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Abstract. In this research, the pseudo vacuum energy in the inflationary universe model, the Higgs field in
the standard physical model and the dark energy in 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). In the high-dimensional space-time, corresponding to the introduction of supergravity with the
supersymmetry, we put forth the superrepulsion with the supersymmetry, and establish the arche-conjugate
relationship between the supergravity and superrepulsion, so as to extend the holographic principle and the
holographic dark energy model, and propose a new mechanism that can be promoted to the super holographic principle of high-dimensional universe. In the super-inflationary universe with rip-rebounding
clusters which is studied here, the arche-conjugation is higher than the supersymmetry, so it becomes the
core concept. From the basic component point of view, before or after the big bang, the gravitons and
repulsons are coupled together, the negative energy contraction and the positive energy expansion work
alternately, to form the arche-conjugate pulsator which is neither the point particle nor the linear superstring.
In addition, we establish the path integral and its dynamic equation of quantum hedge unified field.
Keywords. Supergravity—superrepulsion—arche-conjugation—arche-pulsing mechanics—quantum
hedge path integral.

1. Introduction
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, etc.,
(Dubovsky & Sibiryakov 2006; Dolce 2010; Alday
et al. 2010; Gaiotto et al. 2013). However, when
people think they know everything about nature, it
always hides a greater surprise (Dolce 2012a,b,c).
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 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 (Schmidhuber 2001; Ruth et al. 2005; Ernst
et al. 2012).
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 (Guth 1981; Linde 1982; Yue-Yao &
Xin 2016; Planck Collaboration 2016; Cláudio &
Fernando 2018; Kazunori & Takahiro 2018), 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
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the reason for the emergence of non-commutative
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. 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 (e.g., semiclassical loop
quantum universe model and membrane world
model), so as to eliminate or avoid the singularity of
the universe (Huang & Li 2003; Tsujikawa et al.
2003; Marochnik 2016; Ramanujam et al. 2019).
However, these analysis, interpretation and calculation need to be further fundamentally solved
(Choudhury 2014, 2015, 2020; Baumann & McAllister
2014; Baumann 2017). To a certain extent, we should
avoid some magic, mystery and speculation.
The nature of dark energy is not known (Planck
Collaboration 2016; Yue-Yao & Xin 2016; Cláudio
& Fernando 2018). Is dark energy a cosmological
constant or a physical field with dynamic mechanism? How does it affect the fate of the universe? 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? 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?
There have been various models of dark energy and
dark matter (Li & Yoneya 1997; Gar et al. 1999;
Menda et al. 1999; Armendariz-Picon et al. 2000;
Yoneya 2000; Andenbe et al. 2002; Sen 2002a,b,c;
Bento et al. 2003; Caldwell et al. 2003; Hao & Li
2003; Padmanabhan 2003; Peebles & Ratra 2003;
Alishahiha et al. 2004), 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, a
dark energy model, cosmological constant model and
generalized Chaplygin gas model as a unified model
of dark energy and dark matter, holographic dark
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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
Suskind, string theory has many vacuums (Yoneya
2000; Andenbe et al. 2002). 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
10-5–10-4 (Choudhury 2012a,b, 2013a,b, 2014,
2017, 2019; Naskar et al. 2018). In addition, it is hard
to believe that the temperature of dark matter is
absolute zero.
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 indepth 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 selfconsistent theoretical framework of high energy physics. At present, due to the lack of new ideas, the
construction of the new theoretical model is difficult,
so we can only use the new astronomical observation
to do further promotion. Cosmology with a congenital
deficiency cannot 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 under the principle of
fusion (Guth 1981; Linde 1982; Marochnik 2016;
Senatore 2016; Baumann 2017; Choudhury 2019).
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Modern physics and cosmology are facing a series
of major knotty problems (Rovelli 2003; Aharony
et al. 2008; Merali 2011; Kleban et al. 2013): 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.
Physicists and cosmologists 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 (Choudhury 2012a,b, 2013a,b, 2014, 2017, 2019;
Naskar et al. 2018). Existing inflation models, like all
scientific theories, are based on a set of assumptions,
and to understand these assumptions, we may need
some deeper theories.
In essence, the problem of dark energy and dark
matter should be one of the quantum repulsion and
quantum gravity. Therefore, it is necessary to go
beyond the existing models and calculation methods,
beyond the power spectrum, spectral index, tensorscalar 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
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calculating the interaction between high-dimensional
supergravity and dark energy (with strong negative
pressure), describing the history of cosmic inflationexpansion and structural growth, so that it can be
applied to any dark energy theoretical model and any
interaction model.
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 noncommutative quantum effect, but also further consider
the arche-conjugate effect and the co-frequency resonance effect. For non-commutative space-time, we
put forth the ultimate supersymmetry, the arche-conjugation and the co-frequency resonance. All kinds of
strange phenomena converge into one possibility, i.e.,
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 spacetime (the 11-dimensional hyperspace compactly
reduced to M4 9 Nr), 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 archeconjugate relationship between the high-dimensional
supergravity and the high-dimensional superrepulsion.
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
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very significant, and there is a large power spectral
exponential run. We concentrate on the emergence of
the big rip-rebound clusters of quantum chaoticreticulate distribution between the outwards-push of
the universe as a whole (related to pseudo-vacuum
energy, Higgs field, dark energy, etc.) and the
inwards-pull of the universe in local scale (related to
dark matter, quantum gravity and initial gravity separated from high-dimensional supergravity, and the
initial strong force separated from the grand unified
force subsequently). On the one hand, we find a great
impetus to make the inflation of the universe into
firstly-imposed suppression, then-imposed acceleration and finally-imposed deceleration, which really
explains why the universe expands at a critical rate
and has the same temperature in different regions, on
the other hand, we find a fundamental unit of matter
and its emerging clusters evolving in the big bang,
inflation and expansion of the universe accompanied
by the great rip-rebound clusters of quantum chaosreticulate distribution, which can be reduced to an
arche-pulsator of neither punctiform particle nor linear
string.
Therefrom, we propose a basic inference that can be
promoted to the principle of hyperholography of highdimensional 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 (highdimensional 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 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 interactions, which is formed between high-dimensional
supergravity and high-dimensional superrepulsion,
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
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together, the negative energy contraction dominated
by the positive pressure and the positive energy
expansion dominated by the negative pressure work
alternately, so as to form the arche-conjugate pulsator
which is neither the point particle nor the linear
superstring.
Between particle physics and cosmic physics, we
improve and expand the path integral of quantum
gravity, and establish the path integral and its dynamic
equation of quantum hedge unified field. In this series of
work, the mechanism to avoid the singularity of the
universe is put forward, which provides a new basis for
further explanation of dark energy and dark matter at the
level of quantum gravity and quantum repulsion.

2. Necessity of repulsive force for singularity
of universe
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 (Baumann
2009, 2017; Choudhury 2014, 2015, 2016, 2020). The
general tendency is to think that the solution of the
singularity problem of the universe needs a theory of
quantum gravity. Therefore, to solve the difficulties in
the inflation model, there are some works to find
semiquantum solutions, such as the rebound universe,
cyclic universe and other models obtained by introducing semiclassical loop quantum theory or string
theory (Bojowald 2001, 2003; Sabharwal & Khanna
2008). 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 us to systematically introduce repulsion and highdimensional super repulsion, the big rebound in the
big collapse of the universe is the basic reason.
Let us do a simple analysis first: we have noticed that
in Einstein’s gravitational field equation, the physical
meaning of the universe constant K is the strong negative pressure field which plays the role of repulsion. If
we rewrite the Equation (1) in Friedmann equation
H2 ¼

a_2 8pG
k K
¼
q 2þ ;
2
3
a
3
a

4pG
K
a€
ðq þ 3pÞ þ ;
¼
3
3
a

ð1Þ
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as follows:
F¼

GM K
þ R; R ¼ a:
R2
3

ð2Þ

It can be seen that the repulsion force produced by
cosmological constant increases with the increase in
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), i.e., 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 (Bojowald
2001, 2003; Sabharwal & Khanna 2008), 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
(Friedmann–Robertson–Walker) universe, its Hamiltonian constraint can be simply expressed as
3 pﬃﬃﬃ 2
p c þ HM ;
ð3Þ
Hcl ¼ 
8pGc2
here p ¼ a2 , c ¼ ca_2 , c  0:2375, HM is the Hamiltonian of the material part. Define energy density:
p  =V  ðHM =a3 Þ. If HM & 0, the Friedmann
equation for k ¼ 0 (which corresponds to a flat universe in FRW scale) can be obtained:
k
H_ ¼ 4pGðp þ qÞ þ 2 :
a

ð4Þ

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:
3
pﬃﬃﬃ 2
p sin ðlcÞ þ HM ;
ð5Þ
HLQC ¼ 
2
2
8pGc l
where l is the length of the circle that makes up the
l ! 0,
there
is
smallest
facet.
When
2
2
sin ðlcÞ=l ! 1, HLQC ! Hcl , will return to the
classical limit. Through Hamiltonian equation:


8pGc oHLQC
;
p_ ¼ p; H_LQC ¼ 
3
oc
2a
¼ sinðlcÞ cosðlcÞ:
cl

ð6Þ
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By substituting p ¼ a2, the evolution of scale factor
with time is obtained: a_ ¼ 1=cl sinðlcÞ cosðlcÞ. On
the other hand, from the Hamiltonian constraint
HLQC & 0, we can get:
sin2 ðlcÞ ¼

8pGc2 l2
HM :
3a

ð7Þ

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


8pG
q
2
;
ð8Þ
q 1
H ¼
3
qc
where the critical density is
pﬃﬃﬃ
3
qc ¼
q ; q ¼ G2
16p2 c3 p p
is Planck’s density.
The appearance of the critical density qc is a
quantum effect, which makes the energy density q 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, i.e., h ! 0, then
qc ! 1, this goes back to the classical case. In particular, in the very early universe, q ¼ qc 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 (Randall & Sundrum 1999; Shtanov & Sahni
2003; Agashe et al. 2007; Lepe et al. 2008) 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 highdimensional space-time, which is called a membrane.
However, gravity can exist in other invisible extra
dimensions, so the interaction between the membranes
and the membrane can occur through the gravitational
field, thus affecting the distribution of matter. In 2003,
Shtanov & Sahni (2003) obtained a modified
Friedmann equation with rebound solution through a
5-dimensional membrane world model (Bojowald
2003). In this model, the total action of gravity and
matter can be written as:
Z

Z
ð5 R  2KÞ þ 2
K
S ¼ M3
þ

Z

bulk

brane

m2 R  2r þ

Z

brane

brane

Lðhab ; uÞ;

ð9Þ
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where 5R is the curvature scalar corresponding to the
5-dimensional background metric gab, hab 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
5

Gab þ Kgab ¼ 0

ð10Þ

and the dynamic equation on membrane
m2 Gab þ rhab þ M 3 ðKab  Khab Þ ¼ Tab

ð11Þ

can be obtained respectively from the above formula.
Since only the evolution on membrane is concerned,
and the hab in Equation (11) is the RW metric of space
homogeneity and isotropy and the case of m ¼ 0, it
can be determined that the evolution of the universe
satisfies the following equation:
H2 þ

k
8pGN q q2 Keff
¼
 6þ
;
a2
3
M
3

ð12Þ

Here
Keff ¼

K
q2
;

2 3M 6

3q
GN ¼ 
:
4pM 6

Therefore, in the simplest case without curvature term
and cosmological constant term, we have
H2 ¼

8pGN q q2
 6:
3
M

ð13Þ

This result is similar to that in the loop quantum
universe, both of which contain the correction of q2.
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 satisfied:
Dtp Dxp  l2s :

ð14Þ

(2021) 42:104

This relationship is called the principle of spatiotemporal uncertainty (or non-commutative relationship of space-time, SSUR). Here ls represents the
characteristic length of the string, while Dtp Dxp
describes the uncertainty of measurement for physical
time and space coordinate. It is pointed out in references (Li & Yoneya 1997; Yoneya 2000) that the noncommutative relation of time and space is universally
tenable. This conclusion is true not only for strings,
but also for D-membrane.
In reference (Li & Zhai 2003), the k-inflation
model in non-commutative 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 noncommutative 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.
2
¼ 8pG ¼ 1 is used for all units
Note that Mpl
below this section. Let X ¼  12 glm rl urm u represents 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:
sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ

ﬃ
Z
R
S ¼ d4 X g þ pðu; X Þ ;
ð15Þ
2
here, p(u, X) is an arbitrary function of the repulsion
field u itself and its kinetic energy as a scalar 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
2 dSu
Tlm   pﬃﬃﬃﬃﬃﬃﬃ lm ¼ pX rl urm u þ pglm ;
g dg
pX 

opðu; X Þ
:
oX

ð16Þ

It is also equivalent to an ideal fluid, as long as its
energy momentum tensor is expressed as
Tlm ¼ ðq þ pÞUl Um þ pglm . The p appearing here is
the pressure defined in the co-moving coordinate
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Figure 1. Research framework of ultra-synergy physics between particle physics and cosmology.

system, while the energy density defined in the same
coordinate system is: q ¼ 2XpX  p.
In addition, the definition of four velocity Ul is
pﬃﬃﬃﬃﬃﬃ
Ul ¼ rl u= 2X .
A uniform and homogeneous flat universe (space
curvature K = 0) can be described by Friedmann–
Robertson–Walker (FRW) metric. Its specific form is
as follows: ds2 ¼ dt2 þ a2 ðtÞdx2 .
In this way, the kinetic energy of the repulsive field
that determines the inflation of the universe is
X ¼ u_ 2 =2. The non-commutative relation of time and
space in Equation (14) becomes:
DtDx  l2s =aðtÞ:

ð17Þ

The right of Equation (17) is a function of time t,
which is a variable in the period of Dt. Therefore, the
value on the right side of the equation is uncertain.
Thus, when Dt is very large, the definition of Equation (17) is invalid. If the conformal time dg ¼ dt/a is
used, the same problem exists. In order to make
Equation (17) meaningful at any time, a new time
coordinate s:ds ¼ a(t) dt must be introduced, and the
scale changes accordingly:
1
ð18Þ
ds2 ¼  2 ds2 þ a2 ðsÞdx2 :
a ðsÞ
Now, there is a good definition of non-commutative
relation between time and space: DsDx  l2s .
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3. High-dimen supergravity and high-dimen
superrepulsion
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 U(x,
h), Bose field u (including all kinds of scalar
field, vector field, tensor field, etc.) and Fermi
field w are included. There are all kinds of super
gauge transformations between the two fields
(Azcárraga et al. 2019; Hiroyuki et al. 2019;
Ioannis 2019).
Now, in the super unifying force field X(X, H)
introduced here, we consider the gravitational field
(especially the high-dimensional super gravitational
field including Fermi field) U on the one hand, and the
repulsive field (especially the high-dimensional super
repulsive field including Bose field) W on the other
hand. All kinds of supernormal transformations
between gravitational and repulsive fields can be
summarized as follows:
dU ¼ AeW;

dW ¼ BUe;

ð19Þ

where e is the rotation angle of the hyperparticle, as
the major rotation of the anti-commutation.
Suppose the multiplicity of particle is


U
;
X¼
ibeW
Equation (19) becomes
dU ¼ iAb1 ðibeWÞ;
so


U0
ibeW0




¼

1
ibeBe

dðibeWÞ ¼ ibeBUe;

iAb1
1



ð20Þ


U
;
ibeW

here e is commutative to the repulsive field U and anticommutative to the gravitational field W, then


1
iAb1
alm ¼
ib
eBe
1

 

1 0
0
Ab1
¼
i
:
ð21Þ
0 1
b
eBe
0
The Lagrangian of super unified field is:
L¼

1
1
2
DD ðXþ X Þ  DD½V ðXþ Þ þ V ðX Þ;
8
2

ð22Þ

where X? and X-, D and D are completely
symmetrical.

(2021) 42:104

For the quantum unified action from the interaction
of quantum gravity and quantum repulsion, new
variables are introduced: the square root ria of the
three-dimensional metric and the potential Aia of the
curvature self-duality. The dynamic equation of the
quantum unified action is as follows:
pﬃﬃﬃ2
r~_ 2 ¼ 2 Db iT r~½rba þ Tr½ba ;


1
Aa ¼ pﬃﬃﬃ
2


iT r~b ;  Fab  T b Fab :

ð23Þ

On the one hand, we consider the symmetry of
supergravity (Fang et al. 2019; Paolo et al. 2019;
Tony & Supratik 2019): 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 lead to the formation of highdimensional hypergravitons.
Repulsons and repulstinos form supersymmetric
relationships, which leads to the formation of highdimensional hyperrepulsons.
In our opinion, 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 highdimensional superrepulsion is the ultimate unifying
force (UUF) of the universe.
There are still many problems in the research of
supergravity (Yoshidome et al. 2000; Iulia et al. 2019;
Xinyi et al. 2019; Xiande et al. 2019a,b; Yermek et al.
2019). 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 AdS4 9 S7), 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)
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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 ¼ 11
supergravity (Azcárraga et al. 2019; Fang et al. 2019;
Hiroyuki et al. 2019). In this framework, 11-dimensional hyperspace is compactly transformed into M4 9
Nr, where M4 is 4-dimensional AdS (anti de Sitter)
space-time and Nr 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 Nr. 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 MSUSY and internal
symmetry breaking scale Mgauge. 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) 9 SU(2)
9 U(l) model coupled with Higgs particles, so that
m gauge can be indirectly depressed. This means that
the supergravity is at least partially preserved, not
completely broken.
In the existing studies (Yoshidome et al. 2000; Iulia
et al. 2019; Kazunori 2019; Yermek et al. 2019), it
can be seen that N ¼ 1 supergravity in 11d is the only
one, because it is the largest dimension that we can
enhance N ¼ 8 supergravity in 4d, which is the
maximum super gravity with spin B2 (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 dimensions, there are two possible maximum
gravitation, i.e., when N ¼ 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 ¼ 1 (11d super gravitinos
split into two different chiral 10d 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
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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 supergravity, Minkowski, AdS4 9
S7, AdS7 9 S4 and parallel plane (PP) are obtained as
Penrose limit of AdS4 9 S7 and AdS7 9 S4. For IIB
supergravity, there are Minkowski, AdS5 9 S5 and PP
waves as Penrose limit of AdS5 9 S5. Therefore, the
nontrivial cases related to compactness (except that
the PP wave is only limited) are AdS4 9 S7, AdS7 9 S4
and AdS5 9 S5.
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 ¼ 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 M4. 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) 9 SU(2) 9
U(l) model coupled with Higgs particles, so that
m gauge 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, i.e., when N ¼ 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 ¼ 11 superrepulsion can be reduced to a
scalar. In the ultimate unification of cosmic
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superactions, the largest supersymmetric background
of the theory is:
For 11d supergravity, 11d superrepulsion and 11d
superunifying force, Minkowski, AdS4 9 S7, AdS7 9
S4 and PP are obtained as Penrose limit of AdS4 9 S7
and AdS7 9 S4.
For IIB supergravity, IIB superrepulsion and IIB
superunifying force, we have Minkowski, AdS5 9 S5
and PP waves as Penrose limits of AdS5 9 S5.
Therefore, the nontrivial case related to compactness
(except that the PP wave is only limited) is AdS4 9 S7,
AdS7 9 S4 and AdS5 9 S5.
In 4D, for N ¼ 2 supersymmetry, we have N ¼ 2
vector multiplet, which is composed of N ¼ 1 vector
Wa, (1, 12) (vector plus spinor), plus N ¼ 1 chiral
multiplet, and (12, 0) (spinor plus scalar). We can also
get the hypermultiplet of N ¼ 2, which is composed of
~ For nN ¼ 2 vector
two chiral multiples Q and Q.
A
multiple states W , when A ¼ 1, …, n, we can associate the action of N ¼ 2 hyperspace gravitational
potential F (WA)
Z
1
~ WA ;
ð24Þ
lm d 4xd 2 hd2 hF
S¼
16p
with the action of repulsion in the following
formula:
Z
1
~ WA
lm d 4xd 2 hd2 hF
16p Z


4 pﬃﬃﬃﬃﬃﬃﬃ R
ð25Þ
¼ d X g þ pðu; X Þ þ pS :
2
We can write the repulsive action in N ¼ 1:
Z
Z
4
lm d x
d2 hFAB ðUÞW Aa WaB

Z
~ y e2gV ÞA FA ðUÞ ;
ð26Þ
þ d2 hd2 hðU
oF
F A ð UÞ ¼ A ;
oU

FAB

o2 F
¼ A B:
oU oU

ð27Þ

To do this, use the N ¼ 1 hyperspace language:
Z

~ y e2gV Þ Qi þ ðQe
~ 2gV Þ Q~i Þ
d 2 hd2 hððQ
i
i
Z
p
ﬃﬃ
ﬃ
~ Qi þ mi Q~i Qi Þ þ h:c:
þ d 2 hð 2 QU
i

ð28Þ

We give a coupling for m hypermultiplets i ¼ 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
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also have a general dynamics term from their own
Kahler potential.
The Lagrangian dynamics term of vector multiplets is
B

iA

B
L ¼ gAB ol X A ol X þ gAB k okBi þ lmðFAB NA
lm Nlm Þ;

ð29Þ
gAB ¼ oA oB K;

A

KðX; XÞ ¼ iðF A X X A  FA XÞX Þ;

FA ð X Þ ¼ oA F ð X Þ;

FAB ¼ oA oB F ð X Þ;

ð30Þ

and A, B ¼ 1, …, n.
The properties of the particle field can be expressed
by Bose coordinates xu and Fermi coordinates Wia.
They are Mozorana spinors satisfying the anti-commutation relation. Their supersymmetry and internal
symmetry are transformed into
dWia ¼ Rlm pia ;

dI Wia ¼ iI i Ej Wja :

ð31Þ

By the quantum field theory, the Lagrangian of
gauge field and matter field can be taken as
1
1
lm
ia
L0 ¼  RAB
lm RAB þ Wia W ;
4
2
lm
lm
lm
ab
i
ia
RAB
lm RAB ¼ Rlm ðM ÞRab ð M Þ þ Rlm ðE Þ þ Rlm ðH ÞRia ðH Þ:

The torsion free condition Ralm ðqÞ ¼ 0 is used here.
Taking the Lagrangian of supergravity in the form
of ERS
1
1
0
Lsg ¼  2 ek  elmkq Kia
l c5 cm Dk Kqia ;
4k
2
T
D0k ¼ ok  Bab
k ðrab Þ ;

ð32Þ

where the first term is Einstein gravity term, the second term is Rarita Schwinge term.
Supersymmetry: the first and second terms of
Equation (32)


1 lmkq a b cd
e Vl m Rkq ðM Þ
dS Lð1Þ ¼ dS
16K
i lmkq
a
b cd
e eabcd pia Kib
¼
ð33Þ
l cc ab Vm Rkq ðM Þ;
8K


1 lmkq ia
ia
dS Lð2Þ ¼ dS  e Kl c5 cm Rkq ðM Þ
4
1
ia
ia
¼  elmkq ½dS Kia
l c5 cm Rkq ðH Þ þ Kl c5 cb
4
ia
b
ia
 Ria
kq ðH ÞdS Vm þ Kl c5 cm dS Rkq ðH Þ:

ð34Þ

Previous studies have shown that spontaneous
compactness of d ¼ 11 supergravity results in the
following Einstein equation solutions (in the form of

J. Astrophys. Astr.

(2021) 42:104

Page 11 of 40

104

Castellani et al. 1991; Castellani 1992; Leonardo
2014):
pﬃﬃﬃ
Fa1 a4 ¼  3eYaz11 ðzÞYaz22 ðzÞYaz33 ðzÞYaz44 ðzÞTz1 z4 ;
ð35Þ

Xp, whose generalized coordinate is ga. The so-called
(±) parallelism refers to such a set of ‘parallel vector
displacements’.

here the 4-spacetime component and the mediocre
(due to the existence of parallelism) Ricci curvature
are not written. In Equation (35), index p is taken as
l,…,8, Tp1-p4 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 C of
SO(7):

ðÞ : UTU 1 S ¼ UT1 U 1 S1 ;

Tz1 z4 ¼ nCz1 z4 n;

ð36Þ

here n is the constant rotation of SO(7).
It is suggested in reference (Leonardo 2014) that
Tp1-p4 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 (53) instead of
R8, and use a quotient space (manifold) of the automorphism group G2 of (53) to approach S7, so that the
discussion of the supersymmetry property of the
solution can be transformed into the study of the
(supersymmetric) group transformation property of
G2/K under the -Spin (7) transformation (parallelism).
On S7, 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 (Castellani
et al. 1991; Castellani 1992; Leonardo 2014) 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(M4 9 K{h}, G) with Z2 -principle
bundle on MD. By the realization of embedding: AG ?
ad (AG) ? ASO(N), all Dirac spinors can be decomposed into direct sums of irreducible multiplets
(Castellani 1992, 2011; Castellani & Perotto 1996) on
a certain submanifold. Therefore, for a certain subgroup at least, there is no basic (irreducible)
spinometer showing wA.
The group transformation properties of Gr/K under
8 ? 7 1 -Spin (7) decomposition induced by parallelism are investigated. Obviously, we should take
SO(4) in particular, i.e., dim dim G2/SO(4) * 8, the
basic representation dimension of N ¼ 8 internal
symmetric group. Consider (transform) group space

ðþÞ : TUSU 1 ¼ T1 US1 U 1 ;
ð37Þ

here, point pair T, S, T1, S1 are the elements of group,
and as the point in Xp, T, S, T1, S1 are respectively,
connected by their own geodesic lines, and the linear
connections defined thereby are recorded as Cþa
cb
and Ca
.
cb
4. Hyperholographic unifying force of quantum
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.
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: SBH ¼ kc3 =4hGA; where A is the area of event
horizon of black hole, h the reduced Planck’s constant, j
the Boltzmann constant, G the Newton gravitational
constant and c the speed of vacuum light. In the natural
system of units, the reduced Planck’s constant 
h (i.e.,
h/2p), light speed constant c, Boltzmann constant j are
all equal to 1. The expression of black hole entropy can
be written as: SBH ¼ prH2 Mp2 , where rH is the radius of
black hole, Mp Planck mass. 0 t Hooft proposed the
holographic principle in 1993 (0 t Hooft 1993), and Susskind (1995) further elaborated the holographic principle
in 1994. 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 (Granda & Oliveros 2009; Wang & Xu 2010;
Tian et al. 2019), 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.
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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, Bojowald and others
applied some important achievements of LQG to the
research of cosmology, thus forming a set of semiclassical loop quantum cosmology theory (Bojowald
& Skirzewski 2006a,b; Singh 2006). It is believed that
this theory cannot 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 (Feng & Li 2010; Pereira &
Guimarães 2017). 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 (Goldberger & Wise 1999; Randall & Sundrum 1999;
Fitzpatrick et al. 2007). 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 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, quasibound 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.
It has been noted that (Mazumder & Chakraborty
2010; Razieh et al. 2014) for the 5-D free and massless Elko field, the zero mode and the KK mode with
mass cannot 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
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special thick membranes. However, for the KK
mode with mass, it cannot 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 cannot 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.
Now, we give a new mechanism explanation by
expanding the theory of loop quantum cosmology.
Considering the interaction between matter and
dark energy, the density q of gravitational field source
and the density r of repulsive field source no longer
satisfy the energy conservation equation separately,
but should meet the balance equation:
q_ þ 3Hq ¼ Q;

r_ þ 3H 1 þ wrepl r ¼ Q;

ð38Þ

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
Q ¼ 3cH ðq þ rÞ, in which c is a dimensionless constant. With the expression of dimensionless density,
we can obtain the constraint:
Xgrav þ Xrepl ¼ 1;

Xgrav ¼

q
;
qc

Xrepl ¼

r
:
rc

ð39Þ

In addition, substituting the dimensionless density
expression into Equation (38), we can get:
X_ repl
H_
1  Xrepl 
þ 3 1  Xrepl þ 3c
2
H
H
X_
H_
¼ 2 2 ð1  XA Þ  þ 3ð1  XA Þ þ 3c ¼ 0:
H
H

2

ð40Þ

The Hubble scale H is chosen as the infrared truncation scale, and the 5-dimensional quantum universe
is chosen as the energy truncation scale. The density
of holographic dark energy is qrepl ¼ qK ¼ BH, qK is
the dark energy density related to the cosmological
constant K, and B is the constant.
By substituting this equation into Equation (39) and
deriving the two sides of the equation, we get:
3Mp2
3M 2
H_
_ repl ¼  p X_ A ;
X
¼

H2
B
B
X_ repl ¼ X0 H ¼ X0 H;
repl

A

ð41Þ
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where X0repl  dXrepl =dln a ¼ dXA =dlina, XA ¼ qA =
qA;c , therefore
X0repl
X0A
H_
¼

¼

:
H2
Xrepl
XA

ð42Þ

Substituting Equation (42) into Equation (40), we
can get:


Xrepl  2 0
Xrepl þ 3 1  Xrepl þ 3c
X


XA  2 0
¼
ð43Þ
XA þ 3ð1  XA Þ þ 3c ¼ 0:
X
In addition, by Equation (38), we get:
r_ þ 3H 1 þ weff ¼ q_ A þ 3Hð1 þ weff Þ ¼ 0;


q
q
eff
¼ wA þ c 1 þ
:
w ¼ wrepl þ c 1 þ
r
qA

ð44Þ
ð45Þ

Because of X0A ¼ dXA =dlna ¼ ð1 þ zÞðdXA =dzÞ,
where z ¼ ð1=aÞ  1, Equation (43), Equation (45)
and the deceleration factor q can be rewritten as:
2  XA dXA 1
þ 3ð1  XA Þ þ 3c ¼ 0; ð46Þ
ð1 þ zÞ
XA dz XA
weff ¼ 1  ð1 þ zÞ
q¼

1 dXA 1
;
3 dz XA

dXA 1
H_
 1 ¼ 1  ð1 þ zÞ
:
2
H
dz XA

ð47Þ
ð48Þ

It can be seen from Equation (46) 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
Equation (46) tends to zero.
As long as it is recognized that the dark energy
component is still increasing at present (z ¼ 0), the
value of XK will always be \ 1 ? c. Therefore, from
Equations (46) and (47), we can see that the value of
weff 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
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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 highdimensional 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 (Mazumder & Chakraborty
2010; Razieh et al. 2014). 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
0 1
11
Z1
Z
da
B
da
A ;
¼
:
ð49Þ
qA ¼ B@a
2
Ha
qA a
Ha2
a

a

To find the derivative of a on both sides of the
equal sign of the above equation at the same time, we
can get
B 0
B
1
dq
ð50Þ
qA þ
¼ 2 ; q0A ¼ A :
2
2
2
qA a
Ha
dlna
qA a
Namely,
X0A 2H 0
H
þ
bX0 ¼ 0;
þ1
H0
XA
H

b

3Mp2 H0
:
B

ð51Þ

By
introducing
dimensionless
variables
x  lnðH=H0 Þ, substituting them into Equations (47)
and (51) and simplifying them, a set of dynamic
equations for the evolution of the universe can be
obtained as follows:

1
ð52Þ
X 0 ¼ 2XA þ bX2A eX  3ð1 þ cÞ ;
2

X0A ¼ bX2A eX  XA  2XA þ bX2A eX  3ð1 þ cÞ XA :
ð53Þ
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By a simple qualitative analysis of the above differential equations, we can see that this system of
equations has a unique singularity:


1
ðXA ; Xc Þ ¼ 1 þ c; ln
:
ð54Þ
bð1 þ cÞ
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:
dX 0 ¼

1þc
dX þ 2dXA ;
2

dX0A ¼ ð5 þ 4cÞdX þ ð1 þ cÞð2 þ cÞdXA :

ð55Þ

The determinant of the coefficient matrix
0
1
1þc
2
A
A¼@
2
ð1 þ cÞð2 þ cÞ 5 þ 4c
of the above plane linear system is a
1þc
3ð1 þ cÞ
ð5 þ 4cÞ  ð1 þ cÞð2 þ cÞdXA ¼ 
:
2
2
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:
(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.

(2021) 42:104

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 highdimen 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 non-commutative 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
non-commutative space-time.

5. Repulsion and gravitation behind cosmic
inflation
As an important step in the establishment of ultrasynergy physics between particle physics and
cosmology, we now combine the study of cosmic
synergistic-evolution mode (cosmic quantum spacetime and cosmic quantum field) with the study of the
phy-sphere organization configuration and the study
of physical action situation, to put up the unified
research framework for the evolution of nature.
Facing the cosmic ecosphere in the multi-world, the
central content of the unified research framework for the
evolution of nature is summarized as the research on the
great impetus mechanism of cosmic evolution. This
research includes three levels of mechanism research,
namely, the research on the great impetus mechanism of
the cosmic big bang, the research on the great impetus
mechanism of cosmic inflation and the research on the
great impetus mechanism of cosmic expansion.
Figure 1 gives a framework for ultra-synergy physics
between particle physics and cosmology.
The basic contents of the research on the great
impetus mechanism of the cosmic big bang (1019
GeV, 10-44*10-36 s).
In the big rip-rebound cluster with quantum chaotic
network distribution between the outwards-push from
the big bang of the universe as a whole (related to the
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energy accumulation mechanism of pseudo-vacuum)
and the inwards-pull of the universe in local scale
(related to the separation mechanism of quantum
gravity), many arche-chaotic pulsators are formed in
the quantum chaotic universe. In this regard, we study
the ultra-synergy dynamic process between the archechaotic pulsator and the quantum chaotic universe.
In the big rip-rebound cluster with quantum chaotic
network distribution between the outwards-push from
the big bang of the universe as a whole (related to the
energy release mechanism of pseudo-vacuum) and the
inwards-pull of local initial gravitation (related to the
separation mechanism of quantum gravity), many
chaotic bulks (the group of arche-chaotic pulsators)
are formed in the quantum chaotic universe. In this
regard, we study the ultra-synergy dynamic process
between the group of arche-chaotic pulsators and the
quantum chaotic universe.
The basic contents of the research on the great
impetus mechanism of the cosmic inflation (2 9 1016
GeV, 10-38*10-33 s):
In the big rip-rebound cluster with quantum chaotic
network distribution between the outwards-push from
the inflation of the universe as a whole (related to the
pseudo-vacuum, Higgs mechanism and the synergy of
great impetus) and the inwards-pull of local gravitation (related to the separation mechanism of quantum
gravity), the cosmic inflation field should produce
many bubbles exponentially ever-increasing. In this
regard, we study the ultra-synergy dynamic process
between the group of quasi-spherical pulsators and the
whole of the quantum universe.
In the big rip-rebound cluster with quantum chaotic
network distribution between the outwards-push from
the inflation of the universe as a whole (related to the
pseudo-vacuum, Higgs mechanism and the synergy of
great impetus) and the inwards-pull of initial strong
interaction (related to the separation mechanism of
gauge field), a large number of fully chaotic pulsators
should evolve into quasi-spherical pulsators. In this
regard, we study the ultra-synergy dynamic process
between the quasi-spherical pulsators and the quantum
universe.
The existing theory can confirm that the Tc & 1014
GeV is the phase transition temperature from the
grand unified phase to SU(3) 9 SU(2) 9 U(1). The
corresponding time can be derived from the following
equation:
rﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
45 Mp
2
ðradiation-dominated periodÞ
T ¼
3
p Neff 4t
ð56Þ
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here Neff is taken as the typical value of the grand
unified theory, Neff & 100, and we get tc & 10-33 s.
The extreme flatness of space and time means that
the expansion of the universe and the resistance of
gravity are balanced, so that the universe is precisely
at the boundary between the eternal expansion and the
eventual collapse to big crumbling.
The basic contents of the research on the great
impetus mechanism of the early cosmic expansion
(10-32*10-9 s):
In the big rip-rebound cluster with quantum
chaotic network distribution between the outwardspush from the expansion of the universe as a whole
(related to the excessive freezing, Higgs mechanism and the synergy of great impetus) and the
inwards-pull of microscopic strong interaction and
weak force (related to the separation mechanism of
gauge field), many quasi-spherical pulsators should
evolve into charged particles, photons and leptons.
In this regard, we study the ultra-synergy dynamic
process between spherical pulsators and the
universe.
In the big rip-rebound cluster with quantum chaotic
network distribution between the outwards-push from
the expansion of the universe as a whole (related to
the excessive freezing, Higgs mechanism and the
synergy of great impetus) and the inwards-pull of
local gravitation and electromagnetic force (related to
the separation mechanism of quantum gravity and
gauge field), the cosmic inflation field should produce
many bubbles exponentially ever-increasing. In this
regard, we study the ultra-synergy dynamic process
between the group of spherical pulsators and the
whole of the universe.
For the cosmic ecosphere in the multi-world, the
basis of the unified research framework of the
nature evolution is summarized as the research of
ultra-synergy physics of quantum gravi-sphere.
This kind of research includes three levels: the
study of spin network synergetics for the multiworld ecospheres (quantum-spatiotemporal evolution dynamics), the study of natural paradigm
synergetics for high-dimensional supergravity, and
the study of quantum gravi-sphere synergetics for
the cosmic creation.
In the analysis of this series of papers, as a variable
of spin network mode, spatiotemporal mode variable
is a vector composed of a series of variables. These
variables include: dimension, curvature, range,
expansion rate, dynamicity, quantization, distribution
(inhomogeneity, concentration, fluctuation), synergy
(cooperation and competition), and so on.
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In the quantum gravi-spheres studied in this series, the basic unit of matter is the quantum gravipulsator. As the smallest condensation of energy, the
quantum gravi-pulsator is mainly manifested in the
10-44–10-35 s of the creation of the universe. It is
neither a punctiform particle nor a superstring,
supermembrane or superembryo. It can be inferred
that in the extreme background and 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 gravipulsator give rise to a variety of elementary
particles.
In the quantum gravi-spheres studied in this series,
boiling at ultra-high temperature everywhere, and
many vacuum bubbles are scattered. At this moment,
pseudovacuum decays into the real vacuum, the grand
unified symmetry is broken, and there is a synergistic
derivation mechanism of the initial cosmic interaction
system, so, there is the possibility to reveal Higgs
effects in a more natural way.
In the model of the super-inflating universe with a
great impetus, the Higgs field becomes the origin of
vacuum energy in quantum mechanics and then, the
origin of stationary mass under the great impetus of
super-synergy.
In the cosmic inflation, the energy density of the
inflationary field is almost unchanged, while the
inhomogeneity, anisotropy, spatial curvature and the
number density of various singular particles will be
reduced, and the number density of photons will also
be reduced, and after enough inflation, it will be
reduced to a negligible level. As a result, a flat-symmetrical universe near vacuum was created, which
entered reheating.
In the expansion of the universe, the energy density decreases as the volume increases, while the
density and volume of ordinary ‘cold’ materials are
inversely proportional, the energy density is inversely proportional to the cubic power of the volume,
and the radiation energy is inversely proportional to
the cubic power of the volume. After the big bang,
there will be some remnants, such as microwave
background radiation, reflecting small fluctuations of
temperature long after the big bang (380,000 years);
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for example, there will be adiabaticity, Gaussian
density distribution, scaling invariance of density
fluctuations, where there is polarization distribution
(E and B modes), which reveals the statistical
information of the universe.
For the big bang, inflation and subsequent expansion of the universe, some studies have associated
with dark energy. For the researchers of dark energy,
they often think of the cosmological constant in Einstein’s field equation (Edmund et al. 2006; Izquierdo
& Pavón 2006; Wang et al. 2006). 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 physical
effect (Edmund et al. 2006; Izquierdo & Pavón 2006;
Wang et al. 2006). In astronomical observation, if
vacuum energy exists, it should always be less than
the critical density of the universe, i.e.,
qc  1047 GeV4 . Through some estimates, the
qobs
vac
ground state energy (quantum zero-point energy)
density of a free scalar field with mass m is preliminarily obtained:
qth
vac

Zkc pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1
1 4
k2 þ m2 4pk2 dk 
¼
k ;
3
2
16p2 c
ð2pÞ
1

ð57Þ

0

here, kc represents the upper limit of the frequency. If
the relevant theory is applicable to Planck energy
scale mp * 10 19 GeV, then, the density value of
1074 GeV4 .
vacuum energy can be estimated as: qth
vac
It is not difficult to find that the observed value of
vacuum energy is 121 orders of magnitude smaller
than the theoretical value.
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 archeconjugate relation is formed spontaneously between
the high-dimensional super repulsion and the highdimensional super gravity. We can reduce the pseudo
vacuum energy considered in inflationary universe
model, Higgs field predicted by the standard physical
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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 (Bojowald 2001; Sabharwal &
Khanna 2008). In the period of the inflation, the
energy of the universe is very high, and the effect of
gravity is relatively large. By general relativity,
gravity is described by the geometry of space-time.
Now, we research the k-inflation model in noncommutative space-time based on the uncertainty
principle of space-time. The results show that in this
model (Li & Yoneya 1997; Yoneya 2000), all disturbance modes are generated in the horizon, and the noncommutative 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 (Hao & Li 2003; Liu
& Li 2004a,b) 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 (Liu &
Li 2004a,b; Feng et al. 2014). 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 (Ade
et al. 2014) the tensor-scale ratio is limited to r ¼
0:20þ0:07
0:05 and the possibility of r ¼ 0 is excluded at the
confidence level of 7.0 r. Based on these data, we can
limit and exclude all kinds of the inflation models,
including simple chaos inflation to complex multifield models.
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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 (Hao & Li 2003; Liu & Li 2004a,b).
For example, Tachyon model (Gibbons 2002; Kofman
& Linde 2002; Li et al. 2002; Li et al. 2004) and
Dirac-born-Infeld model (Li & Yoneya 1997; Yoneya
2000), all belong to this category.
At the time of 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, non-perturbative superstring (or m) theory
points out that any physical process, when the interaction distance is very small, should meet the uncertainty relationship: Dtp Dxp  l2s .
Now, we consider introducing the interaction of
repulsion and gravitation into the inflation model in
non-commutative space-time. First, consider the
repulsion field behind the inflation. If the kinetic energy
term of a single scalar field u is expressed as
X ¼ 12 glm rl urm u, then the most general repulsive
action used to describe the field can be expressed as:


Z
4 pﬃﬃﬃﬃﬃﬃﬃ R
Su ¼ d X g þ prepl ðu; X Þ ;
ð58Þ
2
here, prepl(u, X) is an arbitrary function of the
scalar field u 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 repulsion action.
2 dSu
Klm   pﬃﬃﬃﬃﬃﬃﬃ lm ¼ prepl;X rl urm u þ prepl glm ;
g dg
prepl;X 

oprepl ðu; X Þ
:
oX

ð59Þ

It is also equal to an ideal fluid, as long as its
energy-momentum tensor is expressed as
Klm ¼ r þ prepl Uu;l Uu;m þ prepl glm :

ð60Þ

The prepl appearing here is the pressure (prepl \ 0)
defined of repulsion in the co-moving coordinate
system, while the energy density defined in the same
coordinate system is: r ¼ 2Xprepl ;X prepl .
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In addition, the definition of four velocity Uu,l is
pﬃﬃﬃﬃﬃﬃ
Uu;l ¼ rl u= 2X .
Second, consider the gravitational field behind the
inflation. If the kinetic energy term of a tensor field h
is expressed as x ¼  12 g2 rl hrm h, then the most
general gravitation action used to describe the field
can be expressed as:


Z
1
2
ð61Þ
þ pgrav ðh; xÞ ;
Sh ¼ d 4 x pﬃﬃﬃﬃﬃﬃﬃ
g R
here, pgrav (h, x) is an arbitrary function of the tensor
field u 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.
Tlm

1 pﬃﬃﬃﬃﬃﬃﬃ dSh

g lm ¼ pgrav;x rl hrm h þ pgrav glm ;
2
dg

pgrav;x

opgrav ðh; xÞ
:

ox

ð62Þ

It is also equal to an ideal fluid, as long as its
energy-momentum tensor is expressed as
Tlm ¼ q þ pgrav Uh;l Uh;m þ pgrav glm :

ð63Þ

The pgrav appearing here is the pressure (pgrav [ 0)
of gravity defined in the co-moving coordinate system,
while the energy density defined in the same coordinate system is: q ¼ 2xpgrav ;X pgrav .
In addition, the definition of four velocity Uh,l is
pﬃﬃﬃﬃﬃ
Uh;l ¼ rl h= 2x.
Now, consider the interaction between the repulsive
field and the gravitational field behind the inflation. In
this case, the most general hedging action between the
repulsive field and the gravitational field behind the
inflation field can be expressed as follows:


Z
4 pﬃﬃﬃﬃﬃﬃﬃ R
Su  Sh ¼ d X g þ prepl ðu; X Þ
2


Z
1
2
4
þ pgrav ðh; xÞ ¼ pS ; ð64Þ
 d x pﬃﬃﬃﬃﬃﬃﬃ
g R
where pS
0.
For a uniform and homogeneous flat universe
(space curvature K ¼ 0) can be described by Friedmann–Robertson–Walker (FRW) gauge in the form of
ds2 ¼ dt2 þ a2 ðtÞdx2 . In this way, the kinetic energy
X  x ¼ 12 ðu_ 2  h_ 2 Þ of the inflation field and the noncommutative relation of time and space become:
DtDx  l2s =aðtÞ.

(2021) 42:104

To make the non-commutative relation meaningful
at any time, we must introduce a new time coordinate
s: ds ¼ a(t)dt, the gauge also changes. Now, there is a
good definition of non-commutative relation of time
and space: DsDx  l2s .
By introducing FRW gauge into the repulsive field
equation in the inflation, we can set up the hedgeexpansive universe equation reflecting the interaction
between repulsion and gravity:
1
2
2
 Hgrav
¼ ðr  qÞ
Hrepl
3
1 2
u_ prepl;X  prepl  h_ 2 pgrav;x  pgrav :
¼
3
ð65Þ
6. Analysis of super-inflating universe with
big impetus
Now, we are trying to adjust and modify the old and
new models of the inflationary universe to relax the
strict restrictions (Sen 2002a,b,c; Wu et al. 2014) of
Linde, Albrecht and Steinhardt on a scalar field of
particle physics. In the supernatural way of ontology,
combining physical geometry with geometric physics
in the supernatural way of ontology, and then, combining physical cosmology with cosmic physics, we
study the following ultra-synergy (emergence of big
rip-rebound clusters with quantum chaotic-reticulate
distribution) between the universe and ever-increasing
particles (clusters).
The ultra-synergy (emergence of big rip-rebound
clusters with quantum chaotic-reticulate distribution)
between the quantum universe in the big bang and
ever-increasing quantum gravitational sources (clusters), the ultra-synergy (emergence of big rip-rebound clusters with quantum chaotic-reticulate
distribution) between the inflationary universe and
ever-increasing gravitational sources (clusters) as
well as strong force sources (clusters), the ultrasynergy (emergence of big rip-rebound clusters with
quantum chaotic-reticulate distribution) between the
expansive universe and ever-increasing gravitational
sources (clusters), strong force sources (clusters) and
electro-weak force sources (clusters). These supersynergies in several phase transitions during the
creation of the universe are the driving forces
leading to the emergence of rip-rebound-inflation in
the universe.
As shown in Figure 2, each high-intensity quantum
gravi-source forms a rip-rebound centre for the big
bang or explosion of the universe at the microscopic
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Figure 2. Each high-intensity quantum gravi-source
forms a rip-rebound centre for the big bang or explosion
of the universe at the microscopic level.

Figure 3. Each initial high-intensity gravi-source forms a
rip-rebound centre for the big bang or explosion of the
universe in macro-scale.

level. Here, the dark part in the figure represents a
larger density, while the light part represents a smaller
density.
As shown in Figure 3, each initial high-intensity
gravi-source forms a rip-rebound centre for the big
bang or explosion of the universe in macro-scale.
Here, the dark part of the figure shows a higher density, while the light part shows a smaller density.
We should distinguish two kinds of vacuums: cosmological vacuum and quantum mechanical vacuum;
the former is a pseudovacuum with extremely high
energy density, and the latter is a real vacuum with the
lowest energy density.
Monopole can be formed in the process of SU(5)
symmetrical rupture. However, Gus’s in-depth research
shows that for elementary particles, the weight of a
monopole is extraordinarily large, and its mass-energy is
equivalent to 1016 GeV. Therefore, the weight of a
monopole is equivalent to 10,000 trillion (1010) protons,
or to a bacterium, a small organism, in the universe, each
proton corresponds to about one billion photons.
In the original model of the inflationary universe,
the universe was created by pseudo-vacuum energy,
and the big bang originated from pseudo-vacuum. In
Einstein’s theory, it is the density of matter and energy
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in the universe that determines the dynamics of space
and time. Pseudo-vacuum energy is real energy, which
may affect the universe and destroy the big bang,
while the over-cooled universe is a universe that
nurtures energy. Andrei Linde, Andreas Albrecht and
Paul Steinhardt, respectively, found a solution to the
problem of foam collision (Sen 2002b,c; Li et al.
2014; Wu et al. 2014). In this ‘slow-roll inflation’
model, the mechanism of decay from the pseudovacuum state is no longer a quantum tunneling effect,
but a scalar field rolling down from the potential peak.
If the scalar field rolls down the potential energy peak
at a much slower rate than the expansion of the universe, the inflation will occur. Once the potential
peaks become steeper, the inflation will end and the
reheating process will begin.
Higgs energy, dark energy and gravitational energy
also play an important role. The former two are
mainly positive energy, while the latter is mainly
negative energy (Sen 2002b,c; Li et al. 2014; Wu
et al. 2014). From Planck time (10-44 s) to the
beginning of the inflation (10-36 s or 1016 GeV), it is a
very important time. The end of the inflation is related
to the cohesion of the Higgs field, which produces
mass. In the universe, there are quantum random
fluctuations. The scale of fluctuations is nearly equal.
The matter and radiation of the universe are formed in
this general fluctuation (Sen 2002b,c; Li et al. 2014;
Wu et al. 2014; Marochnik 2016; Senatore 2016;
Baumann 2017; Choudhury 2019), and eventually,
galaxies and clusters are formed.
With regard to the super-inflating universe in the big
impetus, we can put forward the following basic ideas
here. In the very early universe, there was not only an
accelerated expansion stage (R€ [ 0) with an exponential growth R / eHt of the scale factor of the universe,
in which H was the Hubble constant; but also a big
impetus stage from super-synergy (represented by the
emergence of big rip-rebound clusters of quantum
chaos-reticulate distribution), in which firstly super
suppression is imposed, then super acceleration is
imposed, finally super deceleration is imposed. For
such a strong rip-rebound-inflation under a big impetus,
we need to introduce an ultra-synergy scalar field /BS,
which satisfies the minimum coupling conditions with
repulsion and gravity.
The basic functions of ultra-synergy scalar fields
can be expressed as follows:
h
g
li
Fu-syn ¼ N b ð1 þ kd-en Þ s  ð1 þ kd-matt Þ w ; ðs [ wÞ;
r
r
ð66Þ
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here, N is the total number of gravi-sources, b is the
super-inflation index, r is the radius of gravitational
action, g, l, s, w are the theoretical values greater
than zero, kd-en is the enhancement coefficient of
dark energy, kd-matt is the enhancement coefficient of
dark matter, and the first term of the full expansion
represents the effect of the repulsion of the universe
as a whole on the Nb gravi-sources, the second term
represents the effect of primitive quantum gravity on
these Nb gravi-sources.
As shown in Figure 4, the big impetus mechanism
of the inflationary universe in the big rip-rebound
cluster of quantum chaos-reticulate distribution is
discussed.
As shown in Figures 2, 3 and 5, more and more
gravi-sources and gauge field sources form a traction
on the repulsion of the universe.
The ultra-synergy potential energy is expressed as
follows:
Z r
Fu-syn dr
Eu-syn ¼ 
1

g0
l0
b
¼ N ð1 þ kDE Þ s1  ð1 þ kDM Þ w1 ; ð67Þ
r
r
here g0 ¼ g=ðs  1Þ, l0 ¼ l=ðw  1Þ.
The energy density and pressure of the ultra-synergy scalar field can be expressed as follows:
1
qultra-syn ¼ /_ 2BS þ ð1  AÞV ð/BS Þ; pultra-syn
2
ð68Þ
1 _2
¼ /BS  ð1  AÞV ð/BS Þ;
2
here, V ð/BS Þ is the potential energy of ultra-synergy
2
€
, A is a binary quantity:
field, A ¼ R=RH
(
2
€
[ 0; A is decelerating factor;
R=RH
ð69Þ
A¼
2
€
R=RH \0; A is accelerating factor:
The extended form of Klein–Gorden equation for
ultra-synergy scalar field should be
€ þ 3H /_ þ ð1  AÞ dV ¼ 0:
/
BS
BS
d/BS

ð70Þ

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


8pG 1 _ 2
2
ð71Þ
/ þ ð1  AÞV ð/BS Þ :
H ¼
3 2 BS

(2021) 42:104

The model of the super-inflating universe with the
big impetus sets up an effective potential V(/) of the
big impetus similar to Figure 6, which comes from
the interaction among the Higgs field and the initial
gravitational field (the gravity alone just separated
from quantum gravity is very strong) as well as the
grand unified field of super-symmetry. When T ¼ 0,
the total minimum value of the big impetus-effective
potential is called the real vacuum, and / ¼ /true.
The current scalar fields in the universe are experiencing small fluctuations to real vacuum values,
while the value of V(/true) represents the energy
density of vacuum, and the relation related to the
cosmic constant K is K ¼ 8pG V ð/true Þ.
The effective potential of the big impetus at T ¼ 0
has a second local minimum (Sen 2002b,c; Li et al.
2014; Wu et al. 2014), where the value of u is denoted
as /false, and the state of the expected value h/i ¼
/false of the big impetus-effective field is called a
pseudo-vacuum, and the energy density is denoted as
qf. Furthermore, suppose there is a critical temperature
Tc, above which the value of the big impetus-effective
potential at finite temperature near the pseudo-vacuum
is less than that near the real vacuum. As shown in
Figure 6, Tc is the critical temperature of the firstorder phase transition.
Le TBS,lm be a covariant conserved tensor consisting of the big impetus-effective field containing Higgs field, the metric and the primary and
secondary derivatives of this field. We can derive
the energy-momentum tensor TBS,lm of the big
impetus-effective field in a pseudo-vacuum.
Because the big impetus-effective field is a constant in pseudo-vacuum, the only tensor for TBS,lm
is gBS,lm, and
1
GBS;lm  Rlm  RgBS;lm :
ð72Þ
2
has
the
following
form:
So,
TBS,lm
TBS;lm ¼ AgBS;lm þ BGBS;lm , here, A and B are constants. The equation of ultra-synergy field including
Einstein field is GBS;lm ¼ 8pGTBS;lm . Therefore, the
term BGBS,lm can be absorbed into the TBS,lm on the
left side of the equation by redefining the gravitational
constant G. Re-using the energy-momentum tensor
form of ideal fluid
TBS;lm ¼ pgBS;lm þ ðq þ pÞul um :

ð73Þ

We determine constant A to be just the negative
value of pseudo-vacuum energy density, so
Tlm ¼ qf glm . This formula means that the pressure
p ¼ - qf of the pseudo-vacuum.
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Figure 4. Big impetus mechanism with big rip-rebound cluster of quantum chaotic-reticulate distribution.

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

will become a big impetus force for the whole
expansion of the universe immediately near the end of
the big ripping.
For this reason, we set the scalar functional:
Z
pﬃﬃﬃﬃﬃﬃﬃ
I ¼ IB þ IS þ IBS ¼ ðLB þ LS þ LBS Þ gd4 x; ð74Þ
here, IB and LB represent the action and its Lagrangian
function of the whole big bang (outwards-push) of the
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Figure 5. Ultra-synergy of quantum universe with whole
repulsion and inwards-pull.

Figure 6. Curve of big impetus-effective potential function adjusted to the new and old inflationary cosmological
models.

universe, respectively, IS and LS represent the action
and its Lagrangian functions of gravity (inwards-pull),
respectively, IBS and LBS represent the interaction
between the whole big bang and gravity and their
Lagrangian functions, respectively. The expression of
IS and LS is taken as
LS ¼ R;

LB ¼ 2kLB ;

ð75Þ

there, k is Einstein gravitational constant, k ¼ 8pG/c4.
Here, the variational principle can be expressed as:
dI ¼ dðIB þ IS þ IBS Þ ¼ 0.
In the initial stage of the big bang (0 * 10-38 s),
more and more quantum gravitational sources and the
big bang of the universe formed big ripping, which
should temporarily hinder the initial big bang of the
universe. However, before and after the end of the big
ripping, it would instantly become big impetus to the
whole big bang of the universe. When gravity separates from quantum gravity (around 10-40 s), the
universe undergoes phase transition, more and more
gravi-sources and the whole expansion of the universe
form a big ripping in the macroscope. However,
before and after the end of the big ripping, it would
instantly become big impetus to the whole expansion
of the universe. When strong force separates from the
grand unified force of super-symmetry (around 10-35 s),
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the universe undergoes phase transition, more and
more strong force sources and the whole expansion of
the universe form a big ripping in the microscope.
However, before and after the end of the big ripping, it
would instantly become big impetus to the whole
inflation of the universe. When electro-weak force
separates from the gauge field (around 10-10), the
universe undergoes phase transition, more and more
electro-weak force sources and the whole expansion
of the universe form a big ripping in the microscope.
However, before and after the end of the big ripping, it
would instantly become big impetus to the whole
expansion of the universe.
For those regions which are still in the pseudovacuum state after supercooling, we give the Einstein
field equation as follows:
 2
8p
R_
¼ Gpf ; RðtÞ / evt ;
3
R
rﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
8pG
v¼
q  1010 GeV  1034 s1 :
3 f
The main result of the huge energy density qf of
pseudo-vacuum is the exponential growth of
scaling factor R(t), and the time constant is v-1.
The exponential of the big impetus is described by
the flat Robertson–Walker metric, and the space
with exponential growth scaling factor is de
Sitter space.
For ultra-synergy dynamics under the big impetus,
we should consider not only the second-order Einstein
field equation:
4p
R€ ¼  Gðq þ 3pÞR:
3

ð76Þ

This equation means that the deceleration R€ðtÞ of
the cosmic scaling factor is proportional to ðq þ 3pÞ.
During the rip-rebound-inflation with the big impetus,
p ¼ -q ¼ -qf, so the negative contribution of pressure exceeds the positive term of energy density. On
the contrary, the macroscopic ripping between the
cosmic outwards-push induced by Higgs field and
gravity, and the microscopic ripping between the
cosmic outwards-push induced by Higgs field and the
strong force subsequently just separated from the
grand unified gauge-field induced, have a synthetical
effect (i.e., big impetus) of enhancing expansion, so, R_
increases monotonously with time.
In other words, for the cosmic inflation, the
ultra-synergy between the cosmic outwards-push
induced by the Higgs field and the quantum gravity
as well as initial gravity only just separated from
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high-dimensional supergravity, and between the
cosmic outwards-push induced by the Higgs field and
the initial strong force only just separated from
gauge field, form a big impetus that first blocks, then
turns into super-acceleration, and then into superdeceleration.
It is noticed that the dynamics of the big impetuseffective scalar field is determined by the effective
potential function, and the perturbation behaviour
at u ¼ 0 is determined by the effective potential near
u ¼ 0. Assuming that the big impetus-effective
potential is very flat near u ¼ 0, for the sake of clarity,
assuming that at u ¼ 0, there should be
 2 
 3 

o VBS 

oVBS
2
 v ; o VBS  v:
¼ 0; 


2
3
ou
ou
ov 
When the grand unified symmetry is broken, the
energy is 1016 GeV, the temperature is l027 K, the
phase transitions occur and the bubbles increase. At
the same time, the quantum fluctuations (gravitons
bearing gravity) of micro-gravitational waves and
space-time increase extremely. Later, a freeze
occurs instantaneously, triggering a polarization
eddy (the new discovery of microwave background
radiation is considered a triumph of the inflationary
universe theory). The freezing of the Higgs field is
slowed down by the big impetus between the cosmic
expansion force and the basic physical force.
Random quantum fluctuations in the energy field of
the universe can increase the vacuum energy density
somewhere and make that part of the universe erupt
violently into a state of inflation. In the model of
the super-inflating universe with the big impetus, the
unified inflation of the universe as a whole and
the numerous local inflations of the universe emerge
together.
7. Further discussion on super-inflating universe
Under the ultra-synergistic effect with the big riprebound cluster, although the inflation of the universe
is accelerated exponentially, for example, the expansion of the universe exceeds the proportion of e60
(&1026), it always goes through instantaneous
blockades and then, swiftly goes into super-inflation,
in every process of the phase transition of the universe
and the separation of basic physical action. In this
process, the diameter of the universe increases in
multiples, the volume of the universe increases
exponentially, and the pseudo-vacuum energy of the
universe also increases exponentially. When the
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universe inflates to 10-33 s, the volume of the universe
changes to l028 ft (0.3048 9 1025 km). At the end of
the inflation, the diameter of the universe can reach
dozens of light-years. As a result, the universe escapes
faster, making it flat, homogeneous and isotropic on
the largest scale.
In the stage of cosmic inflation, there are quantum
fluctuations everywhere, and there are subtle temperature differences in various regions of the universe.
With the expansion of the space caused by the inflation, the number density of large-mass singular particles (e.g., magnetic monopoles predicted by the
standard model of particle physics) decreases rapidly
(Wu et al. 2014; Yashar et al. 2017; Linde et al. 2018;
Renata et al. 2018). Today, there is no monopole in
the visible universe, so the ‘hairless effect’ (theorem)
of cosmic inflation has appeared, which is similar to
the black hole hairless theorem.
The thermal effect is important in the initial
fluctuations, but the temperature is quickly neglected
as the rip-rebound-inflation continues. So, there is
hu ¼ -qVBS/qu, which in the de Sitter metric
€ þ 3vu_ ¼ oVBS =ou. If we take u as a
becomes u
position coordinate, then this equation describes the
motion of particles in the big impetus-effective field
_ This damping term
VBS(u) with damping force 3vu.
reflects the expansion of the universe. It is this
damping term that makes the model of super-inflating universe with big impetus possible. Under the
action of the big impetus, the scalar field must
decline slowly enough along the potential VBS(u) to
make the coherent region possible to experience a
prolonged explosion.
When u & 0, the energy density is very close to
that of qf, so the exponential expansion is maintained
during the slow rolling process. The typical scale of
the coherent region will be stretched to Zv-1, where
Z ¼ evt, and Dt represents the time of exponential
expansion.
However, when the effective scalar field in the
big impetus reaches the steep part of the potential
VBS (u), it drops rapidly to the minimum, and then,
the minimum oscillations occur, which will be
damped by the coupling terms of the u field and
other fields in the motion course of the big impetus.
Similar to the original inflation model, the temperature after reheating can be calculated by energy
conservation, and its typical value is still TBS;reh ¼
1
3 TBS;c .
It is generally believed that within the framework of
classical gravity theory, problems such as singularity of
the big bang, dark energy, origin and formation of the
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large-scale structure of the universe cannot be solved (Wu
et al. 2014; Yashar et al. 2017; Linde et al. 2018; Renata
et al. 2018). For further calculation, we make Fourier
expansion for the big impetus-effective scalar field u:
Z
1
d3 k dðkÞeikx wBS ðk; tÞ
uðx; tÞ ¼
3=2
ð2pÞ

þ d þ ðkÞeikx wBS ðk; tÞ :
The ultra-synergy modular function wBS(k, t) satisfies the following equations of motion:

€ þ 3vw_ ¼ l2  e2vt k2 þ c2 w ;
ð77Þ
w
BS
BS
BS
2

here c ¼ 14 aT BS . When t ? -?, the equation satisfied
by each wBS(k, t) approximates to the arche-oscillating
equation of the harmonic oscillator, whose frequency
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
is xðtÞ ¼ evt k2 þ c2 .
When the universe expands exponentially under the
big impetus action of super-synergy, the frequency drift
rate of the harmonic oscillator has the magnitude of v.
However, when t ? -?, the frequency of the harmonic
oscillator is x ? ?, so, there is x
v in the early
stage.
Equation (77) has two linearly independent solutions, each of which is the product of an exponential
function and a Bessel function. We can choose the
appropriate linear combination to make it consistent
with the standard treatment of free field theory in
Minkowski space. So, we chose
rﬃﬃﬃ
1 p 3vt ð1Þ
ð78Þ
e 2 HBS;p ðZ Þ;
wBS ðk; tÞ ¼
2 v
here, HBS,P(1)(Z) is the extended Hankel function, and
sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
k2 þ c2 vt
9 l2
þ 2; Z ¼
e :
ð79Þ
P¼
4 v
v
The linear combination of (79) is chosen because when
t gradually approaches zero, it has the following form:
wBS ðk; tÞ

eixt
eihðtÞ e3vt=2 pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ ;
2xðtÞ

ð80Þ

here, eih(t) is a slowly varying phase factor. There is no
factor e3vt=2 in Minkowski space, which is a slow
drift in normalization conventions. The use of regular
commutation relations for Equation (79) proves that:
½d ðkÞ; dþ ðk0 Þ ¼ d3 ðk0  kÞ:

ð81Þ

After giving the behaviour (80) and the commutation
Equation (81) of the ultra-synergetic modular function, we
will see that the early operators d?(k) and d(k) can be

(2021) 42:104

interpreted as the generation and annihilation operators of
arche-pulsators as Minkowski-like particles.
To obtain a measurable ultra-synergistic operator,
we have to ‘fuzzify’ the effective quantum field with
the big impetus in a finite volume, and define a
‘‘fuzzifying’’ ultra-synergistic field
Z
2
1
2
^l ðx; tÞ ¼
d 3 yeðxyÞ =2l uðy; tÞ;
ð82Þ
u
3=2 3
ð2pÞ l
here, l is the length of ‘fuzzification’ described by comoving coordinates.
Considering the one-loop correction of ultra-synergistic gauge interaction, the big impetus-effective
potential at zero temperature is as follows:


25 2 4
1 4
2
2
4
VBS ðuÞ ¼ a u ln u =r þ r  u ; ð83Þ
16
2
here, a ¼ g2/4p & 1/45, g is the gauge coupling
constant, r & 1.2 9 1015 GeV. The form of this
potential is shown in Figure 7. The minimum value of
VBS (u) is at u ¼ r, corresponding to the actual
vacuum, and u ¼ 0 is an almost unstable equilibrium
point. At zero temperature, the configuration of u ¼ 0
is called pseudo-vacuum.
The big impetus-effective potential at finite temperature is
Z1
18T
dq q2
VBS ðu; T Þ ¼ VBS ðuÞ þ 2
p
0
"
rﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ!#
5p
 ln 1  exp  q2 þ au2 =TBS :
3
ð84Þ
The form of VBS (u, TBS) is shown in Figure 7.
These ultra-synergistic curves undergo first-order
phase transition at TBS ¼ TBS,c ¼ 1.25 9 10 14 GeV. When
TBS \ TBS,c, c, the minimum value of the big impetuseffective potential is in the range of u ¼ r; and when TBS[
TBS,c, the minimum value of the big push effective
potential is in the range of u ¼ 0. When 0\TBS \TBS,c,
there exists a metastable phase of u ¼ 0, corresponding
to the local minimum of the big impetus-effective
potential.
With the inflation of the universe, the supercooled
expansion occurs, the temperature drops rapidly from
1027 to 1022 K, the huge potential energy of the inflationary field decays, and some particles (including
electromagnetic radiation particles) of standard model
appears (Yashar et al. 2017; Linde et al. 2018; Renata
et al. 2018). As a result, reheating or heating occurs, the
temperature recovers from 1022 to 1027 K, which leads to
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energy scale of quantum unifying physics. We
regard H/K as a free parameter, which is determined by experimental data (Mazumder & Chakraborty 2010; Razieh et al. 2014). The initial
condition when the co-moving momentum k ¼
ap ¼ K=Hk can be written as follows:
g0 ¼ K=Hk, the slow roll parameter g ¼ 1=aH
is defined by scale a, and the FRW metric in the
co-moving coordinate is written as:
ds2 ¼ ag2 dg2 þ dx2 :

ð85Þ

Defining l ¼ au, the oscillation formula of repulsive force can be written as follows:


a00
00
2 2
l ¼ 0:
ð86Þ
ðlÞ þ c3 k 
a

Figure 7. Function curve of big impetus-effective potential in finite temperature.

the particles in relativity plasma (quark-gluon
plasma), so that the universe entered a radiationdominated period (in the form of quarks, electrons
and neutrinos).
Referring to the calculation of the inflation universe theory and the new research in this series, we
can infer that after the inflation, the scale of the
universe should expand about e70, the quantum fluctuation should expand rapidly, while the materialenergy distribution should show irregularity, and the
state of supercooling should appear. On a larger
scale, there should be multiple universes with constant inflation and explosion.
According to Max Tegmark, the parallel universe
is not a theory, but a theoretical prediction. Various
models of the inflation universe depend on the
choice of parameters, including the shape and
initial conditions of the inflation energy density
curve (Yashar et al. 2017; Linde et al. 2018; Renata
et al. 2018).

It has been noted that in conformal time, whether
power-law inflation aðtÞ / tp or index inflation
aðtÞ / et , it can be written as power-law inflation
aðgÞ / gc . When c ¼ 1, w ¼ -1, the state is
characterized by the cosmological constant. Therefore, the oscillation Equation (86) of repulsive force
can be written as follows:

cðc þ 1Þ
l ¼ 0;
l þ k 
g2
00



lim

2

k=ðaH Þ!1

1
lS;T ðgÞ ¼ pﬃﬃﬃﬃﬃ eikðggi Þ :
2k

To define conjugate momentum and its quantization:
a0
l;
a k
i
1 h
y
lk ðgÞ ¼ pﬃﬃﬃﬃﬃ ak ðgÞ þ ak ðgÞ ; pk ðgÞ
2k
rﬃﬃﬃ
k
y
¼ i ðak ðgÞ  ak ðgÞ:
2
pk ¼ l0k 

For the initial universe at the level of quantum
gravity and quantum repulsion, suppose the initial
momentum p ¼ K, where K truncation is the

ð88Þ

ð89Þ

In the special conformal time g0, by the Bogoliubov
transformation, we have:
y
ak ðgÞ ¼ uk ðgÞak ðg0 Þ þ vk ðgÞak ðg0 Þ;
y
ak ðgÞ ¼ uk ðgÞak ðg0 Þ þ vk ðgÞak ðg0 Þ:

8. Arche-conjugation and its pulse dynamical
relation

ð87Þ

ð90Þ

So, for lk and pk, there should be
y
lk ðgÞ ¼ fk ðgÞak ðg0 Þ þ fk ðgÞak ðg0 Þ;

ð91aÞ

y
pk ðgÞ ¼ i½gk ðgÞak ðg0 Þ þ gk ðgÞak ðg0 Þ:

ð91bÞ
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1
fk ðgÞ ¼ pﬃﬃﬃﬃﬃ uk ðgÞ þ vk ðgÞ ;
2k
rﬃﬃﬃ
k
gk ðgÞ ¼
ðuk ðgÞ  vk ðgÞ:
2
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ð92Þ

For vacuum, select ak ðg0 Þj0; g0 i ¼ 0, This means
vk ðg0 Þ ¼ 0, pk ðg0 Þ ¼ iklk ðg0 Þ.
We combine the spherical harmonic function with
its conjugate function together:




Ak ikg
i
Bk ikg
i
p
ﬃﬃﬃﬃﬃ
p
ﬃﬃﬃﬃﬃ
1
1þ
þ
; ð93Þ
e
e
fk ¼
kg
kg
2k
2k
as the solution of free function Equation (87) at c ¼ 1.
Take gk ¼ ipk for gk, and we can get the values of uk
and vk by Equation (92). According to Wronskian
condition
du
 uk k ¼ i;
ds
ds

duk
lk

ð94Þ

give jAk j2 jBk j2 ¼ 1. The choice vk(g0) ¼ 0 of vacuum
indicates that: Bk ¼ 1=ð2kg0 þ iÞie2ikg0 Ak .
Finally, the power spectrum of primary gravity can
be written as follows:
1
PðkÞ ¼ 2 2 k3 jfk j2
2p a
1
 2 2 2 ðjAk j2 þjBk j2 Ak Bk  Ak Bk Þ
4p g a
 2 

H
H
2K H 2
K
þ 2 sin ;
1  sin
¼
ð95Þ
2p
K
H
H
K
This is the result of the gravitational tensor field,
and a factor of 1/e should be added before the result of
the repulsive scalar field. In general background time
and space,
rﬃﬃﬃrﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃh
1 p
y
y
y i
Cþ Hm
þ C Hm
;
uk ¼
2 k 1e
1e
1e
ð96Þ
its result is


H
2K
H2
K
PðkÞ ¼ 1 þ sin
sin
þ
P0 ðkÞ;
K
ð1  eÞH K2
ð1  eÞH
ð97Þ
here P0(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.

(2021) 42:104

The quantum repulsion Sqrepl ¼ ðE; pÞ with strong
negative pressure and accumulating positive energy and
the quantum gravity Sqgrav ¼ ðhm;  hk p0 Þ with positive pressure and accumulating negative energy constitute the arche-conjugate quantum unifying force:



h
Squnity ¼ ðE; hmÞ; p;  p0
;
ð98Þ
k
where E and p represent the energy and momentum of
the quantum system, respectively, and m and k represent the frequency and wavelength of the quantum
system, respectively,
ðE; hmÞ ¼ E þ iðhmÞ;




h
h
p;  p0 ¼ p þ i  p0 :
k
k

ð99Þ

The quantum repulsion Sqrepl ¼ hm; hk p0 with
strong negative pressure and accumulating positive
energy and the quantum gravity Sqgrav ¼ ðE; pÞ
with positive pressure and accumulating negative
energy constitute the arche-conjugate quantum unifying force:



h
Squnity ¼ ðhm; EÞ;
ð100Þ
p0 ; p ;
k
where E and p represent the energy and momentum of
the quantum system, respectively, and m and k represent the frequency and wavelength of the quantum
system, respectively,
ðhm; EÞ ¼ hm þ iðEÞ;

 

h
h
p0 ; p ¼  p0 þ iðpÞ:
k
k

ð101Þ

The arche-conjugate pulsation under the interaction of
quantum repulsion and quantum gravity is as follows:
E þ iðhmÞ ¼ hm þ iðEÞ;


h
h
p þ i  p0; ¼ p0 þ iðpÞ:
k
k

ð102Þ

At every point in arche space-time, there is a highdimensional 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
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positive energy with negative pressure), forming a
quantum conjugate pulsaton.
At every point of the space-time in the middle and
early stages 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. Perturbation of repulsive scalar
and gravitational tensor

This equation can be obtained by the variation of
action (103), where the modulus function is defined as uk
¼ zfk. By using the slow-rolling approximation condition
and the slow-rolling parameters, the third coefficient of
the disturbance Equation (105) can be obtained:
z00
1
 2 ð1  e1 Þ2 R2 ðs; DsÞ
z
g
h
i
e2
e2
 2Rðs; DsÞ 1 þ  s  e1 þ  s : ð106Þ
2
2
The following relationships are used in the
derivation:

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 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
Z
V
dgd 3 k  z2 ðgÞðf0k f0k  c2s;repl k2 fk fk Þ;
Su ¼
2

g  ½aðs  DsÞH ðs  DsÞð1  e1 Þ1 ;

ð103Þ
where the prime (0 ) represents the differential of the
new time coordinate g, which is defined as:
sﬃﬃﬃﬃﬃﬃ
dg
b
1
2
k
¼ 2 ðs  DsÞ;
 aeff ¼
b
ds
a
kþ
ð104Þ

where fk is the curvature disturbance and z 
pﬃﬃﬃﬃﬃﬃﬃ
a 2e1 =cs is Mukhanov variable. The b
k ðsÞ 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 b
k ðsÞ 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 fk is:


z00
u00k þ c2s k2 
ð105Þ
uk ¼ 0:
z

ð107Þ

This relationship can be obtained by Equation (104).
In (106) function R is defined as:
Rðs; DsÞ ¼

aðsÞ Hrepl ðs  DsÞ
:
aðs  DsÞ Hrepl ðsÞ

ð108Þ

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 comoving wave number has the maximum value:
k0 ðsÞ ¼

k\k0

2
2
b
k ðsÞ ¼ a ðs  DsÞ; Ds ¼ ls k:

104



aeff aðs þ DsÞ
¼
ls
ls
Hrepl ðsÞ
1
½aðsÞHrepl
ðsÞ  Ds:
ls

ð109Þ

In other words, at time s, a mode of wave number to
be k0 is generated. Moreover, the value of k at this
time can be estimated:


Ds

 ls H ;
ð110Þ
k0 

1
aðsÞHrepl ðsÞ  Ds
k¼k0

where H1 is called the Hubble horizon. In the
period of inflation, the scale factor a(t) either
evolves in the form of approximate exponential
function, i.e., a * eHt, or in the form of power-law
function, i.e., a * tn, where n is a relatively large
constant. At the same time, H* hardly evolves. Thus,
by Equation (110), it can be seen that the parameter
k decreases with time.
At time s, if a mode just crosses the horizon, it
should have momentum
kc ¼ aðsÞ

Hrepl ðsÞ
;
cs;repl

ls Hrepl ðsÞ ls H
kc
aðsÞ


:
k0 aðsÞ  Hrepl ðsÞDs cs;repl
cs;repl

ð111Þ

104

Page 28 of 40

J. Astrophys. Astr.

The research will focus on the case of ls H*/
cs,repl  1, i.e., all the modes are generated within
kc). The reason for not considering
the horizon (k0
another case lsH*/cs,repl C 1 is that it is difficult to
explain the flatness of microwave background
radiation. See literature (Liu & Li 2004a,b; Feng
et al. 2014) for detailed discussion. Therefore, in
the case of lsH*/cs,repl  1, it is very reasonable
to treat k as a small quantity and retain its firstorder 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 ¼ aHrepl/cs,repl).
In the case of slow-roll approximation, Equation (111)
is simplified to:


m2  1=4
00
2
2
uk ¼ 0:
ð112Þ
uk þ cs;repl k 
g2
Take the initial condition as the Bunch–Davies
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
vacuum defined as follows: uk ¼ 1= 2cs;repl keics;repl kg .
The final solution of Equation (112) is as follows:
pﬃﬃﬃ
p iðmþ1=2Þp=2 pﬃﬃﬃﬃﬃﬃﬃ ð1Þ
uk ðgÞ ¼
gHm;repl cs;repl kg : ð113Þ
e
2

In addition, the spectral index runs as follows:
as 

uk ðgÞ ¼ 2

m3=2 iðm1=2Þp=2

e

CðmÞ
1
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ cs;repl kg
Cð3=2Þ 2cs;repl k

1=2m

;

ð114Þ

Then, the original scalar perturbation spectrum is
obtained:
 



k3
k3 uk 2 22m4
CðmÞ 2 Hrepl 2
2
Ps ¼ 2 jfk j ¼ 2   ¼
2p
2p z
e1 cs;repl Cð3=2Þ
2p



cs;repl k 32m 


aHrepl
cs;repl k¼aHrepl


2 
Hrepl
1

 2
2 
8p e1 cs;repl Mpl

:

ð115Þ

cs;repl k¼aHrepl

By the definition of the scalar disturbance spectrum
index, we can get:
d ln Ps
4
¼ 3  2v  s  2e1  e2 þ s þ k;
ns  1 
3
d ln k
ð116Þ

dns
¼ 2e2 e1  e3 e2 þ s1 s
d ln k
4
4
 kð1 þ kÞð1 þ e1 Þ   k:
3
3

ð117Þ

Some small quantities e2  e_2 =ðe2 Hrepl Þ and s1 
_
s=ðsH
repl Þ 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 ¼ a. The specific disturbance
equation is as follows:


a00
ð118Þ
vk ¼ 0;
v00k þ k2 
a
where the modular function is defined as vk : ahk/2. It
should be noted that hk here represents two physical
freedom degrees of tensor perturbation, namely h? and
hx. Using the same approximation as scalar perturbation, we get:
a00
1
 2 ð1  e1 Þ2 R2 ðs; DsÞ½2Rðs; DsÞ  e1 
g
a

ð1Þ

where Hm;repl represents the first kind of Hankel
function related to repulsion. On the scale beyond the
horizon, the solution is approximately:
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v2  1=4
:
g2

ð119Þ

The solution of Equation (118) is obtained by
keeping the value of v to the linear term:
pﬃﬃﬃ
p iðvþ1=2Þp=2 pﬃﬃﬃﬃﬃﬃﬃ ð1Þ
e
ð120Þ
gHv;repl ðkgÞ:
vk ðgÞ ¼
2
The solution also satisfies the Bunch–Davies vacuum condition. On the scale beyond the horizon, the
solution is approximately:
uk ðgÞ ¼ 2m3=2 eiðm1=2Þp=2

CðmÞ 1
pﬃﬃﬃﬃﬃ ðkgÞ1=2m ;
Cð3=2Þ 2k

ð121Þ

then, the original tensor perturbation spectrum related
to repulsion is obtained.
 
k3
k3 2vk 2
2
Pt ¼ 2  2 jhk j ¼ 2  
2p
2p z
32m 



CðmÞ 2 Hgrav 2
k

2m
¼2


Cð3=2Þ
aHgrav
2p

2 
2 Hgrav

 2
2 
p e1 Mpl

k¼aHgrav

k¼aHgrav

:

ð122Þ
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Figure 8. Contour of parameters k and N in confidence intervals 1r and 2r. 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.

By the definition of tensor disturbance spectrum
index and tensor-scale ratio, we can get:
d ln Pt
4
¼ 3  2v  2e1 þ k;
3
d ln k
Pt
r  ¼ 16cs;repl e1 :
Ps
nt 

ð123Þ

It is precisely because the k term appears in the above
equation is 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 (Gibbons
2002; Kofman & Linde 2002; Li et al. 2002; Ade et al.
2014), we can compare and analyse these models with
the latest experimental observations.
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
(Linde 1982): 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 n0s ¼ - 0.021 ± 0.012 (Planck ? WP), n0 s ¼
- 0.017 ± 0.012 (Planck ? WP ? lensing), n0s ¼
0
0:022þ0:011
0:010 (Planck ? WP ? high L), ns ¼

0:021þ0:012
0:010 (Planck ? WP ? BAO); and in reference
(Ade et al. 2014): tensor-scale ratio r ¼ 0:20þ0:07
0:05 . In
addition, there are values given in reference (Feng et al.
þ0:13
2014): r ¼ 0:23þ0:05
0:09 and nt ¼ 0:030:11 .
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:
k ¼ 0:0138þ0:00404
0:00409 ;

N ¼ 34:64þ5:489
4:149

ð68% CLÞ:
ð124Þ

For the DBI inflation model, the parameters are
limited to:
k ¼ 0:0998þ0:00363
0:00368 ;

N ¼ 59:61þ9:692
7:287

ð68% CLÞ:
ð125Þ

Figure 8 provided in reference (Ade et al. 2014)
shows the contour of parameters in the confidence
interval of 1r and 2r. It can be seen from Figure 8 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 bang,
inflation and subsequent expansion of the universe.
10. Path integral of quantum hedge-unified 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
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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 cannot 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 (x2, t2) via any path from
events (x1, t1), 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 (x2, t2) from a
point (x1, t1) is
Z
hx2 ; t2 jx1 ; t1 i ¼ dx expðiI Þ;
ð126Þ
here, the functional integral is performed on all paths
connecting (x1, t1) and (x2, t2).
This expression can also be used in quantum field
theory. If we regard field /(x) as the coordinate of
field configuration space, then events can be given by
point (/(x), t), which means that at time t, the field has
configuration /(x), so that the probability amplitude
of the field from (/1(x), t1) to (/2(x), t2) is
Z
h/2 ð xÞ; t2 j/1 ð xÞ; t1 i ¼ d/ðx; tÞexpðiI Þ:
The functional integral in the formula proceeds
along all paths connecting (/1(x), t1) and (/2(x), t2) in
the configuration space. Thus, as long as the substitution (x, t) $ (/(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
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appropriate configuration space. The construction of
wave function should be based on its probability
interpretation and can be written in
Z
ð127Þ
Wðx; tÞ ¼ N dxðtÞ expfiI ½xðtÞg;
c

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:
Z
Wð/ðxÞ; sÞ ¼ N d/ð xÞ expfiI ½/ð xÞg:
ð128Þ
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
2
i
 Ngrav Ngrav
Þdt2 þ 2Ngrav;i dxi dt
ds2grav ¼ ðNgrav

þ hgrav;ij dxi dx j ;

ð129Þ

where the subscript grav represents the quantity
belonging to gravitation, Ngrav is a time-lapse function
reflecting the quantum gravitation, Ngrav,i is a shift
function reflecting quantum gravitation, hgrav,ij is an
intrinsic metric on three-dimensional space-like
hypersurfaces under quantum gravitation, and Ngrav,
Ngrav,i, hgrav,ij are all functions of space-time coordinates.
For the universe, the coordinates of quantum
gravitational conformation space should be hgrav,ij
and matter field h. The quantum universe is
described by (hgrav,ij, h)). Thus, the transition
probability amplitude of the universe from a threedimensional space-like hypersurface hgrav,ij (there is
quantum gravitational field h on it) to a space-like
hypersurface h0 grav,ij (there is field h0 on it) is
expressed as
Z
0
0
hhgrav;ij ; h jhgrav;ij ; hi ¼ d½glm ; hexpðiI½glm ; hÞ;
ð130Þ
here, I½glm ; h is the action of Euclidean space related
to gravitation.
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Similar to the treatment of general quantum systems, the wave function of quantum gravity can be
expressed as
Z



ð131Þ
W hgrav;ij ; h ¼ N dglm dh exp iI glm ; h ;
c

here, N is the normalized constant, and the integral region C is all paths of the connective points
(hgrav,ij, h) and the initial points in the gravitational configuration space. The ground-state wave
function of quantum gravity has the following
form:
Z



W hgrav;ij ; h ¼ N dglm dh exp I glm ; h : ð132Þ
c

It can be expected that the wave function (132)
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, Equation (132) becomes
X

i
Bi expðIgrav;cl
Þ;
W hgrav;ij ; h ¼ N
i

repulsion, and Nrepl, Nrepl,i, hrepl,ij are all functions of
space-time coordinates.
For the universe, the coordinates of quantum
repulsive conformation space should be hrepl,ij and
matter field u. The quantum universe is described by
(hrepl,ij, u). Thus, the transition probability amplitude
of the universe from a three-dimensional space-like
hypersurface hrepl,ij (there is quantum repulsive field u
on it) to a space-like hypersurface h0 repl,ij (there is field
u0 on it) can be expressed as
Z
0
0
hhrepl;ij ; u jhrepl;ij ; ui ¼ d½glm ; uexpðiI½glm ; uÞ;
here, I½glm ; u 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
Z



W hrepl;ij ; u ¼ N dglm du exp iI glm ; u ; ð134Þ
c

here, N is the normalized constant, and the integral
region C is all paths of the connective points (hrepl,ij,
u) and the initial points in the repulsive configuration
space. The ground-state wave function of quantum
repulsion has the following form:

W hrepl;ij ; u ¼ N

I igrav;cl

is the ith classical Euclidean gravitational
here,
action which satisfies the principle of minimum
action. N is the normalized constant, and Bi 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 non-commutative 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
2
i
 Nrepl;i Nrepl
Þdt2 þ 2Nrepl;i dxi dt
ds2repl ¼ ðNrepl

þ hrepl;ij dxi dx j ;

ð133Þ

where the subscript repl represents the quantity belonging to repulsion, Nrepl is a time-lapse function reflecting
the quantum repulsion, Nrepl,i is a shift function reflecting
quantum repulsion, hrepl,ij an intrinsic metric on threedimensional space-like hypersurfaces under quantum
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Z



dglm du exp I glm ; u :

ð135Þ

c

It can be expected that the wave function (135) 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, Equation (135) becomes
X

i
Di expðIrepl;cl
Þ;
W hrepl;ij ; u ¼ N
i

Iirepl,cl

is the ith classical Euclidean repulsive
here
action which satisfies the principle of minimum
action. N is the normalized constant, and Di 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
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between quantum repulsive field and quantum gravitational field forms quantum hedge-unified field.
Now, in the quantum non-commutative spacetime 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:
2
i
 Nrepl;i Nrepl
Þdt2
ds2repl  ds2grav ¼ ðNrepl
2
i
þ 2Nrepl;i dxi dt þ hrepl;ij dxi dx j þðNgrav
 Ngrav;i Ngrav
Þ

dt2  2Ngrav;i dxi dt  hgrav;ij dxi dx j ;

ð136Þ

where the subscript repl, represents the quantity
belonging to repulsion, Nrepl is a time-lapse function
reflecting the quantum repulsion, Nrepl,i is a shift function reflecting quantum repulsion, hrepl,ij is an intrinsic
metric on three-dimensional space-like hypersurfaces
under quantum repulsion, and Nrepl, Nrepl,i, hrepl,ij are all
functions of space-time coordinates, the subscript grav,
represents the quantity belonging to gravitation, Ngrav is
a time-lapse function reflecting the quantum gravitation, Ngrav,i is a shift function reflecting quantum gravitation, hgrav,ij is an intrinsic metric on threedimensional space-like hypersurfaces under quantum
gravitation, and Ngrav, Ngrav,i, hgrav,ij are all functions of
space-time coordinates.
For the universe, the coordinates of quantum
hedging-conformation space should be hrepl,ij and
hgrav,ij, repulsive matter field u and gravitational
matter field h. The quantum universe is described by
(hrepl,ij - hgrav,ij, u - h). Thus, the transition probability amplitude of the universe from a three-dimensional space-like hypersurface hrepl,ij - hgrav,ij (there is
quantum hedge-unified field N ¼ u - h on it) to a
space-like hypersurface h0 repl,ij - h0 grav,ij (there is field
u0 - h0 on it) can be expressed as
hh0ij ; Njhij ; Ni ¼ hh0repl;ij  h0grav;ij ; u0  h0 jhrepl;ij
 hgrav;ij ; u  hi
Z


¼ d glm ; u exp iI glm ; u


Z



d glm ; h exp iI glm ; h ;

ð137Þ


here, I glm ; N is the action of Euclidean space related
to quantum hedging.

(2021) 42:104

Similar to the treatment of general quantum systems, the wave function of quantum hedging can be
expressed as


W hrepl;ij ; N ¼ W hrepl;ij  hgrav;ij ; u  h
Z

¼ N dglm du expfiI glm ; u
c

N

Z



dglm dh exp iI glm ; h ; ð138Þ
c

here, N is the normalized constant and the integral region
C is all paths of the connective points (hrepl,ij - hgrav,ij, u
- h) and the initial points in the hedge-unified configuration space. The ground-state pulsating function of
quantum hedging has the following form:


W hrepl;ij ; N ¼ W hrepl;ij  hgrav;ij ; u  h
Z

¼ N dglm du expfI glm ; u
c

N

Z



dglm dh exp I glm ; h :

ð139Þ

c

It can be expected that the wave function (139)
under quantum repulsion should satisfy a cosmic
dynamical equation.
Under the one-cycle (also called semi-classical
WKB) approximation, Equation (139) becomes


W hij ; N ¼ W hrepl;ij  hgrav;ij ; u  h
¼N

P
i

i
Di expðIrepl;cl
ÞN

P
i

i
Bi expðIgrav;cl
Þ:

11. Basic equation of cosmic paradigm
dynamics
In the ultra-synergistic paradigm established in this
series, both quantum space-time and classical spacetime are ultra-synergy dynamical systems. We will
now discuss the establishment of a dynamic basis for
quantum space-time evolution.
The description, analysis and explanation in this
section are mainly applicable to the period from
Planck time (10-44 s) to the beginning of inflation
(10-36 s or 1016 GeV).
In the big bang (10-43 s or 1032 GeV), the quantum
universe as a whole is chaotic, and the local quantumchaotic graviton is active at the initial time of the
creation of the universe (10-44–10-35 s). When the
temperature drops (\l027 K), the symmetry of the
grand unity is broken.
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The pseudo-vacuum in the big bang of the universe
is the vacuum of high-density energy (Esraa 2019;
Oliveira et al. 2019; Renata et al. 2019; Sujoy 2019).
The temperature of 1016 GeV corresponds to the
universe just created within 10-35 s 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 s and the temperature is 1032 K. In the super high temperature, there
are many boiling bubbles.
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 spinnetwork 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 do not 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 behaviour with quantum
theory, which increases the complexity of the theory.
We discuss the paradigm dynamical behaviour of our
early quantum universe U in the multi-verse world
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system (large heat reservoir) W, which corresponds to the
Heisenberg image. Hamiltonian of total system W U,
HTOL ¼ HW þ HU þ HUW ¼ H0 þ HUW ;

ð140Þ

here, HW is the Hamiltonian of W itself, HU is the
Hamiltonian of U itself.
The relevant Liouville operator can also be
written as
LTOL ¼ LW þ LU þ LUW ¼ L0 þ LUW ;

ð141Þ

All the mechanical quantities of the total system
U constitute the C* algebra uTOL.
We can take the cosmic paradigm vector as an extension of the cosmic paradigm and describe it from S sides.
Consider here: u1, energy density; u2, accumulation
intensity; u3, spatiotemporal dimension (high dimension,
no upper limit, including fractal dimension); u4, curvature;
u5, expansion rate (or contraction rate); u6, inhomogeneity; u7, concentration; u8, fluctuation range; etc.
If the temperature of the multi-verse world system
as a heat reservoir is b-1, the inner product can be
introduced into uTOL:
W

y
ðK1 ; K2 Þ ¼ TrK1 K2 qTOL;0 ;

K1 ; K2 2 uTOL ;

ð142Þ

here qTOL;0 ¼ ebHTOL =TrebHTOL . By Equation (142),
we introduce the distance
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
kK1  K2 k ¼ ðK1  K2 ; K1  K2 Þ:
We can make uTOL complete and get the Hilbert
space hbTOL. The total Liouville operator L is Hermitian in hbTOL. What we really care about is the
paradigm vectors of the early quantum universe U,
. If the
which constitute a subspace hbU of hTOL
b
vector e ¼ {ei}i is a set of bases in hbTOL, then, the
motion of the U system is completely given by the
temporal behaviour of e(t).
Now, we introduce the projection operator:
PA ¼ ðA; eÞðe eÞ1 e;

A 2 HTOL
b ;

here, (e e)-1 is the inverse matrix of dyadic (e e).
After separating P and Q ¼ 1 - P and solving Q
motion formally, it is not difficult to obtain the generalized Langevin equation satisfied by e(t):
d
eðtÞ ¼ iQ eðtÞ 
dt

Zt

dsK ðsÞ eðt  sÞ þ F ðtÞ;

0
1

iQ ¼ ðe_ eÞ ðe eÞ ; F ðtÞ ¼ eiQLQt Qe_ð0Þ;
K ðsÞ ¼ iðF ðsÞ F ð0ÞÞ ðe eÞ1 ;

ð143Þ
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and ðF ðtÞ eð0ÞÞ ¼ 0, t[0, Equation (143) is equivalent
to the Liouville equation of the total system W U.
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(s) decays rapidly with s (because Qe_ 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 sW (t sW) of K(s) is very small and Markov
approximation can be used:
Z t
K ðt  sÞ eðsÞds h eðtÞ:
ð144Þ
0

Here, h ¼
obtained:

Rt
0

K ðsÞds, thus Langevin equation is

d
eðtÞ ¼ ðiQ  hÞ eðtÞ þ F ðtÞ:
dt

ð145Þ

ð146Þ

This formula directly relates the friction coefficient
h in Markov process (145) 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 (145) 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 - h 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 been 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 (142)
y
ðK1 ; K2 Þ ¼ TrK1 K2 qTOL;0 :

Even though K1 and K2 are only mechanical
quantities of the quantum universe U, (K1, K2) is
related to the multi-verse world system W by HUW in
HTOL. Specific calculations (142) will be difficult. If
y
ðK1 ; K2 Þ ¼ TrK1 K2 q0 :
ð147Þ
Here q0 ¼ ebH0 =TrebH0 , 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 (143)
ðLQF ðsÞ; eÞ ¼ ðF ðsÞ; QLy eÞ ¼ iðF ðsÞ; F y ðsÞ:
Here F y ¼ iQLy e. When the Markov limit is taken,
the obtained correlation function is
K ðsÞ ¼ iðF ðsÞ F y ð0ÞÞ ðe eÞ1 ¼ hdðsÞ:

F(t) is the fluctuating force and h is the generalized
friction coefficient (dissipation coefficient). Taking
the limit sW ? 0, the correlation function of F(t) has
white spectrum, and K(s) can be rewritten as follows
K ðsÞ ¼ iðF ðtÞ F ð0ÞÞ ðe eÞ1 ¼ hdðtÞ:

(2021) 42:104

ð148Þ

For the case of real fluctuation force (in many classical
cases, F is a real function), (148) is same as (146), and the
fluctuation dissipation relationship remains unchanged.
However, if F(t) is complex, then (148) is different from
(146). As long as e is Hermitian, we can think that (148) is
to satisfy the fluctuation dissipation relationship. So, in
most cases, the inner product is defined by (147). If e is
taken as a set of orthogonal normalized complete bases,
Langevin equation can be obtained.
12. Computational example of cluster-inflating
configuration
Now, we can describe the process of the universe from
13.8 billion years to just one nanosecond in a way i.e.,
as close to the arche as possible. Here, we consider the
basic quantities involved in the ultimate theory:
energy, density, temperature, spatiotemporal dimension, scale, expansion rate and volume.
At the moment (t ¼ 0) of the big bang of the universe, the temperature reached its maximum:
plan temperature 1.416833(85) 9 1032 K;
Tmax
-33
cm, E[1.2 9 1084 J, q[density 1094 g
l\lp ¼ 10
-3
cm . From the beginning (t ¼ 0) of the big bang to
10-44 s (Planck time) after the big bang: the universe is
in the super-symmetric grand unification stage. In the
Planck time of one unit after the big bang, the density of
the universe is about one unit of Planck density:
mp htp
c5
qp ¼ 3 ¼ 5 ¼ 2  5:155  1096 kg m3 :
lp
lp
hG
At this time, the temperature is about the Planck
temperature 1.416833(85) 9 1032 K. Planck’s law
states that energy cannot continue to increase, otherwise, it will produce unimaginable rays. The limit
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point is about 1.416833(85) 9 1032 K, commonly
known as Planck temperature.
According to current physical cosmology, this is the
temperature of the first instant of the big bang (the first
unit Planck time):
rﬃﬃﬃﬃﬃﬃﬃﬃ
mp c 2
hc5
 1:416833ð85Þ  1032 K,
Tp ¼
¼
j
Gj2

104

The creation period of the universe (10-44–10-38 s;
0.999999 9 10-38 s)
m ¼ E=c2 ¼ 1:2  1084 J= 3  1010 cm s1

2

¼ 0:136  1066 kg:

After the super-inflation, the scale of the universe
increases by 1024 times (1024 9 10-33 cm ¼ 10-9
cm), the volume of the universe Vu-phy ¼ 4.222 9
here, mp is Planck mass, c is the speed of light in
10-99 cm, and the expansion is 1070 times.
vacuum, h reduced Planck constant (also known as
The super-inflation occurred between 10-36 and 10-32
Dirac constant), j Boltzmann constant, G gravitas after the big bang of the universe. During the inflation of
tional constant, and the last two uncertainties (stanthe universe, the temperature dropped from 1027 to 1022 K.
dard deviation) are in brackets.
As two examples, Table 1 gives cluster-inflating conBefore the explosion (T \ 10-36 s), the universe
figurations in different spin network spaces and arche-state
expanded at the square of the speed of light:
vectors, and Table 2 gives cluster-inflating configurations
rﬃﬃﬃﬃﬃﬃﬃ
5
in different action mode vectors and spin network spaces.
hc

Eu-phy ¼ Ep ¼
 1:956  109 J
When the universe is at an extremely high
G
temperature
of 1032 K (1026 times higher than the
 1:22  1019 GeV  0:5433 MWh,
temperature of our Sun), the gravity is separated from
the other forces of the super-gravity. When the
mp 
htp
c5
qu-phy ¼ qp ¼ 3 ¼ 5 ¼ 2  5:1551096 kg m3 : universe enters t ¼ 10-38 s, T ¼ 1.4150 9 1029 K,
lp
lp
hG

Table 1. Cluster-inflating configurations in different spin-network spaces and arche-state vectors.

Arche-state vector
AS 01 (10-44 s)
AS 03 (10-42 s)
AS 05 (10-40 s)
AS 06 (10-39 s)
AS 07 (10-38 cm)
AS 08 (10-37 s)
AS 09 (10-36 s)
AS 10 (10-35 s)
AS 11 (10-34 s)
AS 12 (10-33 s)
AS 13 (10-32 s)

Spin-net space
SN(01)
(10-44 s)
Clus infl config
1
Clus infl config
229.923 9 1033
Clus infl config
234.799 9 1042

Spin-net space
SN(06)
(10-39 s)

Spin-net space
SN(09)
(10-36 s)

Spin-net space
SN(11)
(10-34 s)

Spin-net space
SN(13)
(10-32 s)

Clus infl config
236.890 9 1039
Clus infl config
236.954 9 1042
Clus infl config
236.960 9 1045
Clus infl config
236.961 9 1048
Clus infl config
236.962 9 1050
Clus infl config
236.963 9 1067

Clus infl config
236.963 9 1072
Clus infl config
236.964 9 1093
Clus infl config
236.965 9 10110

Clus infl config
236.965 9 10114
Clus infl config
236.966 9 10135
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Table 2. Cluster-inflating configurations in action mode vector and different spin-network spaces.
Action mode
vector FM (01)
(10-44 s)

Spin-net space
SN(01) (10-44 s)

Clus infl config
1
Clus infl config
229.923 9 1033
Clus infl config
234.799 9 1042

SN(03) (10-42 s)
SN(05) (10-40 s)
SN(06) (10-39 s)
SN(07) (10-38 cm)

Action mode
vector FM (06)
(10-39 s)

Action mode
vector FM (09)
(10-36 s)

Action mode
vector FM (11)
(10-34 s)

Clus infl config
236.890 9 1039
Clus infl config
236.954 9 1042
Clus infl config
236.960 9 1045

SN(08) (10-37 s)

Clus infl config
236.961 9 1048
Clus infl config
236.962 9 1050
Clus infl config
236.963 9 1067

SN(09) (10-36 s)
SN(10) (10-35 s)
SN(11) (10-34 s)
SN(12) (10-33 s)

Clus infl config
236.963 9 1072
Clus infl config
236.964 9 1093
Clus infl config
236.965 9 10110

SN(13) (10-32 s)

Eu-phy ¼ 2.7488 9 1066 GeV, mu-phy ¼ 0, R ¼ 9:999 
1018 cm, qu-phy ¼ 1.07355 9 1084 kg cm-3, Vu-phy ¼
4.18654 9 10-51 cm3,



4 3 4 3
18
Eu-phy ¼ 1:45  10 GeV 
pR
pr
3
3 planck
"
18

¼ 1:45  10 GeV 

Action mode
vector FM (13)
(10-32 s)

18

9:999  10

cm

3


3 #
1
 1:616  1033 cm
2
999:997  1054 cm
0:52751  1099 cm
¼ 2:7488  1066 GeV;
1
1
R ¼  lplanck þ c2  1043 s ¼ 1:616  1033 cm
2
2
¼ 1:45  1018 GeV 

Clus infl config
236.965 9 10114
Clus infl config
236.966 9 10135

R ¼ 9:00000000808  1023 cm þ c2  1042 s
¼ 9:00000000808  1023 cm
2

þ 3  1010 cm s1 1042 s
¼ 9:00000000808  1023 cm þ 9  1022 cm
 9:900000000808  1022 cm;
R ¼ 9:900000000808  1022 cm þ c2  1041 s
¼ 9:900000000808  1022 cm
2

þ 3  1010 cm s1 1041 s
¼ 9:900000000808  1022 cm þ 9
 1021 cm
 9:990000000808  1021 cm:

2

þ 3  1010 cm s1 1043 s
33

¼ 0:808  10

23

cm þ 9  10

 9:00000000808  1023 cm:

cm

Table 3 shows the spin-network space at different
times of the creation of the universe. Table 4 shows the
state vectors of arche-pulsator at different times of the
creation of the universe.

(10-44
(10-42
(10-40
(10-39
(10-38
(10-37
(10-36
(10-35
(10-34
(10-33
(10-32

s)
s)
s)
s)
s)
s)
s)
s)
s)
s)
s)

0, Higgs field
0 Higgs, 2 graviton
2 graviton, 1 photon
2 graviton, 1 photon
2 graviton, 1 photon
2 graviton, 1 photon
2 graviton, 1 photon
2 graviton, 1/2 v-quark
2 graviton, 1/2 v-quark
2 graviton, 1/2 v-quark
2 graviton, 1/2 v-quark

Spin quantum
number S (01)
–
–
h=2p photon
h=2p photon
h=2p photon
h=2p photon
h=2p photon
h=2p; ð
h=2r^Þ2
h=2p; ð
h=2r^Þ2
h=2p; ð
h=2r^Þ2
h=2p; ð
h=2r^Þ2

Spin angular
momentum S (02)
C10 d contract
B10 d extended 4
B10 d extended 4
B10 d extended 4
B10 d extended 4
B10 d extended 4
B10 d extended 4
B10 d extended 4
B10 d extended 4
B10 d extended 4
B10 d extended 4

Spatial
dimension S (03)
d
d
d
d
d
d
d
d
d
d

s)
s)
s)
s)
s)
s)
s)
s)
s)
s)
s)

1.616
1.616
1.616
1.616
1.616
1.616
1.616
1.616
1.616
1.616
1.616

9
9
9
9
9
9
9
9
9
9
9

10-33
10-33
10-33
10-33
10-33
10-33
10-33
10-33
10-33
10-33
10-33
3.84913
7.29824
4.28722
2.48927
8.28392
4.37710
5.43371
6.79272
5.39116
6.20811

–
9
9
9
9
9
9
9
9
9
9
10-42
10-40
10-39
10-38
10-37
10-36
10-35
10-34
10-33
10-32

Pulsation frequency
S(02) (s)

–
Chaotic pulsator
Chaotic pulsator
Chaotic pulsator
Chaotic pulsator
Chaotic pulsator
Chaotic pulsator
Quasi-sph pulsator
Quasi-sph pulsator
Quasi-sph pulsator
Quasi-sph pulsator

Basic form
S(03)

1
229.923 9 1033
236.890 9 1039
236.954 9 1042
236.960 9 1045
236.961 9 1048
236.962 9 1050
236.963 9 1072
236.964 9 1093
236.965 9 10114
236.966 9 10135

Total number
S(05)

1
229.923 9 1033
236.890 9 1039
236.954 9 1042
236.960 9 1045
236.961 9 1048
236.962 9 1050
236.963 9 1072
236.964 9 1093
236.965 9 10114
236.966 9 10135

Number of net
nodes S (05)

1
1.5924 9 10-4
0.0000000149 9 10-4
1.442099 10-6
0.88846 9 10-7
0.67682 9 10-8
0.20825 9 10-10
0.12566 9 10-16
1.159707 9 10-37
0.67546 9 10-46
1.46779 9 10-61

Concentration ratio
S(06)

1
1.5924 9 10-4
0.0000000149 9 10-4
1.44209 9 10-6
0.88846 9 10-7
0.67682 9 10-8
0.20825 9 10-10
0.12566 9 10-16
1.159707 9 10-37
0.67546 9 10-46
1.46779 9 10-61

Concentration
ratio S (06)

Page 37 of 40

Note: Lyapunov index S(04) k undetermined.

(10-44
(10-42
(10-40
(10-39
(10-38
(10-37
(10-36
(10-35
(10-34
(10-33
(10-32

Dimension
S(01) (cm)

0.5 9 1.616 9 10-33
0.5 9 9.900000 9 10-22
0.5 9 9.999000 910-20
0.5 9 9.999900 9 10-19
0.5 9 9.999990 9 10-18
0.5 9 9.999999 9 10-17
0.5 9 9.999999 9 10-16
1.5 9 0.5 9 9.9999 9 10-9
(1.5)2 9 0.5 9 9.999 9 10-2
(1.5)3 9 0.5 9 9.999 9 105
(1.5)4 9 0.5 9 9.999 9 1012

Radius of action
S(04) (cm)

(2021) 42:104

SV(01)
SV(03)
SV(05)
SV(06)
SV(07)
SV(08)
SV(09)
SV(10)
SV(11)
SV(12)
SV(13)

State vector

Table 4. State vector of arche-pulsator at different moments of creation of universe.

SN(01)
SN(03)
SN(05)
SN(06)
SN(07)
SN(08)
SN(09)
SN(10)
SN(11)
SN(12)
SN(13)

Spin-net space

Table 3. Spin-network space at different moments of creation of universe.
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R  9:999999000808  1017 cm

R ¼ 9:990000000808  1021 cm þ c2  1040 s

2

¼ 9:990000000808  1021 cm

þ 3  1010 cm s1 1036 s

2

þ 3  1010 cm s1 1040 s

 9:999999000808  1017 cm þ 9  1016 cm

¼ 9:900000000808  1022 cm þ 9  1020 cm

 9:99999990808  1016 cm;

 9:999000000808  1020 cm

qu-phy ¼ 1:042603  1072 GeV

R ¼ 9:999000000808  1020 cm þ c2  1039 s

4

 9:999900000808  1019 cm

¼ 1:0472  1036

R ¼ 9:999990000808  1018 cm þ c2  1037 s
 9:999999000808  1017 cm

4
4
Vu-phy ¼ pR3 ¼  3:14  9:9999  1016 cm
3
3
¼ 4:186541  1045 cm3 :

 9:999999900808  1016 cm
qu-phy ¼ 2:7488  1066 GeV
1
4
18 cmÞ3
3 pð9:9999  10

3

When the universe was at t ¼ 10–36 s, the temperature
T ¼ 1.22 9 1028 K of the universe, the energy
Eu-phy ¼ 1.042603 9 1072 GeV of the universe,
mu-phy ¼ 0, R = 9.9999 9 10-16 cm, the density qu-phy ¼
4.071902 9 1080 kg cm-3, the volume Vu-phy ¼ 4.18654
9 10-45 cm3 of the universe.



4 3 4 3
18
Eu-phy ¼ 0:55  10 GeV 
pR
pr
3
3 planck
"

¼ 1:042603  1072

3

9:9999  1016 cm :

999:97  1048 cm
0:52751  1099 cm
GeV:

¼ 0:55  1018 GeV 

3

Acknowledgements

1
¼ 4:4063  1031 J 
4186:541  1054 cm3
1
¼ 4:4945  1033 kg 
4186:541  1054 cm3
84
¼ 1:07355  10 kg cm3

3 #
1
;
 1:616  1033 cm
2

1
;
4186:541  1048 cm3
1
kg 
4186:541  1048 cm3

¼ 4:071902  1080 kg cm3 ;

R ¼ 9:999999000808  1017 cm þ c2  1036 s



;

¼ 1:67129  1034 J 

 9:999990000808  1018 cm

¼ 0:55  1018 GeV 

1

16 cmÞ3
3 pð9:9999  10

R ¼ 9:999900000808  1019 cm þ c2  1038 s

4
4
Vu-phy ¼ pR3 ¼  3:14  9:9999  1018 cm
3
3
¼ 4:186541  1051 cm3 :
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de Azcárraga J. A., Gútiez D., Izquierdo J. M. 2019, Nucl.
Phys. B 9, 114706

Page 39 of 40

104

Di Paolo V., Luna A., Naculich S. G. 2019, Phys. Lett. B
9, 24
Dolce D. 2010, Found Phys. 41, 178
Dolce D. 2012a, Ann. Phys. 327, 1562
Dolce D. 2012b, Ann. Phys. 327, 2354
Dolce D. 2012c, J. Phys. Conf. Ser. 343, 012031
Dubovsky S. L., Sibiryakov S. M. 2006, Phys. Lett. B 638,
509
Edmund J. C., Sami M., Shinji T. 2006, Int. J. Mod. Phys. D
15, 1753
Ernst B., de Gosson M. A., Hiley B. J. 2012, Found. Phys.
43, 424
Esraa E. 2019, Int. J. Mod. Phys. D 28, 9
Fang X., Tang D., Zheng L., Li G., Yuan Y. 2019, Aerosp.
Sci. Technol. 9, 105372
Feng C. J., Li X. Z. 2010, Nucl. Phys. B 841, 178
Feng C. J., Li X. Z., Liu D. J., 2014. arXiv: 1404.0168
[astro-ph. CO]
Fitzpatrick A. L., Kaplan J., Randall L., Wang L. T. 2007,
JHEP 09, 013
Gaiotto D., Moore G., Neitzke A. 2013, Adv. Math. 2341,
239
Gar R., Iga J., Mukhanov V. F. 1999, Phys. Lett. B 458, 219
Gibbons G. W. 2002, Phys. Lett. B 537, 1
Goldberger W. D., Wise M. B. 1999, Phys. Rev. Lett. 83, 4922
Granda N., Oliveros A. 2009, Phys. Lett. B 671, 19
Guth A. H. 1981, Phys. Rev. D 23, 347
Hao J. G., Li X. Z. 2003, Phys. Rev. D 68, 043501
Hiroyuki A., Aoki S., Imai S. 2019, Nucl. Phys. B 9, 3
Huang Q. G., Li M. 2003, J. High Energy Phys. 014, 1
Ioannis P. 2019, J. High Energy Phys. 9, 16
Iulia M. C., Moritz F., Thomas F. 2019, J. High Energy
Phys. 8, 19
Izquierdo G., Pavón D. 2006, Phys. Lett. B 633, 420
Kazunori K., Takahiro T. 2018, Class. Quantum Grav. 11, 15
Kazunori N. 2019, Phys. Lett. B 8, 29
Kleban M., Levi T. S., Sigurdson K. 2013, Phys. Rev. D
87, 041301
Kofman L., Linde A. D. 2002, J. High Energy Phys. 7, 1
Lepe S., Peña F., Saavedra J. 2008, Phys. Lett. B 662, 217
Li M., Yoneya T. D. 1997, Phys. Rev. Lett. 78, 1219
Li X. Z., Hao J. G., Liu D. J. 2002, Chin. Phys. Lett. 19,
1584
Li X. Z., Zhai X. H. 2003, Phys. Rev. D. 67, 067501
Li X. Z., Liu D. J., Hao J. G. 2004, J. Shanghai Norm. Univ.
(Nat. Sci.) 33, 29
Li H., Xia J. Q., Zhang X., 2014, arXiv: 1404.0238 [astroph.CQ]
Linde A. D. 1982, Phys. Lett. B 108, 389
Linde A., Wang D.-G., Welling Y., Yamada Y., Achúcarro
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