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Abstract
A macro-quantum model is developed to describe spontaneous processes in terms of computable equations. The resultant
macro-quantum wave equation (Schrödinger-type equation) is solved via a Madelung transformation to yield a complex-valued
solution whose real part gives the macro-quantum potential energy. We show that the mechanism responsible for spontaneous
phase differences is a pilot-wave force attributed to the internal thermo-quantum energy. Its functionality contributes to the phase
synchrony in the emergence of ‘long-range order’ occurring by means of the actualized phase differences of the spontaneous
processes. Macroscopic pilot-wave theory is used to describe how informational patterns carry ‘meaning’ via a ‘consciousness
code’ arising from thermo-quantum fluctuations. The resultant negentropic entanglement of the actualized phase differences
according to panexperientialism acts as a ‘conscious pilot’ that provides stability through a pilot-wave guided negentropic action
emerging from macro-quantum potential energy. In view of the above, the thermo-quantum consciousness is a process based
on Aristotelian doctrine of causes. The material cause as uncertainty in the brain expressed through the wave function, naturally
leads to pilot-wave guided negentropic action as the efficient cause of conscious recall that actualizes spontaneous potentiality
as its formative cause, with inner experiences as the final cause. It is the final cause that is expressed in memory after con-
sciousness and their interrelationship with uncertainty in the brain, that forms a relational holon.
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1. Introduction

Eccles [1] proposed that quantum processes may be important in
understanding the subtler characteristics of brain function as an entry
point for mental causation. The subtlety of the mind was further
explored in relation to consciousness and quantum indeterminism [2–
4]. The search for cytoskeletal consciousness was investigated exten-
sively by Hameroff [5]. If microtubules are the site for quantum ef-
fects, and clearly hepatic microtubules play no role in consciousness,
then why should microtubules have this role in neurons? An answer
might be that microtubules are the only cytoplasmic components
that oscillate in the THz frequency range [6]. A further link is by
way of a ‘conscious pilot’ that itself may reflect upon a finer-scale
process extending within neuronal interiors originating from non-
polar hydrophobic regions where London force dipoles oscillate co-
herently [7–9]. This of course differs from the neuroscience of con-
sciousness where consciousness is believed to involve firing dynam-
ics of action potentials in neural networks [10] or embodied spatial
cognition through the minimization of the energy-difference between

model prediction and data [11] or coherent energy transfer [12].

However, all the above attempts at explaining consciousness
have been unable to bridge the explanatory gap [13]. Accordingly,
subjectivity is phenomenal from where experiences arise in the sense
of Chalmers [14], and objectivity is physical and non-experiential.
Based on the existence of intrinsic ‘potential’ information as infor-
mation theoretic entropy, we can close the gap between subjective,
phenomenal experience and its physical manifestation in terms of
negentropy [15]. The idea behind negentropy is to ‘inform mean-
ing’ or ‘forming of meaning’ attributed to intrinsic ‘potential’ in-
formation which is subjective [16]. We use this intrinsic ‘potential’
information to explain spontaneous processes in holonomic brain
theory [17], yet it is not a physical real phenomenon, but exists only
in our description therefore it is ‘poesies’ [18]. How to relate such
information theoretic entropy with real phenomena? Considering
information (theoretic) entropy to be subjective that supervenes over
and above the physical processes like for example, thermal entropy
then the negentropy principle of information [15, 19] gives a clear
interrelationship between the two entropies and hence a possible way
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to span the bridge across the explanatory gap.
Aristotelian doctrine of causes is needed because consciousness

does not affect the physical world and so there cannot be a clear
interrelationship between the subjective (experiential) and physi-
cal (non-experiential) properties. The problem with nominalism
is that it only recognizes the final causality such as inner experi-
ences [14]. Therefore, the essence of our working model is based
on Aristotelian doctrine of causes as interpreted by Heidegger [18].
We propose that macroscopic quantum level description provides a
novel physical attribution to ‘long-range’ coherence in biological
systems [20] where synchrony has been invoked as a solution to
the phenomenal binding problem as well as a precedence for uni-
tary binding of consciousness [21] resulting in a unified conscious
field [22]. The model proposes that brain-based consciousness is not
distinctively based on quantum effects (cf. [23]), but instead relies
on nonlocal neocortical energy processing based on holonomic brain
theory [17]. The nonlocality of both conscious recall and memory
signifies the consciousness process as a holon in terms of the end of
consciousness and the beginning of memory via uncertainty in the
brain [24]. The ‘conscious pilot’ embodied in the activity of subneu-
ronal structures of nonsynaptic spines form a holoscope. Specifically,
below chemistry via an approach that was based on the de Broglie
thermodynamics [25].

2. Origins of Thermo-Quantum Effects
It is well known that the crossover between quantum and classical
regime requires the ‘quantum’ temperature to be equivalent to body
temperature under equilibrium conditions. We define the quantum
temperature in Kelvin [26]:

T∗= h̄f
kB

= 4.8 x 10−8f (1)

where h̄ = 6.6×10−34Js (Planck constant), kB = 1.38×10−23J/K
(Boltzmann constant). If the human body temperature is 310K we
need frequency ( f ) of dipole oscillations in the THz range (or higher)
for quantum processing in the brain [27]; otherwise neural processes
are thermal not quantum. It is known that the Schrödinger equation
may be derived from a hydrodynamic model in which diffusion of
an ensemble of particles without spin represent the ‘quantum-like’
state [28]. We call this approach ‘thermo-quantum diffusion’ or
‘quantum thermo-hydrodynamics’ (cf. [29, 30]). It is based on energy
processing and information flow [31] and relies on macro-quantum
states in biological processing [32]. Therefore, our approach can
be precisely defined to be ‘thermo-quantum’ effects in quantum
fluids [26].

Consciousness co-exists with cognition and it cannot function
causally in the production of physical behavior according to ‘biologi-
cal naturalism’ [22]. What this means is thermo-quantum conscious-
ness has no causal power and cannot be interacting with polarized
regions capable of transmutation of thermo-quantum fluctuations to
normal-level neural signaling [33]. Where in neurons do nonpolar-
ized / apolar regions exist? One possibility is by way of dipole-bound
electrons in nonpolar hydrophobic regions of molecular proteins
where energy processing can take place. Neuronal branchlets, es-
pecially thin axons, favour electrical isolation from synaptic inputs.
The lower limit on the axon diameter is 0.08–0.1µm [34]. Such very
thin neuronal branchlets resemble ‘nanotubes’ and are inoperable
for communication based on action potential propagation due to

channel noise effects. Faisal & Laughlin [35] hypothesized such
nanotube-like branchlets may be purposely designed for presynaptic
information processing carrying specific sensory and pain transmis-
sion associated with subjective processes (e.g., ‘feelings’). Similar
sized structures are spines, approximately 0.09µm in diameter in
the larger pyramidal neurons of the neocortex [36]. Particularly,
nonsynaptic spines with clearly absent synaptic-head like filopodia,
that emanate from such fine distal branchlets (see Fig. 1). Although
the percentage of nonsynaptic spines is 3.4% of the total number
of spines [37], thousands of spines are present in a typical cortical
interneuron. Cytoskeletal structures like microtubules grow out of
lamellar bodies, which are in the main dendrite adjacent to the gap
junctions in spines [38, 39], while the main shaft contains cytoplas-
mic proteins that bind to actin-filaments [40].

The ‘pilot-wave’ guided negentropic action hypothesized to be
responsible in the maintenance of ‘long-range order’ associated with
phase differences of dipole-bound electron oscillations. The oscillat-
ing dipoles that correspond to the oscillating electromagnetic field
are not the same in the physical sense to the dipole-bound electron
oscillations through a macroscopic pilot-wave theory. Although they
are both based on quantum state of the brain that depends on a prop-
erty called macroscopic quantum coherence, which needs to be main-
tained for around a few milliseconds. According to Tegmark [41],
this property does not to hold for more than about 10−13s. Hagen
et al. [42] have advanced reasons why this number should be of
the order of a few milliseconds, but this is a very big difference to
explain away and serious doubts remain about whether macroscopic
quantum coherent states can exist in the brain [32]. The resolution
comes from the stability that emulates the quantum-like dynamical
states in the brain. It is the spontaneous phase differences of dipolar-
bound electron oscillations that govern ‘long-range order’ (i.e., high
degree of coherence), leading to stability and unitary binding of
consciousness.

However, supply of energy is unnecessary for coherence in phase
differences to arise spontaneously, but rather it will be shown that it
is the potentiality (and not the kinetic energy), through the macro-
quantum potential energy that triggers coherence in phase differences
of dipole-bound electron oscillations. It is conceivable that the term
‘thermo-quantum consciousness’ could be acted upon by ‘long-range
order’ in the integrated phase-differences manifested by pilot waves
through thermo-quantum energy processing. Moreover, the magnetic
component of the endogenous electromagnetic field is too small to
induce nuclear spin effects under the Born-Oppenheimer approxima-
tion. Therefore spin entanglement between molecules seems very
unlikely to occur since thermal fluctuations would essentially elimi-
nate such tiny quantum effects. In view of the above, we postulate a
new model that posits not spin entanglement, but an internal thermo-
quantum energy that invokes the negentropy principle of information
defined as ‘negentropic entanglement’ to be responsible for actu-
alized phase differences of the dipole-bound electron oscillations.
They arise spontaneously from the macro-quantum potential energy
(and not kinetic energy) that may provide the necessary support for
unitary binding of consciousness.

3. A Macroscopic Pilot-Wave Theory Underly-
ing Phase Differences

Is it possible to formulate a macroscopic pilot-wave theory and apply
it to brain functioning? The idea is to extend de Broglie-Bohm



Journal of Integrative Neuroscience 373

Fig. 1. (a) is a micrograph of two dendrites studded with nonsynaptic dendritic spines in neocortex (from MBF Biosciences labs). The key criteria for
nonsynaptic is the absence of a postsynaptic density. Thus, the term ‘nonsynaptic’ does not exclude electrical synapses (i.e. gap-junctions). (b) is a schematic
diagram of two neuronal branchlets juxtaposed with a cross-section of two gap-junctionally connected spine shafts containing molecular proteins (not to size)
bound to actin filaments (black lines). Changes in relations among an ensemble of phase differences is caused by the internal thermo-quantum energy acting as
a ‘pilot wave’ (red arrow) in the proteinaceous hydrophobic pockets (not to scale).

wave mechanics to explain macro-quantum phenomena. To do so
we analyse the general structure of Bohmian-type models based on
ontological formalism of quantum theory [43–45] combined with a
holonomic formalism [17]. Such combined formalism is based not on
quantum indeterminacy, but through the wave equation that thermo-
quantum effects are implicated because of a ‘hidden variable’ known
as the macro-quantum potential energy or neural quantum potential
[46]. The pilot-wave force guides thermo-quantum fluctuations of
dipole-bound electron oscillations through their phase differences
where the changes in relation to an ensemble of actualized phase
differences, which is referred to as ‘binding’.

The wave function (ψ)is a complex function, which has a state
of reality used to describe the passage of potentiality to actualization
based on its averaged statistical characteristics. It is not the wave
function of quantum mechanics that guides individual particles, but
it guides an ensemble of dipole-bound electron density distributions
with respect to their phase differences.

Macroscopic pilot-wave theory posits the fundamental property
of all physical processes undergoing actualized differences stemming
from the antagonistic nature of macro-quantum potential energy. The
actualized differences are phase differences of dipole-bound elec-
tron oscillations are guided by the macro-quantum potential energy
through ‘long-range’ correlations of phase differences. This is known
as the pilot-wave guiding principle, which classical transportation
of information occurs via nonlocal cortical processing [17]. Such
macro-quantum nonlocality is different to the microscopic ‘spooky-
action-at-a-distance’ [47]. However, the question is whether quan-
tum nonlocality based on de Broglie-Bohm formalism can be applied
to biology remains speculative (but see [48]).

In this study, the wave function (ψ) describes the instantaneous
state of dipole-bound electron density distribution determined from
the solution of the macro-quantum wave equation [17, 46]:

iγ
∂ψ

∂ t
=− γ2

2
∇

2
ψ +Uψ (2)

This is like the Schrödinger equation that can be found by substitut-
ing the Madelung transformation: ψ =

√
ρ(x, t) eiS into the macro-

quantum wave equation, upon separating the imaginary and real parts.
The imaginary part is the continuity equation of the dipole-bound
electron density distribution, while the real part describes the phase
differences of the dipole-bound electron oscillations, expressed by
the Hamilton-Jacobi equation [46]:

∂S
∂ t

+
γ

2
(∇S)2+U+Q = 0 (3)

where S = i
2 log ψ∗

ψ
is the phase function that describes the phase

differences in oscillation of the dipole-bound electrons in units of
time (t), ψ∗ is the complex conjugate of the macro-quantum wave
function and ∇ is the gradient (in one-dimension≡ ∂

∂x ). The constant
γ = ν /∇S is a positive constant relating the de Broglie guiding equa-
tion, in terms of the velocity driven ensemble of phase differences
(ν) to the gradient of the phase function(∇S):

∇S = i(
1√
ψ∗

∂
√

ψ∗

∂x
− 1
√

ψ

∂
√

ψ

∂x
). (4)

The phase function whose dynamical evolution is under the action
of two ‘potentials’: (i) the classical potential energy function U(x,t)
and (ii) the macro-quantum potential energy:

Q(x, t) =−1
2

γ
∇2
√

ρ(x, t)√
ρ(x, t)

(5)

where ρ(x, t) is the dipole-bound electron density distribution in
Debye layer, x is the spatial distance along the Debye layer and
∇2 is the Laplacian (in one-dimension ≡ ∂ 2

∂x2 ). The macro-quantum
potential like the quantum potential [49] is an emergent potential
that is not given in the Hamilton-Jacobi equation until the solution of
the macro-quantum wave equation is found via the Born rule linking
the amplitude of the wave function to the dipole-bound electron
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density distribution ρ(x, t) = |ψ|2 and which results in the following
expression for the macro-quantum potential energy:

Q(x, t) =−1
2

γ(

√
ψ∗

ψ

∂ 2√ψ

∂x2 +
2√

ψψ∗
∂
√

ψ∗

∂x
∂
√

ψ

∂x

+

√
ψ

ψ∗
∂ 2√ψ∗

∂x2 ) (6)

If we introduce the classical potential energy (U6=0), then the so-
lution of the macro-quantum wave equation is can be shown via a
perturbation method:

ψ (x, t)≈ψ0+
∫ x

0

∫ t

0
ψ0 (x−ξ , t− s)U(ξ ,s)dsdξ

+
∫ x

0

∫ t

0

(∫ y

0

∫ r

0
ψ0(y−η , r−β )U(η ,β )dβdη

)
drdy

(7)

where ψ0(x, t) satisfies the reduced macro-quantum wave equation:

iγ
∂ψ0

∂ t
=− γ2

2
∇

2
ψ0 (8)

This equation ignores the effects of the classical potential energy
U=0 and considers solely the quantum effects of the dipole-bound
electron oscillations.

The separation of variables method gives a solution of the re-
duced macro-quantum wave equation along spatial region of length
L (dimensionless) subject to Dirichlet boundary conditions [17]:

ψ0(x, t) = (
1
L
)∑

∞

n=1 cne−
2
γ

i( γ2

L2 π2n2t− γ

L πx) (9)

where cn are Fourier coefficients independent of time and the dipole-
bound electron density distribution along the Debye layer is ρ(x, t) =
|ψ0|2. The density distribution, which is a measure of the intensity
of the wave function between points x = 0 and x = L is given by:∫

ρdx =
∫
|ψ|2dx =

∫
ψψ
∗dx. (10)

The intensity of the wave function is a measure of dipole-bound
electron oscillations with synchronous phase differences carried by
Q in a ‘nonlocal’ manner to bring about macroscopic coherent state
in the phase.

4. Phase Coherence in the Absence of Classi-
cal Potential Energy Function U(x, t) = 0

Synchrony refers to a consistent phase relationship among dipole-
bound electron oscillations generally referred to as phase coherence,
but not necessarily in-phase, i.e., with zero phase difference between
them. The phase function S0 =

i
2 log ψ∗0

ψ0
is shown for L = 1, γ = 1.0,

x = 0.1 (see Fig. 2a), L = 0.1, γ = 0.01, x = 0.01 (see Fig. 2b)and
L = 1.5, γ = 2, x = 0.5 (see Fig. 2c).The real component represents
the domain averaged dipole-bound electron density oscillations and
the imaginary part represents the fluctuation from this mean. The real
component amplitude varies between −π/2 and π/2. It is shown to
be periodic approximately every 0.32-time unit and the imaginary
component is almost zero. Therefore, the phase function is coherent.
Phase coherence (resonance) of the real component of the phase
function (S) is present as waveforms for different L, γ , and x values
has a constant phase difference and the same frequency, and the same
waveform.

Fig. 2. Phase function (S0)versus time (t) for L=1, γ = 1.0, x=0.1(Fig. 2a),
L=0.1, γ = 0.02, x=0.01 (Fig. 2b) and L=1.5, γ = 2, x=0.5 (Fig. 2c). The
phase synchrony of the dipole-bound electron oscillations is only in the real
component of the phase function. Its amplitude varies between –π/2 and
+π/2 showing coherence on phase (resonance). The imaginary component
of the phase function remains close to zero. Real component is shown as a
continuous line (blue) and imaginary component is shown as a dashed line
(red).

5. Phase Non-Coherence in the Presence of
Classical Static Potential Energy U(x, t) = 1

If we introduce the simple case of a static classical potential energy
with a unitary value (U=1) then the solution of the macro-quantum
wave equation is readily found, viz.

ψ(x, t) =ψ0e−
i
γ

t (11)

The phase function(S) is shown for L = 1, γ = 1.0, x = 0.01 (see
Fig 3a), L = 0.1, γ = 0.01, x = 0.01 (see Fig. 3b) and L = 1.5,
x = 0.5,γ = 1.0 (see Fig. 3c). As indicated in Fig. 3 the real compo-
nent amplitude is bounded by − π

2 and + π

2 . The imaginary compo-
nent is almost zero. The waveform of the real component is chaotic
(non-periodic) and therefore non-coherent.

It is evident that the pilot-wave guiding principle based on the
macro-quantum potential energy is annihilated in the presence of
classical potential energy due to the absence of synchrony. This
indicates that the phase differences underlying ‘long-range order’ are
subtle and exist only in the absence of classical potential energy. The
macro-quantum potential energy having a relatively high magnitude
of the amplitude in its real component is negligible in the imaginary
component. The results indicate that asynchronous waveforms are
associated with the phase oscillations of the wave function. It is
evident that the real component is causally affected by the presence of
classical potential energy because the phase differences of the dipole-
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Fig. 3. Phase function (S)versus time (t) for L=1, γ = 1.0, x=0.1(Fig. 3a),
L=0.1, γ = 0.01, x=0.01 (Fig. 3b) and L=1.5, γ = 2, x=0.5 (Fig. 3c) in
the presence of classical potential energy U=1. The phase differences of
the dipole-bound electron oscillations are asynchronous as evident from the
real component of the phase function. Its amplitude varies between –π/2
and +π/2 showing non-coherence. The imaginary component of the phase
function remains close to zero. Real component is shown as a continuous line
(blue) and imaginary component is shown as a dashed line (red).

bound electron oscillations illustrated in Fig. 3 show non-coherence
for the real component of the wave function.

6. The Macro-Quantum Potential as Thermo-
Quantum Internal Energy

It is essential to regard the quantum potential energy, as internal en-
ergy since the quantum potential has no external energy source [50].
There have been numerous physical descriptions of the quantum po-
tential from: spin related internal motion [51]; energy due to the os-
cillating electromagnetic field (virtual photon) coupled with moving
charged particle [52]; to geometrodynamics [53]. However, we de-
fine the macro-quantum potential energy to be thermo-quantum inter-
nal energy, representing the macroscopic aggregated effect of the mi-
croscopic random thermo-quantum fluctuations (cf. [30]). The origin
of thermo-quantum fluctuations is movement of macro-quantum po-
tential energy rather than kinetic energy which is due to the large fluc-
tuations in the energy of the electrons introduced in the Heisenberg
uncertainty principle to emerge from the constant jiggling of neigh-
boring dipole-bound electrons in a non-zero temperature (Kelvin) at
small length scale (L) where the thermal de Broglie wavelength is
greater than the typical length scale.

The results in Fig. 4– 5 show that the real components for Q
and Qo are both temporally positive and negative in amplitude. This
signifies how the internal energy is to be redistributed between the

kinetic energy (negative values) and potential energy (positive val-
ues). Thermo-quantum internal energy is a somewhat strange con-
cept, however here we simply note that in the same sense that under
the de Broglie guiding equation, the imaginary component of the
thermo-quantum internal energy carries informational content. In
other words, given change from the average phase differences is
relatively insignificant because the imaginary component for both
Q and Qo is quite small, where the minuscule size of the imaginary
component indicates a unique informational pattern that reflects on
the movement of the phase differences from their average values.
The waveform resembles a characteristic pattern that may have an
informational content that is reflected in the movement of the phase
coherence. In a similar way to the physical meaning of the quantum
potential in the ontological interpretation of quantum mechanics, is
that of an emergent potential that informs atomic particles in a way,
so it acts as also an information channel through a context-dependent
energy redistribution [43, 54, 55].

7. A Pilot-Wave Force Driving the Wave Func-
tion

Invoking Bohm’s ideas, we show that a nonlocal force that does
not fade with distance. The pilot-wave force Fψ can be writ-
ten as ∂M/∂ t where the mechanical momentum M is given by
M=−iγ

∫
∞

−∞
ψ∗ ∂ψ

∂x dx assuming ψ (±∞, t) = 0, viz

Fψ = i γ

∫
∞

−∞

[
∂ψ

∂x
(

iγ
2

∂ 2ψ∗

∂x2 −
i
γ

Uψ
∗)−∂ψ∗

∂x
(

iγ
2

∂ 2ψ

∂x2 −
i
γ

Uψ)

]
dx

(12)

where the above expression yields the expectation of the pilot-wave
force driving the wave function for a specified classical potential
energy and macro-quantum potential energy.

As indicated in Fig. 6 the imaginary component of the temporal
variation of the pilot-wave force has a waveform that is coherent (pe-
riodic and non-chaotic) and it is the same when driving the reduced
wave function. The zero-real values of Fψ can be estimated from
the expectation value of the driving force −∇U (Ehrenfest theorem,
see [56]) and in our example U = 1 so U′ = 0. This result obeys
classical mechanics, but the fact that the imaginary component of
Fψ is nonzero comes about from the thermo-quantum effect of the
macro-quantum potential energy. In other words, the macro-quantum
potential energy exerts a force that does not fall off with distance
(Fig. 6b). Therefore, the macro-quantum potential energy acts nonlo-
cally through the imaginary component of the wave function where
a small magnitude of Q can produce a large effect in the pilot-wave
force Fψ . This result is interesting because a large change in the
form of the wave function as indicated by Fψ is produced from a
very small effect through Q. In other words, since the real component
is zero, this indicates no change to the average phase difference of
the dipole-bound electron oscillations, but a large imaginary compo-
nent signifies the fluctuation from this average that generates phase
differences over long distances.

This pilot-wave force driving the wave function is not the mean-
field approximation of the pilot-wave force. Since the pilot-wave
exerts a force through the imaginary component of the wave function,
while the real component is zero. This suggests that the pilot-wave
exerts a negligible force not responsible for the ‘long-range order’.
Perhaps, it is the force determined directly by the macro-quantum
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Fig. 4. The reduced macro-quantum potential energy (Q0) for (a) L=1, x=0.1, γ = 1.0 (b) L=0.1, x=0.01, γ = 0.01. and (c) L=1.49, x=0.5, γ = 1.9. The
real component is periodic and therefore coherent. The imaginary part is shown to fluctuate about zero and when ‘zoomed-in’ in time produces a unique
informational pattern. Real component is shown as a continuous line (blue) and imaginary component is shown as a dashed line(red).

potential energy through its canonical momentum FQ = −∇Q. In
the de Broglie-Bohm pilot wave theory, concepts like momentum,
and energy are ill-defined since the motion is ruled by Bohmian
mechanics and not by Newtonian mechanics [57]. An ensemble of
the pilot-wave force reflects −∇Q as the force determined by Q in
which the internal thermo-quantum energy guides the actualization
of the phase differences (cf. [55, 58]).

8. Spontaneous Emergence of Macro-Quantum
Potential Energy

The recent work of Guevara-Erra et al. [59] asserts that awake states
reflect consciousness and greater information is present due to large
information (theoretic) entropy values, suggesting consciousness
could be the optimization of information processing. This type of
evidence is flawed as it ignores the negentropy principle of informa-
tion [19]. This principle claims that decrease in information (the-
oretic) entropy increases the thermal entropy. Therefore, with this
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Fig. 5. The macro-quantum potential energy (Q) for (a) L=1, x = 0.1.γ = 1.0 (b) L=0.1, x=0.01, γ = 0.01. and (c) L=1.5, x=0.5, γ = 2. The real component
is chaotic (non-periodic) and therefore non-coherent. The imaginary part is shown to fluctuate about zero and when ‘zoomed-in’ in time clearly reveals a
unique informational pattern. Real component is shown as a continuous line (blue) and imaginary component is shown as a dashed line (red).

principle, information is not just a quantitative description of the
causal relations between measured events (subjective) but has a phys-
ical reality in thermal entropy, which is an objective property of
the brain. We assert that spontaneous potentiality as governed by
negentropy principle of information allows to bridge the explanatory
gap [13] between subjective ‘phenomenal’ experience and physical
properties, and therefore a formative cause of consciousness in the
brain.

The macro-quantum potential, Q(x, t) = − 1
2 γ

∇2
√

ρ(x,t)√
ρ(x,t)

like

the quantum potential, is also an emergent potential but it conveys
‘meaning’ in an ‘information channel’ as a quantum ‘corrector’ of
the kinetic energy and potential energy [54]. The kinetic energy is
γ

2 (∇S)2 and from the Hamilton-Jacobi equation the total energy is
− ∂S

∂ t . Based on the expression for the conservation of energy in the
quantum case is [47]:

Kinetic energy+Classical Potential energy

+Quantum Potential energy = Total energy (13)
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Fig. 6. (a) Temporal variation in the pilot-wave force driving the wave
function (ψ) for L=1, x=0.1, γ = 1.0 and (b) spatial variation showing
the pilot-wave force driving the wave function (ψ) for L=1, γ = 1.0, t=0.1,
The imaginary component in (b) is relatively large depending on the instant
in time the measurement is taken, while the real component is zero. The
imaginary component is never zero while the real component is zero. The
latter signifies that Fψ is not a Bohmian force. Real component is shown as a
continuous line (blue) and imaginary component is shown as a dashed line
(red).

While in the thermo-quantum case a more appropriate formulation
of the energy balance is via free-energy [60]:

Free energy = Internal energy (Q)−Entropy (SQ)

×Temperature (T ) (14)

Thermal entropy SQ is not the quantum entropy at temperature T,
which is known as the von Neumann entropy for T→ 0, SQ→ 0; in-
ternal energy (Q) is separated in scale from the macroscopic ordered
energy associated with an ensemble of dipole-bound electrons. This
refers to the microscopic scale energy on the sub-atomic scale of
quasi-free electrons undergoing thermo-quantum fluctuations based
on quantum statistical mechanics with an emphasis on dynamical
processes in quasi-equilibrium conditions [60]. When free-energy
is positive the process will proceed spontaneously in the reverse
direction to increase potentiality (not kinetic energy) through the
macro-quantum potential energy, to provide a negentropic action
that triggers the opportunity for unitary binding of consciousness.
This negentropic action is not equivalent to the action caused by
entropic forces in non-equilibrium conditions of open systems [61].
The hierarchical thermodynamics of the spontaneous processes are
‘isolated’ systems at one hierarchical level, but are ‘open’ systems in
the sense there is elimination of entropy across hierarchical levels
(cf. [62]).

With Born’s rule and application of chain and product rules,
the thermodynamic origin of the macro-quantum potential energy
becomes (cf. [63]):

Q(x, t) =−1
4

γ

[
∇2ρ

ρ
−1

2
(∇ρ)2

ρ2

]
(15)

and together with ∇ρ

ρ
= ∇(logρ) the macro-quantum potential energy

reduces to

Q(x, t) =− γ

8

[
∇(logρ)2

]
− γ

4

[
∇

2(logρ)

]
(16)

However, in the context of thermodynamic effects, Q is proportional
to Fisher information (theoretic) entropy (measure of the uncertainty
of data in an ‘information channel’) and the pilot-wave force can
be explicitly determined from the gradient of the local Boltzmann
thermal entropy (cf., [64]). Therefore, the macro-quantum potential
energy in the context of thermo-quantum fluctuations produces a
negentropic action that can be explicitly represented through the
gradient of the local Boltzmann thermal entropy, which is not a me-
chanical action but the action of S. The dissipative coupling between
quantum subsystem and a thermal bath at temperature T via a mixed
quantum-classical dynamical system differs in the approach we advo-
cate, which is a classical system with thermo-quantum effects [65].

The spatial spread of the internal energy (Q) is both neg-
ative and positive, although a positive approximations of Q is
γ2

8 (∇[log(ρ)])2 [30] and define the Boltzmann thermal entropy [54]
as a log function SQ =− 1

2 log(ρ) and Q becomes a negentropically
defined macro-quantum potential energy:

Q(x, t) =− γ

2

[
∇(SQ)

2
]
+

γ

2
∇

2SQ (17)

Here the first-term on the RHS is viewed as the macro-quantum
‘corrector’ of kinetic energy term and the second-term on the RHS
influences the potential energy term U. The kinetic energy becomes
γ

2 (∇S)2− γ

2 [∇(SQ)
2] and the classical potential energy becomes

U+ γ

2 ∇2SQ. This implies that the kinetic energy of the dipole-bound
electron oscillations contains a negentropic term γ

2 [∇(SQ)
2] that re-

lates to intrinsic ‘potential’ information. In other words, the macro-
quantum potential energy informs ‘meaning’ via the quantum wave
function by negentropic action. The reference to ‘meaning’ is due
to the ∇2SQ term influencing the classical potential energy. The
concealed motion of the Q [66] is associated with the kinetic energy
perturbed by the term ∇(SQ)

2. The negentropic term is shown in
Fig. 7. It clearly exists at almost the same negative value range for
both real and imaginary components as expected for the average val-
ues (real) against the movement of the phase differences from their
average values (imaginary). In other words, the negentropic entangle-
ment is independent of the amplitude of the macro-quantum poten-
tial energy as the internal thermo-quantum potential (Q) where the
real component is an order of magnitude greater than the imaginary
component.

The negentropic action can be explicitly represented by the gradi-
ent of the local Boltzmann thermal entropy ∇SQ, which is shown in
Fig. 8. Therefore, the negentropic entanglement through the negen-
tropic action governs the phase synchrony which contributes equally
to the average values (real component) and against the movement
of the phase differences from their average values (imaginary com-
ponent). This negentropic action can only be seen at the pico-scale,
which is the macro-quantum level and so is not detectable by dielec-
tric scanning microscopy. Furthermore, since the free-energy is posi-
tive, ‘long-range order’ in the phase differences arise spontaneously
in the reverse direction through potentiality. This is a significant
outcome because it can be extrapolated to the ‘conscious-pilot’ sce-
nario where consciousness is spontaneous emerging from its own
potentiality.

The internal or intrinsic (‘potential’) information is observer-
independent, although ‘meaning’ is ascribed to the negentropic ac-
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Fig. 7. The negative entropy based on local Boltzmann thermal entropy (SQ) which is directly related to negative entropy (negentropy) via the macro-quantum
potential (Q) for (a) L=1, γ = 1.0, t = 0.1 (b) L=0.1, γ = 0.01, t = 0.01 and (c) L = 1.5, γ = 2, t = 0.5. The effect of the classical potential energy U = 1 has
same negentropy as in the absence of classic potential energy U = 0. The variation in entropy is observed at the 13th significant figure with real component
shown in blue and the imaginary component shown in red.

tion (or flow of energy that results in a pilot-wave guided negen-
tropic force) causing negentropic entanglement, which is dependent
on the measurement. Results reveal a minuscule internal thermo-
quantum energy acting on the negentropic action that informs ‘mean-
ing’ through patterns of intrinsic ‘potential’ information. In view of
the negentropy principle of information, this negentropic action that
is so minuscule is a ‘conscious pilot’ because information (theoretic)
entropy is a subjective measurement. The ‘conscious pilot’ consists
of intrinsic ‘potential’ informational patterns (see Fig. 9). This spon-
taneous potentiality points to how information entropy (subjectiv-
ity) is guided by the negentropy principle of information to reveal
a ‘consciousness code’ from an increase in the Boltzmann thermal
entropy∇SQ. The ‘consciousness code’ is therefore an informational
pattern caused by negentropic action actualizing spontaneous poten-
tiality. There is almost an infinite unique variation of these patterns.
The ‘consciousness code’ can be deciphered but not predicted as it
remains both chaotic and spontaneous.

The amplitude of the negentropic action depends on the length
scale L. The smaller the length scale L the greater is the amplitude of
energy flow that results in a pilot-wave guided negentropic action. It
can be seen in Fig. 10 that the amplitude is greatest when L = 10−9

compared with L= 10−7 (cf.Fig. 9). We can conclude that the effects

in the movement of the averaged phase differences, including the
movement of the fluctuation from the averages are greater for smaller
length scale L, while at a spatially larger-scale the negentropic action
results in a significantly reduced amplitude.

9. Discussion
Our hypothesis is that consciousness is a spontaneous process en-
compassing potentiality. The results indicate that static classical
potential energy can disrupt the synchrony of phase differences of
dipole-bound electron oscillations. We emphasize that unitary bind-
ing of consciousness can only be formed by spontaneous potential-
ity across the brain, especially the neocortex, while the midbrain
reticulum could be the initiation zone of consciousness in the brain.
The ‘long-range order’ occurs in the actualized phase differences of
dipole-bound electron oscillations. If consciousness emerged from
the spontaneity of its potentiality, then it is noncomputational. In-
deed, due to spontaneity associated with potentiality, consciousness
cannot be expressed in terms of global firing of spikes in neurons,
which means that consciousness is not neurocentric in the sense that
it is based on computation along or across the neuronal membrane.

Syncytial effects between neuronal branchlets can carry ‘pilot
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Fig. 8. The gradient of the negative entropy based on local Boltzmann thermal entropy (SQ) which is directly related to negative entropy (negentropy) via
the macro-quantum potential (Q) for (a) L=1, γ = 1.0, t=0.1 (b) L=0.1, γ = 0.01, t = 0.01 and (c) L=1.5, γ = 2, t=0.5. The effect of the classical potential
energy U=1 has same negentropy as in the absence of classic potential energy U=0. Real component shown in blue and imaginary component shown in red.

waves’ through gap junctions, which are present at a higher density
on most distal neuronal branchlets in the mammalian cortex [67].
The extrapolation to intraneuronal ‘long-range order’ would require a
many-body wave equation, analogous to the many-body Schrödinger
equation, resulting in many-body Hamilton-Jacobi equation with
multiple wave functions, each corresponding to different spines
on cortical interneuron branchlets coupled through gap-junctions.
Whether ‘long-range order’ is achievable through sites connected by
gap-junctions [38, 39] remains to be fully explored.

What seems to come out of Bohm’s ontological interpretation
of quantum mechanics is quantum nonlocality or ‘spooky-action-
at-a-distance’ [44, 45], but according to Tegmark [41] there can be
no ‘spooky-action-at-a-distance’ in ‘warm’ brains. Hiley [47] has
defined nonlocality as the occurrence when the wave function is
entangled through a common quantum potential. In other words, if
we assume the wave function is in a non-entangled state:

ψ(x1,x2, t) =ψA(x1, t)ψB(x2, t) (18)

and

Q(x1,x2, t) = QA(x1, t)(=
−γ

2
(∇2

1

√
ρ(x1, t)√

ρ(x1, t)
)+QA(x2, t)

(=
−γ

2
(∇2

2

√
ρ(x2, t)√

ρ(x2, t)
) (19)

Results in two wave functions that are entangled through a common
macro-quantum potentials then we have by Madelung transformation:

ψ(x1,x2, t) =
√

ρ(x1,x2, t)eiS(x1,x2,t), viz

ψ(x1x,2 , t) =
1
2

[
ψA(x1, t)ψB(x2, t)−ψB(x1, t)ψA(x2, t)

]
(20)

and

Q(x1,x2, t) =
−γ

2

[
(∇2

1 +∇2
2)
√

ρ(x1,x2, t)√
ρ(x1,x2, t)

]
(21)

The meaning of negentropically entangled spines conjures for exam-
ple, that the two wave functions corresponding to different nonsynap-
tic spines, where the macro-quantum potential energy finds passage
across gap junctions. This biological quantum nonlocality would be
another way for negentropic entanglement if a correlation between
negative entropy through the pilot-wave guiding principle is taken
instead. It is further proposed that pilot-waves inform ‘meaning’
through negative entropy [68].

It is suggested that ‘qualia’ as the content of consciousness can
be influenced by negentropic entanglement. This influence is a pat-
tern of intrinsic ‘potential’ information and the ‘meaning’ of a sub-
jective observer extracting the pattern or sequence, corresponds to a
‘consciousness code,’ ready to convey an intimate connection to cog-
nition and then through memory to become a conscious experience.
It can be said that a unique ‘consciousness code’ is a gateway to con-
scious cognition [69]. The ‘consciousness code’ is a pathway for
example through language. However, there is no conscious cognition
without recognition, so conscious recall arises instead of memory
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Fig. 9. A blown-up version for the component of Fig. 8 presented with a clearly indicated zigzagging wave exerted by the macro-quantum potential energy,
which is an internal energy or intrinsic ‘potential’ informational pattern. Each pattern is chaotic suggesting that each information pattern that carries

‘meaning’ informs conscious cognition in a unique way. (a) L=1, γ = 1.0, t=0.1 (b) L=0.1, γ = 0.01, t = 0.01 and (c) L=1.5, γ = 2, t=0.5. Real component
shown in blue and imaginary component shown in red.

and only in the presence of ‘uncertainty’ where memory is recon-
solidated [24]. This is also the final cause of consciousness. Thus,
memory must be a way of compensating for the partial information
(entropy). This compensatory mechanism is broadly defined as “un-
certainty”1 [24]. In other words, consciousness and memory forma-
tion must be intimately linked [70, 71]. In memory after conscious-
ness, requires the end of consciousness and the beginning of memory,
suggest an illusion [72]. The sequence of pre-consciousness and
post-consciousness is not an illusion when memory is nonlocal [73].

The standard or orthodox approach to quantum mechanics is
known as the Copenhagen interpretation [71]. This approach focuses
on an ‘observer’ collapsing the wave function. Our approach is analo-
gous to Bohm’s realist ontological interpretation of quantum mechan-
ics [43]. There is no observer but ‘hidden variable’ – the quantum po-
tential, and it arises naturally from Schrödinger’s equation (see [56]
for an introduction to quantum mechanics). We have extrapolated

1One can also think of ‘uncertainty’ as arising from its response to intrinsic/internal ‘potential’
information.

Bohm’s quantum potential to the macroscopic scale as the ‘macro-
quantum potential’. Consequently, we can develop a mixed quantum-
classical dynamical system for two independent modes of operation
which are intimately linked: thermo-quantum consciousness and
cognition. They are independent physical processes that coalesce in
the context of the absence of emergence. The phenomenal ‘feel’ of
conscious cognition is based on thermodynamic transfer of intrinsic
conformation actualized as a ‘consciousness code’ arising through
negentropy principle of information. Higher up conscious cognition
dominates, and the unitary binding of consciousness disseminates
which means consciousness cannot function causally in the actual-
ization of physical behavior, i.e., consciousness has no causal pow-
ers [22]. However, there must be unitary binding of consciousness
across the neocortex for conscious cognition to emerge by way of
‘sensing’ consciousness. Phase synchrony of dipole-bound electron
oscillations form a macroscopic coherent state that gives stability
for unitary binding of consciousness in terms of the ‘consciousness
code’.



382 Journal of Integrative Neuroscience

Fig. 10. Effect of smaller L on the Boltzmann thermal entropy as an internal energy or intrinsic ‘potential’ informational pattern. Each pattern is
chaotic suggesting that each information pattern that carries ‘meaning’ informs conscious cognition in a unique way. (a) L=10−7,γ = 1.0, t=0.1 (b)
L=10−9,γ = 0.01, t = 0.01 and (c) L=10−7,γ = 2, t=0.5. Real component is shown in blue and imaginary component is shown in red.

What the macroscopic pilot-wave theory points to is synchrony
of phase differences occurring in the absence of classical potential
energy, while reconciliation of the quantum effect resulting from the
thermo-quantum fluctuations in the presence of classical potential
energy occurs through a pilot-wave force. Furthermore, the pilot-
wave force does not have a causal role in generating neuronal syn-
chronization, but instead there is supervenience relation. The highly
localized information processing cannot be connected by strict laws
with the nonlocal cortical processing governed by the pilot-wave the-
ory. This is not in tune with Searle [22] who refers to consciousness
as a biological phenomenon or ‘biological naturalism’ to explain in
naturalistic terms that there is nothing in the brain that supervene
upon the physical processes, yet our knowledge is limited in differ-
entiating between two unique physical processes: the local and the
nonlocal.

The intrinsic/internal ‘potential’ information (observer-indepen-
dent) is discrete and based on the structuring of macro-quantum
potential energy that represent a vast range of potential possibilities.
The macro-quantum potential energy arises according to ‘hidden’
thermodynamics of particles and negentropic action arising from the
microscopic scale of matter. Moreover, the quantum-like realm is
characterized by indeterminism, i.e., non-causal effects [3], this is

incongruent to nonreductive physicalism where quantum effects are
assumed to impact higher-up hierarchical levels of brain function.
According to panexperientialism it is energy transfer described in
terms of actualized differences that supervene on material interac-
tions. The notion of emergence of consciousness from matter or
panexperiential materialism is advocated here given that the hidden
energy is intrinsic to matter [25]. Also given that information in the
brain is based on two different processes (i.e., local and nonlocal)
it is virtually impossible to conceive integrated information theory,
but rather the ’self-actualization’ of the organism—the process of
conversion of potentiality into actuality in the context of organismic
teleofunctionality2.

The macro-quantum potential energy is an informational chan-
nel that carries ‘meaning’ in highly interconnected macro-quantum
systems. Such interconnectedness is possible through temporal cou-
pling of the pilot-wave force driving the wave function, and the
time scale of cellular processes, which is 10−9 sec and longer. The
thermo-quantum energies associated with the ‘consciousness code’
are capable of being ‘sensed’ by the quickest cellular processes
which would fathom self-awareness through conscious cognition.
Moreover, negentropic entanglement is more likely to be an ‘integra-

2Is a reflection of subjectivity in the teleofunctionalist epistemology.



Journal of Integrative Neuroscience 383

tor’ of intrinsic ‘potential’ information that never directly interacts
with conscious cognition rather conscious cognition ‘feels’ the con-
sciousness process through a mean field approximation FQ =−∇Q
(forthcoming).

Fig. 11. Aristotelian fundamental causes as a recursive hierarchy (the re-
lational holon). The causes are integrated so there is no infinite regress
associated with first and final cause. Spontaneous potentiality via negentropy
principle of information establishes the potential existence as a formal cause
in terms of nonlocal contextual potentials (macro-quantum quantum potential
energy). Intrinsic ‘potential’ information transcends both the contextual
(potential) and the realized (actual) aspects of the consciousness process.
Note the closure of the holon requires acausal relationship with conscious
cognition and therefore ‘feeling’ or ‘sensing’ is done through a thermodynam-
ically hierarchic transfer of intrinsic information with higher-order cognitive
functions, including memory. The direction of each cause is not reversible
and closure of the holon at the nexus between consciousness process and its

‘feeling’ or ‘sensing’ by conscious cognition is bidirectional, since uncertainty
in the brain supervenes on the lower level intrinsic ‘potential information’,
thus excluding the requirement for externalism.

Spontaneous potentiality as experiential flow of potential energy
(and not kinetic energy)as a result of ‘pilot-wave’ guiding actualized
phase differences, which is the mechanism for unitary binding of con-
sciousness and as such a formative cause of consciousness. A direct
connection between the collective unconscious and consciousness
can be fathomed in embodied cognition. The collective unconscious
is like a ‘databank’ that is completely nonconscious, but may spring
into consciousness, by the macro-quantum potential energy as spon-
taneous potentiality via negentropic action that ‘binds’ the actualizd
phase differences, thus acting as an ‘integrator’ of intrinsic ‘potential’
information, which is equivalent to ‘uncertainty in the brain’, but
occurs at a higher level, so its properties supervene on the lower-level
properties associated with intrinsic ‘potential’ information.

The physicality of embodied consciousness remains quantum-
like in nature due to its nonlocal character, but this should not be
taken as subluminal consciousness. Nonlocality refers to contextual
potentials or macro-quantum potential from the thermo-quantum
energy processing at the very small scale, just below the molecular
level, above the atomic scale. Without the processing of energy,
cognition is unable to store information, yet presupposed in and nec-
essary to experience this ‘potential’ information in the final cause of
inner experiences via memory as shown in the holon (Fig. 11). Based
on a teleological functionalist epistemology, Aristotelian doctrine
of causes becomes: The material cause is the existence of nonlocal
causal dynamical relations; formal cause is a contextual potential
that realizes a teleofunction; efficient cause is an action realizing

(actualizing) a teleofunction; final cause is teleofunctionality 3.
The location of conscious experience or conscious cognition is

the feedback from prefrontal cortex to posterior cortical areas, while
the nonconscious processing or brain functions are sensory inputs
to thalamus to primary visual cortex to prefrontal cortex. Anesthe-
sia disrupts the consciousness in the pathway from the prefrontal
cortex to posterior cortical areas [74]. This suggests that the holon
gets disrupted between the conscious cognition stage and the ‘po-
tential’ information stage due to the overwhelming uncertainty in
the brain. In other words, anaesthesia increases uncertainty in the
brain to a stage where ‘potential’ information is completely removed,
and the consciousness process is no longer capable to continue as
spontaneous potentiality.

10. Conclusion
The macro-quantum wave equation was solved to yield the macro-
quantum wave function in both the absence of classical potential
energy U = 0 and in presence of classical potential energy, for a
simple case when U = 1. The presence of macro-quantum potential
energy acts as a ‘pilot wave’ manoeuvring the phase differences, as
an integrated negentropic action. Negentropic entanglement ‘binds’
nonconscious entities to ‘potential’ conscious entities, temporally,
thus acting as an ‘integrator’ of intrinsic ‘potential’ information, that
convey ‘meaning’ at the fundamental level. There are distinctive
informational patterns that carry ‘meaning’. Each ‘meaning’ is ex-
tracted by the subjective observer through self-actualization at the
most fundamental level. The internal thermo-quantum energy stabi-
lizes the actualized phase differences without which there would be
no ‘conscious-pilot’. The ‘conscious-pilot’ invokes a spontaneous
process that functionally cannot be reproduced outside of the brain
without an artificial agent that can stabilize and ‘bind’ the actualized
phase differences.
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