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[. INTRODUCTION. CONSCIOUSNESS: CAUSALITY AND
CORRELATIONS.

Several approaches can lead us to the core ofslne,i which ultimately consists in being able to
explain the correlations between mental phenomspegifically and what most interests the subject
of this paper, the phenomenon of consciousnesshendodily processes which are associated and
temporarily coincident with them.
However, according to Chalmers, neuroscience offech correlations, but it is not able to explain
them.
According to Nicolas Gisin "Correlations claim axp&nation®, as "once a correlation has been
identified, the new task for science is to deveddpeoretical model to explain it. This model takes
the form of a story whose supports are mathemagpaations. "
This means, as Gisin explains later in his papeat, any correlation of physical events described by
science, should be explained in mathematical fasmaénd equations, namely causal models using
both direct cause and common cause. This causatiomoken both in explanations of correlations
of quantum mechanics, which Gisin deals with in dniscle, as in consciousness, as observed by
Chalmers, on the premise that consciousness istaofanature, but as the author says, runs
"uncomfortably" along the border between scienak@rilosophy.
Therefore awareness also would require a theoletiodel.
According to Hawking and Mlodindyan accurate model must satisfy the following neuents:

- be elegant

- contain few or adjustable arbitrary elements

- be consistent with existing observations or prewitkeir explanation

- be able to make detailed predictions about futveervations that allow refuting or

falsifying the model, in case thy could not be conéd.

In this paper we analyze the causal model of H&tapp, that even if it fails in fully complying
with all these requirements, is based on the versib a model that entails empirical and
demonstrable results as well as the possibilitg gausal link between the two types of events or
phenomena, being Stapp’s hypothesis an hypothes@sciousness based on quantum mechanics,
which from the point of view of philosophy adoptdualistic view of reality.
Also dualistic is the vision of Noé&, which | wilbopt out briefly, that contemplates consciousneass a
an entity that integrates the biological entityttharceives the world with the world itself.
Given that Chalmers also opts for a naturalistialidm, | will stop briefly in the proposal that he
carried out in 1996 about the causality of consess, that seeks to refute the physicalist
reductionism or eliminativism “in any case” of coi@®isness as an existing entity, to then make an
approach to other of the hypotheses of consciossmeésted to quantum theory.

NicolasGISIN, Quantunrcorrelationsin Newtonianspaceand time:arbitrarily fastcommunication®r non locality
2012.

%StepherHAWKING andLeonardMLODINOV, The Grand Desigr2011 .68).



Il. INTEGRATED CONSCIOUSNESS AND SUPERVENING
CONSCIOUSNESS. ALVA NOE AND DAVID CHALMERS.

Alva Noé 2010 believes that those who underline that brain contt an internal image of the
world and that what we experience is an internalgenand not the world itself, what they would
evince is that the world, at least the world whikk brain determines and not determined by the
visual experiences, is a great illusion and whay tbring (those who emphasize that the brain is an
internal image of the world) to the stream of thaugs a new skepticism that insists that we can se
just what it is given to us to see, although weevel otherwise.

The hypothesis of the "great illusion” for Noé ediphilosophy and cognitive science according to
it is bad science.

Proponents of the new skepticism, including Dabehnett and Susan Blackmore, committed in
fact, according to Nog&, a serious mistake by nkintainto account that it does not seem to us as
direct perceivers, that the brain builds an internadel of the world, but what appears to us is tha
the world is there and that we are not only inuit that the world is at our disposal.

Not everything is psychology or neuroscience, &y&rsait] because if so, they would contain all
the sciences and would proclaim themselves the unead all sciences. "We are not bearers of
thoughts as we are bearers of our ideas".

Like Noé, Frege maintains an anti-reductionist pecsive and considers that visual impressions are
certainly necessary to see things, but not suffttie

"So since the answer lies in the non-sensible,gmrlsomething non-sensible could also lead us out
of the inner world and enable us to grasp thoughtsre non sense-impressions were involted"
"The apprehension of a thought presupposes som&hoeapprehends it, who thinks. He is the
bearer of the thinking but not of the thought"

Like Noé&, Frege is also dualistic, as he discritaadetween the thinking subject and the world
(where the thoughts are).

Therefore, also in Frege we find out what it midde called dual capacity, the intrinsic and
functional thinking and that that is able to capttire world.

According to Noé the phenomenon of consciousnessndtusive and interacts with the
environment, necessarily, as the environment isralogically entity different than consciousness,
but at the same time an "accessible" extension of i

That the world is at my disposal means that “whadrgntees its availability is, first of all, its
actually being here, and second, my possessingkii® needed to gain access to it. (..) although |
do not represent all the details at once, | leneesgo all the detaiP.

And this does not mean for Noé that we are victira great illusion.

He does not even locate the mind in the brainjlpging the position of the environment in any act

3 Alva NOE, Out of our head€010 (p. 140).

* Gottlob FREGE,The Thought: a Logical Inquiry1956 (p.307).
® lb. (p.308-309).

®1b. (p. 309)

" Ib. (p. 308)

8 Alva NOE, Out of our headg010 (p.140-141).



of perception, but he integrates the perceivingdp@i the environment.

Our "perceptual awareness of the world as a praetplace depends on how the world actually
works" and on the other hand, our perceptual skiige evolved to be able to give up life on earth
based on evolution.

The world, Noé declares, is not a mental constratl our conscious mind operates in active
consonance with the world. All around us determihesnature of our experience and it is not only
our perceptual system, even though many scierissisme this premise and although the science of
vision, as an emblematic example of perceptualigtihas not yet demonstrated that the visual
world is engineered by the brain

Noé reminds us, emulating Descaltethat every conscious scientist is aware of thaiait fallacy

of this occurrence, at least until we could be d@blexplain how the mental eye "sees" the retinal
image.

David Chalmers, unable to prove the causation on the basis a¢abgupervenience of conscious
experience based on fundamental physical phenoralswagpts for a naturalistic dualism.

His line of argument is not based on an infererarellysis of direct causes or common causes but it
is a modal argument and focuses on the notiongi€db supervenience, although his analysis goes
further and explores other arguments that couldemadssible a theory of consciousness, as the
arguments derived from the information theory.

He adopts the notion of departure, superveniensearaexplanatory framework of a series or
concatenations of facts and of relevant physidardependent properties that would instantiate the
so called causal closure of the physical.

Thus biological properties supervene on physicalperties and microscopic properties on
macroscopic properties.

Generally, if properties B, be water or have aipaldr physical form, supervene logically on A
properties, be H20 or to own certain genetic comfiams, we can say that events A entail facts B
and when an event involves or is inferred from hentit is logically impossible for the former to
exist without the second. Hence, logic supervereand possibility go hand in hand.

However, Chalmers believes that supervenience get | the physical world without logical
supervenience is given. There are correlationdénrtatural world, albeit of weaker nature than
logical supervenience. If these correlations astesygic and nomic, their dependence relationship
must endure counterfactual situatitns

Another relevant issue is that logical supervereaentplies natural supervenience which is the only
empirically verifiable, as Chalmers believes.

If A properties (basic or fundamental) determinprBperties in all logically possible situationssth
applies to all naturally possible situations and vice versa. Thus, the pressure of a gas mole
naturally depends on its volume and temperaturedas a constant k, but this is not a logical

% Ib. (p.142-144).

Note: Theauthor refers tohe homunculus fallacyextracted fronDoptrics it is to devisghe existence d little man
located inour brain thabbserves through heyesall what happens the retinal image

Ypavid CHALMERS, TheConsciousMind (Chapterl.4).

2p. (p.38).



dependence, since we could imagine a world whasectinstant is logically different. Therefore,
natural supervenience does not imply logic supeeyae.

Chalmers thinks that cases of natural supervenieftbeut logical supervenience are very difficult
to find in the physical world.

Consciousness is one of them, due to the necessanection between physical structures and
experience, given only by the laws of nature anthyologic®, contrary to what happens in the
(reductionist) explanations of physical phenomérmdh structural and functional, that occur above
the microphysical level, as the case for breedimaspat cognitive level, the case of learning.
However, as Chalmers declares, all these phenocmnde causally analyzed by functionalist or
cognitive theories, but they are nothing more thactionally useful descriptions and none of them
is able to explain how, and especially why, thdgafour phenomenology.

In each mental concept involving a phenomenal greegntial element, an explanatory gap is
consistently yielded. "Explaining how a causal rabperates is not enough to explain
consciousness”

The failure of logical supervenience of consciogsnen the physical indicates that reductive
explanation of consciousness can thrive. Howevesret shall not be excluded, in the author’s
opinion, the physical facts from its explanatiam.fact, one possible solution could be to proclaim
that all facts that supervene logically are a caoration of physical and phenomenal facts or that
logical supervenience on the physical facts isdgdlby the means of conscious experiénce

Thus as far as he the hypothesis of "new phySissoncerned in his paper, he does not exclude the
possibility that a fundamental physical theory saslguantum mechanics can play a key role in the
theory of consciousness.

Even if this option does not seem to be the bé&laimers, who throughout the text seems to favor
a theory of consciousness based on the informatiarcture of the process of knowledge, in the
final part of the book dedicated to quantum meatsand its possible linkage with consciousness,
favors the interpretation of Everett 1957.

Ill. THE NEW PHYSICS.

In the words of Chalmets "the problem of quantum mechanics is almost ad aa the problem of
consciousness. Quantum mechanics gives us a reoharkaccessful calculus for predicting the
results of empirical observations, but it is extdaoarily difficult to make sense of the picture of
the world that it delivers. "

Hawking-MlodinoV® say that predictions of quantum theory "match vieev of reality we all
develop as we experience the world around us. Biividual atoms and molecules operate in a
manner profoundly different from that of our eveaycexperience".

% Ib. (p.39).

1 Ib. (p.48).

15 b, (p.65).

15 |p. (p.114).

U b, (p.334).

18 Stephen HAWKING and Leonard MLODINOVhe Grand Desigi2011 (p.87).



From the words above, two facts are inferred tatdden for granted: one is the mathematical
formalism, on which there is no disagreement antbegretical physicists, since it is empirically
proven that the calculus works, and the other ésitterpretation of the formalism, that has led to
various hypotheses and models, for it is in theectbjal structure underlying equations where
disputes arise.

Another historically current parallelism betweer ttausal gap between consciousness and physical
laws and between classical physics and metaphysa® the authors refer to the cosmological
derivations and assumptions of the string thealjustrated as follows by Mlodinov-Hawking:

"It seems that we are in a critical point in thetbry of science, in which we must change our
conception of the aims and what makes a physiealrthacceptable. It seems that the values of key
parameters and even the shape of the apparenlameture are not required by any physical or
logical principle™.

It can be easily asserted that two events thatromdun the course of two decades have marked a
fundamental turning point in physics, assayindutsdlamental characteristics, and its new name.
The first occurred on December™df 1900, when Max Planck presented to the Gernigsibal
Society the demonstration that energy neither gromisdecreases in a continuous way, but by
multiples of a discrete amount or quanta, todayknas Planck's constant, notatechasquivalent

t0 6.6262 x 10-34 joules per second.

Max Planck solved in this way the mystery of thecatled "ultraviolet catastrophe”, which is the
range of radiation that, according to the physilcabry at the time, a black body subject to elevate
temperatures should have achieved but in fact didachieve, remaining in x-rays or in gamma
rays. Below these values energy exchanges couldcmir, as the Planck scale is the shortest
measure of space and the shortest moment of time.

A few years later Niels Bohr solved another "mygtethis time concerning the structure of the
atom, mystery that Scaruffi describes as follows:

"The electrons spin about the nucleus and only sorbi#s are allowed. Again, nature seemes to
restrain the existence between ori3fts"

The second fact is that Louis de Broglie in 192Z3Emstein did with light, hypothesized that waves
and particles are two aspects of the same phenome&navhich values as energy, mass, frequency
and wavelength could be simultaneously adscribed.

The equations that calculate the behavior of tpesameters have been developed by Heisenberg in
1925 and by Schrédinger in 1926.

Through matrix type equations, the former wouldnfalate the principle of uncertainty or
indeterminacy, which allows us to simultaneouslyamge certain values, such as position and the
momentum of a particle.

Hawking-Mlodinov describes this as follows:

"According to the uncertainty principle, for exampif you multiply the uncertainty in the position
of a particle by the uncertainty in its momentums (hass times velocity) the result can never be

¥ 1b. (p.164).
% piero SCARUFFILa nuova fisica: 'asimmetria omnipreser2603 (p.9).



small than a certain fixed quantity called Planddastant.”(...) The more precisely you measure
speed, the less precisely you can measure pos#timhyice versa. For instance, if you halve the
uncertainty in position, you have to double theartainty in velocity®.

Taking a practical example: "If we measure the fpwsiof an electron to a precision corresponding
to roughly the size of an atom, the uncertaintpg@gle dictates that we cannot know the electron's
speed more precisely than about plus or minus 1kKl@@nheters per second, which is not very
precise at alf®.

The consequence in our ability to obtain infornratie that we can not predict with certainty the
results of the physical processes since they ardetermined. However, at these (subatomic) levels
what the laws of nature determine with great pregiare the probabilities of events.

The Heisenberg uncertainty principle rises as aialyrinciple in quantum mechanics as it reveals
and anchors its probabilistic appearance at a dee@l of the theory and proclaims that
indeterminacy can not be eliminated from the theory

The other equation, the Schrodinger equation, desscthe statistical behavior of the particles. In
its simplest formulation not dependent on time pegizr, by Born: i = Ep, where the symba)
represents the wave function of the particle, Fbp@rator and E the energy level .

The solutions of the Schrédinger equation are "w&¥@nd thanks to them scientists have been
able to obtain specific wave functions to descphbsdicles or photons.

This would lead to the quantum theory to reveal biits essential characteristics: probability and
superpositioff.

Therefore, when we deal with quantum systems (ectren is one), each of them associated to a
wave functiony, we are no longer dealing with determined systeingarticle can be described
only in terms of probability, and this descriptisnoperated by, so that the probability of finding

a particle at a particular position is proportiottathe square of the amplitude of the wave fumctio
(OW P in that position .

The second essential feature that the Schrodirggeatien evinces is the principle of superposition
of waves.

This property explains the phenomenon of interfeeetihat occurs in the double-slit experiment,
first performed by Thomas Young in the early nieeth century and which showed experimentally
the wave nature of particles (in the case of Yailmey were photons) once they have been fired on a
background screen or from a source and after hgyaisged through another screen with two slits.
The result reveals an interference pattern withtland dark stripes, characteristic of waves. The
light bands on the screen identify the areas whkis@ewaves interfere with each other, so that in
some cases both values must be added, when thegid®iwith its "peaks" and with the light
bands, in other cases they coincide with theirléyal' and with the dark bands and therefore they
must be subtracted. In one case the interferenmanistructive and in the other destructive.

2 Stephen HAWKING and Leonard MLODINOVhe Grand Desig2011 (p.91).
22 1b.(p.92)

2 Amir ACZEL, Entanglement: the greatest mystery in phy2ie=(p.64).

* Ib.



In the twentieth century the experiment would yietdre surprises since the same defraction
pattern would occur when the shot was performedt wisingle photon. This fact would yield two
consequences: the photon was interfering withfiedl it passed through both slits. The photon
state was therefore in a superposition state \Wg#ifi

On the other hand, since the discovery of the ettric effect and its interpretation by Einstein,
it has followed that photons behave both like waaed as particles. In the 50s of the twentieth
century it has been discovered that this behavsw axisted in electrons, later also known in
neutrons (70s) and in the 80s also in afdnMaturally this behavior of nature caused a gsbatk

in the scientific community and it is one of thendamental phenomena that the new physics
presented, such that Feynman said of it that intaias all the mystery of quantum mecharfics”

The superposition property indicates that the sysgein a state that is a mixture of states, pedgis
due to the overlap, such is the quantum stateeoktlstem, that coincides with the state vector or
wave function.

This particular quality is at the basis of the piapa of "Schrodinger's cat". But for an accurate
solution, more quantum acrobatics are needed,s&bend part of the story" as Chalmers identifies
the measurement postulate, also known as the eellah the wave function or "projection
postulate™.

The measurement postulate tells us that when wee makneasurement, the state or the wave
function collapses in another state, more defioeghure state. This means that if we measure the
position of a particle or its spin, the state vabllapse in any of the possible values of these
observables, while we are unable to know in advancevhich of them. This value, called
eigenvalue gives us information about the position, the timewhether the spin is up or down,
depending on the properties of the particle.

Both the Schrddinger equation and the measurenostilate are, on the whole, a powerful tool for
the prediction of the evolution of a system, ad aglof the probabilities that the states collapgsed
the measure would yield.

However, problems arise when we question about iasvpossible that the calculus works and
about what happens in parallel in the "objectiverldioin order for the predictions to be so
precisé®.

These questions will lead us also to possible mesg®and interpretations of quantum mechanics.

IV. INTERPRETATIONS OF QUANTUM MECHANICS. THE PILOT -WAVE
OF DAVID BOHM.

A. J. Diégue? presents the seven interpretations of the meadfiggby Landé, reduced to five:

ZAmir ACZEL, Entanglement: the greatest mystery in phygic£1).
26StepherHAWKING andLeonardMLODINOV, The Gran Design2011(p.85).
2’David ChalmersTheConsciousMind 1996(p.337).

21h. (P.338).

2%Antonio J. DIEGUEZ, Realisno y teorfa cuantica996(p.4).



- represents something real, a physical field oedbje properties. Among its defenders we find
Einstein, de Broglie, Schrodinger, Bohm, Bell amshi®se.

- does not represent anything real, but it is redutte a mathematical calculation tool of
measurements. It is the Copenhagen interpretatioptad by Bohr.

-y represents our state of knowledge of the systera. fiMd it also in the Copenhagen
interpretation assumed by Born and by Bohm, Heisgnand in part by Schrédinger.

—) represents a set of experimentally actualizednpiaiéies. Accepted by Heisenberg.

—) describes the behavior of a set of systems, mbtguoe. It would be a statistical interpretation
assumed by Einstein, Popper, Landé and Ballantine.

David Chalmers also reduces to five the interpi@tal’ of quantum theory:

Option 1. It takes the quantum formalism literaltile system collapses when measured by the
intervention of the observer. This is the orthodostandard interpretation of quantum mechanics.
According to Chalmers, it is counterintuitive.

Option 2. This option supports the existence of ynamerlapping microscopic superpositions
whose interactions can produce a relatively definetroscopic state. Due to some complex
mathematical properties, we may infer that the otife collapse would result from certain
microscopic uncertainties. Thus, the probabilisttapse would be replaced by a statistical process
of a complex emerging system.

In this line,Gell -Mann and Hartle 1990 argue.

Chalmers suggests that these calculations haveureertcessful and require further development.
Nor do they explain why just one of the elementthefmacroscopic state is actualized.

The author suggests combining it with Option 5,akihis the option that he opts to support.

Option 3. It proposes the inhibition of the quantamachanical calculus of possible correlations
with the real world, opting to adhere exclusivetyits functionality, given that the calculus is
effective.

This stance is taken by Bohr's version of the Cbpgan interpretation.

This interpretation emphasizes the “"classic" natdrmeasuring instruments, suggesting that only
classical or macroscopic objects have an objest&e. In this way, questions about the "real'estat
of the objects described by the superpositionaikstare prohibited.

However, Chalmers believes that Bohr 's writingsatways are clear and easy to interpret.

Option 4. Chalmers clusters in this option thenmtetations that purport to ignore the measurement
problem and the collapse of the wave function agsgitihat a basic physic state is a wave function
governed by the Schrédinger equation, to which peaciples are needed to de added for the state
to becomes discrete.

The interpretation of Ghirardi, Rimini and WebeGRW ) 1986, assumes that breakdowns can
occur spontaneously at a microscopic level at eacment, with a very low probability to occur,
but when it happens it usually leads to a collagfséhe state of a macroscopic system, due to the
inseparability of the two states, "micro " and "ar@. In turn, any macroscopic state at any time
can be made up of a greater number of particlesrgyin a relatively discrete state.

¥David ChalmersTheConsciousMind 1996 (Chapterl0).



Another alternative to avoid the collapse is taisef that the basic level of reality is superposed.
This theory would thus need at this basic levebardvariables that could be able to explain the
macroscopic or discrete state. This is the reasaonsider the theory incomplete.

This is the line of David Bohm, which, due to itgarest, | will treat in the following section,
attending the particular interpretation of DavidscBletti 2007.

According to Chalmef§ GRW interpretation as well as Bohm's suffer frertessful complexity.
Option 5. In this interpretation, Schrodinger egqurasuffices, the collapse being unnecessary.

It is considered by Chalmers the cornerstone ahtium mechanics. The other theories always add
something more to the equation, in order to explaendiscrete state of the world, but the simplest
interpretation is the one which assumes the equasoa complete description of the physical state
of the world at any level, by means of the evoluid the wave function.

This is the 1957 interpretation of Everett by Chaisin the version that he assumes and that we
will see further along.

V.1 Bohm'’s pilot-wave model

David Bohm 1952 developed an interpretation of ¢quanmechanics known as the theory of the
"pilot-wave" that, contrary to the principle of @omness and causality, generated by the
measurement, provides a causal description of atprocesses.

Based on the wave-particle duality, this model sstgthat the wave "guides” the patrticle into the
regions of its itinerary where the wave functiomisre intens®.

The particle is subject to Newton's classical folaes as well as to a form of energy called
quantum potential.

The wave function, without forgetting that we aealihg with mathematical mechanisms, acts as a
pilot-wave that "guides” the particle through tlwti@n of the quantum potential. Therefore, in the
theory of Bohm, the particle momentum does not feahitself causally or at random, but driven
by a "hidden field" (quantum potential) able toadatine its trajectory. This potential is not subjec
to the laws of classical electromagnetic fieldspadnaction is relative to intensity and distance, b
acts as a pure "form" or route.

Fiscaletti® proposes the metaphor of a boat powered by a niNtwtonian function) but guided
by a radar (quantum potential).

It is the quantum potential that actually deterraitige non-locality of microscopic processes and
the instantaneity in communication of subatomidiplas, as if it were a hidden reality level that
guides and connects particles in a superposedharent state.

Thus, distant particles even at thousands lightsyean communicate to each other.

In the 70s, Bohm proposed a distinction betweerediamund and background, or explicate or

b, (p. 345-348.
¥Note the authoshould probably refeio statesvhere the probabilitys greater.

*Davide FISCALETTILa non separabilitd quantistica si dimostra cortieedio fondamentale della realta, lo spazio
fisico abbia un carattere a-temporale 2007.



implicate order, as two levels of the descriptidrpbysical systems; the former equivalent to the
description or standard formalism of quantum phy/sit how the world appears to us once it has
been measured, that is a fragmented world, anddbend level, a hidden level, characterized by
non-locality and non-separateness.

An exploration of physical reality, according totBn, requires distinguishing the "folded” aspects
of its hidden, fundamental levels, from the "untald levels, that correspond to what we see, as a
manifestation of the former.

A similar distinction is expressed by Hawking-Mlodv, in their treatment of dimensions of the
space arising from the string theory, where theaedtmensions would be "curled" into an "internal
space, as opposed to the three dimensional spaicedrexperience in everyday fife

The exact shape of this internal space would deterrthe values of physical constants as the
electron charge or the particle interactions amuetore determine the apparent physical laws that
we observe in our worlt.

To transmit his view of the world, Bohm uses théoham (a 3D laser photography) metaghor
that has the property that each of its parts costall the information of the whole.

Fiscaletti extracts various scenarios from the waanticle dualistic model of Bohm:

- At the implicate or fundamental level of physicahlity all subatomic particles are infinitely
linked by the waves associated to each of themw@will see, Henry Stapp criticized this proposal
because it leads to a regressaghinfinitum

- These waves are not visible, and therefore wenspce the objects of the world as separate.

- Associating the waves and connecting all of thhegether in an intricate network permits to give a
causal and an intuitive explanation of the origintlee signals that are responsible of all the
interactions, which facilitates their unified trewsnt.

- For this reason it could easily occur that in theplicate order the interaction between two
particles is transmitted by a wave which is a coration of the two waves associated with the
interacting particles.

- This hypothesis would occur in the interactiohthe four forces.

- Applying the wave-particle duality to general atelity, where gravity unfolds itself as a
modification of spacetime geometry, it could wekk lthat a mediating entity caused that
modification and therefore transmitted gravity, dhdt that entity were the wave associated to the
particles.

- This perspective that Fiscaletti proposes is thasethe philosophy of Bohm and discovers a new
description of the physical world to which we shibaldd the following proposal also made by the
author as a possible explanation of quantum nolitgca

Because our perception of the world does not allswo establish that time is a real physical entity
since we can only perceive irreversible materialinges both physical and biological or chemical of
the physical space or matter, we can assert teafutidamental level of reality is an "a-temporal”

3¥sStepherHAWKING andLeonardMLODINOV, The Grand Desigr2011 .149).
Sip (p. 151.) (Noterefers tathe four forcesgravity, electromagnetisystrong nucleaand weak nuclegr
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space. This "timeless" space, therefore devoid méed, would explain the instantaneous
communication of the particles and their entangl@me

The quantum potential would therefore be the "Stafethe space at the level of interactions or
subatomic processes.

According to Stapp’ Bohm’s mistake consists in having unnecessarimplizated the theory; if
mind had been included in the process, the theonldvhave been simplified. Stapp also considers
that his views about implicate or explicate or@mks mathematical rigor.

Bohm 1986 and 1990tried to involve consciousness in the theory, @issing it to an infinite
tower of pilot-waves, each of them piloting in tuhe one below. However, this model loses itself
ad infinitum Another problem for Stapp is that the correspogdntology of this model, that is
deterministic rather than built on free optionshobot the agents as of nature as we see furthir, it
only possible in a world in which relativistic piates are neither created nor annihildteth this
world, in the absence of collapse, reality would'bedifferentiated" and therefore constituted by
indistinguishable objects.

V. QUANTUM MECHANICS AND CONSCIOUSNESS.

V.1.Henry Stapp: consciousness as a dimension ofiiy.

The argumentative strength of Stapp’s theory 2@%isron the following assumptions:

- The radical substitution of classical physicsjoantum physicé

- The intervention of consciousness in quantum oreasent processes

- Causality of consciousness on the physical psases

Regarding the quantum formalism Stapp assumesthedox Copenhagen interpretation, based on
the postulate of measurement in the interpretaiforon Neumann.

V.1.1 The two physics: two descriptions

According to Stapp, the difference between the twothat the former is based on variables
exclusively relating to physical facts mathematicaxpressible, while the latter incorporates
psychophysical variables, the mental aspect, comgisn the stream of consciousness of the
observer, which is translated into an increaseactulal knowledge of the reality, without which no
physical theory could even exist.

"Hence the foundation of usable sciefidies ultimately in the mental world of human knedge."
This aspect is not incorporated just as an ontoddgispect, but the importance of it is that it esm

3 Henry STAPPMindful Universe2011( (p.62-63).
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with a unique property, causally independent atated to the discrete state of what we call reality
of what appears or is manifested. This is the altioview of quantum mechanics that Stapp
assumes.

In this view free will, understood in the context the theory we are considering at, as an
undetermined choice, causally independent, incatpsr into causally predictable physical
processes, but without interfering with the wawimch they are deterministically caused.

The feature that Max Planck discovered in 1900 atesl the existence in nature of a "discreet"
element "which is not naturally accommodated bytiooious dynamics of classical mechanics". So
describes it Stapp, quoting Jarftesetaphor that "our knowledge "of natural phenomaneertain
fundamental levels of matter grows" by buds or dropperception”.

This is precisely the conceptual change from oneartiother way of description of physical
phenomena, and it relates primarily to the epistegical perspective of the description.

Stapp raises the question in this way.

Quantum theory developed a "classic" formalismtli@ equations to calculate the motion of atoms
and subatomic particles, which is the Schrédinggragon, defined "classic” because the physical
state that it states for the universe at each mgnigas the state of the universe completely for
future times. So it states the evolution of thevarse as expected by the initial conditions.

The problem arises from the following approach:reassuming that at any instant of time the
physical state of the universe is consistent withexperience in the present moment, such a state at
any finite time later, as established by the Scimgelr equation, can never correspond to any
possible experience of the class that correspanttetflow of my conscious experientes

Similarly, the human brain evolutionary states wit match to any possible experience. The brain
state is identical to a state that is a mixtura bluge collection of possible experiences andusit |
identical to an experience of the kind of experemchat can be lived in the flow of our
CONsciousness.

The solution that the "founders"” of quantum meatsnaccording to Stapp, were forced to assume,
was to incorporate the "reality” of knowledge ahe tacquisition” of knowledge to the descriptions
of the theory.

This interpretation thus assumes this double petsqgein the description of the phenomena that it
handles, both ontological and epistemological, anpdsciousness reappears in science with a
particular function.

Wigner describes it in this way:

"When the province of physical theory was extendedencompass microscopic phenomena
through the creation of quantum mechanics, theepunaf consciousness came to the fore again: it
was not possible to formulate the laws of quantueeimanics without reference to consciousrféss"
The mechanism that will facilitate the increas&mdwledge, could be a phenomenon also assumed
by the mathematical formalism of quantum theoryechQuantum Zeno, which | will discuss in

“b (p. 154).
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section V.1.5.

This incorporation of human mind, ontologically agmistemologically, into the theory, requires the
coexistence at the macroscopic level of a cohattadr correlation with brain neural activity, but
we cannot ignore the fact that the macroscopicl l&€'operated” or "acted" by microscopic
guantum dynamics. As a result, the mixed stateldhmecur also in the neural correlate of the state,
also "continuous"”, of possible experiences.

For the classical description of physics and inegahof neuroscience, as they opt for physicalism,
our thoughts evolve in correspondence to our Bistate"”, assuming that they are two descriptions
or denotations of the same reality. However, urther laws of quantum mechanics, as Stapp
emphasizes, physical description would barely mahsh mental, violating in consequence the
identity theory.

Even if Stapp does not mention the objection thst &ripke posed to the materialistic theory of
mind-body identity, he leads a different line adalission and saved the fact that the theory igentit
of mind and body alone deserves itself an enquirgproduce the objection that Kripke 1971
performed to identity as a correspondence relatiat, Stapp criticizes:

"If X =Y, then X and Y share all properties, indlng modal properties. If X is a pain and Y the
corresponding brain state, thkaing a painis an essential property of X abding a brain states

an essential property of Y. If the correspondergation is, in fact, identity, then it must be
necessanof Y that it corresponds to a pain and necesshi¥ that it corresponds to a brain state,
indeed to this particular brain state Y. Both as3es seemfalse; itseemsclearly possible that X
should have existed without the corresponding lstate, or that the brain state should have existed
without being felt as pain. Identity theorists cafjncontrary to their almost universal present
practice, accept these intuitions; they must daeyntand explain them away. This is none too easy
a thing to do".

For both authors, these entities, the mental anmgbhiysical correlate, are rigidly designated and
have essential properties, but Stapp argues foausat relationship, with no room for the
explanatory gap.

To achieve the match between both states or désasp according to the new physics, the
"continuous” evolution governed by the Schrodingguation must be abruptly interrupted by the
acquisition of knowledge or the experience of theesver. Each subjective experience occurs in
conjunction with a "jump" of the state of the bréinat was before in a “mixed” state and therefore
called "quantum jump" by the “founders") during #eperienc®. The remaining brain states or
possibilities incompatible with such experience @moved from that state and hence also from the
state of the universe "physically” described, behig action” psychophysic".

For Stapp, the explanatory gap only makes sen#ieeiclassical description of physics and not in
the orthodox interpretation of quantum physics,dose there is a causal entanglement of the
structure of our conscious experience flows, dbsdrin psychological terms and the representation
of the physical world described in mathematicaglzage.

Ssaul KRIPKE Identity and Necessifyew York 1971(note 17 p.162).
“®Henry STAPPMindful Universe2011 (p.156).



Based upon this assumption, the classical conadpt®urobiology are logically inadequate and
therefore false since, unlike what happens in quanmechanics, they exclude our conscious
thoughts.

Stapp repeatad nauseanthat classical physics, lasting for two centuriemjerged from the
observation of the movement of the planets andratékestial macroscopic objects. This universe
has been mapped into "miniature” versions of plsimiverses at a smaller-scale. Newtonian
objects are described by the eminent physicist sadid, massy, hard, impenetrable movable
particles" (Newton 1704) that interacted with each other through contastif they were billiard
balls. And this would have lasted more if that @ctat a distance called gravity would have never
appeared.

In the early twentieth century another entity renioinized that universe: the observer. This entity
also had a seminal importance in special relatiaty there, it was not conceived in the same way
as in orthodox quantum physics by Stapp.

The "founders" presented their theory as a seaws$ lon how to make predictions of experimental
responses that the human observer would experienperforming determinate actions. So far,
there would be no difference from classical meatsnf only because it makes predictions of the
evolution of a system, given a time, a location anetlocity of each particle as well as its enaygy
field information. Here, the observers and theticars are part of the continuous evolution of the
pre-determined system, while their stream of cansmess is empirically irrelevant or redundant in
the system, a by-product, a correlation or a copaté

Under the new physics, however, the world "phy$jtallescribed is not constituted by bits of
matter but by "trends” or discrete "potentialitiés’ the events to occur. These events are actuhliz
and when this occurs in a measurement proceseest thy buds "or" drops "of perception, as we
saw before.

Each event is psychologically described and resultan "increase of knowledge”. It is also
physically described as an action that performs amupt change in the potentialities
mathematically described.

This change is described by the measurement ptstula

V.1.2 The measurement postulate.

Wigner introduced the term "orthodox" to descrihe formulation of the quantum theory of von
Neumanf?,

Henry Stapp, in turn, includes in the term the Gyagen formulation.

However, from the ontological point of view, accoglito Stapp, the term "orthodox" refers to the
description of von Neumann, Tomonaga and Schwirigat,we will see briefly when we will treat
the Whiteheadian ontology. This description covérs entire quantum universe described in

“Ib (p.6).
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physical terms and contains both descriptions efsi-called Process 2 and the occurrence of the
interventions of Process 1.

This is the form of the current theory, supportgdhe empirical experimental facts.

The only difficulty, and Stapp recognizes thistascheck whether macroscopic physical systems
also interact with the environment as quantum-agerdther words, if the state reductions occur in
these systems. Because of this difficulty, thesrisive designed alternative hypotheses or (non-
orthodox) theories, as the theories of Bohm or &er

The difficulty of the measurement problem consessentially on how to link the physical or
mathematically described aspects of quantum thi@onyman experience.

According to the orthodox quantum theory, the obseaffects the state.

The state reduction through which a mixed statduding in that of the brain, passes into the state
of conscious experience, is triggered by what vearNann calles Process 1, which selects from the
set of evolutionary potentialities of the statetlué system, called Process 2, a determinate way to
separate or partition this state into a collecttdncomponents, each of which corresponds to a
determinate experience.

The form of that "intervention" is not determined, it is in Process 2, by a dynamic and definable
"continuum" but by another class of infjut

The choice that takes place in this "interventi@®@ems influenced by a kind of conscious
evaluation: when | choose to look at the system sifstem is modified.

Process 2 corresponds to the mechanically condr@lled orderly evolution that occurs between
Process 1 interventions.

In Process 2 the state of the wave function evokm®ading throughout the universe as the
Schrodinger equation establishes, in a determergstd probabilistic way.

But, as already stated, if the world behave maoisally as the equation suggests, it would result
in a "nebulous" wave. For this reason it is neagsta include Process 1, as expressed by von
Neumann.

There is another line of discussion in which vonuMann, inMathematische Grundlagen der
Quantenmechanit932° addresses the connection between knowledge argicghyprocesses by
means of a version of Leo Szilard thought experimegsed on the second law of thermodynamics,
which states that the entropy of a system tendsctease forward in time. Slizard takes in turrs thi
experiment by a similar experiment, by Maxwell, Wmo as "Maxwell's demon" that Slizard
replaces by a mechanism capable to operate thetieaté

The aim of these experiments is to argue thatritetlectual process of knowing something and the
consequent action based on such knowledge is gloskited to the probability of entropy of the

“Yb. (p. 32).
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physical system in question.

Von Neumann proposed that the modification in thevkdedge given in Process 1 is quantitatively
related to the probability associated with the@myr so that, on one hand, the entropy of the syste

is not modified under the action of the Processn@ secondly, it never decreases by an event
operated by Process 1, since part of the compomengmergy of the system are transformed in
information. Regarding Process 2 the result wiltle same as in any classical system and Process
1 will give a definite answer, being specified gsrabability associated with each possible answer
and not as an answer itself. This response resudts increase of knowledge.

This is a "quantum version" of the second law efthodynamics where the ratio of the increase of
entropy is determined by the number and naturbebbjectively actual events of Process 1.

V.1.3 The epistemologically perspective.

The historian Hendry 1984, ifhe Creation of Quantum Mechanisd the Bohr-Pauli Dialoguié
explains how the founders (Bohr, Heisenberg, Pdbirac and Born), in the 1927 Solvay
Conference, found a solution to the difficulty @itional understanding of the data that atomic
phenomena were showing. This solution was called Gopenhagen interpretation, due to the
central role of the Dane Niels Bohr. The key cateastics of the solution according to Ditaare

its restriction of the theory to our knowledge loé system as well as its lack of ontological conten
Thus, as Hendry argues, in this interpretation,whge function represents our knowledge of the
system, and the reduced wave packets representmoue accurate knowledge, after the
measurement.

The human mind thus enters into the structure ebtisic physical theory, as we have already seen.
Stapp’ excerpts the following reflection by Heisenber$89

"The conception of the objective reality of themeémntary particles has thus evaporated not into the
cloud of some obscure new reality concept but th® transparent clarity of mathematics that
represents no longer the behavior of particlegdther our knowledge of this behavior".

In this initial interpretation of physics, instrunie were treated as extensions of our bodies. $t wa
not important whether the measuring instrument maghanic or human, which left open some
ambiguity about the process.

It was von Neumann who incorporated the entire ens®, including therefore our own brain, as a
physically described world, as well as the actiopsrated by the stream of consciousness of the
experimenter while acting directly on it.

To this interpretation of von Neumann of the orttwotheory, it should be added the contribution of
Heisenberg, which Stapp considers from the “teditfftpoint of view the principal founder of
guantum theory, for it was precisely Heisenberg wéalized that the quantities called numbers
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used by classical physics should be treated amrattand that the order in which they act is
important®. it is not the same to multiply 13 by 3 as to npljt 3 by 13. Although they give the
same numerical result, the action that they reptesenot the same and this is important for a
system. This resulted in the uncertainty principfethe German physicist that we treated in the
chapter of the "new physics".

In classical physics, values such as position erggnare both an attribute of the system state and
an 'observable’, therefore a quantity that can éasored by an observer at any given time. Possible
values of a system will be a 'phase space’ in wihiete are all the potential 'states’ of the plartic

A phase space is the set of possibilities of olzd#es at any given time. For example, given a
system like a pendulum in motion, it will have aspion and speed at any instant of time, and this
forecast is deterministic, given certain initiahdations. If instead the pendulum were quantum, we
could not determine its position or its speed blataud of points' in which either of them could be
when we make the measurement.

In quantum theory every possible measurement well dssociated to a number of different
experiential outcomes that constitute the ‘clougahts’ or 'numbers cloud’, being those numbers
complex.

The theory provides specific rules that compute grababilities for each of the various possible
outcomes of the experiments of each of the measmm(position, energy, etc.), however
measurements are not governed by any rules, siegeate a result of our free choice.

The properties of matter are represented in tefnpsaperties mathematically described related to
space-time points, but its essential nature is mageof ‘potentialities’ of occurrences of
psychophysics everits

These events occur at the interface between thes$pects of nature and von Neumann has shown
us the laws that regulate this interface or intioat.

Stapp translates these facts on the philosopleeel las the replacement of elements of 'being’ by
elements of 'doing’, from the world of material stamce to the world of actions and potentialities,
both resulting in a increased of knowletige

There is a further fact that Stapp introduces @ttieory, of great importance in order to produce
the acquisition of knowledge that is the Quanturnd®®effect, at which we will dwell on ( see
Section V.1.5).

V.1.4 The ontological perspective. Whiteheadian Ontogy.

Although the founders pointed out a lack of ontatagjcontent in the theory of quantum systems
behavior, Stapp believes that conscious experiea@sntological realities rather than just bits of

.
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knowledgé' and proposes Whitehead's ontology, based on thigeM#ladian conception of the
natural processes of nature as a whole, as a nmdsuch behavior, although he is aware of the
danger of falling into the anthropocentrism dué¢hi® inclusion of the observer in the ontology. He
presents the Whiteheadian ontology as a variapired by Tomonaga and Schwinger, taking into
account also Heisenberg and von Neumann, due tat¢héhat their relativistic proposal, in Stapp’s
view, is very close to the key ideas of Whitehemlalp in turn tries to reconcile the mechanics of the
20s of the twentieth century with classical philosp

The core of Whitehead processes and quantum pexcéssonstituted by the emergence of the
"discrete” from the "continuous". The graphical resgentation of the evolution of the process
consists of a circular wave that travels from teater to the ends and that reaches by chance the
detectors barrier, firing only one of them. It dae assumed that it occurs with the measurement,
since Stapp does not mention it.

The space of possibilities is reduced to a setsufréte subsets.

Why does this change occur? We know that the ansfverthodox quantum theory is that it is the
experimenter who decides, the experimenter, wi tisrn a set of possibilities that are updating at
any moment.

Von Neumann named this fact 'intervention' or Psste Heisenberg and Bohr, called it "a choice o
the part of the experimentét" Stapp calls it “process zero”, and this processild/ select the
"partition” specified by the process describedghysical terms" by Process 1.

What Stapp actually says is that the process oluarement or von Neumann's Process 1 is split
into two processes: that that the experimenter sé®dfree choice process) at will and that that
nature ‘decides ', randomly, offering any of thegilale options.

The first process is beyond any calculation or @digon and therefore outside of any “physically
described” language. In other words, the partitim®s not derive from "physically describable"
aspects of the world acting exclusively on theirnowhe discrete cannot be created by the
continuum, and the intervention of Process 1 ¢egssary.

Stapp proposes the following operating schemadpgse a design of the "modified” Whiteheadian
world, as he calls it, incorporating the theorieS@monaga and Schwinger:

- On the basis of the key ideas of Whitehead, spiaue-aspects of the process of creation of
reality/knowledge of reality, are formed.

- Afterwards, the ontological structure conceivedthg relativistic quantum field theory of
Tomonaga and Schwinger is described, and with teésments consistently ordered, the
space-time quantum process is designed.

- The next step is to perform a comparison of the descriptions to define their identity and
hence to propose a unified and non-anthropic ogyolo

Stapp is aware that the proposed ontology is nbawestive, but it will certainly prevent the
panpsychist drift.

*Ub. (p.106).
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In the graphic, a different number is assigned @ohepiece or region of the space-time with
common boundaries, and they form altogether a seirédoove the line of the past and below the
line of the future.

The pieces are the entities that Whitehead caletli&l entities™ and that correspond to the "buds
or drops of perception” described by James, thraughbh we acquire the knowledge of the world.
They are "discrete" entities that "make real", iorgs of Whitehead ifProcess and Reality “what
was previously merely potential”.

This space-time, which represents the growing m®od the past, is contrasted by Stapp with the
corresponding idea of non-relativistic quantum ptg/g§NRQT), consisting of an overview of the
theory that violates the principle of special nei&f, which states that no force and object cavet
faster than the speed of light. To this theoryhegqigantum event or reduction (Whiteheadian buds)
occurs, however, in a determined "now", but inwmle space.

Stapp represents this structure of the space-timemother diagram (Figure 2) where events are
represented as a set of parallel lines numberad ftee past into the future or "interventions"
associated with each jump to a new quantum gt&te
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Each line corresponds to a continuous spatioterhparéace made of points. Being continuous, no
speed limit is accepted, according to special ikefgat

This non-relativistic space-time structure is repth by relativistic quantum field theory, as
developed by Tomonaga and Schwinger 's relatiyigtich a similar structure to that of Whitehead
and Stapp shown in Figure 1.

Stapp thus purports to show that with these strastwr separate pieces of the space-time the
principle of special relativity is preserved and odormation of the system and therefore of rgalit
increases, since the transition from a ‘potengialib an 'actuality’ occurs during the act of
observation. Each space or portion of activity @spnts an "actual occasion".

This ontology is accommodated by Stapp in his wdking described both physically and
psychologically, it is not anthropocentric since"antual occasion” is an event whose mental output
is conceived as an 'addition’ to the human streflacommscious events, being the physical described
output the actualized neural correlate of the Hemrgpuf’.

Stapp is aware that this ontology is not "implied"the current empirical data rather than at an
outlined level, but he maintains however, that déynbe considered as a rationally based proposal to
take into account all along the research results.

V.1.5 The Quantum Zeno effect.

The correspondence that, on Stapp's account, ogtorg brain as a quantum system, between the
completion of actions and quantum potentialitied #e highly organized neural states, occurs due
to a causal process.

He calls "templates for action” a macroscopic biate that, if sustained in time, allows certain
action to occur, as it leads in the case of actmased on trial and error, to make choices between
'ves' and 'no’, equivalent in turn to von NeumaPRn&xess 1.

If we choose the answer 'yes' and we keep it dwiogrtain time, it will result in the successue t
achievement of the intentionality.

Behind this process there is a mental effort tiiahaintained, would be equivalent to successive
measurements of the state and would result in atgrebility of the agent and therefore in an
advantage over his or her competitors. Using theergjative terms of Stapp, 'realities’ 'mentally’
described shall take effect on the brain 'physjtdkscribed realities.

This effect is called Quantum Zeno effécmathematically described by quantum mechanics.

This effect is considered by Stapp as able to @xple result of the placebo effect experiments,
conducted by Price et al. 2087in the respect of certain patients suffering froritable bowel
syndrome, where a high percentage of them expe&tkacemission of the symptoms. The fact was
monitored by fMRI, in which they observed the néucarrelates during the remission of
symptoms, coincident with the attention that theigoés were paying to the Instructor words
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indicating in turn how the remission of the painulebtake place.

In Figure 3 we see represented the evolutionatg sfiaa brain quantum system whose macroscopic
physical structure is composed by microelementsioas and atoms whose behavior is of
microscopic dynamics.

Figure 37°

In this case, the pattern of neural activity wolld equivalent to a pointer or a measuring
instrument of whatever system, and it will reprégbe abrupt physical event sequences that would
be the neural correlates of mental event sequences.

According to the Schrodinger equation, the stata system, in this case the brain, will be evolving
as any other pointer and will consist in a combara{mixed state) of many components of the kind
of experiences that we humans usually have.

As we have seen, the founders resolved this siuathat did not allow to actualize a concrete
experience, incorporating the observer (Stapp dwsdistinguish between a conscious or an
unconscious observer since the phenomenon takes ipldoth conscious and unconscious acts) to
the theory.

Thus, a physical system that acts as an obserabteso do measurements. Each of them extracts a
quantum state 'S' of the 'pointer' that is beingeoled”.

This state 'S’ corresponds to a possible experiefite observer.

As soon as the observer chooses that state 'Sirepainder the laws of quantum physics,
immediately responds with a 'reduction’ of the wpeaeket, or quantum collapse. This reduction is
represented by a 'quantum jump' of the actual guarstate to a selected state 'S' to another state
'S

The probability that the state shown in Figure 3aagle 8 would jump to the experientially
realizable selected state, 'S', has assigned al&@iblle value (expressed in probabilities). In feGr,

V indicates the pointer’s speed.

In other words, if the observer chooses to perfiremmeasurement, which will cause the pointer
(state or wave function) to jump to the state '&d af nature "decides" to respond to the

lb. Note: it corresponds to figure 17.1 (p.150h# book).
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measurement, the vector will effectively jump to.'® may also jump to ‘'S ”, but with a lower
probability in the case of Figure 3, as the arrowanter is closer to ‘'S’ than to ‘'S”.

Once the measurement is done, the vector will éotat'S' and the angle will progressively
increase. If the measurement is repeated ataraniai®ment, the vector will jump as well from 'S or
to 'S".

Quantum Zeno effect entails that if Process 1peagdly performed in a short period of time, the
spread of the action will be blocked and the stditthe brain will be essentially restricted to the
response 'S. In the case of the biological mandate ‘fight'attack’ it can also be prolonged until
response occurs.

Templates for actions is a macroscopic layer (tat cover a large portion of the brain) of
neurological activity that, if maintained in timends to produce a cerebral activity, which in turn
will tend to produce the experienced respéhsehis layer is the neural correlate of the conssio
effort made to operate a determinate action.

V.1.6 Author's Conclusions

After more than fifty years of research in quantimeory, Stapp still thinks that the theory is dlle
reconcile opposite attitudes, pluralism versus moniidealism and materialism, determinism and
free will. His thinking has not changed, but it lbe®n enriched with the research.

He still thinks that in order to obtain a usefuiestific theory, the mathematical aspects must be
bound to those of our perceptual experience. Th@enaatical structure of quantum physics is such
that the classical materialist physical conceptiohsature does not work, because the founders of
quantum theory had to incorporate the conceptualizaf potentialities and of the empirical facts
corresponding to the reduction, into the mathermahtlescriptions.

By the 'partition’ of the potential state, the thed linked to human experiences and to rules
empirically validated by the theory.

The effect of the reduction occurs throughout thget of the brain and links the “intented
experience" with the experience of the "responskitivin turn comes from memories of passed
experiences.

It is plausible to surmise that these experiencescaused by an increase in the timnagjo of
actions in Process 1 whose persistence in the naulayer may allow intentional action to occur
(Quantum Zeno effect).

The effect will consist in keeping the information'template for action’, as it is called by Stagip,
the macroscopic level.

Quantum theory has the 'technical’ ability to explaow the efforts of human consciousness can
influence the bodily actions, as it is consideredames assertiofiswhich are still up-to-date:

b, (p. 76).
Pib. (p.111).
“Ib. (p.114).
®Ib. (p.115).



"Consciousness seams to be an organ superaddesl dther organs, which maintains the animal in
its struggle for existence (...) But if it's usefiilmust be so through its causal efficaciousraass

the automaton theory must succumb o commonsense”.

Stapp has defended himself from the danger of aptitentrism by recourse to Whiteheadian
ontology.

Concerning the danger to fall into circularity abethen consciousness did emerge, he says that
"laws that cause, or allow the physical preregessiio come into being should not depend on a
consciousness that come into being only later"

Such laws should allow, nevertheless, the potémislto occur and, therefore, the experiences to
happen.

The theory of 'observation' here presented, sorarpatally 'successful’, must be for sure a process
aspect of the nature of reality.

The nature of this reality cannot be of the kindtlebse conceived by classical physics that
exclusively consists of objects and fields, withptace neither for the mind nor for consciousness.
Quantum mechanics instead, tells us that evenhiigiqal aspects of nature do not fit conceptually
to the qualities that classical physics assignsotks, since in quantum theory these aspects are
mere potentialities of actual events to occur.

A potentiality is more an idea than a material sahse and so is treated in the theory, an idea of
what can happen. Objective reality is tinted ofeatike” qualities, both at the level of "objective
potentialities" as at the level of psychophysiaaworences.

These “idealike” qualities are linked to consci@xperiences, albeit they seem to be "carved" into
the structure of quantum theory itself as a thedpyotentialities.

Such “idealike” aspects of nature are not accidaniafeatures of a natural process that tends to
preserve and extend an “acknowledged” order.

This teleology of the order is also found in thst lguantum approach to consciousness that we will
present.

This last theory is based on a non-Cartesian "guanhteractive dualism”, as Stapp himself
describes it.

V.2 Other models.

V.2.1 The Everett interpretation (seen by Chalmers)

This interpretation, rather than supporting a clxgsalom choice or one among many possibilities,
tries to accept simultaneously all the possibgitie simultaneous actualities, without collapsing
into one.

"In other words, the probabilistic nature of quamtmechanics allows the universe unfold in an
infinite number of ways”.

Ib. (p.135).
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If the Schrodinger equation is in fact everythitiggn the world is superposed at any level even if i
does not seem §pand the observer perceives an homogeneous flelasfges, a 'discreet' world.
Why? Everett's response, according to Chalmetsdause the overlap also occurs in the mind: the
state of the observer's brain is in a superpositibstates, one in which the measuring device
pointer points up and another state where the @oistpointing down. Hence, there will be two
observers.

This interpretation differs from that of "splittingorlds" attributed to Everett, which contemplages
universe literally divided into two or many multrges, where in one the pointer points upwards
and in the other it points downwards. This intetgiien, by Chalmers, somehow revives the
measurement problem, for it cannot be known wherp#trtition will occur.

In the first interpretation, which is also the mueetation of Lockwood 1989, no division occurst bu
an evolution of the wave function in which the sygosed states are constituents of a sole world,
where what are divided are the minds of the obssfy¢hat perceive a "mini-world" as opposed to
the sole world or "maxiworld", that is superposed.

We have a state of the world "relative” to the obseand another, "objective” world, which is
superposed.

However, the failure of Everett, according to Cheddf, is not to analyze the mind-body
dichotomy. He assumes that a brain state has elfferssociated experiential subjects, but he does
not justify why consciousness perceives only onghese states.

It should be noted that Henry Std&ppriticizes Everett's interpretation at a fundarakrmével
because if it were true that the Schrodinger eqnatilone, including along its route all the
interactions with the (macroscopic) environmentffisels to match quantum mathematics to
experimental data as a result of the applicatiothisftheory, the universe would also have evolved
from the big bang exclusively under the influendetlte equation, in which case all objects,
including our brain, would be in a "amorphous coatim'®2 Thus, the need to step with the help of
the theory of many-minds, where all the parts of buain would be accompanied by the
corresponding experience of the object in question being in a single place, but in a continuous
aggregation of experiences, one for each locatidheoobject in the vast region of the overall wave
function.

Stapp also considers that the many-minds probldireiproblem of the measurenfénbut we will
see how he proposes and assumes a possible satuttproblem.

This lack of justification enables Chalmers to pefe the dilemma of the relationship between
physical processes and experience, of how to aisely the world is superposed and yet we still
perceive it "discrete”.

Chalmers finally finds an answer in the foundatiofsa theory of consciousness based, without

8David CHALMERS, The conscious mint996 (p.347).
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avoiding dualism, in its explanation from the pe&sjve of an adequate computafiorwhere the
maximum information of an original physical statevBuld be superposed to the formalism of the
phenomenal physical states of the experience:

"The same information spaces are realized phygicaiid phenomenall§®, settling hence the
double aspect of information as a "physical spasetell as a "formal space".

The structure of the experience is the structur@nahformation space

phenomenally realized, and the structure of awaghis that of an information space physically
realized. A conscious experience would be thezatidin of an information stdte

To my knowledge, this suggestive hypothesis, wipicgkes the question to a theory of knowledge,
that | mentioned in the first part of this text athét would require further development, could fit
into Stapp’s epistemological assumptions.

V.2.2 The Penrose-Hameroff model.

The model was presented in Tucson (Arizona) in 1994

It incorporates and combines the knowledge ancarekes of Roger Penrose and Stuart Hameroff.
Penrose assumes that physical laws can yield actlmat are not algorithmic and therefore not
simulable, pointing to consciousness as a possifiience.

Out of skepticism concerning the measurement pneblehich Stapp considers as a way to include
consciousness- Penrose develops the hypothesis abjactive reduction due to quantum gravity,
conceiving that gravity could yield the phenomeobronsciousness.

Hameroff, for his part, makes his contributionhe tesearch based on the behavior of microtubules
as candidates for the location of consciousness.

Microtubules are tubular structures of eukaryoglisceach being a protein, constituted by proteic
subunits called tubulins. They have an outer diamef approximately 24 nm and an inner
diameter of 14 nm. In neurons, microtubules andrinediate filaments extend along axons and
dendrites from the cell body to its terminal. Belmghly dynamic structures, they are stabilized by
a group of proteins known as microtubule-associpteteins (MAP'SY.

Tubulin shows two different states of electricalgpization that would allow propagation of the
complex type signals along microtubules, analogowscellular automatéh

Together Penrose and Hameroff 1994 conceive thehéstrated objective reduction” (OR) model,
that states that quantum superposition phenomenar acside the microtubules, where coherent
states of quantum computifigan be maintained by recourse to the action ofityraAlso inside

#David CHALMERS, The Conscious Mind996.
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the microtubules the self-collapse takes places Thllapse or objective reduction is, according to
Penrose, a non computable activity.

A sequence of OR processes, where R is equivalembrt Neumann Process 1, would result in
flows of consciousness.

The argument of non-computability of consciousnassumed by Penrose $thadows of the mind
and known as "the new Penrose arguniéntlue to the fact that the author maintained diffier
foundation criteria, considers that contemporaryspis does not have elements to provide such a
possibility. For this reason physics is incompletewrong, hence a new physics needs to be
developed.

Penrose defends his argument on the grounds ofl'Gdldeorem, as Gddel demonstrated that there
are mathematical truths that we know both theytare and at the same time unprovable and
therefore not computable.

He uses his argument to substantiate the supgrarihe human mind over the machine.

For this reason, Penrose appeals to quantum phesecso the measurement postulate, except that
he conceives in this case that the collapse happkes the system interacts with the environment,
without the need of any observer.

In the Penrose-Hameroff model the criterion is éaliye" and precipitates the (objective) reduction
of the state function, being the gravitational @np of spacetime that will reset its geom&try
Grande Garcia explains the OR process as followaparing it to that of the standard or orthodox
theory:

"An important feature of OR is that non-computa@$pects arise only when the quantum system
becomes so large that the state suffers a selps#| in place of a state of collapse, due todbe f
that its growth forces the entanglement with theiremment. Due to the random nature of the
environment, the action of OR, which is the resitihe induced-growth of the entanglement would
be indistinguishable from the random SR (subjectigduction), or R processes of standard
guantum theory. (..) In standard quantum theoractovity is not computable, and R processes are
completely randont®.

According to Penrose, a threshold of time is neddedhe self-collapse to occur, being that time
proportional to the magnitude of the overlappedesys Thus, if the system is large it will quickly
collapse, if small the superposition shall be naaired.

In the model, consciousness events occur in thgerah25 ms at 40 Hz coherent oscillations, and
of 500 ms in the preparatory events of a conscatis

orderedand coordinatedvaveswhoseupper and lowecuspsare interrelatedn a way thatthey cansuperposeeach
other.Thus,wavesof a coherent fieldbehave thesame wayso theycan transfer information argtring togetheinto a
whole cells tissues and organ®aines, 1998)This phenomenomefers tocircumstances wherkarge numbers of
particles carcooperateollectivelyin a simplequantum stat¢éhat does natemainentangledwith its environmentSuch
statesare spectacularly giveim superconductivity phenomenaherethe electrical resistanadrops to zerpandin
superfluidity wherefluid friction or viscositydrops to zeroThe particularity of thesphenomenas the existence of an
energy gapthathas to be overcontgy the environmenin order toperturb thisyjuantum state.

israel GRANDE GARCIAEI modelo cuantico de la conciencia de Penrose métaff: una introduccion y
evaluacion critica2006 (p.22).
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However, there are some acknowledged facts, asdérargue¥, that affect coherence to take
place in the brain: if the ambient temperaturedasyvhigh, an equally high energy of the particles
would be needed to alter the consistency and henekl the collapse. The necessary
superconductivity to produce the phenomenon ocoutg at very low temperatures, close to
absolute zero, not reachable by the brain state.

Nevertheless, Frohlich, in the 60s, proposed thgierconductivity could occur in biological
systems, particularly in the membranes of cells.

Penrose and Hameroff, by contrast, proposed miouids, due to their adequate structural and
functional properties, namely to the structure atev inside them, to the field and to the isolation
property of microtubules themselves, that wouldwlto maintain the coherence state.

Thus, microtubules are proposed as quantum congputer

When asked whether the phenomenon of macroscopiereoace occurs in all the brain
microtubules or only in some of théimHameroff suggests that it is the quantum tungedifiect

that allows the coherence between synaptic cléfiggered by the synchronized firing of the
neurons.

Grandé°® considers that Penrose-Hameroff’s theory has hewfissures: there are no evidences of
correlations between the structure of microtubaled consciousness, being coherence at brain big
scale an hypersynchronous activity that can onbuom seizures episodes. On the other hand, the
fact that the frequency of 40 Hz is the necesgakyfbr conscious experience to occur, is not the
only explanatory fact of consciousness. Finallgréhis evidence showing that general anesthesia
acts in different parts of the microtubules, antamdy consciousness is affected but also speech or
thinking activity.

Realizing some criticism regarding the Penrose-Hafhéheory, including that of Max Tegmark,
Stapp uses the occasion to revdlusn Neumann's description that conceives the beana
collection of classically described possible statele to survive the decoherence by means of the
Quantum Zeno effect. Furthermore, although thisizent might seem common to both theories,
Stapp’s version is also not algorithmic, howeveés tfuality in Stapp, as we have seen, is based on
the criterion of the "free choice" of the agent.

In any case the Penrose-Hameroff theory pointsoowthat some authors, as ¥uwcall the “narrow
problem” of research, aimed at studying the way lowuantum effect as coherence occurs in
certain locations or neural substrates deliveringognitive correlation. However, the “broad
problem” which, in my opinion, Stapp chooses tkacis the part of the theory that leads to the
fundamentals and to the relationships of quantunchame@ics with consciousness, preserving an
ontological and an epistemological vocation angeation.

*Ib (p.30).
Pb. (p.49).
%b. (p. 57).

%Henry StappMindful Universe (p.51).
®Huping HU & Maoxin WU,Current Landscape and Future Direction of Theoredhand Experimental Quantum
Brain/Mind/Consciousness Reseail0.



V.2.3 Model of consciousness based on the doubléusion of the wave function.

This model is extracted from the "unitary” theofyFantappié 1941, that in the classification made
by Vanninf® is ranged among the models of consciousness loasgdantum mechanics, to which a
principle of order is adscribed aimed at yieldimgl @rganizing the properties of consciousness.

In this theory, special relativity is observed.

According to Vannini, the following models propo#®ee property of order as “consciousness-
structurer”, based on quantum formalism:

Fantappié 1941

Ricciardi-Umezawa 1967

Frolich 1968

Pribram 1971

Eccles 1986

Marshall 1989

King 1989

Yasue 1995

Vitiello 1995

Flanagan 2003

Pereira 2003

Hu 2005

Baaquie 2005

Hari 2008

Fantappié attempts to synthesize relativistic pisyghat provides an essential link between space
and time, and quantum physics, in its double asp@@uscular and undulatory, to show that nature
in turn has a double aspect or tendency, bothderand to disordé, on the basis of the equation
of d'Alembert and its operator, used in wave meidsanvhich admits two solutions: the retarded
potential solutions, that describe the waves dingrdrom the source that produced them, and the
anticipated potential solutions, that describe ¢dbaverging waves from a source situated in the
future.

The same effect of propagation in time is conceiveithe quantum undulatory physics of the Dirac
equation and of Klein Gordon’s equation.

In 1928 Dirac formulated an equation describinglibkavior of electrons in atoms of hydrogen and
realized that the equation admitted two types dbitems™, representative of electrons with
positive energy (retarded potentials) and electvaitis negative energy (anticipated potentials).
Also the solution of the Klein-Gordon equation caald mathematically two types of solutions
since it depends on a square root of the squatleds/¢herein contained.

The practical result of the anticipated potentsmkitions are excluded by physicists, as Poiltaré

*Antonella VANNINI, Modelli quantistici della coscienz2008.
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when considered not existent in nature while, imtast, the former can be reproduced in
laboratory.

However, Vannin® considers that noticeable physicists have resedremd still continue the
research based on this conception of time, namichgalRl Feynman among them, who designed
some diagrams representing the trajectories oftrelex that are annihilated in contact with
positrons, releasing a big amount of energy.

Yoichiro Nambu 1950, Nobel Prize in Physics 2008njectured that what is represented in
Feynman diagrams are not annihilations, but a ahafghe direction of the particle itself from the
past to the future or vice versa.

In the same direction of thought we find John Whegbroposals or Michael Dummett's
retrocausality.

Fantappié’s theory assumes the above equationsefsrance on the basis of an unique ontology of
time, a one-time "past-present-future” dimensiarg aonsiders that the first class of solutions is
applicable to "classic", continuous, wave propagaphenomena, but in discontinuous phenomena
such as quantum, where centers of emission andrioso are discontinuous and therefore
concentrated in isolated points due to their carplas natur®”, the second type of solutions must
be applied.

Thus the Italian mathematician concluded that djget waves correspond to entropic phenomena,
while converging to a type of phenomena that he ts&all "syntropic'®.

The former phenomena, that are causative, tendatbesing and are replicable in laboratory; the
latter are not causal, tend towards concentratioh taey are not replicable because, according
Fantappié and ArcidiacoM, the intensity of the converging waves does irgiredy concentrate

in smaller spaces. However, they consider thatatune there is an exchange of syntropic and
entropic phenomena and that it prevents that cdraten becomes infinite.

Arcidiacono quotes Teilhard de Chardiff's"tangential® and "radial* energies, due to their
parallelism with these phenomena, as cause of ringrgssive process of increasing "complexity"”
of the matter that, according to him, causes theeasing organization and brain evolution of living
beings and therefore a greater awareness capHBaisycapability is proposed as the "third infinity"
besides the spatial and temporal.

Also by Arcidiacon&® and ex Brillouin, the energy levels of a system are agabed to the
information levels that the system bears. We alresaav this hypothesis in von Neumann, so that to
lower levels of entropy, larger levels of infornmaticorrespond.

The development of life is stipulated, in theseoties, according to this alternating phenomena.
Fatappié proposes, in fact, as an example of aotq@penomena in living beings, breathing or
degenerative processes caused by disease and aswotrgpic, growth, nutrition or protein
synthesis, the latter prevailing in the early stagglife.

103 Antonella VANNINI, Modelli quantistici della coscienz2008 (p.80).
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Fantappié hypothesizes that as far as living syst@m incompatible with the laws of entropy that
governs the macrocosm, the basic laws of life rhastearched at the microscopic level, where the
governing laws are quantum mechanics and whereapgntvhich enables to create and to order the
structures primarily reflected in DNA. He hypotleesi that the autonomic nervous system (ANS)
locates the structure of living systems intendedsupply of syntropy life processes as well as
processes of regeneration of the body. This comgekead him to surmise that psychophysical
parameters of ANS such as heart rate or skin cdadoe, are somatic markers of anticipation
processes, as he considered that the ANS is nedrishturn by energy, formally represented by
waves moving in the opposite temporal direcfion

Another argument used by those who adhere to theerging wave theory based on the Klein
Gordon’s solution, is that living systems are comtiusly faced to the choice of taking decisions
between causes located in the past and causesddoathe future. The success of these elections
can not be determinedpriori.

In Vannini’'s research, aimed at demonstrating thet&ppié hypothesis that in living beings that
operate decisions, this kind of anticipated respsreccur, data are collected and obtained from a
series of experiments based on statistical teclsiquerformed by Tressoldi et '&. of the
University of Padova, that could lead to the cosidn that the tested subjects experienced this type
of "anticipated response” or " retrocausal effeofstinpredictable sequences of questions. Somatic
markers as heart rate and skin conductivity ofstiigects were used in the experiment.

The models here presented do not explain consasssiyet they provide elements of interest that
could be taken into consideration in a research toald also take into account biological
phenomena and not only physical.

Regarding retrocausality, as Fantappié conceivé®pmo phenomena, as causal phenomena, and
syntropic phenomena as retrocausal. Ctiéstantemplates the theoretical plausibility thatszdu
facts can be transmitted backwards in time. Inaialysis of the causality in the EPR correlations
(this is a thought experiment proposed by EinstBiodolsky and Rosen in 1935, which shows
quantum non-locality and the phenomenon of quantmtanglement between patrticles, so that,
given two particles and performed the measurememincobservable in one of them, we would
immediately know the observable of the other argdvinould violate the theory of relativity) he
comes to the conclusion that the effects of causflences of quantum phenomena can be
transmitted backwards in time. While recognizingttthis assumption may cause complications or
difficulties, he asserts that "for years now threg traditional arguments against backward causation
have been refuted" (here he also quotes Dummett), 'lmoreover, several causal models of EPR
correlations that make use of this possibilityiarearious stages of development at present”.

%Antonella VANNINI, Un modelllo sintropico della coscien2809 (p.157).

"9Note: The development of the experiment is widelgatibed in caps. 5, 6 dfn modelllo sintropico della coscienza
20009.
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VI. CONCLUSIONS.

The hypotheses linking quantum physics and consoiegs here presented, assume consciousness
as a given, without trying to determine its nature.

Taking its existence for granted, they incorporaieto the causal flow of the physical facts, thius
the case of Stapp and by Penrose-Hameroff. Thatsestrue in Noé, although he does not involve
guantum mechanics. According to Chalmers, thisducéble stochastic element breaks logical
causality.

Quantum mechanics has discovered that the micrgcasnts fundamental level, has different
properties than those of the macrocosm, propdesng grades of definition or of determination
of the macrocosm, however raising considerablyptiedicting values of the behavior of the matter.
Quantum mechanics, interpreted as Stapp does aasdle followers of the orthodox view of the
theory, claim that observation allows the properteebe defined.

The Spanish physicist Juan Ignacio Citaargues that all theories that have tried to refhie
assumption, have been refuted in turn by the exygris of quantum mechanics and that quantum
superposition is the price we must pay for theydast to be maintained.

In a short period of time we have passed from ardehistic and continuous universe to a universe
that is possible, probable, current and discontisuo

Stapp, Noé and Fantappié consider consciousness @&volutionary phenomenon or property,
causally related to the properties of order, omgation and increasing knowledge and/or
information. Chalmers also argues that at a funddéahdevel, psychophysical states can be
explained as information statesor information space

In any case, at a fundamental level, the univemsigabes according to the laws of quantum
mechanics.

From all the scenarios, perhaps the one that ebelcould achieve the grade of "model” in the
definition given by Hawking, is Stapp’s model, evéit still lacks of the attribute of falsifiabtly,
thus considering it veritable and rationally poksiand consistent with the theory whose
application shows experimentally that when a plartie observed its nature is changed, we cannot
falsify it.

We cannot state why nor when the modification ogchut that is how nature behaves at least as far
as this has been shown, so far, to science.

We are only at the beginning of this puzzling irtigegtion of the properties of matter that have
turned upside down our way of interpreting reality.

Stapp, based on von Neumann, raises consciousniggsgrade of dimension of reality itself. This
“interactive dualism" evokes the descriptive povedr Xavier Zubiri when referring to the
interaction of human consciousness with reality "imspression of reality”, similarly to the
actualization described in Whiteheadian ontology.

If this is due to the collapse of our brain state,cannot yet verify it, as well as we cannot werif
neither Quantum Zeno phenomenon by means of éataihal correlate.

"2ote: conferences of J.Ignacio Cirac at UIMP (Saés, Spain) august 2011.



Aczel*? considers that fundamental questions arise abbathgr macroscopic objects, such as our
brain or our body, are in a mixed state or are although he says that, presumably, and based on
quantum formalism, they are in a mixed state. Nerd@ know whether a living being is composed
of a set of particles with an associated wave th @d them or wether we should treat it as a single
macro-object with a single associated wave function

We should expect more and more experimental relalts the research.

In the meantime, we can only continue to reflect.
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