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The concept of simultaneity is relative in special relativity whereas, it seems to have a definite meaning in quantum mechanics. We propose to use the invariant space-time interval introduced by special relativity as a benchmark for constructing an absolute notion of space-time. We also propose to illustrate that when no measurement is conducted on a quantum system its wave function lives as a wave in the absolute space-time but, when a measurement is to be conducted, we must switch to an ordinary observable frame of reference where the quantum system lives as a particle.

1.Introduction

In Einstein's special theory of relativity, it is postulated that the laws of physics are invariant in all inertial frames of reference ; and that the speed of light in a vacuum is the same for all observers, regardless of the motion of the light source or observer [START_REF] Einstein | Zur Elektrodynamik bewegter Körper" (On the Electrodynamics of Moving Bodies)[END_REF]. Moreover, according to special relativity, if two distinct events are simultaneous in a first frame of reference, they are generally not simultaneous in a second frame of reference that is moving relative to the first.

On the other hand, a quantum system for example made up of a pair of entangled particles behaves in such a manner that the quantum state of one particle cannot be described independently of the state of the other. This quantum phenomenon was first introduced as a thought experiment in the EPR paper [START_REF] Einstein | Can Quantum-Mechanical Description of Physical Reality Be Considered Complete?[END_REF] and it was later discovered that it can be experimentally testable by Bell's inequality [START_REF] Bell | On the Einstein-Poldolsky-Rosen paradox[END_REF]. Standard quantum mechanics postulates that neither one of both particles has a determinate state until it is measured. As both particles are correlated, it is necessary that when the state of one particle is measured the second particle should simultaneously acquire a determinate state. There have been numerous experiments such as Aspect's experiment [START_REF] Aspect | Experimental Realization of Einstein-Podolsky-Rosen-Bohm Gedankenexperiment: A New Violation of Bell's Inequalities[END_REF] that proved the validity of quantum entanglement. This phenomenon is discussed in detail by Jean Bricmont especially in relation to the de Broglie-Bohm theory in his book "Making Sense of Quantum Mechanics" [START_REF] Bricmont | Making Sense of Quantum Mechanics[END_REF]. In particular, the de Broglie-Bohm theory is non-local and seems to require a preferred reference frame with respect to which non-local interactions are instantaneous.

In sum, both experiment and theory in special relativity converge to the notion of relativity of simultaneity. In quantum mechanics, experiment and theory converge to the opposite notion of absolute simultaneity. In this paper, we propose to give an explanation to these seemingly contradictory matters of fact.

2.Review of Special Relativity

Let F be a 2D inertial frame of reference having its origin at an arbitrary point O and let be another inertial frame of reference having its origin at an arbitrary point and moving with a velocity v along the x-axis. The transformation of coordinates from the rest frame to the moving frame is given by the following equations:

(

(2)

However, not everything in relativity theory is relative. Indeed, the theory introduces a universal constant speed c as well as an invariant space-time interval (called also proper time) on which all observers agree [6] [7]. This invariant interval between two events and is defined as:

(3)

The nature of the interval between the two events depends on the sign of , in the following manner:

-if , the events are causally related, and d is said to be a time-like invariant interval representing the 'ticking of a clock' moving along a world-line; -if , the events are causally unrelated, and d is said to be a space-like invariant interval;

-if , the events are 'instantaneously connected', and d is said to be a light-like invariant interval.

In Fig. 1, a two-dimensional space-time inertial frame of reference is illustrated having equivalent natural units for space and time by simply taking c = 1. In that case, the light world-lines (represented by a u-line and a v-line) are at from the x-axis and the corresponding u and v variables are related to the x and t variables in the following manner: (4) [START_REF] Bricmont | Making Sense of Quantum Mechanics[END_REF] The invariant interval between two events can thus, be expressed as follows: [START_REF] Susskind | Special Relativity and Classical Field Theory[END_REF] Thus, the product is an invariant for all observers. The locus of events lying at the same invariant interval from a central event forms a hyperbola having the light world-lines (u-line and vline) as asymptotes as shown in Fig. 1.

In the next section, we shall postulate that the u-line and v-line as well as the invariant interval provide a universal benchmark with respect to which an absolute fabric can be constructed which cannot be related to any observer, but which nevertheless, has effects in the observable world.

3.Absolute Fabric

In this section, we will construct out of the concepts of special relativity an absolute entity that we shall call 'absolute fabric'. The absolute fabric cannot be directly observed, and its real nature is unknowable, but its effects are detectable. We propose to construct the absolute fabric in a manner that enables to recover the results of special relativity. Thus, we reasonably suppose that the absolute fabric in 2D (which can be easily generalized into four dimensions), can be represented by two perpendicular space-time axes: u-axis and v-axis intersecting each other at an arbitrary origin O as shown in Fig. 2. The absolute fabric will be endowed with a metric wherein, an absolute distance between two points and can be defined as follows:

(7) Thus, by using equation [START_REF] Lawrie | Theoretical Physics[END_REF], a constant temporal distance from the origin O of the absolute fabric can be defined as follows:

(8)

The invariant temporal distance from the origin O can be considered as representing an 'absolute date' displayed by an 'absolute clock' and in order to have a consistent causal structure, the constant is taken to be positive.

Equation [START_REF] Baron | An Introduction to the Philosophy of Time[END_REF] can also be expressed as follows:

The above equation ( 9) represents a rectangular hyperbola in the first and third quadrants ( ) of the coordinate axes (u-axis and v-axis) such that the u-axis and v-axis are asymptotes as shown in Fig. 2, and the major axis of the hyperbola is the line .

Thus, all points of a given hyperbola lie at the same absolute temporal distance from the origin. This absolute temporal distance is hereafter referred to as 'absolute time parameter' or 'absolute time coordinate' and is defined as follows:

(10)

The above equation (10) enables us to subdivide the absolute fabric into a set of hyperbolas , each one being made up of a set of points that are absolutely simultaneous with respect to a corresponding absolute time parameter . More precisely, the set of hyperbolas represents a set of 'absolute space-like slices of simultaneity' parametrised by a set of absolute time parameters . In other words, each space slice is a class of simultaneity being made up of a set of points that are associated to the same absolute time parameter :

(11) Each absolute slice may be considered as a geodesic wherein, for any two points on there exists a unique path joining these two points. On the other hand, each slice is associated to a unique absolute time parameter and thus, the passage from one slice to a consequent slice represents the 'transition' of absolute time from an absolute time instant to a consequent absolute time instant . The absolute time parameter provides thus, an absolute time ordering of different slices. The absolute fabric is therefore, unambiguously divided into well-determined slices of absolute simultaneity at corresponding absolute time parameters across which absolute causality occurs. Only causal relations (i.e.

) are permitted between points belonging to different slices. A movement of an object from one slice to a subsequent slice shall be called a 'causal movement' and similarly, an interaction between two points belonging to different slices shall be called a 'causal interaction'.

On the other hand, given any two points and on any given slice , the square of the invariant interval between these points is always negative:

(12)
Indeed, either one of or will be decreasing while the other is increasing. It is of course normal that the square of the invariant interval between any two points on a slice should be negative, otherwise, the two points would not be simultaneous. For instance, if was positive, then one point should have been the cause of the other and thus, both points could not be simultaneous. Thus, all events within the same slice (i.e. 'happening' at the same absolute time parameter ) should not be causally related. This is straightforward for different events emanating from different and independent systems. However, even if the events within the same slice are causally unrelated, it may still be possible that some of these events are 'simultaneously related' especially if these events emanate from the same system as we will see in later sections. Thus, we conjecture that in certain cases a movement or interaction can exist between points on the same slice. This kind of movement or interaction shall be called 'simultaneous movement' or 'simultaneous interaction'. Thus, all relations in the absolute fabric can either be causal (i.e.

) between points belonging to different slices or simultaneous (i.e.

) between points belonging to the same slice.

On another note, with respect to an arbitrary origin, the space slices on either side of the origin are associated with positive absolute time parameters whose values increase as we depart from the origin. The slices in the first quadrant can be taken to represent the future with respect to the arbitrarily chosen origin O and those in the third quadrant to represent the past wherein, the greater is the value of the absolute time parameter associated to a slice the more remote it is in the future or the past. In other words, each slice is the locus of all simultaneous events evolving from past to future with respect to the absolute fabric.

It is to be noted that there are two concepts of absolute time in the absolute fabric: 'absolute time parameter' and 'absolute time interval'. The absolute time parameter is a coordinate time defining the time zone of a given slice. The absolute time interval defines the absolute time period taken by an object while going from one point to another. In other words, the absolute time interval is akin to the proper time in special relativity representing the ticking of a clock of a moving object along its worldline.

For example, all lines parallel to the u-axis or v-axis are paths followed by light rays (called light world-lines). The invariant interval d (i.e. proper time) between any two points on a light world-line is always zero (i.e., the clock does not tick) even though all the points on the light world-line are associated with different absolute time parameters. For instance, a light world-line parallel to the uaxis intersects an infinite number of slices associated to an infinite number of absolute time parameters. However, for any two points on the light world-line: while and thus, the invariant interval d between these two points is always zero and therefore, the two points are considered to be 'instantaneously connected'. Thus, in the absolute fabric, light instantaneously crosses all slices associated to different absolute time coordinates.

The absolute fabric per se is unobservable and therefore, the introduction of an observer requires the construction of a frame of reference called hereafter, observable frame of reference having an ordinary spatial x-axis and an ordinary temporal t-axis. To be consistent with special relativity, the observable frame of reference should be introduced into the absolute fabric in such a manner that the angles between the t-axis and x-axis are split by the absolute u and v axes. These t-axis and x-axis can be arbitrarily chosen to be perpendicular to each other. Any other observer in relative motion with the first observer can be defined with respect to another observable frame of reference with tilted t'-axis and x'-axis as demanded by special relativity.

From the perspective of any observable frame of reference , each slice is invariant and can thus, be considered as an absolute slice of simultaneity. However, the events on the slice are clearly not simultaneous with respect to the ordinary observable time t of any observable frame of reference. Indeed, from the perspective of an observable frame of reference , an absolute time parameter associated to a slice corresponds to an infinite interval of ordinary observable time t as shown in Fig. 2. Nevertheless, the set of points belonging to the slice forms a one-to-one correspondence with the set of points on the ordinary x-axis.

For example, Fig. 2 shows that two material objects starting from the same point on a given slice and traveling at different speeds and would cross a slice associated to an absolute time parameter , at respectively two different points A and B having different coordinates and with respect to the observable frame of reference. The coordinates of these points can be easily determined by calculating the intersection of the lines and representing the movement of these objects with the hyperbola equation representing the slice in the observable frame of reference. These coordinates are given by: and ( 13) and ( 14)

Points A and B are absolutely simultaneous with respect to the absolute fabric and have the same absolute time parameter but, have different ordinary time coordinates and with respect to the observable frame of reference.

4.Bloc Universe

If we consider the universe as a block [START_REF] Baron | An Introduction to the Philosophy of Time[END_REF], then it can be considered as an absolute fabric where the entire extent of absolute time starts from the big bang. The universe block can then be absolutely subdivided into slices of simultaneity associated to absolute time parameters as described above. The evolution of an object is then to be considered as having different properties at different absolute times. All observers would agree on the absolute simultaneity of all events within each slice. However, absolute slices are unobservable and different observers would subdivide the universe block differently into plane slices at different angles. Each observer would have his own cursor materialised by his own relative observable time.

4.Relation with QM

In quantum mechanics the wave function (or state vector) of a quantum system is usually described as a linear combination of different states. For simplicity, we shall consider a particle moving along the x-axis which is subdivided into a great number of infinitesimal intervals , where each interval is represented by a discrete position-cell called simply position . Time is also represented by discrete numbers . Thus, the state vector of the particle at a given time can be described as a linear sum of different positions where each position is associated with a complex coefficient called probability amplitude, as follows:

(15)

The mod square of the probability amplitude represents the probability of the particle to be at the corresponding position .

The evolution of the state vector is described by Schrodinger equation with respect to a time variable which is identical to Newton's absolute time. It then seems straightforward to suppose that the evolution of the state vector can be better described with respect to the above defined absolute time parameter rather than the ordinary observable time knowing that equations ( 13) and ( 14) give the relation between these two entities. We note that for a speed v=0 and position x=0, the absolute time parameter has the same value as the observable time of a frame of reference whose t-axis coincide with the major axis of the hyperbolas describing the space slices .

To determine the state vector of the particle with respect to the absolute time parameter, we will similarly suppose that each space slice is subdivided into a great number of infinitesimal intervals , where each interval is represented by a discrete position-cell called simply position . Then, by analogy to the standard state vector of equation ( 15), we suppose that at each absolute time parameter , a set of absolute positions of a particle are spread over a zone stretching between two points on the corresponding space slice of simultaneity such that all absolute positions are simultaneous and are just there at once at the absolute time . Thus, the state vector in the absolute fabric can be described as a a linear sum of absolute positions at each corresponding absolute time parameter , as follows:

(16) It is not weird that a particle can be at different absolute positions at the same absolute time parameter . Indeed, as it can be easily seen from Fig. 2, a zone stretching between two points on a space slice associated to a unique absolute time parameter corresponds, when transformed into the observable reference frame, into an interval of different positions associated to an interval of different ordinary time instants .

In other words, the set of absolute positions of equation ( 16) belonging to the zone within the space slice forms a one-to-one correspondence with the set of ordinary observable positions defined in the state vector of equation ( 15). However, with respect to an observable frame of reference, the absolute simultaneous positions and thus, the different observable positions would correspond to different ordinary observable time instants such that, at each observable time instant corresponds a unique observable position . Thus, the different observable positions are simultaneous with respect to the absolute time parameter while being associated to different observable time instants and as we shall see in the next section this is the origin of the seemingly problem of measurement. Thus, the state vector of equation ( 16) can be described as a linear sum of different positions at each corresponding absolute time parameter , as follows:

(17)

The state vector according to equation ( 17) is a hybrid entity describing the evolution of ordinary observable positions of a particle with respect to an unobservable absolute time and we pretend that this formulation is implicitly used in Schrodinger equation.

It should be noted that the replacement of the ordinary time variable of Schrodinger equation with the absolute time parameter provides a preferred frame (i.e. the absolute fabric) with respect to which absolute simultaneity can be defined.

5.Measurement

According to the above equation (17) all observable positions are simultaneous with respect to the unobservable absolute time . However, with regard to an observable frame of reference, the absolute time will be transformed into different ordinary observable time instants and thus, at each time instant corresponds a unique position . Hence, when a particle is to be observed or detected, it can only be done at a specific time instant which is related to a unique corresponding position and thus, the state vector of equation ( 17) reduces to:

(18)

In other words, when unobserved, the particle as described by the state vector of equation ( 17) is in a superposition of different positions at each absolute time instant and thus, behaves as a wave. However, when it is to be observed, this can only be done from the perspective of an observable frame of reference where the particle has a unique position associated to a unique observable time and thus, behaves as a particle. On the other hand, once the position of the particle is observed or measured, the observed position is 'trapped' at that position. That is, the measurement interaction induces a contraction of the zone of absolute positions on the space slice to almost one point corresponding to the observed position of the particle. The probability of trapping the particle is higher when the density of presence of the particle at that position is higher and hence, the probability of trapping the particle at the position is given by: (

To sum-up, when no measurement is conducted, the wave function of a particle is a superposition of different positions living in the absolute fabric and evolving with respect to an absolute time behaving hence as a wave. However, when a measurement is to be conducted, we must refer to the observable frame of reference where a unique observable position is associated to each corresponding observable time . Moreover, the act of measurement at a given observable time traps the position of the particle into an infinitesimal neighborhood of the observed position associated to the observable time of interaction with a probability equals to the mod square of the corresponding probability amplitude .

Measurement implies thus a fundamental transformation of perspective from the absolute fabric to an observable frame of reference. The interaction happens in the absolute fabric but can only be observed in an observable frame of reference and at a specific instant of ordinary observable time.

6.Entanglement

Consider an entangled quantum system composed of two particles on the x-axis travelling in opposite directions and emanating from a source midway between two detectors. Let and represent the positions of the first and second particles respectively with respect to an observable frame of reference. The entangled particles can be considered as emanating from a point on a given slice as shown in Fig. 3. At each absolute time parameter , the first and second entangled particles have different positions and with respect to the observable frame of reference that correspond to two points on the same slice . From the perspective of only some observable frames of reference, the particles seem to simultaneously acquire determinate correlated values but from the perspective of many others, the particles do not seem to acquire simultaneous determinate correlated values. However, all observers agree that the states of both particles are simultaneously correlated with respect to the absolute time parameter.

On the other hand, as described in equation ( 12), the square of the invariant interval between any two points on any given slice is always negative. This implies that the 'correlation interaction' between the two entangled particles cannot take place neither via a causal light connection ( ) nor via a subluminal causal connection (

). The 'correlation interaction' could then only be a 'simultaneous correlation interaction' taking place within the slice.

In order to examine this sort of 'simultaneous correlation interaction', it is worthwhile to analyse it with respect to an observable frame of reference. As can be deduced from Fig. 3, a 'simultaneous interaction' within a slice from one particle to the other should initially travel backward and then forward with respect to ordinary time. These backward and forward observable times would cancel in certain frames of reference and the interaction would seem instantaneous in these frames. However, it should be noted that the interaction is always instantaneous in the absolute fabric but not always with respect to the observable time. This kind of instantaneous interaction is well documented in the literature and is usually called 'retrocausation' or 'backward causation' and is generally associated with entanglement [START_REF] Baron | An Introduction to the Philosophy of Time[END_REF]. However, it should be emphasized that no such 'retro-causation' takes place with respect to the absolute fabric. The 'instantaneous interaction' always take place within the same slice associated to the same absolute time parameter and the absolute causal structure is conserved. The backward causation is subjective and can only be referred to an observable frame of reference. Moreover, this subjective backward causation cannot be observed simply because a backward passage of ordinary time can never be observed by an observer experiencing a forward passage in ordinary time. However, the effect of the instantaneous interaction is detectable and has been detected by many experiments on entanglement.

To sum-up, there exists an instantaneous 'simultaneous correlation interaction' between the two entangled particles taking place within each slice such that both particles remain correlated. The state vector of the quantum system (i.e. first and second particles) with respect to absolute time can thus be expressed as follows:

(20) where is a state eigenbasis of the first and second particles.

The above expression (20) indicates that each pair of positions and of both particles are coupled. At each outcome (referenced by the index k), both particles are associated with a unique probability amplitude because they are instantaneously connected via the corresponding space slice regardless of the observable distance separating them.

If a measurement is conducted by one detector on one particle, the outcome of the measurement directly affects the state of the other particle at the same absolute time parameter.

6.Conclusion

The notion of simultaneity has a real definite meaning with respect to the absolute fabric as opposed to its relative notion with respect to the observable frames of reference. Indeed, the absolute fabric is unambiguously divided into well-defined space slices of absolute simultaneity at corresponding absolute time parameters. The absolute fabric could have been represented differently though the present formulation guarantees the recovering of the habitual representations of observable space-time.

On the other hand, according to this model, the wave function of a quantum system lives and evolves in the unobservable absolute fabric as a superposition of different positions at each absolute time parameter behaving thus, as a wave. Once a measurement is to be conducted, the perspective must be switched from the unobservable absolute fabric to an observable frame of reference where the wave function has a unique position associated to a unique observable time and thus, behaves as a localized particle.

Fig. 1 illustrates a two-dimensional space-time inertial frame of reference having equivalent natural units for space and time (i.e. c = 1). The light world-lines are represented by a u-line and a v-line at from the x-axis. The locus of events lying at the same invariant interval from the origin forms a hyperbola having the light world-lines as asymptotes.

Fig. 2 illustrates a representation of an absolute fabric in 2D, having two perpendicular space-time axes: u-axis and v-axis intersecting each other at an arbitrary origin. The set of points belonging to a given slice forms a one-to-one correspondence with the set of points on the ordinary x-axis whereas, an absolute time parameter associated to the given slice corresponds to an infinite interval of ordinary observable time. Two material objects starting from the same point on a given slice and traveling at different speeds would cross a slice at respectively two different points A and B having the same absolute time parameter but different ordinary time coordinates and and thus, A and B are absolutely simultaneous with respect to the absolute fabric (u, v) but not simultaneous with respect to the observable frame of reference (x, t). Fig. 3 illustrates an entangled quantum system composed of two particles travelling in opposite spatial directions and emanating from a point on a given slice. From the perspective of different observable frames of reference, the particles do not seem to simultaneously acquire determinate correlated values. However, all observers agree that the states of both particles are simultaneously correlated with respect to the absolute time. The two entangled particles are connected within each slice by a 'correlation interaction' such that both particles acquire determinate states simultaneously with respect to the absolute fabric. From the perspective of any observable frame of reference, the 'correlation interaction' would take place backwards with respect to observable time and thus, cannot be observed.

Note: All figures are retouched out of figures originally taken from Wikipedia under the title "Hyperbola".
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