion, that is, when N = 2, IIA 

has two different chiral repulstini, and IIB has two identical chiral repulstini. They correspond to the 

low energy limits of the IIA and IIB string theory. IIA supergravity and IIA superrepulsion form the 

arche-conjugate correlation, thus forming IIA super unified action. 11d superunifying force and IIB 10d 

superunifying force are important examples of super unifying force, from which we can get other super 

unifying forces. 

As a correspondence of the arche, the self propagating d = 11 superrepulsion can be reduced to a 

scalar. In the ultimate unification of cosmic superactions, the largest supersymmetric background of the 

theory is: 

For 11d supergravity, 11d superrepulsion and 11d superunifying force, Minkowski, AdS 4 × S 7 , 

AdS 7 × S 4 and PP (parallel plane) are obtained as Penrose limit of AdS 4 × S 7 and AdS 7 × S 4 . 

For II B supergravity, II B superrepulsion and II B superunifying force, we have Minkowski, AdS 5 

× S 5 and PP waves as Penrose limits of AdS 5 × S 5. Therefore, the nontrivial case related to 

compactness (except that the PP wave is only limited) is AdS 4 × S 7, AdS 7 × S 4 and AdS 5 × S 5. 

In 4D, for N = 2 supersymmetry, we have N = 2 vector multiplet, which is composed of N = 1 

vector W α , ( 1, 1 / 2 ) (vector plus spinor), plus N = 1 chiral multiplet, and ( 1 / 2, 0 ) (spinor plus 

scalar). We can also get the hypermultiplet of N = 2, which is composed of two chiral multiples Q and 
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Q
~

. For n N = 2 vector multiple states Ψ A , when A = 1, ∙∙∙, n , we can associate the action of N = 2 

hyperspace gravitational potential F ( Ψ A )   

)(
~

Im AFdxddS =  


224

16

1
                        ( 48 ) 

with the action of repulsion in the following formula: 

               )(
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4              ( 49 ) 

We can write the repulsive action in N = 1: 

+

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To do this, use the N = 1 hyperspace language: 

Qdd ((
~
 22

 † ..)
~

)
~

(()
~

)
~

() chQQmQQdQeQQe iiiiiii
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,      ( 52 ) 

We give a coupling for m hypermultiplets i = 1, ∙∙∙, m with standard dynamical terms, where the 

interaction term between hyperspace and vector must also comply with global invariance, but we have 

not clearly explained how to achieve this. In general, Q and Q
~

can also have a general dynamics term 

from their own Kahler potential. 

The Lagrangian dynamics term of vector multiplets is 

           )Im( BA

AB

B

i

iA

BA

BA

BA
FgXXgL −− ++= 


  ,                ( 53 ) 

where 

Kg
BABA

= , 

                   ))()((),( A

A

A

A XXFXXFiXXK −= ,                        ( 54 ) 

                   )()( XFXF AA = ,  )(XFF BAAB = , 

and A, B = 1, ∙∙∙, n . 

The properties of the particle field can be expressed by Bose coordinates x u and Fermi coordinates 

Ψ iα . They are Mozorana spinors satisfying the anti-commutation relation. Their supersymmetry and 

internal symmetry are transformed into 




  ii R= ,  
 j

j

ii

I EiI −= .                   ( 55 )  

By the quantum field theory, the Lagrangian of gauge field and matter field can be taken as 
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where 
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The torsion free condition 0)( =
aR  is used here. 

Taking the Lagrangian of supergravity in the form of ERS 
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where the first term is Einstein gravity term, the second term is Rarita Schwinge term, and 

T

ab

abBD )( −= .  

Supersymmetry: the first and second terms of formula (57) 
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Previous studies have shown that spontaneous compactness of d = 11 supergravity results in the 

following Einstein equation solutions (in the form of Castellani and Warner [88]-[90] ): 

41
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 −− = TzYzYzYzeYF )()()()( ,               ( 60 ) 

Here, the 4-spacetime component and the mediocre (due to the existence of parallelism) Ricci 

curvature are not written. In the formula (60), index π is taken as l , ∙∙∙, 8, T π 1 − π 4 is the constant value 

anti symmetric SO (8) tensor, Y (z) as the SO (8) positive definite matrix, which is parameterized by the 

7-spherical coordinate z. T characterizes the (inverse) self-dual property of solution F, and by the field 

equation, it should satisfy the following relation with tensor Γ of SO (7): 

                                   4141 −− =T ,                             ( 61 ) 

Here ξ is the constant rotation of SO (7). 

It is suggested in reference [88] that T π 1 − π 4 is not linearly independent as a SO (8) tensor. 

Therefore, a set of SO (8) rotation invariant bases can be selected to construct all 8-parameter clusters. 

This enables us to use the solution manifold (60) instead of R 8 , and use a quotient space (manifold) of 

the automorphism group G 2 of (60) to approach S 7 , so that the discussion of the supersymmetry 

property of the solution can be transformed into the study of the (supersymmetric) group 

transformation property of G 2 / K under the − Spin ( 7 ) transformation (parallelism). On S 7 , it is 

generally believed that all supersymmetries are broken by − Spin ( 7 ). 

We note that in the Kaluza Klein theory of supersymmetry, it has been discussed by Kerner[88]-[90] 
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to directly construct 4-dimensional "super" manifolds by means of order Lie groups instead of the 

Majorana spinor coordinates of usual super space. Kerner's idea is to equate the G-adjoint 

representation of non Abelian K-K bundle P ( M 4 × Λ{ θ } , G ) with  Z 2 -principle bundle on M D . By 

the realization of embedding: A  G → ad ( A  G ) → A  SO ( N ) , all Dirac spinors can be decomposed 

into direct sums of irreducible multiplets[90]-[92] on a certain submanifold. Therefore, for a certain 

subgroup at least, there is no basic (irreducible) spinometer showing ψ A . 

The group transformation properties of G r / K under 8 → 7 1 − Spin ( 7 ) decomposition induced 

by parallelism are investigated. Obviously, we should take SO (4) in particular, that is, dim dim G 2 / SO 

( 4 ) ~ 8, the basic representation dimension of N = 8 internal symmetric group. Consider (transform) 

group space X p , whose generalized coordinate is η α . The so-called ( ± ) parallelism refers to such a set 

of "parallel vector displacements". 

1

1

1

11

11

-1 :)(;TUSU :)( SUUTSUTUUUST −−− =−=+ ,              ( 62 ) 

Here, point pair T , S , T 1 , S 1 are the element of group, and as the point in X p , T , S , T 1 , S 1 are 

respectively connected by their own geodesic lines, and the linear connections defined thereby are 

recorded as

+


 and 

−


 . 

5  Quantum Hedge-Expansive Universe Equation 

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 against the quantum gravitational field equation, and 

then establishes 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 

against 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. 

( 5. 1 ) Friedmann equation related to loop quantum gravity 

For the classical flat FRW universe (Friedmann-Robertson-Walker), the Hamiltonian constraint of 

its gravitational action can be simply expressed as 

                     Mgravgravcl Hcp
G

H +−= 2

2,
8

3


                      ( 63 ) 

where the momentum of gravity 
2apgrav /1= , ac = , 0.2375 , a is the scale factor, and H M is 

the Hamiltonian of the gravitational mass. Here, define the energy density:
3a

H

V

E M= . 

If H M ≈ 0, the Friedmann equation related to gravity can be obtained in the case of k = 0 (in the 

FRW scale, k = 0 corresponds to a flat universe): 
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2
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k
pGH gravgrav ++−= )(                          ( 64 ) 

here, when a → 0, the energy density is divergent, which is the singularity moment of the big bang. 

When the loop quantum gravity effect cannot be ignored, the Hamiltonian constraint of the original 

gravity is modified as follows: 

                  MgravQ Hcp
G

H +−= )(sin
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2, 


2

2
                   ( 65 ) 

where  is the length of the loop that makes up the smallest facet. When 0→ , there is 

1/)(sin 22 →c , then gravclgravQ HH ,, → will return to the classical limit. Through the Hamiltonian 

equation related to quantum gravity: 
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By using p grav = 1 / a 2 as a substitution, the evolution of scale factor with time can be obtained:  
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On the other hand, by the Hamiltonian constraint H Q, grav ≈ 0, we can get: 
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By combining the above two formulas, the modified Friedmann equation related to gravity is obtained:  
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where the critical density is 

 pc 



3216

3
= ,    

2−= Gp  is the first density of Planck. 

The appearance of the critical density ρ c is completely a quantum gravitational effect. 

( 5. 2 ) the non fiedmann equation related to the quantum repulsion of a loop 

Corresponding to the regular form of the loop quantum gravitational universe, we also use 

Hamiltonian language to discuss the loop quantum repulsive universe. For the classical flat FRW 

universe (Friedmann-Robertson-Walker), the Hamiltonian constraint of repulsion can be simply 

expressed as 

                     Ereplreplcl Hcp
G

H +−= 22

8

3



,                         ( 69 ) 
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where, the momentum of repulsion
2aprepl = , ac = , 0.2375 , a is the scale factor, and H E is 

the Hamiltonian of the repulsive energy. Here, define the energy density:
3a

H

V

E E= . 

If H E ≈ 0, the non Friedmann equation related to repulsion can be obtained in the case of k = 0 (in 

the FRW scale, k = 0 corresponds to a flat universe): 

                          
24
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                          ( 70 ) 

here, when a → 0, the energy density is divergent, which is the singularity moment of the big bang. 

When the loop quantum repulsion effect cannot be ignored, the Hamiltonian constraint of the original 

repulsion is modified as follows: 
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where  is the length of the loop that makes up the smallest facet. When 0→ , there is 

1)
1

(sin 2 →


c2
, then replclreplQ HH ,, → will return to the classical limit. Through the Hamiltonian 

equation related to quantum repulsion: 
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By using p repl = a 2 as a substitution, the evolution of scale factor with time can be obtained:  

                         )
1

cos()
1

sin( cca


=                            ( 73 )     

On the other hand, by the Hamiltonian constraint H Q, repl ≈ 0, we can get: 

                           EH
G

a
c

22

2

3

8






=)

1
(sin                             

By combining the above two formulas, the modified non Friedmann equation related to repulsion is 

obtained:  

                             









−=

c

repl
G

H






1

3

82
                            ( 74 ) 

where the critical density is 

 pc 





2

3

16

3
= ,    

2Gp =  is the first density of Planck.             ( 75 ) 

The appearance of the critical density σ c is completely a quantum repulsive effect. It makes the 

repulsive energy density σ of the universe no longer diverge in any case, so the curvature of space-time 
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is no longer diverging. When the quantum repulsion effect can be ignored, that is 0→ , then 

→c , this goes back to the classical case. In particular, in the very early universe, σ = σ c was a 

rebound point, which replaced the singularity of the big bang in the classical theory. 

( 5. 3 ) the hedge-unified expansive universe equation related to the grand unification of loop 

quantum gravity and loop quantum repulsion 

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 

   =− gravclreplcl HH ,, Erepl Hcp
G

+− 22

8

3



Mgrav Hcp

G
−+ 2

28

3


         ( 76 ) 

where, the momentum of repulsion
2aprepl = , ac = , 0.2375 , a is the scale factor, and H E is 

the Hamiltonian of the repulsive energy, the momentum of gravity
2apgrav /1= , ac = , 0.2375 , 

a is the scale factor, and H M is the Hamiltonian of the gravitational mass. 

If 0− ME HH , the hedge-unified expansive universe equation related to the interaction of 

gravity and repulsion can be obtained in the case of k = 0 (in the FRW scale, k = 0 corresponds to a flat 

universe): 

             =− gravrepl HH  24
kap

G
repl ++− )( 


2

4
a

k
pG −++ )(               ( 77 ) 

here, when a → 0, the energy density is divergent, which is the singularity moment of the big bang. 

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: 

=− gravQreplQ HH ,, Erepl Hcp
G

+− )(sin2






 1

8

3 2
2

MHcp
G

−+ )(sin
8

3
2




2

2
   ( 78 ) 

where is the length of the loop that makes up the smallest facet.  

When 0→−


1
, there is 








c




122 sin 1)(sin
1

→− c


2

2
,  

then hedgeclgravQreplQ HHH ,,, →− will return to the classical limit. Through the Hamiltonian equation 

related to the hedge between the quantum repulsion and the quantum gravitation: 

            },{ ,hedgeQhedgehedge Hpp =
 

c
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G
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
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
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)cos()sin(2 cca



11

= )cos()sin( cc
a




2
−                 ( 79 ) 

By using p repl = a 2 and p grav = 1 / a 2 as the substitution, the hedge evolution of scale factor with time 

can be obtained:  

             =hedgea )
1

cos()
1

sin( cc


 )cos()sin( cc 


1
−                 ( 80 ) 

On the other hand, by the Hamiltonian constraint 0− replQgravQ HH ,, of the hedge action, we can get: 

             =−







)(sinsin cc 



22 1
EH

G

a
223

8
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G
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8 22
−                 ( 81 ) 

By combining the above two formulas, the modified quantum hedge-unified expansive universe 

equation related to the quantum repulsion and the quantum gravitation is obtained:  

               =− 22
gravrepl HH 





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
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cG 





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
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
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
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G
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
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where the critical density is 

                         =− cc  p



2

3

16

3
p

 3216

3
− ,                       ( 83 ) 

2

1

G
Gpp −=−  is the first density of Planck.     

The appearance of the critical density σ c of the hedge matter ( mass and energy ) is completely a 

quantum 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  Expansive Universe Equation beyond Friedman's Equation 

Under the big unified framework of gravitational field and repulsive field, this series of work 

comprehensively expands the special and general relativity, establishes the repulsive field equation 

against the gravitational field equation, and then establishes the hedge-unified field equation describing 

the interaction of gravitational field and repulsive field; On this basis, the non-Friedmann equation 

against the Friedmann equation is established, thus a set of new equations describing the expansive 

universe model under the condition of fully considering the hedge effect of gravitational field and 

repulsion field, which can be called the expansive universe equation of hedge-unified field theory, is 

established. 

( 6. 1 ) Friedmann equation related to gravitational field 

As we know, Friedman's equation is a set of equations describing the homogeneous and isotropic 

expansive universe model in space under the framework of general relativity. In our opinion, this 
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equation is an expansive universe model related to the gravitational field equation. 

In this regard, consider the Robertson-Walker metric 









++
−

−= 22222

2

2
222

1
 drdr

kr

dr
tRdtds sin)(                 ( 84 ) 

where r, θ and φ are polar coordinates of the sphere and t is the cosmic time, three values of + 1, 0 and 

− 1 can be taken as the spatial curvature sign k, and the time function R ( t ) is called the cosmic scale 

factor. For a homogeneous isotropic universe, the medium energy momentum tensor of a gravitational 

source is in the form of 

      pgUUpT ++= )(                        ( 85 ) 

where ρ is the mass density of gravitational source, U μ and U ν  are the quantities related to the 

gravitational potential, p is the pressure of gravitational source, 

)(tT =00 , 000 == ii TT , )(tpgT ijij −= , indexes i , j = 1, 2, 3 . 

For Einstein's gravitational field equation: 

                        







−−=− TgTGgR  
2

1
8                      ( 86 ) 

By substituting (84) and (85) into (86), two component formulas of the gravitational field equation are 

obtained: 

time-time component equation:  

RRp
G

R
3

3
3

4 
++−= )(


                        

( 87 ) 

space-space component equation:  

222 422 RRpGkRRR +−=++ )(
                   

( 88 ) 

From (87) and (88), we get: 

                          
222

33

8
RR

G
kR


+=+ 

                         ( 89 ) 

Change equation (89) to 

      
2

2

2

33

8

R

kG

R

R
H −


+=




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


 


                     ( 90 ) 

This formula is known as Friedman's equation. 

It shows that, in fact, the expansion of the universe is driven by three main terms: matter term, 

cosmological constant term and curvature term. 

By satisfying the energy momentum tensor 0=
T , we can get: 
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23 3pRR

dR

d
−=)(                             ( 91 ) 

where the non-zero connection is 

              ij

t

ij gRR ~= ,  
i

j

i

tj
R

R



= ,  )~~~( ,,, ljkjlkklj

ili

jk gggg −+=
2

1
,           ( 92 ) 

Index in the formula: i , j , k , l = 1, 2, 3, and there is ijij gtRg ~)(2−= . 

Now, we establish the non Friedman equation corresponding to the Friedman equation. 

( 6. 2 ) non Friedman equation 

As an improvement and extension of Friedman's equation, the non Friedman's equation is a new 

set of equations describing the homogeneous and isotropic expansion universe model in space under 

the framework of repulsion field. In our view, the non Friedman equation is an expansion universe 

model related to the repulsion field equation. 

Under the Robertson-Walker metric, for a homogeneous isotropic universe, the form of the 

medium energy momentum tensor of the repulsive source is 

      gpVVpK replrepl ++= )(                      ( 93 ) 

where σ is the mass density of repulsive source, V μ and V ν are the quantities related to the repulsive 

potential, p repl is the pressure of repulsive source, 

)(tK =00 , 000 == ii KK , )(tpgK replijij = , indexes i , j = 1, 2, 3 . 

Under the new framework, the following form of repulsion field equation can be established: 

                        




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−−=+ KgK

G
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2
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                     ( 94 ) 

By substituting (84) and (93) into (94), two component formulas of the repulsive field equation are 

obtained: 

time-time component equation:  

R
p

GRR
repl

3
3

3

41 
−+−= )(




                       

( 95 ) 

space-space component equation:  

222
4

1
2

21

R
p

GR
k

RRR
repl


−−=−+ )(

 
                 

( 96 ) 

From (95) and (96), we get: 

                        −=−
222 3

1

3
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RGR
k

R



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Rewrite formula (97) to 
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H repl +


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


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
 


                       ( 98 ) 

This equation can be called non Friedman's equation. 

It shows that, in fact, the expansion of the universe is driven by three main terms: repulsive force 

term, energy term and curvature term. 

By satisfying the energy momentum tensor 0=
K of repulsive field we can get: 

                           replp
RRdR

d
3

1
23
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where the non-zero connection is 

            ij

t

ij g
RR 
1
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The indexes in the formula: i , j , k , l = 1, 2, 3, and there is ijij g
tR

g
)(2
1

−= . 

On the basis of the above discussion, we can combine the Friedman equation with the non 

Friedman equation, to establish a new equation called the hedge-unified expansive universe equation. 

( 6. 3 ) hedge-unified expansive universe equation 

As a systematic combination of Friedman's equation and non Friedman's equation, the expansive 

universe equation of hedge-unified field theory is a new way to describe the homogeneous and 

isotropic expansion universe model in space under the framework of the grand unification of 

gravitational field and repulsive field. 

Under the Robertson-Walker metric, for a homogeneous isotropic universe, the form of the 

medium energy momentum tensor of the hedge-unified medium is 

=−  TK  gpVVp replrepl ++ )(  gpUUp gravgrav −+− )(         ( 101 ) 

where σ is the mass density of repulsive source, V μ and V ν are the quantities related to the repulsive 

potential, p repl is the pressure of repulsive source, ρ is the mass density of gravitational source, U μ and 

U ν  are the quantities related to the gravitational potential, p is the pressure of gravitational source,  

)()( ttTK  −=− 0000 , 

00000 =−=− iiii TKTK , 

)]()([)()( tptpgtpgtpgTK gravreplijgravijreplijijij +−=−−=− , indesxes i , j = 1, 2, 3 . 

Now, we can establish the hedge-unified field equation of which combines the gravitational field 

equation with the repulsive field equation:  
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By substituting (84) and (101) into (102), two component formulas of the hedge-unified field equation 

are obtained: 

time-time component equation:  

RRp
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space-space component equation:  
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From (103) and (104), we get: 
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Rewrite formula (105) to 
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This equation can be called the expansive universe equation of hedge-unified field theory. 

It shows that, in fact, the expansion of the universe is driven by three main terms: repulsive force 

term, gravitation term and energy-momentum distribution term. 

By satisfying the energy momentum tensor 0=− 



 TK of hedge-unified field we can get:  
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where the non-zero connection is 
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The indexex i , j , k , l = 1, 2, 3, and there is 

ijijij gtRg
tR

g ~)(
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7  Hyperholographic Quantum Correspondence 

Now, at the level of quantum gravity and quantum repulsion, we explore and propose a 

holographic quantum unifying interaction mechanism that can be promoted to the basic principle. 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 hole. 

J. D. Beckenstein introduced black hole entropy when he extended the second law of 

thermodynamics to the second law of generalized thermodynamics. The entropy expression of black 

hole calculated by quantum field theory is: A
G

kc
SBH 4

3

=  where A is the area of event horizon of 

black hole,  is the reduced Planck constant, κ is the Boltzmann constant, G is the Newton 

gravitational constant, and c is the speed of vacuum light. In the natural system of units, the reduced 

Planck constant  (i.e. 








2

h
), light speed constant c, Boltzmann constant κ are all equal to 1. The 

expression of black hole entropy can be written as: 
22
pHBH MrS = , where r H is the radius of black 

hole, M p is Planck mass. G. 't Hooft proposed the holographic principle in 1993[93], and L. Suskind 

further elaborated the holographic principle in 1994[94] . The duality relationship between infrared 

truncation and ultraviolet truncation limits the research scope of holographic principle. 

It is worth noting that no matter what we choose infrared truncation and ultraviolet truncation, 

these two scales always depend on the evolution of the universe[95]-[97], and the mechanism of 

holographic unifying action can be used as the basis of the evolution of the universe. Further, we can 

give the model of quantum repulsion enhancement as infrared truncation, and take the holographic 

quantum unifying action mechanism as the basis of the coupling of dark matter and dark energy, as 

shown in Figure 2 (Li Zongcheng, 2019). 

It has been known that loop quantum gravity (LQG) is a non perturbative regular theory of 

quantum gravity. In this theory, the description of space-time is background independent, and its 

geometry is composed of spin network. In 2005, M. Bojowald and others applied some important 

achievements of LQG to the research of cosmology, thus forming a set of semiclassical loop quantum 

cosmology theory[98]-[100]. It is believed that this theory can not only deduce a big rebound at the 

beginning of the expansion of the universe, so as to avoid the singularity of the big bang, but also help 

to explain the accelerating expansion of the universe and the final result of the universe. 

Among many dark matter candidates, Elko field has a very good description of the strange 

properties of dark matter, and is regarded as one of the important candidates of dark matter[101][102]. On 

the other hand, the membrane world theory, which can solve the problems of hierarchy, cosmological 

constants and other physical problems, has attracted widespread attention[69][103][104]. It is very important 

to study the localization mechanism of matter field in the membrane world. Through localization, we 

can reconstruct the standard model of field theory on membrane and provide guidance for future 

experiments. At the same time, for the matter field such as Elko field, the dark matter model is facing 
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the challenge of black hole "hairless" theorem, which rejects the stable existence of other matter fields 

outside the black hole except electromagnetic field. However, the theorem does not reject the fact that 

the matter field has evolved outside the black hole for a long time. Recently, a new configuration of 

matter field, quasi bound state, has been proposed, which can exist outside black hole for a long time. 

Its evolution time is likely to reach the age of the universe. As soon as this new field configuration 

appears, people are interested in it. 
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Fig. 2  Changes of Distribution Percentage of Dark Energy, Dark Matter  

and Conventional Matter during Evolution of Universe 

 

It has been noted that[105] for the 5-D free and massless Elko field, the zero mode and the KK 

mode with mass can not be localized in the flat membrane world, either in the thin membrane model or 

in the thick membrane model. For Elko field with 5-D coupling term, its zero mode can be localized on 

RSII model only when the 5-D mass is negative. If we introduce Yukawa-like coupling term, for some 

special thick membrane models, and the coupling constant takes a special value, its zero mode can be 

localized on these special thick membranes. However, for the KK mode with mass, it can not be 

localized on the thin membrane and thick membrane models. In addition, we also consider the 

localization properties of the zero mode of 5-D free zero mass Elko field on the De Sitter / anti de Sitter 

membranes. It is found that the zero mode can not be localized on the De Sitter / anti de Sitter 

membranes. It can be seen that the localization of Elko field is challenging, and we need to consider 

more models and coupling methods. 

In addition, the high-dimensional cosmological model and dark energy problem are discussed in 

[106]. In this model, the universe is a hypersurface embedded in 5-dimensional Ricci flat space-time. In 

five dimensions, it's empty or vacuum. However, from the perspective of 4-dimensions, the universe is 

full of matter induced from extra dimensions, which is called induced matter. There is a family of exact 

five dimensional vacuum solutions which contain two functions μ ( t ) and ν ( t ) about time t. By 

choosing this function properly, the rebound singularity of the rebound cosmology model described by 

this solution is studied. The results show that at the rebound point, the topological invariants and energy 
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density of the three 5-dimensions are limited. However, the pressure experienced a sharp 

transformation from negative infinity to positive infinity. Therefore, the singularity is a material 

singularity, not a spatiotemporal singularity. The results show that the scalar potential in quintessence 

corresponds to the special f ( z ) form in our model. Given this correspondence, we can get f ( z ), which 

makes selection easier and has a stronger physical basis. In addition, from the point of view of model 

independence, the state equation w ( z ) and the relationship between the deceleration factor Q ( z ) and 

f ( z ) are established. Therefore, under the guidance of the observation data, we get the specific form of 

function f ( z ). At this time, the 5-dimensional cosmological model is rebuilt. 

Literature [107] mainly studies the 5-dimensional STM theory and the membrane world model in 

the high-dimensional cosmology model. It uses energy conditions to study the induced substance, 

which corresponds to the different changes of energy conditions and reflects the changes of material 

components. Next, the energy condition is used to distinguish different membrane models, and it is 

used to analyze the material composition of DGP membrane. Then the rebound solution of 5-D vacuum 

is equal to the solution of DGP membrane model given by Dick, and the specific geometric meaning of 

any constant I in the DGP model is given. At the same time, the relation between any function μ and ν 

in the rebound solution is given. Later, considering the DGP model with Tachyon field on the 

membrane, it is found that the Friedmann equation with Tachyon field can be embedded on the 

membrane under certain conditions, and the scale form of 5-dimensional space-time is given, and the 

power-law solution of the universe is also obtained. Finally, the global membrane world model is 

studied, in which the Friedmann equation is modified by the term of any function ν. This term is 

defined as the dark energy density, which will accelerate the expansion of the universe and affect the 

evolution of the universe. 

Now, we give a new mechanism explanation by expanding the theory of loop quantum cosmology. 

Considering the interaction between matter and dark energy, each of ρ grav and ρ repl no longer meet 

the energy conservation equation alone, but should meet the balance equation: 

QH gravgrav −=+  3 ,  QwH replreplrepl =++  )(13 ,             ( 109 ) 

where Q is the quantum unifying action term of the interaction between quantum gravity and quantum 

repulsion. Here, it is assumed that the quantum unifying action is directly proportional to the total 

energy density of the universe, i.e., the form is taken as )( replgravcHQ  += 3 , in which c is a 

dimensionless constant. With the expression of dimensionless density, we can obtain the constraint : 

                                  1=+ replgrav   
                           ( 110 ) 

and the dimensionless density parameters: cgravgravgrav ,/ = , creplreplrepl ,/ = . 

In addition, substituting the dimensionless density expression into equation ( 109 ), we can get: 

 c
HH

H
repl

repl

repl 31312
2

+−+


−− )()(


031312
2

=+−+


−−= 


 c
HH

H
)()(


.     

( 111 ) 

The Hubble scale H is chosen as the infrared truncation scale, and the 5-dimensional quantum 
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universe is chosen as the energy truncation scale. The density of holographic dark energy is ρ repl = ρ Λ = 

BH, ρ Λ is the dark energy density related to the cosmological constant Λ, and B is the constant. 

By substituting this equation into equation ( 109 ) and deriving the two sides of the equation, we 

get: 

         repl

p

B

M

H

H
−= 

 2

2

3
−= 

B

M p

23
,  HHreplrepl == , 

where 
ad

d repl

repl
ln




ad

d

ln


= , c,/  =  , therefore 

                         

repl

repl

H

H




−=

2










−= .                            ( 112 ) 

Substituting equation ( 112 ) into equation ( 111 ), we can get: 

creplrepl

repl

repl
313

2
+−+












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)( 0313
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




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

−
= 



 c)( .     ( 113 ) 

In addition, by equation ( 109 ), we get: 

 )( eff

repl wH ++ 13 013 =++=  )( effwH ,   





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1 




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


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




grav
cw 1 .  

Therefore, w eff can be expressed as: 

    

repl

repl

repl

repleff

H
w


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3

1
1

3
1


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


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+−=
3

1
1 .                ( 114 ) 

In order to investigate the early inflation and the present accelerating expansion of the universe, 

we also need to calculate the deceleration factor q. By equation ( 112 ), we can get: 

                    








+−=




+−=−−= 111

2
repl

repl

H

H
q


.                    ( 115 ) 

Because of  

                       
dz

d
z

ad

d 



+−=


= )(

ln
1 ,                         ( 116 ) 

where 1
1
−=

a
z , formula ( 113 ), formula ( 114 ) and formula ( 115 ) can be rewritten as: 

                   0313
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1 =+−+

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


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1
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1
11

dz

d
zweff )(                         ( 118 ) 

                            








+−−=

1
11

dz

d
zq )(

 

                         ( 119 ) 

It can be seen from equation ( 117 ) 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 ( 117 ) tends to zero. 

As long as it is recognized that the dark energy component is still increasing at present ( z = 0 ), 

the value of Ω Λ will always be less than 1 + c. Therefore, from equation ( 117 ) and equation ( 118 ), 

we can see that the value of w eff is always greater than and tends to − 1. 

Therefore, we propose a basic inference that can be promoted to the hyperholographic synergy 

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 

quantum 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. 

The future event horizon as infrared truncation has been widely used in the literature[108][109]. 

Although choosing future event horizon as infrared truncation will lead to the problem of causality, it 

can alleviate the problem of coincidence. Now, we select future event horizon as infrared truncation, 

and 5-D black hole as energy truncation, then 

            

1

2

−


 







=  Ha

da
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a
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2Ha
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a
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a




=


.             ( 120 ) 

To find the derivative of a on both sides of the equal sign of the above formula at the same time, 

we can get 

                 
2222

1

Haa

B

a

B
=+





 



,  
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d
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
 ,                    ( 121 ) 
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namely 

               01
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=−+
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
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

 b
H

H

H

H
,  

B

HM
b

p 0
23

 .                  ( 122 ) 

By introducing dimensionless variables 

0H

H
X ln , substituting them into equation (111) and 

equation (122) and simplifying them, a set of dynamic equations for the evolution of the universe can 

be obtained as follows: 

                     )]([ cebX X +−+=  132
2

1 2
,                      ( 123 ) 

              
 +−+−−= )]([ cebeb XX 132 22

.              ( 124 ) 

By a simple qualitative analysis of the above differential equations, we can see that this system of 

equations has a unique singularity: 

)
)(

ln,(),(
cb

cX cc +
+=

1

1
1 . 

To expand the system of equations to infinitesimal near the singular point, and consider only the 

first order infinitesimal term, we can get the following linear system: 

                                +
+

=  2
2

1
X

c
X ,           

                        
 ++++=  ))(()( ccXc 2145 . 

The determinant of the coefficient matrix














+++

+

=

ccc

c
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4521

2
2

1

))((

 of the above plane linear 

system is a 

                     
2

13
2145

2

1 )(
))(()(

c
ccc

c +
−=++−+

+
 . 

Based on the above, we now make the following inference: 

(a1) the total amount of positive energy with strong negative pressure distribution in high-dimen 

space-time is constant, although this energy can flow between different dimensions of space-time; (a2) 

the total amount of negative energy with positive pressure distribution in high-dimen space-time is 

constant, although this energy can flow between different dimensions of space-time; (a3) the total 

amount of positive energy with strong negative pressure distribution in high-dimen space-time is equal 

to the total amount of negative energy distribution with positive pressure in higher dimen space-time. 

Further inferences are made as follows: 
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(b1) the total effective potential of repulsion supported by positive energy is constant in high-dim 

space-time, although the effective potential can be transformed in different dimensions of space-time; 

(b2) the total effective potential of gravity supported by negative energy is constant in high-dim 

space-time, although the effective potential can be transformed in different dimensions of space-time; 

(b3) the total effective potential of repulsion supported by positive energy in high-dim space-time is  

equal to the total effective potential of gravity supported by negative energy in high-dim space-time. 

From the perspective of the whole universe, before the big bang, the high-dimen super-gravity 

field (collapse field) and the gravitational field (contraction field) dominate; after the big bang, the 

high-dimen superrepulsion field (inflation field) and the repulsion field (expansion field) dominate. 

In terms of the basic components, before or after the big bang, the high-dimen hypergravitons and 

high-dimen hyperrepulsons are all coupled with each other, while the negative energy contraction 

dominated by the positive pressure and the positive energy expansion dominated by the negative 

pressure work alternately to form the arche-conjugate pulsator, and then form the quantum-conjugate 

pulsator. 

It is necessary to establish the quantum-conjugate pulse dynamics and its super inflation universe 

model for the supersymmetry of 4-dimensional noncommutative space-time. 

It is necessary to establish the arche-conjugate pulse dynamics and its high-dimensional quantum 

universe model for the supersymmetry of high-dimensional noncommutative space-time. 

8  Arche-Conjugation and Its Relation of Pulsation Mechanics 

For the initial universe at the level of quantum gravity and quantum repulsion, suppose the initial 

momentum  p = Λ , where Λ truncation is the energy scale of quantum unifying physics. We regard H / 

Λ as a free parameter, which is determined by experimental data[108][109]. The initial condition when the 

co moving momentum
Hk

apk


−==  can be written as follows: 

                                    
Hk


−=0 ,                               ( 125 ) 

The slow roll parameter 
aH

1
−= is defined by scale a, and the FRW metric in the co moving 

coordinate is written as: 

                              )( 2222 dxdads +−=  .                         ( 126 ) 

defining μ = a φ, the oscillation formula of repulsive force can be written as follows: 

                             022
3 =







 
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a

a
kc)( .                         ( 127 ) 

It has been noted that in conformal time, whether power-law inflation
ptta )( or index inflation 

teta )( , it can be written as power-law inflation
ca −)( . When c = 1, w = − 1, the state is 

characterized by the cosmological constant. Therefore, the oscillation formula (127) of repulsive force 
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can be written as follows: 
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k .                         ( 128 ) 

The solution of equation (128) should satisfy the asymptotic free condition: 
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To define conjugate momentum and its quantization: 
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                         aa
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2

† ))(k .                     ( 131 b ) 

In the special conformal time η 0 , by the Bogoliubov transformation, we have: 

                      avaua kkkk )()()()(  += 0
† )( 0k− ,                  ( 132 a ) 

                      aua kk )()(  = † avkk )()(  +− 0
)( 0k .                  ( 132 b ) 

So for μ k and π k , there should be 
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where 
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For vacuum, select 

                               00,|)( 00 =ka ,                           ( 135 ) 

This means 0)( =0kv , )()( 00  kk ik= . 

We combine the spherical harmonic function with its conjugate function together: 

                   







++








−= −





k

i
e

k

B

k

i
e

k

A
f ikkikk

k 1
2

1
2

,                 ( 136 ) 

as the solution of free function equation ( 129 ) at c = 1. 

Take g k = i π k for g k , and we can get the values of u k and v k by equation ( 134 ). According to 
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Wronskian condition 
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give 122 =− |||| kk BA . The choice v k ( η 0 ) = 0 of vacuum indicates that: 
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Finally, the power spectrum of primary gravity can be written as follows: 
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This is the result of the gravitational tensor field, and a factor of 1 / ε should be added before the result 

of the repulsive scalar field. In general background time and space, 
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its result is 
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here P 0 ( k ) is the power spectrum of BD vacuum. 

There are many factors that affect the gravitational potential and repulsive potential. We mainly 

consider the field strength, mass density, energy density, repulsive potential (for gravity), gravitational 

potential (for repulsion), and so on.  

The relationship between effective potential and mass density is shown in Figure 3 (Li Zongcheng, 

2019); the relationship between effective potential and repulsive field strength is shown in Figure 4 (Li 

Zongcheng, 2019). 

The relationship between effective potential and energy density is shown in Figure 5 (Li 

Zongcheng, 2019); the relationship between effective potential and gravitational field strength is shown 

in Figure 6 (Li Zongcheng, 2019). 

The quantum repulsion ),( pES replq =− with strong negative pressure and accumulating positive 

energy and the quantum gravity 







−−=− 0p

h
hvS gravq


, with positive pressure and accumulating 

negative energy constitute the arche-conjugate quantum unifying force: 
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







−−=− ),(),,( 0p

h
phvES unityq


,                    ( 142 ) 

where E and p represent the energy and momentum of the quantum system, and ν and λ represent the 

frequency and wavelength of the quantum system, 
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    Fig 3  Eff Poten and Mass Density            Fig 4  Eff Poten and Repulsive Field Strength 
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, with strong negative pressure and accumulating 

positive energy and the quantum gravity ),( pES gravq −−=− with positive pressure and accumulating 

negative energy constitute the arche-conjugate quantum unifying force: 
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where E and p represent the energy and momentum of the quantum system, and ν and λ represent the 

frequency and wavelength of the quantum system, 
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The arche-conjugate pulsation under the interaction of quantum repulsion and quantum gravity is 

as follows: 
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At every point in arche space-time, there is a high dimensional hypergraviton (extreme high 

negative energy with positive pressure) intertwined with a high dimensional hyperrepulson (extreme 

high positive energy with negative pressure), forming the arche-conjugate pulsaton. 

At every point in the space-time of the first phase transition of the universe, there is a quantum 

graviton (very high negative energy with positive pressure) interwined with a quantum repulson (very 

high positive energy with negative pressure), forming a quantum conjugate pulsaton. 

At every point of the space-time in the middle and early stage of the cosmic inflation, there is a 

hadron (negative energy with positive pressure) intertwined with a repulson of dark energy (positive 

energy with negative pressure), forming a strong action pulsaton. 

9  Super-Hedge Force of Arche-Conjugation 

Now, by literature [110] - [113], we can introduce double complex numbers and double complex 

functions, so as to expand the double complex symmetric gravity in theory and put forth the super 

unification (arche-conjugate) of quantum gravity and quantum repulsion. 

( 9. 1 ) Double Complex Number 

In addition to the common complex or elliptic complex a + i b, there are also the double complex 

or hyperbolic complex a + ε b . here, ε is the imaginary unit, ε 2 = + 1. Different from the common 

complex field C, all hyperbolic complex a + ε b (which are real numbers) only form a commutative 

ring H, not a field.  
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Definition 1  let J denote pure double virtual units, which can be )( 12 −== iiJ or can be 

)( 12 +== J . If a n is a real number and the series ||
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=0n

na converges, then 
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=
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2

n
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n JaJa )( is 

called a double real number. a ( J ) corresponds to a pair of dual real numbers ( a C , a H ), where 
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Definition 2  if both a ( J ) and b ( J ) are double real numbers, then Z ( J ) = a ( J ) + J b ( J ) can 

be called double complex numbers. Z ( J ) corresponds to a dual complex pair ( Z C , Z H ), where 

CCC ibaiJZZ +=== )( ,  
HHH baJZZ  +=== )( .             ( 148 ) 

Let DC represent the set of all the double complex, that is, 

When )( iJZDC == , DC represents the common complex field; when )( == JZDC , DC 

represents the hyperbolic complex ring. 

For any two double complex Z 1 , Z 2 DC , the following algorithms are specified: 

        )()()()( 2121221121 yyJxxJyxJyxZZ +=++= ,                 ( 149 a ) 

        )()()()( 212121
2

21221121 xyyxJyyJxxJyxJyxZZ +++=++= ,         ( 149 b ) 

here, Re Z ( J ) = x ( J ) and Im Z ( J ) = y ( J ) can be called the real part and imaginary part of double 

complex number Z ( J ) respectively. 

Therefore, there are the following formulas: 

2121 ZZZZ ReRe)Re( =                                  ( 150 a ) 

2121 ZZZZ ImIm)Im( =                                  ( 150 b ) 

21
2

2121 ZZJZZZZ ImImReRe)Re( +=                    ( 150 c ) 

21
2

2121 ZZJZZZZ ReImImRe)Im( +=                    ( 150 d ) 

For the division operation of double complex Z ( J ), it is closely related to the operative law of the 

conjugate number )(JZ of Z ( J ). 

Let a double complex number be )()()( JyJJxJZ += , then 

                              )()()( JyJJxJZ −= ,                        ( 151 a ) 

is called the conjugate number of Z ( J ), while 
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                      |)()(||||)(| JyJJxZZJZ 222 −== ,                ( 151 b ) 

is called the mold of Z ( J ), and the double complex with zero mold is call the zero modulus double 

complex. 

( 9. 2 ) Double Complex Function 

Without losing generality, the following only gives the functions of two real independent variables 

( x, y ), which can be extended to functions with n real independent variables. 

Definition 3  If the function  

);,();,();,()( JyxJJyxFJyxEJEE +===  

on 
2RN  satisfies the following conditions, it is called a double complex function. 

(a) CCC iFE += and
HHH FE +=  are common complex functions and hyperbolic complex 

functions respectively, where 

              )(),( iJyxCC FFF === ,   )(),( === JyxHH FFF ,                 ( 152 a ) 

            )(),( iJyxCC === ,   )(),( === JyxHH ,                ( 152 b ) 

all are real functions that define on N. 

(b) there is an analytic relation between E C and E H , that is, if x and y are constants and J are 

formal real independent variables, then F ( J ) and Ω ( J ) are real analytic functions of J, which can be 

expressed as 

                  


=

=
0

2

n

n

n JaJF )( ,   


=

=
0

2

n

n

n JbJ )( ,                    ( 153 ) 

where a n ( x, y ) and b n ( x, y ) are real functions, and the series Σ | a | and Σ | b | are convergent in the 

region. 

( 9. 3 ) Super Unification of Arche-Conjugation 

As an extension of the double complex symmetric gravity, we now introduce the super unification 

of arche-conjugate in theory 

Let M ( J ) = ( M C , M H ) denote a double complex Riemann manifold, and the double complex 

symmetry gauge on it is expressed as 

                        )()()( JJBJAJg  += ,                       ( 154 ) 

where A μν (J) and B μν (J) are double real symmetric tensors. Thus, the real differential homeomorphism 

symmetry of the standard Riemann geometry is extended to the complex differential homeomorphism 

symmetry under the transformation of double complex coordinate )()()( JJyJxJZ  += . 

If it is used to represent double complex frame: 

))(Im())(Re()( JeJJeJe aaa

 += , 
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then g μν ( J ) can be expressed as 

ab

ba JeJeJg  )()()( = ,                        ( 155 ) 

the corresponding double complex symmetric connection is 

)()()( JJJJ 






 += ,                      ( 156 ) 

where )(J
 and )(J

 are the double real symmetric tensor. The double complex symmetric 

connection can be determined by the following equation: 

0=−−= 



 ggggg ; ,                   ( 157 ) 

In this way, the double curvature tensor can be expressed as 

)()()()()()()( JJJJJJJR 


















 −++−= ,         ( 158 ) 

Furthermore, the following double Ricci curvature tensors can be obtained by index contraction: 

)()()(:)( JJPJQJRJR 

 +== ,                   ( 159 ) 

and we can get four double complex Bianchi identities: 

0
2

1
=








−



 RJgJR )()( ,                        ( 160 ) 

Select the following double real actions: 

))()(()()()[()( JRJJRJJxdJSg 



 += 

4

2

1
†] 

)]()()()()[( JPJJJQJJxd 



 += 

24
,          ( 161 ) 

where )()()()(:)( JJJJgJgJ  +=−= , the symbol † denotes complex conjugation. 

Through the variation of Ξ μν ( J ) and Π μν ( J ) by S g ( J ), the vacuum field equation can be obtained: 

0=)(JQ ,   0=)(JP ,                        ( 162 ) 

this is equivalent to the complex field equation: 0=)(JR . 

10  Repulsion and Gravitation behind Cosmic Inflation 

For the big bang, inflation and subsequent expansion of the universe, some studies have associated 

dark energy. For the researchers of dark energy, they often think of the cosmological constant in 

Einstein's field equation[114]-[116]. For cosmological constants, there has always been a so-called fine 

tuning problem. 

It is generally accepted that the vacuum energy is equivalent to the cosmological constant in 
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physical effect[114]-[116]. In astronomical observation, if vacuum energy exists, it should always be less 

than the critical density of the universe, that is:  

                           
44710 GeVc

obs

vac

−                            ( 163 ) 

Through some estimates, the ground state energy (quantum zero point energy) density of a free scalar 

field with mass m is preliminarily obtained: 

                  
4

20

222

3 16

1
4

2

1

2

1
c

k
th

vac kdkkmk
c





 += )(

                 ( 164 ) 

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

scale m p ~ 10 19 GeV , then the density value of vacuum energy can be estimated as: 
th

vac ~
47410 GeV . 

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 ф and the specific potential energy V (ф) in the energy 

-moment tensor. Here, the Lagrangian of a scalar field ф is 

                    







−−=  )(

 
 VgxdS

2
4

                      ( 165 ) 

where, V (ф) is the potential of scalar field, when ε = 1, it means the quantum scalar field; when ε = − 1, 

it means the phantom scalar field. For the variation of action ( 165 ), the energy-moment tensor of 

scalar field can be obtained: 

                  







−−= )()( 


 


 VgT
2

                   ( 166 ) 

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 

quantum 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 model[42]-[43]. In the period of the 

inflation, the energy of the universe is very high, and the effect of gravity is relatively large. By general 
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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[48]-[49], 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[117][118], 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[118]-[120]. 

In 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 that[36][121], the tensor-scale ratio is limited to 07.0

05.020.0 +

−=r and the 

possibility of r = 0 is excluded at the confidence level of 7.0 σ. 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[117][118]. For example, 

Tachyon model[122]-[125], Dirac-born-Infeld model[46][47], 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:
2

spp lxt  . 

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 

field φ is expressed as  
 −= gX

2

1
, then the most general repulsive action used to describe 

the field can be expressed as: 









+−=  ),( Xp

R
gXdS repl 
2

4
,                   ( 167 ) 

here p repl ( φ, X ) is an arbitrary function of the scalar field φ 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 

order. The energy momentum tensor of the inflation field can be obtained by the variation of the 
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repulsion action. 





 



gpp

g

S

g
K replXrepl +=

−
− ,

2
,               ( 168 ) 

X

Xp
p

repl

Xrepl





),(
,


,                           ( 169 ) 

It is also equal to an ideal fluid, as long as its energy-momentum tensor is expressed as 

  gpUUpK replrepl ++= ,,)( .                   ( 170 ) 

The p repl appearing here is the pressure ( p repl < 0 ) defined of repulsion in the co-moving coordinate 

system, while the energy density defined in the same coordinate system is: 

replXrepl pXp −= ,2 .                            ( 171 ) 

In addition, the definition of four velocity U φ, μ is XU 2/,  −= . 

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

field θ is expressed as  
 −= gx

2

1
, then the most general gravitation action used to describe 

the field can be expressed as: 









+

−
=  ),(

1
xp

Rg
xdS grav 

24
，                  ( 172 ) 

here p grav ( θ, x ) is an arbitrary function of the tensor field φ 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. 

   


 




gpp

g

S
gT gravXgrav +=−− ,

2

1
,              ( 173 ) 

                       
x

xp
p

grav

Xgrav





),(
,


,                          ( 174 ) 

It is also equal to an ideal fluid, as long as its energy-momentum tensor is expressed as 

  gpUUpT gravgrav ++= ,,)( .                    ( 175 ) 

The p grav appearing here is the pressure ( p grav > 0 ) of gravity defined in the co-moving coordinate 

system, while the energy density defined in the same coordinate system is: 

gravxgrav pxp −= ,2 .                          ( 176 ) 
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In addition, the definition of four velocity U θ, μ is xU 2/,  −= . 

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: 









+−=−  ),( Xp

R
gXdSS repl 
2

4
sgrav xp

Rg
xd  =








+

−
−  ),(

1 24
,    ( 177 ) 

where, π S >> 0. 

By the variation of the action, the energy momentum tensor of the hedging action behind the 

inflation field can be obtained 










g

S

g
TK

−
−−
2









g

S
g−+

2

1

 

  gpp replXrepl += ,   gpp gravXgrav −− , ,        ( 178 ) 

X

Xp
pp

repl

xgravXrepl



−

),(
,,



x

xpgrav




−

),(
,                ( 179 ) 

It is equivalent to a fluid, as long as its hedging energy momentum tensor is expressed as 

  gpUUpTK replrepl ++=− ,,)(  gpUUp gravgrav −+− ,,)( .    ( 180 ) 

For an uniform and homogeneous flat universe ( space curvature K = 0 ) can be described by 

Friedmann-Robertson-Walker (FRW) gauge in the form of 
2222 )( dxtadtds +−= . In this way, the 

kinetic energy 

)( 22

2

1
  −=− xX ,                            ( 181 ) 

of the inflation field and the noncommutative relation of time and space become: )(/ talxt s

2 . 

In order to make the non commutative relation meaningful at any time, we must introduce a new 

time coordinate τ : dttad )(= , the gauge also changes. Now, there is a good definition of non 

commutative relation of time and space: 
2

slx  . 

By introducing FRW gauge into the repulsive field equation in the inflation, non Friedmann 

equation related to repulsive field can be obtained: 

                          )( , replxreplrepl ppH −== 22

3

1

3



 ,                      ( 182 ) 

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: 

                         )( , gravXgravgrav ppH −== 22

3

1

3


  ,                      ( 183 ) 

Thus we can set up the hedge-expansive universe equation reflecting the interaction between repulsion 

and gravity: 

replxreplgravrepl ppHH −=−=− ,()( 222

3

1

3

1
  ), gravXgrav pp +− 2 .        ( 184 ) 

By the variation of the repulsion action ( 167 ), the equation of motion related to repulsion in the 

inflation field can be obtained 

  XreplreplXreplreplXXreplXrepl pppHpp ,

2

,,,, )(  −=++ 32
.            ( 185 ) 

In addition, there are the equation 

XreplXreplrepl pXpH ,,
2

1 2 −=−=   

Because of the irregular kinetic energy term in function p repl , 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: 

                     1
2

2 
+

=
XXreplXrepl

Xrepl

X

Xrepl

repls
pp

pp
c

,,

,,

,
 

.                    ( 186 ) 

Back to the regular case: p repl ( φ, X ) = X － V ( φ ), V ( φ ) is the repulsive potential energy of the 

inflation field. 

By the variation of the gravitational action ( 172 ), the equation of motion related to gravitation in 

the inflation field can be obtained 

  xgravgravxgravgravxxgravxgrav pppHpp ,

2

,,,, )(  −=++ 32
.           ( 187 ) 

In addition, there are the equation 

xgravxgravgrav pxpH ,,

2

2

1
 −=−=                          

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: 

                     1
2

2 
+

=
xxgravxgrav

xgrav

x

xgrav

gravs
pp

pp
c

,,

,,

,
  .                    ( 188 ) 

Back to the regular case: p grav ( θ, x ) = x － V ( θ ), V ( θ ) is the gravitational potential energy of the 

inflation field. 
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By combining equation ( 185 ) with equation ( 187 ), the motion equation of the hedging between  

repulsion and gravitation in the inflation field can be obtained 

)( ,, XXreplXrepl pp 2  + )()( ,,,, xgravgravXreplreplxxgravxgrav pHpHpp   −++− 32

 

  Xreplrepl pp ,

2

,
−=   Xgravgrav pp ,

2

,
+− .                ( 189 ) 

In addition, there is 

           XreplxgravXreplgravrepl pxpXpHH ,,,
2

1 2 −=−−=− xgravp ,

2

2

1
+

   
       ( 190 ) 

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

by the following formula: 

    

X
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gravsrepls
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xgravp
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−

xxgravxgrav

xgrav
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,,
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
.   ( 191 ) 

Back to the regular case:  

p repl ( φ, X ) − p grav ( θ, x ) = X − x − V ( φ ) + V ( θ ),  

V ( φ ) − V ( θ ) is the hedge-potential energy of the inflation field, the speed of sound is equal to 

1,, =− 22
gravsrepls cc . 

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

                    
22221
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 ,                    ( 192 ) 

)(1
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2

gravrepl HH −
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
,                            ( 193 ) 

gravgravsreplrepls

gravsrepls
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cc
s

,,

,,

−

−
=


,                         ( 194 ) 

They are small in the period of the inflation, i.e. | ε 1 |, | ε 2 |, 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. 

11  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 

))(( , kkreplskk
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kczkdd
V
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02
,              ( 195 ) 

where the apostrophe represents the differential of the new time coordinate η, which is defined as: 
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here the function of )( 

k  
is defined : 

                         )()( 2  −=  ak ,  kls

2= .                     ( 197 ) 

where ζ k is the curvature disturbance and scaz /2 1 is Mukhanov variable. The )( 

k
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 )( 

k
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 ζ k  is: 
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This equation can be obtained by the variation of action ( 195 ), where the modulus function is defined 

as u k = z ζ k . By using the slow-rolling approximation condition and the slow-rolling parameters, the 

third coefficient of the disturbance equation ( 198 ) can be obtained: 
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The following relationships are used in the derivation: 
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This relationship can be obtained by equation ( 196 ). In ( 199 ) function Σ is defined as: 
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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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In other words, at time τ , a mode of wave number to be k 0 is generated. Moreover, the value of λ at this 

time can be estimated: 

                        

=

−


−


 Hl

Ha
s

kkrepl
0

10





)()(
,                     ( 203 ) 

where 
1−

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 ~ e Ht, or in the form of power-law 

function, i.e. a ~ t n , where n is a relatively large constant. At the same time, H * hardly evolves. Thus, 

by equation ( 203 ), it can be seen that the parameter λ decreases with time. 

At time τ , if a mode just crosses the horizon, it should have momentum 
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then we can get: 
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In the following, the research will focus on the case of l s H * / c s, repl << 1 , that is, all the modes are 

generated within the horizon ( k 0 >> k c ). The reason for not considering another case l s H * / c s, repl ≥ 1 

is that it is difficult to explain the flatness of microwave background radiation. See literature [120] [118] 

for detailed discussion. Therefore, in the case of l s H * / c s, repl << 1, it is very reasonable to treat λ 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 H repl / c s, repl  ). 

In the case of slow-roll approximation, equation ( 198 ) is simplified to: 
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Take the initial condition as the Bunch-Davies vacuum defined as follows:
kic
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The final solution of equation (206) is as follows: 
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where, 
)(

,

1
replvH represents the first kind of Hankel function related to repulsion. On the scale beyond the 

horizon, the solution is approximately: 
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Then, the original scalar perturbation spectrum is obtained: 
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By the definition of the scalar disturbance spectrum index, we can get: 

                 
3

4
223

ln

ln
1 21 ++−−−−=− ss

kd

Pd
n s

s ,                ( 210 ) 

In addition, the spectral index runs as follows: 
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Some small quantities )/(23 replH2  and )/( replsHss 1 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: 
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where the modular function is defined as v k ≡ a h k / 2. It should be noted that h k here represents two 

physical freedom degrees of tensor perturbation, namely h + and h x . Using the same approximation as 

scalar perturbation, we get: 
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The solution of equation ( 212 ) is obtained by keeping the value of v to the linear term: 
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The solution also satisfies the Bunch-Davies vacuum condition. On the scale beyond the horizon, the 

solution is approximately: 
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then, the original tensor perturbation spectrum related to repulsion is obtained. 
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By the definition of tensor disturbance spectrum index and tensor-scale ratio, we can get: 
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It is precisely because the λ 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 [121] - [124], 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 [2]: 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 ), 
011.0

010.0022.0 +

−−=sn  ( Planck 

+ WP + high L ), 201.0

010.0102.0 +

−−=sn  ( Planck + WP + BAO ); and in reference [121]: tensor-scale ratio 

07.0

05.020.0 +

−=r . In addition, there are values given in reference [36]: 
05.0

09.023.0 +

−=r
 
and 

13.0

11.003.0 +

−=tn . 

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: 

00404.0

00409.00138.0 +

−= ,  
489.5

149.464.34 +

−=N    ( 68 % CL ).               ( 218 ) 

For the DBI inflation model, the parameters are limited to: 

00363.0

00368.00998.0 +

−= , 
692.9

287.761.59 +

−=N    ( 68 % CL ).                ( 219 ) 

Figure 7 provided in reference [121] shows the contour of parameters in the confidence interval of 

1 σ and 2 σ. 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 

number is enough to solve the flatness problem in the big bang cosmology. 

It can be seen from the above discussion that repulsion and gravitation always interact in the big 
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bang, inflation and subsequent expansion of the universe. 
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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. 7 contour of parameters λ and N in confidence intervals 1 σ and 2 σ 

 

12  Path Integral of Hedge-Unified Quantum Field 

Now, we expand the research framework of quantum gravity theory and loop quantum gravity 

cosmology, and establish a path integral method of quantum hedge between quantum gravity and 

quantum repulsion. Therefore, we must fully consider the ultra-synergy between the whole big bang 

and the internal quantum gravity of the universe. It can not be neglected that this ultra-synergy is a 

powerful impetus for the creation of the quantum universe, while the subsequent ultra-synergy between 

the whole Big Bang and the internal gravity, the strong force, the electro-weak force of the universe, is 

a powerful impetus of the cosmic inflation. 

In theory, we should explore the establishment of quantum cosmic-pulse dynamics, and then 

explore to establish the ultra-synergy physics of the quantum universe. 

For the ultra-synergistic field of the quantum universe near Planck energy scale, it is necessary for 

us to consider improving and expanding the path integral of quantum gravity, establishing the path 

integral of ultra-synergy of quantum universe and its corresponding new historical summation scheme, 

so as to link the whole Big Bang with the internal quantum gravity of the universe. 

We know that in quantum mechanics and quantum field theory, all physical laws can be expressed 

in the form of path integrals. For a single particle system, particles can arrive at events ( x 2 , t 2 ) via any 

path from events ( x 1 , t 1 ), where the weight of each path is exp ( iI ), I is the action of the system. So 

the probability of a particle arriving at a point ( x 2 , t 2 ) from a point ( x 1 , t 1 ) is 

= )exp(,|, 1122 iIxtxtx                          ( 220 ) 

here the functional integral is performed on all paths connecting ( x 1 , t 1 ) and ( x 2 , t 2 ). 
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This expression can also be used in quantum field theory. If we regard field ф ( x ) as the 

coordinate of field configuration space, then events can be given by point ( ф ( x ), t ), which means 

that the at time t the field has configuration ф ( x ), so that the probability amplitude of the field from 

( ф 1 ( x ), t 1 ) to ( ф 2 ( x ), t 2 ) is 

= )exp(),(),(|),( 1122 iItxtxtx                     

The functional integral in the formula proceeds along all paths connecting ( ф 1 ( x ), t 1 ) and ( ф 2 ( x ), 

t 2 ) in the configuration space. Thus, as long as the substitution ( x, t ) ↔ ( ф ( x ), t ) is made, the 

discussion of single particle system and the discussion of field are exactly the same in form. 

At the starting point of quantum theory, the path integral formulation determines the state of the 

system by giving the wave function of the system in the appropriate configuration space. The 

construction of wave function should be based on its probability interpretation and can be written in  

  =
c

txiItxNtx )(exp)(),(                        ( 221 ) 

here N is the normalization factor. 

This formula can be directly extended to the case of quantum field. The ground state wave 

function of the system has a form: 

( )    −= )(exp)),(( xIxNx                     ( 222 ) 

In the original framework, the path integral representation has been used in quantum gravity by 

researchers. For generalized relativity, the gravitational field is the metric tensor field. 

Under the framework of ultra-synergistic analysis of quantum universe proposed in this series, we 

can improve and expand the path integral expression of quantum gravity, and establish the path integral 

expression of quantum hedge-unified force for both quantum gravity and quantum repulsion.   

Here, we introduce a spatiotemporal metric of compact four-dimensional manifold which reflects 

quantum gravity, and it can be written as 

ji

ijgrav

i

igrav

i

gravigravgravgrav dxdxhdtdxNdtNNNds ,,, )( ++−−= 2222
        ( 223 ) 

where the foot mark grav represents the quantity belonging to gravitation, N grav is a time-lapse function 

reflecting the quantum gravitation, N grav, i is a shift function reflecting quantum gravitation, h grav, ij is an 

intrinsic metric on three-dimensional space-like hypersurfaces under quantum gravitation, and N grav ,  

N grav, i , h grav, ij are all functions of space-time coordinates. 

For the universe, the coordinates of quantum gravitational conformation space should be h grav,ij 

and matter field θ . The quantum universe is described by ( h grav,ij , θ ). Thus, the transition probability 

amplitude of the universe from a three-dimensional space-like hypersurface h grav,ij ( there is quantum 

gravitational field θ on it ) to a space-like hypersurface h′grav,ij ( there is field θ′ on it ) can be expressed 

as 

= ]),[exp(],[,|, ,,   giIghh ijgravijgrav               ( 224 ) 

here ],[ gI  is the action of Euclidean space related to gravitation. 

Similar to the treatment of general quantum systems, the wave function of quantum gravity can be 
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expressed as 

 =
c

ijgrav giIgNh ],[exp],[ ,                     ( 225 ) 

here, N is the normalized constant, and the integral region C is all the paths of the connective points  

( h grav, ij , θ ) and the initial points in the gravitational configuration space. The ground-state wave 

function of quantum gravity has the following form: 

  −=
c

ijgrav gIgNh ],[exp],[ ,                    ( 226 ) 

It can be expected that the wave function ( 226 ) under quantum gravity should satisfy a cosmic 

dynamical equation similar to Schrodinger equation. The following equation belongs to this kind of 

equation, which can be regarded as Wheeler-de Witt equation in the original framework of loop 

quantum gravity cosmology. 

Under the one-cycle (also called semi-classical WKB) approximation, formula ( 226 ) becomes 

 −=
i

i

clgraviijgrav IBNh )exp(],[ ,,                       

here, I i
grav, cl is the i-th classical Euclidean gravitational action which satisfies the principle of minimum 

action. N is the normalized constant, and B i is the fluctuation of classical orbit. 

By extending the original framework of quantum gravity, the path integral expression can be 

further applied to quantum repulsion. In the case beyond general relativity, the repulsive field is the 

field corresponding to the gravitational field. 

Now, in the quantum noncommutative space-time of the universe, we can establish the path 

integral expression of quantum repulsion. 

Here, we introduce a four-dimensional manifold space-time metric that reflects quantum repulsion 

ji

ijrepl

i

irepl

i

replireplreplrepl dxdxhdtdxNdtNNNds ,,, )( ++−−= 2222
          ( 227 ) 

where the foot mark repl represents the quantity belonging to repulsion, N repl is a time-lapse function 

reflecting the quantum repulsion, N repl, i is a shift function reflecting quantum repulsion, h repl, ij is an 

intrinsic metric on three-dimensional space-like hypersurfaces under quantum repulsion, and N repl ,  

N repl, i , h repl, ij are all functions of space-time coordinates. 

For the universe, the coordinates of quantum repulsive conformation space should be h repl,ij and 

matter field φ . The quantum universe is described by ( h repl,ij , φ ). Thus, the transition probability 

amplitude of the universe from a three-dimensional space-like hypersurface h repl,ij ( there is quantum 

repulsive field φ on it ) to a space-like hypersurface h′repl,ij ( there is field φ′ on it ) can be expressed as 

= ]),[exp(],[,|, ,,   giIghh ijreplijrepl             ( 228 ) 

here ],[ gI  is the action of Euclidean space related to repulsion. 

Similar to the treatment of general quantum systems, the wave function of quantum repulsion can 

be expressed as 

 =
c

ijrepl giIgNh ],[exp],[ ,                     ( 229 ) 

here, N is the normalized constant, and the integral region C is all the paths of the connective points  
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( h repl, ij , φ ) and the initial points in the repulsive configuration space. The ground-state wave function 

of quantum repulsion has the following form: 

  −=
c

ijrepl gIgNh ],[exp],[ ,                    ( 230 ) 

It can be expected that the wave function ( 230 ) under quantum repulsion should satisfy a cosmic 

dynamical equation similar to Schrodinger equation. The following equation belongs to this kind of 

equation, which can be seen as Wheeler-de Witt equation in the current framework of loop quantum 

gravity cosmology. 

Under the one-cycle (also called semi-classical WKB) approximation, formula ( 230 ) becomes 

 −=
i

i

clrepliijrepl IDNh )exp(],[ ,,                        

here, I i
repl, cl is the i-th classical Euclidean repulsive action which satisfies the principle of minimum 

action. N is the normalized constant, and D i is the fluctuation of classical orbit. 

Next, the original framework of quantum gravity is further expanded. The path integral expression 

can be further applied to both quantum gravity and quantum repulsion, and then the quantum gravity 

and quantum repulsion are combined to give the path integral expression of quantum hedging. In the 

case beyond general relativity and loop quantum gravity theory, the interaction between quantum 

repulsive field and quantum gravitational field forms quantum hedge-unified field. 

Now, in the quantum noncommutative space-time of the universe, we can establish the path 

integral expression of quantum hedge-unified field. For the inflation of the early universe, we should 

consider not only the local inwards-pull of quantum gravity, but also the whole outwards-push of 

quantum repulsion. 

Here, we introduce a four-dimensional manifold space-time metric that reflects quantum hedging: 
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where the foot mark repl represents the quantity belonging to repulsion, N repl is a time-lapse function 

reflecting the quantum repulsion, N repl, i is a shift function reflecting quantum repulsion, h repl, ij is an 

intrinsic metric on three-dimensional space-like hypersurfaces under quantum repulsion, and N repl ,  

N repl, i , h repl, ij are all functions of space-time coordinates, the foot mark grav represents the quantity 

belonging to gravitation, N grav is a time-lapse function reflecting the quantum gravitation, N grav, i is a 

shift function reflecting quantum gravitation, h grav, ij is an intrinsic metric on three-dimensional 

space-like hypersurfaces under quantum gravitation, and N grav , N grav, i , h grav, ij are all functions of 

space-time coordinates. 

For the universe, the coordinates of quantum hedging-conformation space should be h repl,ij and  

h grav,ij , repulsive matter field φ and gravitational matter field θ . The quantum universe is described by 

( h repl,ij − h grav,ij , φ − θ ). Thus, the transition probability amplitude of the universe from a three- 

dimensional space-like hypersurface h repl,ij − h grav,ij ( there is quantum hedge-unified field Ξ = φ − θ on 

it ) to a space-like hypersurface h′ repl,ij − h′ grav,ij ( there is field φ′ − θ′ on it ) can be expressed as 

−−−−=  ,|,,|, ,,,, ijgravijreplijgravijreplijij hhhhhh  
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= ]),[exp(],[   giIg − ]),[exp(],[   giIg      ( 232 ) 

here ],[ gI  is the action of Euclidean space related to quantum hedging. 

Similar to the treatment of general quantum systems, the wave function of quantum hedging can 

be expressed as 

],[],[ ,,  −−= ijgravijreplij hhh  

 =
c

giIgN ],[exp    −
c

giIgN ],[exp            ( 233 ) 

here, N is the normalized constant, and the integral region C is all the paths of the connective points  

( h repl,ij − h grav,ij , φ − θ ) and the initial points in the hedge-unified configuration space. The 

ground-state pulsating function of quantum hedging has the following form: 

],[],[ ,,  −−= ijgravijreplij hhh  

  −=
c

gIgN ],[exp     −−
c

gIgN ],[exp          ( 234 ) 

It can be expected that the wave function ( 234 ) under quantum repulsion should satisfy a cosmic 

dynamical equation.  

Under the one-cycle (also called semi-classical WKB) approximation, formula ( 234 ) becomes 

],[],[ ,,  −−= ijgravijreplij hhh  

 −=
i

i

clrepli IDN )exp( ,  −−
i

i

clgravi IBN )exp( ,            

13  Ultra-Synergy Dynamical Equation of Quantum Universe 

For the ultra-synergy between the whole Big Bang and the internal quantum gravity of the 

universe, and the subsequent ultra-synergy between the whole Big Bang and the internal gravity, strong 

force, electro-weak force of the universe, we first give the Hamiltonian form of general relativity, so as 

to establish the pulse dynamics equation of the quantum universe. 

For this reason, we introduce scalar functional: 

              xdgLLLIIII BSSBBSSB

4)( −++=++=                    ( 235 ) 

where 

I B and L B respectively represent the (pull outwards) action of the cosmic big bang and its 

Lagrange function. 

I S and L S respectively represent the ( draging inwards) action of gravity and its Lagrange function. 

I BS and L BS respectively represent the interaction and its Lagrange functions between the cosmic 

big bang and gravity. 

The expression of I S and L S is taken as 
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                        RLS = , 
BB kLL 2−= .                             ( 236 )       

where k is the Einstein gravitational constant, k = 8 π G / c 4.     

Thus the variational principles is given by 0)( =++= BSSB IIII  , the variations of internal 

quantum gravitational action in the universe are obtained: 

   xdgRgRgxRdgIS

44

2

1 
  








−−=−=               ( 237 ) 

The variation δ I B of the global extrapolation action I B can be known from ( 235 ) and ( 236 ): 

   xdLgI BB

4k2  −−=                           ( 238 ) 

According to variational calculus, we can obtain 

      xdgLg
g

Lg
g

kI BBB

4)()(2 


























−




−−




−=             ( 239 ) 

Defining energy-momentum tensor T B, μν :    

        




















−




−−





−
=




 )()(2
1

, BBB Lg
g

Lg
gg

T                ( 240 ) 

we can obtain  

xdgTgkI BB

4

,


  −−=                           ( 241 ) 

The variation δ I of the ultra-synergy I can be known from ( 237 ) and ( 241 ): 

         xdgkTRgRgIIII BBSSB

4

,
2

1
)( 

  







−−−=++=             ( 242 ) 

Let δ ( I B + I S + I BS ) = 0, considering the arbitrariness of δ g μν , we obtain 

                           ,
2

1
BkTRgR =−                           ( 243 ) 

If the interaction term is introduced into ultra-synergy quantity I 

   xdgcIBS

4

 −=                              ( 244 ) 

here c is an undetermined constant, then xdggg
c

IBS

4

2 
−= 

 , by δ ( I B + I S + I BS ) = 0, we 

obtain 

                        ,
2

1
BkTgRgR =+−                         ( 245 ) 

here 
2

c
= , it can be regarded as a classical ultra-synergy field equation with cosmic terms. 

Furthermore, in order to establish the quantum cosmic pulse-dynamical equation, the action 

quantity of gravitational field is taken as  
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 KhxdRgxdI
MM

S

3

2

4 2)2(
16

1
 +−−=


                ( 246 ) 

This ntegral is carried out on the surface ∂ M of spatiotemporal manifold M . Here, h = det h ij , K 

= h ij K
 ij , h ij and K ij are intrinsic metric tensor and external curvature tensor on three-dimensional 

boundary respectively, R is scalar curvature, Λ is cosmic constant. 

For the ultra-synergy, note the metric representation ( 235 ), which can be written as follows: 

BS

ij

ijBBSSB IRKKKNhxdIIIII +−+−+=++=  )2(
16

1 324         ( 247 ) 

here 

                         







+




−= )|(

2

11
ji

ij

ij N
t

h

N
K                             ( 248 ) 

The subscript small vertical bar represents covariant derivatives for h ij , and 3R is an internal curvature 

scalar given by h ij . 

The expression of Hamiltonian of ultra-synergistic system can be obtained from ( 247 ): 

                 )( 03 i

ii

i HNNHNNxdH +++=                         ( 249 ) 

here N and N i act as Lagrange multiplier: 

]2)([
16

1 320 +−−= hRKKKH ij

ij


,  j
ijiH |2−=             ( 250 ) 

         0=


=
N

Sg


 ,  0=


=

i

gi

N

S


 ,  )(

16

1 ijij

ij

gij KKhh
h

S
−=


=


  .         ( 251 ) 

Because π = 0 and π i = 0 are invariably valid, 0= , 0=i . By the Hamiltonian equation, we 

obtain 

00 =H ,   0=iH .                           ( 252 ) 

Formula ( 252 ) expresses Hamiltonian constraint and momentum constraint. 

The following metric is introduced into the hyperspace consisting of the configuration { h ij } of 

ultra-synergy field : 

                    )(
2

1
klijjkiljlikijkl hhhhhhhG −+=                       ( 253 ) 

then ( 250 ) can be written as 

                      )]2([
16

1 30 −−= RhGH klij

ijkl 


                     ( 254 ) 

An operator processing is given:

ij

ij

hi 




1
→ . If there exists a Big Bang and ultra-synergy field, 

the related generalized momentum is replaced by an operator, then the Hamiltonian constraint is given: 
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0],[,
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ijkl h
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hh

G          ( 255 ) 

This is the extended Wheele-De Witt equation, which is the quantum cosmic pulse-dynamical equation 

we want to establish. In this equation, T BS is the component of the energy momentum tensor of the 

interaction field in the normal direction of the three-dimensional space-like hypersurface. This pulsing 

function with ultra-synergy is not obviously time-dependent, so there is no time derivative term in the 

equation. 

By the momentum constraints, we obtain 

                        ),(,

|





ij

niBS

jij

hT
h

=













                         ( 256 ) 

This is the momentum constraint equation. It shows that for different metric h ij obtained by coordinate 

transformation under ultra-synergy, its pulsating function must be the same. 

Equations ( 255 ) and ( 256 ) are variational equations in infinite dimensional space, here there is 

no general and strict method for solving them. Only by limiting the number of degrees of freedom in 

hyperspace, that is, by using a small hyperspace model (hyperspace model only with a finite degree of 

freedom), we can limit quantum fluctuations to preserve the degrees of freedom on some topologies 

and a few geometric features of space-time. The variational equation is simplified to a much simpler set 

of partial differential equations. 

The quantum cosmic pulsating-function Ψ ( h ij , ф ) should satisfy the equations ( 255 ) and 

( 256 ), | Ψ | 2 expresses the probability of quantum cosmos appearing at points ( h ij , ф ) in hyperspace. 

We can consider ( 255 ) as an extension of the Schrodinger equation of zero energy steady state. 

For the ultra-synergistic field of vacuum or in cosmological principles, ( 256 ) formula becomes 

                            0]),([
|
=

jij

ij

h
h





                            

This formula shows that the small change of the coordinate system on the three-dimensional surface 

will cause the small change of the scale, which will lead to the change of the pulsating function with 

the ultra-synergy to zero, which means that the ultra-pulsating function is gauge-invariant. 

Functional differential equation ( 255 ) can be regarded as a differential equation with G ijkl as 

hypermetric on manifold { h ij } of ultra-synergy metric field. All infinite three-dimensional geometries 

{ h ij } and ultra-synergistic media together form an infinite dimensional configuration space, which can 

be called hyperspace. 

By the research in [118], let V represent the potential energy function of the inflation field, and 

assume that it has the following form: 




=

=
1

2)(
n

n

naV  ,                             ( 257 ) 

Here λ is a proportional coefficient, which will be determined by the amplitude of the power spectrum. 

Define slow-rolling parameters: 
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22
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






 
=

V

VM pl
 ,   

V

V
M pl




= 2 ,   

2

4

V

VV
M pl


= ,               ( 258 ) 

where the apostrophe is the differential of the field  , the power spectrum index n s and its running  

n′s of the scalar disturbance can be expressed as: 

 621 −−sn ,                            ( 259 ) 

 22416 2 −−sn .                            ( 260 ) 

It can be seen from the above analysis that ξ should not be too small if there is a large spectral 

index running, at least in the order of ε or η. Suppose the following relationship is true: 

 )( −+= ,                           ( 261 ) 

where α and β are two undetermined constants. Therefore, the coefficients in the potential energy ( 257 ) 

must meet certain conditions to meet the formula ( 261 ). 

The power spectrum of scalar disturbance is given by the following formula: 

                             

2/)/ln(1 +−










=

kknn

ss

ss

k

k
AP ,                         ( 262 ) 

where A s is its amplitude, the spectral index n s is given by the formula ( 259 ), and the perturbation n′s 

= d n s / d ln k of the spectral index is given by the formula ( 260 ). Using equation ( 261 ), equation 

( 260 ) can also be written as: 

                       )(222416 2 −−−−=sn ,                   ( 263 ) 

The tensor-scale ratio r is given by the relation r ≈ 16 ε. It can be seen from formula ( 258 ) that the 

parameter α is very important for the running of spectral index, as shown in Figure 8, n′s ~ O ( ε ) ~ O ( 

10 − 2 ), and r ≥ 0.20. That is to say, a large tensor-scale ratio and a large spectral index run are realized 

at the same time. 

At present, the latest observation data include: in reference [121], scaling ratio 07.0

05.020.0 +

−=r ; 

microwave background radiation data in Planck experiment, supplemented by large-scale polarization 

data in WMAP (hereinafter referred to as Planck+WP); large polar moment data of microwave 

background radiation (hereinafter referred to as high L); power spectrum of Planck gravitational lens, 

data of large-scale structure, etc. Specific data in reference [2], scalar spectral index  0. 9583 ± 0. 0081 

(Planck +WP), 0. 9633 ± 0. 0072 (Planck +WP + lensing), 0. 9570 ± 0. 0075 (Planck + WP + highL), 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), 011.0

010.0022.0 +

−−=sn (Planck + WP + highL), 201.0

010.0102.0 +

−−=sn  

(Planck +WP + BAO). 

In addition, there are other research teams that give their results. For example, document [126] 

combines background imaging of chemical extragalactic polarisation (B2), Planck and WP data set to 

give 05.0

09.023.0 +

−=r ; document [127] combines data from Superova legacy Survey (SNLS) to give 
04.0

05.020.0 +

−=r ; document [128] combines data from Planck, supernova union 2.1, Bao and bicep2 to 
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give 037.0

044.0199.0 +

−=r , and document [129] combines data from other Bao to give 04.0

06.020.0 +

−=r . It is 

also shown that the detected photon polarization B mode can not be completely explained by 

topological defects or large external dimension model [129] [130]. The most likely explanation for the 

large scale ratio is the tensor disturbance model produced in the period of inflation. 

 

        r                                               n′s 

    0.30                                            0.000 

    0.28 

    0.26                                          − 0.001 

    0.24 

    0.22                                          − 0.002   

    0.20                       α = − 0.70                                        α = − 0.70 

    0.18                       α = − 0.65           − 0.003                       α = − 0.65 

    0.16                       α = − 0.60                                        α = − 0.60 

                          .                       − 0.004 

      0.94     0.95     0.96     0.97     0.98           0.94     0.95     0.96     0.97     0.98 

                        n s                                               n s 

The same parameters are used in both figures, see the legend 

Fig. 8 the relationship between the scale ratio r and the spectral index n s on the left;  

the relationship between the spectral index run n′ s and the spectral index n s on the right 

 

Using these data and results, the parameters α and β in the model are limited. The characteristic 

scale of inflation field in the period of inflation is ф / M pl ≈ O ( 10 ), so it should belong to the category 

of inflation. The power spectrum amplitude is given by Planck, 

A s ( k = 0.002 Mpc − 1 ) = 2.215 × 10 − 19  [131],  

the value of parameter λ can be estimated: 

                     
11
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1

2
2

10026
2

3 −

−


=





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


  .s

n

n

n rAa 


 ,                  ( 264 ) 

where the best fitting values of parameters α and β are used. 

14  Basic Equation of Cosmic Paradigm Dynamics 

The perturbation method and space-time background dependence of string theory involve a more 

profound problem: in the conception of string theory today, because string theory relies on background, 

it describes perturbation expansion of fixed space-time background, so it may not be the real 

basis[51]-[53]. Some physicists regard background independence as a basic requirement for a theory of 

quantum gravity. It is especially true since general relativity has been background independent[132]-[133]. 

In the ultra-synergistic paradigm established in this series, both quantum space-time and classical 

space-time are ultra-synergy dynamical systems. We will now discuss the establishment of a dynamic 

basis for quantum space-time evolution. 
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In view of the cosmic ecosphere of the Multi-verse World (MUW), we make the following new 

considerations: 

The compactness of space-time dimension is first the arche-event of the initial universe (the 

problem of cosmic physics), then the derivative event of the basic unit of matter (the problem of 

particle physics). 

To break through the compactness of space-time dimension must have a very powerful force. The 

higher the space-time dimension is, the greater the force needed to break through the compactness is. 

The force created by the Big Bang of the universe is just enough to break through the compactness of 

four-dimensional space-time. 

In view of the cosmic ecosphere of the Multi-verse World (MUW), we further make the following 

new considerations: 

In the initial stage of the creation of the universe, the gravitation in four-dimensional space-time 

was once very strong, and its intensity was even close to quantum gravity. However, at present, the 

gravitation in four-dimensional space-time is far weaker than the other three interactions in four- 

dimensional space-time. This reason is the Big Bang of the universe and the subsequent inflation of the 

universe. This Big Bang and inflation constantly break through the compactness of four-dimensional 

space-time, and then weaken the role of gravity, making gravity weaker and weaker. 

The description, analysis and explanation in this section are mainly applicable to the period from 

Planck time (10 − 44 sec) to the beginning of inflation (10 − 36 sec or 10 16 GeV): 

In the Big Bang (10 − 43 sec or 10 32 GeV), the quantum universe as a whole is chaotic, and the local 

quantum-chaotic graviton is active at the initial time of the creation of the universe (10 − 44 sec - 10 − 35 

sec). When the temperature drops ( < l0 27 K ), the symmetry of the grand unity is broken. 

The pseudo-vacuum in the Big Bang of the universe is the vacuum of high density energy. The 

temperature of 1016 GeV corresponds to the universe just created within 10 − 35 sec in the Big Bang, 

when it was the size of grapefruit. It is further estimated that gravitation withdraws from the primitive 

unity when the universe is at 10 −43 seconds and the temperature is 1032 K. In the super high temperature, 

there are many boiling bubbles. 

The universe boils at super-high temperature, and many vacuum bubbles appear, so the 

pseudo-vacuum decays into a real vacuum (the state of the lowest energy). With the decrease of 

temperature (freezing), the grand unified symmetry breaks[134]-[136]. Gravity, strong force and electro- 

weak force successively separate from quantum gravity, super-symmetric unifying force and gauge 

field. A big rip-rebound cluster of quantum chaos-reticulate distribution emerges between the whole 

outwards-push of the universe and the local inwards-pull of gravity, strong force and electro-weak 

forces. At this moment, the universe forms a relatively complete ultra-synergy mechanism (system). 

In this way, we can reveal the Higgs mechanism, the absence of magnetic monopoles and the 

inflation of the universe in a more ontological supernatural way. 

For the cosmic ecosphere of the multi-world, the basic part of the unified research framework of 

nature evolution is summarized as the research on the research on the ultra-synergy physics of quantum 

Physic-Sphere. This research includes three levels: the research of spin-network ultra-synergy for the 

ecosphere of multi-world (research of quantum spatiotemporal evolution dynamics), the research of 

natural paradigm ultra-synergy for high-dimensional supergravity, and the research of quantum gravi- 

sphere ultra-synergy for the cosmic creation process. 
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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, which include: dimension, curvature, range, 

expansion rate, dynamics, quantization, distribution (inhomogeneity, concentration, fluctuation), 

synergy, etc. 

Furthermore, we can regard space-time as a spin network system closely related to energy and 

mass, and the state variables of spin network system should include at least spin angular momentum, 

scale (range), dynamics, quantization (spin quantum number), magnetic moment, number of network 

nodes, distribution of network nodes (inhomogeneity, concentration, fluctuation), synergy (cooperation 

and competition), etc. 

Now, by the ultra-synergy paradigm composed of spin network space, cosmic paradigm vector and 

cluster-inflating configuration, we explore to establish the basis of cosmic paradigm dynamics between 

our observable universe and the multi-verse world system (the unobservable world). 

In theory, our observable universe is placed in the world system of multiverse. Although we don't 

know how big the world system of multiverse is, we can ideologically view the world system as the 

ultimate result without great any more. Compared with the world system of multi-verse, our observable 

universe is a "small open system". Especially the initial quantum universe can be seen as the movement 

of a micro system coupled with the world system without great any more (equivalent to a huge and 

incomparable "heat reservoir"). Since the world system as a heat reservoir is large enough and has 

many degrees of freedom, its internal relaxation process is very fast, and each degree of freedom is 

little affected by our quantum universe, it can be considered that the world system of multi-verse is 

basically in equilibrium. Because our observable quantum universe is very small (micro-system) 

relative to the Multi-verse world system, it is generally necessary to describe its motion behavior with 

quantum theory, which increases the complexity of the theory. 

We discuss 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 UW   

                       UWUWUWTOL HHHHHH +=++= 0                    ( 265 ) 

here H W is the Hamiltonian of W itself, H U is the Hamiltonian of U itself.  

The relevant Liouville operator can also be written as 

                        UWUWUWTOL LLLLLL +=++= 0                       ( 266 ) 

All the mechanical quantities of the total system UW  constitute the C * algebra u TOL . 

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 2 . accumulation intensity, u 3. spatiotemporal 

dimension (high dimension, no upper limit, including fractal dimension), u 4 . curvature, u 5 . expansion 

rate (or contraction rate), u 6 . inhomogeneity, u 7. concentration, u 8 . fluctuation range, etc. 

If the temperature of the multi-verse world system as a heat reservoir is β − 1, the inner product can 

be introduced into u TOL: 

                     0,2121 ),( TOLKTrKKK += ,   
TOLuKK 21,                  ( 267 ) 
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here TOLTOL HH

TOL Tree
 −−

= /0, . By formula ( 267 ), we introduce the distance 

                        ),(|||| 212121 KKKKKK −−=−  

We can make u TOL complete and get the Hilbert space ℋ β 
TOL. The total Liouville operator L is 

Hermitian in ℋ β 
TOL. What we really care about is the paradigm vectors of the early quantum universe 

U, which constitute a subspace ℋ β 
U of ℋ β 

TOL. If the vector e = { e i } i is a set of bases in ℋ β 
TOL, then 

the motion of the U system is completely given by the temporal behavior of e ( t ). 

Now, we introduce the projection operator: 

                       eeeeAPA = −1)(),( ,   A ℋ β 
TOL 

here ( e ⸱e ) −1 is the inverse matrix of dyadic ( e ⸱e ). After separating P and Q = 1 − P and solving Q 

motion formally, it is not difficult to obtain the generalized Langevin equation satisfied by e ( t ): 

                    )()()()()(
0

tFteKdteiQte
dt

d t

+−−=                    ( 268 ) 

here 

     
1)()( −= eeeeiQ  ,  )0()( eQetF iQLQt = ,  

1)())0()(()( −−= eeFFiK          

and 0))0()(( =etF , t > 0, ( 268 ) is equivalent to the Liouville equation of the total system UW  . 

However, because the multi-verse world system as a heat reservoir is very large relative to our early 

quantum universe and has strong internal relaxation, its correlation function K ( τ ) decays rapidly with 

τ (because eQ is only a mechanical quantity of heat reservoir), or in other words, the transformation of 

the e ( t ) of the U system within the decay time τ W ( t >> τ W ) of K ( τ ) is very small and Markov 

approximation can be used: 

                          )(~)()(
0

tedetK
t

−                          ( 269 ) 

here  dK


=
0

)( , thus Langevin equation is obtained: 

                           )()()()( tFteiQte
dt

d
+−=                         ( 270 ) 

F ( t ) is the fluctuating force and θ is the generalized friction coefficient (dissipation coefficient). 

Taking the limit τ W → 0, the correlation function of F ( t ) has white spectrum, and K ( τ ) can be 

rewritten as follows 

                       )()())0()(()( 1 teeFtFiK  =−= −
                    ( 271 ) 

This formula directly relates the friction coefficient θ in Markov process ( 270 ) to the fluctuation force 

F. In other words, it links the dissipation coefficient of our early quantum universe U with the motion 

fluctuation of the Multi-verse world system as a heat reservoir, and introduces statistical factors 

(Markov approximation) in the derivation process. 

In fact, describing the open quantum universe (system) with the generalized Langevin equation 
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( 270 ) is to divide the forces acting on the quantum universe by the Multi-verse world system as a heat 

reservoir into two parts: one is the average force, i.e. the generalized friction force − θ ⸱e ( t ), and the 

other is the random force F (the average is zero). When the distinction (actually the projection operator 

P ) between the quantum universe as an open system and the multi-verse world system as a heat 

reservoir has been established, this division of the forces of the multi-world system on our quantum 

universe is unique. However, for a specific problem, how to distinguish the quantum universe at a later 

time ( t > 0 ) has changed. Generally speaking, the choice of projection operator P is different, and the 

results are different. In the above derivation, the choice of different P is expressed as the definition of 

different inner product. We take as ( 267 ) 

                              
121 ),( TrKKK = †

0,2 TOLK   

Even though K 1 and K 2 are only mechanical quantities of the quantum universe U, ( K 1 , K 2 ) is related 

to the multi-verse world system W by H UW in H TOL. Specific calculations ( 267 ) will be difficult. If  

                               
121 ),( TrKKK = †

02K                          ( 272 ) 

here 00 /0,

HH
Tree

 −−
= , then, the concrete calculation will be much simpler; however, the Liouville 

operator L is no longer Hermitian operator under the definition of this inner product, so it should be 

taken in the derivation ( 268 ) 

 QLFeFLQ ),(()),((  = † FFie ),(() = † ) 

here F † iQL−= † e . When the Markov limit is taken, the obtained correlation function is 

)0()(()( FFiK  −= † )()() 1 = −ee                   ( 273 ) 

For the case of real fluctuation force (in many classical cases, F is a real function), ( 273 ) is the 

same as ( 271 ), and the fluctuation dissipation relationship remains unchanged. However, if F ( t ) is 

complex, then ( 273 ) is different from ( 271 ). As long as e is Hermitian, we can think that ( 273 ) is to 

satisfy the fluctuation dissipation relationship. So, in most cases, the inner product is defined by ( 272 ). 

If e is taken as a set of orthogonal normalized complete bases, Langevin equation can be obtained. 

15  Ultra-Synergy Mechanism between Particle and Universe 

We propose to incorporate Higgs mechanism, Fermi field and Yukawa coupling into the ultra- 

synergy system between particles and the universe, and to use Higgs mechanism as the basic link of the 

ultra-synergistic mechanism system, so as to enhance the explanatory power of Higgs mechanism. 

By the existing observation, exploration and research, the physical process of the very early 

universe took place in the very short instant. Therefore, people can not go back to that period to directly 

"observe" the evolution of the universe, but can only reconstruct the correlation function of quantum 

perturbation in that period by indirect method[137]-[138]. Regrettably, it is impossible to distinguish 

whether the universe was expanding or contracting at that time in principle only by correlation 

functions. So there is no definite way to distinguish early cosmic inflation from other alternative 
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models by observing it. In any case, in terms of naturalness and simplicity, inflation cosmology is the 

simplest and most early natural cosmological model compared with those alternative 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. 

In order to reduce the excessive dependence of various inflationary universe models on the initial 

conditions, 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. 

Combining physical geometry with geometric physics in the supernatural way of ontology, and 

then combining physical cosmology with cosmic physics, we study the ultra-synergy (emergence of big 

rip-rebound clusters with quantum chaotic-reticulate distribution) between the universe and 

ever-increasing particles (clusters), especially the ultra-synergy (emergence of big rip-rebound clusters 

with quantum chaotic-reticulate distribution) between the quantum universe in its Big Bang and 

ever-increasing quantum gravi-sources (clusters). Then we study the ultra-synergy (emergence of big 

rip-rebound clusters with quantum chaotic-reticulate distribution) between the universe in its inflation 

and ever-increasing initial gravi-resours (clusters) and initial strong force sources (clusters), especially 

the ultra-synergy (emergence of big rip-rebound clusters with quantum chaotic-reticulate distribution) 

between the universe in its expansion and ever-increasing gravi-sources (clusters), strong force sources 

(clusters) and electro-weak force sources (clusters). 

As shown in Fig. 1 (Li Zongcheng, 2019), each initial strong force source of high-intensity forms 

a rip-rebound center for the inflation or expansion 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. 1  Each initial strong force source of high-intensity forms a rip-rebound center  

for the inflation or expansion of the universe at the microscopic level 
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As shown in Fig. 2 (Li Zongcheng, 2019), each initial electro-weak force source of high-intensity 

forms a rip-rebound center for the inflation or expansion 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. 2  Each initial electro-weak force source of high-intensity forms a rip-rebound center  

for the inflation or expansion of the universe at the microscopic level 

 

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 

are the big impetus for the rip-rebound- inflation and further expansion of the universe. 

According to the calculation, there are about 10 80 particles in the universe, the effective range of 

electromagnetic interaction > 10 − 16 cm, the radius of nucleon is 0.8 × 10 − 13 cm, the radius of electron 

is r e = e 2 / m e c 2 = ( 2. 8179380 ± 0. 000007 ) × 10 − 17 cm, and the mass of electron is m e = ( 9. 

109534 ± 0. 000047 ) × 10 − 34 g, which is about 1/1836 of proton mass. 

In quantum theory, any substance is regarded as a combination of oscillations in a quantum field. 

These oscillations are transmitted in the form of "packets" in the field, so-called "quantum", which can 

be regarded as a kind of particle. Here there are two different kinds of fields: the material field 

containing matter particles and the force field acting as the medium of action. The Higgs particle is also 

an oscillation of the field, which is usually referred to by physicists as the "Higgs field" [139]-[140].  

For the ultra-synergy of the early universe, the Higgs field is a necessary basic joint. We know that 

the standard model of particle physics can not be separated from the Higgs field, because the standard 

model can only be established under the assumption that particles have no mass. For example, in 

electromagnetic force, the medium of transmission is photons without mass, which is no problem. 

However, the medium of transmission of weak nuclear force is three kinds of particles with mass: two 

charged W particles and one Z particle, which are essentially different from photons with zero mass, 

thus threatening the standard model. Later, Franois Englert, Robert Brout and Peter Higgs, et al., 

supplemented in time and proposed an idea to eliminate this threat, giving the way for particles to 

obtain mass[25][141][142].  
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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 ( 0R ), 

with an exponential growth HteR 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), which firstly forcibly restrained the 

cosmic boom, then sped up beyond the limit, and then quickly turned to flash deceleration. For such a 

strong rip-rebound-inflation under a big impetus, we need to introduce a ultra- synergy scalar field ф BS , 

which satisfies the minimum coupling conditions with repulsion and gravity.  

Figure 11 (Li Zongcheng, 2019) shows the high-dimensional supergravity, quantum gravity and 

four fundamental interactions in the creation of the universe. 

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

)()1(
2

1 2

BSBSsynultra VA  −+=−
 ,  )()1(

2

1 2

BSBSsynultra VAp  −−=−
 ,        ( 274 ) 

here )( BSV   is the potential energy of ultra-synergy field, 
2/ RHRA −= ，A is a binary quantity: 
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Expression (1) can be written in the following form: 
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b ) 

here N is the total number of gravi-sources, b is the super-inflation index, ф repl is the scalar field under 

the repulsion of the universe, ф grav is the scalar field under the quantum gravity, A acce is accelerating 

factor, A dece is decelerating factor, λ d-en is the enhancement coefficient of dark energy, λ d-matt is the 

enhancement coefficient of dark matter, and the first term of the full expansion ( 276 a ) represents the 

energy density under the repulsion of the whole universe to N b gravi-sources, and the second term 

represents the energy density under the gravitation of the arche-quantum to N b gravi-sources, the first 

term of the full expansion ( 276 b ) represents the pressure under the repulsion of the whole universe to  

N b gravi-sources, and the second term represents the pressure under the repulsion of the whole universe 

to N b gravi-sources, and the second term represents under the gravitation of the arche-quantum to N b 
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The extended form of Klein-Gorden equation for ultra-synergy scalar field should be 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11  High-dimensional supergravity, quantum gravity and four fundamental interactions 
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                           0)1(3 =−++
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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 
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Expression ( 278 ) can be further written in the following form: 
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Obviously, when )(2

BSBS V    (slow roll approximation), it can be seen from the formulas 

( 277 ) and ( 278 ), which can provide super accelerated expansion. Because 2

BS  is very small, the 

extended forms of Friedmann equation and Klein-Gorden equation are approximated to  
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Because d V / d ф BS is very small and H is near constant, a ( t ) increases exponentially. 

Based on the super-synergy mechanism with the great impetus, we can infer that in the extreme 

background and 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. As the smallest 

condensation of energy, the quantum gravi-pulsator is mainly manifested in the 10 − 44 sec - 10 − 35 sec of 

the creation of the universe. It is neither a punctiform particle nor a superstring, supermembrane or 

superembryo. 

According to the quantum arche-pulsator theory established in this series, the elementary particles 

in the standard model are actually some quantum pulsators (including chaotic pulsator, quasi-spherical 

pulsator and spherical pulsator). The different pulsations and motions of the quantum arche-particle can 

produce different kinds of basic particles. All the most basic particles, including positive and negative 

quarks, electrons, neutrinos and so on, as well as the four fundamental forces "particles" (strong and 

weak force particles, electromagnetic force particles, and gravitational particles), are derived from the 

pulsating quantum arche-particle, and the difference between the various particles lies only in the way 

and shape of the quantum arche-pulsation. Quantum arche-pulsators also contain fermions, one of the 
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elementary particles of matter. All particles can be obtained by the different pulsations and motions of 

the quantum arche-particles. Essentially, all particles are quantum pulsators. 

In the super-inflatiing universe model established in this series, Higgs field becomes the origin of 

vacuum energy in quantum mechanics and then the origin of stationary mass under the big impetus of 

super-synergy. After the end of strong ripping, strong rebound and strong inflation, the super-synergy 

scalar field recedes and produces matter and radiation. The radiation from recession begins to re-heat 

the universe, followed by the standard Big Bang universe. 

There are still many problems with the standard model. According to the standard model, 

neutrinos should have no mass, but later studies have found that such particles do seem to have mass. 

In addition, the standard model can only describe visible matter, which accounts for only about a fifth 

of the total amount of matter in the universe. We still know little about the nature of mysterious dark 

matter. 

We can't directly observe dark matter, but we can perceive its existence through its gravitational 

action[137][143]. It is the gravitational pull of dark matter that prevents galaxies from disintegrating in the 

universe. Dark matter hardly reacts with visible matter at all. However, we now know that Higgs 

particles are unique. Perhaps through the coupling of Higgs mechanism, Fermion field and Tangkawa, 

we can find super-synergy between particles and the universe, which will help us to establish some 

kind of connection between these two completely different substances. 

According to the explanation of the Higgs mechanism, it is assumed that there exists a scalar field 

called the Higgs field throughout the universe. By coupling with the Higgs field, some particles without 

mass can obtain energy. In the mass-energy relationship, this is equal to obtaining mass. The stronger 

the coupling between the particle and the Higgs field is, the larger the mass of the particle is. If the 

Higgs field does not exist, the mass of quarks, W bosons and Z bosons will all become zero. Because 

only about 1% of the mass of composite particles such as protons and neutrons is attributed to the 

quarks they contain, their properties will only change slightly. The mass of tau ( τ ) and muon ( μ ) will 

also become zero, but they have nothing to do with real life. Only when the mass of electrons becomes 

zero will it have a great impact on the world. The smaller the mass of the electron is, the larger the size 

of the atom is. When the mass of electrons becomes zero, super-large atoms will be dismantled by 

collision. All nuclei and electrons will mix together. Atoms cannot exist alone, nor will there be water, 

air and the world in which human beings live. 

Higgs field can break symmetry[137][138][143] . Without the Higgs field, all charged leptons, i.e., 

electrons, tau ( τ ) and muon ( μ ), would become the same, because their differentiated masses would 

all be zero. Similarly, quarks with charges of + 2 / 3, i.e., upper quarks, odd quarks and top quarks, will 

become the same, while quarks with charges of − 1 / 3, i.e., lower quarks, charm quarks and bottom 

quarks, will become the same. 

Some cosmologists believe that the Higgs field is the origin of vacuum energy[25][140][141] . At the 

very beginning of the universe, when the temperature is very high, the symmetry of the Higgs field has 

no characteristic, and the energy of the universe is no different. As the temperature of the universe 

decreases, the symmetry is broken by several successive phase transitions, which give rise to the 

ever-changing universe. The symmetry breakage caused by the last phase transition breaks the electro- 

weak force and separates the weak force from the electromagnetic force. At present, physicists have 

been able to make experiments to achieve the required conditions for the phase transition, but the 
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conditions for separating the phase transition of electro-weak and strong forces are still far from 

achievable. In any case, the Higgs field, recognized as the origin of static mass, is also the key to the 

study of strong forces. 

The super-synergy (the emergence of big rip-rebound clusters with quantum chaotic-reticulate 

distribution) emerged between the Big Bang of the quantum universe and the ever-increasing quantum 

gravi-sources (clusters) during the creation of the universe can be used to explain the magnetic 

monopole problem. The magnetic monopole problem involves the Big Bang theory and the grand 

unified theory, sometimes referred to as the "exotic-relics problem". The grand unified theory proposes 

that if the temperature of the early universe exceeds the grand unified temperature (about 10 32 K > 10 27 

K ), the electromagnetic force, the strong nuclear force and the weak nuclear force will be unified into a 

"grand unified force". Because of the expansion of the universe, the temperature will continue to 

decrease. When the temperature is lower than the grand unified temperature, the spontaneous symmetry 

breakage will occur, and the physical properties of the weak force and the strong nuclear force will 

begin to become different, so the phase transition will occur. 

Phase change due to the breaking of symmetry usually results in "topological defects" [137][138][143]. 

The grand unified theory predicts that the grand unified phase transition will produce a zero- 

dimensional punctiform topological defect whose physical properties are like magnetic monopoles. The 

grand unified theory predicts that the grand unified phase transition will not only produce this kind of 

magnetic monopole, but also remain to this day, even possibly become the main component of the 

universe due to its extremely stable state. However, today's universe is not full of magnetic monopoles. 

Scientists have never even found any magnetic monopoles, which sets a very low upper limit for the 

density of magnetic monopoles in the universe[137][138][143]. The theory of the great impetus with big 

rip-rebound- inflaiton mechanism, not only shows that the rapid expansion of the universe will cause 

the density of magnetic monopoles to drop sharply in space to an order of magnitude that can not be 

detected by current instruments, but also implies that a large number of magnetic monopoles should be 

destroyed in the big rip-rebound cluster with quantum chaotic-reticulate distribution emerged under the 

ultra-synergy. 

16  Equation of Quantum-Classic Mechanics for Complexity 

On the basis of the above basic hypotheses and its inferences, we investigate to create the basic 

equations of quantum-classical mechanics for space-time complexity, by the Wigner distribution as 

nonlinear time-frequency transform. From the perspective of information, the basic equations of 

quantum-classical mechanics (the following formulas ( 290 )) are a scheme of the full- view treatment 

for the classical dynamic information and quantum dynamic information. 

For any quantum system, 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 

particles is denoted as x, it interacts with the scalar field φ ( x, t ) spreading in direction y : 

dt

d
xH


=int ; the order change (such as density difference, entropy change, information entropy 

change) coordinate of particles is σ, it interacts with the scalar field φ ( x, t ) spreading in direction y : 
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dt

d
H


=int . For the thermal excitation of scalar fields under high temperature, we can set the 

master equation of particles satisfied by the particle density matrix ρ ( x , x′ ) in the expression of x : 

          x
xx

x
x xx

kTm

xd

d

dx

d
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i

dt

d
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
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



,          ( 281 ) 

and put forth the master equation of particles satisfied by the particle density matrix ρ ( σ , σ ′ ) in the 

expression of σ : 

        
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i

dt

d
,        ( 282 ) 

where, H is the Hamilton quantity of particles, l and μ are relaxation rates, and T is the temperature of 

the field φ. On the one hand, T relates to viscosity coefficient η x , while η x depends on the coupling 

constant ε of particles and fields in H int , i.e. l = η x / 2 m, η x = ε 2 / 2 ; on the other hand, relates to 

viscosity coefficient η σ , while η σ depends on the coupling constant π of particles and fields in H int , i.e. 

μ = η σ / 2 m, η σ = π 2 / 2. In equation ( 281 ), the first item is the kinetic joint-varying of motion-like, 

and it is the inference of Schrodinger equation. In equation ( 282 ), the first item is the kinetic 

joint-varying of evolution-like, and it is the extension of Schrodinger 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 decoherence. 

By 
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
+




= x

x

, with ( 281 ) and ( 282 ), we can create the master equation of 

particles satisfied by the particle density matrix ρ ( γ , γ ′ ) in the expression of γ : 
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.    ( 283 ) 

The coherent super-positions of two Gauss wave packets are considered: 

              χ（x）= χ +（x）+ χ –（x）,   θ（σ）= θ +（σ）+ θ –（σ）,            ( 284 ) 

where the widths of wave packet are δ x and δ σ , the distance that they are away from the center are 

respectively Δ x and Δ σ, Δ x << δ x , Δ σ << δ σ . There are 4 peaks on plane ( x , x′ ) in the density matrix 

ρ x ( x, x′) = χ ( x ) χ * ( x′ ), where two come from the diagonal element (the position x = x′ of the peak), 

the other two are from the non diagonal element ( x = – x ′ ). The last item of master equation ( 281 ) 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 can be written directly from the equation: 

( )
2

2

1

, 2



xmkT

xD


− , 

( )
2

2

1

, 2



 


− mkT

D . Decoherence time τ D, x and τ D, σ are respectively 
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. 

It is known that quantum mechanics is expressed in Hilbert spaces, and classical mechanics is 

expressed in phase space. We can use the Wigner transform of wave function, set the following relation 

between the quantum dynamics and its classical limit : 
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x
y
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Wigner distributions W x ( x, p ) and W σ ( σ, p ) are real function, but may be negative.  

Give the Fourier transform of ψ x : ( ) xxx
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i.e. the integral of W x ( x, p ) to x gives the distribution of p. 

Give the Fourier transform of ψ σ : ( ) 
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i.e. the integral of W σ ( σ, p ) to σ gives the distribution of p. 

For the least uncertain covariant wave packet, the Wigner distribution function is 
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here, γ and p obey Gauss distribution and satisfy the minimum uncertainty relation, which shows that  

ψ γ is the most approximate simulation of classical covariant particles (a point in the phase space) which 

can be given by the wave function of quantum mechanics (Hilbert space vector).  

Wigner joint-distribution can be extended to the density matrix 
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For the coherent superposition χ ( x ) = χ + ( x ) + χ – ( x )  and θ ( σ ) = θ + ( σ ) + θ – ( σ ) of Gauss wave 

packet given by formula ( 284 ), their Wigner joint-distribution is 
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here 
+

W and 
−

W  are the Wigner joint-distribution of wave packets. The joint-varying equation (as 

the basic equation of quantum complexity mechanics for space-time complexity) of W γ can be given by 

the master equation ( 283 ) for the density matrix ρ γ ( γ，γ ′ ) of particles to meet : 
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where V is potential energy. The first item in the bracket of equation ( 290 ) is the classic Poisson 

bracket under the full-view gauge : 
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==




 . For the general joint-varying system, in the right of 

equation ( 289 ) there is also the quantum correction with the order of O(ħ), the 2nd item is damping, 

the 3rd item is the diffusion of W γ in momentum space, with the diffusion coefficient as D γ . 

17  Quantum Arche-pulsaton and Its Operator Distrib-Function 

Compared with the energy spectrum, the wave function of the eigenstate contains abundant 

dynamic information. It can be expected that the gravitation of black holes near the Planck energy 

scales will reveal a more detailed representation of complexity in quantum mechanics. In order to find 

out the different characteristics of steady-state wave functions of integrable and non-integrable systems 

under the semi-classical limit, the coarse-grained average of Wigner distribution can be introduced: 
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Under the condition of keeping  / Δ → 0, the oscillation of the studied function in the   scale can 

be averaged out by making Δ → 0. M. Berry proved that for integrable system[144] , the coarse-grained 

Wigner distribution in the steady state with action I ψ ( given by WBK quantization condition[145] ) 

under semi-classical limit is 

( ) ( )( ) ( )N
IpqIpqW   2/,, −= , 

i.e., ( )pqW ,  is a uniform distribution concentrated on the N-dimensional torus ( ) IpqI =, . 

For the characteristics of irregular state wave functions, it is usually assumed that under 

semi-classical approximation the coarse-grained Wigner distribution of ergodic nonequilibrium systems 

can be written as [146] 

              ( ) ( )( ) ( )( ) −−= EpqHdqdpEpqHpqW ,,,  .              ( 292 ) 

Another quantity showing the morphological characteristics of the irregular state wave function C 

( x, q ) is an autocorrelation function. 

After integrating the radial coordinates | p | we get 

( )qxC , ( )( )  }/2{
1 2/1 qVEmxid
d

−


= 


，Ω = p / | p |. 

Considering Berry's hypothesis of micro-canonical ensemble, we can regard the irregular state 

wave function ψ ( q ) under the semi-classical limit as a Gauss-type random function in q space. 

According to the calculation of M. Shapiro et al.[146] , we can get the average autocorrelation function of 

the billiard model of the stadium: ( ) ( ) ( )qqdqF 

 +=  . 

For billiards systems, we have N = 2 and V ( q ) = 0, and give ( ) ( )/20 mEJF  = . This 

formula is in good agreement with Shapiro's numerical results for high energy states. The only 

difference is that when the value of | δ | is larger than de Broglie wavelength mE2/ , the numerical 

results show that F ( δ ) has a slightly stronger oscillation than Bessel function of order 0. However, the 

nodal pattern, boundary behavior and correlation functions of the wave functions discussed here in 

configuration space are all characteristics of a single quantum state. 

The numerical results of wave functions of some quantum complex behaviors by computer show 

that[145][146] the actual image of irregular state wave functions is much more complex than that provided 

by Berry. According to E. J. Heller's calculation of some high-energy wave functions of billiards in 

sports field[146] , about half of the wave functions have obvious structures in configuration space. 

Surprisingly, the patterns formed by the bulges of these wave functions correspond to the classical 

trajectories of some unstable periodic orbits of the system. The ratio of the height of the bulge (scar) to 

the average height depends mainly on the ratio ω / λ , which is independent of the size of  ( here ω is 

the angular frequency of the periodic orbit and λ is the maximum Lyapunov index of the orbit). If ω / λ 

is larger, the scars caused by periodic orbits become more prominent. Since the width of the scar is 
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approximately equal to a de Broglie wavelength, with the increase (or decrease) of the eigenstate 

energy, the scar will gradually become thinner and eventually disappear in a uniform background with 

random fluctuations. 

Now, we give the Hamiltonian of arche-pulsaton subsystem H S = ω c a † a , where a † and a are the 

generators and extinction operators of arche-pulsaton respectively, satisfying the commutative 

relationship: [ a , a † ] = 1. 

Let Q 1 = a † , Q 2 = a , =
i

iibKB1 ,  =
i

iKB2 b i
† , then  

ω 1 = ω c ,   ω 2 =－ω c , 
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here ρ B0 is the equilibrium state density matrix of heat reservoir, 
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In addition, there are )(21 −=+ iKnw c , ))(1(12 −+=− iKnw c , )(21 +=− iKnw c , the 

equation of motion of damped pulsaton is obtained: 

           )[()( +−=



cS it

t
 a † ], Sa   

                   SaK ,{[+ a † ,[] Sa+ a † ,[,[2]} Sc aKn + a † ]]               ( 294 ) 

In ( 294 ), we preserve the modification ( Δ ) of the arche-pulsaton frequency by the quantum cosmic 

heat reservoir. The steady-state solution of the equation is an equilibrium distribution:  

aaaa

S
cc Tree

 −−
=

 /0
†a †.  

The physical meaning of the constants in ( 294 ) can be seen directly from the motion equation of the 

average value of a †  and a † a : 

              
dt

d
< a † > )(tTr

dt

d
S= a † )( += ci  < a † >－K < a † >            ( 295 a ) 

              
dt

d
< a † a > = －2K < a † a > )cn−                                 ( 295 b ) 

Therefore, K is the average-amplitude attenuation rate of the arche-pulsaton and ccn  is the energy of 

the equilibrium average pulsaton. 

If the decay time of Tr B ρ B0 B ( t ) B †  is τ B , then the condition of Markov approximation is τ B << 

K −1. Common ordering is adopted and operator distribution function is introduced: 

              )()()(),,( taaTrtP S −−= +
 

then ( 294 ) is written as 
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                       ,[ NeK− u † [2] nK+ a † )()(]]},[,  aeN               ( 296 ) 
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we obtain 
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After putting them into ( 296 ), we will get 
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( 297 ) 

This is a typical Fokker-Planck equation with complex variables. The last one describes the diffusion of 

P on the α complex plane. 

Before solving ( 297 ), the high frequency motion part is eliminated, which is similar to the 

interaction representation. Setting 
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Let P ( α, α * , t ) = q ( β, β * , t ), then the damped pulsaton equation can be obtained: 
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
=





















2

2),,(             ( 298 ) 

The time behavior of ( 298 ) can be obtained by solving the eigenvalue equation: 

                                 qFq −=                                  ( 299 ) 

Setting the real variables u and v : )( ivun += , then ( 299 ) can be written as 

),(),(
2

2
2

2

2

2

vuqvuq
vu

K

v
v

u
uK =





















+




+







+




+




             ( 300 ) 
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Taking ),(),(
22

22

vuQevuq

vu













+−

= , we obtain 

                       0)( 22

2

2

2

2

=−−+



+




QvuQ

v
Q

u
                       ( 301 ) 

here 2
2

+=
K


 . the side condition is →u  or →v , Q → 0. ( 301 ) is the basic motion 

equation of two-dimensional isotropic harmonic pulsaton, and its eigenvalues  

)12()12( 21, 21
+++= nnnn , n 1 , n 2 = 0, 1, 2, ∙∙∙,  

so that 

                              )( 21, 21
nnKnn +=                               ( 302 ) 

Give the eigenfunction 

                   )()(
21

22

2121

)(
2

1

,, vHuHeNQ nn

vu

nnnn

+−

=                      ( 303 ) 

here 

1/2

21

,
!2

1

!2

1

2121 












=

nn
N

nnnn


, H n ( x ) is a Hermitian polynomial. 

The initial operator distribution function is expanded in terms of ( 303 ). According to ( 302 ), only 

the part of n 1 = n 2 = 0, i.e. the stationary solution

2||
1

00

1 


ne

n
P

−

= , is retained when the time is 

sufficiently long. This is the Gauss distribution of the thermal fluctuation. If t = 0 is a coherent state, the 

transition from coherent state to nonequilibrium state is obtained by retaining the lower order 

expansion term at time t ~ K − 1. 

18  Dynamical Base of Quantum Ultra-Synergy Mode 

Now, according to the ultra-synergistic paradigm formed by spin network space, cluster-inflating 

configuration ( distribution configuration of quantum Physic-Sphere ) and interaction situation 

variables, we discuss the foundation of quantum ultra-synergy mode dynamics between particles and 

the universe. 

In the early universe, quantum gravity is bound to be greatly affected and undergo drastic 

evolution, in the big rip-rebound clusters of quantum chaotic-reticulate distribution emerged 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). Here, each quantum gravity can be regarded as a minimal 

"open system" that evolves from an initial chaotic state to a nonequilibrium state and undergoes 

instantaneous relaxation process, i.e. a micro evolution system coupled with the early universe (which 

can be called a "heat reservoir"). Since the early quantum universe as a heat reservoir is sufficiently 
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large relative to quantum gravity (with sufficient degrees of freedom), and its internal relaxation 

process is also very fast, it can be considered that the early quantum universe is basically in equilibrium. 

Because the quantum gravity we are concerned about is extremely small, it is necessary to describe its 

motion behavior with quantum theory. 

We discuss the motion behavior of the mechanical quantity of the quantum gravi-system S in the 

early quantum universe ( large heat reservoir ) B, which corresponds to the Heisenberg image. The 

Hamiltonian of total system SB  

                      SBSBSBTOL HHHHHH +=++= 0  

here H B is the Hamiltionian of B itself, H S is the Hamiltionian of S itself, Accordingly, the Liouville 

operator can be written as 

                        SBSBSBTOL LLLLLL +=++= 0  

All the mechanical quantities of the total system SB constitute the C * algebra u TOL .  

If the temperature of the quantum universe as a heat reservoir is β − 1, the inner product can be 

introduced into u TOL: 

                    0,2121 ),( TOLKTrKKK += ,   
TOLuKK 21,                   ( 304 ) 

here TOLTOL HH

TOL Tree
 −−

= /0, . By formula ( 304 ), we introduce the distance 

                       ),(|||| 212121 KKKKKK −−=−  

We can make u TOL complete and get the Hilbert space ℋ β 
TOL. The total Liouville operator L is 

Hermitian in ℋ β 
TOL. What we really care about is the paradigm vectors of the quantum gravi-system S, 

which constitute a subspace ℋ β 
S of ℋ β 

TOL. If the vector e = { e i } i is a set of bases in ℋ β 
TOL, then the 

motion of the S system is completely given by the temporal behavior of e ( t ). 

Now, we introduce the projection operator: 

                        eeeeAPA = −1)(),( ,   A ℋ β 
TOL 

here ( e ⸱e ) −1 is the inverse matrix of dyadic ( e ⸱e ). After separating P and Q = 1 − P and solving Q 

motion formally, it is not difficult to obtain the generalized Langevin equation satisfied by e ( t ): 

                   )()()()()(
0

tFteKdteiQte
dt

d t

+−−=                     ( 305 ) 

here 

     
1)()( −= eeeeiQ  ,  )0()( eQetF iQLQt = ,  

1)())0()(()( −−= eeFFiK        ( 306 ) 

and 0))0()(( =etF , t > 0, ( 305 ) is equivalent to the Liouville equation of the total system SB . 

However, because the quantum universe as a heat reservoir is very large relative to the quantum gravi- 

system and has strong internal relaxation, its correlation function K ( τ ) decays rapidly with τ ( because 

eQ is only a mechanical quantity of heat reservoir), or in other words, the transformation of the e ( t ) 
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of the S system within the decay time τ W ( t >> τ W ) of K ( τ ) is very small and Markov approximation 

can be used: 

                          )(~)()(
0

tedetK
t

−                          ( 307 ) 

here  dK


=
0

)( , thus Langevin equation is obtained: 

                           )()()()( tFteiQte
dt

d
+−=                         ( 308 ) 

F ( t ) is the fluctuating force and θ is the generalized friction coefficient (dissipation coefficient). 

Taking the limit τ W → 0, the correlation function of F ( t ) has white spectrum, and K ( τ ) can be 

rewritten as follows 

                      )()())0()(()( 1 teeFtFiK  =−= −
                     ( 309 ) 

This formula directly relates the friction coefficient θ in Markov process ( 308 ) to the fluctuation force 

F. In other words, it links the dissipation coefficient of our early quantum universe S with the motion 

fluctuation of the Multi-verse world system as a heat reservoir, and introduces statistical factors 

(Markov approximation) in the derivation process. 

In the quantum Physic-Spheres studied in this series, boiling at ultra-high temperature is 

everywhere, and many vacuum bubbles are scattered. At this moment, the pseudo-vacuum 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 it is possible to reveal the Higgs effect in a more natural 

way. 

In the expansion of the universe with the big impetus, the whole energy density decreases as the 

volume increases, while the density of ordinary "cold" materials is inversely proportional to the volume, 

the energy density is inversely proportional to the cubic of volume, and the radiation energy is 

inversely proportional to the cubic of volume. 

In the rip-rebound-inflation process of the universe with the big impetus, the energy density of the 

inflation field will fluctuate with the emergence of big rip-rebound clusters with quantum chaotic- 

reticulate distribution in the interaction of the quantum universe, 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. After the rip-rebound-inflation with the big impetus, it will be 

reduced to a negligible degree. Thus, a nearly vacuum, flat, symmetrical universe will be created, and 

then it will go into reheating. 

In fact, describing the open quantum gravi-system with the generalized Langevin equation ( 308 ) 

is to divide the forces acting on the quantum gravity by the quantum universe as a heat reservoir into 

two parts: one is the average force, i.e. the generalized friction force − θ ⸱e ( t ), and the other is the 

random force F (the average is zero). When the distinction (actually the projection operator P ) between 

the quantum gravity as an open system and the quantum universe as a heat reservoir has been 

established, this division of the forces of the quantum universe on the quantum gravity is unique. 

However, for a specific problem, how to distinguish the quantum gravity at a later time ( t > 0 ) has 

changed. Generally speaking, the choice of projection operator P is different, and the results are 

different. In the above derivation, the choice of different P is expressed as the definition of different 
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inner product. We take as ( 304 ) 

                              
121 ),( TrKKK = †

0,2 TOLK   

Even though K 1 and K 2 are only mechanical quantities of the quantum universe S, ( K 1 , K 2 ) is related 

to the multi-verse world system W by H UW in H TOL. Specific calculations ( 304 ) will be difficult. If 

defined 

                               
121 ),( TrKKK = †

02K                          ( 310 ) 

here 00 /0,

HH
Tree

 −−
= , then, the concrete calculation will be much simpler; however, the Liouville 

operator L is no longer Hermitian operator under the definition of this inner product, so it should be 

taken in the derivation ( 305 ) 

 QLFeFLQ ),(()),((  = † FFie ),(() = † ) 

here F † iQL−= † e . When the Markov limit is taken, the obtained correlation function is 

)0()(()( FFiK  −= † )()() 1 = −ee                  ( 311 ) 

For the case of real fluctuation force (in many classical cases, F is a real function), ( 311 ) is the 

same as ( 309 ), and the fluctuation dissipation relationship remains unchanged. However, if F ( t ) is 

complex, then ( 311 ) is different from ( 309 ). As long as e is Hermitian, we can think that ( 311 ) is to 

satisfy the fluctuation dissipation relationship. So, in most cases, the inner product is defined by ( 310 ). 

If e is taken as a set of orthogonal normalized complete bases, Langevin equation can be obtained. 

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.  

The inflation cosmic model tells us that only through exponential inflation can the universe appear 

flat, homogeneous and isotropic on the largest scale[28]-[30]. It is generally believed that only when the 

universe expands at a rate greater than e 60 (≈10 26 ) in the stage of inflation can it meet this 

requirement. The observed data from the cosmic microwave background have verified that the universe 

is flat and the error value is less than 10 %, which makes the problem of cosmic flatness more 

significant. 

The rip-rebound-inflation with the big impetus is a supercooled expansion stage, during which the 

temperature of the universe decreases by 100,000 times (it is generally believed that in the earliest 

model, the temperature dropped from 10 27 K to 10 22 K ), and then the temperature remained at a 

relatively low temperature. When inflation is over, the temperature returns to its pre-inflation level 

( from 10 22 K to 10 27 K ), this process is known as "reheating" or "heating". This is because the huge 

potential energy in the rip-rebound-inflation field decays into various particles, filling the universe with 

standard model particles, including electromagnetic radiation, thus launching the radiation dominant 

period. 
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The rip-rebound-inflation can also reduce the numerical density of large-mass singular particles, 

such as magnetic monopoles predicted by many derivative theories of the standard model of particle 

physics. If the universe had enough temperature to form these particles only before the rip-rebound- 

inflation period, the rip-rebound-inflation would reduce their density to a very low level, so that they do 

not exist in today's visible universe. Taken together, these effects can be called the "hairless theorem" of 

inflation, similar to the black hole hairless theorem. 

19  Master Equation of Ultra-Synergy Mode Dynamics 

The generalized Langevin equation can be regarded as the mode dynamical equation of the open 

quantum 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 ρ TOL of ultra-synergistic system SB satisfies the liouville Equation: 

                        TOLBSTOL LLi
dt

d
 )( 0 +−=                         ( 312 ) 

here L 0 = L B + L S . Of course, we only focus on the mean value of the mode vector of the quantum 

gravi-system S : 

                     SSTOLBSTOL eTrTreTrTree  === )(  

Therefore, we hope to get the equation of motion satisfied by ρ S . Setting projection operator P : 

                               TOLBBTOL TrP 
0

=                            ( 313 ) 

 ρ B0 is a traceable operator of B system: 1
0
=BBTr  , its selection depends on the specific problem. 

Let Q = 1－P , so we get 

               )()()()()(
0

, tFtKdtiLt
dt

d
S

t

SSuS +−−−=                 ( 314 ) 

here it uses P L B = 0 and P L S = L S P , and there is 

                        
00, BBSBSBBSu LTrLLTrL  +==  

            0

1

0 )()( BBSB

iQLQ

BSB

iQLQ

B LLQeLTrQLPPLQeK   +== −−−
           ( 315 ) 

If ρ B0 satisfies 0
0
=BBL  , then 

                           0)( BBS

iQLQ

BSB LeLTrK  −=                         ( 316 ) 

Equation ( 315 ) holds for any chosen ρ B0 ( arbitrary P ), and generally does not bring more 

convenience for solution. 

Considering that the quantum cosmic system as a heat reservoir is relatively large, the internal 

relaxation is very strong, and the effect of S motion on B is very small, we can take 

                              BB HH

B Tree
 −−

= /0,  
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then take the regular distribution of B. In this way, QLQ only contains the non-equilibrium motion of B 

system, and K ( τ ) should decay rapidly. However, ρ S ( t ) does not necessarily slow down. The fast 

change of ρ S ( t ) is mainly caused by L S , so it can be considered that 

                               )()( tet S

tiL

S
S  =  

is slow change. Therefore, if only the lowest order of L BS is considered and F ( t ) is omitted, we can 

rewrite ( 315 ) to 

       )()()()(
)(

,  
−−−= 

−−−
teLeLTrdtiLt

dt

d
S

t
tiL

BBS

iL

BSSSeS
S

0
0

0         ( 317 ) 

If the change of K (τ) is much faster than that of ρ′ U (t), the Markov approximation can be introduced : 

                )()()()()(
00

ttKdteKd SSS

t
tiLS  =− 


−

 

We get Master equation : 

                         )()()( , ttiLt
dt

d
SSSeS  −−=                     ( 318 ) 

The coupling of S and B systems can be written in general : 

                             =
j

jjBS BQH                              ( 319 ) 

here Q j is the operator of the quantum gravi-system S and B j is the operator of the quantum cosmic 

heat reservoir. Taking Q j as the eigenvector of L S , we have 

                                j

ti

j

tiL
QeQe jS

−−
=                             ( 320 ) 

So only the lowest order of L BS is obtained, then 

)()()()( 0
0 tLeLTrtK SBBS

iL

BSBS  −
=   

            )]}(,[,{ 0

,

tBQeBQTre SBjj

iL

kk

jk

B

i
Bj  −−

=   

})(])(,[)()](,{[ 00

,

BkjBjSkBjk

jk

BSjk

i
BBTrQtQBBTrtQQe j 


−=

−
 

taking 

    0
0

)( BjkB

i

kj BBTredw j 
−

+

= ,  0
0

)( BkjB

i

kj BBTredw j 
−

−

=         ( 321 ) 

then ( 318 ) Can be further written 

        −−= )()( , tiLt
dt

d
SSeS  }])(,[)](,{[

,

−+ − jkjSk

jk

kjSjk wQtQwtQQ          ( 322 ) 

This is the generalized Master equation of the most general open system. Obviously, ( 322 ) will keep 

the trace of ρ S ( t ) unchanged: 0)( =tTr
dt

d
SS . 

Usually, the imaginary part of w ± can be neglected, and the main contribution to sum comes from 

the term w k + w j = 0 . 

We can also directly transit from ( 322 ) to Heisenberg image and obtain the mode dynamical 
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equation of quantum gravi-system. From 

)()( t
dt

d
eTrteTr

dt

d
SiSSiS  =  

                )}()({ , ttiLeTr SSSeiS  −−= −−= ierS eiLTr { θ † )(} te Si   

we obtain 

                          −= )()( , teiLte
dt

d
iSei θ † e i ( t )                        ( 323 ) 

here 

    θ †  −+ −=
kj

kijjkjkikji QeQwQQewe
,

]},[],[{  

At the beginning of the creation of the universe (10 − 42 sec ~ 10 − 36 sec), the quantum gravi-system 

S can be seen as a coupling 
21 SSS = of the gravitational system S 1  and the gauge field force S 2 . 

If the heat source (Q part) relaxes rapidly and is weakly coupled with S system, the following 

equations are given: 

it
dt

d
−=)(12 ℒ )(

~
)(

~
)( 1212121212 ttLit  −−=                ( 324 ) 

here 

           122112

~
LLLL ++=  

           122112

~
 ++=  

            
dLeLTr BBj

iL

BjBj 0,,
0

0−


=       j = 1, 2 

            
dLeLLeLTr BB

iL

BB

iL

BB 0,1,2,2,1
0

12 )( 00 −−


+=   

Taking projection operator P 1 : 12012220121  == TrP , Q 1 = 1－P 1 , and because of L 2 ρ 20 

= 0, there is 

                      dtKtiLt
t

t

)(),()()( 112111  −
−−=




                  ( 325 ) 

here 

                      2012

~

121

1

2012

12

),( 


 LeLPtK
QLQdi

t
−

− 
=  

K 12 has time translation invariance: 

                   2012

)(])([

12212
21221)(  

LeLTrtK
tQLLLiQ −+++−

=−  

so there is 

                   )()()()( 112111  −−−=



 −

tKdtiLt
t

t

                   ( 326 ) 

If the relaxation of system U 2 is much faster than that of system U 1 , then we get 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 November 2020                   doi:10.20944/preprints202011.0021.v1

https://doi.org/10.20944/preprints202011.0021.v1


 

 91 

                          )()()( 1111 ttiLt
t

 −=+



                         ( 327 ) 

here 

                2012

21221

122
0

12
)(

1
)( 


 L

LLLi
LTrKd

+++
== 



 

20  Calculation of Black Hole HLX-1 as An Example 

Now, taking HLX-1, a medium-sized black hole, as an example, the relevant numerical calculation 

is given. The black hole HLX-1 has a radius of 295,300 km, the size of four Jupiters side by side, but it 

has a mass equivalent to 100,000 suns. 

Here, let the spin network space of a quantum Physic-Sphere have A sides, namely: spin quantum 

number μ 1 , spin angular momentum μ 2 , space dimension (including integer dimension and fractal 

dimension, as well as high dimension and low dimension) μ 3 , acting radius μ 4 , node number μ 5 , 

concentration degree of network node distribution μ 6 , and so on, Table 1 (Li Zongcheng, 2019) gives 

the following specific results: 

network space 001:  SN [ 001 ] = ( { 0, 2 }, ≥ 10 (extended 4 dimensions), 0.0000000001 × 295, 

300 km, 25.54677 × 10 99, 1.00000000 ); 

network space 002:  SN [ 002 ] = ( { 0, 2 }, ≥ 10 (extended 4 dimensions), 0.0000000010 × 295, 

300 km, 10 3 × 25.54677 × 10 99, 1.5924 × 10 −
 4 ); 

network space 003:  SN [ 003 ] = ( { 0, 2 }, 

2

ˆ
2












, ≥ 10 (extended 4 dimensions), 

0.0000000101 × 295, 300 km, 10 6 × 25.54677 × 10 99, 0.0000000149 × 10 −
 4 ); 

network space 004:  SN [ 004 ] = ( { 0, 2 }, 

2

ˆ
2












, ≥ 10 (extended 4 dimensions),  

0.0000001001 × 295, 300km, 10 9 × 25.54677 × 10 99, 1.44209 × 10 −
 6 ); 

network space 005:  SN [ 005 ] = ( { 0, 2 }, 

2

ˆ
2












, ≥ 10 (extended 4 dimensions),  

0.0000010001 × 295, 300 km, 10 12 × 25.54677 × 10 99, 0.88846 × 10 −
 7 ); 

network space 006:  SN [ 006] = ( { 0, 2 }, 

2

ˆ
2












, ≥ 10 (extended 4 dimensions), 

0.0000100001 × 295, 300 km, 10 15 × 25.54677 × 10 99, 0.67682 × 10 −
 8 ); 

network space 007:  SN [ 007 ] = ( { 0, 2 }, (
2


, 

2

ˆ
2












), ≥ 10 (extended 4 dimensions), 

0.0001000001 × 295, 10 18 × 300 km, 25.54677 × 10 99, 0.20825 × 10 −
 10 ); 
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Table 1 Spin Network Space Centered on HLX-1 Black Hole 

 spin quan 

number 

S 01 

spin angular 

momentum 

S 02 

spatial 

dimension 

S 03 

action 

radius 

S 04 

network node 

number 

S 05 

concentration 

ratio 

S 06 

spin net space  

SN 01 

0   Higgs 

2 graviton 

 ≤ 10 exten 

4 dimsion 

0.0000000001 × 

295, 300 km 

25.54677  

× 10 99 
1 

spin net space  

SN 02 

0   Higgs 

2 graviton 

 ≤ 10 exten 

4 dimsion 

0.0000000010 × 

295, 300 km 

10 3 × 25.54677 

× 10 99 
1.5924 × 10− 4 

spin net space  

SN 03 

0   Higgs 

2 graviton 

2

ˆ
2











  
≤ 10 exten 

4 dimsion 

0.0000000101 × 

295, 300 km 

10 6 × 25.54677 

× 10 99 

0.0000000149 

× 10 − 4 

spin net space  

SN 04 

0   Higgs 

2 graviton 

2

ˆ
2











  
≤ 10 exten 

4 dimsion 

0.0000001001 × 

295, 300 km 

10 9 × 25.54677 

× 10 99 

1.44209 

× 10 − 6 

spin net space  

SN 05 

0   Higgs 

2 graviton 

2

ˆ
2











  
≤ 10 exten 

4 dimsion 

0.0000010001 × 

295, 300 km 

10 12 × 25.54677 

× 10 99 

0.88846 

× 10 − 7 

spin net space  

SN 06 

0   Higgs 

2 graviton 

2

ˆ
2











  
≤ 10 exten 

4 dimsion 

0.0000100001 × 

295, 300 km 

10 15 × 25.54677 

× 10 99 

0.67682 

× 10 − 8 

spin net space  

SN 07 

0   Higgs 

2 graviton 2

 , 
2

ˆ
2











  
≤ 10 exten  

4 dimsion 

0.0001000001 × 

295, 300 km 

10 18 × 25.54677 

× 10 99 

0.20825 

× 10 − 10 

spin net space  

SN 08 

0   Higgs 

2 graviton 2

 , 
2

ˆ
2











  
≤ 10 exten 

4 dimsion 

0.0010000001 × 

295, 300 km 

10 21 × 25.54677 

× 10 99 

0.12566  

× 10 − 16 

spin net space  

SN 09 

0   Higgs 

2 graviton 2

 , 
2

ˆ
2











  
≤ 10 exten 

4 dimsion 

0.0100000001 × 

295, 300 km 

10 24 × 25.54677 

× 10 99 

1.159707  

× 10 − 37 

spin net space  

SN 10 

0   Higgs 

2 graviton 2

 , 
2

ˆ
2











  
≤ 10 exten 

4 dimsion 

0.1000000001 × 

295, 300 km 

10 27 × 25.54677 

× 10 99 

0.67546  

× 10 − 46 

spin net space  

SN 11 

0   Higgs 

2 graviton 2

 , 
2

ˆ
2











  
≤ 10 exten  

4 dimsion 

1.0000000001 × 

295, 300 km 

10 30 × 25.54677 

× 10 99 

1.46779  

× 10 − 61 

 

network space 008:  SN [ 008 ] = ( { 0, 2 }, (
2


, 

2

ˆ
2












), ≥ 10 (extended 4 dimensions), 

0.0010000001 × 295, 10 21 × 300 km, 25.54677 × 10 99, 0.12566 × 10 −
 16 ); 

network space 009:  SN [ 009 ] = ( { 0, 2 }, (
2


, 

2

ˆ
2












), ≥ 10 (extended 4 dimensions), 

0.0100000001 × 295, 10 24 × 300 km, 25.54677 × 10 99, 1.159707 × 10 −
 37 ); 

network space 010:  SN [ 010 ] = ( { 0, 2 }, (
2


, 

2

ˆ
2












), ≥ 10 (extended 4 dimensions), 

0.1000000001 × 295, 10 27 × 300 km, 25.54677 × 10 99, 0.67546 × 10 −
 46 ); 
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network space 011:  SN [ 011 ] = ( { 0, 2 }, (
2


, 

2

ˆ
2












), ≥ 10 (extended 4 dimensions), 

1.0000000001 × 295, 10 30 × 300 km, 25.54677 × 10 99, 1.46779 × 10 −
 61 ). 

For the ultra-synergy model, we consider the following components: w 1 . strength, w 2 . force 

range, w 3 . mass density, w 4 . the inverse ratio to the square of the gravitational distance ( 1 / S 2 ), w 5 . 

spin quantum number, w 6 . concentration, etc. Table 2 (Li Zongcheng, 2019) gives the following 

specific results: 

 

Table 2  ultra-synergy mode Vectors Centered on HLX-1 Black Hole 

 gravitational 

strength 

w 01 

interaction 

rang 

w 02 

mass 

density 

w 03 

inverse 

ratio 1 / S 2 

w 04 

spin quan 

number 

w 05 

concentration 

ratio 

w 06 

ultra-syn mode 

vector GM 01 
8.50 ~ 11.10 

10
－10 × 

295, 300 km 

1.845 × 10 33  

kg ∙ cm －3 

1 / 10 3 ~ 

1 / 10 2 

0   Higgs 

2 graviton 
1 

ultra-syn mode 

vector GM 02 
0.85 ~ 1.11 

10
－9 × 

295, 300 km 

1.845 × 10 30  

kg ∙ cm －3 

1 / 10 4 ~ 

1 / 10 3 

0   Higgs 

2 graviton 
1.5924 × 10

－4 

ultra-syn mode 

vector GM 03 
0.085 ~ 0.11 

10
－8 × 

295, 300 km 

1.845 × 10 27  

kg ∙ cm －3 

1 / 10 5 ~ 

1 / 10 4 

0   Higgs 

2 graviton 

0.0000000149 

× 10
－4 

ultra-syn mode 

vector GM 04 
0.0085 ~ 0.011 

10
－7 × 

295, 300 km 

1.845 × 10 24  

kg ∙ cm －3 

1 / 10 6 ~ 

1 / 10 5 

0   Higgs 

2 graviton 

1.44209 

× 10
－6 

ultra-syn mode 

vector GM 05 

0.00085 ~ 

0.0011 

10
－6 × 

295, 300 km 

1.845 × 10 21  

kg ∙ cm －3 

1 / 10 7 ~ 

1 / 10 6 

0   Higgs 

2 graviton 

0.88846 

× 10
－7 

ultra-syn mode 

vector GM 06 

0.000085 ~ 

0.00011 

10
－5 × 

295, 300 km 

1.845 × 10 18  

kg ∙ cm －3 

1 / 10 8 ~ 

1 / 10 7 

0   Higgs 

2 graviton 

0.67682 

× 10
－8 

ultra-syn mode 

vector GM 07 

0.0000085 ~ 

0.000011 

10
－4 × 

295, 300 km 

1.845 × 10 15  

kg ∙ cm －3 

1 / 10 9 ~ 

1 / 10 8 

0   Higgs 

2 graviton 

0.20825 

× 10
－10 

ultra-syn mode 

vector GM 08 

0.00000085 ~ 

0.0000011 

10
－3 × 

295, 300 km 

1.845 × 10 12  

kg ∙ cm －3 

1 / 10 10 ~ 

1 / 10 9 

0   Higgs 

2 graviton 

0.12566  

× 10
－16 

ultra-syn mode 

vector GM 09 

0.000000085 ~ 

0.00000011 

10
－2 × 

295, 300 km 

1.845 × 10 9  

kg ∙ cm －3 

1 / 10 11 ~ 

1 / 10 10 

0   Higgs 

2 graviton 

1.159707  

× 10
－37 

ultra-syn mode 

vector GM 10 

0.0000000085 ~ 

0.000000011 

10
－1 × 

295, 300 km 

1.845 × 10 6  

kg ∙ cm －3 

1 / 10 12 ~ 

1 / 10 11 

0   Higgs 

2 graviton 

0.67546  

× 10
－46 

ultra-syn mode 

vector GM 11 

0.00000000085 

~ 0.0000000011 
295, 300 km 

1.845 × 10 3  

kg ∙ cm －3 

1 / 10 13 ~ 

1 / 10 12 

0   Higgs 

2 graviton 

1.46779  

× 10
－61 

 

mode type 001:  w [ 001 ] = ( 8.50 ~ 11.10, 10 − 10 × 295, 300 km, 1.845 × 10 33 kg ∙ cm− 3, 1 / 10 3 

~ 1 / 10 2 , { 0, 2 }, 1.00000000000 ) ϵ Ω ; 

mode type 002:  w [ 001 ] = ( 0.85 ~ 1.11, 10 − 9 × 295, 300 km, 1.845 × 10 30 kg ∙ cm− 3 , 1 / 10 4 ~ 

1 / 10 3 , { 0, 2 }, 1.5924 × 10
－4 ) ϵ Ω ; 

mode type 003:  w [ 001 ] = ( 0.085 ~ 0.11, 10 − 8 × 295, 300 km, 1.845 × 10 27 kg ∙ cm− 3 , 1 / 10 5 
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~ 1 / 10 4 , 0.70 - 1.00, 0.0000000149 × 10
－4 ) ϵ Ω ; 

mode type 004:  w [ 001 ] = ( 0.0085 ~ 0.011, 10 − 7 × 295, 300 km, 1.845 × 10 24 kg ∙ cm− 3 , 1 / 

10 6 ~ 1 / 10 5 , { 0, 2 }, 1.44209 × 10
－6 ) ϵ Ω ; 

mode type 005:  w [ 001 ] = ( 0.00085 ~ 0.0011, 10 − 6 × 295, 300 km, 1.845 × 10 21 kg ∙ cm− 3 , 1 / 

10 7 ~ 1 / 10 6 , { 0, 2 }, 0.88846 × 10
－7 ) ϵ Ω ; 

mode type 006:  w [ 001 ] = ( 0.000085 ~ 0.00011, 10 − 5 × 295, 300 km, 1.845 × 10 18 kg ∙ cm− 3 , 

1 /10 8 ~ 1 / 107 , { 0, 2 }, 0.67682 × 10 − 8 ) ϵ Ω ; 

mode type 007:  w [ 001 ] = ( 0.0000085 ~ 0.000011, 10−4 × 295, 300 km, 1.845 × 10 15 kg ∙ cm− 

3 , 1 / 10 9 ~ 1 / 10 8 , { 0, 2 }, 0.20825 × 10 − 10 ) ϵ Ω ; 

mode type 008:  w [ 001 ] = ( 0.00000085 ~ 0.0000011, 10
－3 × 295, 300 km, 1.845 × 10 12 kg ∙ 

cm －3 , 1 / 10 10 ~ 1 / 10 9 , { 0, 2 }, 0.12566 × 10
－16 ) ϵ Ω ; 

mode type 009:  w [ 001 ] = ( 0.000000085 ~ 0.00000011, 10
－2 × 295, 300 km, 1.845 × 10 9 kg ∙ 

cm －3 , 1 / 10 11 ~ 1 / 10 10 , { 0, 2 }, 1.159707 × 10
－37 ) ϵ Ω ; 

 

Table 3  Distrib-Configuration Analysis of Quantum Physic-Sphere Centered on HLX-1 Black Hole 

 u-syn mode 

01 vect w 

u-syn mode 

02 vect w 

u-syn mode 

03 vect w 

u-syn mode 

04 vect w 

u-syn mode 

05 vect w 

u-syn mode 

06 vect w 

spin net space  

SN 01 

0.27878203 

× 10 11 

     

 
 

spin net space  

SN 02 

1.48298008 

× 10 12 

3.49843201 

× 10 14 

   
 

spin net space  

SN 03 

 4.23378311 

× 10 15 

4.55278832 

× 10 17 

   

spin net space  

SN 04 

  3.28980209 

× 10 18 

0.33247982 

× 10 20 

  

spin net space  

SN 05 

   1.92811205 

× 10 21 

0.63572768 

× 10 23 

 

spin net space  

SN 06 

    0.48927820 

× 10 24 

1.39928310 

× 10 26 

spin net space  

SN 07 

     2.33878207 

× 10 27 

spin net space  

SN 08 

      

spin net space  

SN 09 

      

spin net space  

SN 10 

      

spin net space  

SN 11 

      

 

mode type 0010:  w [ 001 ] = ( 0.0000000085 ~ 0.000000011, 10
－1 × 295, 300 km, 1.845 × 10 6 
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kg ∙ cm －3 , 1/10 12 ~ 1 / 10 11 , { 0, 2 }, 0.67546 × 10
－46 ) ϵ Ω ; 

mode type 0011:  w [ 001 ] = ( 0.00000000085 ~ 0.0000000011, 295, 300 km, 1.845 × 10 3 kg ∙ 

cm －3 , 1 / 10 13 ~ 1 / 10 12 , { 0, 2 }, 1.46779 × 10
－61 ) ϵ Ω . 

Tables 3 (Li Zongcheng, 2019) and 4 (Li Zongcheng, 2019) give the results of the distribution 

configuration analysis of the quantum Physic-Sphere centered on HLX-1 black hole. 

 

Table 4  Distrib-Configuration Analysis of Quantum Physic-Sphere Centered on HLX-1 Black Hole 

 u-syn mode 

07 vect w 

u-syn mode 

08 vect w 

u-syn mode 

09 vect w 

u-syn mode 

10 vect w 

u-syn mode 

11 vect w 

 

spin net space  

SN 01 

      

 
 

spin net space  

SN 02 

     
 

spin net space  

SN 03 

      

spin net space  

SN 04 

5.52918413 

× 10 25 

     

spin net space  

SN 05 

1.39928310 

× 10 26 

3.31738172 

× 10 28 

    

spin net space  

SN 06 

3.39814184 

× 10 27 

0.82842191 

× 10 29 

7.81984101 

× 10 31 

   

spin net space  

SN 07 

0.72984113 

× 10 28 

2.28481981 

× 10 30 

0.72984129 

× 10 32 

0.98118033 

× 10 34 

  

spin net space  

SN 08 

 7.72948103 

× 10 31 

0.34891285 

× 10 33 

3.48281102 

× 10 35 

4.14891084 

× 10 37 

 

spin net space  

SN 09 

  3.55981424 

× 10 34 

4.11817325 

× 10 36 

4.28150125 

× 10 38 

 

spin net space  

SN 10 

   0.92841245 

× 10 37 

1.77294810 

× 10 39 

 

spin net space  

SN 11 

    3.93049134 

× 10 40 

 

 

21  Ultra-Synergic Dynamical Model for Quantum Grav-Sphere 

Now, based on the previous discussion and study in this series, we will discuss the establishment 

of the model of the migration and birth-death process of ultra-synergistic dynamics for quantum gravi- 

sphere. 

In the model established below, M quantum gravi-sources are considered, and all kinds of things 

attracted to the quantum Physic-Sphere are divided into physical things (simplicity) and mixed things 

(complexity). A basic aspect of the evolution mode of quantum Physic-Spheres is "everything 
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accumulated in or around a certain quantum gravi-source" and its possible trends. Therefore, the 

transition probability involves the occurrence and disappearance as well as the migration between 

quantum gravi-regions. 

Here, the stochastic model and the average model are proposed and analyzed. For the model of the 

accumulation of everything, it is necessary to consider the important new characteristics: the migration 

of physical things between regions of quantum gravi-accumulation can often be regarded as a linear 

diffusion process with constant mobility between adjacent regions. This model is only an approximate 

model of "random migration" of physical thing clusters, but it is inappropriate to use this model to 

discuss the model of mixed things: the migration of mixed thing clusters to another region (e.g., the 

range controlled by neutron stars between binary stars) can be regarded as different distributions of 

complex things, and there exists different complex distribution configurations between them. It can be 

predicted that the migration of mixed things between different quantum gravi-accumulation regions is 

the non-linear process as non-diffusion (the transfer rate depends on the current complex distrib- 

configuration), that is, the transfer to non-neighboring regions occurs. 

Now, we discuss the establishment of the master equation and mean equation of the migration and 

birth-death process of the cluster of interacting things in the quantum Physic-Sphere. 

It is assumed that there are P clusters of mixed things φ α ( α = 1, 2, ∙∙∙, P ) and one-dimensional 

trend spac ℳ and only focus on the "accumulation mode". Suppose that there are L accumulation 

regions or ranges ( i = 1, 2, ∙∙∙, L ), for example, in an accumulation region, this corresponds to the 

tendency i of "accumulation in region i ". The distrib-configuration is expressed as a point in 

C-dimensional distrib-configuration space, where C = PL:  }{ nn , α = 1, 2, ∙∙∙, P , i = 1, 2, ∙∙∙, L , 

n αi is the number of basic components of cluster φ α accumulated in the quantum gravi-control region i . 

If the number of simultaneous migrations between clusters is 1, we introduce the distribution of 

transition probability w [ k, n ] from one distrib-configuration n to another + }{ knn . Then, 

use the following symbols: 

( a ) The probability w α
 ji

 [ k , n ] of the transition from the quantum gravi-region i to the quantum 

gravi-region j ( i ≠ j ) in the cluster φ α is as follows: 



 −=

=
kothertheallfor

kwhenknn
nkw ijjii

ji
0

}0)1(010{),(
],[

 


 
       ( 328 ) 

the μ ji
α [ n , k ] here often depends on the corresponding transition probabilities of n and some trend 

parameters k. 

( b ) In the region i of quantum gravity, the transition probabilities w α
 j+

 [ k , n ] and w α
 j-

 [ k , n ] of 

the generation and extinction of the basic constituent units of cluster φ α are respectively: 



 =

=+
kothertheallfor

kwhenn
nkw iii

i
0

}010{
],[

 


 
                     ( 329 a ) 



 −=+

=−
kothertheallfor

kwhennn
nkw iiiii

i
0

}0)1(0{
],[

2  





 
            ( 329 b ) 
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here,  β α
 i , δ

 α
 i  and γ α

 i  correspond to birth, death and saturation rates, respectively. If it is necessary, 

the definition formulas ( 329 a, b ) can be also consider the generation and extinction rates depending 

on more complex distrib-configurations. 

( c ) The Volterra-Lotka transition probabilities of interaction between two physical things as the 

gravitational devourer ( β ) and victim ( δ ) in the accumulation range are as follows: 



 −=

=
kothertheallfor

kwhennn
nkw

iiii

i
0

}010)1(0{
],[

 


       ( 330 ) 

All transition probabilities of ( a ) ~ ( c ) introduced by definition are semi-positive definite. In 

general, the total transition probability is taken as the sum of all distributions ( 328 - 330 ): 

 
= =

=
L

ji

P

ji nkwnkw
1, 1

],[],[



 

            ],[]),[],[(
11 1

nkwnkwnkw
L

i

i

L

i

i

P

i 
==

−

=

+ +++







                 ( 331 ) 

In the last item on the right of formula ( 331 ), the sum on ( δ, β ) refers to the corresponding 

combination of all gravitational devourers and victims. The general form of the master equation of the 

model can be obtained from ( 331 ): 

        );();();(
);(

tn
t

p
tn

t

p
tn

t

p

dt

tndp

VLBDM













+












+












=               ( 332 ) 

Here, p ( n; t ) is the probability of the occurrence of the distrib-configuration n at moment t . The three 

terms on the right side of ( 332 ) refer to the migration, birth-death, and the Volterra-Lotka process, 

respectively, which are derived from the three distributions of ( 328 - 330 ) and w [ k, n ] of ( 331 ). 

In order to derive the concrete formulas of these three terms, the "transfer operator" E α i , which 

acts on the distrib-configuration function, is introduced : 

             ))1(()( 1111

1

PLiPLii nnnfnnnfE  =

                  ( 333 ) 

by ( 331 ) and ( 328 ~ 330 ), and with definitive formula ( 333 ), we can get the concrete formulas of 

the three terms on the right side of the master equation ( 332 ) as follows: 

  
= =

− −=










 L

ji

P

jiiji

M

tnpknnEEtn
t

p

1, 1

1 )];(),()[1();(



                            ( 334 ) 

   
= =

− −=










 L

i

P

iij

BD

tnpnEtn
t

p

1 1

1 )];()[1{();(



  )];())[(1( 2 tnpnnE ii

i

ii


  +−+    ( 335 ) 

   
=

− −=










 L

i

iiji

VL

tnpnnEEtn
t

p

1 ,

1 )];()[1();(


                               ( 336 ) 

From the master equation ( 332 ), the following mean equation can be derived directly: 
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                         =
n

ktk tnpnn );(                            ( 337 ) 

For this purpose, n γ k is multiplied by ( 332 ) and the sum is taken on all distrib-configurations n. Using 

the transition formula: 

                )()()( 11 nfnEEnfEEn kjkikjijik   +− −−
                ( 338 ) 

so specific results are obtained from ( 333 ) : 

            







−=


 
= =

L

i

L

j

tjkktkii

tk
knnknn

dt

nd

1 1

),(),( 






  

                      ])[( 2

tkktkkk nn −−+ 



   

                      



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The three items on the right of formula ( 339 ) refer to the process of migration, birth-death, and 

gravitational devourer - victim. In the last item, the first sum extends to the species of the victim δ  

corresponding to the gravitational devourer γ , while the second sum extends to the gravitational 

deviourer β which coexists with the victim. 

For p ( n, t ) with only one spike distribution, the exact equation ( 339 ) can be approximated to a 

closed system of equations with an average value ktk nn 
~ : 
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We can also get the equation of variance in the same form, which will be discussed below. 

22  Joint-Varying Equivalence from Scalable Parity of Mass 

In order to improve and expand general relativity and quantum physics, we should now 

( A ) consider the extreme spatiotemporal environment in the universe; 

( B ) consider the evolution of a gravitational field between a homogeneous or disordered state and 

an inhomogeneous or ordered state. 

For gravitational mass, we consider the following factors: 

( a ) during the observation period, there is a very high acceleration of gravity, which is restricted 

by the photon acceleration in the extreme environment of cosmic space-time (rather than the invariance 

of the speed of light in vacuum); 

( b ) during the observation period, there is a very high acceleration evolution, which is restricted 

by the evolution acceleration in the extreme environment of cosmic space-time (it may offset the 
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sensitivity feeling of the observer from the heterogeneity on gravitational fields); 

( c ) during the observation period, there is no other mechanism that leads to changes in masses M 

and m, except for the various effects of spatiotemporal complexities caused by the extremely high 

gravitational acceleration and the extremely high evolutionary acceleration. 

In the full-view space-time R com ( u, Σ, t ), the gravitational action of the analytical node on 

coordinate u i with non-equilibrium statistical mass m η, i , for the analytical node on coordinate u with 

non-equilibrium statistical mass m η , should be 

                ( )i

i

i

comi

i

i

comcom

mm
Gu

u

mm
GF 




−

−
−=−=

3

,

3

,

||
,               ( 341 ) 

where G com can be called the joint-varying gravitational constant, where m η can be called the joint- 

varying gravitational mass, u i = | γ − γ i |. In the continuous distribution of matter, there should be 

( ) ( )( ) dtdmGtF comcom 


 
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−
−= 

3

||

1
, .               ( 342 ) 

Using the operation of vector 
3

1

u

u

u
−= , where ||, uuu =−=  ,   is the nabla (or del) 

operator for the joint-varying node γ : 
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= . Formula ( 341 ) is written 

into comcom mF −= , where 
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is the joint-varying gravitational potential from the continuous field source, ρ η ( γ′ ) is the density of 

non-equilibrium matter on the coordinate γ′ in a full-view space-time,  3d  is the joint- varying 

integral for the 3-dimensional system of the source. 

    By the motion-like gauge in the full-view measuring, it is from the gravitational mass to derive the 

motion-like gravitational mass with evolution course : 
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dt

dV m,
is the evolution accelerated rate of mass m, 

dt

dV M,
is the evolution accelerated rate of 

mass M, 
dt

dV
is the maximum effective rate of evolving acceleration under the restriction of the 

horizon (such as the evolution accelerated rate of a group of photons from γ-ray bursts), 
dt

dvm is the 

gravitational acceleration of mass m , 
dt

dvM is the gravitational acceleration of mass M , 

c λ is the cascade evolving rate of bifurcate-chaotic photons derived by the sufficient proof in the 

foregoing paper of this series. By the Feigenbaum′s geometric proportion of bifurcate spacing 

669201609.4/ 1 == + nn
, the cascade evolving rate was given in the foregoing paper of this 

series for the N stage bifurcate-chaotic photon in general env., extreme evn. and vacuum env. 

cNccccc
N

)1(
1

4
1

3
1

2 1112110 ++++++=
−









  ( )








++= 

=
−

N

n
n

nc
1

110 1
1






 

where δ is Feigenbaum constant; η o is the proportion of un-bifurcated period [ t o , t 1 ] in a specific 

period [ t o , t ] of evolution, and 0 ≤ η o < 1; η 1 is the proportion of the 1st stage bifurcated period [ t 1 , t 

2 ] in [ t o , t ]. c λ has itself limit value at different values. For example, when δ = 4.6692, the limit of c λ 

is about c 
N  = 2.99 c. Generally, c λ varies between c and 2.99 c with the evolution of the nonlinear 

non-equilibrium photon. That is, when δ = 4.6692, c λ is within c = 2.99792 × 10 10 cm / s ~ 2.99c = 

2.99 × 2.99792 × 10 10 cm / s. 

    So as to obtain 
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    By the evolution-like gauge in the full-view measuring, it is from the gravitational mass to derive 

the evolution-like gravitational mass with evolution course : 
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where  
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dt

dV m,
is the evolution accelerated rate of mass m, 

dt

dV M,
is the evolution accelerated rate of 

mass M, 
dt

dV
is the maximum effective rate of evolving acceleration under the restriction of the 

horizon (such as the evolution accelerated rate of a group of photons from γ-ray bursts),  

dt

dvm is the gravitational acceleration of mass m, 
dt

dvM is the gravitational acceleration of mass M , 

dt

dc is the acceleration of the photon in the extreme spatiotemporal env (which is free from the 

invariance of the speed of light in a vacuum), 
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By the motion-like gauge in the full-view measuring, it is from the inertial mass to derive the 

motion-like inertial mass with evolution course : 
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dvm is the gravitational acceleration of mass m,  

dt

dV m,
is the evolution accelerated rate of mass m,  

dt

dV
is the maximum effective rate of evolving acceleration under the restriction of the horizon 

(such as the evolution accelerated rate of a group of photons from γ-ray bursts),  

dt

dc is the acceleration of the photon in the extreme spatiotemporal env (which is free from the 

invariance of the speed of light in a vacuum), 
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So as to obtain 
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By the evolution-like gauge in the full-view measuring, it is from the inertial mass to derive the 

evolution-like inertial mass with motion process : 
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is the maximum effective rate of 

evolving acceleration under the restriction of the horizon (such as the evolution accelerated rate of a 

group of photons from γ-ray bursts), 

dt

dvm is the gravitational acceleration of mass m, 
dt

dc is the acceleration of the photon in the 

extreme spatiotemporal env (which is free from the invariance of the speed of light in a vacuum), 

So as to obtain 
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( 347 ) 

Now, for the evolution (and its measurement and gauge) in the process of evolution and the 

evolution (and its measurement and gauge), the first basic hypothesis on the spatiotemporal relation of 

generalized joint-varying relativity can be established, its contents is summarized as follows: 

In the case for the accelerate-rate of change to approximate the accelerate-speed of the photon 

(and a group of photons) in the extreme spatiotemporal environment (the invariance of light speed is 

limited only in vacuum), a non-inertial joint-varying system with the accelerate-rate of change not to be 

zero, and a non-inertial joint-varying system with any gravitational field (the very high accelerate-rate 

of change between the homogeneity and heterogeneity should eliminate any difference by the way 

more than the feeling sensitivity limit of observers ), are indistinguishable for observers. 

This property can be called the equivalence of non-inertial joint-varying system. In the future, this 

basic hypothesis can be elevated to a basic principle. 
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23. With Binary Star of Neutron Star and Black Hold as Example 

On the theoretical basis, classical and modern physics is basically set up under the restriction of 

the scope the earth′s space-time (or the solar space-time), failed to give full consideration on those 

phenomena and problems which is the "normal" in the large scale scope of the cosmic space-time but 

the seemingly incredible "extreme" in the range of the earth′s space-time. On the abnormal phenomena 

such as the initial inflation, the accelerating expansion of the universe, the gigantic jet of extragalactic 

compact radio sources, the explosion of supernovas, the giant red-shift of quasars, γ ray bursts, the 

amazing phagocytosis of massive black hole and so on, we see the more and more diverse, increasingly 

complex world. 

In order to overcome the limitations of the ″physics″ from the time and space of the earth-sun 

system, let us take the binary star in the extragalactic system as example, for example, taking a binary 

star consisting of a neutron with its mass in M n-star= 3.282 × 10 30 kg and a black hold with its mass in 

M BH = 19. 890 × 10 30 kg as example, the joint-varying equivalence of mass under the full-view gauge 

can be explained. 

Under the semi-classical approximation (non-quantization), it is aimed at the black hold to add the 

integral matter field in the action quantity of a classical gravity, so to obtain the part of quantum : 

+= clWW ,  W cl is the classical gravitational field               ( 348 ) 

In the degeneration of spherical symmetry, W cl is taken as the gravity of dilaton 
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where r 2 ( z ) play a action of dilaton field, ξ is the gauge of 2-dimensional effective space M 2 , dilaton 

potential is 

2

2

1)(
r

Q
rU −= ,  Q is electric charge                      ( 350 ) 

In a self-consistent processing, the effective quantum acting-quantity Γ for a singe loop to 

contribute should also be obtained by the 4-dimensional matter field via the degradation of spherical 

symmetry. 

Taking into account the quantum effects of the single loop of black holes, it is below that the 

classic geometry of the black hole is modified by quantum corrections (formula ( 348 )) of action 

quantity, and the formula ( 349 ) is used to obtain the variation of the metric 
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where G αβ is obtained by the variation of the metric η αβ  

 +− rrG 2 [□ 0])( 22 =−− Urr                 ( 352 ) 

When the gravitational accelerate-speed of a neutron star is )650.0( cv
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accelerate-speed (which is free from the invariance of the speed of light in a vacuum) of photon in the 

extreme spatiotemporal environment is )999.0( cc
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d

dt
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 , on the joint-varying gravitational 

mass with the evolution course, there should be the following result : 
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When the evolution accelerate rate of a neutron star is )10928.1598( 24

,

,
=

dt

d
V

dt

d

dt

dV
m

m



 , the 

evolution accelerate rate of a black hold is )10373.2982( 24

,

,
=

dt

d
V

dt

d

dt

dV
M

M



 , the maximum effective 

rate of evolving acceleration under the restriction of the horizon (such as the evolution accelerated rate 

of a group of photons from γ-ray bursts) is )1084995.3683( 24=
dt

d
V

dt

d

dt

dV


 , on the joint-varying 

gravitational mass with motion processes, there is the following result :  
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Table 5, Table 6, and Table 7 show the ratio of gravity to evolution accelerate rate (the factor of 

multiple-gauge transformation). By comparison, we can further see the physical effect of 

spatiotemporal complexity. 

Table 8 and Table 9 show the ratio of mass, the ratio of motion-accelerating speed and the ratio of 

evolution-accelerating rate. By comparison, we can further see the physical effect of spatiotemporal 

complexity. 
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Table 5  Relation (A) : Ratio of Gravity to Evolution Accelerate rate 

dt

dV

dt

dV M  ,  0.50 0.50 0.50 0.50 0.50 0.50 

dt

dV

dt

dV m  ,  0.00 0.01 0.10 0.50 0.75 0.80 

F mc 1.1150 F 1.1182 F 1.1206 F 1.2432 F 1.7149 F 1.8587 F 

dt

dV

dt

dV M  ,  0.50 0.50 0.50 0.50 0.50 0.50 

dt

dV

dt

dV m  ,  0.85 0.90 0.95 0.98 0.99 0.998 

F mc 2.1162 F 2.5578 F 3.5713 F 5.6029F 7.9042 F 17.6393 F 

 

 

Table 6  Relation (B) : Ratio of Gravity to Evolution Accelerate rate 

dt

dV

dt

dV M  ,  0.80 0.80 0.80 0.80 0.80 0.80 

dt

dV

dt

dV m  ,  0.00 0.01 0.10 0.50 0.75 0.80 

F mc 1.6670 F 1.6696 F 1.6753 F 1.8587 F 2.5638 F 2.7789 F 

dt

dV

dt

dV M  ,  0.80 0.80 0.80 0.80 0.80 0.80 

dt

dV

dt

dV m  ,  0.85 0.90 0.95 0.98 0.99 0.998 

F mc 3.1638 F 3.8241 F 5.3394 F 8.3767F 11.8174 F 26.3719 F 

 

 

Table 7  Relation (D) : Ratio of Gravity to Evolution Accelerate rate 

dt

dV

dt

dV M  ,  0.99 0.99 0.99 0.99 0.99 0.99 

dt

dV

dt

dV m  ,  0.00 0.01 0.10 0.50 0.75 0.80 

F mc 7.0890 F 7.0914 F 7.1244 F 7.9042 F 10.9029 F 11.8174 F 

dt

dV

dt

dV M  ,  0.99 0.99 0.99 0.99 0.99 0.99 

dt

dV

dt

dV m  ,  0.85 0.90 0.95 0.98 0.99 0.998 

F mc 13.4542 F 16.2622 F 22.7061 F 35.6222 F 50.2539 F 112.1480 F 
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Table 8   Ratio of Mass, Ratio of Motion-Acc Speed and Ratio of Evolution-Acc rate 

dt

dc

dt

dv 

 0.50 0.50 0.50 0.50 0.50 0.50 

dt

dV

dt

dV   0.00 0.01 0.10 0.50 0.75 0.80 

M md / M 1.1150 1.1182 1.1206 1.2432 1.7149 1.8587 

dt

dc

dt

dv 

 0.50 0.50 0.50 0.50 0.50 0.50 

dt

dV

dt

dV   0.85 0.90 0.95 0.98 0.99 0.998 

M md / M 2.1162 2.5578 3.5713 5.6029 7.9042 17.6393 

 

 

Table 9   Ratio of Mass, Ratio of Motion-Acc Speed and Ratio of Evolution-Acc rate 

dt

dc

dt

dv 

 0.99 0.99 0.99 0.99 0.99 0.99 

dt

dV

dt

dV   0.00 0.01 0.10 0.50 0.75 0.80 

M md / M 7.0890 7.0912 7.1244 7.9042 10.9029 11.8174 

dt

dc

dt

dv 

 0.99 0.99 0.99 0.99 0.99 0.99 

dt

dV

dt

dV   0.85 0.90 0.95 0.98 0.99 0.998 

M md / M 13.4542 16.2622 22.7061 35.6222 50.2539 112.1480 
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