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Abstract
The basic ideas and implications of TGD inspired theory of consciousness are briefly summarized.

1

Basic notions and ideas

The conflict between the non-determinism of state function reduction and
determinism of time evolution of Schrödinger equation is serious enough a
problem to motivate the attempt to extend physics to a theory of consciousness by raising the observer from an outsider to a key notion also at the level
of physical theory. Further motivations come from the failure of the materialistic and reductionistic dogmas in attempts to understand consciousness
in neuroscience context. There are reasons to doubt that standard quantum
physics could be enough to achieve this goal and the new physics predicted
by TGD is indeed central in the proposed theory.

1.1

Quantum jump as moment of consciousness and the notion of self

If quantum jump occurs between two different time evolutions of Schrödinger
equation (understood here in very metaphoral sense) rather than interfering
with single deterministic Schrödinger evolution, the basic problem of quantum measurement theory finds a resolution. The interpretation of quantum
jump as a moment of consciousness means that volition and conscious experience are outside space-time and state space and that quantum states
and space-time surfaces are ”zombies”. Quantum jump would have actually a complex anatomy corresponding to unitary process U , state function
reduction and state preparation at least.
Intuitively self corresponds to a sequence of quantum jumps which somehow integrates to a larger unit much like many-particle bound state is formed
from more elementary building blocks. It also seems natural to assume that
self stays conscious as long as it can avoid bound state entanglement with
the environment: everything is conscious and consciousness can be only lost.
This view predicts infinite self hierarchy with the entire Universe at the top.
If one accepts the hierarchy of Planck constants [C8], it seems unnecessary to distinguish between self and quantum jump. The hierarchy
of Planck constants interpreted in terms of dark matter hierarchy predicts
a hierarchy of quantum jumps such that the size of space-time region contributing to the contents of conscious experience scales like h̄. That sequence
of sub-selves/sub-quantum jumps are experienced as separate mental images
3

explains why we can distinguish between digits of phone number. The irreducible component of self (pure awareness) would correspond to the highest
level in the ”personal” hierarchy of quantum jumps and the sequence of
lower level quantum jumps would be responsible for the experience of time
flow. Entire life cycle would correspond to single quantum jump at the
highest(?) level of the personal self hierarchy and pure awareness would
prevail during sleep: this would make it possible to experience directly that
I existed yesterday.
Self is assumed to experience sub-selves as mental images identifiable
as ”averages” of their mental images. This implies the notion of ageing of
mental images as being due to the growth of ensemble entropy.

1.2

Sharing and fusion of mental images

The standard dogma about consciousness is that it is completely private. It
seems that this cannot be the case in TGD Universe. Von Neumann algebras
known as hyper-finite factors of type II1 (HFF) [C7, C8] provide the basic
mathematical framework for quantum TGD and this suggests important
modifications of the standard measurement theory besides those implied by
the zero energy ontology predicting that all physical states have vanishing
net quantum numbers and are creatable from vacuum. The notion of measurement resolution characterized in terms of Jones inclusions N ⊂ M of
HFFs implies that entanglement is defined always modulo some resolution
characterized by infinite-dimensional sub-Clifford algebra N playing a role
analogous to that of gauge algebra.
This modification have also important implications for consciousness.
For ordinary quantum measurement theory separate selves are by definition
unentangled and same applies to their sub-selves so that they cannot entangle and thus fuse and shared mental images are impossible: consciousness
would be completely private.
Space-time sheets as correlates for selves however suggests that spacetime sheets topologically condensed on larger space-time sheets and serving
as space-time correlates for mental images can be connected by join along
boundaries bonds so that mental images could fuse and be shared.
HFFs allow to realize mathematically this intuitive picture. The entanglement in N degrees of freedom between selves corresponding to M is
below the measurement resolution so that these selves can be regarded as
separate conscious entities. These selves can be said to be unentangled although their sub-selves corresponding to N (mental images at upper level)
can entangle. Fusion and sharing of mental images becomes possible. For
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instance, in stereo vision right and left visual fields would fuse together.
More generally, a pool of shared stereo mental images might be fundamental for evolution of social structures and development of social and moral
rules and language (shared mental images make possible common meaning
for symbols of language). A concrete realization for this would be in terms
of hyper-genome making possible collective gene expression [L2, L1].

1.3

Qualia

Since physical states are labelled by quantum numbers, various qualia correspond naturally to the increments of quantum numbers in quantum jump
which leads to a general classification of qualia in terms of the fundamental
symmetries [K3]. One can speak also about geometric qualia assignable to
the increments of zero modes which correspond to the classical variables
in ordinary quantum measurement theory and non-quantum fluctuating degrees of freedom which do not contribute to the metric of world of classical
worlds (WCW) in TGD framework. Dark matter hierarchy suggests that
also qualia form a hierarchy with larger values of Planck constant identifiable
as more refined qualia. Rather amusingly, visual colors would correspond
to increments of color quantum numbers assignable to quarks and gluons
in standard model physics. The term ”color”, originally introduced as an
algebraic joke, would directly relate to visual color.

1.4

Self-referentiality of consciousness

Quantum classical correspondence is the basic guiding principle of quantum
TGD. Thanks to the failure of a complete determinism of classical dynamics, space-time surface can provide symbolic representations not only for
quantum states (as maximal deterministic regions) but also for quantum
jump sequences (sequences of quantum states) and thus for the contents
of consciousness. These representations are regenerated in each quantum
jump, and make possible the self referentiality of consciousness: self can be
conscious of what it was conscious of.

2

Negentropy Maximization Principle

Negentropy Maximization Principle (NMP [H2]) stating that the reduction
of entanglement entropy is maximal in quantum jump is the basic variational principle for TGD inspired theory of consciousness and says that
the information contents of conscious experience is maximal. Although this
5

principle is diametrically opposite to the second law of thermodynamics it is
structurally similar to the second law. NMP does not dictate the dynamics
completely since in state function reduction any eigen state of the density
matrix is allowed as final state. NMP need not be in contradiction with
second law of thermodynamics which might relate more to the ageing of
mental images rather than physical reality.

2.1

Number theoretic Shannon entropy as information

The notion of number theoretic entropy obtained by can be defined by replacing in Shannon entropy the logarithms of probabilities pn by the logarithms of their p-adic norms |pn |p . This replacement makes sense for algebraic entanglement probabilities if appropriate algebraic extension of p-adic
numbers is used. What is new that entanglement entropy can be negative,
so that algebraic entanglement can carry information and NMP can force
the generation of bound state entanglement so that evolution could lead to
the generation of larger coherent bound states rather than only reducing entanglement. A possible interpretation for algebraic entanglement is in terms
of experience of understanding.
Standard formalism of physics lacks a genuine notion of information and
one can speak only about increase of information as a local reduction entropy. It seems strange that a system gaining wisdom should increase the
entropy of the environment. Hence number theoretic information measures
could have highly non-trivial applications also outside the theory consciousness. For instance these information measures allow to construct a model
of genetic code [L3] as a mapping of 64 genetic codons to primes labelling
aminoacids based on the condition that the prime associated with given
codon corresponds to minimal number theoretic entropy.

2.2

Hyper-finite factors of type II1 and NMP

Hyper-finite factors of type II1 bring in additional delicacies to NMP. The
basic implication of finite measurement resolution characterized by Jones
inclusion is that state function reduction can never reduce entanglement
completely so that entire universe can be regarded as an infinite living organism. It would seem that entanglement coefficients become N valued and
same is true for eigen states of density matrix. For quantum spinors associated with M/N entanglement probabilities must be defined as traces of
the operators N . An open question is whether entanglement probabilities
defined in this manner are algebraic numbers always (as required by the
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notion of number theoretic entanglement entropy) or only in special cases.

3
3.1

Time, memory, and realization of intentional action
Two times

The notion of quantum jump implies a new view about time. Experienced/subjective time corresponds to a sequence of sub-quantum jumps and
cannot be identified with the geometric time defined as the fourth space-time
coordinate. This is of course obvious for anyone: consider only the reversibility of geometric time contra irreversibility of experienced time, and the fact
that both geometric past and future exist whereas only subjective past exists. The fact that the contents of conscious experience is about 4-D rather
than 3-D space-time region, motivates the notions of 4-D brain, body, and
even society. In particular, conscious existence continues after biological
death since 4-D body and brain continue to exist.

3.2

What distinguishes between geometric future and past?

One must of course understand why geometric and experienced time correspond to each other so closely that they have been identified. Why geometric future and past are so different?: this might be the core question.
If geometric future contains intentional resources (p-adic space-time sheets)
transformed to actions in the phase transition propagating to the geometric
future and if geometric future is in a quantum critical state transformed to a
non-critical state in this process (a process analogous to freezing or melting
critical state of water-ice mixture), one could assign the experienced time
with the geometric time characterizing the position of the phase transition
front (assignable to sub-selves/mental images).
Also the almost triviality of U -matrix for ordinary transitions might be
relevant for the stability of the geometric past. This could also resolve the
problem posed by the fact that the contents of conscious experience is only
about changes: the state could be represented as changes of internal quantum numbers not related directly to the external world but related to the
internal state. For p-adic-to-real transitions representing transformations of
intentions to actions almost-triviality does not have meaning.

7

3.3

Do declarative memories and intentional action involve
communications with geometric past?

Communications with geometric past using time mirror mechanism in which
phase conjugate photons propagating to the geometric past are reflected
back as ordinary photons (typically dark photons with energies above thermal threshold) make possible realization of declarative memories in the brain
of the geometric past [H6].
This mechanism makes also possible realization of intentional actions as
a process proceeding from longer to shorter time scales and inducing the
desired action already in geometric past. This kind of realization would
make living systems extremely flexible and able to react instantaneously
to the changes in the environment. This model explains Libet’s puzzling
finding that neural activity seems to precede volition [16].
Also a mechanism of remote metabolism (”quantum credit card”) based
on sending of negative energy signals to geometric past becomes possible
[K6]: this signal could also serve as a mere control signal inducing much
larger positive energy flow from the geometric past. For instance, population
inverted system in the geometric past could allow this kind of mechanism.
Remote metabolism could also have technological implications.

3.4

Episodal memories as time-like entanglement

Time-like entanglement explains episodal memories as sharing of mental
images with the brain of geometric past [H6]. An essential element is the
notion of magnetic body which serves as an intentional agent ”looking”
the brain of geometric past by allowing phase conjugate dark photons with
negative energies to reflect from it as ordinary photons. The findings of Libet
about time delays related to the passive aspects of consciousness [17] support
the view that the part of the magnetic body corresponding to EEG time scale
has same size scale as Earth’s magnetosphere. The unavoidable conclusion
would be that our field/magnetic bodies contain layers with astrophysical
sizes.
p-Adic length scale hierarchy and number theoretically preferred hierarchy of values of Planck constants, when combined with the condition that
the frequencies f of photons involved with the communications in time scale
T satisfy the condition f ∼ 1/T and have energies above thermal energy,
lead to rather stringent predictions for the time scales of long term memory.
The model for the hierarchy of EEGs relies on the assumption that these
time scales come as powers n = 211k , k = 0, 1, 2,, and predicts that the time
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scale corresponding to the duration of human life cycle is ∼ 50 years and
corresponds to k = 7 (amusingly, this corresponds to the highest level in
chakra hierarchy).

4
4.1

Cognition and intentionality
Fermions and Boolean cognition

Fermionic Fock state basis defines naturally a quantum version of Boolean
algebra. In zero energy ontology predicting that physical states have vanishing net quantum numbers, positive and negative energy components of zero
energy states with opposite fermion numbers define realizations of Boolean
functions via time-like quantum entanglement. This would explain why
Boolean and temporal causalities are so closely related. Note that zero energy ontology is consistent with the usual positive energy ontology if unitary
process U associated with the quantum jump is more or less trivial in the
degrees of freedom usually assigned with the material world. There are
arguments suggesting that U is tensor product of of factoring S-matrices
associated with 2-D integrable QFT theories [C2]: these are indeed almost
trivial in momentum degrees of freedom. This would also imply that our
geometric past is rather stable so that quantum jump of geometric past does
not suddenly change your profession from that of musician to that of physicist. The maximal diagonality of U -matrix for p-adic-to-real transitions
would in turn favor precise realization of intentions as actions.

4.2

Fuzzy logic, quantum groups, and Jones inclusions

Matrix logic [18] emerges naturally when one calculates expectation values
of logical functions defined by the zero energy states with positive energy
fermionic Fock states interpreted as inputs and corresponding negative energy states interpreted as outputs. Also the non-commutative version of the
quantum logic, with spinor components representing amplitudes for truth
values replaced with non-commutative operators, emerges naturally. The
finite resolution of quantum measurement generalizes to a finite resolution
of Boolean cognition and allows description in terms of Jones inclusions
N ⊂ M of infinite-dimensional Clifford algebras of the world of classical
worlds (WCW) identifiable in terms of fermionic oscillator algebras. N defines the resolution in the sense that quantum measurement and conscious
experience does not distinguish between states differing from each other by
the action of N .
9

The finite-dimensional quantum Clifford algebra M/N creates the physical states modulo the resolution. This algebra is non-commutative which
means that corresponding quantum spinors have non-commutative components. The non-commutativity codes for the that the spinor components
are correlated: the quantized fractal dimension for quantum counterparts
of 2-spinors satisfying d = 2cos(π/n) ≤ 2 expresses this correlation as a
reduction of effective dimension.
The moduli of spinor components however commute and have interpretation as eigenvalues of truth and false operators or probabilities that the
statement is true/false. They have quantized spectrum having also interpretation as probabilities for truth values and this spectrum differs from the
spectrum {1, 0} for the ordinary logic so that fuzzy logic results from the
finite resolution of Boolean cognition [C7].

4.3

p-Adic physics as physics of cognition and intentionality

p-Adic physics as physics of cognition and intentionality provides a further
element of TGD inspired theory of consciousness. At the fundamental level
light-like 3-surfaces are basic dynamical objects in TGD Universe and have
interpretation as orbits of partonic 2-surfaces. The generalization of the
notion of number concept by fusing real numbers and various p-adic numbers
to a more general structure makes possible to assign to real parton a p-adic
prime p and corresponding p-adic partonic 3-surface obeying same algebraic
equations. The almost topological QFT property of quantum TGD is an
essential prerequisite for this. The intersection of real and p-adic 3-surfaces
would consists of a discrete set of points with coordinates which are algebraic
numbers. p-Adic partons would relate to both intentionality and cognition.
The transformation of p-adic variant of the partonic 3-surface with bosonic
quantum numbers to its real counterpart in quantum jump would represent a
transformation of intention to action and the unitary matrix U would govern
this process. The larger the number of algebraic points in the intersection,
the more precise the realization of intention as action would be.
Real fermion and its p-adic counterpart forming a pair would represent
matter and its cognitive representation being analogous to a fermion-hole
pair resulting when fermion is kicked out from Dirac sea. The larger the
number of points in the intersection of real and p-adic surfaces, the better the
resolution of the cognitive representation would be. This would explain why
cognitive representations in the real world are always discrete (discreteness of
numerical calculations represent the basic example about this fundamental
limitation).
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All transcendental p-adic integers are infinite as real numbers and one
can say that most points of p-adic space-time sheets are at spatial and temporal infinity in the real sense so that intentionality and cognition would be
literally cosmic phenomena. If the intersection of real and p-adic space-time
sheet contains large number of points, the continuity and smoothness of padic physics should directly reflect itself as long range correlations of real
physics realized as p-adic fractality. It would be possible to measure the
correlates of cognition and intention and in the framework of zero energy
ontology [C2] the success of p-adic mass calculations can be seen as a direct evidence for the role of intentionality and cognition even at elementary
particle level: all matter would be basically created by intentional action as
zero energy states.

4.4

Algebraic Brahman=Atman identity

The proposed view about cognition and intentionality emerges from the
notion of infinite primes [E3, E10], which was actually the first genuinely
new mathematical idea inspired by TGD inspired consciousness theorizing. Infinite primes, integers, and rationals have a precise number theoretic anatomy. For instance, the simplest infinite primes corresponds to the
Q
numbers P± = X ± 1, where X = k pk is the product of all finite primes.
Indeed, P± mod p = 1 holds true for all finite primes. The construction of
infinite primes at first level of the hierarchy is structurally analogous to the
quantization of super-symmetric arithmetic quantum field theory with finite
primes playing the role of momenta associated with fermions and bosons.
Also the counterparts of bound states emerge. This process can be iterated:
at the second level the product of infinite primes constructed at the first
level replaces X and so on. The structural similarity with repeatedly second quantized quantum field theory strongly suggests that physics might in
some sense reduce to a number theory for infinite rationals M/N and that
second quantization could be followed by further quantizations. As a matter fact, the hierarchy of space-time sheets could realize this endless second
quantization geometrically and have also a direct connection with the hierarchy of logics labelled by their order. This could have rather breathtaking
implications.
a) One is forced to ask whether this hierarchy corresponds to a hierarchy
of realities for which level below corresponds in a literal sense infinitesimals
and the level next above to infinity.
b) Second implication is that there is an infinite number of infinite rationals behaving like real units (M/N ≡ 1 in real sense) so that space-time
11

points could have infinitely rich number theoretical anatomy not detectable
at the level of real physics. Infinite integers would correspond to positive
energy many particle states and their inverses (infinitesimals with number
theoretic structure) to negative energy many particle states and M/N ≡ 1
would be a counterpart for zero energy ontology to which oneness and emptiness are assigned in mysticism.
c) Single space-time point, which is usually regarded as the most primitive and completely irreducible structure of mathematics, would take the
role of Platonia of mathematical ideas being able to represent in its number
theoretical structure even the quantum state of entire Universe. Algebraic
Brahman=Atman identity and algebraic holography would be realized in a
rather literal sense [E10].
This number theoretical anatomy should relate to mathematical consciousness in some manner. For instance, one can ask whether it makes sense
to speak about quantum jumps changing the number theoretical anatomy
of space-time points and whether these quantum jumps give rise to mathematical ideas. In fact, the identifications of Platonia as spinor fields in
WCW on one hand and as the set number theoretical anatomies of point of
imbedding space force the conclusion that configuration space spinor fields
(recall also the identification as correlates for logical mind) can be realized in terms of the space for number theoretic anatomies of imbedding
space points. Therefore quantum jumps would be correspond to changes in
anatomy of the space-time points. Imbedding space would be experiencing
genuine number theoretical evolution. The whole physics would reduce to
the anatomy of numbers. All mathematical notions which are more than
mere human inventions would be imbeddable to the Platonia realized as the
number theoretical anatomies of single imbedding space point.

5

Brain and consciousness

In the proposed vision the role of brain for consciousness is not so central
than in neuroscience view. Brain is not the seat of sensory mental images
but builder of symbolic representations and magnetic body replaces brain as
an intentional agent and higher level experiencer. Furthermore, p-adic view
about cognition means that only cognitive representations but not cognition
itself can be localized in a finite space-time region.
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5.1

Are sensory qualia at the level of sensory organs?

The simplest sensory qualia would be realized at the level of sensory organs
so that one can avoid the problematic assignment of sensory qualia to the
sensory pathways. The new view about time would allow to resolve the
objections against this view. For instance, phantom leg phenomenon would
result by sharing of sensory mental images of the geometric past by time
like quantum entanglement. For instance, visual colors would correspond
to increments of color quantum numbers in quantum jumps at the level of
retina. Our sensory mental images do not correspond to the sensory input as
such. Rather, the feedback from brain (or from magnetic body via brain) to
sensory organs is an essential element in the construction of sensory mental
images. For instance, during REM sleep rapid eye movements would reflect
the presence of this feedback. The feedback would be also very important in
the case of hearing. Visual mental images in absence of eye movements could
be interpreted as sharing of visual mental images by quantum entanglement
(in particular, time-like entanglement giving rise to episodal memories).

5.2

Magnetic body as intentional agent and experiencer

Brain would be basically a builder of symbolic representations assigning a
meaning to the sensory input by decomposing sensory field to objects and
making possible effective motor control by magnetic body containing dark
matter. A concrete model for how magnetic controls biological body and
receives information from it is discussed in the model for the hierarchy of
EEGs [M3].
Also magnetic body could have sensory qualia, which should be in a welldefined sense more refined than ordinary sensory qualia [K3]. The quantum
number increments associated with cyclotron phase transitions of dark ion
cyclotron condensates at magnetic body could correspond to emotional and
cognitive content of sensory input and would indeed have interpretation as
higher level sensory qualia. Right brain sings – left brain talks metaphor
would characterize this emotional-cognitive distinction for higher level qualia
and would correspond to coding of sensory input from brain by frequency
patterns resp. temporal patterns (analogs of phonemes). These qualia would
be somatosensory qualia at the level of magnetic body.
Remote mental interactions between magnetic body and biological body
are a key element of this picture. Remote mental interactions in the usual
sense of the world would occur between magnetic body and some other, not
necessary biological, body. This would include receival of sensory input from
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and motor control of other than own body. Also ”dead” matter possesses
magnetic bodies so that also psychokinesis would be based on the same
mechanism. Magnetic body for which dissipation is much smaller than for
ordinary matter (proportional to 1/h̄, would presumably continue its conscious existence after biological death and find another biological body and
use it as a tool of sensory perception and intentional action.
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