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It is argued that the meaning of spacetime singularities, such as Big Bang cosmological or black hole ones, is nothing else than indicating that the physical world behaves in the causal or predictable way not to be the truly basic manifestation. But rather, this is only an emergent phenomena arising through that unknown fundamental laws, underlying the behavior of the physical world in the way without being in nature understood in term of the predictability, are no longer revealed significantly and thus hidden appropriately. If the causally physical world is emergent rather than being fundamental, what is the nature of the physical world? and how could the physical world behaving in the causal or predictable way be emerged from? In this paper, we would like to answer these two questions based on studying the behavior of an absolutely physical entity. Moreover, we show that the quantum world can be understood as an intermediate stage, in which physical effects originated fundamentally from are taken into account, between the fundamental and emergent pictures.

I. INTRODUCTION A. The causally physical picture (CPP)

In fact, the entire physical content has so far been completely governed by the principle of the causality ordering the physical world having to behave according to the relationship between the cause and the effect. In this way, a physical description in the causal sense is realized as follows: for a physical system in given a physical state and interactions, we use underlying laws to determine both what the state it should be in the future and where it must have come from in the past. This means that the nature of the physical behavior in the causal way is nothing else than the predictability. On the other hand, the physical behavior governed by the principle of the causality should make no sense if it is lost the predictability. Thus laws underlying the behavior of the physical world in the causal way should be given in the mathematical form that is by means of equations of physical constraint. A unique solution of such equations with an initial data ensures the predictability. Consequently, all branches of physics, old and new, classical or modern, have the principle of the causality lying underneath, and there are underlying physical equations in every field.

Importantly, a conceptual and principled framework for understanding the behavior of the physical world in the sense of the causality is provided by spacetime whose the mathematical language is the geometry defined naturally on a fixed certain smooth manifold [START_REF] Hawking | The large scale structure of spacetime[END_REF][START_REF] Hawking | The nature of Space and Time[END_REF]. In a purely mathematical way, there are in fact so much different geometries which are possible to be endowed on that manifold. But, what precisely is the geometry of spacetime? Because spacetime is the physical entity, it is obviously that its geometry should not be imposed "by hand" but rather being underlaid suitable law. It is nothing else than this simple question answered by finding out the most suitable and simplest law allowing us to understand the physical behavior of spacetime. Recall that, the characteristics of the geometry of spacetime are described in terms of the invariant distance between nearby points, assigned by the metric field. This reveals clearly the quantitative nature of the mathematical language of spacetime. Since what precisely is the geometry of spacetime could be determined through the constraint corresponding with underlying equation of physical constraint. It means that the geometry of spacetime is predictable in nature and that the concept of the source constraining the spacetime geometry is incorporated naturally. How to constrain the geometry of spacetime is given by Einstein's field equation that expresses mathematically the law underlying which spacetime behaves physically. 1 Therefore, spacetime exhibits naturally the principle of the causality, and the source of its geometry is nothing else than the causally physical processes staged on it.

In summary, in this situation, spacetime and its source must exist together to make physical 1 Rieamann curvature tensor measuring the curvature of spacetime geometry is uniquely determined by the field equations of general relativity. These field equations should consist of both Einstein's equations and the corresponding Bianchi identity. Rieamann curvature tensor can be decomposed into the trace parts, which consist of Ricci and scalar curvature, and the non-trace part, the Weyl tensor. The Einstein field equations would be used to constraint the trace parts of Rieamann curvature tensor. While the Weyl tensor is determined by the Bianchi identity where the trace parts are replaced by momentum-energy from The Einstein field equations.

sense leading to CPP which has so far been used to understand the physical world. There, we expect to understand the physical world via CPP in more detail associated with knowing more exactly about the source of spacetime and even spacetime.

B. Spacetime singularities and their meaning

However, spacetime would, within a very general situation, admit physical singularities, i.e., the boundaries of spacetime beyond which an extension of spacetime is impossible and at which the curvatures, densities become infinite [START_REF] Hawking | The large scale structure of spacetime[END_REF][START_REF] Hawking | The nature of Space and Time[END_REF]. In black holes, the time evolution would terminate at singularities in finite proper time, whereas in the cosmology the beginning of the universe was at big bang singularity. It means that laws shaped by the principle of the causality are incapable of predicting the future or the past evolution of the dynamical system owing to the development of spacetime singularities leading to the indetermination of the physical world. In this way, the predictive power of physical laws is completely broken down at these singularities at which the physical world ceases to exist. A question has obviously been asked: what should replace these singularities? Many approaches have been enormously devoted to answer this question, however, up to now there has no complete and consistent resolution because of physical and conceptual issues [START_REF] Oriti | Approaches to quantum gravity: Toward a new understanding of space, time and matter[END_REF].

In order to find out a reasonable resolution for spacetime singularities, it is firstly important to realize that the physical world by itself is completely determinable, and its determination is proved by definable laws underlying which it operates well. In this sense, it should not identify completely the physical determination with the conventional one that has to have the interpretation in the predictable sense. Therefore, the indetermination of the physical world at spacetime singularities in the predictable sense means that the principle of the causality is no longer appropriate to order the way that the physical world has to behave, rather than the detail problem of CPP. On the other hand, the principle of the causality is no longer appropriate to shape physical laws at extreme physical conditions.

In this sense, spacetime and its source by themselves should not be the truly basic ingredients of the physical world. But rather, the physical world is interpreted in terms of them only as emergent phenomena, at a particular circumstance, without being the nature of the physical world. This suggests that there exists more fundamental principle, rather than the principle of the causality, shaping laws by which the physical world operate without having in nature the interpretation in the sense of the causality. This seems to be the meaning of the spacetime singularities in understanding the nature of the physical world.

Let us to recall a quite analogous example in the history of physics to support this. The hydrogen atom should be unstable in the classical behavior based on Newton's framework. This is due to that the electron is assumed to orbit in a perfect circle, meaning a determinable path, leading to radiate energy continuously, and thus that it would spiral into the nucleus with a finite time. However, the hydrogen atom could be stable only after the attempt of interpreting the physical behavior of the electron in the language based on the concept of the determinable path was abandoned. Quantum mechanics provided the more suitable language, for interpreting the behavior of the electron, that was based the concept of the wavefunction or equivalently all possible path configurations relevant physically. One of the consequences was that the ground state energy of this system is unbounded below.

Thus, the aim of this work is to understand the physical world in terms of a mysteriously and deeply physical entity to reality, from which both spacetime and its source emerge at a particular circumstance. Such a physical entity by itself should exhibit in a profound and natural way a genuinely fundamental principle, playing the role in analogy with that of the principle of the causality, shaping laws underlying which it behaves physically. This contribution may not only provide a reasonable resolution for spacetime singularities but also open the window into the nature of the physical world. Note that, to consider spacetime or gravity as the emergent phenomena is the old idea, however, our present idea is essentially different from almost previous works.

In this way, there are two different physical descriptions for this same physical entity. The first one is realized as the fundamental description, based on fundamental concepts, principles, laws, etc., that has no the interpretation in the sense of the causality or the predictability in nature. Whereas, the second one is realized as the emergent description in term of both spacetime and its source associated with the traditional concepts, principles, laws, etc.. The emergent description, which is impossible to show precisely the nature of this physical entity, only arises and makes sense through that fundamental laws are approximately no longer to exhibit significantly all at a particular circumstance. Interestingly, there exits an intermediate regime that is an interface between the fundamental and the emergent pictures in which physical effects originating fundamentally from are taken into account leading to the corrections on the emergent picture. It is natural to expect that some of them violates essential principles governing the physical behavior within the emergent picture, such as the principle of the causality. Reasonably, such effects appear very importantly around the natural Planck scale that is considered as the universal limit on the measurement or observation due to the formation of black holes there [START_REF] Garay | [END_REF]5]. Thus, the emergent picture would been pushed beyond the domain of its meaningful validity as such effects become extremely significant. And, physical singularities of spacetime are naturally absent.

Although we have not yet had experimental evidences around the natural Planck scale to guide us, there are two real open questions in General Relativity (GR) and Quantum Field Theory (QFT), respectively, that not only support strongly our present idea but also provide the best important clues to the corresponding theoretical development in order. 2In GR, spacetime is mathematically modeled, in nature, as being a smooth manifold on which the geometry is naturally defined. Here, the topology of spacetime manifold has been so far imposed "by hand", consistent with observation, without being underlaid any law. For example, the number of the dimensions of spacetime manifold is free to be chosen "by hand". Because the fact that how the physical world operates is based on its underlying laws rather than the specification "by hand". Thus, in the precise way, the imposition of the spacetime topology "by hand" should be realized as an approximation in which unknown law, associated with the topology, is hidden within. Just as the law underlying the geometry of spacetime is hidden within QFT on the background of Minkowskiflat spacetime due to that the source curving the geometry of spacetime is appropriately negligible. And, thus the Minkowski-flat geometry of spacetime could be imposed "by hand". So, it is natural to ask the following question: How could the topology of spacetime be defined in the physical way instead of being imposed "by hand"? We believe that there has an corresponding answer that is beyond CPP.

In QFT, the quantum field tells us that all possible field configurations of it are physically relevant rather than a determinable one, referred to as the quantum principle applying for the field. The transition amplitude between an initial states and a final one thus is derived by summing the contributions over all possible field configurations weighted by the exponential of the action. So far, we have only known that the physical behavior of the quantum fields respects the quantum principle (obviously as well as the principle of the causality) without knowing of the deep origin. Unlike the principle of the causality that has the unambiguous origin, the quantum principle by itself is not incorporated in a profound and natural way by spacetime. So far, this incorporation is only postulated to construct a quantum theory of spacetime or gravity. The fact that we have not yet known the deep origin of the quantum principle is the reason of why the quantum world has remained to be not understood and thus is so secret. Since, instead of recognizing the quantum principle in a predetermined way at the beginning, we can ask the following question: what is the deep origin of the quantum principle? Obviously, we also believe that there has an corresponding answer that is beyond CPP.

Because the mysteriously and deeply physical entity from which spacetime and its source emerge also allows us to understand the deep origin of the quantum principle, in what follows, we will be called this physical entity as quantum-spacetime for a convenient reason.

II. QUANTUM-SPACETIME

A. The language of mathematics

Our present work respects the fact that how the physical world behaves is based on underlying laws, shaped by suitable principles, rather than the specification "by hand". There, some its laws could be hidden in particularly appropriate physical limits but should be very significantly manifested beyond these limits. This has primarily been a useful guidance for the search for deeper laws underlying the behavior of the physical world and their appropriate limit.

The observation allows us to realize the existence of the physical entity to be spacetime which is mathematically modeled, in nature, as being a smooth manifold on which the geometry is naturally endowed. As mentioned, however, the fact that spacetime manifold is topologically determined has been so far given "by hand" without being underlaid any law. This is an obvious evidence of that there definitely are deeply unknown laws, behind the mathematical concept of the pure topology, which are appropriately hidden within CPP at a certainly particular physical limit. On the other hand, it indicates that relevant old experiments have not even been thought completely, rather than a new experimental discovery making anomalous, and that it thus requires to give a more correct understanding.

It therefore provides the motivation for the definition of a natural and reliable mathematical language of quantum-spacetime to be the pure topology that is naturally defined on a certain underlying set of abstract points, meaning that the concept of the pure topology does makes sense within. It means that quantum-spacetime is mathematically modeled, in nature, as being an underlying set of abstract points on which the pure topology is naturally endowed leading to the pure topological structure.

Before proceeding, we would like to make several remarks to more clarify this mathematical language of quantum-spacetime. First, the word "pure" used is to emphasize that the topology itself has the definition of its own right without having to rely on the concept of the distance between points or the geometry endowed on the underlying point set. In the popular understanding, the topology is usually "represented" via the geometrical objects (or something else) in which topological properties are their properties that are not destroyed by continuous transformations like bending, shrinking, or stretching. However, to see the nature of the topology, it is necessary to move away from this popular understanding and into its own abstract world. As we will show later, the language of the geometry would be impossible to be incorporated, together with the topology, to understand quantum-spacetime, and certainly it has no the significance within. Accordingly, abstract points on underlying point set have no interpretation in term of the physical event points.

Second, the readers should not confuse that quantum-spacetime is mathematically modeled as being a topological space that should be, with special properties, a smooth manifold modeling mathematically spacetime. This is due to the fact that a topological space means an underlying point set endowed with a specific pure topology, however, no any particular choice of the pure topology imposed "by hand" has been understood from the context. It is interesting to see in the following that physical principle behind the mathematical concept of the pure topology will be naturally exhibited if "this hand" is put off.

Third, it can easily see that the mathematical framework of quantum-spacetime has already been given in a very general manner. One can ask a question of what is the underlying point set at which the pure topology is naturally endowed. As will be indicated, the underlying point set should not be arbitrary but must be compatible with the nature of quantum-spacetime. To suggest the most suitable answer is difficult without first knowing the nature of quantum-spacetime as well as having specified a packet of consisting of both principle and concept that makes the physics within it transparent. Thus, this question will be answered in Sec. II C after these become clear.

What precisely does it means for the pure topology to be the mathematical language of quantumspacetime? Whether the pure topology is only the language providing a convenient description of quantum-spacetime or reveals true features of quantum-spacetime. We argue that the construction of quantum-spacetime or fabric in its structure, in a purely abstract way, defines ultimately the pure topological structure. (Sec. II C will be devoted to indicating this.) In this sense, the mathematical concept of the pure topology is inherently associated with quantum-spacetime, rather than only a powerful and convenient tool employed for obtaining a better describing it. Since the pure topology makes the language, going beyond ordinary language used to describe, that quantum-spacetime speaks precisely about itself. The interpretation about quantum-spacetime in the elegant and intelligible way must thus be compatible with its mathematical language. On the other hand, the nature of quantum-spacetime as well its physical behavior should be naturally revealed from its mathematical language. In doing this, we have to look at the relation of its mathematical concept to what is the most suitable interpretation.

Thus, it would be useful for understanding of quantum-spacetime to mention firstly the purely mathematical perspective of the pure topology but in the most basic way. The pure topology is simple to give a definition about the continuity, in a purely abstract way without providing the means for measuring distance between points, on the underlying point set. A pure topology is formally made up defining a certain collection T of subsets of the underlying point set, each called an open set, satisfying the following topological requirement [START_REF] Nakahara | Geometry, Topology and Physics[END_REF] • The empty set ∅ and this point set itself both belong T .

• Finite intersections of subsets are open.

• Arbitrary unions of subsets are open. This means that, with a specified collection of open subsets of the underlying point set satisfying the topological requirement, there is a corresponding pure topology formed definitely on it.

It is worth emphasizing the nature of quantum-spacetime revealed from its mathematical language. First, by the definition, the pure topology refers to as something that is impossible to be precisely understood within the numbers assigned to variables or functions that are measurable quantities. In this sense, it is in nature impossible to give quantities, which are built out of the pure topology, to measure how much information about the pure topology should be contained within. Thus, with this mathematical language, quantum-spacetime is in nature impossible to be understood in the quantitative sense, contrary to CPP. Of very clear consequence of this is that the concept of the scale and thus that of the hierarchy, which occur unavoidably in CPP, are actually not of the nature of the physical world.

Second, the pure topological structure is the mathematical structure in the global way. Thus, the mathematical language of quantum-spacetime says about itself that it is the physical entity as a whole. It means that attempting to interpret the construction of quantum-spacetime out of something more fundamental does not make sense, also contrary to CPP. (Within spacetime, what are the fundamental constituents of spacetime, exhibited by its mathematical language, is the local geometries corresponding with the invariant distance between nearby points.) Since the concept of what is more or less fundamental has no significance within quantum-spacetime. However, this does not mean that quantum-spacetime should be a structureless physical entity, because the mathematical language of quantum-spacetime is as mentioned nothing else than being ultimately defined from its construction or fabric in its structure. But rather, there should have a certain structure fabric compatible with its mathematical language beyond the traditional structure fabric.

The nature of quantum-spacetime provided would be essential to complete physical arguments in the following. There, we would see explicitly deeply remarkable meaning of this "simple" mathematical language of quantum-spacetime.

We have already put quantum-spacetine into the mathematically precise language. It is conceivable that this is the best beginning towards developing theoretically of quantum-spacetime. The remaining goal is to specify the physical behavior of quantum-spacetime in a way compatible with its nature.

B. The foundation of the principle

With the mathematical foundation of quantum-spacetime clearly laid, let us turn to develop its physical formalism, meaning to understand how quantum-spacetime itself behaves. In this section, we are only interested in looking for fundamental principle that governs the physical behavior of quantum-spacetime from which some appropriate concepts are associated with. It is reasonable to expect that fundamental principle would be naturally revealed from the nature of quantumspacetime.

A first important observation is that there are in fact possibly so much different collections of open subsets of the underlying point set, which all satisfies the topological requirement. This means that there are in fact possibly so much different pure topologies that are possible to be naturally defined on the underlying point set. (How to classify the topology on the underlying point set, corresponding with find topological invariants to distinguish topologically different, should be given within the mathematics.) From this purely mathematical situation of quantum-spacetime, a natural question we may ask ourselves: what precisely is the pure topology of quantum-spacetime? Of course, with respect to quantum-spacetime that is the physical entity, this question should not be answered by imposing a certainly particular pure topology to quantum-spacetime "by hand". But rather, this question to be answered should be associated with find out the simplest law underlying how quantum-spacetime itself takes the choice of its pure topology. Accordingly, with this mathematical language of quantum-spacetime, it is nothing else than the best answer of this simple question, based on underlying law shaped fundamental principle compatible with its mathematical language, to allow us to understand its physical behavior. Thus, the whole content of the physics of quantumspacetime should be devoted to answer this simple question.

It is important to stress that the purely mathematical situation, already mentioned, itself makes no sense for the existence of quantum-spacetime. Only the physical situation makes the existence of quantum-spacetime to become significant. It is clearly that the corresponding purely mathematical situation has been understood within the physical one.

In what follows, it is important to keep in mind that the pure topology of quantum-spacetime will be being put in the physical situation corresponding with investigating its physical behavior. It should not confuse this with that the pure topology of quantum-spacetime is put in the mathematical situation which is relevant to the problem of the topological classification on the underlying point set. Thus, when considering quantum-spacetime, we need to distinguish between two different situations of viewing the pure topology of quantum-spacetime. In this section, we temporarily assume that the topological classification on the underlying point set, meaning the determination of the pure topology of quantum-spacetime in the purely mathematical way, has been understood from the context. But, it will be more clearly indicated in the next subsection.

By the nature, what precisely is the pure topology of quantum-spacetime is impossible to be constrained. And, certainly the concept of the source constraining its pure topology has no significance within. This is straightforwardly because of the fact that it is in nature impossible to find out the correct measure of the pure topology of quantum-spacetime that has to be supplied for the constraint purpose. And, it is thus impossible to spell out, in an exact way, how the constraint happens. In this way, the pure topology of quantum-spacetime is not the subject to equations of physical constraint in nature. Therefore, by the nature, there exits no the usual physical situation, within quantum-spacetime, associated with physical equations that relate physical quantities to each other via physical constants and must be solved to deal with the physical behavior.

As a result, it is in nature impossible to predict completely and deterministically what precisely the pure topology of quantum-spacetime should be in its physical behavior, unless it is performed "by hand" that is obviously unphysical. It means that what precisely is the pure topology of quantumspacetime is in itself undeterminable in its physical behavior. On the other hand, the prediction of the pure topology of quantum-spacetime is in nature impossible to be underlaid any law. Since the concept of the prediction within the physics of quantum-spacetime has no significance. More specifically, the concept of the physical state (observables or physical conditions) and the concept of the change of the physical state (the time evolution corresponding with the trivial or non-trivial change of the values of observables) all do not make sense to be used for understanding the physical behavior of quantum-spacetime. Note that, observables only make physical sense within CPP, because they are associated with the causally physical behavior at which they are involved by underlying physical equations. This shows immediately that the physical behavior of quantumspacetime is in nature impossible to be understood in term of the causality or the predictability and certainly is not governed by the principle of the causality.

Because what precisely is the pure topology naturally defined on the underlying point set is in nature undeterminable in the physical behavior of quantum-spacetime. It does makes no sense to speak of that quantum-spacetime is mathematically modeled as being a topological space that should be, with special properties, a smooth manifold.

We emphasize that it should not consider the physics of quantum-spacetime lost the predictive power. But, it is important to realize that the predictability or the causality is not of the nature of quantum-spacetime. This is what the mathematical language of quantum-spacetime says about itself. In this sense, the language based on the concept of the predictability or the causality is impossible to be compatible with the mathematical language of quantum-spacetime. Thus, it is inappropriate to be used for interpreting the physical behavior of quantum-spacetime. On the other hand, an attempt to understand quantum-spacetime in term of the predictability or the causality only leads to the physical indetermination of quantum-spacetime. As we will indicate later, the language based on the concept of the predictability is only appropriate in its emergence picture at which the fundamental concepts, principle, laws are appropriately hidden. The physical determination of quantum-spacetime thus requires that the physics within it must be understood in certain another sense that should also be profoundly revealed from its mathematical language.

Recall that, the mathematical language of quantum-spacetime exhibits also the fact that it is the physical entity as a whole. This means clearly that the physics within quantum-spacetime should be the physics about the whole, rather than that about the (causal) relationship. Thus, the result indicated above shows the self-consistence of quantum-spacetime in its nature.

Above we argued that what precisely is the pure topology of quantum-spacetime is in nature undeterminable in its physical behavior, and that certainly the concept of the source of constraining its pure topology has no the significance within. Thus, each pure topology of quantum-spacetime itself has only the pure mathematical significance (because of each pure topology mathematically determinable via the classification of the topology) without carrying out any physical one. It means that the physical behavior of quantum-spacetime could only be understood in term of by all possible pure topologies of it. More concretely, the existence of quantum-spacetime should by nature be manifested in all possible pure topologies of it, without providing the mean of determining its pure topology, by which its physical behavior is generated by itself to make quantum-spacetime to come into its existence. Note that, the existence of quantum-spacetime manifested in all possible pure topologies is not meant to resulting in a derivable outcome as a result of the combination. This is obviously because of the fact that the addition of all possible pure topologies of quantum-spacetime together is meaningless. In the context of the physics of quantum-spacetime, it is essential to specify how its physical behavior would be produced from by itself due to its existence manifested in all possible pure topologies of it. We will elaborate more detail on this subsequently in Sec. II E. The physics that is derived from this would be very elegant and simple but extremely deep.

The statement, given above, is referred to as the principle of the intrinsic superposition that is profoundly exhibited from the mathematical language of quantum-spacetime. The principle of the intrinsic superposition, playing the role in analogy with that of the principle of the causality, should really be at the heart of the physics within spacetime. It means that it would shape law underlying which quantum-spacetime behaves physically.

In this way, quantum-spacetime is originated from by itself, without having the interpretation in the sense of the relationship between the cause and the effect. On the other hand, quantumspacetime is the physical entity that is self-existed without being understood from the influence of the cause. This suggests that quantum-spacetime must exit in a natural way.

Each pure topology in the intrinsic superposition is called an intrinsic configuration. The concept of the intrinsic configuration and that of the intrinsic superposition only have the significance and are of essential concepts within quantum-spacetime. Certainly, they are appropriate to be used for understanding the physics within quantum-spacetime. Obviously, these concepts have no the significance within CPP because the nature of CPP is predictable. This is analogous to that the concept of the state-vector of a microscopically very many atomic system has no the significance within the macroscopically thermodynamics system that emerges from. In the following, an intrinsic configuration is referred to as something that itself is physically undeterminable in nature.

Let us arrive at a question: whether could quantum-spacetime by itself incorporate the concept of the geometry together with the pure topology in understanding itself? It means that whether the concept of the invariant distance between neighborhood points on the underlying point set makes physical sense (not to confuse with mathematical sense). Recall that, to assign invariant distances, between neighborhood points on any underlying point set, requires an underlying (differential) topology specified on it. However, as we have jut been argued, what precisely is the pure topology on the underlying point set is physically undeterminable in nature. Since the concept of the invariant distance between any two points on the underlying point set is impossible to be naturally incorporated, in a physically satisfactory manner, within quantum-spacetime. On the other hand, the concept of the geometry does makes no sense to be used for understanding quantumspacetime. This shows that the concept of the causality has actually no the significance within quantum-spacetime, and thus it shows the self-consistence of quantum-spacetime.

To summarize, underlying these results lead to physical insights into quantum-spacetime. Quantum-spacetime is the physical entity that by itself possesses an absolutely physical existing form at that the concepts of the past, the present and the future have no the significance within. The traditional language based on concepts such as observable, observation, time evolution, etc., that are not of the nature of quantum-spacetime, is impossible to be used to understand the physics of quantum-spacetime. Using the traditional language to understand quantum-spacetime is only able to observe its emergent picture. We can understand quantum-spacetime only in its abstract mathematical language revealing truly its nature as well as its physical behavior. However, how to infer the mathematical language of quantum-spacetime, as seen above, should come from the observation of its emergent picture.

C. The purely intrinsic structure

Having indicated that the construction of quantum-spacetime or fabric in its structure defines ultimately the pure topological structure. Since the aim of this subsection is to understand the pure topological fabric of quantum-spacetime. As indicated in Sec. II A, with the mathematical language of the pure topology, quantum-spacetime is the physical entity as a whole without in nature having the interpretation in the sense that it is constructed out of something more fundamental. And, the concept of what is more or less fundamental has thus no significance within. This sensibly suggests the following natural fabric in the structure of quantum-spacetime beyond the traditional structure: quantum-spacetime by itself should play the role to be "the basic building blocks" for which it is constructed out of. This structure is referred to as the purely intrinsic structure that is obviously compatible with the absolute physical entity. We will investigate in detail in the following to more clarify this purely intrinsic structure and thus prove that the mathematical language in term of the pure topology actually reveals this one with respect to quantum-spacetime.

This suggests more explicitly about the pure topological structure associated inherently with the construction of quantum-spacetime. The underlying abstract point set on which the pure topology is naturally endowed is actually as the twisting of certain objects, which have the same definable mathematical structure, together by the pure topology. Here, the abstract points are nothing else than their elements. And, as immediately indicated, these new mathematical objects carry out a completely clear meaning of representing quantum-spacetime in its pure topological fabric.

The twisting, in the mathematical way, leads naturally to infinitely many fiber bundles that are topologically inequivalent but share the common feature about the typical fiber being the new mathematical object. However, what precisely is the pure topological information determining how the fibers are twisted together, or what precisely is the fiber bundle, is in nature undeterminable in the physical behavior of quantum-spacetime. Correspondingly, an attempt to incorporate the concept of the physical relationship between the fibers does makes no sense. This means that, although the fibers build up into quantum-spacetime, all of them are actually referred to as the same physical entity that is nothing else than quantum-spacetime. Thus, it allows us to understand how quantum-spacetime could be constructed out of by itself, and the pure topology is truly its mathematical language.

In this way, the pure topological language of quantum-spacetime exhibits naturally a new mathematical concept, beyond the mathematical concepts of both the topology and the geometry, which laws behind it are expected to be appropriately hidden within. (This is in analogy with that the geometrical language of spacetime exhibits naturally the concept of the pure topology which laws behind this mathematical concept are negligible within. Here, the topology of spacetime manifold carries out the meaning of providing a well behaved or regular causal structure.) It is clear that the fibers must represent quantum-spacetime in its pure topological fabric, in a way compatible with its nature, as a whole and not having the interpretation in the quantitative sense in nature. Thus, the new mathematical concept is only possible being the abstract algebraic structure. In spite of this, to find precisely out what is mathematically of the fiber is very difficult and thus beyond the scope of the present work. A good guide should come from observing the emergent picture of quantum-spacetime corrected by physical effects originated profoundly from quantum-spacetime around expectedly the natural Planck scale. However, this would not affect to the formulation of quantum-spacetime because its mathematics has achieved at the minimum necessary.

Of the most suitable abstract algebraic structure, which is possible to represent quantumspacetime in its pure topological fabric, is the one of a Lie group G uniquely determined as follows g(α) = e iα a Ta(h) h.

(

Here, h is any fixed element of G to generate completely the remaining ones via its Lie algebra g, at h, whose generators are denoted T a (h) (a = 1, ..., N with N being the dimension of G) satisfying the following commutation relation

[T a (h), T b (h)] = if c ab T c (h), (2) 
where the coefficients f c ab are the structure constants. And, each α a is a dimensionless real parameter. The abstract algebraic structure, given at Eq. ( 1), shows that it actually represents quantumspacetime as a whole and having no the interpretation in the quantitative sense in nature. In what follows, we should not make explicitly use of any particular Lie group G.

In this way, a pure topological fabric in the structure of quantum-spacetime is given by the principal bundle with the typical fiber being the Lie group G [START_REF] Nakahara | Geometry, Topology and Physics[END_REF]. Thus, we are interested in how quantum-spacetime of this pure topological fabric by itself reveals the rules for selecting all possible pure topologies to be included in the intrinsic superposition. (Whereas, to understand how the intrinsic superposition of them leads to the physical behavior of quantum-spacetime will given in the following subsection.) Interestingly, this is equivalent to the classification of topological inequivalent principal bundles that all share the common feature about the typical fiber of the Lie group G.

A D-dimensional principal bundle P D with the fiber being the Lie group G is described by both the surjective projection map π :

P D -→ M d , (3) 
from P D to a d-dimensional base space M d , with D = d+N , and the map of the local trivialization

f : U × G -→ π -1 (U ), ( 4 
)
where U is an open subset of M d . From these two maps, we can easily see that each inverse image π -1 (x), x ∈ M d , being a subspace of P D , is nothing else than the Lie group G. These maps should be useful for classifying topologically inequivalent principal bundles with the same typical fiber being the Lie group G. The projection map (3) provides one of the rules for selecting topological inequivalent principal bundles included in the intrinsic superposition. This rule is corresponded with that the dimension of the base space M d should be d = 1, 2, 3, .... For d fixed, the local trivialization (4) provides another rule for selecting topological inequivalent principal bundles included in the intrinsic superposition. A (d + N )-dimensional principal bundle with the typical fiber being the Lie group G can be derived by patching consistently all local pieces {V i × G}, where V i is an open subset of R d , together. To path them together is performed by a set of the transition functions which correspond to the overlap between any two local pieces given as

x ′µ = Λ(x) µ ν x ν , e iθ ′a Ta = h(x)e iθ a Ta , (5) 
where

{x ′µ }, {x µ } ∈ R d , Λ(x) ∈ GL(d, R) and exp{iθ ′a T a }, exp{iθ a T a }, h(x) ∈ G.
There is a one-to-one correspondence between a set of these transition functions and the pure topological information determining how the fibers are twisted together. Since this provides another rule for selecting topological inequivalent principal bundles, with both the same typical fiber and the same dimension, included in the intrinsic superposition.

Let us introduce a g-valued one-form connection ω, on a principal bundle, defined concretely as follows

ω = g -1 [π * A b + d e ]g, = ig -1 T a g[dθ a + A a µ (x)dx µ ]. (6) 
Here, g ∈ G, d e is the exterior differential operator, π * is the pullback map induced by π. And, A b is a g-valued one-form defined on an open covering of the base space, and thus π * A b ≡ iA should be a local g-valued one-form defined on a principal bundle. The local form of ω has to satisfy the transform under the overlap of any two local pieces as

A ′a µ (x ′ )T a = [Λ(x) -1 ] µ ν [A a ν (x)T a -i∂ ν ] h(x) -1 , (7) 
where µ, ν = 1, 2, ..., d, with d = 1, 2, 3, .... This allows to define of an intrinsic configuration space of quantum-spacetime as

M A = A/G, ( 8 
)
where A is the space of all local connections and G presents the group of gauge transformations given by ( 7) providing the compatibility condition among local connections. The moduli space M A is an infinite-dimensional non-linear space whose element, denoted [A], is a gauge-equivalence class. It is important to keep in mind that each element in M A is uniquely associated with a pure topological principal bundle. It means that this is only a one-to-one correspondence without in nature having the interpretation in the sense of measuring quantitatively the pure topology of that principal bundle. Thus, [A] (as well as the local and global connections) should not be understood as the physical variable.

D. The physical entities induced naturally from quantum-spacetime

It is remarkable that the algebraic structure of the Lie group G defines uniquely a (differential) topology on each fiber [START_REF] Nakahara | Geometry, Topology and Physics[END_REF][START_REF] Gilmore | Lie groups, Physics and Geometry: An Introduction for Physicists[END_REF]. As a result, it is natural to introduce the geometry on the fibers only, without on whole principal bundle P D , given in general as

ds 2 fiber = γ ij (x, θ)K i (x, θ)K j (x, θ), ( 9 
)
whose definition is independently on what precisely is the pure topological information determining how the fibers are twisted together. Here, K i (x, θ), with i, j = 1, ..., N , is the basic one-form defined globally on each fiber but not on whole principal bundle. 3 The basic one-forms satisfy the following Maurer-Cartan's structure equation

dK i = - 1 2 f i jk K j ∧ K k , ( 12 
)
where f i jk are the structure constants of the Lie algebra g. It is clearly that Eq. ( 9) is not enough for being used to understand the fabric in the structure of quantum-spacetime. Thus, it does makes no sense to speak of that Eq. ( 9) shows the mathematical language of quantum-spacetime. However, it is reasonable to interpret that Eq. ( 9) expresses mathematically a certain physical entity which is naturally induced from quantum-spacetime.

Let us analyze the physical situation of this induced physical entity. It can easily to see that, within quantum-spacetime, the variation of γ ij (x, θ) from a fiber to another is physically undeterminable in nature. This is because what precisely is the pure topological information determining how the fibers are twisted together is in nature undeterminable in the physical behavior of quantumspacetime. It means that, in analogy with the pure topology of spacetime, what precisely is γ ij (x, θ) is impossible to be predicted in nature. In this way, the physical behavior of this induced physical entity should by nature be manifested in all possible functions γ ij (x, θ) whose space is given by

M γ = {γ ij (x, θ)|γ ij ∈ R, i, j = 1, ..., N }, ( 13 
)
which defines formally the corresponding intrinsic configuration space. This shows that the physical entity induced naturally from quantum-spacetime respects for the principle of the intrinsic superposition, and that thus it shows the self-consistence of quantum-spacetime.

Interestingly, there has another physical entity, also induced naturally from quantum-spacetime, whose intrinsic configuration space is given by

M ψ = {ψ(x, θ)|ψ ∈ V 1 ⊗ V 2 ⊗ V 3 ⊗ V 4 ⊗ • • • }, ( 14 
)
which is the space of all possible functions, taking the value in

V 1 ⊗ V 2 ⊗ V 3 ⊗ V 4 ⊗ • • • , on the principal bundle.
Here, each V i is a real or complex vector space corresponding with the space of a certain irreducible representation of the Lie group G. 3 The basic one-form

K i (x, θ) is dual to K i (≡ ∂ i )
, which is a basic vector running along the fiber, meaning that

K i K j = δ i j . It satisfies both the Lie bracket [K i (x, θ), K j (x, θ)] = f k ij K k (x, θ). ( 10 
)
and

( ∂ µ -A b µ ∂ b ) K i a (x, θ) = 0, ( 11 
)
where K i a are the components of K i in another basic system {∂ a }. Note that, Eq. ( 11) obtained is due to the fact that any horizontal vector transported along a flow generated by a fundamental vector field remains again another one.

E. The physical behavior

We now turn to derive results of great significance about how the principle of the intrinsic superposition shapes law underlying that quantum-spacetime, and other physical entities induced naturally from, behave physically. From this, we will show that there exists a particularly physical circumstance at which the physical world behaving physically in the causal way could be emerged from.

The intrinsic average

As we argued, the physical behavior of quantum-spacetime, as well as that of other physical entities induced naturally from, should be in nature generated from the intrinsic superposition of all possible intrinsic configurations. Thus, an attempt to derive the physical behavior within quantumspacetime turns out to determine how all possible intrinsic configurations are put together, in a certain appropriate way, in the intrinsic superposition. In order to understand this more clearly, it should be useful to mention the analogous situation within CPP. The fact that the geometry of spacetime is quantitatively determinable in nature leads to the concept of the source by which its geometry could be constrained. Thus, within CPP, the geometry of spacetime and the source must be put together to produce the physical behavior. And, how to put them together is described by equations of physical constraint corresponding with both the geometry of spacetime and the source.

Recall that, the nature of quantum-spacetime is completely shown from its mathematical language corresponding with the pure topological fabrication, given by the principal bundle, in its structure. Since, it is reasonable and natural to expect that the way of which all possible intrinsic configurations are put together in the intrinsic superposition would be revealed from the pure topological fabrication in the structure of quantum-spacetime.

Indeed, what is the pure topological information about a principal bundle is encoded within differential forms, which are identified with characteristic classes, constructed in

F (x) = 1 2 ( ∂ µ A a ν -∂ ν A a µ -f a bc A b µ A c ν ) T a dx µ ∧ dx ν , ( 15 
)
which is the local form of the g-valued two-form curvature of the connection ω. 4 Note that, they are horizontal differential k-forms with k > d vanishing identically. Importantly, a number can be derived by integrating such a differential d-form f d over a d-dimensional horizontal submanifold M d hor of a corresponding principal bundle as5 

W qs [ [A] ] = ∫ M d hor f d . ( 16 
)
Note that, for even-d with d = 2n, f d should be

f d = trF n , ( 17 
)
that is identified with the nth Chern character where tr denotes the invariant symmetric trace on the Lie algebra g. Whereas, for odd-d with d = 2n + 1, the f d should be

f d = tr ( A ∧ (d e A) n + α 1 A 3 ∧ (d e A) n-1 + • • • + α n A 2n+1 ) , ( 18 
)
which is the Chern-Simons d-form of the Chern character at which each α i is a fixed rational number. In this way, each pure topology [A] of quantum-spacetime should be naturally associated with a mathematically definable number W qs

[ [A] ]
, meaning that it is purely mathematical. It is clearly that such numbers occur in purely intrinsical way from quantum-spacetime itself without being defined arbitrarily. Since they are obviously of the nature of quantum-spacetime. But, what is the meaning of these intrinsic numbers within quantum-spacetime? Because the fact that the pure topology is impossible to be quantitatively understood in nature, it is natural to interpret that the intrinsic number is essentially how relevant a corresponding pure topology in the intrinsic superposition is.

Thus, it is reasonable to think of that the average taken over all possible intrinsic configurations, so-called the intrinsic average, should characterize how all of them are put together in the intrinsic superposition. A formal expression for the intrinsic average is, as including physical entities induced naturally from, defined as follows

⟨O⟩ ≡ ∫ d[A]DγDψO exp { -W qs [ [A], γ, ψ ] } ∫ d[A]DγDψ exp { -W qs [ [A], γ, ψ ] } . ( 19 
)
Here,

d[A], Dγ ≡ ∏ N i,j=1
Dγ ij , and Dψ are measures on the intrinsic configuration spaces M A , M γ , and M ψ , respectively. O is a functional, in general case, in the intrinsic configuration variables [A], γ ij and ψ. And, exp

{ -W qs [ [A], γ, ψ ] }
, with W qs denoted to the absolute value of W qs , is the weight of every intrinsic configuration. This form of the weight is due to the requirement of the convergence of the integral [START_REF] Nam | [END_REF].

To include physical entities induced naturally from quantum-spacetime, a natural extension of the integration ( 16) is uniquely given in the general form as follows

W qs [ [A], γ, ψ ] = ∫ P D F D f, (20) 
where

F D = f d ∧ [ det(γ ij ) ] 1 2 det ( K i a ) d N θ, (21) 
is a D-form playing the role of a volume element with det

( K i a ) = det ( e ∫ x A b µ (y)∂ b dy µ K i a (θ) ) -1 , ( 22 
)
which is derived by Eq. ( 11), and f is a functional only in the intrinsic configuration variables γ ij and ψ. In fact, the pure topological fabrication of quantum-spacetime is also characterized by structure constants f i jk of the Lie group G. Thus, f should be constructed relying on the structure constants f i jk . It has the following general form

f = f k ki f l lj γ ij + f k il f l kj γ ij + f p ik f q jl γ ij γ kl γ pq + f k ki f l lj ∂ i ψ † ∂ j ψ + • • • , ( 23 
)
which is sum of all possible invariant scalar terms derived from the contraction of the structure constants, where γ ij and ψ † are dual of γ ij and ψ, respectively. It is important to note that all of constants appearing in this expressions are originated in the structure constant f i jk of the Lie algebra g of the Lie group G. Thus, W qs

[ [A], γ, ψ ]
is actually of the nature of quantum-spacetime.

In this way, the intrinsic average completely has the physical significance within quantumspacetime. The role of the intrinsic average within quantum-spacetime is in analogy with that of equations of physical constraint within CPP. Thus, it is expected that the intrinsic average would define the physical behavior within quantum-spacetime. However, it is important to note that the intrinsic average has no the usual interpretation as presenting an observable because the concept of the observable does not make sense within quantum-spacetime.

The intrinsic deviation

The most essential result of that quantum-spacetime exists in the intrinsic superposition of all possible intrinsic configurations is the existence of the intrinsic deviation from each its pure topology. The intrinsic deviation would play a fundamental role in the physical behavior within quantumspacetime and its self-emergence. We now arrive at specify how the intrinsic average defines the intrinsic deviation and then obtain the way, ordered by the principle of the intrinsic superposition, according to that quantum-spacetime and physical entities induced naturally from behave physically. In the following, it will be devoted to discuss about quantum-spacetime because the discussion with respect to the physical entities induced naturally from is completely similar.

A pure topology [A] of quantum-spacetime deviates from another

[A] 0 is expressed by [A] = [A] 0 + δ[A], (24) 
where δ[A] refers to as the deviation from [A] 0 . Obviously, [A] 0 is any pure topology of quantumspacetime, but it is fixed under consideration. A similarity with respect to the physical entities induced naturally from quantum-spacetime is given as follows

γ ij = γ ij0 + δγ ij , ψ = ψ 0 + δψ, (25) 
The deviations from [A] 0 , γ ij0 and ψ 0 are characterized, within quantum-spacetime, by intrinsic average square deviations, respectively, given as

⟨ ( [A] -[A] 0 ) 2 ⟩ = N ∫ dδ[A]DδγDδψ ( δ[A] ) 2 exp { -W qs [ [A] 0 , γ 0 , ψ 0 ] + • • • } , (26) ⟨ ( γ ij -γ ij0 ) 2 ⟩ = ( ( δ[A] ) 2 → ( δγ ij ) 2 ) , (27) ⟨ ( ψ {n} -ψ {n} 0 ) 2 ⟩ = ( ( δ[A] ) 2 → ( δψ {n} ) 2 ) , (28) 
which are integrated over all deviations from [A] 0 , γ ij0 and ψ 0 . Here, N is the normalization factor, the ellipse refers to the remaining terms derived from the expansion of W qs around [A] 0 , γ ij0 and ψ 0 . And, ψ {n} and ψ {n} 0 are denoted to the coordinates of ψ and ψ 0 in a certain basis system of M ψ , respectively. In both Eq. ( 27) and Eq. (28), their right hand sides are given by that of Eq. ( 26) but with the replace given as above. Note that, in the functional integral (26), we have used the property of the translational invariance of the intrinsic configuration variables. In the case of that the property of the translational invariance is not hold (with respect to M A ), a Jacobian must be added in the integral given above.

It is worth noting that, easily seen from Eq. ( 26), the characterization of the intrinsic deviation from [A] 0 is dependently of itself as well as γ ij0 and ψ 0 . It means that the characterization of the intrinsic deviation with respect to each pure topology of quantum-spacetime is completely different in general.

The characterization of the intrinsic deviation always satisfies in general ⟨ (

[A] -[A] 0 ) 2 ⟩ ̸ = 0, (29) 
for any [A] 0 . This manifestly asserts that there exists a determinable region, for each pure topology of quantum-spacetime, characterizing the deviation from it due to the existence of quantum-spacetime manifested in all possible pure topologies. In this sense, the origin of the presence of this deviation is purely intrinsic without in nature having the interpretation in the sense of that this deviation is caused by a certain cause or source. Since this deviation is thus referred to as the intrinsic deviation.

The intrinsic deviation indicates that each pure topology of quantum-spacetime is, a simple way to picture, "smeared" all over corresponding intrinsic deviation region. This clearly indicates that what precisely is the pure topology of quantum-spacetime is undeterminable in nature in its physical behavior, compatible with what has already been analyzed in the previous section. On the other hand, each pure topology of quantum-spacetime by itself makes no physical sense, but together with all other ones belonging the intrinsic deviation region of it then makes physical sense. Let us consider the following situation, which is never to happen in nature, to understand more clearly this result. It is easily to see that there has no the intrinsic deviation from [A] 0 , meaning that ⟨ (

[A] -[A] 0 ) 2 ⟩ = 0, (30) 
only if there is only an unique contribution in δ[A], corresponding with δ[A] = 0, in the integral (26). In this way, only pure topology [A] 0 of quantum-spacetime is put with itself in the intrinsic superposition corresponding with that the principle of the intrinsic superposition becomes trivial. This suggests that the pure topology of quantum-spacetime could be physically determinable. Therefore, the intrinsic deviation is unavoidable and fundamental within quantum-spacetime because its pure topology is physically undeterminable in nature. Importantly, the intrinsic deviation from each pure topology of quantum-spacetime would induce the transition, in the purely intrinsic structure of quantum-spacetime, from a pure topology to another. Here, the region of the intrinsic deviation is understood as responsible for intrinsic jumps by which such transitions are performed. However, only the intrinsic deviation region, characterized by Eq. ( 26), defining all possible intrinsic jumps from [A] 0 to another, is determinable. Whereas, what precisely is the intrinsic jump is physically undeterminable in nature. Since it is in nature impossible to predict deterministically what precisely is the transition in the purely intrinsic structure of quantum-spacetime.

In this way, the transition in the purely intrinsic structure of quantum-spacetime induced by the intrinsic deviation shows its physical behavior by itself. Quantum-spacetime by itself appears at a certain pure topology in its purely intrinsic structure due to intrinsic jump. And, by the intrinsic deviation from that pure topology, quantum-spacetime by itself jumps to appear at another unpredictable in its purely intrinsic structure. This happens in the purely intrinsic way without the influence of a cause in nature. Thus, the physical behavior of quantum-spacetime governed by the principle of the intrinsic superposition is completely compatible with the reality that it is in nature impossible to determine what precisely the pure topology of quantum-spacetime should be. On the other hand, the physical behavior of quantum-spacetime has clearly no the interpretation in the sense of the causality or the predictability. Because the physical behavior of quantum-spacetime is underlaid the intrinsic deviation, law underlying that quantum-spacetime and the physical entities induced naturally from behave physically is so-called the law of the intrinsic deviation sharped obviously by the principle of the intrinsic superposition. In summary, this physical behavior provides an answer for the simple question, which has been asked in Sec. II B, of how quantum-spacetime takes the choice its pure topology.

It is interested in stressing the similarity between the causally physical behavior and the purely intrinsic physical behavior. An attempt to understand them can be interpreted in term of the transition. The causally physical behavior of a physical system is actually is based on the predictable transition, or the time evolution, between its states associated with a complete set of observables. The trivial or non-trivial change in observables of that physical system manifests its time evolution. The transition in the case of the causally physical behavior is due to the physical cause. Whereas, as have just analyzed, the purely intrinsic physical behavior is based on the causally meaningless transition, in the purely intrinsic structure, induced by the intrinsic deviation.

The self-emergence of quantum-spacetime

Having already established that each pure topology of quantum-spacetime itself has no the physical significance due to the fact that there has the intrinsic deviation region, making physical sense, around it. Furthermore, it is interesting that the region of the intrinsic deviation from each pure topology is completely different. More specifically, the intrinsic deviation region can be (very) large with respect to certain pure topologies, but it can be (very) small with respect to others. It implies clearly that if a particular pure topology [A] a of quantum-spacetime, which could exist, satisfies ⟨ (

[A] -[A] a ) 2 ⟩ ≈ 0, (31) 
that is very little rather than vanishing exactly, the intrinsic deviation from [A] a is ignored in a well-approximate way under consideration. This means that appropriately [A] a by itself does makes physical sense. Here, its physical significance should be to provide a well-behaved or regular causal structure (time orientable, no closed both time-like and light-like curves, etc.), as seen more clearly in the following.

The particular pure topology [A] a should be associated with an absolute minimum of

|W qs [[A], γ, ψ] | denoted as ( [A] a , γ ija , ψ a )
. This can be seen from Eq. (26) that to integrate over intrinsic configurations far away from [A] a is exponentially suppressed. (Note that, with respect to the physical entities induced naturally from quantum-spacetime, the following expressions also satisfy

⟨ ( γ ij -γ ija ) 2 ⟩ ≈ 0, ⟨ ( ψ {n} -ψ {n} a ) 2 ⟩ ≈ 0, (32) 
meaning that the intrinsic deviation from both γ ija and ψ a is negligible in a well-approximate way under consideration.) The direct determination of [A] a from |W qs [[A], γ, ψ] | is clearly a difficult task. However, some information about [A] a could be well-understood from the observation in the emergent picture of quantum-spacetime. Importantly, [A] a should be associated with d = 4 from the observation at low energies. This is suitable for that an absolute minimum of |W qs [[A], γ, ψ] | lies in the low-value region of d.

Quantum-spacetime by itself can appear, in its purely intrinsic structure, at the particular pure topology [A] a by intrinsic jumps at which the law underlying the physical behavior of quantumspacetime is appropriately hidden. Consequently, quantum-spacetime by itself is no longer to exhibit significantly its nature. Interestingly, certain concepts, principles, laws that are inherently not of the nature of quantum-spacetime could be emerged from. It thus establishes a particularly physical circumstance for the emergence of quantum-spacetime. Because the emergence arises through that quantum-spacetime by itself does not reveal significantly its nature, this emergence is realized as the self-emergence without any cause playing. It is important to stress that the self-emergence of quantum-spacetime is reversible. This means that quantum-spacetime can "come back" its nature from its self-emergence. This is obviously due to the fact that the region of the intrinsic deviation around [A] a does not exactly vanish but is very little. Thus, by the intrinsic jumps in the purely intrinsic structure, quantum-spacetime can "exit" its self-emergence.

The underlying point set with a specified pure topology [A] a is obviously a (4 + N )-dimensional principal bundle manifold denoted M 4+N c . At this particular physical circumstance, quantumspacetime is thus possible to be mathematically modeled as being M 4+N c at which the invariant distance between any nearby two points appears naturally in a physically satisfactory manner. Since the concept of the geometry, which has no the fundamentally physical significance and certainly is impossible to be used to understand quantum-spacetime, does makes actually physical sense within its emergent picture. M 4+N c with the geometry endowed naturally is nothing else than being realized as (4+N )-dimensional spacetime at which the choice of spacetime topology is underlaid physical law rather than given "by hand". It is obviously that spacetime topology that is specifiable is in nature impossible to be understood in term of the predictability. As analyzed in the Introduction, the geometry is in nature predictable and thus spacetime M 4+N c itself reveals profoundly the principle of the causality that would shape laws underlying the physical behavior within the emergent picture of quantum-spacetime. Therefore, the emergent picture of quantum-spacetime should be CPP. Thus, let us now discuss briefly the geometry of spacetime of M 4+N c , whereas the detail has been given in our another paper [START_REF] Nam | [END_REF], with the unit system chosen = c = 1. A metric ansatz describing the geometry of spacetime M 4+N c is given in the most general form, with the signature of the metric chosen as (+ -• • • -), as follows

ds 2 = ds 2 hor -ds 2 ver = g µν (X)dx µ dx ν -γ ija (X) Ki (X) Ki (X). (33) 
Here, the local coordinate system {X M } is given as

X M = xµ , M = 0, 1, 2, 3, X M = θ a Λ , M = 4, ..., N + 3, ( 34 
)
where Λ is an energy scale to characterize the physics staged along the fibers and should be so much higher than that of the present accelerators to hidden the extra-dimensions. The transformation rule of the local coordinates is given at Eq. ( 5). And, the basic on-forms Ki (X) are given as

Ki (X) = Λ -1 K i a ( dθ a + g i Āa µ (x)dx µ ) , ( 35 
)
where the total of the local gauge field Āa µ satisfying the gauge transformation of the form ( 7) is the gauge-equivalence class [A] a and thus carries the pure topological information about the higher-dimensional spacetime M 4+N c . In this way, the local gauge field Āa µ is fixed as being the background field by the underlying law rather than "by hand". And, g i is the corresponding gauge coupling constant. Note that, the sign of bar has been using to distinguish between the spacetime coordinates, the physical fields, etc., and the corresponding purely mathematical ones that have been used above.

The first term ds 2 hor determines infinitesimal invariant distances between nearby points along the horizontal directions. Whereas, the second one ds 2 ver determines infinitesimal invariant distances between nearby points along the fibers and thus only describes the geometry of the fibers. Not that, we have considered the case of that the physical entity of the intrinsic configuration space M γ occurs at a particular intrinsic configuration γ ija .

It is worth emphasizing two remarks of the geometry of spacetime M 4+N c . First, ds 2 hor and ds 2 ver are manifestly independent with each other because the metric ansatz (33) is independently of the local coordinate system. More specifically, there has no the mixing between g µν and γ ija under the transformation of the local coordinates. Second, as indicated above, ds 2 ver that is specifiable is impossible to be understood in term of the predictability or the causality in nature. Since ds 2 ver has no the interpretation as presenting the causal relationships between physical event points on M 4+N c . It means that it makes no sense to speak of the causal relationship between two physical events on the same fiber. This term is associated with that the physical entity of the intrinsic configuration space M γ manifests, within the emergent picture of quantum-spacetime, as the fixed background field that is of the source of 4-dimensional metric g µν . It only makes sense to speak of the causal relationship between two physical events, on spacetime M 4+N c , that belong to two different fibres. Thus, the causal relationship between two physical events on spacetime M 4+N c is completely determined by 4-dimensional metric g µν . In the low energy regime, the fibers of the higher-dimensional spacetime M 4+N c are hidden, this would be particularly for an elegant reduction from (4 + N )-dimensional spacetime to usual four-dimensional one.

In this way, the physical world behaving in the causal way is understandable in term of the selfemergence of quantum-spacetime, rather than considered as being fundamental, arising through that quantum-spacetime by itself does not manifest its nature at the particular physical circumstance.

F. An intermediate stage between the fundamental and emergent pictures

In the precise sense, there exits the intrinsic deviation from [A] a , as well as others such as γ ija . Interestingly, as the inclusion of the intrinsic deviation, it could lead to measurably physical effects, to modify its emergent picture. In this way, physical effects originated profoundly from the nature of quantum-spacetime to become significant would establish an intermediate stage between the fundamental and emergent pictures. From this, as we will see in the following, an intermediate stage is nothing else than the quantum world. It will be devoted to discuss about the inclusion of the intrinsic deviation with respect to the pure topology of quantum-spacetime.

As we mentioned, the total of the local gauge field Āa µ satisfying the gauge transformation of the form (7) is the gauge-equivalence class [A] a . Since the inclusion of the intrinsic deviation from [A] a should give rise, in the emergent picture, the dynamics of the total of Āa µ satisfying the gauge transformation. However, the local gauge field Āa µ is no longer realized as the fixed or background field, but now there has a space of all possible field configurations of Āa µ associated with the region of the intrinsic deviation from [A] a . Because of the fact that exactly the region of the intrinsic deviation from [A] a makes physical sense. In the emergent picture, the dynamics of the gauge field Āa µ is in nature manifested in all possible field configurations of Āa µ , rather than a predictable one. It means that all possible field configurations of it are physically relevant. Thus, it is reasonable that the transition amplitude between an initial states and a final with respect to this time evolution must be derived by summing the contributions over all possible field configurations weighted by a suitable quantity (the exponential of the dynamical action). In this way, the intrinsic deviation allows us to understand a deep origin of the quantum principle that governs the physical behavior of quantum objects. Since, to investigate physical effects correcting spacetime due to the inclusion of the intrinsic deviation, the background gauge field Āa µ (as well as others such as the background field γ ija ) is naturally promoted to the quantum field. Quantum gravity is studied as the gauge theory in term of the gauge field Āa µ given in [START_REF] Nam | [END_REF]. It is clearly that the inclusion of the intrinsic deviation should lead, in the emergent picture, to the quantum fluctuation in the topology of spacetime M 4+N c around the classical part [A] a . And, it thus affects to the underlying topology of the higher-dimensional spacetime M 4+N c . As we have analyzed, to investigate physical effect originated profoundly from the physical behavior quantum-spacetime, the background gauge field Āa µ is naturally promoted to the quantum field. Since corresponding measurable effect would be clearly derived by investigating the dynamics of the quantum field Āa µ . With respect to the intrinsic deviation from [A] a , the quantum fluctuation is very small and thus well-approximately ignored. However, by intrinsic jump, quantum-spacetime by itself appears in its purely intrinsic structure at other pure topologies with the region of the intrinsic deviation larger. In the emergent picture, this is associated with that the quantum fluctuation in the topology of spacetime M 4+N c is growth increasingly in the energy scale. Recall that, the geometry or the causal relationship on the higher-dimensional spacetime M 4+N c is topologically compatible with the topology [A] a that defines essentially the regular causal structure. Thus, as the quantum fluctuation is large enough for being taken into account, the topological compatibility between the geometry and the underlying topology of M 4+N c is broken down. A consequence for this breakdown is that two distance events causally unrelated on spacetime can become to be causally related together leading to the violation of the causal principle. This should be more explicitly seen via the nonlocal interactions mediated by the quantum field Āa µ [START_REF] Nam | [END_REF]. To summarize, the inclusion of the intrinsic deviation would give rise, on the emergent picture, measurably physical effect that violates causally and that thus reduces the meaningful validity of the emergent picture of quantum-spacetime. It is reasonable to expect causally violated physical effect to become very significant around the natural Planck scale. Thus, the physical behavior in the causal way is very less meaningful at here. This is associated with that the quantum field Āa µ acquires actually the mass to become very heavy and thus is hidden in the low-energy regime, as will be indicated at another paper [START_REF] Nam | [END_REF].

III. CONCLUSIONS

We argue that spacetime singularities, such as Big Bang cosmological or black hole ones, carry out a remarkable meaning that is nothing else than indicating the behavior of the physical world in the causal or predictable way not to be the truly basic manifestation. This suggests that the causally physical world is actually emergent phenomena arising through that unknown fundamental laws, underlying the behavior of the physical world in the way without being in nature understood in term of the predictability, are not revealed significantly and thus hidden appropriately. Physical singularities of spacetime are naturally absent as the fundamental picture of the physical world is significantly manifested leading to the breakdown of its emergent picture.

We have studied a mysteriously and deeply physical world, from which the causally physical world could be emerged at particularly appropriate physical limit, in term of an absolutely physical entity. A reliable mathematical language of this absolutely physical entity is the pure topology that is ultimately defined by its construction or fabric in its structure. In this sense, the pure topology makes the language, going beyond ordinary language used to describe, that this absolutely physical entity speaks precisely about itself. The pure topology exhibits profoundly and naturally the principle of the intrinsic superposition that defines the way that this absolutely physical entity behaves. From which, We have obtained law, shaped by the principle of the intrinsic superposition, underlying the behavior of this absolutely physical entity. And, then we have demonstrated the existence of a particularly appropriate physical limit at which fundamental law is hidden appropriately and thus the concept of the prediction or the causality could be emerged.

It is interesting to obtain the origin and the nature of the quantum world. The quantum world is actually an intermediate stage formed due to physical effects, originated fundamentally from, taken into account to correct the emergent picture of the physical world.

Some indirect experimental constraints for physical properties of spacetime around the natural Planck scale have been exploited with a growing number of studies[6][7][8][9][10][11][12][13][14] (see also Ref.[START_REF] Hossenfelder | Classical and Quantum Gravity: Theory, Analysis and Applications[END_REF] and references therein).

The two-form curvature Ω of the connection ω satisfies the Cartan's structure equation as Ω = d e ω + ω ∧ ω. A local expression of Ω is given as follows, Ω(x, θ) = ig -1 F (x)g, with g = e iθ a Ta .

A horizontal submanifold of a principal bundle means one whose all tangent vectors do not tangent to the fiber.
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