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Controversial hypotheses to explain consciousness exist in many fields of science, psychology and
philosophy. Recent experimental findings in quantum cognition and magnetic resonance imaging
have added new controversies to the field, suggesting that the mind may be based on quantum
computing. Quantum computers process information in quantum bits (qubits) using quantum gates.
At a first glance, it seems unrealistic or impossible that the brain can meet the challenges to provide
either of these. Nevertheless, we show here why the brain has the incredible ability to perform
quantum computing and how that may be realized.

Introduction

Thousands of neuroscientists collect new results every
year, gaining more insights about how the brain may
work. However, despite the collective efforts, there is
still much progress to be made in tackling the big ques-
tions. Could this be because dominant concepts in neuro-
science, which were developed between 50 to more than
100 years ago, are now outdated [1]?
If the answer is yes, then we have to search for contra-
dictions in the overwhelming flood of information, or we
may have to change the viewpoint from which we inter-
pret those results. We will show here, that such a revision
can, reveal unknown biological mechanisms which will re-
veal unknown biological mechanisms which will change
our perspective on neuroscience fundamentally.

Today’s neuroscience is incomplete

Let us first approach neuroscience philosophically. In
regard to consciousness, the advantage of philosophy over
science is that it can consider something like ‘experi-
ence’ where science has no ability to measure this of yet.
Therefore, what seems to be an advantage to philosophy
may be a stumbling block for today’s neuroscience.

To understand this, we divide consciousness into two
parts[2]. The first part is the ‘easy problems of conscious-
ness’ which include the following phenomena: the abil-
ity to discriminate, categorize, and react to environmen-
tal stimuli; the integration of information by a cognitive
system; the reportability of mental states; the ability of
a system to access its own internal states; the focus of
attention; the deliberate control of behaviour; and the
difference between wakefulness and sleep. On the con-
trary, the hard problem refers then to the problem of
explaining why and how sentient organisms have qualia
or phenomenal experience.

Qualia can be simply and broadly defined as the ‘what
it is like’ character of mental states [3]. They refer to
the introspectively accessible, phenomenal aspects of our
mental lives. In this broad sense of the term, it is dif-
ficult to deny that there are qualia [4]. The difficulty
which arise from qualia is that, they cannot be commu-
nicated, or apprehended by any means other than direct

experience. All interpersonal comparisons of qualia are
systematically impossible [5]. In this sense it is impos-
sible to communicate or ‘access’ qualia directly. Conse-
quently, thought experiments have been designed to help
understand qualia.

A famous thought experiment by Jackson [6] aims to
show that qualia are irreducible, non-physical entities.
In this experiment, Mary, a scientist who knows every-
thing about colours, has ever only seen her world in
monochrome. She wonders to herself, how it may be, if
she could see colours. When she finally can see colours,
she experiences colours and makes important discoveries,
despite the fact, that she had known everything about
colours. If what it is like for someone to experience colour
is one and the same as some physical quality, then Mary
would have known that before she can even see it. But
because she doesn’t know, then one may conclude that
qualia is irreducible, non-physical. If instead, qualia is
physical, then it follows, that the assumption about how
information in the brain is processed, is false or incom-
plete. Are we missing something in the thought exper-
iment about Mary? If yes, then qualia may need new
concepts in neuroscience to be understood, which had
been claimed by Nagel [3] years before.

Figure 1. Flow diagram of the argumentation as used in this
viewpoint.
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Non-neuronal computation

Let us now return to Chalmers’ approach but as a
physicalist. If we could access qualia directly via the neu-
ronal system, then we could express and articulate them.
Because we can’t access qualia at all, we could conclude
that qualia are independent, or at least partly indepen-
dent, of the neuronal system. That also means that there
must be different levels of how the mind can be accessed;
some levels can be accessed via sensory or cognitive pro-
cesses etc (easy problem) but others not (hard problem).
In physicalism, those levels must have a physiological ori-
gin, which means that distinguishable physiological sys-
tems must exist which correspond to the hard problem
or the easy problems.

The existence of such systems or ‘levels of conscious-
ness’ may also be reflected in the memory system. Com-
putation has a clock rate which should somehow be corre-
lated to the memory systems which is an integral part of
computation. The brain is organized from short- to long-
term memory, which may work at different space and
time scales. Then, they must operate quite differently in
identifiable physiological systems.

At least one of those physiological systems depends on
cardiac dynamics which people with low blood pressure
can experience in their everyday life. If blood pressure is
disturbed in those people, by a sudden standing up from
a resting position than an immediate black-out follows;
a loss of consciousness. In people with normal blood
pressure this condition can also be enforced with simple
techniques.

That means that an undisturbed heart pulse is a neces-
sity for consciousness. Experimental set-ups of the last
100 years have shown that neurone activity can be re-
ported even under arduous conditions. A shutdown of a
neuronal network which is caused by a small disturbance
is very unlikely. It is even more unlikely because it is ac-
tually a ‘missing’ disturbance (the cardiac pulse) which
causes the blackout.

To our knowledge there is no evidence that neu-
ronal networks need any pressure disturbances to oper-
ate. Therefore, we conclude here that the blood pul-
sation should be a fundamental component in a non-
neuronal network; there should be a system which de-
pends strongly on blood flow dynamics without being
directly influenced by neurone processing.

Non-classical system

Until now, we have assumed, as commonly done in
neuroscience, that the computation is classical. How-
ever, Qualia may also be explained with quantum com-
puting. As a physicalist, we must ask why modern neuro-
science cannot detect qualia. One reason could be, that
the brain must be conscious, which in many experimen-
tal set-ups wouldn’t be the case. The other reason could
be that the computation is based on quantum mechan-

ics which cognitive neuroscience, defined in the realms of
classical physics, wouldn’t observe. If qualia is a manipu-
lation of a wave function, then it only becomes observable
after its collapse. This may be the reason why we can-
not communicate the information stored and processed
in qualia to the outside world because we cannot fully
obtain this information in a single measurement.

However, we don’t want to speculate on this further
because the development of quantum computing is in an
early state; we don’t know yet how a complex quantum
computer like a quantum brain may operate. But what
we can do is, we can examine observations which lead
to a quantum mechanical interpretation as evidence of
a quantum brain. Therefore, we want to view the re-
sults of the so-called quantum cognition from a different
angle. In quantum cognition, it has been shown that
the mathematical formalism of quantum theory can be
adopted to model cognition showing advances over tradi-
tional classical probability theory in many aspects of cog-
nition. But researchers in this field argue that they only
use the mathematical formalism of quantum mechanics
without assuming any underlying quantum physics [7, 8].

In the light of the success of quantum cognition we
have to ask whether the computing power of the brain
is sufficient to simulate quantum mechanics? As has re-
cently been shown in simulation of simple quantum mod-
els, quantum computers exceed the computational power
of any super-computers [9]. On the other hand, super
computers exceed the computational power of human
brains as has been demonstrated in Chess [10] and Go [11]
challenges between grand masters and super computers.
Therefore, it is unlikely that the brain has enough clas-
sical computing power to simulate quantum formalisms
behind cognition. It would also make no sense to waste
so much computational power, which only results in low
reliability, through non-commutative effects.

Are qualia reducible, physical entities?

The derivation above suggests that qualia may be
implemented physiologically using quantum computa-
tion. In the following, we will discuss how this could
be achieved. Quantum computing can be realized in
many ways but most involve physical states like polar-
ized photons or Josephson junctions. Because of com-
mon intuitions of quantum mechanics we reject the ex-
istence of quantum coherence in the hot and wet envi-
ronment of the brain [12, 13]. Another objection may be
that neuroscience is defined as classical for good reason.
Most observations linked to the mind are classical. Neu-
rones which are considered as main contributors to cog-
nition send information via action potential; a classical
signal. However, classical signals can also be observed in
quantum computation as result of a measurement dur-
ing computing or as part of information transfer which is
performed using quantum teleportation [14]. But in the
end, it is the unimaginable prospective of coherent quan-
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tum processes in the brain which has been the stum-
bling point for any quantum mind theory brought for-
ward. However, over the last 30 years, new quantum the-
ories have evolved through the inclusion of topological
aspects. Those ideas have encouraged us to rethink the
prospective of quantum brain computing. In the follow-
ing, we will now lay out a rough and ingenuous hypoth-
esis of how quantum computing may work in the brain
despite all concerns. The aim is to impart clearly the
envisioned direction whereby a detailed description may
not be possible due to the lack of experimental results.

Topological quantum theories have advantages over
conventional quantum theories. They can be protected
(or more stable) through the topology and, if used for
computing, the computing is fault tolerant. In this so-
called topological quantum computing (TQC) informa-
tion can be processed via topological braiding whereby a
topological order is imparted to topological defects [15]. If
both properties, the topological order and defects, exist
in the brain then the argument, that quantum brain com-
puting is impossible, is obsolete. Then, observation as
discussed above can be interpreted without unsubstanti-
ated reservations as quantum computation.

Living matter, as brain tissue, can be regarded as
a kind of material, which can be studied using the
tools of condensed matter physics and statistical mechan-
ics [16]. A universal theory of this kind of condensed mat-
ter should provide a catalogue of the generic behaviours,
such as nonequilibrium phases and phase transitions [17].
Some phase transitions of active matter have success-
fully been described by Ginzburg-Landau theory refer-
ring there to exotic properties which active matter can
mimic, such as superfluidity, sound modes, long-range
order, and Nambu-Goldstone modes. This shows that
active matter, like condensed matter, can not only be
understood by the symmetry breaking theory of Landau
but can also resemble phase transitions which are only
known in low-temperature physics; a remarkable capa-
bility of active matter. Other phases of active matter be-
have like liquid crystals where internal motion can result
in the formation of emergent dynamic structures, includ-
ing topological defects at which local order breaks down.
Topological defects in those materials show remarkable
dynamics like movements in a céiĺı dance fashion [18].
Recent studies in living tissue have shown that topolo-
gical defects seem to influence cell behaviour. In neural
progenitor cell cultures, defects can control cell move-
ment [19]. More drastically, it has been shown that com-
pressive stresses induced by orientational ordering and
defects in the epithelium provide a physical trigger for
cell death [20]. From those findings, we can conclude that
topological defects of nematic origin exist in brain tissue,
and that they can probably move around.

Topological defects can also be found elsewhere in bio-
logy, e.g. in microtubules. Research of those structures
has pioneered another very recent field of research; topo-
logical mechanics. Prodan and Prodan have shown initi-
ally that topological vibrational modes can be localized

at microtubules edges [21], which can also be recreated
in simple mechanical models. Meanwhile, the field of to-
pological mechanics has evolved fast whereby the most
striking examples are the mechanical analogues of the
quantum Hall and spin-Hall effects. The latter requires
a half-integer spin that has no direct equivalent in the
classical realm.

It is now intriguing to suggest that microtubules can
resemble the so-called “Majorana zero modes (MZMs)”,
which are topologically protected degeneracy in the pre-
sence of certain topological defects [22]. If biology can
provide a mechanism to braid those MZMs then we know
that mechanisms in the brain exist which could perform
quantum computing, which is remarkable. However, as
mentioned before, most cognitive functions are performed
on larger temporal and spatial scales involving ensembles
of cells. Therefore, it is likely that MZMs in the cell cy-
toskeleton are important for computation inside the cell
but not for higher brain functions.

In this respect, nematic-like defects in-between brain
cells, as mentioned above, are probably a better choi-
ce for cognition and consciousness. A first hint that this
might be the right attempt is, that nematic defects rely
on cerebral fluid dynamics which in turn depend on the
cardiac pulsation, a necessity for consciousness. They can
potentially move in céiĺı dance fashion to perform topolo-
gical braiding. What makes it particularly exciting is its
dependence on turbulences [18]. That means that the
defects may braid in a time window when the cardiac
pulse enters the tissue because then turbulences occur to
facilitate the drastic change in flow velocity. Remarkab-
ly, this is the same time interval when long-range mul-
tiple quantum (but no short-range) coherence occurs in
brain tissue. For most practical purposes, this coherence
can be considered as quantum entanglement [23]. If we
take the fact into account, that the essence of topolo-
gical order is the existence of long-range (but without
short-range) entanglement [24], then we can conclude,
that the topological order may coincide with céiĺı dan-
cing defects. That means the cardiac pulse conducts to-
pological braiding in the brain which explains why the
cardiac pulse is so important for consciousness. Further
experimental evidences underpin this proposal. First, the
multiple quantum coherence declined in volunteers who
have fallen asleep [25]. And second, complexity analysis
of the multiple quantum coherence time series showed a
relationship with short-term memory performances [26].

This topological braiding by nematic defects is only in-
directly connected to the neuronal network and therefore
not directly accessible in full. It fulfils the expectations
for qualia which we set above.

DISCUSSION

We have derived, based on a physicalistic view, that
the brain should be a non-classical computer strongly
depending on cerebral pulsation. We have started with
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philological considerations about how we experience li-
fe. We have found that an introduction of an unknown
computational network, which is disconnected from di-
rect access via neurones, could explain why we experi-
ence mind dualistically. Results from quantum cognition
have prompted us to quantum computing.

Then, we have proposed a network which is out of the
reach for the human observer because it works in space
and time scales which are not directly accessible through
neurones and because it is based on topological quantum
computing.

We have shown that, despite common beliefs, a realiza-
tion of quantum computation may be possible in biologi-
cal systems, if we move away from former quantum mind
theories which have been shaped by “classical” quantum
mechanics. Our proposal departs clearly from those ideas
in quantum mind theories ([27] for overview) which base
their considerations on von Neumann’s measurement pro-
cesses derived from the Copenhagen’s interpretation [28].
Instead, it can be seen as an evolution of the quantum
field theory based on Umezawa ideas in the 1960s [29].

Finally, we want to emphasize that we have used the
non-neuronal network in our consideration, not because

we believe that quantum computing is restricted to this
network, but because it is experimentally easier to ac-
cess. We believe that the neuronal network is also based
on quantum computing but the shorter time scale in the
range of milliseconds is a challenge if experiments have
to be performed in-vivo, awake and with budget cons-
traints.

CONCLUSION

Concepts in neuroscience but also in physics are outda-
ted. New results in quantum cognition, topological phy-
sics and quantum computing have to be considered if we
want to understand the mind. Our considerations include
two new approaches to mind; (a) quantum computation
and (b) an unknown non-neuronal network. Combined
they deliver, as we believe, a sound story. Of course, ma-
ny pieces of the jigsaw are still missing but at least we
may have a clue now for what we have to look for; to-
pological computing may be the most obvious, natural,
and fundamental known concept which could be applied
to the mind.
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