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Note from the author: The following is only a draft. This paper may be disseminated freely to any and all physicists willing to read it. I otherwise retain all copyrights. In doing this I have three aims:


(1) I’m hoping for constructive critical comment from as many physicists as possible. Please use my contact info above (so as not to deluge anyone’s inbox but mine). I am hoping to learn if my model is conceptually possible (even if, for any reason, we can’t ever know whether it’s true), i.e. as long as my proposal is internally coherent and contradicts no scientific evidence, I’d be happy to proceed (possibly with publication in a philosophy of science journal). But if it is not coherent or already contradicts established facts, that’s what I'm hoping to find out; and of course if there are other ways to fix, correct, or improve the paper as written.


(2) In its current form this is a philosophical, not a scientific paper. In it I’m asking scientists to explore the mathematical possibilities, and only presenting the conceptual framework. Ideally, a physicist who reads this will be willing, and offer, to co-write a final draft of this article, putting in any references, mathematics, and other details and terminological fixes that would render it even a passable scientific paper. But failing that, I’m hoping at least to discover whether the concepts can be made sound enough that the article will be sufficient guidance to other scientists, who in future read it, to work up the math.


(3) The references used in this draft are mainly to Science News articles which in turn reference the original scientific papers of interest. If this bibliography can be replaced or expanded with direct references to scientific papers demonstrating the same points, all suggestions to that end will be very welcome. A final draft will likely include at least some such material, even if only the same papers referenced in turn by SN.

Abstract: Quantum entanglement phenomena, as exemplified in any form of the EPR experiment, can be wholly explained by general relativity, if certain premises are adopted which may not be popular but which contradict no scientific observations to date. Those premises are that spacetime is an entity akin to particles themselves (and that relativity theory describes an actual geometry of that entity), and that the specific properties of particles which are subject to entanglement are fully caused by normal massless boson interactions between a particle at the instant it forms and the instant it decoheres. Given those two premises (and the uncontroversial premise that the theory of relativity is true), it is theoretically possible to deductively predict all entanglement phenomena including the results of every EPR experiment, without recourse to any special theory of quantum mechanics.

Recent discoveries have reopened the possibility that all quantum phenomena (from wave-particle duality and probabilistic properties) might be explicable as the macroscopic effects of entirely classical systems.[1][2] At the very least, the inability to reconcile quantum mechanics and relativity, despite nearly a century of trying, entails we must be willing to entertain theoretical possibilities that we presently reject. It is evident something we believe about physics must be wrong. Therefore, proposals that involve premises presently not accepted by physics cannot be ruled out merely because of that fact. This is especially the case for premises which are not widely accepted but which have not in fact been scientifically demonstrated to be false. Accepting the latter kind of premise does not entail concluding any scientific findings were “wrong,” only that we were wrong to treat assumptions as if they were demonstrated facts, when those assumptions had never been scientifically demonstrated to begin with. Such an assumption is the rejection of an objective spacetime.


Even more acceptable are premises no one has ever affirmed or denied, because they simply hadn’t been considered. That particle properties are caused to be what they are by interactions with massless bosons at the moment of a particle’s formation is such a premise (which bears certain similarities to but is not the same proposal as Bohm’s pilot-wave theory). If these two premises are accepted, then it can be shown that relativity theory alone would entail the prediction that quantum entanglement will be observed in any given universe subject to all three conditions (those two premises, and the truth of relativity theory). In such a case the results of EPR experiments would not be surprising, even to someone who had never even heard of quantum mechanics.

Hypothetical Premise 1 (HP1): There Is an Objective Spacetime

The first of the two premises key to this conclusion is that spacetime is a real entity, an object in the same way particles are objects. An objective spacetime would not have a “location” in spacetime (there need not be any “other” spacetime in which spacetime resides), but otherwise it would be a thing, subject itself to the laws of relativity and quantum mechanics. This is not a popular theory, but it has yet to be contradicted by any experiment or observation, and it is fully consistent with general relativity. And there are two observations that support it.


First, it is known that virtual particles (which perpetually form and vanish on a quantum scale) fill any region of spacetime, and that therefore an object moving through spacetime will produce and experience a “wake” as it moves, as it collides with virtual particles forming ahead of it, and retreats from virtual particles forming behind it. Thus virtual particle production produces one indication of an objective spacetime against which objects move (another evidence of a similar kind is frame dragging, also recently confirmed[3]). This does not require proposing any notions of an “absolute” position or reference frame, since theoretically any region of spacetime itself can have a velocity relative to other regions of spacetime (e.g. spacetime itself can expand, move, rotate, etc.), thus eliminating any possibility of a “true” position or reference frame even if an objective spacetime exists. In other words, which reference frame (i.e. which region of spacetime) you choose to be the “true” one remains completely arbitrary, while relativity theory ensures all the laws of physics remain the same regardless. The premise of an objective spacetime therefore does not contradict the theory of relativity and should not provoke controversy.


Second, it is known that spacetime allows motion in only three dimensions of space and one of time, yet there is no known reason why this restriction should obtain. Theoretically the number of dimensions can and should be infinite (in the absence of anything to restrict the number, the principle of indifference entails the number should be unrestricted). There are only three logically possible explanations for how spacetime can be restricted to only a specific number of dimensions. The first is that particles have properties that prohibit them from traveling into any but the known three dimensions of space and one of time. But that leaves unexplained why or how particles would (or even could) have such a peculiar property, so any such explanation would require an entire matrix of completely novel ad hoc hypotheses for which there is no evidence. The second is that objects (waves or particles) in all the infinite other dimensions “push” all the particles we observe to be in this universe into this narrow band, preventing them from moving in those other dimensions. But that leaves unexplained how this could occur without our experiencing the effects of all light and matter in this world being constantly impacted like this, and the coordination required of these “other objects” to ensure we always only ever experience motion in the same three spacial dimensions and one single dimension of time entails an improbability that is beyond astronomical. Moreover, this again requires an entire matrix of completely novel ad hoc hypotheses (about an infinite array of heretofore unknown particles and their powers of interaction with known particles) for which there is no evidence.


That gives far greater probability to the third and only other logically possible explanation: spacetime is an objective entity and thus can, like any object (e.g. the surface of an apple), have a fixed number of dimensions as an innate property of its structure. This requires no novel ad hoc hypotheses, since the one entity being proposed (a real spacetime) is observed, and therefore is in evidence. It is also vastly simpler than the other two alternatives. Superstring theory proposes that this structure extends beyond the three visible dimensions of space to include tightly curved additional dimensions, which are invisible to us not because we are pushed out of them or can’t enter them but because their extent (as they curve back in on themselves) is too small for us to notice that in fact many particles in our universe are moving through them, all the time. But this actually presumes that spacetime is an objective entity that can have a fixed or changing shape independently of what particles reside in it. Therefore an additional argument for this conclusion is that if Superstring theory is credible enough at least to consider (and most physicists agree it is), then the objective spacetime it entails is credible enough to consider, and all arguments and evidence supporting Superstring theory also, necessarily, support the existence of an objective spacetime.


Accordingly, an objective spacetime remains the simplest theoretical explanation for why the number of open dimensions (in our local region of spacetime) is only four and not infinite (likewise any compacted dimensions in addition to those four). There are then only four because dimensions are objectively real and, as with any objectively real objects, there can therefore be a finite number of them. Weak anthropic explanations would then explain why the exact number in our local region is four (and why specifically three of space and one of time), since observers like us would never find themselves in any other region of spacetime.[4]


The premise here put forward is therefore that, being an object itself, spacetime is subject to the laws of general and specific relativity in all the same ways objects in spacetime are. This hypothesis shall be designated HP1.

Quantum Entanglement and the EPR Experiment

Whenever particles form (whether photons or electrons or anything else), and sometimes when they interact in certain ways, they always form or result in pairs, with certain opposite properties (such as the quantum property of spin), and for some period of time remain “entangled,” such that what happens to one of the pair seems to affect its partner, in certain ramified ways. In an EPR (Einstein–Podolsky–Rosen) experiment this phenomenon is tested. 


In one common class of EPR experiment (which has many variations), particle “spin” is being measured. An entangled particle pair is created at an emitter and each is sent off in a different direction toward different detectors. It has been independently established that the two particles of an entangled pair always have opposite spin (one will be “right-handed” and the other “left-handed”). At each detector is a filter that blocks particles of a certain spin (such as “left-handed”) but allows others through (such as “right-handed”), and the filter’s ability to block or allow one kind of spin varies along a continuum as the filter is rotated (such that at most positions it allows a predictable percentage of each, and only when directly vertical or horizontal does it block all of one and allow all of the other).


What has been found in this class of EPR experiment is that the frequency of particles having a certain spin changes not merely relative to the rotated position of the filter at the detector, but relative to the rotated position of both filters together. For example, only when both filters are exactly 90 degrees out of alignment with each other do they each block all of one spin and none of the other. Rotating one filter changes this alignment, which changes the frequency of particles getting through, in a mathematically predictable way, as if somehow that filter magically “knows” at what angle the other filter has been rotated.


Any theory that can explain this will explain all entanglement phenomena, because they all reduce to the same basic elements: some aspect of the physical arrangement of the system where a particle is “detected” (i.e. interacts with that physical system, which system may be our instrument, or any natural system standing in for it) affects what properties the detected particle exhibits as if it “knows” what the physical arrangement is of the other system where the other particle (the first particle’s entangled partner) is “detected,” even if that is thousands of miles away (or even, theoretically, infinitely distant) and even if that other system was configured only an instant before the partner particle collided with it (in fact, even if, at the moment of the particle’s being formed, the other detector didn’t exist), so not only does information appear to travel instantly through space, but even backwards in time. 


This has been demonstrated in EPR experiments where one filter is rotated after the particles have been generated and are already en route. The outcome always adheres to the arrangement of both detectors’ filters relative to each other at the moment of detection, even though that arrangement didn’t exist when the particles formed. This would entail either that the particles did not have any definite spin when created and information is somehow traveling instantaneously across the universe the moment one particle’s spin is determined, or that somehow information is traveling backwards in time from the detectors to the emitter (since whether a particle will have left-handed or right-handed spin is determined by the future state of the filters, even though, in any classical interpretation, a particle is supposed to have some spin or other the moment it is created). All varieties of quantum entanglement are iterations of this same general phenomenon: the properties that a particle appears to have upon detection are determined by the relative configuration of physical systems interacting with those particles that are far too distant from each other in time and space for any light-speed signal to have been exchanged between them.

Explaining Quantum Entanglement as a Product of Massless Bosons

According to pilot-wave theory, quantum phenomena are explained by “pilot waves” traveling back in time (and thus faster than light) to pre-fix the properties (such as position, spin, or momentum) of quantum particles. Though still entertained as a possibility in the physics community, it is generally rejected as untenable because it requires two implausible assumptions: nonlocality (that time reversed / faster-than-light communication exists) and perfect efficiency (by requiring that the pilot signal never decays or becomes disordered despite being propagated over vast, even infinite distances). But if HP1 is true, the same explanation can be advanced without requiring either assumption. The entanglement of particles with a rest mass shall be treated separately below (as it requires an additional premise). But the entanglement of all other particles (collectively identifiable on the current Standard Model as massless bosons, the most well known of which is the photon) can be fully explained with only HP1 being added to the general body of established scientific knowledge.


According to established relativity theory, an object moving at a relative velocity will contract both in length and in the passage of time, in each case to a degree that is relative to the observer. This contraction reaches maximum at the speed of light, such that an object traveling at the speed of light will appear contracted to zero length and as experiencing the passage of zero time. This is not merely apparent, because in actual fact the object itself will experience the passage of zero time. If it were possible to put an astronaut in a ship traveling at the speed of light (this is impossible, but for reasons not relevant here), that astronaut would also experience no passage of time but, from her perspective, would have traveled instantly from source to destination, not having aged, even as her partner makes the trip more slowly and is considerably older upon arriving at the same destination (experiments with atomic clocks in aircraft and satellites have confirmed this principle more than amply).


If spacetime is an object, then it, too, experiences relative contraction. According to relativity theory there is no objective difference between whether object A is traveling past a stationary object B or object B is traveling past a stationary object A. In fact, the issue of which is at rest (A or B) is entirely relative to the observer and has no objective status. Accordingly, if HP1 is true, then whenever we are in motion (and are not accelerating) we are at rest and spacetime itself is in motion. It is not only that we are in motion relative to other objects in space, but that even if there were no other objects in space, we would still be observing a spacetime that is moving relative to us (and, anyone resting in that spacetime would instead see us moving relative to spacetime and spacetime itself as at rest). Accordingly, spacetime would contract following the same principle as objects in motion.


All massless bosons travel at the speed of light. The photon, actually being light, is the obvious example. But if H1 is true, then a photon experiences the passage of zero time from the moment it is created to the moment it is destroyed, and all of spacetime in the direction of its path will be contracted to zero length. At the moment that a photon forms, in other words, the distance between the emitter and the detector in an EPR experiment is precisely zero, and the time of travel between them is likewise zero. The distance is not zero between the emitter and detector at the moment of emission, but zero between the emitter and the future detector. In other words, the distance between the emitter and the point in spacetime where the photon will collide with the detector is zero. This can be demonstrated noncontroversially with the non-Euclidean geometry regularly employed in relativity calculations. The whole universe is in effect contracted to zero length between the emitter and that future detector—just as any other object at rest (relative to the photon) would be.


This means that when a photon pair forms, these two photons are not “distant” from the two detectors in an EPR experiment, in either space or time, but completely adjacent to them—in fact, occupying exactly the same point in space. The physical system of the emitter and future detectors is collapsed to a distance between them all of exactly zero, and communication between them is literally instantaneous—because the passage of time for any signal sent between them is exactly zero, and the distance being traveled is exactly zero. The photon itself is therefore the only signal we need, and no additional “pilot” signal need be posited. There is also no signal decay because the distance being propagated is zero. It would not evoke any surprise at all that the spin properties of two photons at their formation would be caused to be what they are by immediately adjacent objects known to affect photon spin properties (like polarizing filters)—in fact, by objects occupying exactly the same point in spacetime as the photons themselves.


Therefore, from relativity theory and HP1 alone we should have been able to predict the general outcome of every EPR experiment involving massless bosons (like photons). Not necessarily the specific outcome (since that would follow from other variables, such as exactly how polarizing filters interact with photons), but the overall phenomenon. The configuration of the filters relative to each other creates a geometry of the very spacetime in which the photon pair forms, since the distance between those two filters is literally zero and they occupy exactly the same point in space—not only the same point as each other, but as the photons as well. We should therefore have already predicted that effects caused by the relative position of the two filters will instantaneously affect the photons formed at the emitter.


It should be a simple matter for a physicist to show, given the premise that both filters share the same point in space as the photons being emitted, that even the specific results of every EPR experiment can be entirely predicted, all without recourse to any particular theory of quantum mechanics. And the same would obviously hold for all entanglement scenarios involving massless bosons, since in every case the two interaction locations (where decoherence occurs) of each particle in an entangled pair will occupy literally the exact same point in spacetime as the entangled particles do at the moment of their entanglement, thus explaining all entanglement phenomena.


This would even suggest an explanation for when and why entanglement breaks down: entanglement would only be maintained when the distance between “emitter” and “detector” (or their obvious analogs) is zero, which requires an uninterrupted journey of a massless boson traveling at the speed of light. Any intervention that slows that journey down (such as causing the particle to be absorbed and reemitted with a time delay in between, or causing it to momentarily transform into a particle with a subluminal velocity, or subjecting it to any other interaction that consumes more than zero time) would break the entanglement (because the configuration of the total physical system would then no longer occupy the same point in spacetime and therefore no apparent action at a distance would occur).


Such speculations aside, we can affirm the following deduction (with EP indicating scientifically established premises and HP indicating hypothesized premises, and CN a conclusion that follows):

EP1: Relativity theory is true.

EP2: If relativity theory is true, then objects traveling at the speed of light relative to other objects pass zero time and are contracted in the direction of motion to zero length.

HP1: Spacetime is subject to the laws of general and specific relativity in all the same ways objects in spacetime are.

EP4: Massless bosons always travel at the speed of light relative to all other objects.

CN1: Therefore, spacetime always travels at the speed of light relative to a massless boson.

CN2: Therefore, on a boson’s entire path from emitter to detector, spacetime passes zero time and is contracted in the direction of that boson’s motion to zero length.

EP5: If the distance along a boson pair’s entire path from emitter to detectors is zero and the time that passes between them is zero, then that boson pair simultaneously occupies every point in space from emitter to detectors and any signal between them passes instantaneously.

CN3: Therefore any entangled pair of massless bosons simultaneously occupies every point in space from emitter to detectors and any signal between them passes instantaneously.

CN4: If a pair of massless bosons simultaneously occupies every point in space from emitter to detectors and any signal between them passes instantaneously, and if the configuration of the detectors will affect those bosons’ properties in any way, then that effect will occur instantaneously the moment the boson pair is formed (without any reverse causation—because the signal does not go backwards in time but is instantaneous, taking zero time; and without any faster-than-light communication—because the photon travels at exactly and only the speed of light).

CN5: Therefore, whenever a configuration of detectors will affect an entangled pair of massless bosons’ properties in any way, then that effect will occur instantaneously the moment the boson pair is formed.

Therefore, all entanglement phenomena involving massless bosons follows necessarily from relativity theory and the existence of an objective spacetime. This is the simplest theory ever proposed that explains all entanglement phenomena for massless bosons. The fact that entanglement phenomena are observed for massless bosons therefore counts as confirming evidence that an objective spacetime exists. Which entails in turn that entanglement phenomena involving massless bosons is not mysterious nor requires any new theory of physics.

Hypothetical Premise 2 (HP2): Entangled Properties Are Caused by Massless Boson Interactions

The above explanation won’t work for the observed entanglement of other particles, particles with a rest mass (such as an electron), because such particles never travel at the speed of light (and never could). Thus, in an EPR experiment observing the spin properties of an entangled pair of electrons, the distance between the emitter and the detector will never be zero, because the electron never travels fast enough for the universe to contract to zero length (or for the time interval to contract to zero). However, we can extend the theory just proposed for massless bosons to all other particles if we adopt a second hypothesis (HP2): that for all rest-mass particles the properties capable of being entangled are always caused to be what they are by interaction with massless bosons that occupy the same point in space-time that an entangled pair of rest-mass particles does at the instant of their entanglement and the instant of their decoherence.


For example, one property exhibiting entanglement in electrons is, like photons, their spin characteristic: one might be “right-handed,” the other “left-handed.” In one class of EPR experiment, existing electrons are brought together, entangled, and then emitted toward two different detectors with filters functionally equivalent to the polarizing filters used in photon experiments. The same phenomena are observed: the rotation of the two filters relative to each other affects the pattern of spin characteristics observed in both electrons, and this holds even when that rotation is completed in the future (i.e. the electrons, at the moment of their entanglement, seem to know what that configuration will be in the future, specifically at the moment each electron will reach its respective detector).


We should expect the explanation to be the same, because the phenomenon is the same, and at the same time is equally bizarre (and thus unlikely to just “coincidentally” have completely different explanations). So how might massless bosons be involved? Electrons have an electric charge, and as such are always interacting with all other particles in the universe through the exchange of photons—most certainly whenever they are in motion relative to any other charged particle in the universe (since such motion generates photons, producing the electric field), and due to the law of conservation of charge, the moment an electron forms, its charge is effectively in motion (by there suddenly being a charge where once there wasn’t, or by relocating that charge from one particle to another). Almost all rest-mass particles have an electric charge and interact with the universe in this way. The exceptions will be addressed shortly. But we can more easily illustrate HP2 in the case of charged particles.


Electrons, for example, become entangled in various ways, most commonly when entangled photons interact with them (such techniques are used in the lab, and in superconductors the same interaction probably occurs naturally). If CN5 is correct, then the electrons in such an event, being in effect the “detectors” of the entangled photons, occupy simultaneously the same point in spacetime as those two photons do at their formation. In effect, the two photons have closed the gap between the electrons, through their relativistic effect on the intervening space, so that the two electrons are now literally adjacent to each other at the moment they are entangled, in exactly the same way the two filters are literally adjacent to each other in a photon EPR experiment. The instantaneous communication across all four components (the two photons and two electrons) is then easily explained in the same way as for massless boson entanglement above. But how do the electrons then remain entangled? By the principle of inferring the same explanation, the electrons must remain connected by photons (or some other massless boson), and in such a way that entails the distance between those two electrons is in fact zero for as long as they remain entangled—or at least along some line between initial entanglement and decoherence, even if that isn’t the same path the electrons travel, since what happens in between can’t be observed and wouldn’t matter even if it could (since all that matters is what properties the electrons are caused to assume at the moment of their entanglement—any change thereafter constitutes decoherence, and we only need explain the persistence of entanglement up to that point).


In other words, in a successful electron EPR experiment, according to the present proposal, the distance between the detectors must be zero, and zero specifically along the timeline from emission to detection, i.e. the distance has to be zero between the spacetime point of emission and the spacetime point of detection—which point is very definitely in the electron’s future, and could be at any point in its future, since unlike a photon an electron can have any velocity and arrive at its detector at any time. We can first think of the entire mechanism in reverse: because of immediate electromagnetic interaction, the electron detectors are actually photon emitters, and the electrons themselves are the detectors. Then we have an entanglement apparatus again, where entangled photons are used to entangle two electrons, which as noted is easily explained: the distance between the electrons is then zero (because the “detectors” in this case, the electrons, now occupy the same point in spacetime as the entangled pair of photons). This means that if CN5 still explains what is happening, then the two electron detectors must have an entangled pair of photons connecting (a) the two detectors in the future (at the specific points in time when the electrons will collide with those detectors) to (b) the two electrons themselves at the moment of their entanglement, creating a single straight line through them all, the distance along which is relativistically zero. This would likely require a network of photons, connecting up the entire life-path of the electron between emission and detection, in a single static pattern of entangled photons, through which a relativistic distance of zero can be traced (thus placing the emitter and detector again at the same point in space-time, with respect to the photons that cause the electron pair’s spin characteristics).


Whether this can be the case or is the case is a scientific question that needs to be explored. Here it is merely hypothesized that it will be found to be the case. And if it is the case, and therefore HP2 is true, then the spin of each electron in an entangled pair will be caused to be what it is by those two entangled photons butting up against that electron pair at the moments of their entanglement and decoherence (and the same of course happens for any other electron property that can be entangled). In other words, something must be true geometrically about the arrangement of the whole physical system such that the entangled electrons are connected to their destinations (in space and time) by entangled photons. In fact the existence of such an arrangement would then be what entanglement is. When this link-up can’t be made, electron entanglement won’t occur. And when such a link-up is disturbed, the entangled electrons will decohere. We already know entangled electrons very easily decohere. The slightest disturbance of a quantum apparatus can undo an electron entanglement, which should be a clue to the real nature of entanglement: it’s a product of something very easily undone, something that requires elements to be kept very carefully in balance. In fact, any interaction with an electron in an entangled pair destroys entanglement.[5]


Given these facts, and the plausibility of the explanation that HP1 provides for the entanglement of massless bosons, HP2 is not implausible either and deserves to be explored as a possible explanation for the quantum entanglement of particles with a rest mass. In fact it has some support in a singularly odd phenomenon: that despite entanglement’s seeming ability to communicate information instantly across the universe, for some reason it just so happens that we can’t use this fact to communicate instantly. Even quantum teleportation requires sending a normal light-speed signal from origin to destination that the destination site can use to reconstruct the information in the quantum signal.[6] It is extraordinarily improbable that the universe would be organized in just exactly this way, to allow instantaneous communication that was simultaneously always useless. The coincidence begs for an explanation, and one not involving mischievous prankster gods. The answer provided by HP2 is that the detectors are occupying the same point in space (vis-a-vis entangled photons connecting them to the entangled electrons that will be detected), and therefore communication is relativistically instantaneous, but requires knowing the configuration of both detectors to know the configuration of the system as a whole occupying that same one point in space (which configuration is the only thing that can produce knowledge of one detector’s position relative to the other), and that knowledge cannot be transmitted instantaneously (except to and from beings traveling at the speed of light who are also entangled with the detectors, but we will never be such). This is so obvious and simple an explanation of why quantum entanglement would just happen to have this strange limitation upon it, that it alone almost proves HP1 and HP2 correct. At the very least, this gives very strong reason to consider HP1 & HP2 as at least plausible, and to develop ways to test them.

Hypothetical Premise 3 (HP3): Graviton Theory

This would answer for all electrically charged rest-mass particles. All other rest-mass particles, which do not have charge (e.g. neutrinos, Z particles), will still interact with other particles in the universe through the force of gravity. As would, in fact, all rest-mass particles whatever (so even charged particles like electrons could in principle be subject to entanglement via gravitational interaction). This gravitational force is theorized to be mediated by the exchange of gravitons, in the same way as electromagnetism is mediated by photons. That gravity is produced by the exchange of gravitons (which according to the Standard Model can only be massless bosons) is unconfirmed but strongly predicted by the Standard Model and quantum mechanics.


The theory that gravitational fields consist of massless bosons is sometimes assumed to contradict the theory of an objective spacetime (since in the latter case gravity is supposed to “be” the shape of that spacetime, not an exchange of particles), but that assumption has no experimental or observational basis. The shape of spacetime might cause graviton exchanges, or graviton exchanges might cause spacetime to take certain shapes—one need not assume the one excludes the other. Moreover, if spacetime is an object, it might be comprised of gravitons, which, being massless bosons, exist simultaneously everywhere in their fixed configuration, which we perceive as empty space. In any event, there is no logical connection between spacetime being shaped a certain way, and objects being thereby forced to move along that shape a certain way, so positing that gravity just is the shape of spacetime is actually a non-explanation of gravity as a force. Something additional must be posited, which entails in what way objects will move along a given shape of spacetime (and further explains why a given mass shapes spacetime a certain way), and gravitons are predicted to do so. Accordingly, the search for gravitons is ongoing and largely uncontroversial.


This leads us to a third and final hypothesis (HP3): that if gravity is mediated by gravitons, then HP1 and HP2 explain entanglement for all particles in the universe (since if HP3 is true then all massless bosons are covered by HP1 and all other particles by HP2 via graviton interactions). If HP3 is false, then HP1 & HP2 would predict that Z particles and possibly neutrinos (and probably the hypothetical Higgs boson) will not exhibit entanglement phenomena, or will do so only if some other massless boson interaction can be established (such as if neutrinos have a magnetic moment, then they will interact with the rest of the universe via photon exchanges, just less noticeably). Conversely, if these particles do exhibit entanglement phenomena, and no other massless boson interaction is found, then HP1 & HP2 would predict that this observation supports HP3 (and we should conclude gravity is indeed mediated by a massless boson, whether the graviton or not). Therefore the independent refutation of both predictions (either that gravity is mediated by massless bosons or that Z particles and neutrinos don’t exhibit entanglement phenomena) would falsify HP2, and therefore undermine support for HP1. Unless some other massless boson interaction were proved to obtain between Z’s or neutrinos and other particles in the universe. But in the absence of such a discovery, and in the presence of the other two refutations, HP1 & HP2 would have to be deemed more probably false. Whereas confirmation of the mediation of gravity by gravitons (or of the non-entanglement of chargeless rest-mass particles), would support HP1 & HP2. Apart from those fortuitous possibilities, still a very strong verification of HP1 & HP2 would come if a mathematical demonstration can be produced for every observed entangled system showing that (a) that system, through massless boson interactions, corresponds to a relativistically collapsed dimension connecting the entangled particles (at their point of entanglement) with their detectors (at their point of decoherence), and (b) that decoherence always occurs wherever this is not the case.


The only step not speculated here is how or in what way massless boson interactions cause quantum particle properties. In what way, for example, would a graviton cause a Z particle to have a particular spin characteristic? Or a photon cause the same for an electron? That would be a question for further inquiry. Actually answering it (and verifying that answer empirically) would likely produce a definitive confirmation of H2 (and therefore H1). In the meantime, verification of the predictions that H2 entails regarding the geometry of observed entanglement systems would provide strong initial support for the theory.
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