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Abstract: We give a brief account on the existing strategies in quantum-mechanical approaching the problem of
consciousness. To a list of distinguished approaches we add the next plausible notion: when treated quantum-
mechanically, consciousness should be modeled as an open quantum system. This notion is tightly connected to the von
Neumann's "collapse” ("wave packet reduction™). Here we strongly emphasize that the problem of the "collapse"” cannot
be resolved within the quantum mechanics of open quantum systems (or: decoherence theory). Some clues in this
regard are briefly outlined.
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1. Introduction

The complex subject of consciousness does not stop drawing attention of the general
scientific community. Particularly, it was suggested that some manifestations of consciousness
might have a deeper physical origin, which requires the use of the laws and methods of quantum
physics. Therefore, the problem of consciousness partially becomes a matter of investigation within,
e.g., the quantum-mechanical formalism and interpretation, still with the stringent "constraints"
coming from the phenomenological data.

The purpose of this paper is to put forward some critical remarks concerning the above
distinguished approach to the problem of consciousness, with an emphasis on the role of the
guantum-mechanical "wave packet collapse (reduction)™ (further: "collapse").

In Section 2 we briefly and critically overview the arguments concerning the quantum-
mechanical nature of consciousness, adding a new point in this concern. In Section 3 we critically
discuss the role of the quantum-mechanical "collapse™ within the quantum theory of consciousness.
Section 4 is discussion and conclusion.

2. Some critical remarks on the quantum nature of consciousness

There are significant efforts in establishing the quantum (e.g., quantum-mechanical) nature
of consciousness. It seems convenient here to give a brief overview of some of the existing results
and statements, still without ambition to be exhaustive. (Note: the main criterion for making the list
below, is that the authors more-or-less explicitly argue for the use of quantum formalism(s) in
modeling of consciousness).

The brilliant brief review-article by Jibu and Yasue [10] shares belief with the
"reductionists”, who (sometimes noncritically) assert that the physical laws of the complex (many-
particle) systems can be traced back to the fundamental laws of quantum physics. Originally, the
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above mentioned "reductionism” is due to Ricciardi and Umezawa [19], and is stated as [10]:
"deeper understanding of natural phenomena [can be obtained] only after having an adequate grasp
of the theories derived from the first principles of physics"®.

The experience with the Microwave Resonant Therapy (MRT), as a medical cure, points out
the rather intriguing results: (1) sharply-resonant sensory response of the disordered organism to
small changes of the external microwave (MW) radiation frequency (0.01-0.1%); (2) low-
intensity (down to 10° W/cm?) and low-energy (down to 10 eV) of the biologically efficient

MW radiation rather below the thermal noise effect (~10° W/cm? and ~107% eV); and (3)
negligible MW energy losses during propagation for significant distances down acupuncture
meridians (~1m) from the exposed acupuncture points. Such quantum-like characteristics of MRT
inspired Sit'ko [20] and coworkers to propose a quantum physics of alive. In the framework of their
model, acupuncture meridians might be related to eigenfrequencies and spatio-temporal eigenwaves
of every biological quantum system, being its individual characteristic. On these grounds Rakovic
et al [17] suggest that healthy condition might be considered as an absolute minimum (ground state)
of the nonlocal self-consistent macroscopic quantum potential of the organism. Some disorders of
an acupuncture system are supposed to correspond to higher minimums of the (spatio-temporally
changeable) potential hypersurface in energy-configuration space. This possibly explains the higher
sensory responses of the more excited (more disordered) acupuncture system, and poor MRT
sensory response of the healthy acupuncture system being already in the ground state - this picture
being very close to those of associative neural networks in their energy-configuration spaces, and to
pattern recognition as convergence of the neural-network memory patterns.

As Perus [16] points out, the classical neural-network model of brain activities does not
prove sufficient for reaching the subtlety and unity of consciousness. Besides, he gives some details
with regard to formal analogy between the "quantum processes” in Feynman's propagator version of
quantum mechanics and "neural-network processes” of Hopfield's oscillatory holographic neural
network (cf. Section 6 therein), particularly emphasizing the "uncertainty analogy" - i.e., analogy
between the quantum uncertainty, and the uncertainty inherent to the neural-network processing.
These similarities of the quantum and neural network pictures might not be only formal, supporting
the EM/ionic holographic microwave/ultralowfrequency (MW/ULF) quantum neural-network-like
function of the acupuncture system, and its essential relation to (complex-valued quantum
relativistic) consciousness - as strongly suggested from Rakovic's [18] modeling of altered and
transitional states of consciousness.

The lucid and illuminating analysis by Penrose [15], concerning the noncomputable nature
of human (mathematical) understanding points to the, so-called, "objective reduction (collapse) -
OR", as a possible physical basis of human faculty of understanding. Actually, in a long run of
argumentation (and speculation), Penrose meets the problem (: where to look for noncomputable
physical law(s)), and makes a guess in this concern (appointing OR), which is suggested to fall
within the quantum gravitation theories.

The quantum holography modeling of the "brain/mind" by Marcer and Schempp [13] bears
positivistic attitude. Actually, they point to some advantages of the quantum-mechanical treatment
of some specific subjects of consciousness. Among else, there are the next "subjects™: both digital
and analogue? computation, the problem of unity of consciousness, and that some non-local
"anomalies™ of consciousness (such as the, so-called, altered states of consciousness) cannot be

1 still, although it is strongly suggested by Jibu and Yasue that " 'popular quantum mechanics' ... never provides
us with a proper scientific understanding of the deep question 'What is consciousness?' but with a fatal
misunderstanding”, the formal part of the model of "quantum brain dynamics" really is quantum mechanical! Actually,
cf. Appendix A therein, the "Quantum Electrodynamics of Ordered Water" is completely formulated within the
Hamiltonian formalism, and really falls within the methodology of modern quantum mechanics of open systems - as it
can be directly seen by comparing to the papers of, e.g., Zurek [24-26], and especially Dugic [6]

2 Here, by “"analogue computation" we mean the, so-called, "quantum computing”, which is really a
computational process which simulates quantum mechanical dynamics of the actual system.



properly physically explained, unless - as advocated by Rakovic [18] - they are somehow founded
on the quantum-mechanical nonlocality®.

It is worth stressing that, relative to the formulation of quantum mechanics, the above
distinguished approaches to quantum nature of consciousness, bear plausibility. Actually, the
venture of quantum physics begins with inability for obtaining the classical-physics explanations of
some experimental data - which is widely known as the "physical basis of quantum mechanics". On
the other hand, still, we do not deal with either complete phenomenology, or classical-physics
theory of consciousness. Therefore, from the purely methodological point of view, the quantum
nature of consciousness appears just as a working hypothesis in the physical approach to
consciousness.

On this line of thought and plausibility, and this is the main point of this Section, we add (to
the above list) the point given below, still not fully distinguished in the literature. First, we point to
the following characteristic of the neural network models of the brain-activities (which appear as
ultimate physical origin of consciousness): it is not entirely clear what should (or even could) be the
state (and dynamics) of an isolated neural network, i.e., the dynamics of a neural network is
substantially determined” by external stimulation (cf., e.g., Ref. [10, 16]).

When expressed in physical terms, the above characteristic of neural networks reads as
follows: the physical behaviour (i.e. dynamics) - but, probably, even existence (cf. Jibu and Yasue
[10]) - of a neural network is substantially determined by interaction (cf. "stimulation™) with its
environment (cf. “external"®). And this justifies the next suggestion: if treated quantum-
mechanically, the neural networks should be modelled as open quantum systems.

Within quantum mechanics of open gquantum systems, the above remark links the subject of
consciousness with the subjects of "decoherence” [1, 11, 24-26, 5, 6], the "collapse” [2, 4, 8, 12, 15-
18, 23-25], and with the (quantum) "chaos" [2, 8, 26]. Here we shall only discuss the second issue -
as it is stated in title of this paper.

We conclude this Section by noting that, for some phenomenological data, and according to
some physical reasoning, it seems plausible to adopt the hypothesis that consciousness, i.e., some of
its physical manifestations, might have the quantum-mechanical origin. As a new, nontrivial point
of our argumentation in this respect appears suggestion that, whatever it might be, a physical model
of consciousness should be considered as an open quantum system.

3. The problem of the "*collapse’ unresolved

As it was distinguished in Introduction: once adopted, the hypothesis of quantum-
mechanical nature (or physical basis) of consciousness implies that further investigation falls into
the "machinery” of the quantum-mechanical formalism. This way naturally comes to scope the
problem of the "collapse”, which can be considered as virtually independent of a (quantum-
mechanical) model of physical system (here: brain activities and, in a long run, of consciousness);
i.e., the "collapse" is a general issue of quantum mechanics®.

? By (quantum) non-locality we mean non-locality as it is defined within the famous "EPR effect", and which is a
straightforward consequence (which postulated the "collapse™) of the quantum correlations (cf., e.g, the r.h.s of (1.1)).

* Whilst this fact is well known from the engeneering perspective, this is not necessarily the case in the physical
considerations. Actually, it is a general feature of the physical modeling to have a well-defined isolated system, which
may interact with another (also previously well-defined isolated) system.

% Here, "external” should not be literally understood. For instance, for a subnetwork, the other subnetworks of the
same, whole network, might appear "external”. For this reason, in analogous physical situations, there appear the
concepts (the terms - cf. e.g., Omnés [14]) "external environment", and "internal environment", only requireing that
"environment" is sufficiently "big" (i.e., that the limit N — oo is legitimate; N is the number of particles constituting
the "environment").

® It is worth stressing that the issue of the “collapse” cannot be circumvented even in the alternative quantum
measurement theories. And this is due to the fact that all the theories, at least implicitly, employ some conditions
coming from the assumption that the “quantum object” is an open quantum system.



Still, with respect to the told in Section 2, one should note that the "route” for approaching
the "collapse” is, at least, two-fold. On one side, one may consider the "collapse” as an emergent
property of the quantum systems, which can be formally "settled down™ by the famous "projection
postulate™ [23]. On the other side, in Section 2 it was argued that the physical model of
consciousness should be considered as an open quantum system - which is substantially different
physical situation; let us briefly justify this notion.

As it is well known, the "projection postulate™ appears as an ad hoc rule for obtaining
(reproducing) the results of the generalized (and simplified) "scheme™ of the (idealized) quantum
measurement situations. This characteristic of the "projection postulate™ is the main reason for
extensive search for the more physical solution of the problem at hand. As a result of these efforts
appears the, so-called, quantum mechanics of open systems [1, 2, 5-8, 11, 12, 14, 24-26]. And
sometimes (noncritically) a statement is adopted, according to which the "collapse™ naturally
follows as a consequence of interaction of a quantum system with its environment.

Unfortunatelly, and this is the very point of this Section, this statement cannot be considered
physically correct. More precisely: the very openness of a quantum system does not prove sufficient
for obtaining the "collapse” as an objective physical process; in terms of the quantum measurement
theory [12, 25]: the openness of a quantum system sharpens, but does not resolve the quantum
measurement problem. Those readers interested in the "technical” details should refer to Appendix |
below (and references therein), in which it is implicit that the problem of “collapse” can be traced
back to the (von Neumann's [23]) hypothesis of the universal validity of the Schrédinger law. Since,
on the other side, this hypothesis seems generally adopted (except in the theory of Dugic [7]), and
particularly in the quantum modeling of consciousness [10, 13, 16, 18], one may conclude that the
"collapse” does not appear more useful in quantum modeling of consciousness, than it is the case
within the quantum measurement theory.

Therefore, one ends with the "pessimistic™" statement that, as yet, the problem of "collapse”
cannot be considered resolved within the quantum mechanics of open systems, thus necessarily
making the statements, such as, that the "collapse™ makes these quantum eigenstates explicit, which
bear apparent macroscopic meaning (e.g., the patterns of the neural networks), somewhat vague.

4. Discussion

The main point of this paper is the next statement: if (as it seems to be the case [13, 15, 16,
18]) the role of the "collapse"” within the quantum modeling of consciousness should be considered
substantial, then the quantum physics of consciousness meets serious obstacles - as outlined in
Section 3.

However, the "pessimistic" conclusion of Section 3 should not be considered as "the end" of
the "story". Furthermore, the experience with the modern quantum mechanics of open systems,
likewise some recent breakthroughs [2, 7, 8, 15, 18], might open new avenues with this regard’. It
seems very probable that, whatever the "possibilities” might be, they will exhibit the next general
characteristics: (i) More-or-less significant change of the physical meaning of “collapse”, and (ii)
Abandoning of the (hypothesis of) universal validity of the Schrédinger law.

Needless to say, these expectations express some subjective point of view, but, nevertheless,
there are some uncontroversial arguments in their support; here we shall briefly distinguish some of
them, but the interested reader should refer to Appendix Il, below.

” At the moment, there are three projects in this concern, coming from different areas of modern physics. The
first project refers to the novel results [2, 8] of the encreasing field of quantum chaos. On the other side, the concept of
the "objective reduction (collapse) - OR", as defined by Penrose [15], might have a quantum-gravitational origin in the,
so-called, wormholes, as advocated by Rakovic [18]. Finally, the recent proposal of Dugic [7] calls for a new paradigm
- nonunique physical time - and (in parallel to the ergodicity considerations [8]) being referred to the single (individual)
physical systems (quantum "objects" and "apparatuses"), as opposed to the standard ensemble point of view.



The concept of "collapse” (as stated by von Neumann [23]), has already survived nontrivial
change, basically for the original "definition™ is not physically clear. For instance, nowadays one
meets the concept of the "objective reduction (collapse) - OR", as introduced by Penrose [15]. As an
intermediate step from von Neumann to Penrose, one can meet the different attempts, e.g., the
theory of Rakovic [18], all of them participating in physical objectification of the "collapse"”. The
"objectification™ assumes the possibility of physical observability of the "collapse” (i.e., of the OR)
- which puts specific emphases and limitations on the objectification of the "collapse”, and of
consciousness (un?)involved in it. Certainly, this is an open task whose perspectives, as yet, can
hardly be predicted.

In conclusion, we shortly emphasize that the role of the "collapse™ in physical modeling of
consciousness bears ambiguities, which come from the unresolved problem of the "collapse™ within
the quantum measurement theory, and particularly within the quantum mechanics of open systems.
Whether the interplay between the physics of consciousness and of the quantum measurement
theory can provide some progress in this concern is, as yet, an open question to be answered, we
believe, in relatively near future.

Appendix |

The objective of modern quantum measurement theory is the composite system "(quantum)
object+apparatus+environment (0+A+E)". In this system, only the (“classical”) apparatus (A)
interacts with both, the (quantum) "object (0)", and with the (apparatus’) environment (E). Note:
interaction with environment is considered unavoidable and continuous in time, and is usually
assumed to be strong; this is why the apparatus - within the quantum-mechanical treatment - is
refered to as an open system. The interaction with the "object" is considered continuous, but only in
a finite (macroscopically short) time interval.

As in the von Neumann's quantum measurement theory [23], one adopts the next
postulate/hypothesis: for the "whole", o+A+E, one should consider the Schrodinger law (equation)
valid, i.e. :

Woae EU\PO®XA®¢)E :ZCiTOi Xy @y, (1.1)
where the initial ("pure") quantum state of the object, ¥, = ZCi‘I’Oi , U denotes the unitary time-

evolution operator (the Schrodinger law), "®” denotes the "tensor (direct) product” of states; the
states V., constitute an orthonormalized basis in the Hilbert state space of the "object".

As it is usually outlined, linearity of U keeps the linear superposition involved in ¥, and
leads to the correlations of states of the subsystems, as explicit on the r.h.s. of (1.1).
On the other side, for the practical purposes, each subsystem, o, A, E (or 0+A, A+E), can be
formally represented by the "reduced density matrix", p,, P, P (and so on), defined as:
~ 2
Po = Z|Ci| Wi Vo * (1.2a)

Pa :Z|Ci|2XAiXAi* (1.2b)

and so on; the symbol “*” denotes the "hermitian conjugate”.
Therefore, as regards the "object”, quantum measurement formally reduces to the transition:

¥y = Do (1.3)
which is the mathematical form of the “collapse™. As regards the "whole", the same reads:
* A 2 * * *
VYoneWYoine = Poiae = Z|Ci| VoiVo XXy @ODy; . (1.4)



[But neither transition can be obtained via the Schrodinger law (equation). And this is the famous
"guantum measurement problem™.]
The very point of this appendix are the following non-equalities:

\PO+A+ELPO+A+E* * :bo ® /5A ® /aE ! (I5a)
lIIO+A+E\110+A+E* * ﬁO+A+E ' (I5b)
/30+A+E¢/30®5A®ﬁE' (|6)

The physical meaning of (1.6) is probably obvious, and leads to the main point of Secion 3:
After the collapse (cf. the r.h.s. of (1.4)), no subsystem (o0, A, E) can be considered to be in a
definite quantum state (o5, 2,4, Pc )- Otherwise, one would be able to put equality, "=", in Eq. (1.6):

DPoine = Po ® pa ® pe ; i.e., the assertion "the object is in a state o, and the apparatus is in the
state p,, and the environment is in the state p. ", is by definition equivalent with the assertion "the
composite system 0+A+E is in the state p, ® p, ® p “.

This fact, well known in the foundations of quantum mechanics and quantum measurement
theory (cf. also the recent preprint of d'Espagnat [4]), is a feature of the "quantum nonseparability"
[3], and justifies to refer to p,, P, Pe as to the “improper mixtures" [3]; formally exactly the same

situation appears in the famous "EPR effect".

One may therefore conclude that the very openness of a quantum system (apparatus) does
not by itself appear sufficient concerning both, establishing the "collapse” as an objective physical
process (which would "offer" p_, 0., P as the objective quantum states), likewise the resolution

of the quantum measurement problem. That is, as regards the "collapse”, the quantum mechanics of
open systems suffers from exactly the same shortcomings as the original von Neumann's quantum
measurement theory [23].

Appendix 11

The physical contents of the term "collapse” have changed, especially in recent progress of
this topic. And the main object of change is the role of consciousness.

In the original von Neumann's theory [23] the "collapse” is ultimatively refered to
consciousness. More precisely: to self-consciousness of the observer, who is the final element of the
von Neumann's [23] "chain™ : "(quantum) object + apparatus + observer (0+A+0)". And the prefix
"self" is substantial in this respect: the ability of the observer to be aware of his own (quantum) state
is the unique cause of the "collapse™. However, the necessity of self-consciousness is usually seen as
nonphysical solution of the problem.

Recent progress in physical modeling of consciousness distinguishes the physically different
point of view. E.g., in the physical model of consciousness of Rakovic [18], one meets
consciousness interpreted as a physical "condition” sufficient for "channeling the collapse”. As yet,
it is not completely understood if consciousness (note: we do not mean self-consciousness) appears
necessary® in this respect. We interpret this model as an intermediate step in obtaining a fully

® This might be deeply connected with the role of "collective consciousness" (as a composite quantum state @
of all "individual consciousness" @, : @ ~ H¢k ) in quantum theory of measurement [2, 18, 23], where "collective
k

consciousness" with its assembling (equivalent to convergence of Feynman's propagator quantum mechanics to one of
its propagators, corresponding to @;) contributes in channeling reduction of initial wave function ‘¥ into one of

(possible) probabilistic eigenstates ‘¥, - which implies that “collapse” could be related with generation of

microparticles' local wormholes in highly noninertial microparticle's interactions in quantum measurement situations
[18] (fully equivalent to extremely strong gravitational fields according to the Einsten's Principle of Equivalence, when
relativistic generation of wormholes is predicted [22]): so, in Penrose's gravitationally induced collapse [15] the very
mechanism for this process could be continuous opening and closing of local microparticle's wormholes, addresses of



physical solution of the problem of "collapse™ (i.e., in obtaining full objectification of the
"collapse™). To this end, one should note that, once the physical consequences of the model [18]
would be fully understood, it might prove that (in a long run) the model appears, by itself, to
provide us with the basis of a full physical solution.

As a new prospect in objectification of the "collapse” appears the program formulated by
Penrose [15]. Therein one meets the "objective reduction (collapse) - OR", as a real, objective
physical effect, which does not call for consciousness, at all! However, this is, at the moment, just a
program, within which the "objective collapse™ appears merely as a convenient phrase.
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