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THE ELECTRON AND THE COSMOS: FROM THE UNIVERSE OF FRAGMENTED OBJECTS TO THE PARTICLE-WORD

Particle physics is normally considered to be the cutting edge of the reductionist approach in physics: the analysis of a system in reductionist terms is considered exhaustive when all the relevant aspects of the dynamics of that system have been brought back to the level of the elementary constituents. However, the real nature of "elementary particles" remains elusive, given the well-known ontological agnosticism of quantum mechanics and quantum field theory. In this work some ideas about this nature are discussed in conceptual terms. In particular we focus on the difficulty of separating, in the concept of particle, the local aspects (the "corpuscle") from the global ones (the "cosmos"). The localization of a particle in time and space induced here and now by an interaction involves a formative causation mechanism that extends to cosmological scales. Particle physics can therefore be reconsidered as a laboratory for the exploration of the complex relationship between global and local in the natural sciences.

Prelude: Ninety (three) years later

Born at the end of 1927 in the famous congresses held in Como and Brussels, modern quantum theory has travelled a triumphal journey whose end is not still at sight today. Yet the doubts about its formulation, already raised at the time by many of its eminent founders, have not yet subsided. It is about some of these doubts that we intend to return to in this article, suggesting a way in which they can be clarified. Having to establish a starting point for our reasoning, we choose in particular one of these doubts, which was raised by Einstein with reference to the so-called "dual description" (corpuscular and wavelike) of quantum entities [START_REF] Bacciagaluppi | Quantum Theory at the Crossroads: Reconsidering the 1927 Solvay Conference[END_REF]. As is well known, an electron emitted -for example -by a hot metal filament and directed towards a photographic plate is described, in quantum theory, by a wave function which, in this specific case of a single particle, is defined on the usual spacetime. This 1 leonardo.chiatti@asl.vt.it 1 wave function is widespread and incides on the whole photographic plate or an extended portion of it. When, however, the interaction between the plate and the electron takes place, this interaction is revealed through the blackening of a well-defined grain of the plate emulsion. This event marks the end of the wave function, which cancels simultaneously in all points of space except those corresponding to the position of the blackened granule. It is evident, Einstein commented, that if the wave function is to be understood as a physical reality then we are in presence of an instantaneous propagation of information that violates the principle of relativity. The response suggested by Heisenberg was to consider the wave function not as a physical entity but in purely epistemic terms, as a compendium of information relating to the preparation of the electron. This proposal did not satisfy Einstein and continues not to satisfy many scholars: the wave function seems to "guide" the manifestation of the event (the blackening of the grain); and if it does something, it must also be something. We will return to this old question from a slightly more general perspective, which seems pertinent to the theme of this anthology: that of the relationship between global and local in microphysics, and more specifically in the physics of so-called "elementary particles". At first glance it seems strange to evoke this relationship with reference to a "particle", which is the elementary entity for excellence (the minimal building block) and is local by definition. One wonders where the "global" aspect of a particle resides. However, Einstein's observation reveals that this aspect exists even if it is not immediately accessible to experimentation. The "transmission of information" to which Einstein refers, if this really is concerned, is in fact confined within a process whose outcome is the event (the blackening of the grain), and has no detectable effects externally. It is exactly this characteristic that saves the principle of relativity, which concerns restrictions on the propagation of signals between events. Instead, what we are talking about is the relationship -all internal to a single event -between the space in which this event takes place and its manifestation in a single position at a given instant. From this perspective, the reductionist approach, which investigates the relationships between particles and the causal links between individual events, taking care to bring systems and their stories back to these ultimate atomic components, does not seem to have much to say. In fact, we wonder about the internal structure of these atomic components; an operation that is meaningless from the "pure" reductionist point of view, although commonly practiced by particle physicists. Moreover, the internal structure in question actually connects the entire spatial extension to a single point of space in a single instant. This specification of absence of duration is important, because it reveals that the relationship between the point and the space involved in the "quantum jump" is not dynamical. In other words, the "quantum jump" is something that cannot surely be described by dynamical laws and equations of motion but by an entirely different formal structure. Conceptually, we must be prepared to see in the physical phenomenon constituted by this jump the expression of a type of causality different from the efficient and diachronic one which is usual in physics (ie the so called "dynamical" causality). Rather, the formal causality, in the original meaning intended by Aristotle, will be involved. These brief notes should unambiguously define our intentions, which are not to immerse ourselves in the non-conclusive debate between the various proposals of "interpretation" of the quantum formalism. In previous works, in fact, we have entirely derived this formalism from basic principles [START_REF] Chiatti | Le strutture archetipali del mondo fisico[END_REF][START_REF] Chiatti | The transaction as a quantum concept[END_REF]. Instead, what we intend to do is to reconnect the content of these and other previous works, to which we refer for technical and formal details, through a single conceptual thread. We thus hope to put Einstein's argument in a new light and to highlight its powerful implications for the construction of a renewed philosophy of nature. The reference to Einstein, however, must not mislead the reader. It is not our intention to adhere to an outdated identification of "physical realism" with an ontology of objects permanently actualized in spacetime. The instantaneous quantum jumps (whose existence and diversity from the underlying gradual evolution of the wave function guiding their manifestation have been widely demonstrated since the 1980s [START_REF] Nagourney | Shelved optical electron amplifier: Observation of quantum jumps[END_REF]) represent something radically different and "new" compared to the Einsteinian vision. Just as radically different and irreducible to that vision [START_REF] Howard | Revisiting the Einstein Bohr dialogue[END_REF] are the non-separability of the entangled quantum amplitudes [START_REF] Aspect | Experimental realization of Einstein-Podolsky-Rosen-Bohm Gedankenexperiment: a new violation of Bell's inequalities[END_REF] and the non-existence of pilot waves that guide corpuscle-objects [START_REF] Vigier | Causal particle trajectories and the interpretation of quantum mechanics[END_REF][START_REF] Zou | Can an "empty" de Broglie pilot wave induce coherence?[END_REF]. A correct realist attitude must therefore be oriented towards the elucidation of an ontology of quantum entities completely irreducible to that of the bodies of classical physics. This means being open to the possibility that physical processes are not exhaustively represented on the spatiotemporal theater, and that spacetime itself constitutes a set of emerging relationship properties. Dynamical causality itself must, in this context, emerge from deeper forms of causality, such as the aforementioned formal causality. We can therefore say that this contribution is intended as an attempt to answer the question posed by Einstein, but from a more mod-ern perspective which is not limited to the spatiotemporal theater (limitation assumed instead as indispensable by Einstein himself [START_REF] Howard | Revisiting the Einstein Bohr dialogue[END_REF]). At the same time our approach will be markedly ontological and based on the total rejection of a purely epistemic reading of quantum formalism. Einstein was concerned about consistency with relativity. In re-examining this question, we will first start with a more general relativity than that intended by Einstein. In fact, the most general relativity possible under reasonable assumptions [START_REF] Fantappié | Su una nuova teoria di relatività finale[END_REF][START_REF] Bacry | Possible kinematics[END_REF], namely the de Sitter relativity. To make the discussion more self-contained, the essential aspects of this theory are recalled in Section 2. Specifically, this theory allows a projective representation of spacetime which is linked to the quantization problem in Section 3. The objective of this section is to show how the wave functions of quantum systems, which live on the multidimensional abstract space of the configurations of such systems, actually represent phenomena in spacetime. This representation also appears to be local, in a sense that will be specified. In Section 4 this description is linked to quantum jumps, and an "eventbased" ontology of physical phenomena is proposed; the important problem of the emergence of the classical level in which macroscopic bodies are located, including humans and the biosphere, is also discussed. All this admits a semiotic narrative, according to which the elementary particles constitute real "signs" manifested into the spatiotemporal theater [START_REF] Chiatti | Elementary particles as signs[END_REF]. This aspect is further explored in Section 5, which in particular illustrates the emergence of spacetime and elementary particles of the Standard Model from general conditions of semiotic nature. According to our approach, the spatiotemporal theater is emerging with quantum jumps and elementary particles are aspects of such events. The connection between cosmos (that is: the Universe understood as a whole) and particles is therefore not unexpected. Section 6 contains partly unpublished material on this connection. In particular, a reinterpretation of the not new idea of particle "micro-universes" or "micro-spaces" is proposed, whose integration with the Standard Model is still awaiting clarification. Radiation phenomena are discussed according to this proposal. The more technicalmathematical aspects not referable to previous publications are elucidated in a dedicated Appendix. Section 7 is a brief consideration on the self-reflective structure of the physical Universe, which can be deduced from the topics of the previous sections, and the problems it opens. In particular, the relationship between synchronic formal causality and diachronic efficient causality, ie the emergence of dy-namical causality from a timeless background, is discussed. Section 8 summarizes the concept of particle-world and presents some considerations on the irreducible complexity of the self-reflective relationship, which appears to be only partially mappable by reductionist approaches.

2.From Fantappié to the Bindu

The form of physical laws must remain unchanged when passing from one "admissible" spatiotemporal frame of reference to another; this is the substance of the principle of relativity. Of course, it is necessary to specify what is meant precisely by "admissible" frames and how the physical quantities, which appear in the expression of the laws, vary in the passage from one admissible frame of reference to another. Depending on the answers to these questions, there are different theories of relativity. The best known are the Galileian relativity and the Einsteinian (special) relativity. In these theories the admissible references are the inertial ones while the physical quantities are transformed as tensors of a group of coordinate transformations which is the Galileo group in the first case, the Poincaré group in the second. The essential difference between the two groups is that in the Poincaré group there appears, as a parameter, a maximum speed of propagation of physical phenomena, usually indicated with the letter c. The Galileo group is the limit case c → ∞ of the Poincaré group and for this reason the Galileian relativity is normally considered to be an approximation of the Einsteinian one. Physically c is identifiable with the propagation speed of light in a vacuum (in the absence of gravitational fields). It is good to dwell on the meaning of this limit speed. Let us consider an observer which coordinates the spatiotemporal position of the events of the history of a material point, using appropriate measurement instruments such as graduated rulers, clocks, etc. The generic instant of the point history will be placed in a spacetime position X µ (µ = 0, 1, 2, 3) with respect to the observation point-event that constitutes the observer here-now. At that moment the material point will be endowed with a relative (four-)velocity V µ with respect to the observer here-now. If V is the measure of the projection of V µ on the ordinary three-dimensional space, then the constraint -c ≤ V ≤ +c holds in the ordinary Einsteinian relativity. In other words, the space of relative velocities is limited: there is a horizon at the velocities ±c. Since this constraint applies with respect to any direction of the ordinary space, in this latter space the causal structure is defined by light-cones. The essential point on which we draw attention is however another here, namely that the space of relative velocities is hyperbolic. To clarify the concept, we introduce the rapidity w through the usual relation tanh(w) = V c . Two things are then immediately evident: first -∞ < w < +∞, that is, the rapidity is not limited in the two directions of the real axis. Second, this definition of rapidity is the equivalent, in Bolyai-Lobachevski hyperbolic geometry, of the relation tan(φ) = R r valid in the Euclidean space. This relation admits a precise geometric meaning in this space. In fact, let us consider a fourdimensional hypersphere of radius r tangent to the three-dimensional space at point O. Let us imagine that the points on the hyperspherical surface are projected onto the three-dimensional space from a projection center located in the center of the hypersphere. Then a hyperspherical arc having an extreme in O and corresponding to an angle φ at the center of the hypersphere is projected onto the three-dimensional space into a segment of length R. In the hyperbolic space of relative velocities the hypersphere becomes a pseudosphere, R becomes V and the radius r becomes the radius c of the pseudosphere. The angle φ (limited in the range between -π/2 and +π/2) thus becomes the rapidity w (which is not limited, because the pseudosphere is not limited). The reader interested in a more complete examination of the relationship between Einsteinian relativity and hyperbolic space can consult the reference [START_REF] Barrett | The hyperbolic theory of special relativity[END_REF] and the bibliography cited therein. What matters here is that the nature of the relative velocity V is projective. Due to the existence of a finite pseudospherical radius c (ie of the limit speed), each value of V is converted into the value of an "angle" w measured in the projection center of the pseudosphere. The whole V -space is thus coded in the straight lines diverging from a single point of the four-dimensional space. This coding disappears in the Galileian limit c → ∞, in which the pseudosphere collapses on the three-dimensional Euclidean space tangent to it and the projection becomes parallel. It could therefore be said that the true sense of c is to establish the non-local translation of V -space in the set of straight lines departing from a single point of the four-dimensional space. It should be noted that this point does not belong to the V -space and therefore, in this sense, it is not "physical". It basically corresponds to an "aether" with respect to which no observer can determine his own state of motion, but at the same time includes all possible states of (relative) motion. One may wonder whether similar conclusions can be drawn for the length X of the projection of X µ on the space of relative positions, that is, on the space properly understood. In the context of Einsteinian relativity the answer is negative: the X -space (ie the space of contemporaneity of an observer) is Euclidean, not hyperbolic. However, the generalization is possible and it leads to the de Sitter relativity [START_REF] Fantappié | Sui fondamenti gruppali della fisica (posthumous)[END_REF][START_REF] Arcidiacono | La relatività di Fantappié[END_REF][START_REF] Arcidiacono | L'Universo di de Sitter e la meccanica[END_REF]. In de Sitter relativity both X -space and V -space are hyperbolic and projective. In addition to the finite limit speed c, a finite maximum time distance t 0 from the observer here-now now appears, with the result that the observer (placed naturally in the origin) can coordinate only the events located at a spatial distance less than r = ct 0 . In other words, in addition to the horizon in the V -space another horizon, previously absent, appears in the X -space. The four-dimensional spacetime becomes the projection of the hypersphere (with imaginary time, actually a hyperboloid) of radius r in the five-dimensional space on a four-dimensional hyperplane tangent to it in the point-event corresponding to the observer here-now. This projection is conducted from the center of the hypersphere, which is located in the 5-space and is therefore physically inaccessible. All spatial positions are coded non-locally as straight lines departing from that center. The center of the hypersphere therefore represents a sort of "non-local aether" which is not localizable in the usual four-dimensional spacetime, but which contains all the point-events of this space. In the limit t 0 → ∞, the de Sitter's relativity collapses on the best known Einstein special relativity. It should be noted that as is possible to pass from the Einstein special relativity to the Einstein general relativity by generalizing the metric [(-1, 1, 1, 1) → g µν ; µ, ν = 0, 1, 2, 3], it is also possible, in the same way, to pass from the de Sitter special relativity to the corresponding de Sitter general relativity [START_REF] Arcidiacono | Gli spazi di Cartan e le teorie unitarie[END_REF]. In particular, the hyperboloid in the 5-space is replaced by a more complex manifold, but the four-dimensional spacetime remains interpretable as the central projection of this manifold on tangent spaces. Despite of its name, the de Sitter relativity was in fact discovered by the Italian mathematician Luigi Fantappié (1901Fantappié ( -1956) ) in the 1950s, and subsequently developed by his pupil Giuseppe Arcidiacono (1927Arcidiacono ( -1998)). Although the theory was subsequently rediscovered independently by various authors, its original projective version has remained largely confined to the original publications of these two scholars, written mainly in Italian. This led to a limited dissemination of the results concerning this version; the reference [START_REF] Licata | De Sitter projective relativity[END_REF] tries to partially fill this gap. The importance of the projective version in relation to the examination of the problems posed in the introductory section is evident. The finiteness of c and t 0 makes possible a non-local coding of the entire spacetime in the projection center, and is presumably justified by the need for the existence of this coding. We note, inter alia, that the finiteness of t 0 is physically equivalent to the assertion of the existence of a positive finite cosmological constant 3 (t 0 ) 2 , a prediction perfectly in agreement with current cosmological observations. The projection center and the lines departing from it in the five-dimensional space are therefore the true "system" to which the quantization should be applied. Quantum non-locality in usual spacetime therefore derives (in an apparently paradoxical way) from relativity; an aspect which is generally concealed by the fact that in much better known Einstein relativity t 0 is infinite, so the projection center disappears. However, it is known that the most general kinematic group is that of de Sitter [START_REF] Bacry | Possible kinematics[END_REF] and that the most general relativity possible, under physically reasonable assumptions, is that of de Sitter [START_REF] Fantappié | Su una nuova teoria di relatività finale[END_REF]. The appropriate theoretical environment for discussing the problems in question therefore appears to be the one indicated here. The projection center then becomes a sort of Bindu, an empty point in which the cosmos extending under our gaze is transcribed.

3.Quantizing the center of the vacuum

As we have seen, each point-event of spacetime is really a line, joining that point to the center of projection in five-dimensional space. All these "pointlines" diverge from a common point which is the projection center; a reading of quantum formalism in light of this awareness seems therefore appropriate. As is well known, the meaning of the quantum amplitude of a particle:

|Ψ = x |x Ψ(x, t) (1) 
is the following. It is possible to postulate the existence of a direction for each line in the fivedimensional space: the line can then be either leaving the projection center or entering it. The physical interpretation of this hypothesis is completely natural: the exit from the center means the breaking of a symmetry that assigns to each particle a position (delocalized on the spatial domain); entering the center means restoring that symmetry with the disappearance of the spatial label associated with that particle. In other words, the meaning is that of creating and destroying a distinct localizable spatial position. The projection center therefore assumes the role of pre-spatial vacuum, already mentioned in the previous section. Thus, it becomes natural to assume that the arguments of the function Ψ are outgoing lines, while the arguments of the conjugate Ψ * are incoming lines. The quantum jump that leads to projection |Ψ Ψ| at the instant t O then corresponds, in virtue of (1), to the simultaneous "absorption" of Ψ into the pre-spatial vacuum and its re-"emission". From a temporal perspective this process can be seen as the double emission, at t = t O , of the advanced wave function Ψ * with argument t < t O and the retarded wave function Ψ with argument t > t O . It is necessary to realize that although the instant t = t O corresponds to a spatial region (space of simultaneousness) on the spacetime domain, this dual emission does not occur in three-dimensional space. Indeed, Ψ and Ψ * are not necessarily defined as single-particle functions. This observation clarifies the relationship between real space, that is, the spatial region t = t O where the interaction that induces the quantum jump takes place, and the configurational space in which Ψ and Ψ * live. It also clarifies, more generally, the relationship between the Hilbert space (really, a rigged space) of the quantum amplitudes of a system of N particles and the real three-dimensional space.

In summary, we can say that real interactions, represented by quantum jumps, occur on real space, while the connections between these interactions are described in Hilbert space. This description refers to a "first quantization" situation in which the number of particles of each type is conserved.

The more general case of the second quantization, according to which there may be creations, annihilations and transmutations of particles, will be discussed in a next section with specific reference to the Standard Model. We note however that (1) can be transformed into a second quantization quantum amplitude by translating it into the representation of the occupation numbers, according to standard procedures [START_REF] Landau | Relativistic Quantum Theory[END_REF]. The superposition coefficient Ψ(x, t) is then replaced by harmonic functions of x and t multiplied by the operators of creation and annihilation on the "state". All this has no effect on the correspondence between spacetime event-points and directed lines in five-dimensional space. The physical description introduced here therefore remains applicable also to this more general case.

Before closing this section it is good to note that according to the description proposed here, wave functions and quantum jumps are both real physical facts. However, while wave functions exist at the level of the projection center and are therefore undetectable, quantum jumps occur in the spacetime domain (the spatial region t = t O or its sub-regions). They are therefore observable through the events they induce in this domain.

4.Pauses in time

In the context of the first quantization, the identity of a particle is determined by the Hilbert space to which its quantum amplitude belongs. If |Ψ Ψ| and |Φ Φ| are two consecutive quantum jumps that take place respectively at t = t A and t = t B > t A (that is, there are no intermediate jumps for t A < t < t B ) and |Ψ , |Φ are elements of the same Hilbert space, then we say that a particle "prepared in the state |Ψ at t = t A has been propagated until its detection in the state |Φ at t = t B ". Posing |Ψ t = S(t-t A )|Ψ , the connection between the two events is expressed by the transition amplitude Φ|S(t B -t A )|Ψ and its complex conjugate. Of course, even these amplitudes are properties of the projection center. Thus, although the structure of the time evolution operator S must preserve causality and relativistic invariance, in fact the connection between the real events of the history of a particle (ie the quantum jumps in which it is involved) is of an extra-spatiotemporal nature.

What happens in the center is basically an annular process of this type: 1) Ψ evolves as S(t B -t A )|Ψ and is subsequently projected onto |Φ by the operator |Φ Φ|; 2) the conjugate Φ| of |Φ evolves as Φ|S + (t B -t A ) and is subsequently projected onto Ψ| by the operator |Ψ Ψ|; 3) the conjugate |Ψ of Ψ| is fed back as input of the first operation. This process admits a simple statistical interpretation [START_REF] Chiatti | Le strutture archetipali del mondo fisico[END_REF][START_REF] Chiatti | The transaction as a quantum concept[END_REF], which provides its correct probability | Φ|S(t B -t A )|Ψ | 2 according to the Born rule. According to this interpretation Φ|S(t B -t A )|Ψ represents a bundle of directed links that connect the event |Ψ Ψ| to the next event |Φ Φ|, while Φ|S + (t B -t A )|Ψ represents a bundle of directed links that connect the event |Φ Φ| to the previous event |Ψ Ψ|. The product of these two transition amplitudes is associated with the circular links that lead first |Ψ in Φ|, then |Φ in Ψ|. We can assume that these links can be in the normal state "0" or in the activated state "1", and that the activation of a single circular link leads to the actual manifestation of the events |Ψ Ψ| and |Φ Φ|. If the probability of activation of a specific link is independent on the link, that is, if the links are equally probable with respect to their activation, then the probability of the process is expressed by the Born rule. It is possible to reverse the reasoning, that is, start from the logic of the links, and derive from it a statistic that can be represented by transition amplitudes and quantum amplitudes. This leads to a complete derivation of quantum formalism in an entirely Kolmogorovian probabilistic context [START_REF] Chiatti | Le strutture archetipali del mondo fisico[END_REF][START_REF] Chiatti | The transaction as a quantum concept[END_REF][START_REF] Chiatti | Relativity with Respect to Measurement: Collapse and Quantum Events from Fock to Cramer[END_REF]. It is also possible to show that in this description the onset of self-interference and entanglement effects is completely natural [START_REF] Chiatti | Le strutture archetipali del mondo fisico[END_REF][START_REF] Chiatti | The transaction as a quantum concept[END_REF]. The activation of the link implies the connection of |Ψ with its conjugate Ψ| through the involvement of the event |Φ Φ|, and the connection of |Φ with its conjugate Φ| through the involvement of the event |Ψ Ψ|. In terms of the description proposed in the previous section, this means that each of these two events arises from nothing in the form of an entrance into the pre-spatial vacuum followed by the simultaneous exit from it, through the mediation of the other event. This "bootstrap" of the two events and their connection is clearly a process that is not entirely contained in the temporal domain. The activation of the link defines both events simultaneously, so it makes no sense to ask whether, in a single experimental case, the former induces the latter in a deterministic way. Quantum randomness appears only when one of the two events is known, and one wonders what the other event, leaving the next quantum jump, will be. The probability expressed by the Born rule is therefore always conditional [START_REF] Chiatti | Relativity with Respect to Measurement: Collapse and Quantum Events from Fock to Cramer[END_REF]. Of course, the activation is possible only if the experimental context (representable in spatiotemporal terms through [START_REF] Bacciagaluppi | Quantum Theory at the Crossroads: Reconsidering the 1927 Solvay Conference[END_REF]) allows real interactions of the required type. An electron can only be located if there is a detector available, which can also be a single atom. It should also be clear that the wave function of a system of N particles can be at the origin of no more than N localization events. Therefore directed links not ended by N actually realized events have no physical implications. In other words, there are no "empty wave" effects deriving from the attribution of a physical reality to the wave function, consistently with the requests for relativistic invariance [START_REF] Pykacz | Direct detection of empty waves contradicts special relativity[END_REF] and experimental tests [START_REF] Zou | Can an "empty" de Broglie pilot wave induce coherence?[END_REF]. A further element to keep in mind to avoid misunderstandings is that the connection between the two causally connected events described in this section is trans-temporal: it occurs between two distinct instants t A and t B through modalities that are not entirely reducible to uni-directional crossing of the spatio-temporal continuum between them. An excited atom "senses" the presence of the ground state if there is an operator S that joins the present excited state to the ground state and this "feeling" is through time. If this condition is verified, the decay begins. In other words, spontaneous decay is connected to the vacuum term of the Hamiltonian of interaction with the electromagnetic field not because hypothetical "vacuum fluctuations" trigger it; but because is through that Hamiltonian term that these two states come into contact. If a physical system undergoes three quantum jumps in succession, say A, B and C, trans-temporality and quantum aspects exist only as characteristics of the connection between A and B and the connection between B and C. The connection between A and C does not include these aspects; in particular, the causal and energetic flow is always directed from the past to the future [START_REF] Chiatti | Le strutture archetipali del mondo fisico[END_REF][START_REF] Chiatti | The transaction as a quantum concept[END_REF][START_REF] Chiatti | Fluidodynamical representation and quantum jumps[END_REF]. In other words, there is no form of super-causality above the direct causal connection between two successive jumps. In the case of many-particle quantum systems we have to distinguish two different levels of time zoom. The temporal evolution of the quantum amplitude of one of the elementary components of the system between two successive quantum jumps is governed by unitary equations of motion (eg Schrödinger). Quantum jumps are equivalent to a redefinition of the initial condition for the application of these equations [START_REF] Fock | On the interpretation of quantum mechanics[END_REF]; this is the situation in which the system dynamics is zoomed in to the maximum. Starting from this situation and zooming out on the same dynamics, we can reach a point where the single connection between jumps is no longer relevant and the relevant aspects of the dynamics are instead related to the evolution over time of the average properties of groups of many events (jumps). The substantial confinement of the quantum aspects to the single direct connections constitutes a basis for the possibility of representing these average properties through classical quantities that evolve according to classical laws. It is in this sense that the proposed description is compatible with the emergence of classical behavior in systems that basically remain quantum. In this event based reading of quantum theory, the classical macroscopic systems emerge from the fundamental quantum description, ensuring the logical closure of this latter [START_REF] Licata | Event-Based Quantum Mechanics: A Context for the Emergence of Classical Information[END_REF]. In particular, the pre-requisite of the existence of classical macroscopic observers is not required. The absence, in this description, of any "measurement problem" is easily verifiable, because the pointer states of a measurement device are never entangled with the degrees of freedom of an elementary component. In particular, with reference to the well-known cat paradox [START_REF] Schrödinger | Die gegenwärtige situation in der quantenmechanik[END_REF], there is never a superposition of the type d * D + nd * L between the nuclear states d (decayed), nd (not decayed) and the states of the cat D (dead), L (alive). What happens is actually a process that develops in three successive stages. In the first phase there is the temporal evolution of a superposition of the states d, nd according to the Schrödinger equation; this first phase ends with a quantum jump consisting in the passage from this superposition to the outgoing amplitude d, with the emission of a gamma photon. The second phase begins with the product of the photonic amplitude exiting the first phase and the ground state of the gas atom of the Geiger tube affected by the first ionization event.

In this phase the Schrödinger equation governs the time evolution of the superposition 1 * g + 0 * i with initial condition 1 * g, where g = ground state of the atom, i = ionized state of the atom, 0 = state of the electromagnetic field with 0 photons (vacuum), 1 = state of the electromagnetic field with a photon (leaving the previous phase). This phase ends with a quantum jump that transforms this superposition into the outgoing amplitude 0 * i. The third phase includes a chain of essentially classical amplification processes, whose final outcome is the conversion of the state |L L| into the state |D D|. This final outcome manifests itself, in a single experimental run, at time t O ; previously at this instant the cat is alive; after that moment it is dead; the cat is never in a superposition of L and D. It follows that opening the box containing the cat at the instant t, one obtains the result |L L| if t < t O , |D D| otherwise. If the duration of the last two phases is neglected, the probability p nd of the result |L L| is simply that which can be derived from the coefficient of nd in the superposition of d, nd relative to the first phase, extrapolated to time t. The probability of the result |D D| is the complementary to 1 of p nd . The statistics of the results obtained by opening the box in an ensemble of repetitions of the same experiment is therefore that of a mixture p nd |L L| + (1 -p nd )|D D| where p nd (t) is the probability derived from the superposition of the nuclear amplitudes. But these amplitudes are never entangled with the states L, D. Inter alia, the states L, D are related not to future events of an elementary component of the system (as is the case of d, nd), but to the presently actualized average properties of a cluster of quantum jumps so large (the cat) that the effects of quantum delocalization are irrelevant. Thus, amplitudes like |L , |D can be used in quantum language only bearing in mind [START_REF] Licata | Event-Based Quantum Mechanics: A Context for the Emergence of Classical Information[END_REF][START_REF] Chiatti | A new version of quantum mechanics with definite macroscopic states[END_REF] that their physically achievable superpositions are only those trivial coinciding with the |L , |D themselves. More generally, and regardless of the specific case, it must be observed that the evolution of a system of many particles includes not only the evolution of the amplitudes of its elementary components between one jump and the next, but also the stable succession of jumps, represented by projectors. It is therefore impossible to describe a system of this type with a single quantum amplitude. A more general dynamical description is outlined in [START_REF] Castellani | History operators in quantum mechanics[END_REF]. Before closing this section we want to return to the elementary components, which are instead described by a single quantum amplitude. These components are actualized in the time domain in events of the type |Ψ Ψ| which, as we have seen, can be understood as the absorption of an amplitude in the pre-spatial vacuum and simultaneous re-emission of the same amplitude from that vacuum. In practice it is as if there was a pause in the temporal evolution of the particle, during which the properties related to the component |Ψ of its quantum amplitude are absorbed and re-emitted. If to these properties (the "state" Ψ of the particle leaving the jump) corresponds an energy E, we can say that in the first phase the vacuum absorbs that energy from the temporal domain, to return it in the second phase. The energetic content of the time domain therefore undergoes a variation equal to -E in the first phase and a variation +E in the second one. The total balance is clearly zero, according to the conservation of energy, but the relevant point is that a positive variation (the vacuum releases energy to the temporal domain) is associated with |Ψ and therefore to propagation towards the future; instead, a negative variation (the vacuum absorbes energy from the tempo-ral domain) is associated with Ψ| and therefore to propagation towards the past. In other words, a relationship is generated between the sign of the energy and the two regions in which the temporal domain is divided: future and past. The relationship between time domains and the sign of the energy represent a microscopic time arrow. For a free elementary particle of mass M is E = M c 2 γ, where γ is the relativistic contraction factor. It should be noted that this is the relativistic generalization of the classical kinetic energy T , although in the handbooks is wisely suggested to take instead

E = M c 2 γ -M c 2 . Classically, T = M V 2 /2
is the work required to accelerate a body of mass M , initially at rest, up to the speed V ; -T is the work necessary to bring this body back at rest. Moving from the three-dimensional space of classical physics to spacetime, it happens that even a body at rest is actually in movement along its timeline. This movement is nothing but the persistence of the body. Therefore M c 2 is the energy necessary to start this movement from quietness, that is, to create an object of mass M . Similarly, -M c 2 is the energy released by stopping this movement, that is, in the destruction of the object. Of course, in the pre-quantum relativistic description there is no quietness state over time. In the quantum description adopted here, the state of quietness in which the amplitude |Ψ enters and from which it emerges is the pre-spatial vacuum previously described.

5.An emergent space-time-matter made of signs

According to the description proposed in the previous sections, a "particle" is manifested through its quantum amplitude |Ψ when it comes out of a quantum jump at a well-defined instant of time t. This outgoing amplitude is spatially delocalized according to the wave function x|Ψ = Ψ(x, t), evaluated at the instant of the jump. On the other hand, we have seen that the spacetime points (x, t) are lines of the five-dimensional space that depart from an origin in that space, which is the center of projection. So also the function Ψ(x, t) is coded in this center. In accordance with this approach, the problem of the structure of elementary particles is then led back to the question: how does this coding take place? It is certainly not possible to univocally answer this question, and in the following we consider only one of the possible answers. Let's start with some preliminary considerations. Let us consider a three-dimensional sphere of radius ρ = ρ 0 exp(T /T 0 ), where ρ 0 and T 0 are positive real constants and T ∈ (-∞, +∞); we will admit that this sphere can rotate around its generic axis in a three-dimensional Euclidean space. On this sphere we can consider a specific three-rectangle triangle (ie whose three internal angles are all right) and assign a direction to each of its sides. Of course, an arbitrary rotation of the sphere will rigidly move this triangle while maintaining the direction of its sides. A homothety induced by the variation of T will transform the triangle into another similar to it, preserving the relations between its sides. The three angles that define the rotation will cover a three-dimensional space, which we will identify with the real physical space at time T . Taken together, homothety and rotation map the fourdimensional spacetime and establish the invariance, with respect to spacetime translations, of the relationships between the sides and the angles of the three-rectangle triangle. In the following we will assume that the material degrees of freedom of a particle can be associated with this triangle, and that the different possible rotations and homotheties correspond to the different positional eigenstates of the particle, with which these degrees of freedom can be associated. In particular, it will be possible to identify a positional eigenstate at a definite instant by setting the sphere configuration (radius and orientation). The different positional eigenstates form the basis on which the quantum superposition of coefficients x|Ψ = Ψ(x, t) can be constructed, to give the quantum amplitude |Ψ of the particle coming out of the jump. For details on this construction (directed links and their activation) we remind to the previous section. It is possible to associate the three sides of the three-rectangle to the quaternionic units i, j, k and the rotation identity to the quaternionic unit 1. In this case the rotations of the sphere can be expressed by quaternions represented on rigid transformations of the basis (1, i, j, k) and the quaternion angle will be half the effective rotation angle. It can be seen that in this description the difference between spacetime and matter (the three-rectangle triangle) disappears because both are made up of the same elements. The sphere, with the "preferred" three-rectangle triangle chosen on it, will represent the internal structure of the projection center in the five-dimensional space that we will adopt. In this particular solution to the problem of the structure of space-timematter, the importance attributed to the three-rectangle triangle derives from its self-duality: both the edges and the vertices correspond to the same quaternionic units. If a duality operation is carried out, consisting in the exchange of the vertices with the edges while maintaining the topological connection, the triangle has changed in itself. The fact that, in a network, the nodes coincide with their relationships identifies a level of minimum complexity that cannot be further reduced and we identify it as that of the "elementary particles". Therefore the nature of elementarity is identified by the irreducibility of the structural complexity of a set of relationships and has nothing to do with the existence of "basic bricks" without internal structure [START_REF] Chiatti | Thinking Non Locally:The Atemporal Roots of Particle Physics[END_REF]. The same concept can be understood in terms of Peirce's triadic relationship "sign": in a typical relationship as ij = k between quaternion units, j can be assimilated to the Object, i to the Representamen and k to the Interpretant (ie the interaction between i and j which allows to associate the Object j with i). The cyclicity of this relationship corresponds to the interchangeability (rotation) of the Object, Interpretant and Representamen; that is, we are at a level where interactions and interacting entities coincide. Therefore, at this fundamental level dominated by triadicity both the material (triangle) and spacetime (transformations of the sphere that leave the triangle unchanged) degrees of freedom make their appearance. From the perspective of the single positional eigenstate |x contained in the decomposition of |Ψ , the quantum jump from which |Ψ exits can be seen as a cascade of symmetry breakings induced by the (ordinary) interactions involved in that jump [START_REF] Chiatti | Thinking Non Locally:The Atemporal Roots of Particle Physics[END_REF]. The specific succession of symmetry breakings defines the type of particle of the Standard Model (electron, proton, etc.). In other words, it is the process of spatio-temporal localization of the particle that defines the "type" of particle. This process can be represented through a particular graph called "glyph" [START_REF] Chiatti | Thinking Non Locally:The Atemporal Roots of Particle Physics[END_REF]. All glyphs are subsets of a mother glyph (the "universal oscillator") and can be viewed as its "states". In [START_REF] Chiatti | Thinking Non Locally:The Atemporal Roots of Particle Physics[END_REF] it is hypothesized that the structure of the localization process, ie the sequence of symmetry breakings involved in a quantum jump, is the following. First of all, the fundamental quaternionic units defined by the oriented three-rectangle are subdivided on the basis of their sign, with the resulting constitution of two conjugated sets of units. These sets are what in usual quantum formalism is designated respectively with symbols |x , x| while the spacetime position (x, t) is coded by the orientation of the sphere and its radius. This generation of a positional label is graphically represented by the root vertex of the glyph (major vertex), while the split is represented by a first-order edge coming out of this vertex. The two sets of quaternionic units derived from the split are then symmet-rically divided into sub-groups of units, each corresponding to a "center of charge" internal to the particle manifested in (x, t). Graphically, each of these subgroups corresponds in the glyph to a second order vertex ("minor" vertex), connected to the major vertex by the first-order edge which represents the filiation by splitting. From each minor vertex, second-order edges associated with the quaternionic units of the subgroup represented by that vertex depart. These edges represent the "type" of center of charge (electron center of charge, quark up, quark down, etc.). This succession of operations connects the a-spatial and timeless realm of the projection center to the spacetime domain. Its outcome is the genesis of 1, 2, or 3 lines in the five-dimensional space corresponding, in the usual spacetime, to the position of 1, 2 or 3 centers of charge within a particle located in (x, t). The construction is completed by assuming, in accordance with an old micro-causality argument discussed by Caldirola [START_REF] Caldirola | The chronon in the quantum theory of the electron and the existence of heavy leptons[END_REF], that (x, t) is the tangency point of a de Sitter space of radius cθ (with θ ≤ θ 0 ) on the usual spacetime and that the positions of centers of charge are enclosed (confined) within the projection of this space on spacetime. This leads [START_REF] Chiatti | Elementary particles as signs[END_REF][START_REF] Chiatti | Thinking Non Locally:The Atemporal Roots of Particle Physics[END_REF] to the usual systematics of elementary particles and their subdivision into leptons, mesons and baryons, according to the Standard Model (with the bonus of an ab initio condition of confinement of quarks and gluons). This representation is completely a-dynamical and synchronic, since a connection is involved between an a-temporal layer of physical reality and the usual temporal domain. However, it is possible to move on to the more familiar dynamical representation by examining the action of the interactions that govern the various stages of the succession. It can then be seen that the first stage of the sequence that forms the quantum jump, described with the passage from the major vertex to the minor vertex along the first-order edge, is associated with the definition of the color and the (possible) appearance of the color interaction between centers of charge. The second passage, described by the second-order edges, corresponds to the identification of the flavor of the center of charge operated by electroweak and Higgs fields coupled with the center. What remains largely conjectural in this model of quantum jump is the connection between the gauge fields and the geometry of the de Sitter space, a topic that constitutes the object of work in progress. Equally unexplored is the relationship with gravitation and inertia. The maximum radius cθ 0 is defined by the gravitational self-coupling of the vacuum [START_REF] Licata | Event-Based Quantum Mechanics: A Context for the Emergence of Classical Information[END_REF]. Provided that the relationship between the cosmological time t 0 (described in Section 2) and the particle time θ 0 is given by the conventional Dirac number, this condition fixes the Planck length [START_REF] Licata | Event-Based Quantum Mechanics: A Context for the Emergence of Classical Information[END_REF]. Of course, the specific model of quantum jump summarized in this section (the interested reader is referred to the cited papers for a more detailed and hopefully satisfactory presentation) is not the only one possible. What matters here, however, is the possibility of a theoretical representation which is both synchronic and diachronic [START_REF] Crowther | As below, so before: 'synchronic' and 'diachronic' conceptions of spacetime emergence[END_REF]. On the one hand, an a-dynamical connection between the extra-spatial and extra-temporal domain and the space-temporal realm is described, through a succession of distinctions. On the other hand, the symmetry breakings that make up these distinctions, and that lead to the spatio-temporal localization of a particle, can be investigated in the usual dynamical perspective. This double reading of quantum formalism allows, on the one hand, to perceive the radicality inherent in the non-unitary nature of the quantum jump; on the other hand, it leads back to the usual dynamical and unitary formalism of the second quantization operators of the Standard Model [START_REF] Chiatti | Thinking Non Locally:The Atemporal Roots of Particle Physics[END_REF].

6.The particle-world

The previous sections summarized the conceptual framework, defined in published works, with which we want to propose a new perspective on physics represented by the Standard Model, in which the a-spatial nature of quantum entities and the non-separability of entangled amplitudes appear as fundamental ingredients and no longer as unexpected guests. In this perspective we will attempt to examine another ancient question: that of the nature of the vacuum. In particular, we will try to highlight how this problem connects on the one hand to a topic much debated today, that is, the relationship between quantum fields and space geometry, and on the other hand to the possibility of a simple mathematical description of one of the great enigmas in which the conventional explanation of quantum theory comes up against: that of the dual nature (wave and corpuscular) of light. Since many of the topics reported in this section have not been the subject of previous publications, the discussion will necessarily be less discursive and more technical, in the hope of making it self-contained. The universal oscillator, that is the mother graph of all the glyphs, admits a "fundamental state" corresponding to the complete indistinction of all its edges, both of first and second order [START_REF] Chiatti | Thinking Non Locally:The Atemporal Roots of Particle Physics[END_REF]; we will assume a corresponding configuration of the sphere (to which the three-rectangle triangle belongs) also indefinite. This state of maximum indefiniteness corresponds to a totally delocalized vacuum, both in time and space, which potentially contains all possible particles. The adjective "potential" is here of crucial importance to distinguish this vacuum from an aether made up of particles actualized on spacetime in the form of an all-pervading uniform medium. Such "aether" does not exist in our description. Since all the particles include spin 1/2 centers of charge (electron center of charge, positron center of charge, quark up, quark down, etc.), the identification of this vacuum with the Dirac sea of all the centers of charge seems natural. However, with one important difference: the separation and recombination of a full state with positive energy and the corresponding hole with negative energy correspond respectively to the creation of the amplitude |Ψ , with exactly determined energy, of a single center of charge (eg that of the electron), and the destruction Ψ| of that same amplitude [START_REF] Chiatti | Le strutture archetipali del mondo fisico[END_REF]. This unlike the original interpretation, according to which the process corresponds instead to the creation (annihilation) of a couple of conjugate centers of charge, for example those of electron and positron. The interpretation of the process in terms of the release of physical quantities from the pre-spatial vacuum (with a positive energy cost) and reabsorption of the same quantities in this vacuum (with release of energy and therefore negative energy cost) is consequential. The full (P , for particle) represents the material degrees of freedom associated with the manifested center of charge; the hole (H) represents the corresponding gap created by this manifestation between the material degrees of freedom initially present in potentia in the pre-spatial vacuum. The stability of the P H pair is mediated by the geometry of the de Sitter spaces associated with respectively the individual centers of charge and the particle that contains them. In the model quickly summarized in the previous section (the interested reader can find in [START_REF] Chiatti | Thinking Non Locally:The Atemporal Roots of Particle Physics[END_REF] a more detailed exposition), the center of charge consisting of a fundamental fermion (quark or leptonic center of charge) is assumed to be located at the tangency point O of a de Sitter space of radius R on Minkowski spacetime. The gnomonic projection of this space on Minkowski spacetime, under the condition that the projection of the time axis passing through the tangency point is the time axis of the fermion on the Minkowski space, determines in this latter space a spherical region of radius R centered on O. The Dirac sea exerts, on the spatial boundary of this region (the de Sitter horizon of O), a pressure due to the electroweak fields. This pressure tends to collapse the horizon. What avoids the collapse is the (density of) mass, derived from the coupling with a universal field which is the Higgs field. The equality of pressure modulus and mass density in turn determines the dynamical genesis of the de Sitter space according to the scheme illustrated in [START_REF] Cohen-Tannoudji | The de Broglie universal substratum, the Lochak monopoles and the dark universe[END_REF] and in Appendix, inspired by General Relativity. The center of mass of a lepton coincides with the center of charge. The center of mass of a hadron is located at the tangency point O of a de Sitter space of radius R on Minkowski spacetime. The gnomonic projection of de Sitter space on Minkowski spacetime, under the condition that the projection of the time axis passing through the point of tangency is the proper time axis of the hadron on the Minkowski space, determines in this latter space a spherical region of radius R centered on O. The surrounding gluonic condensate exerts pressure on the spatial boundary of this region (the de Sitter horizon of O), which tends to collapse. What prevents the collapse is the (density of) mass, derived from the fluctuations of the gluonic field inside the horizon. The equality in modulus of pressure and mass density determines the dynamical genesis of a hadronic de Sitter space according to the scheme illustrated in [START_REF] Brindejonc | An effectice strong gravity induced by QCD[END_REF]. The de Sitter horizon of the center of mass delimits the region within which the centers of charge (quarks and gluons) are confined, in an actualization of the eigenstate of the hadronic position corresponding to the center of mass. The geometry within this horizon, however, is the usual geometry of flat space. In other words, the material fields are defined on the Minkowski space but confined within a region determined by the gnomonic projection of an empty de Sitter space. In both cases (that of the single center of charge and that of the particle as a whole) the radius R cannot exceed a well definite particle scale cθ 0 (where c is the limit speed), that we identify with the classical radius of the electron. In general R will be dependent on the Compton wavelength of the single center or the particle mass. The finite Compton wavelength of a quark or lepton derives from its coupling with the vacuum expectation value of the Higgs field. The hadronic mass can be thought instead as derived from the coupling of the hadron with the vacuum expectation value of a scalar field with a completely analogous mechanism. This is the basis of the various versions of the sigma model [START_REF] Braghin | Linear sigma model at finite baryonic density and symmetry breakings[END_REF][START_REF] Baym | Phase transition in the σ model at finite temperature[END_REF], so we will refer to the scalar field in question as the "sigma" field. Given the similarity between the two levels (that of a single center of charge and that of a hadronic center of mass) we will restrict the following discussion to one of them, generically speaking of "center", "de Sitter space" and "scalar field". The effect of coupling a center of charge with the vacuum expectation value of the Higgs field is to generate a finite Compton wavelength λ C of that center. If we indicate with ∆E the coupling energy, we have ∆E = hc/λ C . The hypothesis is then that the radius R of the de Sitter horizon of the center of charge, horizon which is generated in the coupling, is expressed by the equation:

q = √ R∆E = R hc λ C ( 2 
)
where q is the modulus of the electric charge if the centre of charge carries electric charge; otherwise the value of the weak charge. The ( 2) is also valid for particles, if R is reinterpreted as the radius of the de Sitter horizon of the center of mass, λ C is the particle Compton wavelenght and q 2 is equated to hc in the hadronic case, αhc in the leptonic case. Here α is the fine structure constant for charged leptons; it is presumably the weak coupling constant for neutrinos.

In the case of the electron seen as a center of charge we pose R = cθ 0 , λ C = h/m e c, q = e, where m e is the electron mass and e is the elementary charge. One obtains θ 0 = e 2 /m e c 3 . In other words, R = cθ 0 is thus identified as the classical radius of the electron. For the other charged leptons of mass m one has R = cθ 0 (m e /m), while λ C = (h/m e c)(m e /m) because q remains unchanged. Therefore is R = e 2 /mc 2 . For neutrinos of mass m we have presumably R = αhc/mc 2 = αh/mc, where α is the weak interaction coupling constant. These results concerning leptons hold both if we mean R as the radius of the horizon of the center of charge and as the radius of the horizon of the center of mass (the two centers coincide in this case). For hadrons is q 2 = hc and λ C = h/M c, where M is the hadron mass. Therefore one obtains R = h/M c as the radius of the horizon of the hadronic center of mass. It should be noted that q is here a sort of effective strong charge of the entire hadron; it has no direct connection with the color charge of single quarks or gluons inside the horizon. The value of the charge that appears in ( 2) is finite and renormalized. The meaning of ( 2) is that only this value corresponds to a definite value of R and therefore guarantees localization in a real micro-event (quantum jump). Otherwise, we are dealing with virtual effects, that is, with a running charge defined by a perturbative expansion. It can be seen how ( 2) redefines the relationship between point charges and extended particles: while the charge density is divergent being the center of charge pointlike, the particle selfenergy is expressed by the finite ratio q 2 /R. This ratio equates, unless a factor of the order of unity, the self-energy of a continuous distribution of charge of extension R. The mean density of charge of the particle is therefore ∼ q/R 3 and the mean density of self-energy is è ∼ q 2 /R 4 . Both these densities are finite.

It is easy to understand the meaning of the particle micro-space, even in the leptonic case. In fact, imagine two electrons that come close to overlapping their spaces. If their centers of charge exchange a virtual photon, the violation of the conservation of the energy required for the exchange must exceed h/R and therefore be greater than 70 MeV. Hence the excitation of the degrees of freedom of color becomes possible (eg hadronic decay channels in high energy ee collision), which would not be possible if the spaces were not overlapped. The particle micro-space therefore is connected to the color manifestation, as discussed in [START_REF] Chiatti | Thinking Non Locally:The Atemporal Roots of Particle Physics[END_REF] (first order edge of particle glyph).

It can be assumed that the scalar field is a field of de Sitter spaces, and that the coupling of the center to the vacuum expectation value of this field selects the value of R, the radius of the de Sitter space associated with the center. This idea can be articulated by introducing, in this context, the Planck length L p . The center is located at the tangency point O of the de Sitter space on ordinary spacetime and this point has not finite size. However, an external interaction cannot locate this point with an accuracy greater than L p , L p /c because an intermediary of mass h/cL p becomes a black hole (its Scwartzschild radius coincides with its Compton wavelength) and therefore cannot be exchanged. L p is therefore a limit to the discernibility of two adjacent tangency points (and thus of centers of charge and particle positions), not to be confused with a "thickness" of the single tangency point. It follows that on a de Sitter horizon of radius ρ there are (≈ ρ/L p ) 2 "cells" discernible by external interactions. On the section of the de Sitter hyperboloid (in the five-dimensional space) included within this horizon there will be ≈ (ρ/L p ) 4 such "cells". We can imagine a field consisting of a continuous family of hyperboloids whose creation requires an energy cost proportional to the number of cells enclosed in the horizon of the hyperboloid. If a is the energy cost of the single cell, the energy cost associated with the formation of the hyperboloid is then a(ρ/L p ) 4 . A field must be defined as a function of the coordinates on Minkowski spacetime. This means that ρ = ρ(x), x ∈ M 3+1 and the hyperboloid of radius ρ must be tangent to M 3+1 in x. The horizon of x on M 3+1 includes (ρ/L p ) 2 cells and will separate the internal space from the external space. The vacuum will exert negative pressure on the horizon, which will tend to contract. If we indicate with -b (a and b are positive) the product of the surface tension for the area of the single cell, then the energy cost of the horizon is -b(ρ/L p ) 2 . The proper field energy is then

a(ρ/L p ) 4 -b(ρ/L p ) 2 .
The number of possible, discernible contact areas than a hyperboloid of radius ρ can have with the spacetime at a given instant is (ρ/L p ) 3 and this number is proportional to the probability of manifestation of a quantum of the hyperboloid field at a point x ∈ M 3+1 where ρ = ρ(x). Indicating with ψ the field probability amplitude we have therefore

|ψ| 2 dρ ∝ d(ρ/L p ) 3 that is |ψ| ∝ (ρ/L p ).
The potential energy of the free field can therefore be expressed as:

V f ree = a|ψ| 4 -b|ψ| 2 (3) 
In (3) the proportionality coefficients were absorbed in the definitions of a, b, ψ. The equation ( 3) is the standard expression for both the Higgs field and the sigma field. It leads to a "true" vacuum different from ψ = 0; we will indicate with ε the value of the energy of this vacuum. The center is coupled to ε in the sense that if λ C is its Compton wavelenght, then the coupling energy is ∆E = hc/λ C = coupling constant ×ε. From (2) then follows the expression: coupling constant = q 2 /Rε. The energy necessary for the formation of the center horizon is provided by coupling with ε.

The coupling with the scalar field (respectively Higgs and sigma) therefore represents the dynamical-geometric counterpart of the two symmetry breakings represented, in a glyph, by the first and second order edges respectively. The advantage of this formulation is that the scalar field is connected immediately to a de Sitter space, without going through gravitational equations. It is however possible to use these equations, as shown in [START_REF] Cohen-Tannoudji | The de Broglie universal substratum, the Lochak monopoles and the dark universe[END_REF] and in Appendix. We can rewrite Eq.( 2) introducing the definition of the force F exerted by the vacuum on the horizon through the relation

-F = kq 2 /R 2 = khc/(Rλ C ) = khc/R 2
, where the equality R = λ C has been assumed. Choosing k = 3 gives the interesting expression F = -hcΛ, where Λ = 3/R 2 is the cosmological constant. Posing F = p(4πR 2 ) and noting that hc/R = M c 2 one obtains, for the pressure p exerted by the vacuum, the value p = -ηc 2 which leads to a de Sitter space (η is the density of matter within the horizon) with cosmological constant Λ. In the case of particles, this implies that the "gravitational constant" χ is defined by the mass M of the particle. In fact, from the "ef-fective" cosmological constant Λ + χηc 2 one has, assuming a zero "native" Λ and taking into account that ηc

2 = M c 2 /(h/M c) 3 , χη c 2 = 3/(h/M c) 2 : χ = 3hc (M c 2 ) 2 (4) 
That is, the square of the "gravitational charge" √ χM equates the universal constant 3h/c 3 . We can therefore justify the claim that the self-energy of a de Sitter space (associated with a center of charge or particle) is expressed by q 2 /R, where q is a suitably defined charge and R the de Sitter radius. These two quantities are scalars of Universe in special relativity, therefore it is possible to generalize the wave equation of the lepton, quark or hadron replacing the explicit mass term M c 2 with q 2 /R. To simplify the treatment, we consider the Klein-Gordon equation satisfied by each component of the wave function of the considered system. It becomes:

(- ∂ 2 c 2 ∂t 2 + ∂ 2 ∂x 2 + ∂ 2 ∂R 2 - q 4 (hc) 2 R 2 )Ψ(x, t, R) = 0 (5) 
In the separable case Ψ(x, t, R) = Φ(x, t)Λ(R) it is obtained without difficulty:

(- ∂ 2 c 2 ∂t 2 + ∂ 2 ∂x 2 )Φ(x, t) = ( M c h ) 2 Φ(x, t) (6) 
that is the ordinary Klein-Gordon equation, and:

( ∂ 2 ∂R 2 - q 4 (hc) 2 R 2 + ( M c h ) 2 )Λ(R) = 0 (7) 
This equation can be made adimensional by expressing R in units of h/M c:

( ∂ 2 ∂R 2 -( q 2 hcR ) 2 + 1)Λ(R) = 0 (8) 
In the separable case is:

Λ(R) = δ(R - q 2 hc ) (9) 
because the de Sitter radius is definite, not being disturbed by any force. It is q 2 = hc in the strong case, q 2 hc for the electron. The equation ( 9) automatically satisfies the equation ( 8) which therefore becomes physically invisible. The separable case therefore coincide with that of a normal isolated particle, whose mass is definite; this case falls within the usual treatment. If [START_REF] Vigier | Causal particle trajectories and the interpretation of quantum mechanics[END_REF] is accepted as a more general description, new scenarios are opened. We will assume one somewhat similar to QFT, in which a center of charge or particle is described by a free propagator in the interval between two successive real or virtual interaction vertices. This means that (6) remains true even in the presence of interaction, but (7) must be modified to describe the propagation of the particle in fixed "channels" at x and t (interaction vertices) to and from vacuum or other particles. In the case of an isolated particle, the second and third terms of ( 7) cancel as a consequence of (2). We will assume that in the case of propagation in a channel these two terms are replaced by the difference in the values of (M c/h) 2 between the states connected by the channel. If instead of a particle we consider a charge center, we will have to consider the difference between the reciprocal of the Compton wavelengths. In any case, we will denote this difference with ∆. It is then necessary to insert in (7) a term of second order partial derivation with respect an imaginary time τ , in order to obtain an equation of motion symmetric to [START_REF] Aspect | Experimental realization of Einstein-Podolsky-Rosen-Bohm Gedankenexperiment: a new violation of Bell's inequalities[END_REF]. This suggests the possibility of describing the emission or absorption of gauge bosons W ± , Z 0 , γ in the instant-point (x, t) by means of ( 7), as follows:

( ∂ 2 c 2 ∂τ 2 + ∂ 2 ∂R 2 -∆)Ψ(τ, R) = 0 (10) 
For example, let us consider a process as e -+ γ → e -. It is described in quantum field theory (QFT) by representing the photon as an operator that mediates the destruction of the incoming electronic amplitude and the creation of the outgoing electronic amplitude. This operatorial representation is extensible to all gauge bosons of the Standard Model. However, a virtual process of the type e -+ γ → e -can also be seen as the tunneling of a microspace without centers of charge (quantum instanton) between two electronic micro-spaces equipped with their respective centers of charge: the incoming and outgoing electrons. This tunneling does not break quantum coherence. Eq.( 10) can be solved imposing a violation of the conservation of energy equal to the energy of the exchanged photon. The solution is then joined to the micro-spaces of the incoming and outgoing electrons respectively. Instead a real process of the type e -+ γ → e -can be seen as the propagation of a classical instanton in imaginary time between the same two micro-spaces. This process breaks unitarity and manifests itself as a quantum jump. The absorption/emission of a photon can therefore be represented in geometric terms such as the exchange of an instanton. The same reasoning scheme could be applied to the other gauge bosons of the Standard Model, and to the mesonic exchange.

If the idea is correct, gauge quanta propagate as a wave, regularly described by the second quantization formalism of the QFT, in x and in real time t and as a particle-instanton (emission/absorption) in imaginary time τ . Note that x and t do not vary with τ and their values determine a pointlike "interaction vertex" in spacetime, where the quantum emission/absorption takes place.

The imaginary time marks the variation of the a-spatial and a-temporal Dirac vacuum between the incoming and outgoing electronic states; it labels a sort of internal dynamics of the vertex, invisible from the outside (the vertex is pointlike in spacetime). However, the position (x, t) of the vertex is in turn delocalized according to the wave functions of the centers of charge taking part in the vertex. The extension in τ of the instanton is sized by the usual Heisenberg relation ∆τ ≈ h ∆E , being ∆E the energy amount exchanged in the center of mass frame of reference. The concept of micro-space therefore allows to interpret the "wave-corpuscle dualism" in a new way, complementing the usual wave description with an instantonic representation. The connection between the instantonic representation and the Dirac vacuum can be expressed as follows. First of all, it should be noted that the states linked by the instanton (the two electrons, in our case) can correspond in the relevant Feynman diagram to spacelike or timelike lines. If both are timelike then we have to do with a pair creation if they are both outgoing towards the future, a pair annihilation if they are both outgoing towards the past; with a photon absorption/emission by an electron if one line goes out towards the future, the other one towards the past. If one line is timelike while the other one is spacelike then what occurs is the virtual exchange of an electron. In the case of the creation of a positron-electron pair we have the creation of two units P = (e + , +m e ) and anti -P = (e -, +m e ) at the ends of the instanton history. The case of the electron-positron pair annihilation instead corresponds to the destruction of these two units. In these cases the photon can therefore be described symbolically, in terms of Dirac vacuum, respectively as γ = P +anti-P , γ = H +anti-H. In the case of the absorption of a photon by a positron we have instead the creation of a positron P = (e + , +m e ) at one end of the history of the instanton and the destruction of a positron, that is, the creation of a hole anti-H = (e -, -m e ), at the other end. In this case γ = P + anti -H.

We attribute the following physical meaning to Eq. [START_REF] Bacry | Possible kinematics[END_REF]. In the case of the exchange of a micro-space between two other micro-spaces, the square modulus of the propagator of [START_REF] Bacry | Possible kinematics[END_REF] expresses the probability that the moment at which the exchange takes place is subsequent to the instant τ . Another possibility, distinct from the exchange, is that of the creation (annihilation) of a single particle taking part in a vertex. The creation (annihilation) of an electron-positron pair can be considered as an example. In addition to the micro-space exchanged between the electron and the positron, there will exist their two distinct micro-spaces emerging from (dissolving in) the Dirac sea. This emergence (fade) corresponds to the propagator of calculated for ∆ = 0, with initial condition: (τ = 0, R = particle micro-space radius). The condition ∆ = 0 means R = constant. This propagator corresponds to an evanescent instanton, with exponentially decreasing amplitude in τ (see next Section). The initial condition corresponds (in t) to the initial instant of the particle if it is created, to the final instant if it is annihilated. The square modulus of the propagator expresses, in this case, the probability that the emergence (fading) of the particle occurs at an instant subsequent to τ . The formalism of particle micro-spaces is similar, in method and substance, to that used in quantum cosmology to describe tunneling between quantum universes [START_REF] Robles-Pérez | Quantum cosmology of a conformal universe[END_REF]. From this point of view, we feel authorized to use the expression "particle-world" for the picture emerging from this formalism. It is remarkable that in both contexts, the cosmological and the micro-cosmological (particle), the inertial structure is connected with the radius R of the cosmos. This radius can be interpreted as ct 0 in de Sitter relativity, while in the particle case it is defined by the coupling with a scalar field and its maximum value is cθ 0 . The ratio t 0 /θ 0 ≈ 10 40 is the famous Dirac number and it appears less mysterious if we consider it as the ratio between the time localization scale of a particle and that of the Universe within which this localization takes place, as a genuinely non-local process. This aspect seems central in the formulation of the idea of the particle-world. The hole left by the creation of a center of charge in Dirac vacuum represents the reaction of the rest of the world to the appearance of the full: a latent reaction expressed at a purely potential level. This reaction disappears with the full-hole recombination, that is, with the disappearance of the center. So the full (which represents the release of physical quantities such as momentum, spin, etc and therefore the "corpuscle" of the current language) is inseparable from the hole that always accompanies it, that is from the wavelike "rest of the world". This is why the creation and annihilation of a particle are not local physical phenomena. The manifestation of the "corpuscle" in a given position is the active cancellation of all other potentially possible positions, as well as the emergence of the one actually manifested. It is on this conceptual basis that the zeroing of the wave function relative to the other positions must be conceived.

7.A self-reflective Universe

In the previous sections a possible portrait of the physical world has been painted as it appears seen at the level of its most elementary processes, that is quantum micro-events. Each of these events occurs at a specific moment of time and involves quantum amplitudes that are normally extended in their representations on the three-dimensional ambient space (that is, wave functions). From this simple fact and relativistic invariance it follows that these representations cannot be classical fields. In general, quantum amplitudes (of which these wave functions constitute the spatiotemporal aspect) evolve over time, but they do not represent objects in spacetime. This evolution of amplitudes over time constitutes the expression of the efficient causality at the level of quantum phenomena. The function of quantum amplitude is to connect, as amplitude of probability, different events that are then defined as causally connected. Since this connection is marked by ordinary time, it can be called diachronic. The diachronic efficient (in Aristotelian sense) causality is what is normally called "dynamical causality" and finds its expression in the laws of motion. For example, in non relativistic quantum mechanics it is concretized in the Schrödinger equation. The set of micro-events actualized over time forms a network, connected by the dynamical causality, and this network is the physical world. The limit of dynamic causality (and with it the Schrödinger equation) is represented, in the description of this network, by the single event. The events, or nodes of the network, are in fact modifications of the underlying potential Dirac vacuum. This vacuum, as we have seen, is completely a-spatial and a-temporal; it is connected to each individual event (and therefore to the temporal domain and to space) through a series of transformations closely connected with elementary interactions: electroweak, strong and presumably gravitational. This succession of transformations connects time to what is outside of time, therefore it is not marked by time: it is not diachronic. On the contrary, from the temporal perspective it appears as an unanalyzable event concentrated in a single instant, that of the "quantum jump". To qualify this sequence we can then use the adjective "synchronic". The causality underlying the quantum jump is therefore not diachronic, but synchronic; moreover, it cannot be properly qualified as efficient causality, but rather as a formal causality. In fact, what happens in an event is the manifestation of something starting from a maximally symmetrical void: the appearance of a form (the physical quantities associated with the event and exchanged in it). We could also say: the production of signs. The opposition between synchronic formal causality and dynamical causality is what appears in formalism as the alternation between the collapse of the quantum amplitude and its subsequent (or previous) unitary evolution. This opposition is not irreducible; the same interactions that originate the succession of synchronic transformations, producing the appearance of a single event, act in diachronic mode on the time evolution of the wave function. The reasoning can therefore be rephrased by saying that there is a double face of the interactions: one unitary, the other non-unitary. The first face appears every time an interaction is inserted into Schrödinger's equation: this is the face that everyone recognizes. The second face appears in non-unitary quantum jumps, and is often not recognized, although it is certainly evident to everyone that, for example, the orbital jumps of an electron are caused by the usual electromagnetic field. The instantonic treatment in imaginary time attenuates the contrast between the two forms of causality, allowing at least a partial application of equations of motion to interaction vertices and quantum jumps. De Broglie would perhaps be happy. However, it should not be forgotten that a single vacuum is connected to all the events of the past, present and future history of the Universe through synchronic causality (which is therefore properly synchronic in the sense of trans-temporal). The ordinary dynamical causal connection between events is therefore a reflection of the most profound and fundamental synchronic formal causality. We can say that it represents its spatiotemporal reflection.

In our opinion, it is to this general context that reference must be made to understand the non-locality inherent in the spatial delocalization of a single particle, or the non-separability of the entangled amplitudes of distinct particles. But the scenario we propose seems to be much broader. The Dirac vacuum is the environment of events and the mean by which they communicate through synchronic relationships reflected in the time evolution of quantum amplitudes. It seems legitimate to say that this vacuum enters into a relationship with itself (a self-reflective relationship) through intermediate actors -quantum events -which fix its contents. Here we will not develop a reading of this type, instead focusing on the re-proposition of the basic theme of this work, which we will return to in the following Epilogue. Our thesis is that the so-called incomprehensibility of quantum phenomena derives from inadequate conceptual instrumentation and, in particular, from the rampant fixation on dynamical causality as the only possible form of mechanical causality.

8.Epilogue

The material presented in the previous sections raises the question of whether many problems of contemporary micro-physics (the nature of quantum amplitudes and the reason for their collapse, hadronic confinement, the origin of the masses, and many others) are not actually as many koan, thrown on the path of the investigation to urge the researcher to a different point of view on elementarity, on the emergence of space-time-matter, on the derived and secondary nature of dynamical causality. And it is under the effect of this doubt that we are now going to our conclusions. Normally we look at particle physics as the descriptive level at which physical reality can be said to be entirely deciphered; the work of deciphering precisely consists in bringing the categories of the higher levels of description (and organization) of the physical world back to the language of reciprocal actions between the elementary components of matter. While not wanting to deny in any way the validity of this methodological approach, which has marked the entire path of post-Galilean physics, it is however important to realize that this operation of reduction and decomposition is carried out on an entity -the physical world -which is a whole. And it is a whole not only in the additive sense of a set of ontologically independent parts albeit externally inter-dependent, but in the much stronger sense related to the existence of a generative relationship that leads to the origination of all these parts and their external relations from a single unity. Unity consisting of an a-spatial and a-temporal void that enters into a self-reflective relationship, determining the emergence of all these parts and their external relations, both of a causal dynamic and spatiotemporal type. The individual physical events are to this void like the leaves of a tree are to the trunk from which they are born.

To be content with the reconstruction of the structure of external relations starting from concretely manifested events means to assume as fundamental the fragmentation inherent in the self-reflective relationship mentioned, completely forgetting the entirety of the underlying unity. This is consistent with the legitimate limits of a correct methodological approach. But an uncompromosing reductionism, carried beyond these limits and transfigured into fundamentalist ideology, exposes us to the risk of leaving in the shadow important aspects for the understanding of physical reality, even at the level of its "elementary constituents". This is particularly evident in the complete fall into oblivion of the distinction between the particle, the kinematically propagated unit, and its centers of charge. The relationship between these two elements, which is a typical local-global relationship recognized in the old structural models [START_REF] Corben | Classical and quantum theories of spinning particles[END_REF][START_REF] Bohm | Relativistic rotators and bilocal theory[END_REF][START_REF] Rivas | The center of mass and center of charge of the electron[END_REF], is completely ignored by the Standard Model. The latter only knows the centers of charge and their local interactions with gauge fields, but completely ignores the micro-spaces that allow the ab initio formulation of a global confinement condition. The effect of this limitation is not only constituted by the persisting mysteries of the confinement of quarks and gluons or, as we have seen, of wave-corpuscle dualism, with the related debates that have dragged on without solution for decades. Even more seriously, there is the real risk of a wrong setting of the research program on the quantization of gravity. In fact, the problem arises: at what level of the glyph is the gravitational interaction placed? If it is located at the level of the major vertex and therefore of the center of mass, then gravity acts on the particle but not on its centers of charge. If, on the other hand, the insertion of gravity is at or below the minor vertices, then gravity acts on the centers of charge and, through them, on the particle as a whole. At present it is not possible to experimentally distinguish these two possibilities; to our best knowledge, no gravitational effect on single (say) quarks has never been evidenced. The second possibility is the one implicitly accepted in a more or less universal way, and this is coherent with a vision that takes centers of charge as fundamental. But what if the first possibility was true? In this case, the gravitation would couple with the center of mass of a particle but not with its centers of charge. The equivalence principle would then be applicable at the center of mass level, which would become the equivalent of the famous free-fall lift. The centers of charge would be manifested in strong and/or electro-weak interactions, but not in graviton-mediated interactions. The latter would see only the particle. If cθ is the de Sitter radius of the particle, gravitons of energy much greater than h/θ would be decoupled from the particle. It would be the task of a quantum theory of gravitation to specify the dynamics of this decoupling (of the same type that Fermi invoked for electrons with extended charge distribution in quantum electrodynamics [START_REF] Fermi | Le masse elettromagnetiche nella elettrodinamica quantistica[END_REF]). But if we keep in mind that the de Sitter radius decreases with the reciprocal of the particle mass and that there seem to be no heavier particles than the aggregates of the top quark, we can easily reach two conclusions. The first is that the Planck scale is never achieved in gravitational interactions. It can be achieved by non-gravitational interactions but what happens then is that gravitation is coupled with the particles produced as final states. The second is that gravitational collapse probably does not lead to singularities, but only to hyperdense states [START_REF] Licata | Quantum jumps: from foundational research to particle physics[END_REF]. We do not intend to investigate these suggestions here, but only to show that opening the reductionist-diachronic cage can open up significant horizons of physical research. What we want to highlight is how the problems of greatest interest in fundamental physics become truly understandable only if a broader perspective is adopted, which recognizes the centrality of the synchronic formal causation and the derivative nature of the ordinary dynamical causal representation. This recovery of Aristotelian physical categories appears necessary not only as a founding step of a renewed and necessary "philosophy of nature", which recognizes the fundamental unity of the natural world by bringing back to it the results of the individual fields of scientific investigation, but also for overcoming many difficulties that current physical research encounters.

Mathematical Appendices

A1. Dirac Vacuum and de Sitter micro-spaces

The stabilization of the charges in a quantum jump requires energy, because it is necessary to overcome the reaction of the vacuum of Dirac which otherwise would return to its ordinary state. To understand the topic, let's consider the particular case in which the outgoing state consists of a single electron. The negative charge of the positive energy electron repels the negative charges of the positive energy electrons that may be present, but attracts the negative charges of the negative energy electrons of the surrounding Dirac vacuum. At the same time, while the positrons with positive energy possibly present are attracted, the positrons with negative energy of the surrounding vacuum of Dirac are instead repulsed [START_REF] Rafelski | The structured vacuum. Thinking about nothing[END_REF]. The first effect, ie the attraction of electrons with negative energy, increases the negative charge of the electron with pos-itive energy; instead the second effect, that is the repulsion of the negative energy positrons, shields this charge. The total charge must naturally equal the charge of the electron with positive energy alone (renormalization of the charge) while the energy associated with the global deformation of the Dirac vacuum appears as the (finite) rest energy of the electron. This deformation induces a stable negative pressure which tends to bring Dirac's vacuum back to its undisturbed condition [START_REF] Rafelski | The structured vacuum. Thinking about nothing[END_REF]. The hadronic case is more complex, in the sense that the hadron manifests itself a bubble inside the gluonic condensate, which is completely opaque with respect to the propagation of the quarks. The latter are thus confined within the hadron. The pressure exerted by the condensate tends in this case to collapse the hadronic bubble, returning the gluonic vacuum to its inperturbed condition [START_REF] Rafelski | The structured vacuum. Thinking about nothing[END_REF]. It is possible to dynamically introduce the micro-space of scalar curvature R and cosmological constant Λ through Einstein's equations:

R µ,ν - R 2 g µ,ν + Λg µ,ν = χT µ,ν (11) 
where µ, ν = 0,1,2,3 and the symbols have the usual meaning. Here the metric tensor g µν is that experienced by the centers of charge within the particle, while Einstein's "gravitational" constant χ actually measures the coupling with the vacuum states of the interaction fields involved in the temporal localization of the particle state. By schematizing the vacuum as a perfect fluid, the stress tensor takes the form:

T µ,ν = (η + p c 2 )u µ u ν + pg µ,ν (12) 
Where the four-velocity field of matter u µν is introduced. Since p + ηc 2 = 0, the Eq.( 11) becomes: R µ,ν -R 2 g µ,ν + (Λ + χηc 2 )g µ,ν = 0 [START_REF] Fantappié | Sui fondamenti gruppali della fisica (posthumous)[END_REF] which is the equation of a de Sitter space with an "effective" cosmological constant Λ = Λ + χη c 2 . This constant must be positive because the production of a deformation of the Dirac vacuum requires energy.

A2. Instantonic solutions

Coming back to Eq.( 10), the propagator is defined through the equation:

(

∂ 2 ∂τ 2 + ∂ 2 ∂R 2 -∆)G(τ -τ , R -R ) = -iδ(τ -τ )δ(R -R ) (14) 
Let us denote with k, p the momenta conjugate to τ and R respectively. In the representation of these momenta the Eq.( 14) becomes:

G(k, p) = - i k 2 + p 2 + ∆ (15) 
G(τ -, R -R ) = -i (2π) 2 e -ip(R-R ) dp e -k(τ -τ ) k 2 + ( √ p 2 + ∆) 2 dk (16)

But:

+∞ -∞ e -k(τ -τ ) k 2 + ( √ p 2 + ∆) 2 dk = 2 +∞ 0 cos[k(τ -τ )] k 2 + ( √ p 2 + ∆) 2 dk (17) 
Thus, the internal integral in Eq.( 16) becomes:

πe -(τ -τ ) √ p 2 +∆ √ p 2 + ∆ (18) 
Here we consider the only case R = R , ∆ = 0. This is the case of a photon in a virtual vertex eeγ or that of the creation / annihilation of a single electron.

From the square root in Eq.( 18) derive the two possibilities p = ±|p|. Let us consider the case of positive p. It is:

G(τ -τ , 0) = - i 4π ∞ 0 e -p(τ -τ ) p dp (19) 
which is regularized by observing that p cannot be zeroed, but reaches the minimum value 1/θ, where θ is the de Sitter time of particle micro-space. From the substitution p → p + 1/θ in the integrand, with θ ≤ θ 0 , we obtain:

G(τ -τ , 0) = - i 4π ∞ 0 e -(p+θ -1 )(τ -τ ) p + θ -1 dp = - ie -2(τ -τ )/θ 4π ( 20 
)
Let us remark that the maximum decay time of the propagator is θ 0 and it corresponds to the energy 2(h/θ 0 ) = 2 × 70 MeV = 140 MeV ≈ pion mass, Λ QCD , Hagedorn temperature. The case of negative p leads to a divergent integral and is not considered.

  The event Ψ(x, t O ) → δ(x -x O ), corresponding to the projector |x O x O |, represents the localization of the particle in the space point x O at the instant t O . The probability density of this event, conditionated by the initial condition assumed for Ψ, is proportional to Ψ * (x O , t O )Ψ(x O , t O ).

	with its localization event and is manifested in the spacetime domain only
	at the instant t O , as the event Ψ(x, t O ) → δ(x -x O ). The experimental
	set up considered by Einstein or the classic double slit experiment must be
	reconsidered in this light.
	The wave function of a "system of N particles" Ψ(x 1 , . . . x N , t) can be defined
	in the same way, assuming the possibility of a multiple event of the type
	Ψ(x 1 , . . . x N , t O ) → i δ(x i -x Oi ), (i = 1,. . . , N ) consisting of N simultaneous
	localizations. Here the wave function Ψ(x 1 , . . . x N , t) depends on N lines
	(x i , t) in five-dimensional space, for each assigned value of t. These lines
	diverge from the projection center and therefore also in this more general
	case Ψ can be considered as a property of that center. It should be noted
	that in the case of identical particles, the absence of trajectories that connect
	distinct origins to different places of localization in a unique way leads directly
	to entanglement.
	Since the wave functions Ψ(x, t), Ψ * (x, t) depend on the line (x, t) departing
	from the center of projection in five-dimensional space, they can be defined
	as properties of that center. The event Ψ(x, t O ) → δ(x -x O ) is then, in this
	specific sense, local; it appears to involve a form of non-locality only when
	viewed from the perspective of the spacetime domain. It is clear that in this
	description there is no solid object permanently actualized in spacetime and
	to which a trajectory can therefore be assigned. The "particle" coincides