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The computation power of living systems is maintained by decoherence-free
internal quantum states
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Abstract: The internal quantum state (IQS) is a kind of a pilot-wave (in the Bohmian sense) attached
to a macroscopic system and representing its potential field continuously reduced during its exhibition
to the external world. This state is maintained as decoherence-free by applying error-correction
commands to it and by screening from thermal interactions. Its effective temperature is kept down
below the millikelvin range thus being screened even from the background microwave radiation. The
quantum Zeno effect enables coherent superpositions and entanglement to persist for macroscopic time
intervals. The 1QS thus avoids the Boltzmann statistics and approaches a state when the Bose-Einstein
statistics is applicable. The 1QS of a living system can be viewed as a subtle individual subatomic
structure reduced to a complex pattern of vibrating strings and exhibiting itself via a visible classical
body-like system. Light quanta inside 1QS are trapped like matter is trapped by a black hole in space.
The 1QS can be considered as a unified field meeting place of gravitational, electromagnetic, weak and
strong nuclear forces. The phenomenon of emission of weak coherent light is an indirect evidence of
coherent long-living internal quantum states in living systems. This emission is a kind of a similar
phenomenon as the Hawking’s radiation from black holes and it may serve for unification of the
processes taking place in different subsystems of a biological system (synchronization of individual
coherent states within the whole system). The external exhibition of the 1QS can be expressed as a
mapping from complex to real numbers where the certain rules are generated, e.g. the power law and
other recursive formulae. In the simplest case when two superposed states are reduced, it has a limit of
price of action equal to the Planck’s constant. The reduction is non-computable and resembles the act
of volition. The result is Godel number appearing above superposed states and memorizing the act of
reduction. It is used by living system as an information unit in emerging computation process.
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1 Introducing numbers

According to Pythagoras, the basis of the world is number. But how the numbers appear? Really some
energy or action (the fire, Pyr, in terms of Heraclitus) (which could be quantified, i.e. numberized
itself) has to be applied to introduce numbers into real world. l.e. a number is needed to introduce the
number. A number is used to establish the set of numbers similarly as the Cretean establishes the set of
Creteans-liars in the Epimenides paradox. Thus the semiotic paradox (having the same structure as the
Epimenides paradox) is applied in the introduction of mathematics to real physical world [1]. The
fixation of this paradox in the physical world involves some minimum quantified price of action to
introduce a number, i.e. a kind of the value that is non-computably embedded to link mathematical
operations to the parameters of the existing physical world.

As it was mentioned by Liberman [2], mathematics and physics have no simple connection.
Physics implies that the world is intrinsically deterministic (externally viewed), while mathematics
implies an internalist view that it can be controlled if we know an equation. The presence of a physical
law described by the mathematical formula means that the process could be controlled if we compute
it. But there is a physical limitation of computation: any calculation action has a price. Addition of one
takes energy, and this energy cannot be zero. This means that the control is limited: if the price of
action is high, the process cannot be controlled. Determinism is a state appearing after applying the
control. l.e. physics describes the world after mathematics is applied to it, i.e. physics in some sense is
an applied mathematics. Really, the fundamental constants of physics are the primary parameters for
the embedding of computation into real world.

If we divide space, ideally we can do this infinitely. However, the real space cannot be like this:
movement in such space is impossible, which is proven by Zeno paradoxes. For the division of space
we should apply a certain amount of energy, which cannot be infinitely small in a given real world.
This means that the smallest amount of energy being introduced to separate two points, i.e. to establish
a division, which can introduce a number (e.g. add one), has a certain value specific for the existing
world. This determines the smallest space and time intervals defined (in our world) through the
Planck’s constant. Below the Planck scale, “the conventional notions of space and of distance between
points melt away, leaving us in a vastly different conceptual landscape” [3, p.379]. On scales larger
than the Planck’s length “our conventional notion of space does re-emerge” [3]. This means that in real
physical world there should be a materialized analogy to the infinitesimal [4], to quantify it and
“resolve” (or “hold”) the Zeno paradox. It is determined by physical impossibility to divide space or
time below certain values, which contradicts to pure mathematical models. This idea of minimum
measurement is quantum mechanical. It establishes a non-computable definition of the value that is
needed to introduce the value (number) in the real world. Zeno paradox is solved via the physical
impossibility of infinite division of the space-time. We need a minimum quantity (indivisible “one”)
that introduces a quantity in the real world. This also shows that the Zeno paradox (the movement
paradox) is a consequence of the semiotic paradox (generally of the Epimenides paradox) [1].

The minimum unit of the reality should correspond to the transition from potentiality to actuality.
This is explicitly developed in Plato’s dialogue Parmenides through the notion of the “exaipnes”, i.e. of
some non-computable event that introduces computation into real world [1, 5]. Really, Diogenes was
not fully wrong by solving the kinematic paradox by walking: the physical (but not mental)
impossibility of the infinite division of space in a given universe fixes the paradox and creates the set
of physical laws via introduction of minimum price of action for calculation.
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The elementary process (minimum action) can be defined as a Whitehead-type creative event of
non-computable reduction of potentiality leading to formation of a state [6] described as a set of real
numbers. It relates to other events via a relational space-time interaction. A unit that realizes such a
process can be defined as the monad following Leibniz [4]. It is a unit that embeds mathematics into
the real world via introducing the time that separates contradictory statements in space. Embedding is
contradictory, but there should be a non-contradictory solution for separation of contradictory
statements in time. That implies a possibility of holding the paradox within the Universe. The
properties of time (one-dimensionness and irreversibility) are those that keep the paradox “alive” in the
real world. Fixation of contradictory statements is possible by means of intrinsic logic of a given
logical unit (topos) [7]. When we introduce time, which separates contradictory statements, we sink
from the mathematical into the physical world and face infinite regression avoiding simultaneous
existence of opposite definitions [8].

2 Leibnizean world

Leibniz [4] portrayed the Universe as an infinite set of fundamental units (monads), each having a
psychological being, from primitive (as expressed in modern science in uncertainty in quantum
reduction at subatomic levels) to the sophisticated (as in living beings having free will). A monad
realizes non-computable choice, i.e. makes a decision. The space, according Leibniz, is a pattern of
coexistences and the whole world is a universal harmony (mutual complementarity) of monads. Each
monad has its own time consisting of the set of points of view (reflections) of the monad on itself,
while the space is a set of points of view on the whole. In other words, the space is a set satisfying the
principle of the universal harmony of monads, and there should be certain parameters uniting time and
space, satisfying the principles of coexistence of monads, i.e. of observability of the world. Such a
representation of the world derives its objectivity from the relativity of a single picture represented by
a monad’s point of view. This relativity means uncertainty in the formal representation of the view of
the single monad. Evolution serves as an engine to overcome such uncertainty, the process open into
infinity and without frames.

One special case of the pre-established harmony accounts for the apparent interaction of mind
and body in a human being as nothing more than the perfect parallelism of their functions. In fact, the
human mind is just the dominant member of a local cluster of monads, which collectively constitute
the associated human body (Monadology 863) [4]. Individual substances stand in spatial relation to
each other, but relations of this sort are reducible in logic to the non-relational features of windowless
monads. In exactly the same way, temporal relations can be logically analyzed as the timeless
properties of individual monads. “An invisible harmony is better than a visible one” (Heraclitus,
fragment 54) [9]. Realization of computation could be possible only at certain fundamental symmetries
serving as preconditions. These symmetries correspond to fundamental physical laws.

In modern physics, the pre-established harmony corresponds to the formulation of the anthropic
principle. Mathematically expressed physical parameters may strictly correspond to observability of
the world by embodied living organisms having internal digital structure with the alphabet and
grammar, which generates a unique solution for the appearance of free will and consciousness [10].
The existing values of fundamental constants and dimensionality of space-time may represent the only
solution for the existence of shielded coherent states corresponding to living states and consciousness.
But we probably cannot prove this only solution mathematically; we can only get sets of empirical data
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that this solution fits to the observability of real world. In other words, we can prove the validity of
fundamental constants as Diogenes proved the existence of movement, by walking.

3 Measurement and its price

Any event can be described as a reduction of potentiality represented as a mapping from complex to
real numbers. In the simplest case when two superposed states are reduced, it has a limit of price of
action equal to the Planck’s constant [2]. Since it is non-computable, the reduction resembles the
volition act. The result is a number appearing above superposed states. The minimum time of the
reduction is the Planck’s time, while the minimum length is the Planck’s length. These values
correspond to a putative black hole with the Planck’s density, which inflates into a Universe.

The presented picture can be described following Penrose [11, 12] and his twistor theory in a
way that there is no preexisting geometry for space, no fixed reference points: everything is dynamic
and relational. The fundamental things in the world are processes (“volitions”). The things exist only
by virtue of the meetings of the intersections of processes (quantum measurements). The quantum
measurement is a basic non-computational physical process. The fundamental constants appear as a
correspondence of measurement (embedding mathematics) to the consistency of the actual world. They
divide the world in two parts: one being recursive (in which physical laws are operating), and the other
is non-recursive (where algorithmic operations are impossible) [13]. It appears that below the Planck’s
time, there is no measurable amount of time and below the Planck’s length there is no measurable
amount of space. This corresponds to modern views that the black holes (defined as gravastars in this
approach) can collapse down to the Plank length but not to a zero scale [14] and this establishes the
limits of the third law of thermodynamics in approaching the zero-temperature final state of the black
hole [15].

The wave functions that involve superpositions of spatially separated wavepackets should also
have superpositions of the gravitational fields associated with the distinct mass distributions of the
wavepackets [12]. The gravitational field states involved in superposition require different space-times
among which a point-wise identification is not possible due to covariance. Under these conditions, it is
not possible to define a unique time-translation operator and the very concept of stationary state. This
leads to uncertainty of energy, which makes such spatially superposed states inherently unstable.

A particle exhibits the quantum behavior according to the Schrédinger equation only over a
length scale, which depends on the mass of the particle [16]. Beyond this scale, the behavior is
dominated by gravitational effects which do not permit spatial superpositions and may lead to
classical-like behavior. The Planck’s mass (which value is high being of the order of 10° g)
corresponds to the energy at which the gravitational force between particles becomes stronger than the
electroweak or the strong forces [16]. In terms of quantum mechanics, real times of measurement form
concrete patterns of interactions leading to realization of coherent events and formation of spatial
structures.

4 Internal quantum states
In living systems, there should be mechanisms that preserve coherence over a time of the order of a

second. A reaction region enveloped in an enzyme molecule will be partly screened from the van der
Waals-mediated thermal interactions from the rest of the cell. Similarly, the histone wrapping of DNA
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might serve to shield coding protons from decoherence [17]. Organisms exploit thermodynamic
gradients by acting as heat engines to drastically reduce the effective temperature of certain
macromolecular complexes. The effective temperature of the coherent state of the actomyosine
complex was calculated (from emitted quanta) as near 10 K [18]. In the processes associated with
mind, the effective temperature can be much lower.

The coherent state with very low temperature is delocalized. Coherent states involving Bose-
Einstein condensation (the most ordered form of condensed phase possible when a macroscopic
number of particles occupies the same single-particle state) actually bridge the gap between micro and
macroscales, realizing the “prehension” [6] of single points into total entities [19]. The screened
regions forming decoherence-free subspaces can also be shielded by error-correction [20]. When a
system couples very strongly to its environment through certain degrees of freedom, it can effectively
freeze other degrees of freedom by a sort of quantum Zeno effect, enabling coherent superpositions
and even entanglement to persist [21]. The situation is that unexpectedly long decoherence times exist
in biological systems allowing maintenance of internal quantum states.

The problem is if calculated values of millikelvin range in biological macromolecules can drop
down to the scale of tens or hundreds nanokelvin necessary to maintain Bose-Einstein condensate, i.e.
to avoid the Boltzmann statistics inherent to macromolecular systems. Probably both screening from
thermal interactions and error-correction can drop internal temperatures down to such low
temperatures [10, 17]. The effective temperature of the actomyosin complex was calculated according
to the time of its conformational relaxation and the amount of quanta emitted. But the ATP-linked
actomyosin processes support more subtle coherent phenomena of maintaining living system entity,
which could be much colder. Really there should be processes in living systems (particularly in long-
size microtubules of nervous system) [22, 23] that correspond to emitting much less quanta and hence
to supercold effective temperatures orders of magnitude below that calculated by Matsuno and Paton
[18]. The protein-based circuits in bacteria are based on structures strikingly similar to the microtubule
protein, tubulin [24].

What happens when temperature drops down to such low values? We approach the state
described by Bose-Einstein statistics and likely present in the regions of the Universe shielded from the
temperature of microwave radiation of the Big Bang, which currently is 2.7 K. Such shielded states
exist in black holes or gravastars [14]. Gravastars are quark stars, analogously as neutron stars exist
and represent a gravitational version of the Bose-Einstein condensate. These states can be also modeled
in supercold fluids [25-27]. Light inside such a fluid can become trapped into the inescapable grip of
the vortex much like matter is trapped by a black hole in space [28-30]. The point of no return is the
event horizon. Sound waves are trapped in these areas of moving fluids like light in black holes.
According to [31], this state traps phonons (particles of sound) in much the same way that a black hole
traps photons and there is a sonic analog of black hole. This black hole-like state is the virtual state
having no distinct localization in the space-time. The gravitational Bose-Einstein condensate is all
composed of an identical wave function [32]. It consists of particles created in pairs out of the vacuum
near the edge of black hole. This is the place where four fundamental forces come together.

The 1QS can be considered as a meeting place of gravitational, electromagnetic and weak and
strong nuclear forces (unified field). The low-energy Bohm quantum qualia pilot wave (or quantum
potential or 1QS) [33] is supplemented by direct back-action of the material Frohlich [34] modes of the
macromolecules on its attached pilot wave. According to Sarfatti [35], the distinction between dead
and living matter is that for dead matter the quantum wave function acts on the matter but is not acted
upon by the matter. What defines life is the action of sufficiently organized matter back on its own
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wave function (internal non-demolition measurement)[35]. Gddel numbers are needed to this kind of
control.

Frohlich [34] explained biological activity as a result of the collective vibrations of electric
dipoles in biomacromolecules. As we can add from the quantum mechanical point of view, to these
vibrations an 1QS (quantum “Bohm pilot-wave”) is attached. It governs Frohlich-like vibrations via
Hamilton-Jacobi force [35] with the minimum price of action of the value of Planck’s constant. The
operation of quantum reduction of wave function realized in biosystems by macromolecular devices is
a background of the infinite recursion, thus the actual irreversibility and time flow. The relevant
particles are electrons whose spatial displacement controls the conformations of the protein molecules.
The idea of the living system doing a quantum computation requires that there be no collapse or
decoherence whilst the computation is in progress [36,37].

The initial evidence of coherent long-living quantum states in living systems is a phenomenon of
emission of weak coherent light discovered by Gurwitsch [38] in early XX century [39]. It is worth to
note that the emission of quanta during actomyosin contraction allowed calculation of effective
temperature of its internal coherent state [18]. Recently a strong evidence of ultraweak photon
emission was demonstrated [40]. This emission is a kind of the same phenomenon as Hawking’s
radiation from the black holes [41] and it may serve for unification of the processes taking part in
different subsystems of biological system (synchronization of individual coherent states), i.e. serve as a
kind of informational field as originally proposed by Gurwitsch [38]. The internal quantum state of a
living system is a subtle individual subatomic structure and really can be reduced to a complex pattern
of vibrating strings, which exhibits itself via a visible classical body-like system.

5 Theoretical biology as applied metamathematics

In biological world, real numbering appears as Godel numbering and the digital computation is a result
of such embedding of Gddel numbers [1, 10]. Gédel numbering appears only in complex formal
systems. We have mentioned that the structure of the potential field of the internal quantum state is
self-contradictory. Actualization ends up this self-contradiction realizing one possibility from many.
But the measurement itself remains self-contradictory before we do not consider it as occurring with
finite velocity [42-44]. Otherwise it will contain contradictory statements at the same moment of time.

Describing a system in which internal detection proceeds with a finite velocity is always destined
to end up with a form of self-contradiction [44]. Hierarchical structures will arise through interference
between local and global description. Decoherence of a continuously measured system is completely
determined by the measurement readout, i.e., by the information recorded in its environment.
Information plays a dynamic role in quantum mechanics, determining the back influence of the
measuring medium onto the measured system. Finite velocity in continuous measurement provides that
decoherence may be described as a continuous (prolonged in time) measurement.

Gunji’s model [42,44] implies the notion of relativity of any resolution of the paradox. In a
dynamical system a certain transition rule is used recursively along time. In order to resolve the
paradox, we identify the form of a fixed point with a domain equation and obtain a reflective domain,
however we simultaneously show that any resolution is relative. Solving and obtaining a reflexive
domain is used as a new transition rule. Finite velocity of observation propagation thus collapses into
fractal structure. In Gunji’s approach, the notion of relativity of any resolution of the paradox is
implicit. In order to resolve this paradox, a system identifies the form of a fixed point with a domain
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equation and obtains a reflective domain. This process perpetually proceeds along time, and then the
system perpetually proceeds while any solution is destined to be relative [44].

Newly generated structure is put into correspondence not to the previously existing reality, but to
the changed reality non-recursively modified after the inclusion of this structure in it. The developing
(evolving) system realizes the reflection to the area, which is not defined before. It should be
compatible with the maximal number of existing things. Transformation therefore is analogous to the
creation of new formulae (Godel numbers), which were absent in the initial formalized calculus. An
active combinatorial process of self-modification of information, being an internalized language game,
allows a system to generate wider possibilities for creating Gddel numbers. A new solution appearing
during the evolution of a formal system cannot be obtained in a recursive combinatorial way.
Therefore evolution cannot be predicted with certainty, it can only be prognosticated with more or less
exactness.

The phenomenon of actualization corresponds to a reflection from the infinite set of potentialities
into a finite set of actualized elements in the frames of the self-referential process [8, 10, 45]. For its
description only spatial relations are insufficient: the irreversible time flow separates the references to
the whole (the set of potentialities) representing a biosystem and to its finite actualized model. The
choice of a definite set of quantum reduction parameters is determined by its consistency and
optimality in the whole system. The increase in complexity occurs simply as a result of perpetual
solution of the semantic/ measurement paradox [46]. The evolution, viewed as an internalist
continuous measurement in the system “living organism plus environment”, becomes its own cause, a
universal property of our world.

6 Internal quantum states and the problem of self

Liberman [2, 47, 48] suggested that the internal self refers not to molecular but to quantum structures.
Intranuclear distances (<10° cm) are characterized by the properties of “local freedom” when the
interactive forces are decreased. Colored quarks move at such small distances independently but they
cannot separate from each other: their interaction force does not decrease with the distance. E.g. the
visual perceptive system consists of the color 3D display separated from “me” who is looking on it.
The hypothesis of Liberman is that at these distances there is no need for the separation between “me”
and “monitor”, they both can be a polarization of the vacuum which is caused by the pictures of
distribution in space of the quarks (or even strings) responsible for our senses. Liberman [2] mentions
in this connection a possibility of interpretation of music via electromagnetic field distributing in the
system which is close to the absolute zero in normal conditions. We come to the concept that the
consciousness phenomena are possible as shielded from decoherence in the Bose-Einstein condensate
state [49].

Inside the regulatory system its internal volition-based behavior occurs that an external observer
describes via the probability (wave) function. The cause of such a behavior always represents non-
computable decision of the controlling system (monad) preceding a control. When we formalize living
system, we transform it into a program for a macroscopic computer without the internal point of view
and the freedom of will. Internal measurements occur by internally attached observer (Bohm’s pilot-
wave) and they are non-computable. They may be computed from the time future, i.e. from the
perfection of the final cause. A quantum superposition (actual separation of mass from itself in
Penrose’s concept) is equivalent to simultaneous space-time curvatures in opposite directions, causing
bubbles or separations in fundamental reality [11, 12]. They are unstable and become reduced after a



8

critical degree of separation equal to the Planck’s mass. In the uncertainty principle E = A/T, E is the
energy of the superposed mass, 7 is the Planck’s constant, and 7 is the coherence time until reduction.
The size (and energy) of a superposed system is inversely related to the time 7" until self-collapse. The
result of collapse may be estimated from the time future as being compatible to a larger number of
existing events than an alternative result, in correspondence with the unpublished (in his life time)
logic of Leibniz [50].

The problem of internal self and consciousness is how a device evolves that detects the rest of
the world [51]. We assume that the consciousness and social human being appear when the meaning of
a whole is encoded in the semiotic system as a Godel number [1]. A human being thus can model a
picture of the reality as something external but in which he is embedded. Measuring this reality means
that both measuring object and the measured reality are perpetually changing. This determines the
social development of the mankind whilst the embedding actual infinity means the beginning of social
evolution [1].

The molecular-based body of organism with Gédel numbers encoded in the genome is linked to
an attached internal quantum state. Until the organism is alive, it keeps connection to this state. The
anthropic principle is a direct consequence of such structure of the world. Human minds can see the
truth or falsity of the statements (Gddel sentences) that are non-computable. They can intuitively solve
certain machine-unsolvable problems (such as Kurt Gédel’s problem of recognizing the consistency of
arbitrary sets of axioms or Alan Turing’s halting problem for Turing machines). The consequences of
such incomputability are the Saussurean arbitrariness (contingency) of sign, the idea of Chomsky [52]
of indefiniteness in generative mechanisms as a requirement for the explanation of semiotic creativity
and the notion of Kolmogorov [53] about the randomness defined as sequential incompressibility.

We observe the outside world from the black hole-like coherent state and our perceptions (of
color, sound etc.) are quantum phenomena linked to macroscopic processes such as wavelengths,
sound waves etc. At the quantum (Bose-Einstein) level, there will be no division on subject and object
and our perceptions arise as polarizations of the Bose-Einstein state generating the observed pictures
[2]. The human thought and any decision-like activity of living beings can be described as a non-
computable process of generation of Godel numbers [44, 45, 54]. The system as a whole (this may be
highly organized brain or simply an evolving system “organism plus environment”) decides whether
the statement (GOdel number) is true. Such mathematical process (generation of GAdel numbers) has
an analogy in the background physical reality (actualized world). This analogy is the quantum
mechanical reduction, occurring as an internal measurement.
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