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Abstract
Hawking radiation is a special case of physical conditions predicted by fundamentally probabilistic propensity version of quantum theory to constitute probabilistic transitions.  This result has implications for the potential viability of propensiton quantum theory.
Hawking Radiation and Fundamentally Probabilistic Quantum Propensiton Theory

Steven Hawking famously predicted, on theoretical grounds, that black holes radiate.
  This apparently impossible process can be pictured informally as occurring as follows.  At the event horizon of a black hole, vacuum fluctuations produce pairs of virtual particles of all sorts, from photons to neutrinos.  One virtual particle of a pair, with negative energy, heads towards the centre of the black hole, while the other, with positive energy, goes in the opposite direction.  But when the time comes, within the uncertainty relations, for the two virtual particles to reunite and vanish, they cannot do so, because the particle that travels inside the event horizon cannot escape.  The net result is that the black hole emits a real particle, and loses mass that corresponds to the energy of the emitted particle.
This Hawking process is a – admittedly highly significant – special case of a much more general proposal I put forward many years ago for physical processes that trigger probabilistic transitions in quantum theory.
   According to this postulate – which forms a crucial ingredient of a fully micro realistic version of quantum theory I call quantum propensiton theory PQT) – probabilistic transitions occur whenever “particles” are created or annihilated as a result of inelastic collisions, decay processes, dissociation of molecules or atoms, or the opposite, the formation of molecules or atoms from their constituents.  Thus, according to this probabilistic postulate of PQT, probabilistic transitions occur when (1) an electron and positron annihilate to create two photons; (2) when a nucleus decays to emit an alpha particle; (3) when a photon dissociates a silver bromide molecule of a photographic plate (during a measurement); or, more generally, whenever “particles” are created or annihilated, or bound systems are created or dissociated.

It may be possible to formulate this probabilistic postulate of PQT in not quite an equivalent way like this: probabilistic transitions occur in the quantum domain whenever energy in the form of mass is transformed into energy in the form of motion, or vice versa.  (This is not quite equivalent to the first formulation, since it is at least conceivable that there might be a particle interaction that creates new particles but does not involve energy in the form of mass being transformed into, or out of, energy in the form of motion.) 
It is quite clear that Hawking radiation is a special case of the general idea of the probabilistic postulate of PQT, in that it involves the creation of particles, the conversion of energy in the form of mass (the mass of the black hole) into energy of motion (the energy of an emitted  photon, or the kinetic energy of a particle with mass).  According to PQT, Hawking radiation is a probabilistic process.

Steven Hawking did not, as far as I know, argue explicitly that Hawking radiation is a probabilistic process.  He did however argue, initially, that this process involves a loss of information.  Two stars initially with different states might collapse to black holes with equal masses, angular momentum and charge.  When the two black holes have radiated away their masses entirely, by means of the Hawking process, the radiation that is left will fail to distinguish between the two distinct, pre-black hole states of the two stars.  Information will have been lost.  Probabilistic transitions lead inevitably  to “loss of information” in the relevant sense, but the reverse is not true.  Loss of information does not imply that a probabilistic event has occurred.  Hawking, in arguing that Hawking radiation involves a loss of information was not arguing for probabilism.  Hawking did however also argue that Hawking radiation involves a pure quantum state becoming a mixed state, and depending on how the latter is interpreted, this could be regarded as an implicit argument for the thesis that Hawking radiation is a probabilistic process.  Hawking was, in any case, persuaded that he was wrong.  Hawking radiation produces no loss of content, no transition from pure to mixed state.  It is a fully deterministic process.  And that seems to be the view of most theoretical physicists today.

The verdict of PQT is quite clear.  There is no “information paradox”.  Hawking radiation is a probabilistic process.  It satisfies the general requirement of PQT for probabilistic transitions to occur. 

My hope is that the point just made, namely that Hawking radiation is a special case of the general requirement for probabilistic transitions to occur postulated by PQT will help to arose the interest of physicists, both theoretical and experimental, in PQT itself.  Much of the significance of the idea of Hawking radiation stems from the point that the idea creates a new link between those otherwise two disparate, fundamental theories of physics, general relativity and quantum theory.  If Hawking radiation is a probabilistic process, as PQT implies that it is, then this casts a new light on what might be called the Hawking link between the two theories.  The fundamentally probabilistic character of PQT is transported, via the Hawking link, from quantum theory into general relativity.  Quantum gravity must be a fundamentally probabilistic theory, with the requirement for probabilistic transitions to occur, postulated by PQT (or some generalization of this requirement) being an essential ingredient of the theory yet to be, quantum gravity.
PQT Solves Fundamental Quantum Wave/Particle Dilemma
PQT has a number of features that indicate that the theory deserves to be taken very seriously indeed as a candidate for the correct interpretation and version of quantum theory.

First, PQT provides a vary natural and plausible possible solution to the fundamental problem of quantum theory – the quantum wave/particle problem.  It was this problem that Bohr, Heisenberg, Dirac and others decided is so hopelessly intractable that quantum theory had to be developed in such a way that it is not about physical entities of the quantum world – electrons, protons, atoms, etc. – but instead is about the results of performing measurements on these systems.  The outcome is the Copenhagen or orthodox version of quantum theory (OQT), which consists of quantum postulates plus some part of classical physics for a treatment of measurement.  But this version of quantum theory is profoundly unsatisfactory, despite its great empirical success.  OQT is (1) inherently imprecise because of the inevitable imprecision as to what constitutes a measurement.  It is (2) severely ad hoc, consisting as it does of two mutually inconsistent parts, the quantum part and the part employing classical physics that describes the measuring process.  OQT is (3) profoundly non-explanatory, precisely because it is so seriously ad hoc and disunified.  OQT is (4) restricted in scope, in that it can only be applied where there are measuring instruments, and thus cannot be applied in conditions where measuring instruments are not physically possible, or do not exist, such as the centre of stars, the early universe, or the universe as a whole.  Finally, (5) OQT, because of its severely ad hoc character, poses a special problem when it come to the task of unifying the theory with general relativity.  General relativity does not need to call upon some additional theory of classical physics to make physical predictions; it does not share the peculiar ad hoc character of OQT.

These five highly undesirable features of OQT all arise as a result of the decision of Bohr, Heisenberg and others that the quantum wave/particle problem cannot be solved, quantum theory therefore cannot be developed as a theory about quantum systems as such, but instead must be developed as a theory restricted to making predictions about the results of performing measurements on these systems.  All the profoundly unsatisfactory features of OQT stem from the failure to solve the key wave/particle problem.  It is clear that if we are to have a satisfactory version of quantum theory, it is the wave/particle problem that must be solved.  The quantum wave/particle problem is indeed the fundamental problem that faces attempts to develop an acceptable version of the theory.

PQT provides a very natural possible solution to this fundamental problem that Bohr and the rest thought to be too difficult to solve.  That PQT, if correct, does solve this fundamental problem in a wholly natural way provides very strong grounds, in my view, for taking PQT very seriously, as a candidate for the correct version of quantum theory.

The basic idea of PQT is that the quantum domain is fundamentally probabilistic.  Quantum systems – electrons, protons, photons, atoms, etc. – interact with one another probabilistically, entirely in the absence of measurement.  But that means that the physical entities of the quantum domain must be quite unlike the classical particle or the classical wave (or field).  These are the entities of deterministic physics.  Fundamentally probabilistic physics will of course be about quite different probabilistic entities – physical systems that interact with one another probabilistically.
In short, Bohr and co. tried and failed to solve the wrong problem.  The correct problem is not “what kind of deterministic entity can the electron be, given its ostensibly contradictory wave and particle properties?”, but rather the following two problems:

(1) What kind of unproblematic fundamentally probabilistic entities are there, as possibilities?

(2) Can quantum entities be construed to be some version of such unproblematic entities?    
We can imagine entities that undergo probabilistic transitions continuously in time, and entities that undergo such transitions intermittently in time, when specific physical states of affairs arise that trigger probabilistic changes of physical states, the rest of the time physical states evolving deterministically.  We may call these two kinds of fundamentally probabilistic physical entity the continuous propensiton and the discontinuous propensiton respectively.

  OQT is an extraordinarily successful theory empirically.  That strongly suggests we should keep as close to the character of OQT as possible in developing a better version of the theory.  A striking feature of quantum theory is that the quantum state of a system evolves deterministically in time, in accordance with Schrödinger’s time dependent equation, probabilistic events, in so far as they occur, being restricted to measurement.  That consideration strongly favours opting for the discontinuous propensiton over the continuous one.

  The simplest, most elementary, and wholly unproblematic discontinuous propensiton that one can conceive of consists of a  sphere that expands at a steady, deterministic rate, until it touches another such sphere.  The moment the two spheres touch, they collapse into two tiny spheres, each one somewhere within the volume of the larger, predecessor sphere, the precise location only probabilistically determined.  We now make a few unproblematic modifications to this elementary discrete propensiton, and the outcome is PQT.  First, we stipulate that the spherical propensiton may have any shape in physical space.  Second, we stipulate that its physical state is depicted by the Ψ function of OQT, which attributes a complex number to each point of space occupied by the propensiton. Third, we stipulate that Ψ evolves in time in accordance with Schrödinger’s equation, unless the propensiton interacts with another propensiton in such a way that “particles” are created or annihilated (or energy in the form of mass is converted into, or out of, energy in the form of motion).  In that case a fundamentally probabilistic change of state occurs.  If the probabilistic transition emerges out of the creation of a superposition of states, each member of the superposition having “particles” associated with it that differ in mass from the “particles” associated with all the other states of the superposition, then the superposition collapses probabilistically into one or other state of the superposition entirely independently of measurement,
  If a propensiton is localized as a result of undergoing a probabilistic transition, the probability that it will be localized in volume element dV is given by | Ψ|2dV.

Elsewhere I have developed this argument in much greater detail, and have shown that the version of quantum theory that emerges, PQT, is a fundamentally probabilistic theory that is, in the first instance, about quantum entities, electrons, protons, etc,, how they evolve deterministically in physical space and time, and interact with one another probabilistically when appropriate circumstances arise.  PQT solves the fundamental quantum wave/particle problem that OQT cannot solve, and is thus free of the five defects of OQT indicated above.  PQT makes physical predictions without having to call upon some part of classical physics to do so, in the manner of OQT.
  PQT predicts that quasi-deterministic, classical objects emerge as a result of sequences of a great number of probabilistic transitions, somewhat in the way that an electron manifests itself as a quasi-classical object with a definite, visible trajectory in a photographic plate or Wilson cloud chamber, this trajectory the product of a sequence of probabilistic transitions – the ionization of a sequence of molecules.  PQT is able to make all the successful empirical predictions that OQT can make, but at the same time is empirically distinct from OQT for experiments not yet performed.
  
These .considerations speak strongly in favour of PQT, and suggest it would be highly desirable to perform crucial experiments capable of deciding between OQT and
PQT.  That the condition for a fundamentally probabilistic transition to occur, postulated by PQT, includes that which results in Hawking radiation provides an additional reason for taking PQT seriously as a version of QT worth serious theoretical and experimental examination.
So far, PQT has only been formulated precisely for non-relativistic quantum theory.
  However, if PQT turns out to be correct in predicting that fundamentally probabilistic transitions occur in the non-relativistic domain, there is every reason to hold that they occur in the relativistic domain too, in the domain of Hawking radiation, and in the domain of quantum gravity.
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Notes
� Hawking, S.W., 1974, “Black Hole Explosions?”, Nature, 248, 30.


� This approach to solving the problems of orthodox quantum theory was developed in the following series of papers published over a number of years: Maxwell (1972; 1976; 1982; 1988; 1994; 2004; 2011; 2018).


� For more precise statements of the physical conditions for fundamentally probabilistic transitions to occur, predicted by PQT, see Maxwell (1994; 2004; 2011; or 2018).


� See Susskind (2008),  And see https://en.wikipedia.org/wiki/Hawking_radiation;  https://en.wikipedia.org/wiki/Black_hole_information_paradox. 


� For a more detailed formulation of this argument see Maxwell (1988, section 1).  See also Maxwell (2004), (2011) and (2018).  


� See Maxwell (1988, section 3) for a more detailed presentation of this argument.  See also Maxwell (2004), (2011) and (2018).


� The discrete propensiton of PQT suffers an instantaneous change of state when a probabilistic event occurs, which may involve the propensiton collapsing instantaneously from a large volume of space, perhaps many light-years across, to a minute spatial region.  It is important to remember, however, that such a dramatic spatial collapse of propensiton state involves no more than the probabilistic cancellation of physical possibilities over a wide region of space.


� All measurements that detect quantum systems incorporate interactions of just the kind to trigger probabilistic transitions, according to PQT.


� For all these points developed in more detail see Maxwell (1982; 1988; 1994; 2004; 2011; 2018).


� See Maxwell (1994; 2004; 2011; or 2018).  Non-relativistic PQT incorporates a constant of undetermined value which specifies precisely when probabilistic events occur.  As the value of this constant tends to zero, PQT tends to the many worlds interpretation of quantum theory – an interpretation that thus emerges as a limiting case of PQT. 





