SAND2014: My Talks, and more. 
The topic of the SAND2014 conference was “The Entanglement of Life”. The initials SAND stands for Science And Non Duality, and the word “Entanglement” was universally understood to be, from the science perspective, the phenomena of quantum entanglement. 
Many of the speakers were of high academic standing, and a large part of the large audience seemed reasonably well informed about quantum mechanics. The entire audience appeared to be acutely interested in these matters, pertaining to the science-based understanding of the connection between our minds and our brains. In this context, and in response to questions from the audience, I felt free, and even obliged, to give accounts of my own understanding of some things that were more detailed than what I have said before. I give here an edited account of what I said, or was trying to say, supplemented by some pertinent background explanations.
I gave one half-hour talk on “Quantum Theory of Consciousness: How Quantum Mechanics Works in your Daily Life”; and participated in two hour-long panels entitled “The Meaning of Entanglement” and “Quantum Theory of Free Will”. I emphasized in all of these talks that one cannot speak understandably about these things from a quantum mechanics (QM) perspective without contrasting it with the earlier ideas of classical mechanics (CM), which had prevailed in science from the time of Isaac Newton until the dawn of the twentieth century. The earlier theory, CM, was the scientific foundation of the industrial revolution, much as QM has been the basis of the computer-based ‘revolution’ of the twentieth century. Having clearly in mind the main ideas of the earlier CM is essential to an understanding QM because those earlier classical ideas are so firmly entrenched in educated Western minds that we all, even quantum physicists, tend to revert automatically to those classical ideas when we think about the external physically described world. Consequently, certain features of quantum mechanics seem “mysterious” simply because we intuitively try to comprehend them in terms of the concepts of CP. By virtue of this consequent “aura of mystery” about the quantum world some of the speakers felt licensed by the existence of quantum entanglement, and wave-particle duality, to jump directly to ideas of Eastern mysticism that allow, and even extol, the idea that basic physical statements can be, simultaneously, both true and false. On the other hand, standard orthodox quantum mechanics is formulated in terms of statements that are either true or false. One cannot carry out long complex calculations that all quantum physicists agree are based correctly on the fundamental quantum principles if the pertinent physical statements can, within the standard theory, be simultaneously both true and false: In the orthodox QM standard Aristotelian Logic is retained: the theory sorts things out in a way that allows the relevant physical statements to be either true or false. This is possible because QM uses a conceptual framework that is much richer than what CP provides.
The basic premise of CP is that every pertinent property of the theory is “physically described”. That phrase means -- by definition here -- that the property is completely described by attaching mathematical properties to space-time points. The second premise of CP is that certain “local” laws of motion allow the physically described universe for all times to be mathematically determined from the physically described properties at early times: Classical Physics is thus said to be “locally deterministic”.
Already before the appearance of conflicting 20th century empirical evidence, CP had several serious philosophical problems.. The first is that it did not describe certain definitely existing properties, namely the properties that we describe in the language of psychology, which describes our thoughts, ideas, and feelings. These definitely existing realities include our feelings of joy or sorrow, our aches and pains, our sensations of colors, tastes, and odors, and our feelings of mental intent. Thus CP, by not encompassing these aspects of reality, is ontologically incomplete. Moreover, there is nothing in that theory that gives any hint of, or rational toehold for, the existence of these mental qualities. Thus reality itself contains parts having within CP no logical connection to each other: It has two logically and dynamically disconnected parts, only one of which is even mentioned by CP. Furthermore, the mental part, with its capacity to survey the physical situation and form mental intentions about how to act to improve the situation, is completely devoid of any capacity to act to implement those intentions. 
By “standard” or “orthodox” QM I mean the theory created by Heisenberg, Schroedinger, Dirac, Born, Bohr, and von Neumann during the late 1920s and early 1930s and elevated during the late 1940s, principally by Tomonaga, Schwinger, and Feynman, to relativistic quantum field theory (RQFT). It is empirically tested by hundreds if not thousands of validated precise predictions. (I do not try here to introduce any deep quantum theory of gravity. At present such theories lack, in the realm of experiments on terrestrial objects, the strong empirical credentials of RQFT. Thus I am effectively assuming that an eventual consistent incorporation of gravity into QM will not greatly affect the main ontological conclusions about the mind-brain connection that emerge from contemporary RQFT.)
The basic move made by the founders of QM, in face of the inability of the concepts of CM to account for the twentieth century empirical findings, was to argue that “science”, which stems from the Latin “scire”, which means “to know”, should be primarily about the only things that we really know exist, namely our conscious experiences: “our knowledge”. The proper aim of basic science was identified as the goal of providing a practically useful way of understanding the empirically observed structure of human experience. The conception of the physically described universe used in the earlier CM was recognized to be an idea that we human beings invented in order to account for the movements of the planets, and then assumed would hold also for miniature planets called particles, out of which the physically described aspects of the universe were assumed to be made. Thus the primary stuff of the quantum mechanically conceived universe became not the material-particle-based stuff of CP, but rather an aspect of reality left completely out of CP, namely our conscious experiences. 
The standard orthodox mechanics that emerged from this shift explains in a completely rationally coherent and easily understandable way the various phenomena that had seemed so mysterious when attempted to be viewed from the perspective of CP. Quantum mechanics achieves this rationalization by expanding the kinds of realities that make up the universe from one to three.   
Classical mechanics has only the one kind reality, the evolving physically described classical state of the universe, whereas QM has three: 1) The physically describable QM state (density matrix) of the universe; 2) The mentally described aspects (egos) of us observer/agents, each of which can initiate actions that probe the QM state; and 3) A “Nature” that first responds decisively to the ‘Yes/No’ probing actions of the observer/agents, and then restructures the quantum state of the universe to make it compatible with the response it has just delivered.
The probing actions of the observer/actors are called, “free choices on the part of the experimenters”, where “free choice” means here, *specifically*, “not determined by the physically described part of reality”. That condition means that these “free choices” of actions must come from mental aspects of reality, in concordance with our experience-based intuition. This ontological feature of QM is diametrically opposed to CM, which presumes that what we feel as “free choices” are completely determined by the physically described aspects of the universe.  
It is impossible to rationally understand how that CM understanding could be correct. That is because the physical description in terms of mathematical properties attached to space-time points, while it might trigger the occurrence of the sensation “red” in an observer’s stream of consciousness, cannot be that sensation. There is no intrinsic mapping between the two domains: and the classical physics idea of the physical was stripped by Newton of all mental properties. That disjunction is a core feature of classical mechanics. On the other hand, our collective human experiences can and do include the ideas of mathematical properties connected to space-time points, as the existence of such ideas in the minds of physicists attests.  Thus the quantum conception, in which the mental aspects are basic, easily accommodates the physically described aspects, but the classical conception, in which the classically conceived physically described properties are basic, does not rationally accommodate the mental aspects of reality. 
I have in the past said very little about how these choices of our probing actions are determined, relying upon our first-hand experience of this process. Of course, many of our seeming choices are made without any conscious awareness. (e.g., turn right at the next intersection on my way home.)   And many seeming decisions about physical actions may not involve any “free choice” at all, but may be merely part of the automatic (Schroedinger) mechanical evolution of the physically described universe, which includes our brains. And some decisions may stem from “free mental choices” that are too fleeting to be recalled. 
But a person’s actual conscious free choices are evidently based upon a person’s idea of him or her self, which is an idea formed from a life-time of experiences involving felt choices of probing actions followed by experienced feedbacks that are ascribed positive or negative values in the context of that person’s life. Thus “I” choose my probing actions based upon an experience-created  conception of myself as an entity that has the capacity first to choose probing questions about the physically described world in which I am embedded, and then to evaluate the feedbacks that I receive. 

The probing questions must, according to QM, be of the Yes/No form: “Will my probing action elicit experiential response ‘R’, where ‘R’ is a description of possible experiential feedback, such as “I see the pointer on the measuring device lying between 6 and 7 on the dial?”, or “I hear the ‘click’ of a particle-detection device.”  
 It might seem that the capacity merely to pose questions would not confer upon the poser any power to control its own actions. But a well-known property of QM known as the (anti) quantum Zeno effect allows a sufficiently rapid sequence of slightly different queries (about one’s perceived physically described body) to cause that body to move in an intended way. Von Neumann himself (p.366) makes important use of this basic feature of quantum mechanics.
Thus “free choice” means ‘not completely determined by the physically described aspects of nature’, but determined instead, in part, by an observer’s mental image of himself, formed from his prior experiences as a causally effective agent’.

Another key aspect of the idea of “Free Choice” is the idea that this choice can be conceived of as “locally generated”, without pertinent links to the past. When one considers the huge multitudes of ways that an observer/agent can elect to have the choice between two alternative possible experiments determined -- without there being any effects of this “manner of choosing” on the predictions of QM -- it become plausible that these choices can consistently be conceived to be “locally generated” in the region of the experiment in question. All of the “locality” puzzles stem from this assumption, which is accepted by all parties to the debates about locality.
Within this orthodox framework there is a curious seeming conflict between two properties, one of which, PL, says that there is no transfer of information (about a free local binary choice made by an experimenter in a faraway experimental region about which of two alternative possible experiments will be performed in that region) to an observer situated in a nearby experimental region. This locality property is called the “No FTL signaling theorem”, which I think I was the first person to formulate and prove. 
The other property, PNL, asserts that it is impossible to impose (without violating some empirically well confirmed predictions of QM) the general condition that, independently of which one of two alternative possible experiments is chosen in a nearby region, the outcome there is independent of which local free binary choice between alternative possible experiments is made at essentially the same instant in a faraway region. The result is called the “No FTL (or essentially instantaneous) influence (or transfer of information) theorem”, 
This latter theorem is akin to Bell’s theorem, but is significantly stronger because it does not introduce “hidden variables” analogous to the hidden variables of classical statistical mechanics. That introduction of “hidden variables” undesirably brings classical concepts into QM, and leads to a “factorization” property that entails, in addition to the desired non-dependence of the outcome in region 1 upon the experimenter’s free local choice made in region 2, also a certain kind of non-dependence of this outcome in region 1 upon the outcome in region 2. This extra condition, which Shimony calls “outcome independence”, goes beyond the desired general non-dependence of the outcome in one region upon the free choice made by the experimenter in the other region.

These two properties, PL and PNL, the first of which specifies a certain locality property, and the second of which specifies a certain nonlocality property, are both true in orthodox QM. In that theory the nonlocality property PNL is implemented by allowing “Nature” to be nonlocal, so that her choice of an outcome in region 1 can depend upon the choice of the probing action made by the experimenter in region 2.  But this does not entail any gross abandonment of space-time structure, as some commentators proclaim. The grid of space-time points to which the various physically described properties are attached is not affected. Nor are the physically described bodies and brains of the far-apart observer/agents suddenly brought together in defiance of their space-time separation.. The nonlocal aspects arise purely from violation of the general locality demand that, no matter which of several alternative possible experiments is chosen in one region, Nature’s  local response in that region cannot depend on a local free choice  of a  probing action made at essentially the same instant in a faraway experimental region.   The nonlocal aspect is confined to “Nature”, which is thus required to have a certain global character or aspect.
The no FTL signaling theorem is maintained in the face of this nonlocal character of Nature, by virtue of von Neumann’s rule that what can be known to an observer is restricted to what is represented in the “reduced density matrix of the universe” that is obtained from the full density matrix of the universe by taking the “trace” over variables about which the observer has no prior knowledge. The changes in the density matrix of the universe induced by the alternative possible choices made by the faraway observer leave that trace unchanged. Hence no increase in the knowledge available to the observer is generated by the choice made by the faraway observer/agent. 

The point here is simply that PL and PNL, when spelled out in detail, are two quite different mathematical properties, both of which are true without any contradiction in orthodox QM. 

The nonlocal aspect of QM is closely related to the ontological character of the quantum state of the universe. In CM the physically described state of the universe represents a material-type reality that cannot accommodate any faster than light transfer of information. But the quantum state, although also physically described, represents rather a collection “possibilities” or “potentialities” for future experiences. This quantum state suddenly changes when new information is created either by an agent’s choice of a probing action or by Nature’s response to such a probing action. Thus the ontological character of the quantum state is “mindlike”, in the sense that it can suddenly change over large regions in response to newly created empirical facts. But this non-locality is not self-induced. Nature, by virtue of her capacity to act in one region in a way that depends upon faraway local choices, is the source of the nonlocal aspects, and is thus not matter-like in character. Yet the physically described quantum state governed by these nonlocal quantum rules contains the large persisting seemingly material objects that we see around us, including our bodies and brains, through which our mental intentions act.
The above account is meant to be a brief description of the ontological underpinnings of the detailed mathematical account of QM that was set forth in von Neumann’s seminal work, “Mathematical Foundations of Quantum Mechanics”, and that was developed by the physicists named above into RQFT. 

It must be stressed that the official Copenhagen doctrine asserts that QM should be interpreted “pragmatically”, merely as a tool for making useful valid prediction about future experiences on the basis of information derived from past experiences. This allows quantum physicists to dodge metaphysical questions about the true nature of reality. But von Neumann’s formulation, ontologically construed, can nonetheless be very useful to physicists and laymen alike, quite independently of whether it is actually true. For it is a rationally coherent understanding of what is otherwise a mass is classically non-understandable rules.
Von Neumann’s formulation seems geared for, and to invite, an ontological interpretation. I have thus summarized here my understanding of realistically construed orthodox von Neumann QM. It converts man’s conception of himself from the classical-physics-based image of a mechanical automaton, acting out a pre-ordained script of a meaningless life, to an agent empowered to initiate actions that he judges will contribute positively to the unfolding of a reality that becomes determined only by the grinding out of the actions that bring it into being. 
I was asked during the panel on “free will” about David Bohm’s mechanical version of QM. I answered that, in a conversion with Bohm, I asked whether only one single one of the multitude of “world trajectories” was real, and he strongly affirmed that only one was real.

But I should have added to my answer that, as regard consciousness and free will, Bohm answered in two (essentially identical) articles that his original Model was devoid of consciousness and free will, but suggested bringing these two properties into an elaborated version involving an infinite tower of informational fields each of which “informed” the field below it. Thus causally effective consciousness was, in that suggested model, brought in by an infinite regress. 
This elaboration by Bohm of Bohmian mechanics points to a recognition by Bohm that causally effective consciousness needs to be part of an adequate model of reality, and that the original “Bohmian mechanics” does not supply it. [See David Bohm (1990): “A new theory of the relationship of mind and matter”, Philosopical Psychology, 3:2, 271-286]  

In the panel on “free will”, panelist Chris Fields brought up Conway and Kochen’s Famous “Free Will Theorem”, which asserts that if reality is “local” and observers have “free will” then electrons must also have “free will”. I rejected the seemingly absurd (panpsychism) conclusion that something as simple as an electron could possess “free will”, by noting first that the needed locality assumption is proved false by my non-locality theorem PNL, mentioned above; and second that within orthodox QM it is not the electrons that make the choices of which outcome will occur, but rather nonlocal Nature, which can be far better equipt to make the choice of outcome than a simple localized  electron.  
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