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ABSTRACT

A model of consciousness and conscious experienicgroduced. Starting with a non-Lipschitz

Chaotic dynamics of neural activity, we proposé tha synaptic transmission between adjacent
as well as distant neurons should be regulatedam lwynamics through quantum tunneling.

Further, based on various studies of different iptes authors, we consider the emergence of
very large quantum mechanical system representabbn abstract quantum net entirely based
on quantum-like entities having in particular tineportant feature of expressing self-reference
similar to what occurs in consciousness. The ptasenf such quantum-like mind entities are

discussed in detail. A quantum-like model of coogsiexperience is also discussed. It is shown
that such quantum mechanical entities are ablerémge themselves alternatively on the basis of
the subject story, memory, and pain-pleasure ipaese to an external stimulus, thus giving the
subject the possibility to response to the stimolushe basis of his emotion as well as cognitive
state. Finally, we discuss the possible connectietween the quantum-like model introduced in
this paper and the chaotic behaviors often idedtiéxperimentally in studies on brain dynamics.

Part | of this article contains: Introduction; 1o0mM Lipschitz Terminal Dynamics of Single
Neuron Activity; and References; 2. Quantum MectaniProperties of Neuron Dynamics; and
3. A Quantum Model of Consciousness I.

Key Words. quantum cognition, role of quantum mechanicxjplaning consciousness, guantum
wave function collapse, synaptic connection andntyua tunnelling, neurophysiology, neural
activity, applied physics, Clifford algebra, nompkchitz dynamics.

I ntroduction

The brain is a macroscopic system containing appraely 13° neurons. Each neuron is

essentially a macroscopic device receiving a refemamber of inputs and giving an output as
answer. The inputs are essentially currents gestbtay approximately fa10° synapses posed

on the dendritic tree, and the output is usuallyresented by sequences of action potentials
carried by the axon. The input currents are geadrhy ion specific channels in the membrane
which change their conductance in response to adamneurotransmitters released by other
neurons. Roughly speaking, such currents are @ategrin the soma whose voltage rises and
decays with the fluctuations in currents. When sbena voltage exceeds a certain threshold,
action potentials are generated which are propdgdtsvn along the axon. Such a complex

*Correspondence: Professor Elio Conte. E-mail: elio.conte@fastwebnet.it



Journal of Consciousness Exploration & Researalguét 2012 | Vol. 3 | Issue 10 | pp. 905-921 906
Conte, E., Santacroce, N., Federici, A., A Possible Quantum Model of Consciousness Interfaced with a Non-Lipschitz Chaotic
Dynamics of Neural Activity (Part I)

dynamics can be studied by the simultaneous adopmtfoquantum and classical non linear
methods of physics. The aim of the present wotk isuild up a model of the role of the basic
dynamics of the neuron in the emergence of consoegs and conscious experience, by
simultaneously adopting non Lipschitz chaotic dyi@nand a quantum mechanical approach.

1. Non Lipschitz Terminal Dynamics of Single Neuron Activity

According to our previous papers [1] and to thedamental work of J. Zbilut, M. Zak, and D.D.
Dixon [2], in addition to classical mechanics whehe validity of the Lipschitz condition
guarantees the uniqueness of solution of a givdfereintial equation for a given initial
condition, and thus a substantially imposed deatestic characterization of the dynamics of
the system in consideration, a new dynamics, cdbechinal dynamics, arises for the special
kind of non linear differential equations violatihgpschitz condition. The equilibrium points in
terminal dynamics are terminal attractors or teahirepellers, and they represent singular
solutions having new interesting properties regaydin particular their instability. After
reaching terminal attractors or repellers the dyinarof the system becomes independent on the
initial conditions, andt acquires an expected ability to overcome th&rgpterminism, thus
becoming able to adapt itself with great flexililibo any required change, also depending on
external conditions. As a consequence the traditiodeterministic approach to basic
mechanisms of living systems collapses near thdilgum points of terminal dynamics, and a
new chaotic regime may be delineated, called [@radeterministic chaotic dynamics.

We have adopted in this paper a model of termiyalachics applied to the single neuron
[details are given in 1,2]. For it an equation rbaywritten in the following manner

dx S
o = sencdsen3Ex (1)

where « and k are constants. The equilibrium points arex,atnk (n=012,.... ) where

Lipschitz condition is violated. We have a dynamafsthe neuron with different terminal
attractors and such attractors are converted @mntnibal repellers each time we have a change in
the sign of the Lipschitz constant from=-« to L=+ . Owing to the presence of the
controlling functionsenat , in the (1) L oscillates in sign with perio@sn{/«).

At the singularities the neuron is driven. If wensmler a vanishingly small inpuft) that is

added to (1), the influence of such an input maygbered during the deterministic journey of
the neuron, when in fact it is stable, but it beesnelevant at the instants of instability occugrin
near the equilibrium points of terminal dynamicsh&W such a condition occurs, a string of signs
like

E(t) = +’_;_’_;+; ------- (2)

will drive the neuron to fire or not to fire.
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2. Quantum Mechanical Properties of Neuron Dynamics

Substantiallys(t) may reflect some quantum mechanical features imomedynamics. Let us
consider an inpuk, that usually is evaluated with a corresponding Weig . Owing to the

enormous number of inputs hitting the neuron, thedees are usually summed together to form
the output y, which is therefore given as functdmputs and weights according to the equation

y:ZVViXi (3)
i=1

A non linear threshold function at the outpat, will realize a crude but significant model of-all
or-nothing potential generated by the neuron his tase the output is given

y=Wu>J9)et)=+ and Yy=0(u<2);&(t)=-
U= wix (4)

In this framework the inputg; represent the action potentials arriving from otheuronsvia
many impinging synapses, the weightsrepresenting the effectiveness of the synapses in
affecting the activity of the target neuron. Theglx w. the morex, affects the neuron output.
Some of the physiological contributions determiniggmay be, for example, the number of

synaptic vesicles which are opened by a singleomagiotential in the presynaptic cleft or the
number of ligand-gated channels which are activatede post synaptic membrane.

According to E.H. Walker [1, 3] the quantum tunnglieffect has a role in synaptic transmission,
and still according to the studies of F. Beck and.€. Eccles [4], the conventional synaptic
theory leads to assume that the ultimate synapiits wperate in a quantal way. They are
presynaptic buttons that, when excited by arriantion potentials, deliver the total contents of a
single synaptic vesiclén essential feature is that [4] the effective stnwe of each presynaptic
button is a paracrystalline presynaptic vesiculaid gwith about 50 vesicles that act
probabilistically to release the synaptic transenitholecules from each vesicle. The emission of
the synaptic transmitter molecules from each vesglquantal, varying from 5000 to 10000. It
represents the elementary unit of information tmaitted from one neuron to another. A central
point in the synaptic theory is that this procesgaodt regulated in a fully deterministic, but in a
probabilistic way, in the sense that it seems nstdally indeterministic the behavior of any
single synaptic vesicle or ligand-gated channelméetion potentials are arriving. On this basis
such a process can be modeled according to theigdea of quantum mechanics. In conclusion,
guantum tunneling should have a role in synapaagmission as well as ihe effectiveness
affecting the post-synaptic neuron activity. Théstd say that also the weighits may be

modeled according to quantum mechanics.

For such a purpose, according to the papers of Damtura and T. Martinez [5], we first
introduce a vector
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W= (W, Wy, W, W | 5)

that cannot be characterized in usual classicaigdrut connecting to a wave functigmw,t) in

Hilbert space. This wave function will represerd girobability amplitude for all possible weight
vectors in an abstract weight space with the uassbciated normalization condition that holds
in quantum mechanics. For any time we will writatth

oo 2
j_w w(w,t) dw=1 ©

In order to elucidate, consider, for example,dhge of only one input and one output. We have
[5] m<w <, and solving Schrddinger’s equation for the cdsene dimensional rigid box, we
have

Ww,) = \E > cpsen( ALl (7)

a

with m=123......, andw, the single element in (5), and a, the width ofbog. A probability
amplitude and thus a probability are connected @chepossible value of, in each of the
possible quantum states in the box.

In the case of two inputs one may write briefly

m, 7w,

=) ®)
and the same procedure may be followed in the ohseveral inputs. It is important to outline
here that our model may also exhibit fractal Idehaviour. It was recently shown that several
guantum models related to chaotic scattering ekfréogtal like structures [6], and recently [7] it
was evidenced that fractality emerges in a regsyatem as result of the choice for the wave
function. In [7] the well known Weierstrass functif8] was considered

W(w,w,) = Asen( ”‘{j”l)sen(

]
W(x) =) b"sen(a"x) ,a>1>b>0,ab>1 9)

n=0

That is a known example of a continuous, nowheffergintiable function. It exhibits fractal
properties and the box dimension of its graph gives

Lnb

Lnha

We may consider the solutions of Schroédinger equatifor a particle in an infinite potential
well. The general solutions satisfying the boundamyditions have the form

D=2- (10)
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Y(xt)= ZD:ansen(nx)e““2t with ¢ (0,t) =¢(n,t) =0 (12)

n=1

That obviously is similar to (7). In analogy to tNgeierstrass function one (see [7]) may
construct fractal wavefunctions

M F 2N,
Wy (1) = N> q"?sen(q"x)e™ " with g =23,.....2>5>0. (12)

n=0
As discussed in [7], in the interesting case witéi M the wave functioy,, (x,t) is the solution
of the Schroédinger equation and the limiting case

¢’(X1t) = IIrnM —.EI[//M (X’t)

is continuous but nowhere differentiable with tlegmalization condition given by

N :\E L-g**?). (13)
JT

It is shown in [7] that not only the real part betwave functiory X t, But also the probability
density function

P(x,t) =l (xt)|" (14)

exhibit a fractal nature.

3. A Quantum Model of Consciousness |

The first central problem is to ascertain if consisness and mind entities are unequivocally
admitted in the present framework of contempordrysics. We find that two basic arguments
settle in an unequivocal manner that mind entdied$ consciousness enter in the present physical
description of our reality.

The first argument runs as it follows. According ton Neumann [9], there are two basic

processes in quantum mechanics. One is represégtébde Schrdodinger equation, and it is

continuous and casual, and, according to R.A. M¢u@J, it delineates the basic features that
may be found “inside” of a closed quantum systefme $econd one is the so called collapse of
the wave function, and it is often assumed thdtappens when the system is measured. It is
discontinuous, non local, and it is imposed from dlitside of the system through our procedure
of inspection and measurement. At this stage al@molarises. A measurement represents a
boundary condition placed on a finitely boundedtesys[10]. Where is that one poses such a
boundary condition? Von Neumann showed that thextbary condition is flexible, and the sense

of this statement is clear.
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In principle, the line separating the “inside” fraime “outside” of the system, can be drawn in
any finite way that excludes the laboratory obser@&tll according to Mould [10], this means
that an external measuring device in a given erpeEntal condition, can be thought instead to be
inside the system only considering the experimeriid arranged differently. Not only we may
include a macroscopic instrument inside and indi&lan quantum mechanics, but it can appear
to be in superposition with itself. In brief, angual laboratory arrangement can be placed inside
as well outside of a given quantum mechanical systeving to the previously mentioned
flexibility of system’s boundary that von Neumanutlmed. As Mould deepened in detail [10],
if any closed physical system is finitely bounded & nothing inside of the system is capable of
interrupting the Schrddinger process, there musst esomething that has the capability to
interrupt such a process.

This is something that finally cannot be includedthe system by a simple operation of

extension of the boundary of the system. The ansiveon Neumann and Mould [9,10] was that

this something is the consciousness. In our opjnianthis manner consciousness enters
unequivocally in the domain of quantum mechanicthasense that for the first time quantum

mechanics, a physical theory, includes also consaess and mind entities in its ontological

architecture. According to Mould [10], we must guicthe notion that there exists a mechanism
which evolves as a quantum mechanical superposiimter the Schrodinger equation, and

which dissolves at some critical points into a @l state and an associated conscious
experience.

The non-Lipschitz dynamics outlined in the previaextion gives a strong analogy to this
mechanism. The second argument suggesting an woeglipresence of consciousness and
mind entities in the present framework of quantuecthanics may be outlined as it follows. This
time, according to D.M. Snyder [11], we will speabout the so called “knowledge factor” or the
“mental creativity” as was defined by Epstein ird5912]. According to these authors and
others [13], the change of the wave function that ave called here the collapse of wave
function is not due fundamentally to a physicalsgurhis change is unequivocally linked to the
knowledge attained by the observer of the circuntda affecting the physical existent to be
measured. In brief, quantum mechanics is fundarg@aheory concerned with the knowledge
of the physical world. It is not concerned with thescription of the physical world in a manner
that is independent of the thinking living beingodgdition and the physical world are strongly
linked in the framework of quantum mechanics, amghdtion is an expression of mind entities.

To prove this thesis, according still to Epstei][and to Snyder [11], one may consider the
Gedanken experiment that was proposed by R. Feymetaal. [14] regarding the distribution of
electrons passing through a wall with two suitadnisanged holes, A and B, to a backstop where
the positions of the electrons are detected. Wa#i known that we may integrate the standard
experiment inserting a strong light source so thatdistribution of electrons from each hole is
seen. The argument is well known [11,12]. The saashdhesis is that the physical interaction
between the light source and the electron is nacgds destroy the interference. However,
where the light illuminates only hole A, electrogpessing through hole B do not interact with
photons from the light source, as discussed inildata[11,12]. However, interference is
destroyed in the same manner as if the light salltsrinated both holes A and B. In particular,
agreeing still with Snyder [11], the distributiori electrons passing through hole B at the
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backstop, indicates that there has occurred a ehantpe wave function of these electrons, even
though no physical interaction has occurred betwbegse electrons and photons from the light
source.

As said, Epstein in 1945 and more recently Snydaintained that these kinds of effects on the
physical world in quantum mechanics cannot be lsdrio physical causes, and are associated
with the presence of the “knowledge factor” or he mental certainty of the thinking observer
for which possible alternatives to the physicalstemt occurs. The entity responsible for the
change in the wave function for the electron heafitedholes A and B, and which is not
illuminated at hole A, is the knowledge of the alvees as to whether there is sufficient time for
an electron to pass through the illuminated holeowledge thus enters, unequivocally, in the
framework of quantum mechanics and it pertainsogndion that is one of the basic foundation
of consciousness.

These conclusions pertain to the standard mannecotweive the approach of quantum
mechanics to mental entities. However, we retaatt §ome recent results have given new light
about such matter.

First of all consider that von Neumann, formulatihg theory of quantum measurement,
introduced two basic postulates that are well knaagnbasic von Neumann postulates of
guantum measurement.

Rather recently we have given what we retain taeggnt an important contribution in this

direction. By using two shown theorems in Cliffatijebra we have given proof of such basic
von Neumann postulates. In other terms we haveedaem the regime of postulates, thus
admitted as true and from the outside, not derfveth the standard quantum theory, to the new
regime in which these postulates have been denabvedtalso proving that they pertain to the
inner scheme of quantum mechanics. This resultghas a final inner coherence to quantum
theory explaining for the first time, also if only a mathematical manner, that quantum wave
function occurs.

The second result relates the actual structure uaintym mechanics. By using a Clifford
algebraic formulation of quantum mechanics, we haatized some basic logic statements. Von
Neumann showed that logic derives from quantum eick. Using such algebraic formulation

, and according to Orlov, we showed the vice veltss. quantum mechanics that derives from
logic. This is to say about the logic origin of gtam mechanics. In other terms, quantum
mechanics relates our mind entities. In particwlarhave evidenced that there are stages of our
reality i9n which we no more may consider mattargee There are stages of our reality in which
matter no more may be separated from the cogritianwe have about it.

In conclusion quantum mechanics is a Two faces Giado looking from one side to matter and

from the other side to the abstract entities ofraurd. As a rule such two faces no more may be
considered to be separated at some stages ofality.re

We retain that these are the basic advances thbteens to attempt to formulate a preliminary

evidence of existing consciousness based on tlentessrole of quantum mechanics. We give

citation of Our and of Orlov contributions in r§82].
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In conclusion, we have introduced basic argumérasdre unavoidable in order to conclude that
guantum mechanics connects consciousness andéaaie function of quantum mechanics is
a direct expression of our cognition when interthegth the physical reality. We are convinced
that the counterpart of this conclusion must obstpuespond at a neurophysiological level. In
other terms, if our premises are correct, we caesoape admitting that quantum mechanics is
directly involved at the level of the neurophysmiltal mechanisms that are present in the brain.
They must operate with a strong link with termidghamics that we introduced in (1) and in (2).
The equations (5-8) gave the first indication oftlsuan existing connection of quantum
mechanics with neurophysiological mechanis@®igviously, one must also outline here that such
a connection gives only a preliminary and roughesod of the system under our discussion
where, in substance, a larger number of physioébgiwechanisms are involved in addition to
those under our present analysis.

Let us examine now the second important connecliomas obtained by E.H. Walker [3] who,
as we said in the previous section, based syneptinection on quantum tunneling that is one of
the fundamental processes in quantum mechanicsoMfime here again that also J.C. Eccles
and F. Beck [4] suggested the same mechanism falgithi some modifications with respect to
the standard Walker's formulation. Note the impottéeature that the theoretical results that
were elaborated by Walker, gave also a very satmfa agreement with the experimental data.
To introduce the argument, we must show, as discuby Shepherd and Jacobson in 1991 and
Agnati and Fuxg15,16], that neuroscience is still based on th@lCand Sherrington’s (CS)
paradigm that states that the intercellular comigation relevant for the integrative task of the
central nervous system is the interneuronal comoatioin that takes place if and only if the
source cell and the target cell are connected bgnsy@f a synaptic contact. In 15 years of
research activity, some groups [15] have devel@medlternative theory that is based on the two
classical opposites of interneuronal communicatitwe, Cajal Sherrington’s paradigm on one
hand and the Golgi’'s paradigm [16] on the otherdhaxtcording to this theory, any cell in the
central nervous system can contribute to the iategr brain behaviors. In brief, not only
interneuronal communication must be considered &lso other forms of intercellular
communication should be considered in the brain.

In his studies E.H. Walker [3] opened the posgipitif an actual channel of communication.
Brain may contain propagator like molecules thatributed through the brain, could be used by
a tunneling electron as stepping ones enablirgmake transitions from one synapse to another
distant synapse. One may consider two synapsescubede with some “adhesive” other
molecules (propagator like molecules).When the gindnas first arrived on the molecule at the
synapse, its wave function will be located entiretythat molecule. Starting the tunneling
process, the wave function will begin to enter ph@pagator molecule and so forth. The process
will continue until the wave packet will spreaddhgh all the space that it is enabled to occupy.
Long range quantum mechanical effects will be imdilicin detail, the quantum tunneling
repeated through the potential wells of severalpagator-like molecules, separating two
synaptic molecules, will assure the wave packetags throughout the brain.

In brief, the emerging conclusion seems to be dhgignal may flow from one neuron to another
also if they are not in close proximity. In this mm&r a cell can participate in an assembly of
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functionally interconnected cells as long as it calease signals that are decoded by other cells
of the assemblyAn equivalent scheme was given in studies of aasiwei neural networks.
These authors, and in particular M. Perus, [17gstigated the quantum mechanical tunneling
between patterns considering the relatively statl@ma of the configuration energy space of
the networksThe patterns represented the macroscopically disshable states of the neural
nets and the tunneling represented a macroscopiotgu effect.The authors considered the
minima of approximately equal depth. The repeatetheling represented so a random walk
implying quantum fluctuations andhus they were reduced to a dynamics that mandxeled

by the Pauli master equatidn.the corresponding formulation of the presentgpape have that
the local minima are represented from the transmgitind receiving, distant synaptic molecules
of the neurons, being instead the patterns idedtiftom the adhesive or propagator molecules
that, as previously seen, assure communication dsgtwdistant neurondn this manner,
according to [17], in the neurophysiological schehs we have delineated, the neurons may be
seen as attractors realized through specific bpaitierns identified by repeated tunneling
processes.

We may still follow the basic configuration given j17], in particular, we have to give two
different kinds of time. One may consider that theantum tunneling pertains initially to the
synaptic moleculé&k, and then, through repeated tunneling, the synapbleculek, is reached.
We have stochastic quantum jumps or, equivaleatiypondeterministic transition, for example,
k, - k,. In k,the quantum process may continue tunneling to revkland so on. Otherwise,

from it the process may also turn backkio A time, 74y, Will characterize the sequence of

tunneling steps while the tunneling process wiketa time that we will callnging.  Still
according to [17]. IR, (t) represents the tunneling probability from the alistate (neuron) i to

final state (neuron) Fuwnnding Will represent the time interval in which such eolgability

becomes unity.Obviously, the sequence of the transitions reptesen stochastic process
consisting of a random walk. This dynamics may loeleled by a Pauli master equation

dP

= 2WR - Y WP (15)

dt i) (i)

where P represents the probability of finding the tunnelparticle at the neuron i at the time t
while W, is the tunneling velocity through the adhesiveeunales, and it is given by

_dp;
s
One interesting feature is that, using (15), sepecific models may be introduced to explain

and to account for memory dynamics, storage, andgnition in brain functioning. In fact, as
also pointed out in [17], one may consider the nsoaple interesting case in which

W, =W, =W = constant

(16)
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but one we may also introduce specific models &mh&\,; involved in the sequential tunneling

processes in order to characterize brain patterdg¢aaccount for memory factors and plasticity
in thewhole brain dynamicsThis is the problem of recognition and memorizadmpatterns in
the brain.We may acknowledge here the basic role explainedadiyesive or propagator
moleculesLet us remember the well known Hebb learning rakg [ It states that if two neurons
are both active or both inactive, then the synaptinnection between them is strengthened.
Otherwise, if one is active and the other is inagtithen their mutual synaptic connection is
weakened. Thus the adhesive or propagator moleawdgshave their active role. As seen in
(15), the probability for tunneling is dependerdnfr the amplitudes of the barriers interposed
among the two neurons wells and characterizedMpy Memorization and recognition are

realized by the propagator molecules that, whenratipgy with respect to unlearned and
unmemorized brain patterns, have a lower valug/aind this enhances tunneling probability
and tunnelingvelocity.

Let us state now a rough definition of consciousrteswhich we make reference in the present
work. Consciousness is that human entity on wha@seslthe human subject has perception of
himself and of his environment. The deriving modietonsciousness is becoming now evident.
The reason is that, following the previous argursgwe obtain on one hand a network made by
neurons and we will call it Neural Networks. Itastirely based on neurophysiological processes.
From the other hand, we have also an IntegratedCamdplex Quantum Mechanical Network
that is entirely based on the wave functions chareming the previously mentioned quantum
tunneling. The synaptic tunneling model that hagpagtween adjacent as well as among distant
neurons, will produce an abstract integrated amdpdex quantum mechanical network that will
be overlapped onto the real neuron network dicthgethe neurological mechanisms. We have
in substance a quantum like nervous system orgilike, a “virtual” nervous system that will
direct the behavior of the real neurological nes/eystem.

In this integrated quantum mechanical network,dbesciousness is represented. In particular,
such a virtual and integrated network or, equividyeisuch a virtual nervous system will consist
essentially of wave functions and thus of informatiof signs and symbols that in detail will
realize also basic logic operations such as WEST functions, or also XOR functions.

E.H. Walker [3] previously discussed this modelhmMhe particular role of propagator like
molecules, but our main aim in this paper is talemce the manner in which such an interface
between neural network from one hand and integrgtexthtum mechanical network from the
other hand, is actually realized.

As we demonstrated in a previous paper it is the g8t develops an essential role [1]. The
preliminary question to which we are related isndicate if actually the spin has or not a role in
brain dynamics. In order to strengthen this arguma&a would consider here some results that
were previously introduced. It is not our aim tgesge in detail such an important theory that we
discussed also in [1], but we will limit ourselves explain only some features which are
important that for our purposes. Starting with 206@me authorfl9] studied the possible role

of neural electron spin networks in memory and cmsness, and with respect to this problem
they also discussed the general problem of aneathHsey evidenced that obviously we have



Journal of Consciousness Exploration & Researalguét 2012 | Vol. 3 | Issue 10 | pp. 905-921 915
Conte, E., Santacroce, N., Federici, A., A Possible Quantum Model of Consciousness Interfaced with a Non-Lipschitz Chaotic
Dynamics of Neural Activity (Part I)

not a commonly accepted theory on the manner irchvhnesthetics work and that we may at
least identify two main schools: one, the Lipiddhe[20], admitting that anesthetics dissolve
into cell membranes and produce perturbations tieguin a depression of ion channels and
receptors involved in brain functions; the secahe, protein theory21], indicating instead that
anesthetics directly interact with membrane prateis ion channels and receptors involved in
brain functions. In substance, these autfit®$ evidenced that both experimental and theoretical
studies indicated that many general anestheticsecelianges in membrane structures, and they
added the fundamental elaboration that, since @gthnd general anesthetics are hydrophobic,
general anesthetics may cause unconsciousnessthybpegy G pathways in neural membranes
and Q-utilizing proteins such that the availability of, @ its sites of utilization should be
reduced.

The articulation of this argument leads the authtorconsider the possible roles of neural
electron spin networks in memory and consciousn€lsy considered nuclear spins inside
neural membranes and proteins. They evaluatedftatQ and NO are the main sources of
unpaired electron spins in neural membranes antgips) are transitioned to metal ions and O
and NO bound/absorbed to large molecules. Freecalsdiproduced through biochemical
reactions and excited molecular triplet states ¢eduby fluctuating internal magnetic fields
produced largely by diffusing OThey concluded that these spin networks coulthbelved in
brain functions. We recommend the reader to deafiehe basic features of such a theory by
reading the papers given [ih9]. It is relevant that such authors considered a srtyb electron
spin system in neural membranes demonstratingtheaiarge neural electron spin networks
inside the membranes can form complex modulatedttsires through action potential driven
oscillations of exchange and dipolar couplings gridctor and spin-orbital couplings. They
argued that the neural spike trains of variousuesgies can directly input information carried
by them into these electron spin networks. Theycated that the fluctuating internal magnetic
fields are produced by unpaired electrons suct@setcarried by ©and NO and spin carrying
nuclei such as H C'3 P!, and still they calculated that the maximal maigngéeéld strengths
produced by the magnetic dipoles of the unpairedteins of @ and of NO and Malong the
axes of such dipoles assume values of, respecti&®l (0.003), 1.85 (0.0018), 0.002
(0.000003) T for distances ranging from 1 to 10:Q18®].

We consider that the dynamics of membrane strustisreeterminant in synaptic transmission.
If synaptic transmission, as previously said, inesl a quantum mechanical mechanism such as
guantum tunneling, existing high values of the nedignfield strengths as induced by, IO,
and H as previously calculated [49], we have to conclude that quantum mechanisms\edol

in synaptic transmission will be also spin depemndén conclusion, in [1] we suggested that
synaptic connection and transmission is regulated mechanism of spin dependent quantum
tunneling .We will expose in a following paper tdetails of our elaboration, but we may
anticipate here some result. According to Walldr we have a quantum mechanical potential
barrier tunneling by electron across the cleft. Tectron transfer is made between two
macromolecules, probably lipid-proteins lying irethresynaptic dark projections of Gray and
the postsynaptic density at the cleft. Considegngntum mechanics we have a particle (the
electron) with a given kinetic energy and moving éxample along the y axis and interacting
with a barrier of given height and width and ceateat y=0. Owing the physical processes
previously mentioned, a small magnetic field B,rpioig in the z direction, will be confined to
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the barrier. For the previous arguments, the @ar{the electron) will carry spin s=1/2 and the
incident particle will be polarized, for exampla, the x direction. As the particle will enter the
barrier, it will start a Larmor precession and white particle will leave the barrier, the
precession will stop. The polarization of the traiited and reflected particle may be now
compared with the polarization of the incident jgdet In the absence of a magnetic field, it is
easily given, while, in the presence of the magnétld, we will have two transmission
probabilities along the z direction, T+ and T-, responding respectively to spin

h . , o : :
valuesS, = i? As mentioned, we will publish in detail all theatures of such a formulation.

The basic key here is that we will have a meanevaluspinS, that will be connected directly
to the values of the transmission probabilitiesoading to the following formula:

<SS >=—* - (17)

This equation is obviously evident in its derivatibut it has here of relevant importance for the
arguments that we are developing. Admitting thenpry role of the spin in synaptic connection,

we link and interface, by (17), the close physiogchanism of neuronal activity represented by
the synaptic connection with spin dependent quarttumeling and terminal dynamics and, on

the other hand, the abstract field of the probuddj probability amplitudes and quantum

mechanical wave functions. For details see alsgpoawious paper given in [1].

To conclude we have to consider here still two ingot features. As indicated, the idea to
introduce propagator like molecules was initialigadissed by E.H. Walker [3] who suggested
that RNA molecules could serve as a propagatonovegatthe brain .To support this conclusion
one may claim the experimental results that weitelly obtained by F.R. Babich in 1965 [22]
but that were subsequently confirmed also morentgcby other authors [23].

The second important comment regards an importaitiem that could be considered for our
present model evidencing that a lot of chaotic eatbf quantum behaviors were actually
identified in analysis of signals relating to thaib. To respond one considers first of all that in
5-14 we gave some important indications on the raanhaotic behaviors could be explained in
the presence of a quantum mechanical dynamicslditian, it must be added that the process of
resonant electron tunneling through potential besrimay give an origin to chaotic behaviors
that of course were found in brain signals. Noedindynamical effects may be generated, in
fact, by charge accumulation in the inter barrfgaces as they were also calculated by using the
Davydov and Ermakov formulation [24] and outlindsoaby several authors [25].

We may now formulate our model of consciousnessmist explain how the interface between
the neural and virtual or quantum mechanical (wawvetion) net, will originate at some stage a
unique quantum mechanical function that will be seferential and able to have perception of
itself and of the environment. Let us summarizeftyithe conclusions we have reached at this
stage. On the basis of the arguments previouslgldped we have admitted some fixed points:
a) Discussing some previous quantum mechanicalriexpes we have evidenced that quantum
mechanics has profoundly changed our classical wievwwhysics and on our reality. There are



Journal of Consciousness Exploration & Researalguét 2012 | Vol. 3 | Issue 10 | pp. 905-921 917
Conte, E., Santacroce, N., Federici, A., A Possible Quantum Model of Consciousness Interfaced with a Non-Lipschitz Chaotic
Dynamics of Neural Activity (Part I)

cases in which we cannot avoid considering the Wkadge factor” as an essential component in
the dynamics of reality itself. By this way we &giat the conclusion that some quantum
mechanical approaches and formalizations descrilbieglity include unequivocally and
prototypically mind-like entities. In particular,sain detail we shall see also through the
following elaboration, the basic substrate of quamtmechanics resides in its mathematical
formalism which is an abstract language that comtirsly relates to the role of the logical mind.
b) During the past decades studies on the braie laglvanced in a considerable way. Many
efforts have been devoted in understanding the iplogy as well as the structure of the
neocortex.

Two basic directives have been substantially idiedti In the first case various attempts and
considerable advances have been obtained in tlediebrain topology, that is to say in the
identification of the localization of the specificea and role of brain activity. The second one
has focused its attention on the analysis of thehaw@sms that are involved with particular
attention to the analysis and processing of sigimaisare involved during brain dynamics. In our
opinion from the whole of such interdisciplinaryudies it has emerged that the most
fundamental process in brain dynamics is memodnratiVe consider that the neural network
transforms a specific external stimulus into a gme@attern. Memorization, recognition of
patterns are realized by tunneling processes happéy adjacent as well as by distant neurons
that represent attractors in such configuratiorisee Pauli master equation delineates the time
evolution of probabilities in tunneling also chamzing patterns, memorization and
recognition.

The neural net stores many patterns simultaneoeath neuron and each synapse participates in
several tunneling processes so that the whole rsegpic dimension of the involved quantum
process becomes dreadfully high so that it becoimg®ssible to delineate it by a quantum
mechanical formalism. In our opinion, a quantunelikhat is to say, a kind of basic but
simplified scheme of quantum mechanics is necedsatlglineate it. Let us explain the problem
with the aid of an example. As we said [4], there about 40 vesicles altogether in the
paracrystalline structure, but it never happeng thare than one vesicle emits transmitter
molecules into the synaptic cleft after stimulatlmna nerve impulse. This certainly means that
the vesicles in the vesicular grid do not act iredefently. Soon after one vesicle is triggered for
releasing its content, the interaction between thiuoks further exocytosis. The relaxation time
for the blocking process is of the order of femuusls [for details see still the 4]. Therefore in
the framework of the process we have two basimfadio account for the number of vesicles
(about 40 in the paracrystalline structure) ancsirof the femtoseconds.

With these starting data we may attempt to deedtie many-body aspect of exocytosis from
only one vesicular grid. In quantum mechanical teme may attribute schematically to each
vesicle in the grid, two possible quantum states\d i, where i is the state before and f, theestat
after exocytosis has been triggered. Equivalently mvay think a dichotomous quantum
observable A that assumes the numerical values +1 ib exocytosis has been triggered or not,
respectively. In brief, from the view point of quam mechanics the problem of characterizing
our virtual or quantum mechanical net, does noteappto be so difficult: We need a
dichotomous variable A that potentially may assuime values +1 and -1. The actual and
impressive problem resides instead when accourfinghe dimensions and for the times
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characterizing our net. Let us consider only onecgtosis and thus only 40 vesicles. Still
according to [4], the wave function of N vesicleghen a product of the denumerable states with
N=40.

Ya2,...N) =g w ... " andi = (0 (18)

Before exocytosis the wave function has the form

N

Yo=Yy ... Y, with N=40

The observation that in response to a presynaptjulse only one vesicle can empty its
transmitter molecules into the synaptic cleft letmls properly normalized wave function after
the trigger for exocytosis that has the followfogm

1
W, @12,......... ,N) :W(ijg ......... WY+ pWAs........ A +
Yooty Y1)
with N=40. (19)

This is a very articulated function. Let us addtttiee most elementary process characterizing
brain dynamics involves a number of variables vagyat least from 200 — 300 to one million of
neurons. To write the detailed wave function arel\tiitual net that is represented, becomes a
complex enterprise that on the other hand will bable to characterize the unifying moment in
which such a virtual net will be represented frontycone wave function having some defined
and self-referential attributes. The way we musttiomie, cannot be to represent step by step the
increasing complexity of the virtual net as well afsthe interfaced brain dynamics while we
account for the increasing number of neurons thateanployed and the neural patterns that
consequently are induced. The way to be pursudd istroduce a formalism that on one hand is
able to give the complexity of the net in considiera but fundamentally, on the other hand, to
be able at some point to represent instead theéhesist to which such a virtual complex net
arrives at the final stage of itomplexity. We think that the quantum mechanicsobees
substantially unable to explain such a passage fandhis purpose we will use here an
alternative scheme that, of course, preservebaljiantum basic features of the theory.

Let us delineate the basic scheme of our appro&ehare convinced that the discovery of non
commuting observables existing in entities of ceality [26] and identified for the first time
through the introduction of quantum mechanics tfatourse also postulates the superposition
principle and existing potential states in Naturas represented the highest conceptual moment
in the story of humanity. Let us return to considiee dichotomous variable A previously
introduced to represent that exocytosis happen@wtdior a single paracrystalline structure. Our
starting point is that our virtual-quantum net niagy described on the basis of dichotomous
variables as the previous A, yes/not or equivayeftl/-1 variables as mind like entities in the
manner previously specified in a. As such they nhestexpressed as abstract mathematical
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entities having a quantum like direct correspondeand analogy. Therefore, our aim is to
introduce an algebra, that is to say a very rougtemme of quantum mechanics that however
preserves some basic features of this theory, fiticpkar, the non commutativity of observables
and the quantum like potential states that uswabyintroduced in this theory.

To respond to such requirements, let us introdhoeetbasic algebraic elemems, i = 123,
having the following basic features:

1) e=1 and 2ge =-ee€ =ig withi,jk= 123, ijk =permutation of 1, 2, 3 and

i2=-1., (20)

We see that the axioms 1) and 2) introduce the ltasic requirements that we invoke for
guantum mechanics: potentiality and non commutgtiviihe first axiom in fact introduces an

abstract entityg, but at the same time fixes that its square i$His is to say that to eaa
with i = 1,23, under particular conditions in such an algebray correspond or the value +1 or
the value -1. For each we have the potential for it to correspond to @hesuch possible
numerical values. The second axiom introduces awnmutativity fore (i = 1,23).

We know that in the usual quantum mechanics thantl) the 2) are representative of a well
known quantum observable, the spin, but here @ssumed only in analogy, and we consider
only that 1) and 2) characterize a well known atg&bstructure with the addition of the unity
elemente, = 1 and we consider that a quantum like dichotomalservable is connected to
such basic elements. In particular, we may obsgrv@4] that, if to one of the , i =123,
under suitable algebraic conditions may correspaendumerical value , say +1 or -1 , we may
also correspond te, their mean values,e > considering the probabilities for +1 or for -1
values, and writing

<e >=(E#Dp(HD+ Dp(-D., <e,>= +Dp(+D + CDp(-D . <e>= ¢+Yp(+Y)+ -Yp(-1) (21)

where p(+ 1) and p(- J)represent the probabilities for +1 and -1 valuespectively, with
p(+D + p(-1) =1. The quantum like features of this algebra magyehesized in the following
equation that we discussed in our previous worl24l,:

<g >’ +<eg > +<e ><1 (22)

In this manner all our virtual or quantum mechahiw may be represented by such a rough
guantum mechanical scheme considering the predmh®tomous variable represented by such
basic elements and their algebraic rules.

First of all we have to observe that the given batementse, are abstract mathematical entities

in our algebra and as such they remain. To lower livel of abstraction that, as clearly

evidenced by the simultaneous reading of axiomant) 2) is very high, we may consider an
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isomorphic operation. In fact, we may introduce wedl known Pauli matrices at order n=2 as

representative for the basic elemeqtsThis is an important operation since, from on baad,

it helps us to identify some hidden features of algebra, and, on the other hand, it introduces
for the first time the possibility of a self-refeteal operation that , as is well known, in
mathematics as well as in science in generaleiaimed (and we agree) of the greatest
importance in order to characterize the basic featwf mind entities and thinking. Let us
proceed with the aid of an example. Let us suppbs¢ in the operation of progressive
description of the net, we have arrived at a l@falescription of such a virtual (quantum ) net
that two dichotomous variables A and B are actuatpuired in order to characterize it since two
tunneling processes have actually the probabittyydppen or, in any case, two dichotomous
variables are actually required in order to chirdme its behavior. We may use the matrix
representation of the basic elemegtsind we may realize some new algebraic elemenengiv

by the direct product of matrices. In this case,wilehave new basic elements in the following
manner:

E,=10e and E,=e Ol being | the unitmatrixj= 123 (23)

ol 1

Note thatE, and E, will satisfy the same rules that were given irahyl 2) fore . In detail we
will have that

E2 =1, EyEo; =iEy , and EZ= land E,E,, =iE- (24)

It is important to observe that we will have aldwmttE,E; =E;E, for any (i,j)and
=123 =123 .

As required, we have now two dichotomous variabEsand E,,, i = 123 to describe our
virtual (quantum) net. Let us consider still tiaare the basic elements of our algebra given at
order n=2 in our isomorphism whilé; and E;, are the same basic elements but at order n=4.

Note that for the first time we have also introdiieeself referential mathematical formalism. To
explain such a referential mathematical operatietnus return to our basic algebraic scheme but
outlining what V.A. Lefebvre [27] recently outlinedAs we know, the central topic of Western
philosophy, starting with John Locke, was the peablof representing mentally one’s own
thoughts and feelings. Actually, it is a very ditflt concept to represent. It and this is thearas
to use here a pictorial representation, the sagwdithat V.A. Lefebvre introduced to describe
his formulation [27]. Tentatively we may expresslf attitude through the reflexion. A subject
having reflexion may be conceived as a miniatunadu figure with the image of the self inside
his head. We recover it here in the following figlt represents with care the subject with
reflexion. We prefer to call it the picture of abgect having perception of itself. In fig.1,
following V.A. Lefebvre, we may say that inside thabject’s inner domain, there is an image of
the self with its own inner domain. An image of gudf is traditionally regarded as the result of
the subject’s conscious constructive activity.
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ABSTRACT

A model of consciousness and conscious experienicgroduced. Starting with a non-Lipschitz

Chaotic dynamics of neural activity, we proposé tha synaptic transmission between adjacent
as well as distant neurons should be regulatedam lwWynamics through quantum tunneling.

Further, based on various studies of different ijptes authors, we consider the emergence of
very large quantum mechanical system representabbn abstract quantum net entirely based
on quantum-like entities having in particular tineportant feature of expressing self-reference
similar to what occurs in consciousness. The ptasenf such quantum-like mind entities are

discussed in detail. A quantum-like model of coogsiexperience is also discussed. It is shown
that such quantum mechanical entities are ablerémge themselves alternatively on the basis of
the subject story, memory, and pain-pleasure ipaese to an external stimulus, thus giving the
subject the possibility to response to the stimolushe basis of his emotion as well as cognitive
state. Finally, we discuss the possible connectietween the quantum-like model introduced in
this paper and the chaotic behaviors often idedtiéxperimentally in studies on brain dynamics.

Part Il of this article contains: 4. A Quantum MbdéConsciousness Il; 5. The Quantum Model
of Conscious Experience; and References.

Key Words. quantum cognition, role of quantum mechanicxjplaning consciousness, quantum
wave function collapse, synaptic connection andntyua tunnelling, neurophysiology, neural
activity, applied physics, Clifford algebra, norpkchitz dynamics.

4. A Quantum M odel of Consciousness| |

Let us analyze now the mathematical operation gimef23). It is the faithful correspondent of
the self-picture given in Fig.1 in which, in fad, , for example, or als&,,, contain in its
inside that image of itself that &. We may conclude that, at least for our presessipdities

of understanding what the self is and its self-pption represent, we have for the first time
identified a basic algebraic scheme and the cooredipg mathematical operations to represent it.

*Correspondence: Professor Elio Conte. E-mail: elio.conte@fastwebnet.it
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Let us note the value of the mathematical formalisat we have realized. According to (20) and
to (24) we have the same algebraic structure aigeicorresponding isomorphisms we disclose
that it may exist at order n= 2 and at order n=§pectively. In addition, at order n=4 we
disclose to have two basic sets that respectivelygiven byE, and E,,. According to (23), by
using a simple algebra, we appreciate also the eranmwhich the two self referential operations
are realized. In the first case of (23) we haweadrix representation at order n=4 in which, for
E, . it is the basic representation @to be preserved but with matrix structure as in uhg

matrix | while instead in the second caseEfit is the basic structure dfto be preserved but
in a matrix structure likes . These are actually the only two possible formsvinich the self-
referential operation o may be realized. Note that they realize also 8tratself similarity in
passing from order n=2 to order n=4.

We may also attempt to give a more rigorous dedinibf the self-referential operation. Let us
follow A.G. Khromov [28] who recently discussed theoblem under the profile of Boolean
functions. A given human experience, pertainingebomple to thoughts or belief or intention or
also to images, consists of contents and awareidbss content. Let us indicate by x, vy, z, ....
contents of various experiences and let us intredasvareness statements as a, b,
C, woe. According to Khromov [28], the statementsb, c,... must be self-referential or auto
referential and thus require the introduction dbaeferential definitions. Therefore, n awareness

statements are introduced by means of an autongif@reystem of n definitions

a =F (85,8, @, X, Xy e Xin) 1=12,.ce. . (25)
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In the case of [25] th& are considered to be Boolean functions in a aasamework. For
example, the equation

a=F(aXx) (26)
is the most simple case of single autoreferengéihdion.

In our case it is

E, =F(e,x) or equivalently E,=F ¢ x ) (27)

Finally we note that, obviously, also Ky and E,,there is the possibility that they correspond

to the numerical values of +1 or -1, respectivelyd still we may also introduce their mean
values< E; > and< E,, >, assigning the probabilities for the assumed \&hbfe+1l and -1. In

addition, also fo E;; > and< E,;, > hold (22) rewritten in its proper symbolism.

We may pass also to the case n=8, introducingtitims the new basic elemenigs, , E;,,and
E., that will be given by the following self-referealtioperation

Ey=!0l0e , En=l0eOl ,andE,=e 010l (28)

Such new basic elements respond to the same algélgaiven in 1) and 2) of (20), and
precisely:

Ew0 =Ego =E% =1 and Ey,Egy =iEy: EqoEojo =iEqco s Eoo Eoo; = iEon » and still we may
introduce mean valuesE,; >, <E;,>, and<E,, >. We have now three dichotomous sets

of variables describing the net, correspondindhgrogressing complexity that the actual brain
net is realizing by its physiological brain dynamic

Following this procedure, we may proceed to comstalgebraic sets of dichotomous variables
at any order n and thus we may arrive to accounthie final macroscopic dimensions of the
net. The important feature is that, following sustheme of progressive complexity, we
enlarge obviously, step by step, the number oftaige sets that each time are required in order
to describe the increasing complexity of the bat, on the other hand, we arrive also at a final
picture in which the obtained final basic elemeats able to synthesize all the algebraic
features of the net not only at its stage of comiplebut simultaneously accounting also from
its initial element to its final element at anyder n and including also all the links,
interconnections, patterns, couplings and selflanity that characterize the net. In this manner
they delineate finally an actual final synthesisl amity of the net picturing a comprehensive
synthesized articulation that delineates the tyurarmechanical expression of consciousness at
its highest degree of self referential structurd parception of its environment. Let us explain
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this result with the aid of an example. As seenstaet with the basic elemengs, and using the

self-referential operation of direct multiplicatiarf matrices we arrive to new basic elements
E,andE,.

In our picture they represent dichotomous varighiggntum like features of mind entities in
evolution in the net. In order to express the cammmess arising as the result of such a net, we
need to arrive at a description of the net in whihally, only few sets of basic elements,
derived from their algebra given in (20), are yregépresentative of all the net. In our quantum
scheme this operation becomes possible. Considex&mple the case of n=4, but the procedure
is similar at any order of n. We see in fact tivatddition to the basic elemenks, and E,, that

are formed as result of the self-referential mattgral operation, other sets of basic elements
are formed and they in some manner synthesizeasie features corresponding 16, and E;, .
These new basic elements &g E;,E;, and this time they are given by the product & th
basic element&, and E,,.We have, for example, the basic elemEptthat will be given by
EyE,, or alsoE that will given by the produckEyE,, or, still, E;; that will be given by the
product E,E,,. Such new basic elements will synthesize andsiill couple, in general, in all

the possible ways, the previous ones. In this nmramve have dichotomous variables, that,
regulated in a proper algebra, are missing in uguahtum mechanics, but they are of great
importance in a rough quantum scheme to representsynthetic properties of the virtual

guantum net that we are realizing. In the case nhd,basic elements representative of the
synthesis of the given basic elemdfjsand E;, , will be

(= S Eom) OF (Ey, E, Ero) (29)
with k, p,mstill basic permutation of 1,2,3 and@) basic permutation with= dr 2 or 3 .Note

that each of the two new sets of basic elemeint$oNow the same algebra given in (20) and
in (22), and in particular they will preserve tre#lf-referential character that we discussed
previously, in addition, each basic set in (29)|v&ynthesize simultaneously the possible
couplings and thus the existing links betwdepand E,, in a rigorous quantum like scheme. Let

us consider for example the case .Ohe of the first set in (29), for example, wile b
(E., E», Ep;) and one other will beK,,, E,,,E,; and still we will have(E,,, E,,,E,;) where

E, =E,E, , E, =EEy  E,y = EyE,, @and so on. In this manner, the first set accotorts
itself of the coupling ofg,, with E,, and E,, while the second set accounts for itself of the
coupling of E,, with E;, andE,,, and the third accounts fdf,, with E,, andE,,. The
synthesis happens since iy, for example, may correspond the numerical valueloor -1
without E,, and E,, being specified in their corresponding values,dnly knowing the value of

their product. Still, consider that the two basetssstill operate at algebraic level in strong
observance of their quantum like scheme since @i thon commutativity. In the two given
basic sets, for exampl&,, and E,,are non commutative basic elements There is stokrer

important feature to evaluate. Let us consider basic elementE; as a quantum like
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observable and thus with connected its proper guanike state (it should be the proper wave
function in the correct and usual quantum mechatéauage). Such quantum like state will
support itself by only in the sense that it wilpresent a pure information entity not linked
directly to a concrete observable representativasual physical sense. In fact i we will

connect a quantum like state that will be represterd of the observablg,, .

The same thing will happen fdg,,. In analogy with a quantum mechanical physicatesys the
first quantum like state will be linked to the smhone particle, in the same manrigg will be

the spin corresponding to the quantum like statd®fecond particle while instead the quantum
like state ofE,,, for example, will be only self-representativeatths representative only of
itself, sinceE,, could not be conceived as a proper quantum oabkrwefined in proper
physical terms if not indirectly in terms &, and E,, .In conclusion, as expected, our net
arrives to conceive basic algebraic elements ontyuma like observables and corresponding
guantum like states that result to be expressiorpwk information or, say, of that pure

knowledge factor, or mind like entities, that wesyaously discussed. No specific counterpart
and reference in matter is required for their eéxise and dynamics.

In the same manner we will have, in the case n=8y rbasic elements of the kind
Ei. = EwEqoEw @and so on at any desiderated order. Finally, weaniive to a final order n,
characterizing all our virtual (quantum) net, thas, in (29), will have its synthesizing basic
elements, that is to say, it will have its synthegj dichotomous variables and, as previously
explained, they will be self-referential, self repentative. Consciousness will be represented
from the quantum like states corresponding to $inzth basic elements.

Obviously, such final quantum like states, représtére of consciousness, will preserve all the

basic features corresponding also to the most sirbasic elements that we introduced in (20).

To express such quantum like states, consider agsiimple case, that one of the basic element
e, pertaining to the basic set given in (20). Thigeldra has idempotents and so quantum like
states in this algebraic formulation will be givéy such idempotents. For example, two

idempotents responding & are given from

1+ 1-
lﬂlz 233 and wzzTea (30)

In both cases we have that

w2=y, and yi=y,. (31)
We will have that

ey =y, (32)

and
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ey, =Y, (33)

and we may conclude that our algebra, given afen(20), in the subalgebra signed by its
idempotentgy, and ¢, ,operates so that to attribute, the value +1 in the case of the (32) and -

1 in the case of the (33). In this manner, in agyaleith the usual quantum mechanigg,and
Y, will represent quantum like states corresponding,tdn the same manner and with the same

algebraic structure given in (30), we will have tdempotents corresponding the final basic
elements of the virtual (quantum) net with the balifferences that such quantum like states,
representative of consciousness, will synthesizenhalbasic features, correlations, couplings and
collective behavior of all the dichotomous variagaged in the net.

5. The Quantum Model of Conscious Experience

In his excellent papers R.A. Mould [10] assumedt tinere is correspondence between the
subjective life of the human being and the objectivorld. J. von Neumann [9] formulated a
principle of psycho-physical parallelism. According this principle the images of psychic

experience mirror the objects in the physical emvinent. According to Mould, learning begins

with infancy by creating a parallelism of this kititht will be practical and useful in future for

the adult. In order this to happen, the consciquexcies must develop such psycho-physical
parallelism starting with the early stage of eviolnt A priori there is not a reason to believe that
the subjective life of a conscious being would &gonal. The appearance of rational thinking
that parallels the objective world could also regireatly improbable if the psycho-physics

parallelism should not exist. R.A. Mould [10] gatlee following statement of the parallel

principle.

The subjective images and ideas of a consciouglamrelated to its physiology in such a way
to allow the development of a working psycho-phsgkiparallelism at every stage of the
evolution.

The idea that mind and body evolved interactiveswntroduced by W. James [29] who in fact
outlined that the evolution of “appropriate” sulijee feelings would be incomprehensible if
feelings were biologically redundant. Let us examanmodel as it was proposed by Mould. An
automaton operates on the basis of a simple stsfrekponse sequence. As a result of a
mutation, an amended sequence appears, given farthestimulus/consciousness/response. The
conscious experience in this sequence is not ceresidhere to be the only determinant of the
response in the sense that it will increase oredesa the likehood of a response or another. If the
response favored by the newly introduced consceassns wrong, then the species will not
survive but if the favored response is right, thies species will survive. It follows that in the
end a successful species will have a specific ¢gonscexperience that is associated with a
successful stimulus response sequence. This igch@physical parallelism [10].The basic idea
in [10] is that when the emerging subjective statiea neurological quantum superposition are
different from one another, they will generally gxan influence on their relative probability
amplitudes. Let us consider that a painful subyecttate emerges in superposition with a
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pleasurable subjective state, then the probalahtplitude of the painful state will be decreased
relative to the probability amplitude of the plecshle state. Let us imagine a primitive
organism makes contact with an electric probenés/ous system splits into a superposition
consisting of a withdrawn behavior W that is accamipd by no-pain, and a continued contact
behavior C that instead is accompanied by painnvdg assume that the probability of survival
of each component in this model should be 0.5aliyti However, because of the admitted
influence of subjective pain (conscious experieno@) probability amplitudes, only the
withdrawn state may be considered that will sunilvethe reduction. We may represent the
process in the following manner [7]:

W(withdrawal —no-paipg{0.5) > W(no-pain)(p=1.0)
Stimulus S>

C(continue contactmgr=0.5)-> C(pain)(p=0.0) (34)

If a conscious experience appears in associatidtnawesponse to a stimulus, it will enhance the
response by increasing probability relative to ptiesponses. From the viewpoint of an evolving
mechanism of conscious experience if the strategypovpain) C(pain) will result a good
survival strategy then such association will sehee species well, whereas the association with
disavantage as W (pain) C (no-pain) will be diseassHere the variable panic is considered
only because it is usually considered in psycholomyepresent one of the most important
variables in psychological dynamics of being spgciObviously, also other basic variables
pertaining to conscious experience could be consitle

In conclusion, it is evident that on the problerhconscious evolution any researcher may have
his favorable or unfavorable position. What is impot in the present our approach is that we
intend to consider here a basic scheme as it fell@g&nerally speaking, given a stimulus S, we
may have as answer two possible resi®®nd R,. Let us indicate the subjective experience by
E and its absence or its first stage uninfluencebyAccording to Mould and his scheme, the
effect of subjective experience E is to increase phobability of the response to which it is
associated. The basic Mould scheme is as it follows

« . R(E) ~ R(E) ~ SURVIVE
~ R,(NE) -~ REPRESSED

Simul (35)

On this basis we intend to introduce a quantum fnodeonscious experience. To this purpose
we would recall the quantum mechanical notion chr@mess that we considered in the previous
section by the self referential notion that weadtrced in (27).

In the case of our quantum like mechanical medelonscious experience we may introduce
also an autoreferential definition and in this caseindicate by/.. the quantum like state

(wave function in quantum mechanics) pertainingdascious experience and iy, that one
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pertaining instead to the contents of the expegeW¢ée introduced self-referential framework on
the basis of the considered algebraic structurerginn (20). According to the (23), we had

E =F(e,X)
where it is intended theE, =e in the algebraic properties of such considered etgswhilex

represents the corresponding empirical contentshercontexts to which the awareness is
performed.

Using quantum like states, we will write the auterential definition of quantum conscious
experience in the following manner

Ve =FWee Ws) (36)

where this time the symbol F characterizes the tfanal dependence existing in the given
autoreferential definition (27) as one deduceslyasing the idempotents given in (30). The
problem now remains to represeft. in explicit case relating conscious experiencestkf all,

we must consider that.. must represent a quantum like state with a pacaltitude: it must
be able to create for itself some alternatives @esfo the givery,. In addition, at the first
stages of the conscious experience such subjeexiperience must not depend on whether the
factual statements represented by are true or false, while instead, as well as siive
conscious experience increases, it must accounsdoh possible differences. We have the
possibility to characterize such two basic featwfeg .. , and it is to consider that it no more is

represented in quantum mechanical terms by a sisyperposition of states as just it happens
when we characterize quantum states of physicatyrelaut to admit, in addition, that each state
is given by a possible statistical distribution.

Let us consider, for example, the case of the sehatnoduced in (35). In this case we have a
stimulus — response variablR,, that, as previously discussed, may assume twsilessalues,

i =1 or 2 .It obviously commutes with the obsefesbdiscussed in the previous section and
characterized by the virtual (quantum net). Theeefd will be represented from the same
quantum like states. If we indicate By and ¢, two possible quantum like states, in quantum
mechanics we should be accustomed to expressuguanéechanical superposition by

[//R = 1¢1 +C2¢2 (37)
where
cf +le| =1 (38)

Given the physical system characterized by soreeifsp physical conditions, we usually admit
one and only one value for the probabil|q(|2 regarding the state, and, similarly one
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probability value|cz|2for stateg,. Owing to the basic motivations, previously inodd, the
situation changes radically in writingg.. of a conscious experience. Let us consider, for
example, the simple and trivial case of vectordwaétal components in a plang.. will be then

a unit vector in a plane and there will be two fiows in (37), namelyc, =cosa and

C, =sena where now the profound difference respect to thendard case of quantum
mechanics is that any value af0< a < 271 is)possible. Consequently, we have to consider the
probability that an angle in the ran¢e,a +da is)admitted and thus we have to introduce a
proper statistical distributiori (a)da . Consequently, what becomes of importance in tuan

mechanical approach to conscious experience isthewaverage values of probabllltle:{x:i| >

with i1 =12 . Obviously all this changes the traditional franoekv of quantum mechanical
elaborations connecting a classical statisticat@gogh to its basic approach.

A quantum mechanical formulation of conscious eigpere becomes therefore a profound link
between classical and quantum treatments. Noteadatitting statistical distributions for the

(1=12) in (37), the required autoreferential characteiozaof conscious experience is fully
realized. Let us examine the case of two comporehis (37) when the conscious experience

operates at the first stage of its evolution. Aperostatistical distribution could be the strictly
uniform distribution that will lead to

2 2 1
<|c|” >=<[c,| =3 (39)

without possible enhancement of one state resmethe other. Also the case of a weakly

uniform distribution will lead obviously the samesult given in (39). With reference to the

Mould’s scheme given in (35), it results that tomscious experience is at a so still low stage
that it will not be able to enhance the probapitit one response respect to the other one.

Generally speaking, let us consider now the casa ofore articulated scheme of conscious
experience in which a number of possible respoasesnvolved in answer to a given stimulus.
Let us fix by n such a number. As a generalizatér(37) and (38) we will have that the
probability of such state will be

PO=Y

2

Cot (40)
with connected average value

n 2
<P®)>=) <[cy| > (41)

i=1
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For a strictly uniform distribution (absence ortiali stage of determinant conscious experience)
it will be that

<|C 2>=A (42)

n,t

independent from n and it will bed = |, that is to sayl =1/n.

If conscious experience intervenes with its detaami contribution (see scheme (35) in the case
of two possible responses), the case of a stratlyweakly uniform distribution will no more
hold, and we will have the basic fundamental equati

(n-DA+a =1 (43)

where, among the n states just one, characterizedldy . , is discriminated respect to the other
ones for the presence of its conscious determimgoerience. By the (41, 42, and 43) our initial
purpose that the effect of the subjective expeadhg¢see the (35) ) is to increase the probability
of the response to which it is associated, is hdhgrealized.

As a general case we will admit thadiffers from A by a factora that we will call “conscious
experience factor”, and so we will have that

(n-DA+al=1 (a %) (44)
that is to say

1
NA=—— 45
n+a-1 (45)
The presence of increasing valuesaah the (44) will enhance the probability with swai of
some states and dismission of other ones as requir¢he (35) in the simple case of two

possible responses.

Note that, in the case of a non determinant consciexperience and thus of a uniform
distribution, we may write that

<‘Ci,t‘2 >= ) (independent from i) ,<‘ciyt‘4 >= y (independent of
i) ;<‘cmc“‘2 >= @ (independent of i and j) (46)

and, in conclusion,

nAd=nu+n(n-13 =1 (47)
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If instead some state has determinant conscigoeriexce it will result that
(n+a-DA=(n+L-Du+(n-H(n-2+2y)J =1 (48)

where S # land y # 1 have similar meaning ofr and they account for the presence of

determinant conscious experience also in the atigebraic terms in (48).
From the equation (46) we may calculdteandJ as function ofy. One obtains in fact that

p=— 1 and 9=_t-(1*A-Du (49).
n+a-1 (n=-)(n+2y-2)

Therefore, having fixed the general features of madel of conscious experience, we may
proceed in detail in the evaluation of the poss#iesiving or depressed states as indicated in the
simple example previously given in (35). To appfo#lis problem we may pose the following
problem: given the wave function representing anscious experience in the manner that we
have formulated here by using the equations fr@&m) (0 (49), as seen it has been expressed in
the dimension space given generally by n. We ask ih@uch wave function, lying in the n-
dimension space, and regulated by the (46) and (gl@ple to self organize itself in a manner to
admit itself in an m-dimension space with< n. If this may happen, it will result that some
states, and precisely (n-m), will result to haveerbeepressed just as it was previously
represented in the simple scheme of two caBes £ ) that we considered in (35). In formal
terms this is to say that, in addition to the stgrt wave function representing conscious
experience at the initial stage of its experiemoemust estimate if a new wave function may be
considered relating this time new probabiliti€s(t) and< P,(t) >, given respectively in the
following manner:

2

m 2 m
PR®=>c,| (50)  and <PR()>=><[c,| > (51)
i=1 i=1

as alternative to (40) and (41). Note that th&eidkey is represented in the dimension space m
in (50) and (51). It is considered to be m<m (b0) and (51) respect to other ones given in
(40) and (41). This is equivalent to consider & tiwvave function of conscious experience is able
to self-rearrange itself, passing from the confagjon of probability given in (40 and 41) to the
new configuration given in (50 and 51) where, owtogm<n, some states have been actually
repressed or dismissed.

In order to estimate such attitude of consciousggpce to rearrange itself on new states with
repression of some other ones, we must introdusaaabut well known statistical index, that

will be able to account for the spread of the imilral values off (t), given in (50), respect to
the mean valu& P,(t) >, given in (51). It will be

, <<[RO-<R®>]"
B (0L

215
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Note that, owing to the relevant value of m, as mlnber of states involved in conscious
experience< P, (t)> will considered generally to assume a verpkbwalue and consequently a
value of Z, <<1will be considered to give an unfavorable valuePdt) to give a new state for
conscious experience arranged in a new dimenganesm<n . In conclusion, for conscious
experience to be self rearranged on new statesrejiitessed other states, we may consider, for
example, to beZ, =2 . Let us consider such value fd and let us assume also that with
certainty conscious experience rearranges itsefiennew state at dimension m. This is to say
that P,(t) =1. Considering that the valug =2is required, we have from the (52) that

z, =14+ 2 (53)
<P >* <P>

and it will result that

<P >= 041 (54)

Owing to (49) we will haver = 143%ith A = 041 anda =aA = 059in the case of n=2 and
m=1. We may conclude that in this case, probabeitiianced of about 18%. Finally, the (47-53)
enable us to estimate the (52) in all the casest@rfest.

We have now completed our exposition of the quantoodel of conscious experience. In
accord with the scheme given in (35), we have s#®t this quantum model show
autoreferential attitude as well as capacity of ssrrangement of its probability field in order
to enhance those probabilities leading to surnwfaonscious experienced states.

To conclude we would add some considerations iera@ explicit in detail the reasons because
we adopted a statistical model for quantum likéestaertaining to our conscious experience. Let
us admit that to a subject is posed the questittmBadmits several possible answers like a, b, c,
d, e, ...... . Subject’s possible answers must be densd to be context dependent as it was
outlined in our previous studies and, in particuls also it was analyzed by D. A Aerts et al.
[30] that discussed in detail this problem and aésmently performed actual experiments on this
matter. It is such notion of context that mustittended in detail in the framework of our model.
The context certainly involves for example the natwf the posed question A, and the
background in which it is offered to the subjecawgver, the context involves also the mental
and emotional state of the subject at the momemthich the question A is posed to him, and,
finally, it is given also from his recognition, meny and story, that is to say from the conscious
experience of the subject as well as it may bellst&rom the subject at the moment in which
the question A is represented. From his storystligect, recalling in his memory the context
will be induced to potentially attribute to answarthe probabilityp, , to answer b, the

probability p,, and so on. In quantum like formalism we will hakiat

WYp=Coy +CoPy + e, +C. 9, (55)
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with |ca|zgiving the probabilityp, , |cb|zgiving p,, and so on. At the same time, however, the

subject, stimulated from a different context relgthis story, his memory storage or is emotional
or conceptual state in the present or in the passtbry, will be induced to potentially admit an
alternative to the previous quantum like superpmsitconsidering instead

Wa=Cof + oy +veeriineieienes +C. 9, (56)
and still
Wp=ClP, +Co Pyt +C P, (57)

with m corresponding to the final, large number of cot#eat the subject will be able to recall
on the basis of his story, memory, recognition awl on. In correspondence of each
superposition we will have new probability ampliésdand thus new possible probabilities.
Owing to the highest complexity that we may coneaivbrain activity and in the corresponding
virtual (quantum) net, we will have fg¥, a quantum like superposition of quantum states in

which the probability amplitudes will be statistigadistributed according to a statistical
framework as previously discussed in this sectibis this statistical structure that will vary in
function of the conscious experience of the sulgact than of the several and different contexts
that he will able to recall.

In a phenomenological and formal view point thenfliework may be intended in the following
manner. It is commonly believed that in quantumteys chaotic structures cannot arise.
However, the question arises if it may be possibldave in quantum systems a situation
analogous to classical chaotic structures. In ottands, it is posed the problem if it may be
possible for two slightly different boundary conalits or some physical parameter, as it may be
as example a coupling constant, that to them espond to two qualitatively different wave
functions. Such dependence on physical conditionguantum systems may be analogous to
classical chaotic dynamics. Recently, other exampiere given by us in the picture of
biological observables violating Lipschitz conditiat singularities [31].
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