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Preface

This book belongs to a series of online books summarizing the recent state Topological Geometro-
dynamics (TGD) and its applications. TGD can be regarded as a unified theory of fundamental
interactions but is not the kind of unified theory as so called GUTs constructed by graduate stu-
dents at seventies and eighties using detailed recipes for how to reduce everything to group theory.
Nowadays this activity has been completely computerized and it probably takes only a few hours to
print out the predictions of this kind of unified theory as an article in the desired format. TGD is
something different and I am not ashamed to confess that I have devoted the last 32 years of my life
to this enterprise and am still unable to write The Rules.

I got the basic idea of Topological Geometrodynamics (TGD) during autumn 1978, perhaps it
was October. What I realized was that the representability of physical space-times as 4-dimensional
surfaces of some higher-dimensional space-time obtained by replacing the points of Minkowski space
with some very small compact internal space could resolve the conceptual difficulties of general rela-
tivity related to the definition of the notion of energy. This belief was too optimistic and only with
the advent of what I call zero energy ontology the understanding of the notion of Poincare invariance
has become satisfactory.

It soon became clear that the approach leads to a generalization of the notion of space-time with
particles being represented by space-time surfaces with finite size so that TGD could be also seen as
a generalization of the string model. Much later it became clear that this generalization is consistent
with conformal invariance only if space-time is 4-dimensional and the Minkowski space factor of
imbedding space is 4-dimensional.

It took some time to discover that also the geometrization of also gauge interactions and elementary
particle quantum numbers could be possible in this framework: it took two years to find the unique
internal space providing this geometrization involving also the realization that family replication
phenomenon for fermions has a natural topological explanation in TGD framework and that the
symmetries of the standard model symmetries are much more profound than pragmatic TOE builders
have believed them to be. If TGD is correct, main stream particle physics chose the wrong track leading
to the recent deep crisis when people decided that quarks and leptons belong to same multiplet of the
gauge group implying instability of proton.

There have been also longstanding problems.

e Gravitational energy is well-defined in cosmological models but is not conserved. Hence the
conservation of the inertial energy does not seem to be consistent with the Equivalence Princi-
ple. Furthermore, the imbeddings of Robertson-Walker cosmologies turned out to be vacuum
extremals with respect to the inertial energy. About 25 years was needed to realize that the sign
of the inertial energy can be also negative and in cosmological scales the density of inertial energy
vanishes: physically acceptable universes are creatable from vacuum. Eventually this led to the
notion of zero energy ontology which deviates dramatically from the standard ontology being
however consistent with the crossing symmetry of quantum field theories. In this framework the
quantum numbers are assigned with zero energy states located at the boundaries of so called
causal diamonds defined as intersections of future and past directed light-cones. The notion of
energy-momentum becomes length scale dependent since one has a scale hierarchy for causal
diamonds. This allows to understand the non-conservation of energy as apparent. Equivalence
Principle generalizes and has a formulation in terms of coset representations of Super-Virasoro
algebras providing also a justification for p-adic thermodynamics.

e From the beginning it was clear that the theory predicts the presence of long ranged classical
electro-weak and color gauge fields and that these fields necessarily accompany classical electro-
magnetic fields. It took about 26 years to gain the maturity to admit the obvious: these fields
are classical correlates for long range color and weak interactions assignable to dark matter.
The only possible conclusion is that TGD physics is a fractal consisting of an entire hierarchy
of fractal copies of standard model physics. Also the understanding of electro-weak massivation
and screening of weak charges has been a long standing problem, and 32 years was needed to
discover that what I call weak form of electric-magnetic duality gives a satisfactory solution of
the problem and provides also surprisingly powerful insights to the mathematical structure of
quantum TGD.
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I started the serious attempts to construct quantum TGD after my thesis around 1982. The
original optimistic hope was that path integral formalism or canonical quantization might be enough
to construct the quantum theory but the first discovery made already during first year of TGD was that
these formalisms might be useless due to the extreme non-linearity and enormous vacuum degeneracy
of the theory. This turned out to be the case.

e [t took some years to discover that the only working approach is based on the generalization
of Einstein’s program. Quantum physics involves the geometrization of the infinite-dimensional
"world of classical worlds” (WCW) identified as 3-dimensional surfaces. Still few years had
to pass before I understood that general coordinate invariance leads to a more or less unique
solution of the problem and implies that space-time surfaces are analogous to Bohr orbits. Still
a coupled of years and I discovered that quantum states of the Universe can be identified as
classical spinor fields in WCW. Only quantum jump remains the genuinely quantal aspect of
quantum physics.

e During these years TGD led to a rather profound generalization of the space-time concept.
Quite general properties of the theory led to the notion of many-sheeted space-time with sheets
representing physical subsystems of various sizes. At the beginning of 90s I became dimly
aware of the importance of p-adic number fields and soon ended up with the idea that p-adic
thermodynamics for a conformally invariant system allows to understand elementary particle
massivation with amazingly few input assumptions. The attempts to understand p-adicity from
basic principles led gradually to the vision about physics as a generalized number theory as
an approach complementary to the physics as an infinite-dimensional spinor geometry of WCW
approach. One of its elements was a generalization of the number concept obtained by fusing real
numbers and various p-adic numbers along common rationals. The number theoretical trinity
involves besides p-adic number fields also quaternions and octonions and the notion of infinite
prime.

e TGD inspired theory of consciousness entered the scheme after 1995 as I started to write a book
about consciousness. Gradually it became difficult to say where physics ends and consciousness
theory begins since consciousness theory could be seen as a generalization of quantum measure-
ment theory by identifying quantum jump as a moment of consciousness and by replacing the
observer with the notion of self identified as a system which is conscious as long as it can avoid
entanglement with environment. ”Everything is conscious and consciousness can be only lost”
summarizes the basic philosophy neatly. The idea about p-adic physics as physics of cognition
and intentionality emerged also rather naturally and implies perhaps the most dramatic gener-
alization of the space-time concept in which most points of p-adic space-time sheets are infinite
in real sense and the projection to the real imbedding space consists of discrete set of points.
One of the most fascinating outcomes was the observation that the entropy based on p-adic
norm can be negative. This observation led to the vision that life can be regarded as something
in the intersection of real and p-adic worlds. Negentropic entanglement has interpretation as
a correlate for various positively colored aspects of conscious experience and means also the
possibility of strongly correlated states stable under state function reduction and different from
the conventional bound states and perhaps playing key role in the energy metabolism of living
matter.

e One of the latest threads in the evolution of ideas is only slightly more than six years old.
Learning about the paper of Laurent Nottale about the possibility to identify planetary orbits
as Bohr orbits with a gigantic value of gravitational Planck constant made once again possible to
see the obvious. Dynamical quantized Planck constant is strongly suggested by quantum classical
correspondence and the fact that space-time sheets identifiable as quantum coherence regions can
have arbitrarily large sizes. During summer 2010 several new insights about the mathematical
structure and interpretation of TGD emerged. One of these insights was the realization that
the postulated hierarchy of Planck constants might follow from the basic structure of quantum
TGD. The point is that due to the extreme non-linearity of the classical action principle the
correspondence between canonical momentum densities and time derivatives of the imbedding
space coordinates is one-to-many and the natural description of the situation is in terms of local
singular covering spaces of the imbedding space. One could speak about effective value of Planck



constant coming as a multiple of its minimal value. The implications of the hierarchy of Planck
constants are extremely far reaching so that the significance of the reduction of this hierarchy to
the basic mathematical structure distinguishing between TGD and competing theories cannot
be under-estimated.

From the point of view of particle physics the ultimate goal is of course a practical construction
recipe for the S-matrix of the theory. I have myself regarded this dream as quite too ambitious taking
into account how far reaching re-structuring and generalization of the basic mathematical structure
of quantum physics is required. It has indeed turned out that the dream about explicit formula
is unrealistic before one has understood what happens in quantum jump. Symmetries and general
physical principles have turned out to be the proper guide line here. To give some impressions about
what is required some highlights are in order.

e With the emergence of zero energy ontology the notion of S-matrix was replaced with M-matrix
which can be interpreted as a complex square root of density matrix representable as a diagonal
and positive square root of density matrix and unitary S-matrix so that quantum theory in zero
energy ontology can be said to define a square root of thermodynamics at least formally.

e A decisive step was the strengthening of the General Coordinate Invariance to the requirement
that the formulations of the theory in terms of light-like 3-surfaces identified as 3-surfaces at
which the induced metric of space-time surfaces changes its signature and in terms of space-like
3-surfaces are equivalent. This means effective 2-dimensionality in the sense that partonic 2-
surfaces defined as intersections of these two kinds of surfaces plus 4-D tangent space data at
partonic 2-surfaces code for the physics. Quantum classical correspondence requires the coding
of the quantum numbers characterizing quantum states assigned to the partonic 2-surfaces to
the geometry of space-time surface. This is achieved by adding to the modified Dirac action a
measurement interaction term assigned with light-like 3-surfaces.

e The replacement of strings with light-like 3-surfaces equivalent to space-like 3-surfaces means
enormous generalization of the super conformal symmetries of string models. A further general-
ization of these symmetries to non-local Yangian symmetries generalizing the recently discovered
Yangian symmetry of N' = 4 supersymmetric Yang-Mills theories is highly suggestive. Here the
replacement of point like particles with partonic 2-surfaces means the replacement of conformal
symmetry of Minkowski space with infinite-dimensional super-conformal algebras. Yangian sym-
metry provides also a further refinement to the notion of conserved quantum numbers allowing
to define them for bound states using non-local energy conserved currents.

e A further attractive idea is that quantum TGD reduces to almost topological quantum field
theory. This is possible if the Kéhler action for the preferred extremals defining WCW Kéhler
function reduces to a 3-D boundary term. This takes place if the conserved currents are so called
Beltrami fields with the defining property that the coordinates associated with flow lines extend
to single global coordinate variable. This ansatz together with the weak form of electric-magnetic
duality reduces the Kahler action to Chern-Simons term with the condition that the 3-surfaces
are extremals of Chern-Simons action subject to the constraint force defined by the weak form
of electric magnetic duality. It is the latter constraint which prevents the trivialization of the
theory to a topological quantum field theory. Also the identification of the Kéahler function of
WCW as Dirac determinant finds support as well as the description of the scattering amplitudes
in terms of braids with interpretation in terms of finite measurement resolution coded to the
basic structure of the solutions of field equations.

e In standard QFT Feynman diagrams provide the description of scattering amplitudes. The
beauty of Feynman diagrams is that they realize unitarity automatically via the so called
Cutkosky rules. In contrast to Feynman’s original beliefs, Feynman diagrams and virtual parti-
cles are taken only as a convenient mathematical tool in quantum field theories. QFT approach
is however plagued by UV and IR divergences and one must keep mind open for the possibility
that a genuine progress might mean opening of the black box of the virtual particle.

In TGD framework this generalization of Feynman diagrams indeed emerges unavoidably. Light-
like 3-surfaces replace the lines of Feynman diagrams and vertices are replaced by 2-D partonic
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2-surfaces. Zero energy ontology and the interpretation of parton orbits as light-like ”wormbhole
throats” suggests that virtual particle do not differ from on mass shell particles only in that
the four- and three- momenta of wormhole throats fail to be parallel. The two throats of the
wormhole defining virtual particle would contact carry on mass shell quantum numbers but
for virtual particles the four-momenta need not be parallel and can also have opposite signs of
energy. Modified Dirac equation suggests a number theoretical quantization of the masses of the
virtual particles. The kinematic constraints on the virtual momenta are extremely restrictive
and reduce the dimension of the sub-space of virtual momenta and if massless particles are
not allowed (IR cutoff provided by zero energy ontology naturally), the number of Feynman
diagrams contributing to a particular kind of scattering amplitude is finite and manifestly UV
and IR finite and satisfies unitarity constraint in terms of Cutkosky rules. What is remarkable
that fermionic propagatos are massless propagators but for on mass shell four-momenta. This
gives a connection with the twistor approach and inspires the generalization of the Yangian
symmetry to infinite-dimensional super-conformal algebras.

What I have said above is strongly biased view about the recent situation in quantum TGD and
I have left all about applications to the introductions of the books whose purpose is to provide a
bird’s eye of view about TGD as it is now. This vision is single man’s view and doomed to contain
unrealistic elements as I know from experience. My dream is that young critical readers could take
this vision seriously enough to try to demonstrate that some of its basic premises are wrong or to
develop an alternative based on these or better premises. I must be however honest and tell that 32
years of TGD is a really vast bundle of thoughts and quite a challenge for anyone who is not able to
cheat himself by taking the attitude of a blind believer or a light-hearted debunker trusting on the
power of easy rhetoric tricks.

Matti Pitkanen

Hanko,
September 15, 2010

Acknowledgements

Neither TGD nor these books would exist without the help and encouragement of many people.
The friendship with Heikki and Raija Haila and their family have been kept me in contact with the
everyday world and without this friendship I would not have survived through these lonely 32 years
most of which I have remained unemployed as a scientific dissident. I am happy that my children have
understood my difficult position and like my friends have believed that what I am doing is something
valuable although I have not received any official recognition for it.

During last decade Tapio Tammi has helped me quite concretely by providing the necessary com-
puter facilities and being one of the few persons in Finland with whom to discuss about my work. I
have had also stimulating discussions with Samuli Penttinen who has also helped to get through the
economical situations in which there seemed to be no hope. The continual updating of fifteen online
books means quite a heavy bureaucracy at the level of bits and without a systemization one ends up
with endless copying and pasting and internal consistency is soon lost. Pekka Rapinoja has offered his
help in this respect and I am especially grateful for him for my Python skills. Also Matti Vallinkoski
has helped me in computer related problems.

The collaboration with Lian Sidorov was extremely fruitful and she also helped me to survive
economically through the hardest years. The participation to CASYS conferences in Liege has been
an important window to the academic world and I am grateful for Daniel Dubois and Peter Marcer
for making this participation possible. The discussions and collaboration with Eduardo de Luna and
Istvan Dienes stimulated the hope that the communication of new vision might not be a mission
impossible after all. Also blog discussions have been very useful. During these years I have received
innumerable email contacts from people around the world. In particualr, I am grateful for Mark
McWilliams and Ulla Matfolk for providing links to possibly interesting web sites and articles. These
contacts have helped me to avoid the depressive feeling of being some kind of Don Quixote of Science
and helped me to widen my views: I am grateful for all these people.

In the situation in which the conventional scientific communication channels are strictly closed
it is important to have some loop hole through which the information about the work done can at



vii

least in principle leak to the publicity through the iron wall of the academic censorship. Without any
exaggeration I can say that without the world wide web I would not have survived as a scientist nor
as individual. Homepage and blog are however not enough since only the formally published result is
a result in recent day science. Publishing is however impossible without a direct support from power
holders- even in archives like arXiv.org.

Situation changed for five years ago as Andrew Adamatsky proposed the writing of a book about
TGD when I had already got used to the thought that my work would not be published during my life
time. The Prespacetime Journal and two other journals related to quantum biology and consciousness
- all of them founded by Huping Hu - have provided this kind of loop holes. In particular, Dainis
Zeps, Phil Gibbs, and Arkadiusz Jadczyk deserve my gratitude for their kind help in the preparation
of an article series about TGD catalyzing a considerable progress in the understanding of quantum
TGD. Also the viXra archive founded by Phil Gibbs and its predecessor Archive Freedom have been of
great help: Victor Christianto deserves special thanks for doing the hard work needed to run Archive
Freedom. Also the Neuroquantology Journal founded by Sultan Tarlaci deserves a special mention
for its publication policy. And last but not least: there are people who experience as a fascinating
intellectual challenge to spoil the practical working conditions of a person working with something
which might be called unified theory: I am grateful for the people who have helped me to survive
through the virus attacks, an activity which has taken roughly one month per year during the last
half decade and given a strong hue of grey to my hair.

For a person approaching his sixty year birthday it is somewhat easier to overcome the hard feelings
due to the loss of academic human rights than for an inpatient youngster. Unfortunately the economic
situation has become increasingly difficult during the twenty years after the economic depression in
Finland which in practice meant that Finland ceased to be a constitutional state in the strong sense
of the word. It became possible to depose people like me from the society without fear about public
reactions and the classification as dropout became a convenient tool of ridicule to circumvent the
ethical issues. During last few years when the right wing has held the political power this trend has
been steadily strengthening. In this kind of situation the concrete help from individuals has been and
will be of utmost importance. Against this background it becomes obvious that this kind of work is
not possible without the support from outside and I apologize for not being able to mention all the
people who have helped me during these years.

Matti Pitkdnen

Hanko,
September 15, 2010






Contents

1

Dl e 1

[1.1.1 Background| . . . . . . . . . . .. 1

[(1.1.2 TGD as a Poincare invariant theory of gravitation| . . . . . . ... .. ... .. 2
[1.1.3 'T'GD as a generalization of the hadronic string modell . . . . . ... ... ... 2
[1.1.4 Fusion of the two approaches via a generalization of the space-time concept| . . 2

[1.2  The threads in the development of quantum TGD| . . .. .. ... .. ... ... ... 3
(1.2.1  Quantum TGD as spinor geometry of World ot Classical Worlds| . . . . . . .. 3
[1.2.2  TGD as a generalized number theoryl. . . . . . ... .. ... .. ... . 5
[1.2.3  Hierarchy of Planck constants and dark matter hierarchy|] . . . .. .. ... .. 8
[1.2.4  TGD as a generalization of physics to a theory consciousness| . . . . . . .. .. 10

1.3 Bird’s eye of view about the topics of the bookl . . . . . .. ... ... ... .. .... 15

[[43~ PART I INTELLIGENCE, INFORMATION, AND COGNITION] . . . . .. 25
144 PARTIV: PARANORMAT PHENOMENA|

NESS| 43
2 Matter, Mind, Quantum| 45
2.1 Introductionl. . . . . . . . . . . 45
[2.1.1  Basic ideas of T'GD inspired theory of consciousness| . . . . ... ... ... .. 45

[2.1.2  TImplications of zero energy ontology, number theoretical universality, and hier- |

| archy of Planck constants| . . . . . . .. ... . oo 47
2.2 T'GD inspired theory of consciousness| . . . . . . . . . . . ... ... ... 51
[2.2.1  Quantum jumps between quantum histories as moments of consciousness| . . . 51

[2.2.2  Negentropy Maximization Principle] . . . . . . ... . ... ... ... ..... 56

2.2.3 Quantum selff . . . . . . . .. 58

[2.2.4 About geometric correlates of selves| . . . . . .. ..o oo 63

[2.2.5  Questions related to the notionofselff . . . . ... ... ... ... ... .... 67

2.3 Quantum information processing in living matter| . . . . . . . . .. ... Lo L. 70
[2.3.1 Magnetic body as intentional agent and experiencer| . . . .. .. ... ... .. 70

[2.3.2  Summary about the possible role of the magnetic body in living matter| . . . . 70

2.3.3 Brain and consciousness| . . . . . . ... 73

2.4 Time and coOnscloUSNESS| . « -« « v v v o e e e e e e e e e e e e 74
[2.4.1 The relationship between subjective and geometric timef . . . . . . . . . .. .. 74

[2.4.2  Four-dimensional brain and long term memories| . . . .. .. ... .. ... .. 77

243 Tmmeandselfl . . ... ... . . e 78

[2.5  Various types of conscious experiences| . . . . . . . . . ...t e e e e 83
[2.5.1 Basic structure of conscious experience|. . . . . . . . . . . .. ... 83

[2.5.2  Cognition and p-adic physics| . . . . . . . . . . .. ... ... . 85

[2.5.3  Reflective- and proto-levels of consciousness| . . . . . . . ... ... ... .... 86

ix



X CONTENTS
[2.5.4  General model for sensory experiences| . . . . . . ... ... L. 87
255 Emotions . . . . . . .. 90
256 Directed attention] . . . . . . . . . ... 92
2.5.7 Altered states of consciousnessl . . . . . . . . ..o 93

2.6 Boolean mind, cognition and intentionality] . . . . . . .. .. ... ... ... ..... 98
[2.6.1 Fermions and Boolean cognition| . . .. .. ... ... ... ........... 98
[2.6.2  Fuzzy logic, quantum groups, and Jones inclusions| . . . . . .. ... ... ... 99
[2.6.3  p-Adic physics as physics of cognition and intentionality] . . . . . . . . ... .. 99
[2.6.4 Infinite primes, cognition and intentionality| . . . . . . . . ... ... ... 100

2.7 Quantum correlates of qualia| . . . . . . ... oo 101
2.7.1 Development of ideas|. . . . . . .. ... L o 101
2.7.2  Qualia and thermodynamics|. . . . . . . ... ... o000 104
2.7.3  Geometric qualia and zero modes| . . . . . . ... Lo Lo 106

2.8 Solutions to some paradoxes|. . . . . . ... oL 107
[2.8.1 Paradoxes related to quantum physics| . . . . ... ..o o L 107
[2.8.2 Paradoxes related to the theories of consciousnessl . . . .. ... ... ..... 108
12.8.3  Logical paradoxes and concept of time| . . . . . . . ... oo 109

[3 Negentropy Maximization Principle 127

B.1 Introductionl. . . . . . . . . L 127
3.1.1 The notion of entanglement entropy| . . . . . . . ... .. .. 0L 127
8.1.2 Zero energy ontology|. . . . . . ... L 128
13.1.3  Connection with standard quantum measurement theory|. . . . . . .. .. . .. 129
3.1.4  Quantum classical correspondencel . . . . . . ... Lo Lo 130
3.1.5  Fusion of real and p-adic physics| . . . . . .. ... o000 130
8.1.6  Dark matter hierarchy| . . . . . . . ... . L oo 131
13.1.7 Is it possible to unity the notions of quantum jump and selt?| . . . . .. .. .. 132
13.1.8  Hyper-finite factors ot type II; and quantum measurement theory with a finite |

[ measurement resolutionl . . . . . . ... Lo 133

B.2 Basic view about NMPI. . . . . . . . ... 134
3.2.1 The general structure of quantum jump| . . . . . . . ... ... ... 134
.22 NMP and thenotionofselff . . . . .. ... ... ... 0oL, 135
18.2.3  NMP, self measurements, cognition, state preparation, qualiaj . . . . . . . . .. 137

3.3 Physics as fusion of real and p-adic physics and NMP| . . .. ... .. ... ... ... 138
13.3.1  Basic definitions related to density matrix and entanglement entropy|. . . . . . 138
13.3.2 Generalization of the notion of informationl . . . . . ... ... ... ... ... 142
13.3.3  Number theoretic information measures at the space-time level] . . . . . . . .. 143
13.3.4  Number theoretical Quantum Mechanics|. . . . . .. ... ... ... ... ... 143

3.4 Anatomy of quantum jump in zero energy ontology|. . . . . . . . ... ... ... ... 148
B.41 Generalization of S-maftrix]. . . . . . . . . . . ... 149
13.4.2 A concise description of quantum jump| . . . . .. ... ... L. 149
3.4.3  Questions and answers| . . . . . . ... Lo 151
13.4.4  More about the anatomy of state tunction reduction| . . . . . . . . ... .. .. 153

13.5  Generalization of NMP to the case of hyper-finite type I/; factors| . . . .. ... ... 156
3.0.1 actorsof type I| . . . . . . . L 156
3.5.2 actors of type [1q| . . . . . . .. 156
3.5.3 actors of type I1I} . . . . . . . oo 159

[B:6_Some consequences of NMP] . . . . . ... ... 160
[3.6.1 NMP and thermodynamics] . . . . . v v v v v v e e 160
3.6.2  NMP and selt-organization| . . . . ... ... ... ... ... .......... 163
13.6.3  NMP and p-adic length scale hypothesis| . . . . . .. ... ... ... ...... 164
3.6.4  NMP and biologyl. . . . . . . . . .. 165
13.6.5  NMP, consciousness, and cognition| . . . . . . . .. .. ... ... ... ... 168
3.6.6  NMP and quantum computer type systems| . . . . . . .. ... ... ... ... 174

3.7 Generalization of thermodynamics allowing negentropic entanglement and a model for |

| conscious information processing] . . . . . . . ... ...l 177

13.7.1  Beauregard’s model for computer|. . . . . . ... ..o 178




CONTENTS xi

[3.7.2  T'GD based variant of Beauregard’s model and generalization of thermodynamics[l79

[3.7.3  About implications of generalized second law| . . . . . . . ... ... ... ... 183

4 Self and Binding] 203
M1 Introductionl. . . . . . . .. L 203
[4.1.1  Quantum jump as moment of consciousness and the notion of selff . . . . . .. 203
[4.1.2  Sharing and fusion of mental images| . . . . . . ... ... ..o oL 204
4.1.3  Qualial . . . . . . e 205
[4.1.4  Self-referentiality of consciousness| . . . . . . . . .. ... ... ... ..., 205
[4.1.5 Hierarchy of Planck constants and consciousness| . . . . . .. ... ... ... .. 205
[4.1.6  Zero energy ontology and consciousness| . . . . . . . ... ... 206
[4.1.7 FEvolution of the ideas about selfl . . . . . . . ... ... ... ... ... .... 206

4.2 Negentropy Maximization Principlel. . . . . . . .. ... ... ... ... ..., 208
421 Basicform of NMPl. . . . . . . . ... 209
[4.2.2  Number theoretic Shannon entropy as information| . . . . . . .. ... ... .. 209
4.2.3  Can one define measures for the information contents of mental image?| . . . . 210

4.2.4  Life as islands of rational /algebraic numbers in the seas of real and p-adic continua?[210

4.2.5 Hyper-finite factors of type 1I; and NMP| . . . . . . . . . . ... ... ..... 211

4.3 Quantumself| . . . . . . . L 211
[£.31 Self as a sub-system able to avoid entropic bound state entanglement| . . . . . 211
[4.3.2  Binding and quantum entanglement|{ . . . . ... .. ... 00000 213
[4.3.3  General structure of conscious experience| . . . . . . ... ... 218
[4.3.4  Basic consequences| . . . . . ... ..o e e e e 221
[4.3.5  Can one choose between the two variants for the notion of self or are they |

| equivalent?] . . . .. L Lo 225
4.4 Some applications at brain level|. . . . . . . ..o oo 0 o 228
[4.4.1 A simple model for cognition| . . . . . . .. ... ... oL 228
[4.4.2  Cognition, learning, and negentropic entanglement at the level of brain| . . . . 230
[4.4.3  Negentropic entanglement and the role of neurotransmitters|. . . . . . . .. .. 233
[4.4.4  Differences between lett and right brain hemisphere] . . . . . .. ... ... .. 236
4.4.5  Music and consclousness| . . . . . . . .. e e e 240

4.5 Whole-body consciousness: physical evidence and tests|. . . . . . . ... .. ... ... 247
[4.5.1 Dissipation and consciousness| . . . . . . . . . . . ..o 247
[4.5.2  EEG synchrony and negentropic entanglement| . . . . .. .. ... .. ... .. 248
[4.5.3  Synesthesial . . . . . . ..o 249

4.6 Self hierarchy and the notion of magnetic body| . . . . . . .. ... .. ... ... ... 255
[4.6.1 Higher level selves in biological self hierarchy| . . . . . . .. ... ... ... .. 255
[4.6.2  Support for the notion magnetic body| . . . . . . ... ... 0L 258
[4.6.3  Some functions of magnetic body| . . . . . .. ... oo 262
[4.6.4 'The magnetic fields associated with body parts and higher levels of consciousness265

[ Quantum Model for Sensory Representations] 283
b1 Introductionl. . . . . . . . . L 283
[5.1.1  Overall view about T'GD inspired theory of consciousness| . . . . .. ... ... 283
[.1.2  The quantum hardware| . . . . . . . . .. ... ... L oo 285
[5.1.3  Me as a computer sitting at its own terminal?. . . . . . . . ... ... ... .. 286
5.2 General 1deas about hardware of consciousness| . . . . . . . . . ... 288
[p.2.1 Brain as a computer| . . . . . . ... 288
[5.2.2  Brain, MEs, and quantum holograms|. . . . . . .. ... ... .. ... 292
[5.2.3  Generalized notions of sensory experiencing and motor activity| . . . . . . . . . 294
[5.2.4  The paradigm of four-dimensional brain| . . . . . . . .. ... ... ... .... 294
[5.2.5  Music metaphor and the function of the nerve pulses and EEG| . . . . . .. .. 295
[0.2.6 Connection with the functionalistic view about brainf. . . . . . . .. .. .. .. 296
5.2.7 Brain as an associative metl . . . . . . . .. .. Lo 296

9.3 Quantum tools for biocontrol and -coordination|. . . . . . . . .. ... ... ... ... 297
[5.3.1  Massless extremals, magnetic flux tubes, and electrets| . . . . . . ... ... .. 298

[5.3.2  Homeostasis as many-sheeted ionic flow equilibrium? . . . . . . . ... ... .. 305




xii CONTENTS
9.3.3  Quantum model for pattern recognition| . . . . . . .. ... ... 306

9.3.4  General mechanism making possible biological clocks and alarm clocks, compar- |

| ison circuits and novelty detectors| . . . . . . ... ... L. 306
.4 Sensory representations| . . . . ... ... oL o e 308
041  Wheremeisd . . . . . . . e 308

5.4.2  Concrete realization of sensory representations| . . . . . . . ... ... .. ... 309

p.4.3 Is the pain in the toe in the toe, in brain, or somewhere else?| . . . . . . .. .. 319

11 TIME AND CONSCIOUSNESS|

6.1.1  The concepts of self and subjective memory| . . . . . . .. ... ... ... ... 348
6.1.2  Psychological time and its arrow| . . . . . . . . . .. .. ... ... .. ... .. 348
6.1.3  Cosmology of consciousness| . . . . . . . . . . v v v vt e 349
6.1.4 Four-dimensional brainl . . . . . . . . . . . .. o 349
6.1.5  Evidence for TGD based time concept| . . . . . . . . ... ... ... ... 350

6.2 T'GD based concept of time| . . . . . . . . . .. L 350
16.2.1  ’Holy trinity’ of time developments| . . . . . . . . . .. ... .. ... ...... 350
16.2.2  Quantum jump as moment of consciousness and the notion of selff . . . . . .. 353
16.2.3  Some aspects ot classical non-determinism| . . . . . .. .. ..o 354
6.2.4 Two timesl. . . . . . . . . e 355
6.2.5  About the arrow of psychological time| . . . . . . . .. ... ..o 000 355
6.2.6  What really distinguishes between tuture and past?] . .. ... ... ... ... 357
6.2.7  Memory and time] . . . . . . ... e 359
6.2.8  Cosmology of consciousness| . . . . . . . . . . .. .o 360
16.2.9  Communications in four-dimensional society|. . . . . . . . .. ... ... .... 361

6.3 Four-dimensional brainl. . . . . . . . . . . . e 363
6.3.1  The paradigm of four-dimensional brain| . . . . . . . ... ... .. ... ... 363
6.3.2  Geometric and subjective memories| . . . . . . ... ... L. 363
16.3.3  Memories with respect to geometric time as simulations| . . . . . . ... .. .. 364
6.3.4  Are long term memories geometric or subjective memories?| . . . . . . . . . .. 365

6.4  'Time delays of consciousness and quantum jumps between histories|. . . . . . . . . .. 367
16.4.1  Dissipation as evidence for consciousness|. . . . . . . . . . . . ... 367
16.4.2  Experiments related to the active role of consciousness| . . . . . . . ... .. .. 367
16.4.3  Experiments related to the passive role of consciousness| . . . . . . ... .. .. 368
16.4.4  The experiment of Radin and Bierman as evidence for quantum jump between |

| quantum histories concept|. . . . . . ... Lo Lo 371
6.5 Good and Evil, Life and Deathl . . . . . . ... ... ... ... ... ... .. ... 373
6.5.1 [ife and Deathl . . . . . .. . . ..o o 374
6,52 Goodand Evill . . .. .. ... 380

7 Quantum Model of Memory| 397
[f1 Introductionl. . . . . . . . . . e 397
[7.1.1  Geometric and subjective memories| . . . . . . . . .. ..o 397
[7.1.2  p-Adic physics as physics of intentionality] . . . . . . ... ... ... ... ... 397
[7.1.3  Spin glass model of memories| . . . . . . . .. .. Lo 397
[(.1.4 Mirror mechanisml . . . . . . . . . . . . 398
[7.1.5 Third person aspects of memory| . . . . . . . .. ... ... 398
[7.1.6  Symbolic and cognitive representations of memories| . . . . .. ... ... ... 399
[7.1.7  Biosupercomputers and memories|. . . . . . . ... ..o e 399

[7.2  Difterent types of memories| . . . . . . . .. L 400
[7.2.1  Geometric and subjective memories| . . . . . . .. .. ... 400
[7.2.2  Habits, skills, associations| . . . . . . . . .. ... ... 0oL, 403
[7.2.3  Spin glass model of learning and long term memories|. . . . . . . . . ... ... 405

[7.2.4  Long term memories| . . . . . . . . .. Lo 406




CONTENTS xiii

[7.2.5  Implicit memories| . . . . . . . . . .. 410
[(.2.6 Procedural memories|. . . . . . . . . .. 411

[7.3  Model for long term memories|. . . . . . . . . .. Lo 411
[[31 Generalidead . . . . . . . . . . . 412
[7.3.2  Could gravitation have something to do with long term memories? . . . . . . . 415
[7.3.3 Is the right brain hemisphere the quantum entangler?| . . . . . . ... ... .. 417
[7.3.4  Going to the neuronal level| . . . . . . .. ... ... ... ... ... .. 419
[7.3.5 Hippocampus and long term memories| . . . . . . . .. ... ... 422
[7.3.6  Microtubuli and long term memory|. . . . . . . . .. ... oL 426

[7.4 A proposal tor memory code|. . . . . . ... L 430
[7.4.1 DBasic 1deas of the model of memorycode| . . . . . . . ... ... oL 431
[(.4.2 TGD view about the situationl . . . . . .. ... ... .. ... .. ... .... 433

7.5 Hyper-finite factors of type 1l;, dark matter hierarchy, and long term memories| . . . . 435
[7.5.1 Hyper-finite factors of type IlI; and quantization ot Planck constant| . . . . . . 436
[7.5.2  Dark matter hierarchy| . . . . . . . .. ... 436
[7.5.3  Dark matter hierarchy and the notion ofselff . . .. ... .. ... ... .... 437
[7.5.4  The time span of long term memories as signature for the level of dark matter |

| hierarchy| . . . . . . . . e e 438
[7.5.5  Remote metabolism, long term memory, and zero energy ontology| . . . . . . . 439
[7.5.6  Applying computer analogy to the model for long term memories|. . . . . . . . 441

I8 _About the Nature of Time 457
8.1 Introductionl. . . . . . . . . L 457
8.2 The most recent vision about zero energy ontology and p-adicization| . . . . . . . . .. 459
[8.2.1  Zero energy ontology briefly| . . . . . . ... ... o oo 459
[8.2.2  WCW spinor fields| . . . . . . .. . .. 460
[8.2.3  Definition of energy in zero energy ontology| . . . . . . . ... .. ... ... .. 461
[8.2.4  p-Adic variants of the imbedding space| . . . . . ... .. ... ... ... 461

8.3 Zero energy ontology, self hierarchy, and the notion of time| . . . . . . . .. ... ... 463
[8.3.1  Space-time and imbedding space correlates for selves| . . . . . . . ... ... .. 463
[8.3.2  Why sensory experience is about so short time interval?| . . . . . ... ... .. 463
B33 Armowoftimd. . . . . . . . .. 464
8.3.4 The mechanism of self referencel. . . . . . . . . ... . ... ... ... ..., 465
8.3.5 Can selves interact and evolve?d . . . . . . ... .. .. o000 467

8.4 What arrow of time means at the level of quantum states] . . . . . ... .. ... ... 467
[8.4.1  Arrow of time as an inherent property ot zero energy states| . . . . . . . .. .. 467
[8.4.2  Does state tunction-state preparation sequence correspond to alternating arrow |

[ Of @EOMETTIC TIMET| .« © « o v o e e e e e e e 468
[8.4.3  The arrow of geometric time and the arrow of logical implication| . . . . . . . . 469
[8.4.4  How experienced time and the geometric time of physicist relate to each other?: |

| the most recent approach| . . . . ... ... o oo oo 469
[8.4.5  Quantum dynamics for the moduli of CDs and the arrow of geometric time| . . 473

85 Timefor timel . . . . . . oL oL 476
[8.5.1 Flash-lag effect and its modification | . . . . . . . . ... ... ... ... .... 477
[8.5.2  We live in the past: but in what sense”| . . . . .. ... ... ... .. ..... 478
[8.5.3  Kublai Khan’s problem and three more surprises| . . . . . ... ... ... ... 479

IITI INTELLIGENCE, INFORMATION, AND COGNITION]| 497

19 Conscious Information and Intelligence) 499
9.1 Introductionl. . . . . . . . . . 499
[9.1.1 Magnetic body as intentional agent and experiencer| . .. .. ... .. ... .. 499

[9.1.2  What is conscious intelligence] . . . . . . . . ... ... o oL 500

[9.1.3  The meanings of sensory, cognitive, symbolic| . . . . ... ... ... ... ... 503

[9.1.4 Topics of the chapter|. . . . . . . . .. ... ... ... . .o 503




xiv CONTENTS

[9.2.2 Information concept at space-time levell . . . .. ... ... ... ... ... ..
[9-2.3 Tnformation theoretic interpretation of Kahler functionl. . . . . . . . . . . . ..
9.3  Logic and fermions| . . . . . . . .. ..
19.3.1 The state basis of termionic Fock space as Boolean algebral] . . . . ... .. ..
19.3.2  Boolean algebra as Boolean QF'L|. . . . . . ... ... ... ... .......
19.3.3  Fermions, zero energy ontology, and Boolean cognition|. . . . . . . . ... ...
19.3.4  Negentropic entanglement, fuzzy logic, quantum groups, and Jones inclusions| .
9.3.5  Cognitive codes and fermions| . . . . . . . . . .. ... oo
9.4  Quantum computationalism| . . . . . .. ..o oo
9.4.1  Computationalism and connectionism| . . . . .. ... .. ... .. ... ...,
19.4.2  How connectionism emerges from TGD framework? . . . ... .. ... .. ..
9.4.3  Computationalism and TGD| . . . ... .. ... ... .. ... .. ... ....
9.4.4 How brain bwlds the model of the external world? . . . . ... ... ... ...
9.5 Holographic brain and quantum TGD| . . .. ... ... ... ... ... ........
19.5.1  Ewvidence for holographic brain| . . . . . .. ... ... o0 oL
19.5.2  Three explanations for the hologram like properties of brainf. . . . . . . . . ..
9.5.3  From holographic brain to neuronal window?| . . . . .. ... .. ... ... ..

19.6.3  Sensory experiences, logical thinking, associations and simulations| . . . . . ..
9.6.4  Formation of long term memories|. . . . . . . ... Lo
9.6.5  Planning and realization of motor programs| . . . . . . . . . ... ... ...
9.6.6 Language| . . . . . . . ..
I§2|i !:!2 I“ssli!“ &&i l hs ls ll!z s! isllss &ifz&& ill!szl l“zl'll ...................
9.7.1 A simple model for cognition| . . . . . . ... ... o o0
19.7.2  Cognition, learning, and negentropic entanglement at the level of brain|
19.7.3  Negentropic entanglement and the role of neurotransmitters|. . . . . . . . . ..
9.8 Could TGD provide justification for the ideas ot Rupert Sheldrake?|. . . . . . . . ...
[9.8.1 Sheldrake’s theory| . . . .. ... ... ... o
[9-.827 TGD based interpretation of morphic fields and collective memory] . . . . . . .

[LO p-Adic Physics as Physics of Cognition and Intention|

[10.1.3 Topics of the chapter|. . . . . . . . . .. . L o
110.2 p-Adic physics, intentionality, and cognition| . . . . . . . .. ... ... ... ... ..
110.2.1 The three non-determinisms|. . . . . . . . . . . . . . . .
110.2.2 Classical non-determinism and symbolic representations| . . . . . . . .. .. ..
110.2.3 p-Adic non-determinism and cognition| . . . . . . .. .. ... ...
110.2.4 What cognitive representations are and how they develop?. . . . . . . ... ..
110.2.5 Quantization phenomena in psychophysics|. . . . . . . . . . . ... ... ...
[10.3 Various aspects of cognition| . . . . . . . . . . .. L L
|10.3.1 p-Adic physics and imagination| . . . . . ... ...
|10.3.2 EOW dreams and hallucinations relate to sensory experiences?| . . . . . . . . ..
10.3.3 Are cognitive representations generated from sensory input?. . . . . . . .. ..
10.3.4 Cognition, sensory experience, and Boolean mind|. . . . . . . ... ... .. ..
[10-3.5 Replication of memes, and morphic Helds| . . . . . . . . v v vt v v v ot
[10.3.6_Learning|. . . . . . . . . ... ...
[10.3.7 Some special aspects of cognition from p-adic point of view] . . . . . . . . . . .
110.4 Frontal lobes and p-adic physics| . . . . . . .. ... ... .
|10.4.1 Basic functional anatomy of frontal lobes| . . . . . ... ... ... ... ....




CONTENTS XV

[10.4.2 Some neurophysiological findings related to the functioning of frontal lobes| . . 600
[10.4.3 TGD based view about frontalTobes . . . . . ... .. ... ... ... ..... 600
[10.4.4 Goal structures and emotions| . . . . . . . . . . . ... o 602
[10.4.5 Experimental support for binocular rivalry as a quantum phenomenon| . . . . . 604
[10.5 p-Adic cognition at the level of DNA and proteins| . . . . ... .. ... ... .. ... 605
[10.5.1 Symmetry breaking generates conscious information| . . . . . . ... ... ... 606
[10.5.2 Cognitive codes as a realization of the information generated by DNA-protein |
[ SYIINCEIY DICAKINET| « . o o v o e e e e e e e e e 606
[10.5.3 Mz and My7 codes| . . . . . . . . 607
[10.5.4 Cognitive codes and bio-systems as molecular societies| . . . . . . . .. ... .. 609
[10.5.5 Peptides as molecules of emotion and code of intentionality| . . . . . . . .. .. 610
[10.5.6 Questions relating to the My7 code| . . . . . . . . .. ... oL 613
110.6 What might be the basic principles behind molecular cognitive and sensory represen- |
| tatlonsS? . . . . . e e e 614
(10.6.1 Number theoretical ideas . . . . . . . . . ... ... ... ... 614
[10.6.2 Representations|. . . . . . . . . . . . 616
[10.6.3 Finite geometries and cognition| . . . . . . . ... ..o 617
[10.6.4 Application of ideas to micro-tubuli and clathrin molecules| . . . . . . ... .. 621
[10.7 Intentionality, cognition, and number theory|. . . . . . . . ... ... oL 624
[10.7.1 Should one allow also transcendentals in the extensions of p-adic numbers?| . . 624
[10.7.2 General number theoretical ideas inspired by the number theoretic vision about |
| cognition and intentionality| . . . . . . . .. .. ... L . oL 626
[10.7.3 Infinite primes, cognition and intentionality| . . . . . . . . . ... ... ... .. 630
[10.7.4 Cognition, logic, and p-adicity| . . . . . . . . . . .. ... o 632
1V_PARANORMAL PHENOMENAI 657
111 Quantum Model of Paranormal Phenomena] 659
LI Introduction]. . . . . . . . . . . . 659
(11.1.1 What one means with paranormal?|. . . . . . ... ... ... ... ... .. 660
(11.1.2 Development of ideas about paranormall . . . . . . ... ... ... ... .... 660
[11.1.3 Topics to be discussed| . . . . . . . . . .. L L 661
[11.2 General view about paranormal phenomena) . . . . . . .. .. ... o000 662
(11.2.1 The notion of magnetic mirror| . . . . . . . . . . . . . .. . .. 662
(11.2.2 Summary of the model|. . . . . . . .. ... o o 663
[11.3 Paranormal phenomena in biological systems| . . . . . .. ... .. ... ... ..... 666
(11.3.1 Healing by time reversall . . . . . . . . .. ... ... .. ... .. ... ..., 666
[11.3.2 DelaWarr camera and field representation of genetic information| . . . . . . .. 670
|[11.4 Parapsychological phenomena) . . . . . . .. ... . o oo 670
[11.4.1 Extrasensory perception, precognition, and other parapsychic effects| . . . . . . 670
[11.4.2 Psychokinesis| . . . . . . . . . . . L 672
[11.4.3 Near death experiences| . . . . . . . . . . . . .. .. . .. . ... ... ..., 679
[11.4.4 Are communications between living and deceased possible?| . . . . .. ... .. 684
11.5 TGD based model for instrumental transcommunicationsl . . . . . . . . ... ... .. 636
(11.5.1 Introduction| . . . . . . . . . .. 686
[11.5.2 Universe as a conscious hologram and a general mechanism remote mental in-
[ teractionsl . . . . . . . e 689
[11.5.3 Who are the senders?l . . . .. ... .. .. .. ... .. ... .. .. . ... 691
(11.5.4 Knowhow problem| . . . . . . . . . .. ... 692
[11.5.5 Experimenter as a medium and amplifier of the signal . . . . . . ... ... .. 693
) 7 695
[11.5.7 How the signal is transtormed to a signal in electronic instrument{. . . . . . . . 698




xvi CONTENTS

12 TGD Based Model for OBES| 723
2.1 Introductionl. . . . . . . . . L 723
112.1.1 OBEs, autoscopy, heautoscopy, and other strange experiences| . . . . . . . . .. 724

[12.2 TGD inspired model for OBEs| . . . . . . ... ... ... ... ... .. ... ..... 725
[12.2.1 OBEs, autoscopy, heautoscopy, and other strange experiences| . . . . . . . . .. 725
[12.2.2 Questions| . . . . . . ... ... 727
[12.2.3 Dark matter hierarchy, zero energy ontology, negentropic entanglement, OBEs| 728
[22.4 A more detailed model for OBES . . . . . .. ... .. ... ... ... ..... 731
[12.2.5 The role of the magnetic body in the case of other brain functions| . . . . . . . 734

[12.3 The interpretation of my own OBE type experiences in terms ot the proposed model| . 735
[12.3.1 Visual experiences and kinesthetic sensations| . . . . . ... ... ... .. ... 735
[[2:3:2_OBE type auditory sensations]|. . . . . . . . . ... ... ... 736
12.3.3 s associated wit reat Experiences”| . . . . . ... ..o 737

[T Appendix] 753
|5—1 Easic properties of C'Po| . . . . .. 753

[AsTT CPyasamanifold] . . . . . v v v e e e e 753
I1A-1.2 Metric and Kahler structure of CF5| . . . . . . . . . ... 753
[A-1.3 Spinorsin CFPs| . . . . o L oL 756
|1A-1.4  Geodesic sub-manifolds of C'P5| . . . . . . . . . . ... . L. 756

[A-2 P, geometry and standard model symmetries| . . . .. ... ... 00000 757
[A=2.T Tdentification of the electro-weak couplings| . . . . . . . v v v v v v v v v o 757

[A-2.2  Discrete symmetries| . . . . . . ..o 760
|A-3 Basic facts about induced gauge fields| . . . . . . ... oo 761
A-3.1 Induced gauge fields for space-times tor which CP5 projection is a geodesic sphere[761
A-3.2  Space-time surfaces with vanishing em, Z°, or Kahler fields| . . . . . ... ... 761




List of Figures

[2.1 ’Association sequence’: a geometric model for cognitive/sensory simulation as a se- |
quence of disjoint 3-surfaces with timelike separations.| . . . . . . . ... .. ... ... 66

xvii






Chapter 1

Introduction

1.1 Basic Ideas of TGD

The basic physical picture behind TGD was formed as a fusion of two rather disparate approaches:
namely TGD is as a Poincare invariant theory of gravitation and TGD as a generalization of the
old-fashioned string model.

1.1.1 Background

T(opological) G(eometro)D(ynamics) is one of the many attempts to find a unified description of basic
interactions. The development of the basic ideas of TGD to a relatively stable form took time of about
half decade [K1]. The great challenge is to construct a mathematical theory around these physically
very attractive ideas and I have devoted the last twenty-three years for the realization of this dream
and this has resulted in seven online books about TGD and eight online books about TGD inspired
theory of consciousness and of quantum biology.

Quantum T (opological) G(eometro)D(ynamics) as a classical spinor geometry for infinite-dimensional
configuration space, p-adic numbers and quantum TGD, and TGD inspired theory of consciousness
and of quantum biology have been for last decade of the second millenium the basic three strongly
interacting threads in the tapestry of quantum TGD.

For few years ago the discussions with Tony Smith initiated a fourth thread which deserves the
name "T'GD as a generalized number theory’. The basic observation was that classical number fields
might allow a deeper formulation of quantum TGD. The work with Riemann hypothesis made time
ripe for realization that the notion of infinite primes could provide, not only a reformulation, but a
deep generalization of quantum TGD. This led to a thorough and extremely fruitful revision of the
basic views about what the final form and physical content of quantum TGD might be. Together with
the vision about the fusion of p-adic and real physics to a larger coherent structure these sub-threads
fused to the ”physics as generalized number theory” th

A further thread emerged from the realization that by quantum classical correspondence TGD
predicts an infinite hierarchy of macroscopic quantum systems with increasing sizes, that it is not at
all clear whether standard quantum mechanics can accommodate this hierarchy, and that a dynam-
ical quantized Planck constant might be necessary and certainly possible in TGD framework. The
identification of hierarchy of Planck constants whose values TGD ”predicts” in terms of dark matter
hierarchy would be natural. This also led to a solution of a long standing puzzle: what is the proper
interpretation of the predicted fractal hierarchy of long ranged classical electro-weak and color gauge
fields. Quantum classical correspondences allows only single answer: there is infinite hierarchy of p-
adically scaled up variants of standard model physics and for each of them also dark hierarchy. Thus
TGD Universe would be fractal in very abstract and deep sense.

Every updating of the books makes me frustrated as I see how badly the structure of the repre-
sentation reflects my bird’s eye of view as it is at the moment of updating. At this time I realized
that the chronology based identification of the threads is quite natural but not logical and it is much
more logical to see p-adic physics, the ideas related to classical number fields, and infinite primes
as sub-threads of a thread which might be called ”physics as a generalized number theory”. In the
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following I adopt this view. This reduces the number of threads to four! I am not even sure about
the number of threads! Be patient!

TGD forces the generalization of physics to a quantum theory of consciousness, and represent
TGD as a generalized number theory vision leads naturally to the emergence of p-adic physics as
physics of cognitive representations. The seven online books [K80, K60l [K48|, [K45], K61l K70l K68]
about TGD and eight online books about TGD inspired theory of consciousness and of quantum
biology [K74l K12} K53, K10, K29l K36} K40, [K67] are warmly recommended to the interested reader.

1.1.2 TGD as a Poincare invariant theory of gravitation

The first approach was born as an attempt to construct a Poincare invariant theory of gravitation.
Space-time, rather than being an abstract manifold endowed with a pseudo-Riemannian structure, is
regarded as a surface in the 8-dimensional space H = M3 CP,, where M* denotes Minkowski space and
CP, = SU(3)/U(2) is the complex projective space of two complex dimensions [A13] [A5] [A10] [A4].

The identification of the space-time as a submanifold [A3] [AT2] of M* x CP; leads to an ex-
act Poincare invariance and solves the conceptual difficulties related to the definition of the energy-
momentum in General Relativity.

It soon however turned out that submanifold geometry, being considerably richer in structure
than the abstract manifold geometry, leads to a geometrization of all basic interactions. First, the
geometrization of the elementary particle quantum numbers is achieved. The geometry of C' P, explains
electro-weak and color quantum numbers. The different H-chiralities of H-spinors correspond to the
conserved baryon and lepton numbers. Secondly, the geometrization of the field concept results. The
projections of the C'Py spinor connection, Killing vector fields of C'P, and of H-metric to four-surface
define classical electro-weak, color gauge fields and metric in X*.

1.1.3 TGD as a generalization of the hadronic string model

The second approach was based on the generalization of the mesonic string model describing mesons
as strings with quarks attached to the ends of the string. In the 3-dimensional generalization 3-
surfaces correspond to free particles and the boundaries of the 3- surface correspond to partons in
the sense that the quantum numbers of the elementary particles reside on the boundaries. Various
boundary topologies (number of handles) correspond to various fermion families so that one obtains
an explanation for the known elementary particle quantum numbers. This approach leads also to a
natural topological description of the particle reactions as topology changes: for instance, two-particle
decay corresponds to a decay of a 3-surface to two disjoint 3-surfaces.

This decay vertex does not however correspond to a direct generalization of trouser vertex of
string models. Indeed, the important difference between TGD and string models is that the analogs
of string world sheet diagrams do not describe particle decays but the propagation of particles via
different routes. Particle reactions are described by generalized Feynman diagrams for which 3-D
light-like surface describing particle propagating join along their ends at vertices. As 4-manifolds the
space-time surfaces are therefore singular like Feynman diagrams as 1-manifolds.

1.1.4 Fusion of the two approaches via a generalization of the space-time
concept

The problem is that the two approaches to TGD seem to be mutually exclusive since the orbit of a
particle like 3-surface defines 4-dimensional surface, which differs drastically from the topologically
trivial macroscopic space-time of General Relativity. The unification of these approaches forces a
considerable generalization of the conventional space-time concept. First, the topologically trivial 3-
space of General Relativity is replaced with a ”topological condensate” containing matter as particle
like 3-surfaces "glued” to the topologically trivial background 3-space by connected sum operation.
Secondly, the assumption about connectedness of the 3-space is given up. Besides the ”topological
condensate” there could be ”vapor phase” that is a ”"gas” of particle like 3-surfaces (counterpart of
the ”baby universies” of GRT) and the nonconservation of energy in GRT corresponds to the transfer
of energy between the topological condensate and vapor phase.

What one obtains is what I have christened as many-sheeted space-time. One particular aspect
is topological field quantization meaning that various classical fields assignable to a physical system
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correspond to space-time sheets representing the classical fields to that particular system. One can
speak of the field body of a particular physical system. Field body consists of topological light rays,
and electric and magnetic flux quanta. In Maxwell’s theory system does not possess this kind of
field identity. The notion of magnetic body is one of the key players in TGD inspired theory of
consciousness and quantum biology.

This picture became more detailed with the advent of zero energy ontology (ZEQO). The basic notion
of ZEO is causal diamond (CD) identified as the Cartesian product of C'P, and of the intersection
of future and past directed light-cones and having scale coming as an integer multiple of C P, size is
fundamental. C'Ds form a fractal hierarchy and zero energy states decompose to products of positive
and negative energy parts assignable to the opposite boundaries of C'D defining the ends of the space-
time surface. The counterpart of zero energy state in positive energy ontology is in terms of initial
and final states of a physical event, say particle reaction.

General Coordinate Invariance allows to identify the basic dynamical objects as space-like 3-
surfaces at the ends of space-time surface at boundaries of C'D: this means that space-time sur-
face is analogous to Bohr orbit. An alternative identification is as light-like 3-surfaces at which the
signature of the induced metric changes from Minkowskian to Euclidian and interpreted as lines of
generalized Feynman diagrams. Also the Euclidian 4-D regions would have similar interpretation. The
requirement that the two interpretations are equivalent, leads to a strong form of General Coordinate
Invariance. The outcome is effective 2-dimensionality stating that the partonic 2-surfaces identified
as intersections of the space-like ends of space-time surface and light-like wormhole throats are the
fundamental objects. That only effective 2-dimensionality is in question is due to the effects caused by
the failure of strict determinism of Kahler action. In finite length scale resolution these effects can be
neglected below UV cutoff and above IR cutoff. One can also speak about strong form of holography.

There is a further generalization of the space-time concept inspired by p-adic physics forcing a
generalization of the number concept through the fusion of real numbers and various p-adic number
fields. Also the hierarchy of Planck constants forces a generalization of the notion of space-time.

A very concise manner to express how TGD differs from Special and General Relativities could
be following. Relativity Principle (Poincare Invariance), General Coordinate Invariance, and Equiva-
lence Principle remain true. What is new is the notion of sub-manifold geometry: this allows to realize
Poincare Invariance and geometrize gravitation simultaneously. This notion also allows a geometriza-
tion of known fundamental interactions and is an essential element of all applications of TGD ranging
from Planck length to cosmological scales. Sub-manifold geometry is also crucial in the applications
of TGD to biology and consciousness theory.

The worst objection against TGD is the observation that all classical gauge fields are expressible in
terms of four imbedding space coordinates only- essentially C' P, coordinates. The linear superposition
of classical gauge fields taking place independently for all gauge fields is lost. This would be a
catastrophe without many-sheeted space-time. Instead of gauge fields, only the effects such as gauge
forces are superposed. Particle topologically condenses to several space-time sheets simultaneously
and experiences the sum of gauge forces. This transforms the weakness to extreme economy: in a
typical unified theory the number of primary field variables is countered in hundreds if not thousands,
now it is just four.

1.2 The threads in the development of quantum TGD

The development of TGD has involved several strongly interacting threads: physics as infinite-
dimensional geometry; TGD as a generalized number theory, the hierarchy of Planck constants inter-
preted in terms of dark matter hierarchy, and TGD inspired theory of consciousness. In the following
these threads are briefly described.

1.2.1 Quantum TGD as spinor geometry of World of Classical Worlds

A turning point in the attempts to formulate a mathematical theory was reached after seven years
from the birth of TGD. The great insight was "Do not quantize”. The basic ingredients to the new
approach have served as the basic philosophy for the attempt to construct Quantum TGD since then
and have been the following ones:
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1. Quantum theory for extended particles is free(!), classical(!) field theory for a generalized
Schrédinger amplitude in the configuration space C'H consisting of all possible 3-surfaces in
H. 7All possible” means that surfaces with arbitrary many disjoint components and with
arbitrary internal topology and also singular surfaces topologically intermediate between two
different manifold topologies are included. Particle reactions are identified as topology changes
[A8,[A14, [A15]. For instance, the decay of a 3-surface to two 3-surfaces corresponds to the decay
A — B+ C. Classically this corresponds to a path of configuration space leading from 1-particle
sector to 2-particle sector. At quantum level this corresponds to the dispersion of the gener-
alized Schrédinger amplitude localized to 1-particle sector to two-particle sector. All coupling
constants should result as predictions of the theory since no nonlinearities are introduced.

2. During years this naive and very rough vision has of course developed a lot and is not anymore
quite equivalent with the original insight. In particular, the space-time correlates of Feynman
graphs have emerged from theory as Euclidian space-time regions and the strong form of General
Coordinate Invariance has led to a rather detailed and in many respects un-expected visions.
This picture forces to give up the idea about smooth space-time surfaces and replace space-
time surface with a generalization of Feynman diagram in which vertices represent the failure of
manifold property. I have also startd introduced the word "world of classical worlds” (WCW)
instead of rather formal ”configuration space”. I hope that ”WCW?” does not induce despair in
the reader having tendency to think about the technicalities involved!

3. WCW is endowed with metric and spinor structure so that one can define various metric related
differential operators, say Dirac operator, appearing in the field equations of the theory. The
most ambitious dream is that zero energy states correspond to a complete solution basis for the
Dirac operator of WCW so that this classical free field theory would dictate M-matrices which
form orthonormal rows of what I call U-matrix. Given M-matrix in turn would decompose to a
product of a hermitian density matrix and unitary S-matrix.

M-matrix would define time-like entanglement coefficients between positive and negative energy
parts of zero energy states (all net quantum numbers vanish for them) and can be regarded as a
hermitian quare root of density matrix multiplied by a unitary S-matrix. Quantum theory would
be in well-defined sense a square root of thermodynamics. The orthogonality and hermiticity
of the complex square roots of density matrices commuting with S-matrix means that they
span infinite-dimensional Lie algebra acting as symmetries of the S-matrix. Therefore quantum
TGD would reduce to group theory in well-defined sense: its own symmetries would define the
symmetries of the theory. In fact the Lie algebra of Hermitian M-matrices extends to Kac-
Moody type algebra obtained by multiplying hermitian square roots of density matrices with
powers of the S-matrix. Also the analog of Yangian algebra involving only non-negative powers
of S-matrix is possible.

4. By quantum classical correspondence the construction of WCW spinor structure reduces to the
second quantization of the induced spinor fields at space-time surface. The basic action is so
called modified Dirac action in which gamma matrices are replaced with the modified gamma
matrices defined as contractions of the canonical momentum currents with the imbedding space
gamma matrices. In this manner one achieves super-conformal symmetry and conservation of
fermionic currents among other things and consistent Dirac equation. This modified gamma
matrices define as anticommutators effective metric, which might provide geometrization for
some basic observables of condensed matter physics. The conjecture is that Dirac determinant
for the modified Dirac action gives the exponent of Kahler action for a preferred extremal
as vacuum functional so that one might talk about bosonic emergence in accordance with the
prediction that the gauge bosons and graviton are expressible in terms of bound states of fermion
and antifermion.

The evolution of these basic ideas has been rather slow but has gradually led to a rather beautiful
vision. One of the key problems has been the definition of Kéhler function. Kahler function is Kahler
action for a preferred extremal assignable to a given 3-surface but what this preferred extremal is?
The obvious first guess was as absolute minimum of Kéhler action but could not be proven to be right
or wrong. One big step in the progress was boosted by the idea that TGD should reduce to almost
topological QFT in which braids wold replace 3-surfaces in finite measurement resolution, which could
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be inherent property of the theory itself and imply discretization at partonic 2-surfaces with discrete
points carrying fermion number.

1. TGD as almost topological QFT vision suggests that Kahler action for preferred extremals
reduces to Chern-Simons term assigned with space-like 3-surfaces at the ends of space-time
(recall the notion of causal diamond (CD)) and with the light-like 3-surfaces at which the
signature of the induced metric changes from Minkowskian to Euclidian. Minkowskian and
Euclidian regions would give at wormhole throats the same contribution apart from coefficients
and in Minkowskian regions the /g4 factor would be imaginary so that one would obtain sum of
real term identifiable as K&hler function and imaginary term identifiable as the ordinary action
giving rise to interference effects and stationary phase approximation central in both classical
and quantum field theory. Imaginary contribution - the presence of which I realized only after
33 years of TGD - could also havetopological interpretation as a Morse function. On physical
side the emergence of Euclidian space-time regions is something completely new and leads to a
dramatic modification of the ideas about black hole interior.

2. The manner to achieve the reduction to Chern-Simons terms is simple. The vanishing of Coulom-
bic contribution to Kéhler action is required and is true for all known extremals if one makes a
general ansatz about the form of classical conserved currents. The so called weak form of electric-
magnetic duality defines a boundary condition reducing the resulting 3-D terms to Chern-Simons
terms. In this manner almost topological QFT results. But only ”almost” since the Lagrange
multiplier term forcing electric-magnetic duality implies that Chern-Simons action for preferred
extremals depends on metric.

3. A further quite recent hypothesis inspired by effective 2-dimensionality is that Chern-Simons
terms reduce to a sum of two 2-dimensional terms. An imaginary term proportional to the total
area of Minkowskian string world sheets and a real tem proportional to the total area of partonic
2-surfaces or equivalently strings world sheets in Euclidian space-time regions. Also the equality
of the total areas of strings world sheets and partonic 2-surfaces is highly suggestive and would
realize a duality between these two kinds of objects. String world sheets indeed emerge naturally
for the proposed ansatz defining preferred extremals. Therefore Kéhler action would have very
stringy character apart from effects due to the failure of the strict determinism meaning that
radiative corrections break the effective 2-dimensionality.

1.2.2 TGD as a generalized number theory

Quantum T(opological)D(ynamics) as a classical spinor geometry for infinite-dimensional configu-
ration space, p-adic numbers and quantum TGD, and TGD inspired theory of consciousness, have
been for last ten years the basic three strongly interacting threads in the tapestry of quantum TGD.
The fourth thread deserves the name "TGD as a generalized number theory’. It involves three sep-
arate threads: the fusion of real and various p-adic physics to a single coherent whole by requiring
number theoretic universality discussed already, the formulation of quantum TGD in terms of hyper-
counterparts of classical number fields identified as sub-spaces of complexified classical number fields
with Minkowskian signature of the metric defined by the complexified inner product, and the notion
of infinite prime.

p-Adic TGD and fusion of real and p-adic physics to single coherent whole

The p-adic thread emerged for roughly ten years ago as a dim hunch that p-adic numbers might be
important for TGD. Experimentation with p-adic numbers led to the notion of canonical identification
mapping reals to p-adics and vice versa. The breakthrough came with the successful p-adic mass
calculations using p-adic thermodynamics for Super-Virasoro representations with the super-Kac-
Moody algebra associated with a Lie-group containing standard model gauge group. Although the
details of the calculations have varied from year to year, it was clear that p-adic physics reduces not
only the ratio of proton and Planck mass, the great mystery number of physics, but all elementary
particle mass scales, to number theory if one assumes that primes near prime powers of two are in a
physically favored position. Why this is the case, became one of the key puzzless and led to a number
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of arguments with a common gist: evolution is present already at the elementary particle level and
the primes allowed by the p-adic length scale hypothesis are the fittest ones.

It became very soon clear that p-adic topology is not something emerging in Planck length scale
as often believed, but that there is an infinite hierarchy of p-adic physics characterized by p-adic
length scales varying to even cosmological length scales. The idea about the connection of p-adics
with cognition motivated already the first attempts to understand the role of the p-adics and inspired
"Universe as Computer’ vision but time was not ripe to develop this idea to anything concrete (p-adic
numbers are however in a central role in TGD inspired theory of consciousness). It became however
obvious that the p-adic length scale hierarchy somehow corresponds to a hierarchy of intelligences and
that p-adic prime serves as a kind of intelligence quotient. Ironically, the almost obvious idea about
p-adic regions as cognitive regions of space-time providing cognitive representations for real regions
had to wait for almost a decade for the access into my consciousness.

There were many interpretational and technical questions crying for a definite answer.

1. What is the relationship of p-adic non-determinism to the classical non-determinism of the
basic field equations of TGD? Are the p-adic space-time region genuinely p-adic or does p-adic
topology only serve as an effective topology? If p-adic physics is direct image of real physics,
how the mapping relating them is constructed so that it respects various symmetries? Is the
basic physics p-adic or real (also real TGD seems to be free of divergences) or both? If it is both,
how should one glue the physics in different number field together to get The Physics? Should
one perform p-adicization also at the level of the configuration space of 3-surfaces? Certainly
the p-adicization at the level of super-conformal representation is necessary for the p-adic mass
calculations.

2. Perhaps the most basic and most irritating technical problem was how to precisely define p-adic
definite integral which is a crucial element of any variational principle based formulation of the
field equations. Here the frustration was not due to the lack of solution but due to the too large
number of solutions to the problem, a clear symptom for the sad fact that clever inventions
rather than real discoveries might be in question. Quite recently I however learned that the
problem of making sense about p-adic integration has been for decades central problem in the
frontier of mathematics and a lot of profound work has been done along same intuitive lines
as | have proceeded in TGD framework. The basic idea is certainly the notion of algebraic
continuation from the world of rationals belonging to the intersection of real world and various
p-adic worlds.

Despite these frustrating uncertainties, the number of the applications of the poorly defined p-adic
physics growed steadily and the applications turned out to be relatively stable so that it was clear
that the solution to these problems must exist. It became only gradually clear that the solution of
the problems might require going down to a deeper level than that represented by reals and p-adics.

The key challenge is to fuse various p-adic physics and real physics to single larger structures.
This has inspired a proposal for a generalization of the notion of number field by fusing real numbers
and various p-adic number fields and their extensions along rationals and possible common algebraic
numbers. This leads to a generalization of the notions of imbedding space and space-time concept and
one can speak about real and p-adic space-time sheets. The quantum dynamics should be such that
it allows quantum transitions transforming space-time sheets belonging to different number fields to
each other. The space-time sheets in the intersection of real and p-adic worlds are of special interest
and the hypothesis is that living matter resides in this intersection. This leads to surprisingly detailed
predictions and far reaching conjectures. For instance, the number theoretic generalization of entropy
concept allows negentropic entanglement central for the applications to living matter.

The basic principle is number theoretic universality stating roughly that the physics in various
number fields can be obtained as completion of rational number based physics to various number
fields. Rational number based physics would in turn describe physics in finite measurement resolution
and cognitive resolution. The notion of finite measurement resolution has become one of the basic
principles of quantum TGD and leads to the notions of braids as representatives of 3-surfaces and
inclusions of hyper-finite factors as a representation for finite measurement resolution.
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The role of classical number fields

The vision about the physical role of the classical number fields relies on the notion of number theoretic
compactifiction stating that space-time surfaces can be regarded as surfaces of either M8 or M* x CP;.
As surfaces of M? identifiable as space of hyper-octonions they are hyper-quaternionic or co-hyper-
quaternionic- and thus maximally associative or co-associative. This means that their tangent space
is either hyper-quaternionic plane of M?® or an orthogonal complement of such a plane. These surface
can be mapped in natural manner to surfaces in M* x C'P, [K72] provided one can assign to each point
of tangent space a hyper-complex plane M?(x) C M*. One can also speak about M8 — H duality.

This vision has very strong predictive power. It predicts that the extremals of Kéahler action
correspond to either hyper-quaternionic or co-hyper-quaternionic surfaces such that one can assign
to tangent space at each point of space-time surface a hyper-complex plane M?(z) C M*. As a
consequence, the M* projection of space-time surface at each point contains M?(z) and its orthogonal
complement. These distributions are integrable implying that space-time surface allows dual slicings
defined by string world sheets Y2 and partonic 2-surfaces X2. The existence of this kind of slicing
was earlier deduced from the study of extremals of Kéhler action and christened as Hamilton-Jacobi
structure. The physical interpretation of M?(x) is as the space of non-physical polarizations and the
plane of local 4-momentum.

One can fairly say, that number theoretical compactification is responsible for most of the under-
standing of quantum TGD that has emerged during last years. This includes the realization of Equiv-
alence Principle at space-time level, dual formulations of TGD as Minkowskian and Euclidian string
model type theories, the precise identification of preferred extremals of K&hler action as extremals
for which second variation vanishes (at least for deformations representing dynamical symmetries)
and thus providing space-time correlate for quantum criticality, the notion of number theoretic braid
implied by the basic dynamics of Kahler action and crucial for precise construction of quantum TGD
as almost-topological QFT, the construction of configuration space metric and spinor structure in
terms of second quantized induced spinor fields with modified Dirac action defined by Kéahler action
realizing automatically the notion of finite measurement resolution and a connection with inclusions
of hyper-finite factors of type II; about which Clifford algebra of configuration space represents an
example.

The two most important number theoretic conjectures relate to the preferred extremals of Kahler
action. The general idea is that classical dynamics for the preferred extremals of Kahler action should
reduce to number theory: space-time surfaces should be either associative or co-associative in some
sense.

1. The first meaning for associativity (co-associativity) would be that tangent (normal) spaces of
space-time surfaces are quaternionic in some sense and thus associative. This can be formu-
lated in terms of octonionic representation of the imbedding space gamma matrices possible in
dimension D = 8 and states that induced gamma matrices generate quaternionic sub-algebra at
each space-time point. It seems that induced rather than modified gamma matrices must be in
question.

2. Second meaning for associative (co-associativity) would be following. In the case of complex
numbers the vanishing of the real part of real-analytic function defines a 1-D curve. In oct-
nionic case one can decompose octonion to sum of quaternion and quaternion multiplied by an
octonionic imaginary unit. Quaternionicity could mean that space-time surfaces correspond to
the vanishing of the imaginary part of the octonion real-analytic function. Co-quaternionicity
would be defined in an obvious manner. Octonionic real analytic functions form a function field
closed also with respect to the composition of functions. Space-time surfaces would form the
analog of function field with the composition of functions with all operations realized as algebraic
operations for space-time surfaces. Co-associaty could be perhaps seen as an additional feature
making the algebra in question also co-algebra.

3. The third conjecture is that these conjectures are equivalent.

Infinite primes

The discovery of the hierarchy of infinite primes and their correspondence with a hierarchy defined by a
repeatedly second quantized arithmetic quantum field theory gave a further boost for the speculations
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about TGD as a generalized number theory. The work with Riemann hypothesis led to further ideas.

After the realization that infinite primes can be mapped to polynomials representable as surfaces
geometrically, it was clear how TGD might be formulated as a generalized number theory with infinite
primes forming the bridge between classical and quantum such that real numbers, p-adic numbers, and
various generalizations of p-adics emerge dynamically from algebraic physics as various completions of
the algebraic extensions of rational (hyper-)quaternions and (hyper-)octonions. Complete algebraic,
topological and dimensional democracy would characterize the theory.

What is especially satisfying is that p-adic and real regions of the space-time surface could emerge
automatically as solutions of the field equations. In the space-time regions where the solutions of
field equations give rise to in-admissible complex values of the imbedding space coordinates, p-adic
solution can exist for some values of the p-adic prime. The characteristic non-determinism of the p-
adic differential equations suggests strongly that p-adic regions correspond to 'mind stuff’, the regions
of space-time where cognitive representations reside. This interpretation implies that p-adic physics
is physics of cognition. Since Nature is probably an extremely brilliant simulator of Nature, the
natural idea is to study the p-adic physics of the cognitive representations to derive information about
the real physics. This view encouraged by TGD inspired theory of consciousness clarifies difficult
interpretational issues and provides a clear interpretation for the predictions of p-adic physics.

1.2.3 Hierarchy of Planck constants and dark matter hierarchy

By quantum classical correspondence space-time sheets can be identified as quantum coherence regions.
Hence the fact that they have all possible size scales more or less unavoidably implies that Planck
constant must be quantized and have arbitrarily large values. If one accepts this then also the idea
about dark matter as a macroscopic quantum phase characterized by an arbitrarily large value of
Planck constant emerges naturally as does also the interpretation for the long ranged classical electro-
weak and color fields predicted by TGD. Rather seldom the evolution of ideas follows simple linear
logic, and this was the case also now. In any case, this vision represents the fifth, relatively new thread
in the evolution of TGD and the ideas involved are still evolving.

Dark matter as large h phase

D. Da Rocha and Laurent Nottale [E23] have proposed that Schrodinger equation with Planck constant
GmM

h replaced with what might be called gravitational Planck constant hy, = =t (A = ¢ = 1). v is
a velocity parameter having the value vy = 144.7 +.7 km/s giving vo/c = 4.6 x 10~%. This is rather
near to the peak orbital velocity of stars in galactic halos. Also subharmonics and harmonics of vg
seem to appear. The support for the hypothesis coming from empirical data is impressive.

Nottale and Da Rocha believe that their Schrodinger equation results from a fractal hydrodynamics.
Many-sheeted space-time however suggests astrophysical systems are not only quantum systems at
larger space-time sheets but correspond to a gigantic value of gravitational Planck constant. The
gravitational (ordinary) Schrodinger equation would provide a solution of the black hole collapse (IR
catastrophe) problem encountered at the classical level. The resolution of the problem inspired by
TGD inspired theory of living matter is that it is the dark matter at larger space-time sheets which
is quantum coherent in the required time scale [K65] .

TGD predicts correctly the value of the parameter vy assuming that cosmic strings and their decay
remnants are responsible for the dark matter. The harmonics of vy can be understood as corresponding
to perturbations replacing cosmic strings with their n-branched coverings so that tension becomes
n2-fold: much like the replacement of a closed orbit with an orbit closing only after n turns. 1/n-
sub-harmonic would result when a magnetic flux tube split into n disjoint magnetic flux tubes. Also
a model for the formation of planetary system as a condensation of ordinary matter around quantum
coherent dark matter emerges [K65] .

The values of Planck constants postulated by Nottale are gigantic and it is natural to assign them
to the space-time sheets mediating gravitational interaction and identifiable as magnetic flux tubes
(quanta). The magnetic energy of these flux quanta would correspond to dark energy and magnetic
tension would give rise to negative ”pressure” forcing accelerate cosmological expansion. This leads
to a rather detailed vision about the evolution of stars and galaxies identified as bubbles of ordinary
and dark matter inside magnetic flux tubes identifiable as dark energy.
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Hierarchy of Planck constants from the anomalies of neuroscience biology

The quantal effects of ELF em fields on vertebrate brain have been known since seventies. ELF em
fields at frequencies identifiable as cyclotron frequencies in magnetic field whose intensity is about 2/5
times that of Earth for biologically important ions have physiological effects and affect also behavior.
What is intriguing that the effects are found only in vertebrates (to my best knowledge). The energies
for the photons of ELF em fields are extremely low - about 10710 times lower than thermal energy
at physiological temperatures- so that quantal effects are impossible in the framework of standard
quantum theory. The values of Planck constant would be in these situations large but not gigantic.

This inspired the hypothesis that these photons correspond to so large value of Planck constant
that the energy of photons is above the thermal energy. The proposed interpretation was as dark
photons and the general hypothesis was that dark matter corresponds to ordinary matter with non-
standard value of Planck constant. If only particles with the same value of Planck constant can appear
in the same vertex of Feynman diagram, the phases with different value of Planck constant are dark
relative to each other. The phase transitions changing Planck constant can however make possible
interactions between phases with different Planck constant but these interactions do not manifest
themselves in particle physics. Also the interactions mediated by classical fields should be possible.
Dark matter would not be so dark as we have used to believe.

Also the anomalies of biology support the view that dark matter might be a key player in living
matter.

Does the hierarchy of Planck constants reduce to the vacuum degeneracy of Kahler
action?

This starting point led gradually to the recent picture in which the hierarchy of Planck constants
is postulated to come as integer multiples of the standard value of Planck constant. Given integer
multiple i = nhy of the ordinary Planck constant A is assigned with a multiple singular covering
of the imbedding space [K25]. One ends up to an identification of dark matter as phases with non-
standard value of Planck constant having geometric interpretation in terms of these coverings providing
generalized imbedding space with a book like structure with pages labelled by Planck constants or
integers characterizing Planck constant. The phase transitions changing the value of Planck constant
would correspond to leakage between different sectors of the extended imbedding space. The question
is whether these coverings must be postulated separately or whether they are only a convenient
auxiliary tool.

The simplest option is that the hierarchy of coverings of imbedding space is only effective. Many-
sheeted coverings of the imbedding space indeed emerge naturally in TGD framework. The huge
vacuum degeneracy of Kahler action implies that the relationship between gradients of the imbedding
space coordinates and canonical momentum currents is many-to-one: this was the very fact forcing to
give up all the standard quantization recipes and leading to the idea about physics as geometry of the
”world of classical worlds”. If one allows space-time surfaces for which all sheets corresponding to the
same values of the canonical momentum currents are present, one obtains effectively many-sheeted
covering of the imbedding space and the contributions from sheets to the Kahler action are identical.
If all sheets are treated effectively as one and the same sheet, the value of Planck constant is an integer
multiple of the ordinary one. A natural boundary condition would be that at the ends of space-time
at future and past boundaries of causal diamond containing the space-time surface, various branches
co-incide. This would raise the ends of space-time surface in special physical role.

Dark matter as a source of long ranged weak and color fields

Long ranged classical electro-weak and color gauge fields are unavoidable in TGD framework. The
smallness of the parity breaking effects in hadronic, nuclear, and atomic length scales does not however
seem to allow long ranged electro-weak gauge fields. The problem disappears if long range classical
electro-weak gauge fields are identified as space-time correlates for massless gauge fields created by
dark matter. Also scaled up variants of ordinary electro-weak particle spectra are possible. The
identification explains chiral selection in living matter and unbroken U(2),, invariance and free color
in bio length scales become characteristics of living matter and of bio-chemistry and bio-nuclear
physics. A possible solution of the matter antimatter asymmetry is based on the identification of also
antimatter as dark matter.
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1.2.4 TGD as a generalization of physics to a theory consciousness

General coordinate invariance forces the identification of quantum jump as quantum jump between
entire deterministic quantum histories rather than time=constant snapshots of single history. The
new view about quantum jump forces a generalization of quantum measurement theory such that
observer becomes part of the physical system. Thus a general theory of consciousness is unavoidable
outcome. This theory is developed in detail in the books [K74] [K12| [K53, K10, [K29] [K36, [K40, [K67]

Quantum jump as a moment of consciousness

The identification of quantum jump between deterministic quantum histories (configuration space
spinor fields) as a moment of consciousness defines microscopic theory of consciousness. Quantum
jump involves the steps

\I/l—>U\I/Z—>\IJf s

where U is informational ”time development” operator, which is unitary like the S-matrix charac-
terizing the unitary time evolution of quantum mechanics. U is however only formally analogous to
Schrodinger time evolution of infinite duration although there is no real time evolution involved. It is
not however clear whether one should regard U-matrix and S-matrix as two different things or not: U-
matrix is a completely universal object characterizing the dynamics of evolution by self-organization
whereas S-matrix is a highly context dependent concept in wave mechanics and in quantum field
theories where it at least formally represents unitary time translation operator at the limit of an in-
finitely long interaction time. The S-matrix understood in the spirit of superstring models is however
something very different and could correspond to U-matrix.

The requirement that quantum jump corresponds to a measurement in the sense of quantum field
theories implies that each quantum jump involves localization in zero modes which parameterize also
the possible choices of the quantization axes. Thus the selection of the quantization axes performed
by the Cartesian outsider becomes now a part of quantum theory. Together these requirements imply
that the final states of quantum jump correspond to quantum superpositions of space-time surfaces
which are macroscopically equivalent. Hence the world of conscious experience looks classical. At
least formally quantum jump can be interpreted also as a quantum computation in which matrix U
represents unitary quantum computation which is however not identifiable as unitary translation in
time direction and cannot be ’engineered’.

Can one say anything about the unitary process? Zero energy states correspond in positive energy
ontology to physical events and break time reversal invariance. This because either the positive
or negative energy part of the state is prepared whereas the second end of C'D corresponds to a
superposition of (negative/positive energy) states with varying particle numbers and single particle
quantum numbers just as in ordinary particle physics experiment. State function reduction must
change the roles of the ends of CDs. Therefore U-matrix should correspond to the unitary matrix
relating zero energy state basis prepared at different ends of C'D and state function reduction would
be equivalent with state preparation.

The basic objection is that the arrow of geometric time alternates at imbedding space level but
we know that arrow of time is universal. What one can say about the arrow of time at space-time
level? Quantum classical correspondence requires that quantum mechanical irreversibility corresponds
to irreversibility at space-time level. If the observer is analogous to an inhabitant of Flatland gaining
information only about space-time surface, he or she is not able to discover that the arrow of time
alternates at the level of imbedding space. The inhabitant of a folded bath towel is not able to
observer the folding of the towel! Only by observing systems for which the imbedding space arrow of
time is opposite, observer can discover the alternation. Living systems indeed behave as if they would
contain space-time sheets with opposite arrow of geometric time (self-organization). Phase conjugate
light beam is second example of this.

The notion of self

The concept of self is absolutely essential for the understanding of the macroscopic and macro-temporal
aspects of consciousness. Self corresponds to a subsystem able to remain un-entangled under the
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sequential informational 'time evolutions’ U. Exactly vanishing entanglement is practically impossible
in ordinary quantum mechanics and it might be that 'vanishing entanglement’ in the condition for
self-property should be replaced with ’subcritical entanglement’. On the other hand, if space-time
decomposes into p-adic and real regions, and if entanglement between regions representing physics in
different number fields vanishes, space-time indeed decomposes into selves in a natural manner.

It is assumed that the experiences of the self after the last 'wake-up’ sum up to single average
experience. This means that subjective memory is identifiable as conscious, immediate short term
memory. Selves form an infinite hierarchy with the entire Universe at the top. Self can be also
interpreted as mental images: our mental images are selves having mental images and also we represent
mental images of a higher level self. A natural hypothesis is that self S experiences the experiences
of its subselves as kind of abstracted experience: the experiences of subselves S; are not experienced
as such but represent kind of averages (S;;) of sub-subselves S;;. Entanglement between selves, most
naturally realized by the formation of join along boundaries bonds between cognitive or material space-
time sheets, provides a possible a mechanism for the fusion of selves to larger selves (for instance, the
fusion of the mental images representing separate right and left visual fields to single visual field) and
forms wholes from parts at the level of mental images.

An attractive possibility suggested by zero energy ontology is that the notions of self and quantum
jump reduce to each other and that a fractal hierarchy of quantum jumps within quantum jumps
is enough. C'Ds would serve as imbedding space correlates of selves and quantum jumps would be
followed by cascades of state function reductions beginning from given C'D and proceeding downwards
to the smaller scales (smaller C'Ds). State function reduction cascades could also take place in parallel
branches of the quantum state. One ends up with concrete ideas about how the arrow of geometric
time is induced from that of subjective time defined by the experiences induced by the sequences
of quantum jumps for sub-selves of self. One ends also ends up with concrete ideas about how the
localization of the contents of sensory experience and cognition to the upper boundaries of C'D could
take place.

Relationship to quantum measurement theory

The third basic element relates TGD inspired theory of consciousness to quantum measurement theory.
The assumption that localization occurs in zero modes in each quantum jump implies that the world
of conscious experience looks classical. It also implies the state function reduction of the standard
quantum measurement theory as the following arguments demonstrate (it took incredibly long time
to realize this almost obvious fact!).

1. The standard quantum measurement theory a la von Neumann involves the interaction of brain
with the measurement apparatus. If this interaction corresponds to entanglement between mi-
croscopic degrees of freedom m with the macroscopic effectively classical degrees of freedom M
characterizing the reading of the measurement apparatus coded to brain state, then the reduc-
tion of this entanglement in quantum jump reproduces standard quantum measurement theory
provide the unitary time evolution operator U acts as flow in zero mode degrees of freedom and
correlates completely some orthonormal basis of configuration space spinor fields in non-zero
modes with the values of the zero modes. The flow property guarantees that the localization is
consistent with unitarity: it also means 1-1 mapping of quantum state basis to classical variables
(say, spin direction of the electron to its orbit in the external magnetic field).

2. Since zero modes represent classical information about the geometry of space-time surface
(shape, size, classical Kéhler field,...), they have interpretation as effectively classical degrees
of freedom and are the TGD counterpart of the degrees of freedom M representing the reading
of the measurement apparatus. The entanglement between quantum fluctuating non-zero modes
and zero modes is the TGD counterpart for the m — M entanglement. Therefore the localization
in zero modes is equivalent with a quantum jump leading to a final state where the measurement
apparatus gives a definite reading.

This simple prediction is of utmost theoretical importance since the black box of the quantum
measurement theory is reduced to a fundamental quantum theory. This reduction is implied by the
replacement of the notion of a point like particle with particle as a 3-surface. Also the infinite-
dimensionality of the zero mode sector of the configuration space of 3-surfaces is absolutely essential.
Therefore the reduction is a triumph for quantum TGD and favors TGD against string models.
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Standard quantum measurement theory involves also the notion of state preparation which reduces
to the notion of self measurement. Each localization in zero modes is followed by a cascade of self
measurements leading to a product state. This process is obviously equivalent with the state prepa-
ration process. Self measurement is governed by the so called Negentropy Maximization Principle
(NMP) stating that the information content of conscious experience is maximized. In the self mea-
surement the density matrix of some subsystem of a given self localized in zero modes (after ordinary
quantum measurement) is measured. The self measurement takes place for that subsystem of self for
which the reduction of the entanglement entropy is maximal in the measurement. In p-adic context
NMP can be regarded as the variational principle defining the dynamics of cognition. In real context
self measurement could be seen as a repair mechanism allowing the system to fight against quantum
thermalization by reducing the entanglement for the subsystem for which it is largest (fill the largest
hole first in a leaking boat).

Selves self-organize

The fourth basic element is quantum theory of self-organization based on the identification of quantum
jump as the basic step of self-organization [K62] . Quantum entanglement gives rise to the generation
of long range order and the emergence of longer p-adic length scales corresponds to the emergence of
larger and larger coherent dynamical units and generation of a slaving hierarchy. Energy (and quantum
entanglement) feed implying entropy feed is a necessary prerequisite for quantum self-organization.
Zero modes represent fundamental order parameters and localization in zero modes implies that the
sequence of quantum jumps can be regarded as hopping in the zero modes so that Haken’s classical
theory of self organization applies almost as such. Spin glass analogy is a further important element:
self-organization of self leads to some characteristic pattern selected by dissipation as some valley of
the ”energy” landscape.

Dissipation can be regarded as the ultimate Darwinian selector of both memes and genes. The
mathematically ugly irreversible dissipative dynamics obtained by adding phenomenological dissipa-
tion terms to the reversible fundamental dynamical equations derivable from an action principle can be
understood as a phenomenological description replacing in a well defined sense the series of reversible
quantum histories with its envelope.

Classical non-determinism of Kahler action

The fifth basic element are the concepts of association sequence and cognitive space-time sheet. The
huge vacuum degeneracy of the Kéhler action suggests strongly that the absolute minimum space-time
is not always unique. For instance, a sequence of bifurcations can occur so that a given space-time
branch can be fixed only by selecting a finite number of 3-surfaces with time like(!) separations on the
orbit of 3-surface. Quantum classical correspondence suggest an alternative formulation. Space-time
surface decomposes into maximal deterministic regions and their temporal sequences have interpre-
tation a space-time correlate for a sequence of quantum states defined by the initial (or final) states
of quantum jumps. This is consistent with the fact that the variational principle selects preferred
extremals of Kahler action as generalized Bohr orbits.

In the case that non-determinism is located to a finite time interval and is microscopic, this sequence
of 3-surfaces has interpretation as a simulation of a classical history, a geometric correlate for contents
of consciousness. When non-determinism has long lasting and macroscopic effect one can identify it as
volitional non-determinism associated with our choices. Association sequences relate closely with the
cognitive space-time sheets defined as space-time sheets having finite time duration and psychological
time can be identified as a temporal center of mass coordinate of the cognitive space-time sheet. The
gradual drift of the cognitive space-time sheets to the direction of future force by the geometry of the
future light cone explains the arrow of psychological time.

p-Adic physics as physics of cognition and intentionality

The sixth basic element adds a physical theory of cognition to this vision. TGD space-time decomposes
into regions obeying real and p-adic topologies labelled by primes p = 2, 3,5, .... p-Adic regions obey
the same field equations as the real regions but are characterized by p-adic non-determinism since
the functions having vanishing p-adic derivative are pseudo constants which are piecewise constant
functions. Pseudo constants depend on a finite number of positive pinary digits of arguments just like
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numerical predictions of any theory always involve decimal cutoff. This means that p-adic space-time
regions are obtained by gluing together regions for which integration constants are genuine constants.
The natural interpretation of the p-adic regions is as cognitive representations of real physics. The
freedom of imagination is due to the p-adic non-determinism. p-Adic regions perform mimicry and
make possible for the Universe to form cognitive representations about itself. p-Adic physics space-
time sheets serve also as correlates for intentional action.

A more more precise formulation of this vision requires a generalization of the number concept
obtained by fusing reals and p-adic number fields along common rationals (in the case of algebraic
extensions among common algebraic numbers). This picture is discussed in [K71] . The application
this notion at the level of the imbedding space implies that imbedding space has a book like structure
with various variants of the imbedding space glued together along common rationals (algebraics). The
implication is that genuinely p-adic numbers (non-rationals) are strictly infinite as real numbers so
that most points of p-adic space-time sheets are at real infinity, outside the cosmos, and that the
projection to the real imbedding space is discrete set of rationals (algebraics). Hence cognition and
intentionality are almost completely outside the real cosmos and touch it at a discrete set of points
only.

This view implies also that purely local p-adic physics codes for the p-adic fractality characterizing
long range real physics and provides an explanation for p-adic length scale hypothesis stating that
the primes p ~ 2¥, k integer are especially interesting. It also explains the long range correlations
and short term chaos characterizing intentional behavior and explains why the physical realizations
of cognition are always discrete (say in the case of numerical computations). Furthermore, a concrete
quantum model for how intentions are transformed to actions emerges.

The discrete real projections of p-adic space-time sheets serve also space-time correlate for a logical
thought. It is very natural to assign to p-adic pinary digits a p-valued logic but as such this kind
of logic does not have any reasonable identification. p-Adic length scale hypothesis suggest that the
p = 2F —n pinary digits represent a Boolean logic B* with k elementary statements (the points of the
k-element set in the set theoretic realization) with n taboos which are constrained to be identically
true.

p-Adic and dark matter hierarchies and hierarchy of moments of consciousness

Dark matter hierarchy assigned to a spectrum of Planck constant having arbitrarily large values brings
additional elements to the TGD inspired theory of consciousness.

1. Macroscopic quantum coherence can be understood since a particle with a given mass can in
principle appear as arbitrarily large scaled up copies (Compton length scales as f). The phase
transition to this kind of phase implies that space-time sheets of particles overlap and this makes
possible macroscopic quantum coherence.

2. The space-time sheets with large Planck constant can be in thermal equilibrium with ordinary
ones without the loss of quantum coherence. For instance, the cyclotron energy scale associated
with EEG turns out to be above thermal energy at room temperature for the level of dark matter
hierarchy corresponding to magnetic flux quanta of the Earth’s magnetic field with the size scale
of Earth and a successful quantitative model for EEG results [K22] .

Dark matter hierarchy leads to detailed quantitative view about quantum biology with several
testable predictions [K22] . The general prediction is that Universe is a kind of inverted Mandel-
brot fractal for which each bird’s eye of view reveals new structures in long length and time scales
representing scaled down copies of standard physics and their dark variants. These structures would
correspond to higher levels in self hierarchy. This prediction is consistent with the belief that 75 per
cent of matter in the universe is dark.

1. Living matter and dark matter

Living matter as ordinary matter quantum controlled by the dark matter hierarchy has turned out
to be a particularly successful idea. The hypothesis has led to models for EEG predicting correctly the
band structure and even individual resonance bands and also generalizing the notion of EEG [K22]
. Also a generalization of the notion of genetic code emerges resolving the paradoxes related to the
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standard dogma [K38|,[K22] . A particularly fascinating implication is the possibility to identify great
leaps in evolution as phase transitions in which new higher level of dark matter emerges [K22] .

It seems safe to conclude that the dark matter hierarchy with levels labelled by the values of
Planck constants explains the macroscopic and macro-temporal quantum coherence naturally. That
this explanation is consistent with the explanation based on spin glass degeneracy is suggested by
following observations. First, the argument supporting spin glass degeneracy as an explanation of
the macro-temporal quantum coherence does not involve the value of /i at all. Secondly, the failure
of the perturbation theory assumed to lead to the increase of Planck constant and formation of
macroscopic quantum phases could be precisely due to the emergence of a large number of new degrees
of freedom due to spin glass degeneracy. Thirdly, the phase transition increasing Planck constant has
concrete topological interpretation in terms of many-sheeted space-time consistent with the spin glass
degeneracy.

2. Dark matter hierarchy and the notion of self

The vision about dark matter hierarchy leads to a more refined view about self hierarchy and
hierarchy of moments of consciousness [K21) [K22] . The larger the value of Planck constant, the
longer the subjectively experienced duration and the average geometric duration T'(k) o< i of the
quantum jump.

Quantum jumps form also a hierarchy with respect to p-adic and dark hierarchies and the geometric
durations of quantum jumps scale like i. Dark matter hierarchy suggests also a slight modification of
the notion of self. Each self involves a hierarchy of dark matter levels, and one is led to ask whether
the highest level in this hierarchy corresponds to single quantum jump rather than a sequence of
quantum jumps. The averaging of conscious experience over quantum jumps would occur only for
sub-selves at lower levels of dark matter hierarchy and these mental images would be ordered, and
single moment of consciousness would be experienced as a history of events. The quantum parallel
dissipation at the lower levels would give rise to the experience of flow of time. For instance, hadron
as a macro-temporal quantum system in the characteristic time scale of hadron is a dissipating system
at quark and gluon level corresponding to shorter p-adic time scales. One can ask whether even entire
life cycle could be regarded as a single quantum jump at the highest level so that consciousness would
not be completely lost even during deep sleep. This would allow to understand why we seem to know
directly that this biological body of mine existed yesterday.

The fact that we can remember phone numbers with 5 to 9 digits supports the view that self corre-
sponds at the highest dark matter level to single moment of consciousness. Self would experience the
average over the sequence of moments of consciousness associated with each sub-self but there would
be no averaging over the separate mental images of this kind, be their parallel or serial. These mental
images correspond to sub-selves having shorter wake-up periods than self and would be experienced as
being time ordered. Hence the digits in the phone number are experienced as separate mental images
and ordered with respect to experienced time.

8. The time span of long term memories as signature for the level of dark matter hierarchy

The basic question is what time scale can one assign to the geometric duration of quantum jump
measured naturally as the size scale of the space-time region about which quantum jump gives con-
scious information. This scale is naturally the size scale in which the non-determinism of quantum
jump is localized. During years I have made several guesses about this time scales but zero energy
ontology and the vision about fractal hierarchy of quantum jumps within quantum jumps leads to a
unique identification.

Causal diamond as an imbedding space correlate of self defines the time scale 7 for the space-
time region about which the consciousness experience is about. The temporal distances between the
tips of C'D as come as integer multiples of C' P, length scales and for prime multiples correspond to
what I have christened as secondary p-adic time scales. A reasonable guess is that secondary p-adic
time scales are selected during evolution and the primes near powers of two are especially favored.
For electron, which corresponds to Mersenne prime Mjo; = 2127 — 1 this scale corresponds to .1
seconds defining the fundamental time scale of living matter via 10 Hz biorhythm (alpha rhythm).
The unexpected prediction is that all elementary particles correspond to time scales possibly relevant
to living matter.

Dark matter hierarchy brings additional finesse. For the higher levels of dark matter hierarchy 7
is scaled up by %i/fy. One could understand evolutionary leaps as the emergence of higher levels at
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the level of individual organism making possible intentionality and memory in the time scale defined
T.

Higher levels of dark matter hierarchy provide a neat quantitative view about self hierarchy and
its evolution. Various levels of dark matter hierarchy would naturally correspond to higher levels in
the hierarchy of consciousness and the typical duration of life cycle would give an idea about the level
in question. The level would determine also the time span of long term memories as discussed in [K22]
. The emergence of these levels must have meant evolutionary leap since long term memory is also
accompanied by ability to anticipate future in the same time scale. This picture would suggest that
the basic difference between us and our cousins is not at the level of genome as it is usually understood
but at the level of the hierarchy of magnetic bodies [K38| [K22]. In fact, higher levels of dark matter
hierarchy motivate the introduction of the notions of super-genome and hyper-genome. The genomes
of entire organ can join to form super-genome expressing genes coherently. Hyper-genomes would
result from the fusion of genomes of different organisms and collective levels of consciousness would
express themselves via hyper-genome and make possible social rules and moral.

1.3 Bird’s eye of view about the topics of the book

This book tries to give an overall view about TGD inspired theory of consciousness as it stands now.
In nutshell TGD based view about consciousness relies following ideas and concepts.

1. The basic notions TGD inspired theory of consciousness are quantum jump identified as a
moment of consciousness, self identified as sequence of quantum jumps analogous to bound state
of particles, self hierarchy with sub-selves experienced by self as mental images, and sharing and
fusion of mental images by quantum entanglement.

2. Dark matter hierarchy, the levels of which are labeled by increasing quantized value of Planck
constant, suggests that the geometric durations for the moments of consciousness form defined as
the scale of the space-time volume from which conscious experience is about, form an increasing
hierarchy so that the highest level associated with a given self would correspond to single moment
of consciousness. This would actually eliminate the notion of self and self hierarchy would
correspond to a fractal hierarchy of quantum jumps.

3. The anatomy of quantum jumps must be consistent with the notions of state preparation, state
function reduction, and unitary evolution and this leads to a detailed view what quantum jump
means for quantum states of the Universe identified as classical spinor fields in configuration
space, the "world of classical worlds”. The zero modes of the configuration space geometry
which do not contribute to its metric and thus do not quantum fluctuate, correspond to classical
observables. A direct connection with quantum measurement theory emerges.

4. Negentropy Maximization Principle (NMP) defines the basic variational principle of TGD in-
spired theory of consciousness. NMP states that the negentropy gain in quantum jump is
maximal. The allowance of a number theoretic variant of Shannon entropy making sense for
rational or algebraic entanglement probabilities implies that quantum jump can also generate
or increase the amount of entanglement. A possible interpretation is in terms of bound state
entanglement to which conscious information can be assigned.

5. A natural characterization of the fundamental qualia is in terms of quantum number increments
associated with the quantum jump. The classical non-determinism of Kéhler action (in the usual
sense of the world) means that the contents of the conscious experience of a given self comes
from a 4-dimensional space-time region rather than representing 3-D snapshot of space-time.
This together with the new view about energy and time (negative energies and communications
to the geometric past are predicted) leads to a new vision about memory, intentional action,
and also metabolism.

6. p-Adic physics as physics of cognition and intentionality is a genuinely new element as compared
to the existing theories of consciousness and forces to give up the view that cognition is localized
in the sense of real physics. Indeed, p-adic space-time sheets representing intentions have liter-
ally infinite size since most p-adic integers, in particular those which are infinitesimally small,
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have infinitely large as real numbers. Cognition would quite literally see the real cosmos from
outside. The transformations of p-adic space-time sheets to real ones in quantum jump define
an attractive view about what happens when intention transforms to an action and is consistent
with TGD based view about energy (also negative inertial energies are possible and the density
of inertial energy vanishes in cosmological length scales). The discrete rational projection of
p-adic space-time sheets to the real imbedding space is excellent candidate for the realization of
cognitive representations at the level of space-time since p-adic numbers define very naturally a
generalization of binary logic and for primes satisfying p-adic length scale hypothesis the result-
ing logic has also Boolean interpretation as a logic in which certain number of statements are
taboos so that the number of allowed statements is reduced from 2* to p = 2% — n.

7. The new view about the relationship between experienced and geometric time inspires a general
model of memory, intentional action, and metabolism. In this model time mirror mechanism
meaning communications with geometric past using negative energy (phase conjugate photons)
is in central role. Also time-like entanglement plays a key role in the model of memories. A
precise conceptualization for this vision is provided by zero energy ontology in which M-matrix
generalizes S-matrix. M-matrix is identifiable as the ”square” root of density matrix defines time
like entanglement coefficients between positive and negative energy parts of the zero energy state
located at past and future boundaries of the causal diamond defined by the intersection of future
and past directed light-cones.

The topics of the book are organized in the following manner.

1. In the first part of the book TGD inspired theory of consciousness is discussed at general level.
There are three summarizing chapters give a view about how ideas have evolved. Besides this
there are chapters devoted to Negentropy Maximization Principle, to a detailed exposition of
the notion of self, and to a model of sensory representations.

2. The second part of the book contains two chapters about the relationship between experienced
and geometric time. The first one is more than decade old. The second one - inspired by zero
energy ontology and written quite recently - provides a rather detailed vision about how the
arrow of geometric time correlating with the arrow of experienced time and the localization of
the contents of sensory experience to a narrow time interval emerge. The chapter explaining
TGD based view about long term memory is also included.

3. The third part of the book summarizes roughly decade old view about intelligence and cog-
nition. p-Adic physics as physics of cognition and intentionality and many-fermion states as
representations of Boolean statements are the key notions. In zero energy ontology also quantal
versions of logical rules A — B realized as quantum variants of Boolean functions emerge at
the fundamental level. A chapter about the role of dark matter hierarchy, in particular about
topological quantum computation as a universal information processing tool, would be needed
to make the picture more complete.

4. The fourth chapter is devoted to remote mental interactions. The theoretical motivation for
taking remote mental interactions seriously is that exactly the same mechanisms which are
involved with the interaction between magnetic body and biological body apply also to remote
mental interactions in TGD Universe. One could also understand why these phenomena are
rare: a kind of immune system making it impossible for foreign magnetic bodies to control
and communicate with the biological body possessed by a particular magnetic body would be a
highly probable (but perhaps not unavoidable) outcome of evolutionary process.

The seven online books about TGD [K80, K60, K61l [K70), K48 [K45, [K68| and eight online books
about TGD inspired theory of consciousness and quantum biology [K74, K12 [K53] K10, [K29] K36,
K40, [K67] are warmly recommended for the reader willing to get overall view about what is involved.
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1.4 The contents of the book

1.4.1 PART I: BASIC IDEAS OF TGD INSPIRED THEORY OF CON-
SCIOUSNESS

TGD Inspired Quantum Theory of Consciousness and of Bio-systems: an Overall View

The purpose of this chapter is to represent a bird eye’s of view about the basic ideas of TGD inspired
consciousness and its applications to living matter. The notion of many-sheeted space-time, dark
matter hierarchy with levels by the values of dynamical quantized Planck constant, and the resulting
basic vision about bio-systems as macroscopic quantum systems are summarized. The basic ideas
and concepts of TGD inspired theory of consciousness are reviewed. Discussed are also the recent
views about how local p-adic physics codes for the long range correlations of the real physics as p-adic
fractality and how p-adic space-time sheets provide correlates for cognition and intentionality.

Matter, Mind, Quantum

This chapter is devoted to the TGD inspired theory of consciousness, which can be also regarded as a
generalization of quantum measurement theory. TGD inspired theory of consciousness could be seen
as a generalization of quantum measurement theory to make observer, which in standard quantum
measurement theory remains an outsider, a genuine part of physical system subject to laws of quantum
physics. The basic notions are quantum jump identified as moment of consciousness and the notion
of self: in zero energy ontology these notions might however reduce to each other. Negentropy Max-
imization Principle defines the dynamics of consciousness and as a special case reproduces standard
quantum measurement theory.

1. Quantum jump as moment of consciousness

TGD suggests that the quantum jump between quantum histories could identified as moment of
consciousness and could therefore be for consciousness theory what elementary particle is for physics.

This means that subjective time evolution corresponds to the sequence of quantum jumps ¥; —
U¥; — W consisting of unitary process followed by state function process. Originally U was thought
to be the TGD counterpart of the unitary time evolution operator U(—t,t), t — oo, associated with
the scattering solutions of Schriodinger equation. It seems however impossible to assign any real
Scrodinger time evolution with U. In zero energy ontology U defines a unitary matrix between zero
energy states and is naturally assignable to intentional actions whereas the ordinary S-matrix telling
what happens in particle physics experiment (for instance) generalizes to M-matrix defining time-like
entanglement between positive and negative energy parts of zero energy states. One might say that U
process corresponds to a fundamental act of creation creating a quantum superposition of possibilities
and the remaining steps generalizing state function reduction process select between them.

2. Negentropy Mazimization Principle and the notion of self

U-process is followed by a sequence of state function reductions. Negentropy Maximization Princi-
ple (NMP) states that in a given quantum state the most quantum entangled subsystem-complement
pair can perform the quantum jump. More precisely: the reduction of the entanglement entropy in
the quantum jump is as large as possible. This selects the pair in question and in case of ordinary
entanglement entropy leads the selected pair to a product state. The interpretation of the reduc-
tion of the entanglement entropy as conscious information gain makes sense. The sequence of state
function reductions decomposes at first step the entire system to two parts in such a manner that
the reduction entanglement entropy is maximal. This process repeats itself for subsystems. If the
subsystem in question cannot be divided into a pair of entangled free system the process stops since
energy conservation does not allow it to occur (binding energy).

The original definition of self was as a subsystem able to remain unentangled under state function
reductions associated with subsequent quantum jumps. Everything is consciousness but consciousness
can be lost if self develops bound state entanglement during U process so that state function reduction
to smaller un-entangled pieces is impossible.

The existence of number theoretical entanglement entropies in the intersection of real and various
p-adic worlds force to modify this picture. The reduction process can stop also if the self in question
allows only decompositions to pairs systems with negentropic entanglement. This does not require
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that that the system forms a bound state for any pair of subsystems so that the systems decomposing
it can be free (no binding energy). This defines a new kind of bound state not describable as a jail
defined by the bottom of a potential well. Subsystems are free but remain correlated by negentropic
entanglement.

The ordinary state function reductions imply dissipation crucial for self organization and quantum
jump could be regarded as the basic step of an iteration like process leading to the asympotic self-
organization patterns. One could regard dissipation as a Darwinian selector as in standard theories of
self-organization. NMP thus predicts that self organization and hence presumably also fractalization
can occur inside selves. NMP would favor the generation of negentropic entanglement. This notion
is highly attractive since it could allow to understand how quantum selforganization generates larger
coherent structures. Note that state function reduction for negentropic entanglement is highly deter-
ministic since the number of degenerate states with same negative entanglement entropy is expected
to be small. This could allow to understand how living matter is able to develop almost deterministic
cellular automaton like behaviors.

The chapter is devoted to the discussion of detailed implications of these general ideas. The topics
to be discussed include following basic questions.

1. How the general structure for the contents of consciousness of self are determined? The basic
assumption is that self hierarchy in which subselves define mental images of self is responsible
for the general structure of conscious experience. Zero energy ontology allows to derive the
space-time correlates of selves.

2. How the physical realization of the hardware of consciousness differs from that assumed in
neuroscience? Here the notion of magnetic body as intentional agent using biological body as
motor instrument and sensory receptor is central.

3. What is the precise relationship between the geometric time of physicist and subjective time
identified in terms of a sequence of quantum jumps? Zero energy ontology gives the most
convincing answer to this question found hitherto.

4. What can one one say about various types of conscious experience in the proposed framework.
This includes p-adic description of cognition and intentional action, model for sensory experience
and sensory qualia, model for Boolean mind in terms of fermions, a model for directed attention,
ideas about emotions, and also a general interpretation for altered states of consciousness based
on the special features of negentgropic entanglement.

5. Can one provide solutions to the paradoxes of quantum physics, theories of consciousness, and
logic in the proposed conceptual framework?

The discussion differs considerably from the earlier one. The reason is that the developments
occurred during period 2005-2010 (zero energy ontology, hierarchy of Planck constants assigned to
dark matter, hyper-finite factors of type I, implications of the number theoretical negentropies)
are introduced from the beginning to the formulation of the theory rather than as additions to the
existing text so that the representation is more coherent and the number of internal inconsistencies is
minimized.

Negentropy Maximization Principle

In TGD Universe the moments of consciousness are associated with quantum jumps between quantum
histories. The proposal is that the dynamics of consciousness is governed by Negentropy Maximization
Principle, which states the information content of conscious experience is maximal. The formulation
of NMP is the basic topic of this chapter.

Negentropy Maximization Principle (NMP) codes for the dynamics of standard state function
reduction and states that the state function reduction process following U-process gives rise to a
maximal reduction of entanglement entropy at each step. In the generic case this implies at each step
a decomposition of the system to unique unentangled subsystems and the process repeats itself for
these subsystems. The process stops when the resulting subsystem cannot be decomposed to a pair of
free systems since energy conservation makes the reduction of entanglement kinematically impossible
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in the case of bound states. The natural assumption is that self loses consciousness when it entangles
via bound state entanglement.

There is an important exception to this vision based on ordinary Shannon entropy. There exists
an infinite hierarchy of number theoretical entropies making sense for rational or even algebraic entan-
glement probabilities. In this case the entanglement negentropy can be negative so that NMP favors
the generation of negentropic entanglement, which need not be bound state entanglement in standard
sense. Negentropic entanglement might serve as a correlate for emotions like love and experience of
understanding. The reduction of ordinary entanglement entropy to random final state implies second
law at the level of ensemble. For the generation of negentropic entanglement the outcome of the
reduction is not random: the prediction is that second law is not a universal truth holding true in all
scales. Since number theoretic entropies are natural in the intersection of real and p-adic worlds, this
suggests that life resides in this intersection. The existence effectively bound states with no binding
energy might have important implications for the understanding the stability of basic bio-polymers
and the key aspects of metabolism. A natural assumption is that self experiences expansion of con-
sciousness as it entangles in this manner. Quite generally, an infinite self hierarchy with the entire
Universe at the top is predicted.

The identification of life as a number theoretically critical phenomenon is also consistent with
the idea that the transformation of intention to action corresponds to a U-process inducing leakage
between different sectors. This leakage makes sense in the intersection where same mathematical
expression defines both real and p-adic partonic 2-surfaces which are the fundamental objects in TGD
framework. What these statements really mean requires a construction of number theoretical variant
of quantum theory applying in the intersection of real and p-adic worlds.

Besides number theoretic negentropies there are also other new elements as compared to the earlier
formulation of NMP. Zero energy ontology modifies dramatically the formulation of NMP since U-
matrix acts between zero energy states and can be regarded as a collection of M-matrices, which
generalize the ordinary S-matrix and define what might be called a complex square root of density
matrix so that kind of a square root of thermodynamics at single particle level justifying also p-adic
mass calculations based on p-adic thermodynamics is in question. The hierarchy of Planck constants is
a further new element having important implications for conciousness and biology. Hyper-finite factors
of type II; represent an additional technical complication requiring separate treatment of NMP taking
into account finite measurement resolution realized in terms of inclusions of these factors.

NMP has important implications for thermodynamics. In particular, one must give up the standard
view about second law and replace it with a formulation taking into accoung the hierarchy of causal
diamonds assigned with zero energy ontology and dark matter hierarchy labeled partially by the values
of Planck constants, as well as the effects due to negentropic entanglement. In particular, in the case
of living matter breaking of second law in standard sense is expected to take place and be crucial for
the understanding of evolution. Self hierarchy having the hierarchy of causal diamonds as imbedding
space correlate leads naturally to a thermodynamical description of the contents of consciousness and
quantum jumps is very much analogous to quantum computation. This leads to a vision about the
role of bound state entanglement and negentropic entanglement in the generation of sensory qualia.
Negentropic entanglement leads to a vision about cognition. Negentropically entangled state consisting
of a superposition of pairs can be interpreted as a conscious abstraction or rule: negentropically
entangled Schrédinger cat knows that it is better to keep the bottle closed. A connection with fuzzy
qubits and quantum groups with negentropic entanglement is highly suggestive. The implications
are highly non-trivial also for quantum computation, which allows three different variants in TGD
context. The negentropic variant would correspond to conscious quantum computation like process.

Self and Binding

The quantum notion of self solved some longstanding problems of TGD inspired theory of conscious-
ness and led to a breakthrough in quantum theory of consciousness. Self is identified as a sub-system
able to not generate bound state entanglement during quantum jumps. Generation of bound state
entanglement leads to a loss of consciousness whereas negentropic entanglement possible in the inter-
section of real and p-adic worlds involves experience about expansion of consciousness.

With the advent of the hierarchy of Planck constants realized in terms of generalized imbedding
space and of zero energy ontology emerged the idea that self hierarchy could be reduced to a fractal
hierarchy of quantum jumps within quantum jumps. It seems now clear that the two definitions of
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self are consistent with each other. The identification of the imedding space correlate of self as causal
diamond (CD) of the imbedding space combined with the identification of space-time correlates as
space-time sheets inside C'D solved also the problems concerning the relationship between geometric
and subjective time.

Subjective memory is assumed to correspond to an average of conscious experiences of quantum
jumps occurred after the last wake-up of self. This leads to the identification of qualia as averages of
the increments of quantum numbers and zero modes in the ensemble of quantum jumps defining self.
Summation hypothesis states that self X experiences the experiences of its subselves as abstracted
experiences, averages X;; about sub-subselves X;;. Subselves of un-entangled selves can entangle (this
is due to the many-sheeted sub-system concept) and this allows fusion and sharing of mental images.

Quantum entanglement provides a mechanism leading to the formation of irreducible wholes at
the level of mental images. Entanglement can be entropic bound state entanglement or negentropic
entanglement, which need not involve binding energy. The latter is possible only in the intersection
of real and p-adic worlds where life can be said to reside. Quantum entanglement is possible also
in time direction in zero energy ontology. It is tempting to assign negatively colored emotions to
the entropic entanglement and positive emotions to the negentropic one. In TGD framework the
standard vision about brain based on reductionistic-holistic dichotomy must be replaced with a trinity
in which negentropic entanglement corresponds to a mode of cognition, which does not allow linguistic
expression and episodal memories, and various mental feats of synesthetes and idiot savants could
be seen as a manifestation of negentropic entanglement. Also meditative consciousness would be
negentropic.

Selves are called irreducible if they possess no subselves, otherwise reducible. Subselves correspond
to mental images so that irreducible subselves possess no mental images and are in a state of pure
self-awareness: it is not clear whether this kind of states are possible in practice. When the subselves
of self fuse to single negentropic subself, a state of ”one-ness” results in somewhat different sense.
This mode of consciousness can be identified as ”"whole-body” consciousness and differs from ordinary
consciousness during which self has large number of mental images. These modes could naturally
explain emotional/holistic and rational modes of mind. These two modes could make it possible
to understand various dichotomies like brain/left brain, emotional/analytic, religous/rational, East-
ern/Western,... One could understand linear cognitive processes like thinking and language as self
cascades in which self decomposes into subselves, which in turn decompose into subselves, which ...
and self hierarchy implies connection with computationalism.

The possibility of negentropic entanglement has profound implications. It leads to a vision about
learning as a basic quantum process possible in the intersection of real and p-adic worlds and made
possible because state function reduction ceases to be a random process for negentropically entangled
zero energy states. Quite concrete ideas about the role of synaptic transmission and neural transmitters
for consciousness emerge. Music experience provides an especially interesting application for the
vision about consciousness and zero energy ontology together with number theoretical vision inspires
several concrete interpretations. Synchronous firing of neurons- in particular at 40 Hz frequency-
is an attractive correlate for the negentropic entanglement and synesthesia can be interpreted as a
particular manifestatios of negentropic entanglement.

In TGD framework it is not at all obvious that the highest levels of our personal self hierarchy
should correspond to the size of the physical body. Various empirical facts, in particular the obser-
vations related to the special effects of excitations of geomagnetic fields and ELF em fields in EEG
frequency range on brain, inspire the hypothesis that our selves correspond to topological field quanta
of em fields associated with EEG frequencies and thus by Uncertainty Principle have size scale of
Earth. This leads to a rather radical modification of the brain centered views about consciousness,
and one can quite seriously consider the questions like what physical death means from the point of
view of consciousness: it could be that electromagnetic part of self hierarchy could survive after the
physical death as a ’soul’.

Quantum Model for Sensory Representations

One of the toughest challenges of quantum theories of consciousness is to understand how sensory
representations are constructed at quantum level. It became as a surprise that the vision about
sensory representation which resulted from a long lasting thought experimentation is actually very
much what the original experience about myself as a computer sitting at its own terminal, when taken
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very literally in some aspects, actually suggests. This vision adds to the standard view about brain an
additional layer responsible for the sensory representations and brings in the quantum level of control
so that nerve pulse patterns are only part of the control loop. In fact, it has turned out that the
same basic theory applies to both geometric memories, precognition, sensory perception, and motor
actions. The vision goes as follows.

1.

As far as our consciousness is considered, primary sensory organs are the seats of sensory qualia
and brain only constructs cognitive and symbolic representations. Various objections against
this hypothesis can be circumvented by assuming that sensory organs entangle with the brain.
The question how imagination differs from the sensory experience becomes trivial, and dreams
and hallucinations can be understood as resulting via the back-projection of the imagined mental
images to the primary sensory organs.

. Libet’s findings about passive aspects of consciousness lead to the view that sensory percept can

be regarded as a geometric memory in time scale of .5 seconds involving entanglement with the
geometric past mediated by negative energy MEs. Libet’s experiments about the active aspects
of consciousness in turn lead to realization that motor actions and sensory perceptions are in
a well-defined sense time-reversals of each other: pre-cognition is a definite aspect of motor
action. One can say that motor action at the level of negative energy MEs is initiated from
the level of muscles rather than brain and motor imagination is just a motor action starting
from some level higher than muscles. The transformation of a p-adic ME to negative energy ME
realizes the transformation of intention to action in a precisely targeted manner and the emission
of negative energy makes possible extreme flexibility by buy now-let others pay mechanism of
remote metabolism. This process is the basic step initiating motor action, neural activity leading
to imagery, and active memory recall. This picture also explains why geometric memories occur
more or less spontaneously whereas precognition is a rare phenomenon (pre-cognizer must receive
negative energy MEs).

In TGD framework one can assign to any material structure a magnetic body having much large
size. The closed flux loops composing magnetic bodies allow an elegant realization of the long
term memories in terms of negative and positive energy MEs. A stronger hypothesis is that
various magnetic bodies define sensory canvases at which various sensory representations are
realized. Motor action can be seen as a geometric time reversal of sensory perception. Cortex
can be seen as a collection of pre-existing symbolic and cognitive features possibly entangled
with sensory mental images at sensory organs, and activated when they appear in the perceptive
field or form a part of motor action. The basic task of the central nervous system is to identify
these features from the sensory input. The mental images associated with various parts of the
physical body are entangled with the points of the correspondin magnetic bodies representing
objects of the perceptive field by sharing of mental images and in this manner define attributes
of these objects. There is an entire hierarchy of representations corresponding to the hierarchy of
magnetic bodies, and also sensory perception involves active selections by entangling a sequences
of mental images defining paths along the tree-like structure defined by the hierarchy of magnetic
bodies beginning from the personal magnetic body and ending at the roots defined by magnetic
bodies of sensory organs. This explains phenomena like sensory rivalry.

. The decomposition of the perceptive field to objects is one of the basic aspects of sensory

experiencing and TGD provides a mechanism generating these objects as space-time sheets: the
boundaries of these objects correspond to regions of strong Kahler electric field whose strength
is assumed to correlate with the intensity of the neural input. It might be that even the objects
of perceptive field or thoughts could be regarded as features. In zero energy ontology causal
diamonds become the imbedding space correlates of mental images and one can ask whether
Negentropy Maximization Principle -perhaps suitably generalized- could force their generation.

The computational activities associated with the construction of the sensory representations (say
estimating distances and directions of the objects of perceptive field) and virtual sensory repre-
sentations representing the goals of motor action are presumably realized as iterated processes
in which virtual sensory inputs characterizing the expected experiences are compared with the
real world sensory input. In a similar manner the goal of the motor action is compared with the
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sensory representation resulting from effect of a virtual motor action on the representation of
the recent state of world and body. This comparison does not necessarily require sensory rep-
resentation at any level of the self hierarchy and could be based on comparison circuits defined
by parallel supra currents in which the inputs which are sufficiently near to each other generate
constructive interference giving rise to a large Josephson current.

6. Zero energy ontology together with the notion of causal diamond (CD) identified as imbedding
space correlate of self and the moduli space of C'Ds, the description of dark matter in terms of a
hierarchy of Planck constants implying a generalization of the notion of the imbedding space, and
the vision about living matter as something residing in the intersection of real and p-adic worlds
and carrying positive entanglement negentropy allow to make this vision more detailed and lead
to surprisingly precise quantitative predictions and connect the basic biological time scales to
those assignable to elementary particles in zero energy ontology. The notion of spectroscopy of
consciousness can be formulated for the geometric aspects of conscious experience in terms of
the moduli space of causal diamonds and the frequencies of the generalized EEG.

1.4.2 PART II: TIME AND CONSCIOUSNESS

Time and Consciousness

In moments of consciousness as quantum jumps between quantum histories picture the basic challenge
is to explain how psychological time arises: why the contents of at least sensory experiences are con-
centrated around a definite value of geometric time and what is the origin of the arrow of psychological
time. It has become gradually clear that TGD cannot reproduce the common sense conception of time
and that one can only require that the generalized view is consistent with our restricted conscious
experiences and shows our position in the hierarchy of consciousness.

The understanding of the notion of psychological time and its arrow - or equivalently, the rela-
tionship between subjective and geometric time - turned out to be quite difficult challenge and led
to a handful of proposals based on the identification of space-time sheet as a correlate of self and the
idea that the experienced flow of geometric correspond to some kind of motion in space-time or in
imbedding space. These identifications did not lead to anything practical and generated paradoxes.

The most recent proposal involves no ad hoc assumptions and relies on the formulation of quantum
TGD using zero energy ontology. The correlate of self is now so called causal diamond (pair of future
and past directed light-cones) which is 8-D sub-manifold of the imbedding space rather than space-time
sheet. The flow of geometric time is apparent and due the change of quantum state in quantum jump
which in the first approximation means a shift of the quantum superposition of space-time surfaces
to the direction of the geometric past of the imbedding space. This proposal allows to understand
the asymmetry between geometric future and past at the level of conscious experience and makes also
precise quantitative predictions. Also a unification of the definition of self identifying it as a sequence
of quantum jumps and of the definition based on the reduction of self hierarchy to a fractal hierarchy
of quantum jumps within quantum jumps becomes possible.

The concept of self led to the understanding of the subjective memory as an average over experi-
ences of self experienced after its ”wake-up”. Subjective memories are always about past. Geometric
memories are predictions for the future/past assuming that no quantum jumps would occur after /had
occurred before the one giving rise to the geometric memory. Pre-cognitions can be seen as geo-
metric memories about future. Intentions are p-adic variants of precognitions. It seems that long
term memories must correspond to geometric memories: this hypothesis, when combined with the
spin glass model of brain, the notion of quantum self-organization, and some key aspects of many-
sheeted physics, allows to understand the basic aspects of the long term memory and avoids the basic
difficulties of the neural net models.

”Ontogeny recapitulates phylogeny” principle suggests that the structure of the many-sheeted
space-time represents the structure of the cosmology of consciousness. This heuristic principle to-
gether with the concept of self, the hypothesis that also infinite primes are present in the topological
condensate and association sequence concept, leads to a Grand Scenario for the cosmology of con-
sciousness. There is no need to assume that different irreducible sub-experiences associated with given
moment of consciousness correspond to a common value of the psychological time. Most naturally,
the values of psychological time extending from zero to strictly infinite values of time and beyond(!)
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are present. This means that cosmology of consciousness has fractal like structure: there are sub-
cosmologies which know nothing about each other’s existence except in quantum jumps involving
entanglement with larger space-time sheets: in this case the conscious experience could be regarded
as a religious or mystic experience. Both future and past civilizations participate in each quantum
jump. The allowance of infinite primes suggested strongly by various arguments, means that conscious
intelligences which are God like as compared to us, participate in each quantum jump.

An especially important general consequence is the paradigm of 4-dimensional brain.

1. This paradigm trivializes the problem of long term memory. The desire to remember would
be quantum communicated from the geometric now to the geometric past by sharing of mental
images made possible by time-like quantum entanglement of sub-selves. In the case of episodal
memories the sharing of mental images gives already rise to the memory. For non-episodal
memories the memory is communicated classically to the geometric future. An essential element
of the mechanism are negative energy MEs (”massless extremals”) which are ideal for generating
time-like quantum entanglement with the geometric past. Positive energy MEs are in turn
involved with classical communications.

2. Second consequence is a model of cognition relying on the concept of cognitive neutrino pair:
cognitive neutrino pair has almost vanishing total energy and consists of neutrino and antineu-
trino residing at different space-time sheets. The cornerstone of the model is the negative energy
of the condensed matter neutrinos deriving from the classical Z° interaction with nuclear Z°
charges. Thus one can say that TGD predicts that k = 169 space-time sheet (L(169) ~ 5
microns) is the length scale in which cognitive consciousness emerges.

Quantum jumps between quantum histories concept explains the peculiar time delays of conscious-
ness revealed in the experiments relating to active and passive roles of consciousness and the causal
anomalies revealed by the experiments of Radin and Bierman. TGD predicts "tribar effect” as a
general signature for the quantum jump between quantum histories concept.

Quantum Model of Memory

The neural realization of long term memories has remained to a high extent a mystery in the frame-
work of the standard brain science. The TGD based quantum model for memory have developed
gradually from the basic realization that in TGD framework the identification of quantum states as
quantum histories makes it un-necessary to store information about the geometric past to the geo-
metric now. The process was not by no means a mechanical deduction of the consequences of some
basic postulates. For instance, the understanding of the relationship between geometric and subjec-
tive time developed through several erratic models and only a formulation of quantum TGD led to a
quantitative formulation.

The new view about time has deep implications concerning the understanding of memory.

a) It is possible to separate genuine geometric memory recall from apparent memory recalls such
as feature recognition, associations, and implicit and procedural memories. There are no memory
storages in brain and only memory representations abstracting the essential aspects of experience are
needed.

b) The models of long term memory based on the assumption that information about the geometric
past is stored in the recent state of the system predict that the new memories should mask the old
ones. It is however known that childhood memories are the stablest ones. In TGD framework this
ceases to be a problem.

Mirror mechanism provides a very general mechanism of long term memory. To remember some-
thing at a temporal distance T in the geometric past is to look at a mirror at a distance ¢T'/2. If the
mirror is quantum mirror only a timelike entanglement (allowed by the non-determinism of Kéhler
action) of the mental image of the geometric past with a mental image in brain now is needed. The
un-necessity to communicate memories classically implies extreme generality of the mechanism: all
kinds of memories: sensory, cognitive, verbal,.... can be recalled in this manner. Even the mechanism
of memory recall by cue can be generalized since the notion of tele association makes in principle
sense.

The basic objections against this over-simplified picture is that there is no guarantee that the
reflected ME returns to the brain and that there is no control over the time span of long term memories.
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The notion of magnetic body allows a more realistic formulation. Brain or the personal magnetic body
generates spontaneously negative energy MEs with all fundamental frequencies. These MEs can be
also curved and are parallel to the closed flux tubes defining the personal magnetic body and connect
geometric now with the brain of the geometric past: multiple reflections are probably required to
achieve this. The length of the closed magnetic loop defines the time span of the corresponding long
term memory. The sharing of mental images by timelike entanglement allows to communicate the
desire to remember to the geometric past, and gives rise to the memory recall in the case of episodal
memories. In the case of non-episodal/declarative memories the memory is communicated from the
brain of the geometric past by classical communications using positive positive energy MEs which
propagate with an effective phase velocity much lower than light velocity along closed magnetic flux
tubes and generate in the receiving end symbolic representation of the memory.

Macro-temporal quantum coherence is further important piece of the model. The understanding
of how macro-temporal quantum coherence is made possible by the spin glass degeneracy led to a
concrete realization of the mirror model and also provided a connection with the ideas of Hameroff
and Penrose. When a bound state is formed the zero modes of the bound state entangled subsystems
become quantum fluctuating degrees of freedom. This means that state function reduction and state
preparation cease to occur in these degrees of freedom. The bound state is in a kind of long-lasting
multiverse state, or state of ’oneness’ experientially, and the sequence of quantum jumps defined by the
duration of the bound state behaves effectively as a single quantum jump. Macro-temporal quantum
coherence making possible supercomputer like activities becomes possible.

The spin glass degeneracy associated with the join along boundaries bonds (the space-time cor-
relates for the bound state formation) lengthens the lifetimes of the bound states dramatically and
solves thus the basic objections against quantum consciousness. The spin glass degeneracy is due to
classical gravitational energy of the system. The quantum jumps between different classical gravita-
tional configurations involve the emission of gravitational (equivalently Z°) MEs and the intention
to remember is realized as a transformation of p-adic ME to negative energy gravitational ME. The
fact that classical gravitational fields couple to classical gauge fields with a coupling which is about
108 stronger than the ordinary gravitational coupling, could play an important role too. Water clus-
ters and macromolecules with sizes in the range of cell membrane thickness and cell size are good
candidates for generating gravitonic MEs responsible for all geometric memories. Also classical Z°
interaction might be involved since gravitonic MEs can be regarded also as Z° MEs.

This picture was not yet quite enough. A generalization of quantum theory based on the introduc-
tion of a hierarchy of Planck constants realized in terms of generalization of the concept of imbedding
space motivated by anomalies of astrophysics and biology led to a quantitative model for how macro-
scopic and macro-temporal quantum coherence could be realized in living matter. Also a quantitative
view about memory emerges. A rather detailed neuro level model of long term memory is developed
and the model conforms nicely with the basic facts known about the relationship of hippocampus and
long term memory.

About the Nature of Time

The identification of the experienced time t. and geometric time ¢, involves well-known problems.
Physicist is troubled by the reversibility of ¢, contra irreversibility of ¢., by the conflict between
determinism of Schriédinger equation and the non-determinism of state function reduction, and by the
poorly understood the origin of the arrow of ¢,. In biology the second law of thermodynamics might be
violated in its standard form for short time intervals. Neuroscientist knows that the moment of sensory
experience has a finite duration, does not understand what memories really are, and is bothered by
the Libet’s puzzling finding that neural activity seems to precede conscious decision. These problems
are discussed in the framework of Topological Geometrodynamics (TGD) and TGD inspired theory of
consciousness constructed as a generalization of quantum measurement theory. In TGD space-times
are regarded as 4-dimensional surfaces of 8-dimensional space-time H = M* x C'P, and obey classical
field equations. The basic notions of consciousness theory are quantum jump and self. Subjective
time is identified as a sequence of quantum jumps. Self has as a geometric correlate a fixed volume of
H- 7causal diamond”-defining the perceptive field of self. Quantum states are regarded as quantum
superpositions of space-time surfaces of H and by quantum classical correspondence assumed to shift
towards the geometric past of H quantum jump by quantum jump. This creates the illusion that
perceiver moves to the direction of the geometric future. Self is curious about the geometric future
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and induces the shift bringing it to its perceptive field. Macroscopic quantum coherence and the
identification of space-times as surfaces in H play a crucial role in this picture allowing to understand
also other problematic aspects in the relationship between experienced and geometric time.

1.4.3 PART III: INTELLIGENCE, INFORMATION, AND COGNITION

Conscious Information and Intelligence

The notions of information and intelligence are discussed in TGD framework. Possible definitions for
the information measures of the configuration space spinor field and information gain of conscious
experience as well as the information theoretic interpretation of Kéhler action are discussed in detail
the first sections of the chapter.

1. The key element of the approach is the number theoretic generalization of entanglement entropy.
Quantum entanglement between real and p-adic degrees of freedom makes sense if entanglement
coefficients are rational or even algebraic numbers. In this case one can define entanglement
entropy using the p-adic variant of the logarithm. p-Adic entropy can be also negative, and
the states for which the entropy is negative are stable against self measurements (NMP) and
define macrotemporally quantum coherent states. The number-theoretic entropy serves as an
information measure for cognitive entanglement, and positive entanglement negentropy can be
interpreted as a correlate for the experience of understanding. Number theoretic entanglement
measures are natural in what might be called the intersection of real and p-adic worlds (partonic
2-surfaces have mathematical representations making sense both p-adically and in real sense)
and this leads to a vision about life as something residing in this intersection.

2. Various measures for the information contents of consciousness are discussed.

(a) The reduction of entanglement entropy defines a natural measure for conscious information
gain in single step of the state of state function reduction process decomposing subsystem
to a pair of un-entangled sub-systems. If entanglement is negentropic the entanglement
negentropy either increases or the system is stable against state function reduction.

(b) It seems natural to assume that the information measures are associated with the entire
cascade and that they are additive in the sense that information gain is sum over the
information gains of the steps of the cascade and that a given step contributes by the sum
of the information gains associated with unentangled subsystems which are subject to self
measurement in a given step of the cascade.

(c¢) One can also assign information measures to the resulting indecomposable systems. For
subsystem which is bound state in the normal sense and thus has entropic entanglement,
one can consider all possible decomposition of the system to a sub-system and its com-
plement and define the entanglement negentropy as the negative for the minimum value
of entropy obtained in this manner. If the system is negentropically entangled one can
define entanglement negentropy as the maximum of entanglement negentropy obtained in
this manner. This means that one can assign to the final state of state function reduction
unique negentropy as the sum of the negative contributions associated with selves which
are internally bound state entangled and positive contributions of negentropic selves.

(d) The information content of the conscious experience associated with self is more inter-
esting practically. Since self defines a statistical ensemble, it is straightforward to define
entropies associated with the increments of quantum numbers and zero modes defining non-
geometric and geometric qualia. These entropies characterize the fuzziness of the quale and
are 'negative’ information measures. One can also assign to non-decomposable subselves
the information measures and they give either positive or negative contribution to the
information content of self.

(e) In principle this allows to define also the net information gain of quantum jump as the dif-
ference of the total negentropies of the final and initial states of quantum jump identified as
those produced by the state function reduction process. Initial and final state negentropies
would characterize spinor fields of WCW ("world of classical worlds”).
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3. Information theoretic interpretation of the Kéahler function is discussed in detail. Quantum
classical correspondence suggests that the magnetic part of Kéhler action would correspond to
information content of negentropic entanglement and electric part to the negative information
content of entropic bound state entanglement. Kéahler functiond defined as the negative of the
Kaéhler action can be interpreted as an entropy type measure for the information content of
the space-time surface. Without quantum criticality entropic configurations carrying strong
Kahler electric fields would be favored. The proposal is that the quantum criticality of K&hler
action possible for the critical value of Kahler coupling strength makes possible large degeneracy
of the negentropic extremals carrying large Kéhler magnetic action and makes TGD universe
maximally interesting and maximizes its intelligence so that even infinite negentropy is possible.
Number theoretical criticality would relate to this criticality very closely. The proposal that
living matter is near vacuum extremal so that the degeneracy of negentropic configurations is
high is discussed.

Concerning the modelling of conscious intelligence the following aspects are important.

1. Zero energy states -which replace the earlier notion of association sequence inspired by the failure
of strict determinism for Kahler action in standard sense - can be seen as memes with M-matrices
characterizing the time-like entanglement representing ”laws of physics”. Negentropic time like
entanglement makes possible for fully state function reduced states to represent rules as quantum
superposition of state pairs representing instances a—b for a general rule A—B. Also space-like
negentropic quantum entanglement is important piece of the story. For fermion Fock states
this gives Boolean rules as a special case. Zero energy states represent geometric memories,
simulations for time development whereas selves represent subjective memories and conscious
experience involves always the comparison of geometric and subjective memories telling whether
expectations were realized. Quantum theory of self-organization applies also to the evolution
of consciousness understood as self-organization in the ensemble of association sequences/selves
and implies Darwinian selection also at the level of selves and conscious experiences.

2. TGD Universe is quantum computer in a very general sense. Negentropic quantum entangle-
ment stabilizes qubits but makes them fuzzy. This leads to a modification of the standard
paradigm of quantum comptuation . Quantum computationalism is shown to reproduce the
relevant aspects of computationalism and connectionism without reducing conscious brain to a
deterministic machine. Holographic brain is also one of the dominating ideas of neuroscience.
TGD based realization of memory allows to reduce hologram idea to its essentials: what matters
is that piece of hologram is like a small window giving same information as larger window but in
less accurate form. This inspires the concept of neuronal window: each neuron has small window
to the perceptive landscape and is typically specialized to detect particular feature in the land-
scape. Coherent photons emitted by mindlike space-time sheets and propagating along axonal
microtubules serving as wave guides, realize neuronal windows quantum physically. Massless
extremals allow rather precise definition for the notion of quantum hologram.

A more refined formulation of these ideas is based on the notion of conscious hologram. Many-
sheeted space-time is essentially a fractal Feynmann diagram with lines thicknened to 4-surfaces.
The lines are like wave guides carrying laser beams and vertices are like nodes where these laser
beams interfere and generate the points of the hologram. The 3-dimensionality of the ordinary
hologram generalizes to stereo consciousness resulting in the fusion of mental images associated
with various nodes of the conscious hologram. An essential element is the possibility of negative
energy space-time sheets analogous to the past directed lines of the Feynmann diagram: negative
energy MEs are the crucial element of sensory perception, motor action, and memory.

3. An important element is effective four-dimensionality of brain making possible to understand
long term memories, planning and motor activities in a completely new manner. Further impor-
tant ideas are music metaphor already described and the vision about brain as an associative
net. Zero energy ontology and the notion of C'D (causal diamond) provides justification for the
memetic code and relates it to fundamental elementary particles time scales. The codewords
of the memetic code consist of sequences of 126 bits and are represented in terms of nerve
pulse sequences or membrane oscillations and time varying quark magnetization, is the key es-
sential element of brain as cognitive system. Codewords can be interpreted either as elements
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of a Boolean algebra or as bits in the binary expansion of an integer in the range (0,2!?%) so
that memetic code makes brain able to assign numbers with qualia. An attractive and testable
identification for the memetic codewords is as phonemes of language.

p-Adic Physics as Physics of Cognition and Intention

TGD as a generalized number theory vision supports the interpretation of the p-adic physics in terms
of physical correlates of cognition and intentionality so that matter-mind dichotomy would correspond
to real-p-adic dichotomy at the level of the geometric correlates of mind. This interpretation has far
reaching implications for both TGD inspired theory of consciousness and for the general world view
provided by TGD. Cognition is predicted to be present in all length scales and the success of the
p-adic physics in elementary particle length scales forces to conclude that cognition and intention are
present even at this level.

The vision about life and conscious information and intelligence as something in the intersection
of real and p-adic worlds is the key guiding principle also in TGD inspired quantum biology. The
very fact that the notion of conscious information makes sense only in this intersection supports the
proposed interpretation of p-adic physics. Zero energy ontology and the notion of causal diamond
(CD) with zero energy states having interpretation as memes in very general sense is also of central
importance, and allows a quantitative formulation reducing the fundamental bio-rhythms to funda-
mental elementary particle time scales. The hierarchy of Planck constants as an explanation of dark
matter and energy as macroscopic quantum phases even in astrophysical scales and implying that
dark matter is a key actor in the drama of life is the third key element.

In this chapter the implications of this vision are studied from the point of view of cognitive
consciousness. The basic ideas behind the proposed vision about intentionality and cognition are
following.

1. p-Adic space-time sheets are identified as the correlates of cognition and intention. The possibil-
ity to identify the inherent non-determinism of the p-adic field equations as the non-determinism
of imagination makes this identification attractive. Only the p-adic space-time sheets in the in-
tersection of real and p-adic worlds allow the transformation of intentions to actions and sensory
input to cognitions. Cognitions and intentions are related by time reversal in zero energ ontology.
The common algebraic points of real and p-adic partonic 2-surfaces in the algebraic extension
or rationals guaranteing that the representation of 2-surface makes sense both in real and p-adic
senses define fundamental cognitive representations as finite point sets.

2. The ’phase transition’ of a p-adic space-time sheet to a real space-time sheet taking place in
quantum jump between quantum histories corresponds to the transformation of a thought into
action or sensory experience (during dreams and hallucinations) whereas the reverse transfor-
mation corresponds to the transformation of the sensory input into cognition. This transition
can be thought to occur in the intersection of real and p-adic worlds where the mathematical
representations of partonic 2-surface make sense both in real and p-adic sense. Motor action
would correspond to the transformation of p-adic space-time sheets to their real counterparts
and during sensory experience the reversal of this transformation would take place. In zero
energy ontology these transformations could reduce to quark and lepton level as is suggested
by the fact that the time scales assignable to quarks and leptons correspond to 1 ms and .1 s
defining fundamental time scales of nerve pulse activity and EEG.

3. The obvious question is how to test p-adic physics empirically. First of all, thinking could
be interpreted as p-adic sensory experiencing. Hence the reduction of theories—experimental
science dichotomy to p-adic-real dichotomy seems natural: just like experimental science is
an extension of everyday real sensory experience, theories represent an extension of everyday
p-adic sensory experience (common sense thinking). Thus the basic test is how well p-adic
physics based theories describe cognition. Secondly, the p-adic models for physical systems
are strictly speaking models for cognitive models for real physics. The successes of these highly
predictive models (consider only p-adic elementary particle mass calculations involving only very
few integer valued parameters) supports the vision about p-adic physics as physics of cognition.
p-Adic-real phase transitions as models for how thought is transformed to action and sensory
input to thought provide a further testing ground for the new paradigm.
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The following topics are discussed in the chapter.

1. The relationship between p-adic physics, intentionality, and cognition are discussed on gen-
eral level. Basic cognitive functions such as imagination, hallucinations, formation of cognitive
representations, Boolean mind, and learning are discussed in this conceptual framework.

2. Possible -necessarily indirect- evidence for p-adic cognition is considered.

3. In the mathematical sections the relationship between intentionality, cognition and number
theory is discussed. Also the relation between p-adic and real physics is discussed at general
level with basic vision being that the intersection of real and p-adic space-time sheets in the
intersection of real and p-adic worlds consists of points belonging to the algebraic extension
of rational needed to guarantee that the mathematical representation of the partonic 2-surface
makes sense both in real and p-adic sense.

4. Frontal lobes are known to be the seat of the higher level intentional action and are discussed
from p-adic point of view.

5. A generalization of the memetic code to cognitive codes is discussed and some proposals about
codes are made. This generalization is based on p-adic length scale hypothesis. If the time scales
involved correspond to time scales assignable to the C'Ds of the known elementary particles, the
generalization is not favored. On the other hand, dark matter sector could allow entire fractal
hierarchy of elementary particle physics whose existence is reflected as fundamental bio-rhytms
and cognitive codes.

6. The intersection of real and p-adic partonic 2-surfaces defining space-like cognitive representa-
tions consist of algebraic points. The hypothesis that these intersections obey various kind of
symmetries identifiable as molecular symmetries is discussed.

1.4.4 PART IV: PARANORMAL PHENOMENA

Quantum Model of Paranormal Phenomena

The general quantum model for bio-systems leads to a model for bio-control which applies to a very
wide variety of hard-to-understand bio-chemical phenomena such as molecular recognition mecha-
nisms, water memory, and homeopathy and leads to a generalization of genetic code explaining the
mystery of introns. The same model generalizes to a model of paranormal phenomena such as psy-
chokinesis, remote sensing, remote healing, telepathy, communications with deceased, and instrumen-
tal transcommunications. The basic difference is that magnetic body receives information and controls
”foreign” biological (or even magnetic) body or ”dead” matter system.

The basic notions of the model are magnetic body as an intentional agent controlling biological
body and receiving data from living body or even ”dead” matter system with massless extremals (MEs)
mediating these communications, zero energy ontology and the related notion of causal diamond (C'D)
serving as an imbedding space correlate of self and assigning to elementary particles fundamental
macroscopic time and length scales as those of C'D, the hierarchy of Planck constants making possible
macroscopic quantum phases and zoom-ups of quantum systems, and the vision about living matter
as something residing in the intersection of real and p-adic worlds and the closely related notion of
negentropic entanglement crucial for the functioning of living matter and conscious intelligence in
TGD Universe.

Negentropic entanglement, which can be both space-like and time-like in zero energy ontology,
makes possible quantum superposition of macroscopically different configurations of the target system
correlated with the states of operator system. The operator should be able to achieve the negentropic
entanglement and intentionally increase the amplitude of the desired outcome in this superposition.
Negentropic entanglement need not involve binding energy and I have proposed this as a deeper level
explanation for the nebulous notion of high energy phosphate bond crucial for metabolism in living
matter. Quite generally, negentropic entanglement would make possible for the operator to transfer
metabolic energy and momentum to the target. The hierarchy of values of Planck constant would
make possible this process in long time and length scales.
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1. Magnetic mirrors (ME-magnetic flux tube pairs) connecting the sender and receiver make pos-
sible a universal mechanism for the transfer of intent and action. The pair of flux tubes forms
a kind of sensory-motor loop. In biology the fundamental realization could be by a pair of
flux sheets going through the strands of DNA with passive strand sending sensory data to the
magnetic body and active strand receiving control commands leading to various forms of gene
expresion. MEs are ideal for the transfer of both classical information and momentum.

2. p-Adic MEs represent the transfer of a mere intent and real MEs represent a transfer of action.
p-Adic ME can be transformed to real ME either by receiver or some higher level magnetic self.
This makes sense only in the intersection of real and p-adic worlds.

3. The transfer of intent gives rise to mechanism of remote interaction which can act both endo-
and exogenously. Magnetic mirrors characterized by their fundamental frequencies make possi-
ble bridges between sender and receiver (say healer and healee) and allow a resonant interaction
in which healer can initiate various control commands acting as 4-dimensional templates repre-
sented as holograms. Also smaller MEs can be send along the MEs serving as bridges (this is
like throwing balls with light velocity!).

4. The ME-magnetic flux tube pair connecting sender and receiver can act as a reference wave
which can initiate an arbitrarily complex hologram representing biological program. Sender
has the ability to generate and amplify the frequencies which induce holograms representing
the control commands. In particular, in living matter sender can initiate complex biological
programs without knowing anything about their functioning.

One can distinguish between psychokinesis applied to living matter and ”dead” matter.

1. When the target consists of living matter the mechanisms would be same as in communications
between magnetic and biological bodies making possible bio-control of biological body by mag-
netic body and the receival of sensory input from biological body by magnetic body. Hypnosis
would be one example of this kind of interaction.

2. Remote mental interactions in the case ”dead” could use simpler variants of the fundamental
mechanisms utilized in living matter. For instance, zero energy ontology assigns with the CDs
of electron and quarks time scales .1 s and 1 ms defining fundamental biorhythms. The CDs
assignable to elementary particles could be involved also with psychokinesis. Negentropic en-
tanglement could be essential for the transfer of metabolic energy (say in simple psychokinesis
moving an object) and for control actions -say in intentional change of sequences of binary dig-
its produced by random number generator. Target system would not be completely ”dead”.
Thermodynamical restrictions favor large values of Planck constant.

The basic problem in many remote mental interactions such as the intentional effect on random
number generator is ”Who knows how?”. How the mere intent can be transformed to action without
any knowledge about the details of the action? The attempt to understand how neuro-feedback affect
the behavior of single neuron leads to the same question.

1. Magnetic mirrors make possible also feedback and this feedback could make possible learning.
For instance, in psychokinesis (especially so in micro PK), this learning would be crucial and
analogous to that what occurs when we learn to drive a car. In healing this kind of feedback
might help to find the healing frequency by trial and error.

2. It is quite possible that also multibrained and -bodied higher level colletive selves actively par-
ticipate in the process as a third party such that the remote mental interactions would act as
a relay states. I have suggested similar explanation for Sheldrake’s findings about learning at
the lelel of species and Tiller’s findings about the ”transfer of intent”. This could make possi-
ble coherent amplification effects (TEM, prayer groups) and could make available information
resources of all brains involved with the group. This could for instance explain the ability of a
remote viewer to see an object on basis of data which need not have any meaning for her.

3. A fast amplitude modulation of alpha waves introducing higher harmonics to the carrier wave
is a good candidate for mediating communication between brains and higher level multibrained
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selves. Mesoscopic ’features’ in brain involve precisely this kind of amplitude modulation and
might represent just this kind of messages. Interestingly, also speech is produced by a fast
amplitude modulation of 10 Hz basic vibration frequency of speech organs (assignable to electron
CD as a fundamental frequency) and kHz (quarks) frequency is a special frequency from the
point of view of hearing.

TGD Based Model for OBEs

Out-of-body experiences (OBEs) are often understood as experience of seeing oneself from a position
outside of the body. OBEs are poorly understood in the framework of neuro science and pose a
challenge for the reductionistic world view.

In TGD framework the notion of magnetic body provides an attractive starting point in attempts
to understand what OBEs and related experiences are. The basic idea is that magnetic body serves
effectively as a mirror defining a third person view as a cognitive representation also in ordinary wake-
up state and that during OBEs this representation becomes sensory representation. Magnetic body
need not always be a personal magnetic body but could correspond to a magnetic body receiving
information from several brains (collective consciousness), magnetic body of another person, or be
even associated with "dead” matter.

The progress in identifying dark matter as a phase of matter with large value of Planck constant
making possible macroscopic quantum coherence has led to the vision about dark matter at magnetic
flux quanta as quantum controller of ordinary matter in living systems. The Bose-Einstein condensates
of dark photons decaying via decoherence to ordinary photons mediate interactions between ordinary
and dark matter and the hypothesis is that dark photon ”laser” beams from body and brain reflected
at magnetic flux quanta give rise to third person aspect of consciousness which in OBEs and related
experiences are realized as sensory representations. The identification of bio-photons as end products
of the de-coherence of dark photon beams is natural.

Zero energy ontology and the notion of causal diamond (or C'D defined roughly as the intersection
of future and past directed lightcones) brings additional quantitative ingredients to the model. Sub-
CDs define imbedding space (M* x C'P,) correlates for selves and by holography the 2-D partonic
2-surfaces at the light-like future and past boundaries of C'Ds are the ultimate space-time correlates
for mental images. The moduli space for C'Ds makes possible a more detailed view about sensory
representations.

A further new element is the vision about life as something in the intersection of real and p-adic
worlds. The most important outcome is that the notion of number theoretic entanglement negentropy
making sense in this situation is positive so that entanglement carries conscious information. The
fusion of selves (in particular mental image) by negentropic entanglement is experienced as expansion
of consciousness. It is negentropic entanglement between parts of biological body and corresponding
parts of the magnetic body and biological body which makes living system living. This negentropic
entanglement between magnetic body and biological body is important also for OBEs.

The model leads also to a model for dreams, hallucinations, sensory feedback from brain to sensory
organs, and directed attention. Concrete models for how dark photons can give rise to experiences in
various sensory modalities such as vision, hearing, olfaction, and tactile senses, are proposed.
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Chapter 2

Matter, Mind, Quantum

2.1 Introduction

Topological Geometro-Dynamics (TGD) is a unified theory of fundamental interactions. TGD in-
volves a quite far-reaching generalization of the space-time concept and, apart from the notion of
quantum jump, reduces quantum theory to infinite-dimensional geometry. Quantum TGD requires
the introduction of several new mathematical tools and concepts, in particular p-adic numbers.

TGD based theory of consciousness has developed gradually during the last fifteen years side by
side with TGD based quantum measurement theory. For a summary of TGD and p-adic aspects of
TGD see [K80, [K45] .

The emergence of the notions of zero energy ontology and hierarchy of Planck constants together
with the increased understanding of the special features of number theoretical universality have led to
a considerable deepening of the understanding during last half decade. The basic concepts and ideas
of TGD based theory of consciousness as I would have formulated them around 2005 are introduced
first. After that the ideas that have appeared during the period 2005-2010 are briefly summarized.

2.1.1 Basic ideas of TGD inspired theory of consciousness

In the following basic ideas of TGD inspired theory of consciousness as they were formulate for about
half decade ago are summarized.

Identification of quantum states as quantum histories and the notion of quantum jump

General coordinate invariance forces the identification of the quantum states as quantum histories
rather than time=constant snapshots of single quantum history. Quantum history can be regarded as
a classical spinor field in the world of all classical worlds (WCW) so that rather abstract concept is
in question. This identification has several important consequences.

1. The possibility to regard unitary process followed by state function collapse as a quantum jump
between quantum histories solves the basic paradox posed by the determinism of the Schrédinger
equation contra non-determinism of the state function collapse.

2. A radical reconsideration of the concepts of psychological time and observer becomes necessary
and forces a profound generalization of the standard views about time.

If quantum jump occurs between two different time evolutions of Schrodinger equation (understood
here in very metaphoral sense) rather than interfering with single deterministic Schrédinger 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.

Negentropy Maximization Principle (NMP) codes for the dynamics of standard state function
reduction and states that the state function reduction process following U-process gives rise to maximal
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reduction of entanglement entropy at each step. In the generic case this implies decomposition of the
system to unique unentangled systems and the process repeats itself for these systems. The process
stops when the resulting subsystem cannot be decomposed to a pair of free systems since energy
conservation makes the reduction of entanglement kinematically impossible in the case of bound
states.

The notion of self

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 in which case the reduction of entanglement is energetically impossible. One could say
that everything is conscious and consciousness can be only lost when the system forms bound state
entanglement with environment.

As will be found, there is an important exception to this vision based on ordinary Shannon entropy.
There exists an infinite hierarchy of number theoretical entropies making sense for rational or even
algebraic entanglement probabilities. In this case the entanglement negentropy can be negative so that
NMP favors the generation of negentropic entanglement, which need not be bound state entanglement
in standard sense.

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 as the ensemble consisting of quantum jumps (sub-sub-subselves) increases.

One of the newest ideas related to the notion of self is that the sub-selves of two unentangled
selves can entangle although selves remain unentangled. This is possible by the modification of the
subsystem concept forced by the p-adic length scale cutoff. The entanglement of sub-selves means
fusion and sharing of mental images providing a universal telepathy like quantum communication
mechanism and presumably making possible both molecular, cellular, and human societies.

Generalization of quantum measurement theory

One must reformulate quantum measurement theory. The hypothesis that each quantum jump in-
volves localization in the so called zero modes having interpretation as classical variables characterizing
the observable geometric properties of the space-time surface, and thus of external macroscopic ob-
server, together with an additional condition guaranteing that the density matrix characterizing the
entanglement between quantum fluctuating degrees of freedom and zero modes is diagonal, implies
standard quantum measurement theory. Needless to emphasize, the reduction of the standard quan-
tum measurement theory to fundamental quantum physics is a triumph of TGD approach.

This is however not the whole story. The standard quantum measurement is followed by a cascade
self measurements inside self, which reduces entanglement between some subsystem and its comple-
ment in quantum fluctuating degrees of freedom: again a measurement of the density matrix is in
question. This cascade is equivalent with the process of state preparation which is a phenomenological
notion in the standard quantum measurement theory. The dynamics of self measurement is governed
by Negentropy Maximization Principle (NMP), which specifies which subsystems are subject to quan-
tum measurement in a given quantum jump. NMP can be regarded as a basic law for the dynamics
of quantum jumps and states that the information content of the conscious experience is maximized.
In p-adic context NMP dictates the dynamics of cognition.

Quantum criticality

The systems possessing self correspond to macroscopic quantum phases. In standard physics context
the existence of the required macroscopic quantum phases is not at all obvious whereas the new
physics implied by TGD predicts their existence. The point is that the Universe according to TGD is
a quantum critical system. Quantum criticality is mathematically very similar to thermodynamical
criticality and implies long range quantum correlations in all length scales. This in turn implies
the existence of macroscopic quantum phases. TGD Universe is also quantum spin glass with state
degeneracy broken only by the classical gravitational energy of the space-time sheets having same
induced Kéahler field. This degeneracy makes it possible to have quantum coherence over time periods
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longer than CP; time of order 1073 seconds characterizing the duration of single quantum jump so
that biosystems can act as quantum computers in macroscopic time scales.

TGD based space-time concept and the existence of macroscopic quantum phases

TGD implies a radical generalization of the space-time concept in all length and time scales. The
concept of many-sheeted space-time leads to fresh proposals for how biosystems manage to be macro-
scopic quantum systems. Examples of these mechanisms are so called wormhole superconductivity,
electronic high T, super-conductivity, neutrino super-conductivity, ionic and a mechanism for gener-
ating coherent light and gravitons [K13| K14, [K14l [K49] . The notion of many-sheeted ionic equi-
librium summarizes the basic vision about quantum control and coordination according to which the
space-time sheets associated with the superconducting magnetic flux tube structures control ordinary
biomatter at the atomic space-time sheets.

The so called massless exremals (MEs), which can be regarded as ’topological light rays’, are
carriers of especially important exmple of macroscopic quantum states. The lightlike boundaries of
MEs act as quantum holograms and carry representations of the superconformal and super-symplectic
algebras. These states have gigantic almost-degeneracies, and are genuine quantum gravitational states
(state functionals in the configuration space of 3-surfaces, the world of worlds’) and thus correspond
to higher abstraction level than ordinary quantum states. MEs can control the supercurrents at
superconducting magnetic flux tube structures by magnetic interactions, act as Josephson junctions,
and induce magnetic quantum phase transitions. Therefore the quantum holograms associated with
MEs are excellent candidates for quantum correlates of higher level consciousness.

p-Adic numbers and consciousness

p-Adic number fields R,, (one number field for each prime p = 2,3, 5, ...) are analogous to real numbers
but differ from them in that p-adic numbers are not well-ordered. p-Adic numbers play an absolutely
essential role in the formulation of quantum TGD and of TGD inspired theory of consciousness.
The inherent non-determinism of p-adic differential equations motivates the identification of the p-
adic space-time sheets as cognitive representations of ordinary matter with p-adic non-determinism
identified as non-determinism of imagination. Mind-matter duality is realized at the level of space-
time geometry and mind stuff corresponds to p-adic regions of space-time. TGD Universe performs
self mimicry in all length scales. Besides p-adic nondeterminism there is nondeterminism of Kéhler
action: these two nondeterminisms allow to represent some aspects of quantum jump sequences, that
is contents of consciousness of selves, at space-time level cognitively and symbolically (language). This
in turn makes possible self referentiality of consciousness: it is possible to become conscious about
being conscious about...

2.1.2 Implications of zero energy ontology, number theoretical universal-
ity, and hierarchy of Planck constants

Zero energy ontology, number theoretical universality, and hierarchy of Planck constants represent
ideas, which have developed strongly during last half decade and have led to to a considerable re-
finement of the overall view about consciousness and inspired also a vision about life as something
residing in the intersection of real and p-adic worlds [K42] .

Zero energy ontology and the notions of quantum jump and self

Zero energy ontology changes considerably the interpretation of the unitary process and state function
reduction. In zero energy ontology quantum states are replaced with zero energy states defined as
superpositions of pairs of positive and negative energy states identified as counterparts of initial and
final states of a physical event such as particle scattering. Zero energy ontology is ideal from the
point of view of consciousness and intentionality. Everything can be in principle be created from
vacuum so that several frustrating paradoxes plaguing positive energy ontology disappear. Also the
quantum jumps between p-adic and real quantum states suggested to correspond to intentional action
are mathematically sensible in zero energy ontology.

The matrix defining entanglement between positive and negative - christened as M-matrix- is the
counterpart of the ordinary S-matrix but need not be unitary. It can be identified as a ” complex square
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root” of density matrix expressible as a product of positive square root of diagonal density matrix and
unitary S-matrix. Quantum TGD can be seen as defining a ”square root” of thermodynamics, which
thus becomes an essential part of quantum theory.

U-matrix is defined between zero energy states and cannnot therefore be equated with the S-
matrix used to describe particle scattering events. Unitary conditions however imply that U-matrix
can be seen as a collection of M-matrices labelled by zero energy states so that the knowledge of
U-matrix implies the knowledge of M-matrices. A natural guess is that U is directly related to
consciousness and the description of intentional actions. For positive energy ontology state function
reduction would serve as a state preparation for the next quantum jump. In zero energy ontology
state function preparation and reduction can be assigned to the positive and negative energy states
defining the initial and final states of the physical event. The reduction of the time-like entanglement
during the state function reduction process corresponds to the measurement of the scattering matrix.
In the case of negentropic time-like entanglement the reduction process is not random anymore and
the resulting dynamics is analogous to that of cellular automata providing a natural description of
the dynamics of self-organization in living matter.

Zero energy ontology leads to a precise identification of the subsystem at space-time level. General
coordinate invariance in 4-D sense means that 3-surfaces related by 4-D diffeomorphisms are physically
equivalent. It is conventient to perform a gauge fixing by a introducing a natural choice for the
representatives of the equivalence classes formed by diffeo-related 3-surfaces.

1. Light-like 3-surfaces identified as surfaces at which the Minkowskian signature of the induced
space-time metric changes to Euclidian one - wormhole contacts- are excellent candidates in this
respect. The intersections of these surfaces with the light-like boundaries of C'D defined 2-D
partonic surfaces. Also the 3-D space-like ends of space-time sheets at the light-like boundaries
of C'Ds are very natural candidates for preferred 3-surfaces.

2. The condition that the choices are mutually consistent implies effective 2-dimensionality. The
intersections of these surfaces defining partonic 2-surface plus the distribution of 4-D tangent
spaces at its points define the basic dynamical objects with 4-D general coordinate invariance
reduced to 2-dimensional one. This effective 2-dimensionality was clear from the very beginning
but is only apparent since also the data about 4-D tangent space distribution is necessary to
characterize the geometry of WCW and quantum states. The descriptions in terms of 3-D
light-like or space-like surfaces and even in terms of 4-D surfaces are equivalent but redundant
descriptions. This has far reaching implications for the concrete mathematical realization of
number theoretic universality [K42] .

As far as consciousness is considered effective 2-dimensionality means holography and could relate
to the fact that at least our visual experience is at least effectively 2-dimensional.

Positive entanglement negentropy is possible in the intersection of real and p-adic worls

Positive entanglement negentropy is possible in the intersection of real and p-adic worlds and is
stable against NMP. Giving up the original ad hoc interpretation as a counterpart for bound state
entanglement leads to a beautiful vision about the role of negentropic entanglement in cognition and
functioning of living matter.

1. The first form of NMP was rather naive. There was no idea about the anatomy of quantum
jump and NMP only stated that the allowed quantum jumps are such that the information
gain of conscious experience measured by the reduction of entanglement entropy resulting in the
reduction of entanglement between the subsystem of system and its complement is maximal.
Later it became clear that quantum jump has a complex anatomy consisting of unitary process
U followed by the TGD counterpart of state function reduction serving as a state preparation
for the next quantum jump.

2. The attempts to formulate NMP in p-adic physics led to the realization that one can distinguish
between three kinds of information measures.

(a) In real physics the negative of the entanglement entropy defined by the standard Shannon
formula defines a natural information measure, which is always non-positive.
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(b) In p-adic physics one can generalize this information measure to p-adic valued information
measure by replacing the logarithms of p-adic valued probabilities with the p-based loga-
rithms log, (| P|,) which are integer valued and can be interpreted as p-adic numbers. This
p-adic valued entanglement entropy can be mapped to a non-negative real number by the
so called canonical identification x = )" x,p™ — > x,p~". In both cases a non-positive
information measure results.

(¢) When the entanglement probabilities are rational numbers or at most finitely algebraically
extended rational numbers one can still define logarithms of probabilities as p-based loga-
rithms log,(|P|,) and interpret the entropy as a rational or algebraic number. In this case
the entropy can be however negative and positive definite information measure is possible.
Irrespective of number field one can in this case define entanglement entropy as a maximum
of number theoretic entropies S, over the set of primes. The first proposal was that the
algebraic entanglement corresponds to bound state entanglement turned out to be wrong.

3. At some stage the importance of the almost trivial fact that bound state entanglement must
be kinematically stable against NMP became obvious. One can imagine that the state function
reduction proceeds step by step by reducing the state to two parts in such a manner that the
reduction of entanglement entropy is maximal.

(a) If a resulting subsystem corresponds to a bound state having no decomposition to free
subsystems the process stops for this subsystem. The natural assumption is that subsystems
lose their consciousness when U process leads to bound state entanglement whereas bound
state itself can be conscious.

(b) If the entanglement is negentropic (and thus rational or algebraic) a more natural inter-
pretation consistent with the teaching of spiritual practices is that subsystems experience
a fusion to a larger conscious entity. The negentropic entanglement between free states is
stabilized by NMP and negentropically entangled states need not reside at the bottom of
potential well forbidding the reduction of entanglement. This makes possible new kinds
of correlated states for which binding energy can be negative. Bound state entanglement
would be like the jail of organized marriage and negentropic entanglement like a love mar-
riage in which companions are free to leave but do not what it. The existence of this kind of
negentropic entanglement is especially interesting in living matter, where metabolism (high
energy phosphate bond in particular) and the stability of DNA and other highly charged
polymers is poorly understood physically: negentropic entanglement could be responsible
for stabilization making possible the transfer of metabolic energy [K26] .

4. For the negentropic entanglement the outcome of the state function reduction ceases to be
random as it is for the standard definition of entanglement entropy. Note however that U process
as a creative act yielding superposition of possibibilities from which state function reduction
selects leaves means non-determinism. This has far reaching consequences. Ordinary state
function reductions for an ensemble of systems lead to a generation of thermodynamical entropy
and this explains the second law of thermodynamics. In the case of negentropic entanglement
situation changes and the predicted breaking of second law of thermodynamics provides a new
view to understand self-organization [K62| , and living matter could be identified as something
residing in the intersection of real and p-adic worlds where p-adic intentions can be transformed
to real actions.

5. One particular choice involved with state function reduction process could be the choice be-
tween generic entanglement and number theoretic entanglement possible only in the intersection
of p-adic and real WCWs. If the choice is the generic entanglement, system ends up either to
an unentangled state with maximal conscious freedom or to a bound state with a loss of con-
sciousness. If the choice is algebraic entanglement, system ends up to negentropic entanglement
and correlations with external world and experiences an expansion of consciousness. Maybe
ethical choices are basically choices between these two options. Also positive emotions like
love and experience of understanding could directly relate to various aspects of the negentropic
entanglement.
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Dark matter hierarchy

Basic objection against quantum theories of consciousness and biology relate to the smallness of Planck
constant making difficult to imagine macroscopic quantum coherence in the scales of living matter.
Zero energy ontology partially resolves the problem by assigning to elementary particles macroscopic
length and time scales. For instance, the time scale assignable to the C'D of electron is .1 seconds
defining the fundamental bio-rhythm.

The anomalies related to the interaction of ELF em fields on living matter and Nottale’s observation
that planetary orbits correspond approximately to Bohr orbits with a gigantic value of Planck constant
led to the hypothesis that Planck constant has a discrete spectrum and can have arbitrarily large
values [K65| [K22] . The identification of dark matter as phases having large value of Planck constant
K65, (K25, [K21] led to a vigorous evolution of ideas. Entire dark matter hierarchy with levels labelled
by increasing values of Planck constant is predicted, and in principle TGD predicts the values of
Planck constant if physics as a generalized number theory vision is accepted [K25] .

The hierarchy of Planck constants is realized in terms of a generalization of the causal diamond
CD x CP,, where CD is defined as an intersection of the future and past directed light-cones of 4-D
Minkowski space M*. C'D x CP, is generalized by gluing singular coverings and factor spaces of both
CD and CP, together like pages of book along common back, which is 2-D sub-manifold which is M?
for CD and homologically trivial geodesic sphere S? for C P, [K25] . The value of the Planck constant
characterizes partially the given page and arbitrary large values of i are predicted so that macroscopic
quantum phases are possible since the fundamental quantum scales scale like h. The most general
spectrum comes in rational multiples of standard value of Planck constant which corresponds to the
unit of rationals. For C'Ds the scaling of Planck constants means scaling of the size of C'D. This could
explain why the rational multiples of the fundamental frequency are so special for music experience.

All particles in the vertices of Feynman diagrams have the same value of Planck constant so that
particles at different pages cannot have local interactions. Thus one can speak about relative darkness
in the sense that only the interactions mediated by the exchange of particles and by classical fields
are possible between different pages. Dark matter in this sense can be observed, say through the
classical gravitational and electromagnetic interactions. It is in principle possible to photograph dark
matter by the exchange of photons which leak to another page of book, reflect, and leak back. This
leakage corresponds to i changing phase transition occurring at quantum criticality and living matter
is expected carry out these phase transitions routinely in bio-control. This picture leads to no obvious
contradictions with what is really known about dark matter and to my opinion the basic difficulty
in understanding of dark matter (and living matter) is the blind belief in standard quantum theory.
These observations motivate the tentative identification of the macroscopic quantum phases in terms
of dark matter and also of dark energy with gigantic ”gravitational” Planck constant.

It seems safe to conclude that the dark matter hierarchy with levels labelled by the values of
Planck constants explains the macroscopic and macro-temporal quantum coherence naturally. That
this explanation is consistent with the explanation based on spin glass degeneracy is suggested by
the following observations. First, the argument supporting spin glass degeneracy as an explanation
of the macro-temporal quantum coherence does not involve the value of A at all. Secondly, the
failure of the perturbation theory assumed to lead to the increase of Planck constant and formation of
macroscopic quantum phases could be precisely due to the emergence of a large number of new degrees
of freedom due to spin glass degeneracy. Thirdly, the phase transition increasing Planck constant has
concrete topological interpretation in terms of many-sheeted space-time consistent with the spin glass
degeneracy.

At least dark matter could be a key player in quantum biology.

1. Dark matter hierarchy and p-adic length scale hierarchy would provide a quantitative formulation
for the self hierarchy. To a given p-adic length scale one can assign a secondary p-adic time scale
as the temporal distance between the tips of the C'D. For electron this time scale is .1 second,
the fundamental bio-rhythm. For a given p-adic length scale dark matter hierarchy gives rise to
additional time scales coming as i/fip multiples of this time scale.

2. The predicted breaking of second law of thermodynamics chacterizing living matter - if identified
as something in the intersection of real and p-adic words - would be always below the time scale
of C'D considered but would take place in arbitrary long time scales at appropriate levels of the
hierarchy. The scaling up of /& also scales up the time scale for the breaking of the second law.
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3. The hypothesis that magnetic body is the carrier of dark matter in large & phase has led to
models for EEG predicting correctly the band structure and even individual resonance bands
and also generalizing the notion of [?] [K22] . Also a generalization of the notion of genetic
code emerges resolving the paradoxes related to the standard dogma [K38,[K22] . A particularly
fascinating implication is the possibility to identify great leaps in evolution as phase transitions
in which new higher level of dark matter emerges [K22] .

If one accepts the hierarchy of Planck constants [K25] , it might be un-necessary 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 . Also the hierarchy of space-time sheets labeled
by p-adic primes suggests the same. That sequence of sub-selves/sub-quantum jumps are experienced
as separate mental images 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 could 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.

There are thus two definitions of self. The first definition introduces self as a notion separate from
quantum jump. Second definition reduces the notion of self to a fractal hierarchy of quantum jumps.
The equivalence between two definitions of the notion of self will be proposed.

2.2 TGD inspired theory of consciousness

Before continuing some comments about the definition of quantum history concept are in order. In
TGD quantum states corresponds to Diff* invariant configuration space spinor fields defined in the
space of 3-surfaces. By general coordinate invariance the value of the configuration space spinor field
is same for all 3-surfaces X3 C X*(Y?) related by diffomorphisms, especially by time translations
of X%4(Y3). This means that configuration space spinor field cannot be localized temporally unless
X*(Y3) has finite time duration and is therefore vacuum 4-surface. Hence it is natural to speak
of quantum history. Note that ’quantum history’ in this sense does not refer to Schrodinger time
evolution (since the Schrédinger evolution operator is generalized by TGD) nor evolution by quantum
jumps (since, in TGD, these are jumps between entire quantum histories) but is quantum history with
respect to the geometric time of X4(Y3) and determined by the requirement of general coordinate
invariance. Quantum history is defined in the world of all possible clasical worlds (3-surfaces or
equivalently allowed space-time surfaces).

Quantum histories can be also regarded as superpositions of classical space-time surfaces since
the definition of the configuration space geometry assigns to each 3-surface Y a unique space-time
surface X*(Y3) and since configuration space spinor field is invariant under general coordinate trans-
formations. As a consequence, classical TGD becomes an exact part of quantum TGD.

2.2.1 Quantum jumps between quantum histories as moments of con-
sciousness

The individual quantum jump between quantum histories has a complex anatomy which has become
obvious only gradually. Quantum jump consists of the unitary, informational ”time evolution”

\Ilz—>U\I/z

of the initial quantum history ¥; described by the unitary operator U (essentially S-matrix), followed
by the step

U\I’i — \I/fo s

in which a localization in zero modes occurs. This step is the counterpart of the state function
reduction process and gives rise to the ordinary quantum measurement with zero modes playing the
role of classical variables.
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This step is followed by a sequence of self measurements

‘Ilfo — \I’fl — ....\I/f

leading to a state ¥ ¢ in which only bound state entanglement remains. This process is the counterpart
of state function reduction for quantum jump in question and of state preparation for the next quan-
tum jump. In a given self measurement sub-system decomposes into two unentangled parts and the
decomposition is fixed by the requirement that the reduction of the entanglement entropy is maximal
(Negentropy Maximization Principle) and the density matrix serves as a universal observable in the
self measurement.

It should be emphasized that the operator U is only the formal counterpart of the Schrodinger time
evolution lasting infinite time: there is no actual Schrédinger equation involved and U has nothing to
do with geometric time developmentﬂ

The developments taken place in TGD during period 2005-2010 tend to modify slightly this picture.

1. The original belief was that U codes all the statistical predictions of quantum TGD and is the
counterpart of S-matrix of quantum field theories. The introduction of zero energy ontology
however led to conclusion that so called M-defining the time-like entanglement coefficients be-
tween positive and negative energy parts of zero energy states is the counterpart of S-matrix of
physicists measured in laboratory and can be regarded as a product of ”complex” square root
of density matrix expressible as positive diagonal square root of density matrix and unitary S-
matrix. In this framework U-matrix is between zero energy states whereas M-matrix is between
positive and negative energy parts of zero energy states. It turns out that U-matrix can be
regarded as a collection of M-matrices labelled by zero energy states and that unitarity condi-
tions state that these M-matrices define an orthonormal state basis [K42] . Therefore U-matrix
codes for all predictions of quantum TGD. In zero energy ontology U-matrix can have matrix
elements also between different number fields in the intersection of real and p-adic worlds in
which the mathematical representation of the partonic 2-surfaces makes sense in both real and
p-adic worlds sense. This makes the mathematical description of intentional action as a leakage
from p-adic world to real world possible.

2. Second deviation from the original picture comes from the possibility negentropic entanglement
when entanglement probabilities are rational or even algebraic numbers. Negentropic entangle-
ment can be also stable against NMP so that both bound state entanglement or negentropic
entanglement for all subsystem pairs of system means that the reduction cascade stops. There
is no need to identify these entanglements and an attractive hypothesis is that consciousness
is lost only in the generation of bound state entanglement whereas the generation of the ne-
gentropic entanglement corresponds to an experience about expansion of consciousness. It is
natural to assign positive emotions like love and experience of understanding to various forms
of the negentropic entanglement. Both negentropic entanglement and intentional action would
be possible only in the intersection of real and p-adic worlds, which suggest that life could be
seen as a critical phenomenon in number theoretical sense.

Subjective time development understood as a sequence of quantum jumps occurs outside the realm
of the geometric space-time. It could be regarded as a non-deterministic hopping in the space of the
configuration space spinor fields. Individual quantum jump is however fundamentally irreducible in the
sense that one cannot model it by any dynamical time development. The identification of quantum
jump as a moment of consciousness defines what might be called microscopic theory of conscious-
ness. The subjective time development presumably obeys some variational principle consistent with
the quantum measurement theory, in particular, with its non—determinismﬂ This principle dictates
which systems for given initial quantum history can perform quantum jumps and have moments of
consciousness. This variational principle will be discussed in section [2.2.2].

1From TGD point of view the identification of the geometric time and the time coordinate appearing in the general
Schrodinger equation of quantum field theories quantized using Hamiltonian formalism is wrong. Schrédinger equation
is not even needed. The identification of the time coordinate of the Dirac equation as a geometric time however makes
sense from TGD point of view.

2This means that the variational principle in question must be more akin to the second law of thermodynamics
rather than to the ordinary variational principles of physics.
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How the world of conscious experience can look classical?

If quantum histories (/states) are quantum superpositions over a huge number of classical space-time
surfaces, it is very difficult to understand how the world of conscious experience manages to look
classical. The solution of the problem comes out from the requirement that quantum jumps in a well
defined sense reduce to quantum measurements performed in a space-time with a fixed macroscopic
geometry as in quantum field theory. The macroscopic aspects of the space-time surface are determined
completely by the zero modes of the configuration space characterizing the induced Kéhler field and
geometric size and shape of the four-surface totally. Thus, if each quantum measurement involves a
localization in zero modes, then the classicality of the universe of subjective experience is achieved
automatically, and as noticed, standard quantum measurement theory follows from quantum TGD
proper. In p-adic space-time degrees of freedom complete localization must occur in every quantum
jump for purely mathematical reasons, and the interpretation is that intentionality and cognition are
completely classical.

During macrotemporal quantum coherence due to the formation of bound state half of the zero
modes of two space-time sheets connected by join along boundaries bonds become macroscopic quan-
tum fluctuating degrees of freedom, and in these states consciously experienced world looks non-
classical. These states correspond to states of ”one-ness” at the level of conscious experience.

There are counter arguments against complete localization. First of all, one can imagine that
the reduction could occur to a sub-space of zero modes consisting of a discrete points. Rational
bound state entanglement in discrete sub-spaces of zero modes would be stable against state function
reduction. Even more generally, the existence of symplectic structure in zero modes allows to consider
a hierarchy of 2n-dimensional sub-manifolds in the space of zero modes with volume element defined
by the n:th power of the symplectic form. State function reduction could occur to this kind of sub-
manifold since at least the transition amplitude would be well-defined. Preferred sub-manifolds of this
kind are sub-manifolds closed with respect to the action of SO(3) x SU(3) isometries such that only
the coordinates associated with a finite number of super-symplectic generators are non-constant.

Standard quantum measurement theory

The assumption that a complete localization occurs in zero modes in each quantum jump implies
that the world of conscious experience looks classical. It also implies standard quantum measurement
theory without NMP as the following arguments demonstrate.

1. The standard quantum measurement theory a la von Neumann involves the interaction of brain
with the measurement apparatus. If this interaction corresponds to entanglement between mi-
croscopic degrees of freedom m with the macroscopic effectively classical degrees of freedom
M characterizing the reading of the measurement apparatus coded to brain state, then the
reduction of this entanglement in quantum jump reproduces standard quantum measurement
theory.

2. Since zero modes represent classical information about the geometry of space-time surface
(shape, size, classical Kahler field,...), they have interpretation as effectively classical degrees
of freedom and are the TGD counterpart of the degrees of freedom M representing the reading
of the measurement apparatus. The entanglement between quantum fluctuating non-zero modes
and zero modes is the TGD counterpart for the m — M entanglement. Therefore the localization
in zero modes is equivalent with a quantum jump leading to a final state where the measurement
apparatus gives a definite reading.

3. Unitarity is consistent with the localization in zero modes if the unitary time evolution operator
U acts effectively as a flow in zero mode degrees. This means that in some incoming state
basis |n, z), where z refers to zero modes, the outgoing states are of form S} |m, z;(z,n)). The
effective flow property means a 1-1 mapping of the outgoing quantum state basis to classical
variables (say, spin direction of the electron to its orbit in the external magnetic field). The
final state is an eigenstate of the density matrix for the measured system identified as quantum
fluctuating degrees of freedom and zero mode degrees of freedom identified as measuring system.

This simple prediction would be of utmost theoretical importance since the black box of the
quantum measurement theory would seem to reduce to basic quantum theory if the localization in
zero modes occurs automatically.
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All visions are vulnerable to criticism and this particular vision is not an exception in this respect.

1. The result follows as a consequences of NMP if one assumes that it applies to the entanglement
between zero modes and that zero modes are entangled with quantum numbers. One can argue
that if one accepts NMP as a general principle, it does not make sense to assume exceptions to
it.

2. The original hypothesis was that the localization of zero modes is a mathematical necessity
but it has become clear that a localization to finite 2n-dimensional orientable sub-manifolds in
the space of zero modes is in principle enough since the symplectic form assignable to the zero
modes defines a positive definite integration measure (needed for the inner product) in this kind
of sub-manifolds. A weaker condition would be the the localization takes place to a finite region
of zero mode sector and takes place within finite measurement resolution.

3. There is no proposal for how the correlation between quantum numbers and zero modes is
generated. The recent formulation of quantum TGD in terms of the modified Dirac action
containing a measurement interaction term linear in conserved quantum numbers provides the
coupling between quantum numbers of the state and space-time geometry [?] . Zero modes
can be identified quite precisely in terms of the geometry of the partonic 2-surface and its 4-D
tangent space and correspond locally to the induced Kahler form of C'P,. Quantum numbers
affect the projection of the induced Kéhler form to the complement of the tangent space of X2 in
the tangent space of the space-time sheet. This indeed gives hopes about 1-1 coding of quantum
numbers to the values of zero modes in terms of the induced Kahler form of the space-time
sheet. Note however that classical determinism in the standard sense of the word fails by the
special properties of Kéhler action.

Also self measurements are possible

TGD allows also second type of quantum measurement following ordinary quantum measurement
reducing entanglement in quantum fluctuating degrees of freedom for some sub-system-complement
pair inside self which corresponds to a state localized in zero modes. This measurement can be regarded
as a self measurement and there is entire cascade of them reducing the state to a completely classical
product state. The process is obviously the counterpart of the phenomenological state preparation
process in quantum physics. The only universal observable is the density matriz of the sub-system,
which should be thus measured in the quantum jump. Negentropy Maximization Principle (NMP)
governs the dynamics of self measurement and states that the the density matrix of a sub-system of
self for which the reduction of entanglement entropy is maximal, is measured in self measurement. In
the real context self measurement means a reduction of the entanglement and provides a mechanism
of self-repair: NMP [K42] says that the biggest hole in the leaking boat is filled first. In p-adic context
NMP becomes the basic dynamical principle of cognition.

It is however far from obvious what the notion of quantum measurement means when quantum
states are quantum histories. For instance, the precise definition of the sub-system concept involves
nontrivial delicacies caused by the classical non-determinism of Kéhler action. In absence of this
non-determinism, all self measurements could be assigned to the boundary of the future light cone
(big bang) in accordance with the quantum holography principle. The resolution of these problems
emerged with the advent of zero energy ontology.

1. In zero energy ontology the imbedding space correlates of selves are causal diamonds (CDs)
identifiable as intersection of future and past directed light-cones of M*%. As a matter fact, the
cartesian product of CD x CP, is in question but I will use just the term C'D. Also unions of
selves are possible and there is a fractal hierarchy of selves if one accepts the hypothesis that
the proper time distance between the tips of C'D is an octave of C' P, time scale identifiable
as secondary p-adic time scale. The study of the moduli space of self suggests unexpected
connections with cosmology: in fact, the proper time distance between the tips is analogous to
cosmic time. The understanding of the arrow of this particular time emerges naturally from
the fact that this distance is bound to increase during the sequence of quantum jumps. The
introduction of the hierarchy of Planck constants brings in also the imbedding space-correlate
for the choice of the quantization axes, which is also a vital part of quantum measurement as
one particular state function reduction.
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2. The light-like 3-surfaces connecting the light-like boundaries of C'D are space-time correlates of
self. Also the space-like 3-surfaces at these boundaries serve as these correlates. This implies
holography: 2-D partonic surfaces plus their 4-D tangent spaces serve are enough for space-
time correlates for selves and everything about self hierarchy should be formulated in terms
of these plus intersections of C'Ds, which is assumed to be necessary for the fusion of mental
images having as a space-time correlate the formation of flux tubes connecting space-time sheets
representing sub-selves.

The relationship of NMP to the second law of thermodynamics can be understood roughly as
follows. The reduction of entanglement entropy leads to a random unentangled state pair in the
case of entropic entanglement unless it is bound state entanglement in which case no reduction takes
place. The outcome at the level of ensemble is increase of entropy. The possibility of negentropic
entanglement can however change the situation and the breaking of the second law in the time scale
of CD is expected [K42] .

Quantum jump as quantum computation like process

The Universe according to TGD is a quantum computer in an extremely general sense of the word.
Every quantum jump involves unitary informational ”time development” U (quantum computation)
and state function reduction involving a localization in the zero modes (halting of the computation)
and a sequence of self measurements giving rise to state function reduction in genealized sense. It
is neither possible nor necessary to assign Schrodinger equation with U. U is however completely
analogous to the time evolution operator U(—t,t), t — oo, defining the S-matrix in quantum field
theories. It is important to notice that also in quantum field theories one is interested only in the
S-matrix so that new interpretation brings in nothing new at practical level.
There are thus three time developments in TGD:

1. The geometric time development of the space-time surface determined by the condition that
the extremals are critical in the sense that they allow an infinite number of deformations with
a vanishing second variation of the Kéahler action, which also via general coordinate invariance
defines in what sense quantum histories are histories;

2. The informational ”time development” U-unitary process- analogous to quantum computation
(hence the attribute ’informational’) represented by S-matrix;

3. The subjective time development by quantum jumps taking outside the realm of the space-time.

These three notions of time development fuse to single "holy trinity” of informational, subjective and
geometric time evolutions. This "holy trinity” of time evolutions corresponds to the "holy trinity” of

1. matter in the sense of res extensa identified as 3-surfaces,

2. ideas/objective realities (logos= cosmos) identified as quantum histories (physics= mathemat-
ics

3. and the world of subjective experiences defined by the quantum jump sequences for selves
(mathematician exists subjectively in the quantum jumps between mathematical ideas).

Tri-partism allows to overcome the basic difficulties of the monistic and dualistic world pictures.
In particular, the theory-reality dualism disappears.

It should be emphasized that in this framework the standard physics identification of the time
parameter of Schrodinger evolution with geometric time is wrong. The difficult and many-faceted
problem, to be discussed later, is how the value of geometric time associated with the contents of
conscious experience is determined.

3Quantum histories can be regarded as superpositions of Boolean statements represented by many fermion Fock
states (fermion number=1<+true, fermion number =0+ false), hence logos=cosmos identification.
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2.2.2 Negentropy Maximization Principle

Negentropy Maximization Principle (NMP [K42] ) stating that the reduction of entanglement entropy
is maximal at a given step of state function reduction process following U-process is the basic varia-
tional principle for TGD inspired theory of consciousness and says that the information contents of
conscious experience is maximal. Although this 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 as
much to the ageing of mental images as to physical reality.

Basic form of NMP

Negentropy Maximization Principle (NMP) in its original form codes for the basic rules of the standard
state function reduction and implies that system ends up to an eigenstate of the density matrix
identified as observable. In TGD framework must ask whether NMP should be restricted only to the
entanglement between zero modes of WCW representing classical degrees of freedom and quantum
fluctuating degrees of freedom or generalize it to apply to any pair of subsystems so that state function
reduction sequence could be regarded as a sequence of self measurements. I have chosen the latter
option as a working hypothesis.

NMP that the state function reduction process following U-process gives rise to a maximal re-
duction of entanglement entropy at each step of the process. State function process could proceed
at the level of all C'Ds. It is not clear whether one can assign any geometric time duration to this
process or whether there is any need for this. If the ubsystem allows entangled pairs of free systems
(no binding energy) there is more or less unique pair with the maximal entanglement entropy and
NMP therefore implies a decomposition to a unique pair of unentangled systems. The process repeats
itself for these systems and stops when the resulting subsystem cannot be decomposed to a pair of free
systems since energy conservation makes the reduction of entanglement kinematically impossible in
the case of bound states. Number theoretic entanglement entropies mean an important modification
of this picture.

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 p,, by the logarithms of their p-adic norms |py|,. 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 or
some positive emotion like love.

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.

NMP combined with number theoretic entropies leads to an important exception to the rule that
the generation of bound state entanglement between system and its environment during U process
leads to a loss of consciousness. When entanglement probabilities are rational (or even algebraic)
numbers, the entanglement entropy defined as a number theoretic variant of Shannon entropy can
be non-positive (actually is) so that entanglement carries information. NMP favors the generation of
algebraic entanglement. The attractive interpretation is that the generation of algebraic entanglement
leads to an expansion of consciousness (”fusion into the ocean of consciousness”) instead of its loss.

State function reduction period of the quantum jumps involves much more than in wave mechan-
ics. For instance, the choice of quantization axes realized at the level of geometric delicacies related
to C'Ds is involved. U-process generates a superposition of states in which any sub-system can have
both real and algebraic entanglement with the external world. If state function reduction involves
also a choice between generic and negentropic entanglement (between real world, a particular p-adic
world, or their intersection) it might be possible to identify a candidate for the physical correlate for
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the choice between good and evil. The hedonistic complete freedom resulting as the entanglement
entropy is reduced to zero on one hand, and the algebraic bound state entanglement implying cor-
relations with the external world and meaning giving up the maximal freedom on the other hand.
The hedonistic option is risky since it can lead to non-algebraic bound state entanglement implying
a loss of consciousness. The second option means expansion of consciousness - a fusion to the ocean
of consciousness as described by spiritual practices. Note that if the total entanglement negentropy
defined as sum of contributions from various levels of C'D hierarchy up to the highest matters in NMP
then also subselves should develop negentropic entanglement. For instance, the generation of entropic
entanglement at cell level can lead to a loss of consciousness also at higher levels. Life would evolve
from short to long scales.

Life as islands of rational/algebraic numbers in the seas of real and p-adic continua?

Rational and even algebraic entanglement coefficients make sense in the intersection of real and p-adic
words, which suggests that life and conscious intelligence reside in the intersection of the real and
p-adic worlds. This would mean that the mathematical expressions for the space-time surfaces (or
at least 3-surfaces or partonic 2-surfaces and their 4-D tangent planes) make sense in both real and
p-adic sense for some primes p. Same would apply to the expressions defining quantum states. In
particular, entanglement probabilities would be rationals or algebraic numbers so that entanglement
can be negentropic and the formation of bound states in the intersection of real and p-adic worlds
generates information and is thus favored by NMP.

The identification of intentionality as the basic aspect of life seems to be consistent with this idea.

1. The proposed realization of the intentional action has been as a transformation of p-adic space-
time sheet to a real one. Also transformations of real space-time sheets to p-adic space-time
sheets identifiable as cognitions are possible. Algebraic entanglement is a prerequisite for the
realization of intentions in this manner. Essentially a leakage between p-adic and real worlds is
in question and makes sense only in zero energy ontology. The reason is that various quantum
numbers in real and p-adic sectors are not in general comparable in positive energy ontology so
that conservation laws would be broken or even cease to make sense.

2. The transformation of intention to action can occur if the partonic 2-surfaces and their 4-D
tangent space-distributions are representable using rational functions with rational (or even
algebraic) coefficients in preferred coordinates for the imbedding space dictated by symmetry
considerations. Intentional systems must live in the intersection of real and p-adic worlds.

3. For the minimal option life would be also effectively 2-dimensional phenomenon and essentially a
boundary phenomenon as also number theoretical criticality suggests. There are good reasons to
expect that only the data from the intersection of real and p-adic partonic two-surfaces appears
in U-matrix so that only the data from rational and some algebraic points of the partonic 2-
surface dictate U-matrix. This means discretization at parton level and something which might
be called number theoretic quantum field theory should emerge as a description of intentional
action.

A good guess is that algebraic entanglement is essential for quantum computation, which therefore
might correspond to a conscious process. Hence cognition could be seen as a quantum computation
like process, a more approriate term being quantum problem solving [K24] . Living-dead dichotomy
could correspond to rational-irrational or to algebraic-transcendental dichotomy: this at least when
life is interpreted as intelligent life. Life would in a well defined sense correspond to islands of rational-
ity /algebraicity in the seas of real and p-adic continua. Life as a critical phenomenon in the number
theoretical sense would be one aspect of quantum crticality of TGD Universe besides the criticality
of the space-time dynamics and the criticality with respect to phase transitions changing the value of
Planck constant and other more familiar criticalities. How closely these criticalities relate remains an
open question [K62] .

The view about the crucial role of rational and algebraic numbers as far as intelligent life is
considered, could have been guessed on very general grounds from the analogy with the orbits of a
dynamical system. Rational numbers allow a predictable periodic decimal/pinary expansion and are
analogous to one-dimensional periodic orbits. Algebraic numbers are related to rationals by a finite
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number of algebraic operations and are intermediate between periodic and chaotic orbits allowing an
interpretation as an element in an algebraic extension of any p-adic number field. The projections of
the orbit to various coordinate directions of the algebraic extension represent now periodic orbits. The
decimal/pinary expansions of transcendentals are un-predictable being analogous to chaotic orbits.
The special role of rational and algebraic numbers was realized already by Pythagoras, and the fact
that the ratios for the frequencies of the musical scale are rationals supports the special nature of
rational and algebraic numbers. The special nature of the Golden Mean, which involves v/5, conforms
the view that algebraic numbers rather than only rationals are essential for life.

Hyper-finite factors of type II; and NMP

Hyper-finite factors of type II; 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 the 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 /. An open question is whether entanglement probabilities defined in
this manner are algebraic numbers always (as required by the notion of number theoretic entanglement
entropy) or only in special cases.

2.2.3 Quantum self

In the following the notion of self is introduced. To avoid confusions it must be emphasised that the
notion of self is completely general and by no means restricted to brain. Brain consciousness is in this
framework only a special form of consciousness.

The notions of self and subjective memory

The simplest hypothesis is that the contents of consciousness are determined by single quantum jump.
There are several objections to this view.

1. The idea about self as a continuous stream of consciousness is very attractive and it seems difficult
to believe that our consciousness could be actually a sequence of moments of consciousness with
gaps between.

2. Furthermore, if the contents of consciousness are determined completely by the initial and final
states of single quantum jump, we cannot have any memories about our previous conscious
experiences. Hence subjective memories should be only pseudo memories perhaps resulting
from the simulations of the subjective past.

It took quite a long time to realize the real strength of these objections and to discover that a
proper quantum definition of the concept of self provides a manner to overcome these obstacles.

1. Entanglement is one of the basic non-classical notions of quantum theory.

(a) Un-entangled sub-system, as opposed to an entangled one, behaves as its own sub-universe
and can be regarded as a pure quantum state. The natural guess is that self should be
identified as a sub-system able to remain unentangled in subsequent quantum jumps. The
self lasting only single quantum jump can be also regarded formally as self. This kind
of a definition looks intuitively satisfactory since me-external world separation is a basic
characteristic of everyday consciousness.

(b) Spiritual practices however speak about quite different states of consciousness in which
a fusion to a sea of consciousness takes place. Self in the sense of ego is lost but not
consciousness. The generation of negentropic entanglement could be the correlate for these
experiences whereas the reduction of entropic entanglement would be characterstic of the
experiences with me-external world separation.
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2. The entanglement between real and p-adic space-time regions is possible if entanglement proa-
bilities are algebraic numbers [K42] . In this case the entangement entropy can be negative and
minimum for a unique choice of prime defining the p-adic norm. Negentropic entanglement can
become only more negentropic in quantum jump and can be stable against NMP. This means
a period of macrotemporal cognitive quantum coherence during which a sequence of quantum
jumps is effectively fused to a single quantum jump. A natural hypothesis is that negentropic
entanglement is possible in the intersection of real and p-adic worlds which by definition consists
of partonic 2-surfaces for which mathematical representation makes sense in both real and p-adic
number fields. Rational functions for which the defining polynomials have rational coefficients
represents the simplest example of this kind of situation. The interpretation of the negentropic
entanglement as a correlate for a conscious rule or association is natural. Negentropically en-
tangled Schrodinger cat knows that it is better to not open the bottle.

3. The hypothesis that the experiences of self associated with the quantum jumps occurred after
the ”wake-up” (the quantum jump during which U made sub-system unentangled or created
unentangled subystem) sum up to single experience, implies that self can have memories about
earlier moments of consciousness. Therefore the self becomes an extended object with respect to
the subjective time and has a well defined ”personal history”. Subjective memory has a natural
identification as a short term memory with a duration of order second.

4. If the temporal binding of experiences involves some kind of averaging, that is, if quantum
statistical determinism generalizes to the level of the subjective experience, the total experience
defined by the heap of the experiences associated with individual quantum jumps is reliable.

5. Self can have sub-selves: this corresponds geometrically to a space-time sheet having smaller
space-time sheets glued to it. An irreducible self is defined as a self having no sub-selves.
Reducible and irreducible selves give rise to two modes of consciousness identifiable as ordinary
and ”whole-body” consciousness.

6. The sub-selves of two selves can entangle if one allows the definition of sub-system concept
based on p-adic length scale cutoff. Essentially this means that because of the p-adic length
scale cutoff, the entanglement of sub-systems is not ’seen’ at the level of systems so that they can
remain unentangled. p-Adic length scale cutoff is natural since the wormhole contacts associated
with topologically condensed space-time sheets are surrounded by ’elementary particle horizons’
analogous to blackhole horizons. Therefore the larger space-time sheet 'sees’ about topologically
condensed space-time sheet only some quantum numbers like mass, spin and charge. There
are two types of fusion of mental images corresponding to entropic bound state entanglement
and negentropic entanglement. The latter could correspond to conscious mental images about
rule, concept, or association with entangled state pairs representing instances of the abstraction.
The entanglement of sub-systems makes possible fusion and sharing of mental images crucial
for quantum communications. For instance, receiver can understand the message by sharing the
mental image of the sender representing the understanding of the message.

7. Sub-system can wake-up (become conscious self) in several manners. The phase transitions
R < R, inside real/p-adic self generate new p-adic/real sub-selves. In fact, real-p-adic phase
transitions could correspond to the transformation of sensory input into cognition and thought
into action. Also the transitions R,, — R,, inside pj-adic self generate new ps-adic sub-selves.

Summation hypothesis and binding of experiences

The self X behaves essentially as a separate sub-Universe. Also the sub-selves of X; of X have their
own experiences. The question is: how the experience of X and experiences of X; are related? The
following basic hypothesis provides a possible answer to this question.

1. X experiences the sub-selves X; as separate mental images superposed to the pure self experience
of X: this is natural since sub-selves are unentangled and hence behave like separate sub-
Universes.

2. The experiences of self X about the experiences of its sub-selves X; are abstractions. Sub-self
X; experiences its sub-selves X;; as separate mental images. X however experiences them as a



60 Chapter 2. Matter, Mind, Quantum

single mental image representing what it is to be a sub-self of X;, that is the average (X;;) of
the mental images X;;. Thus the mental images of sub-sub-...selves of X are smoothed out to an
average mental image and become effectively unconcious to X. Averaging hypothesis generalizes
quantum statistical determinism to the level of subjective experience and is analogous to the
hypothesis about averaging related to temporal binding.

Temporal binding with averaging implies that the experiences of the individual selves are reliable
and abstraction brings in the possibility of quantum statistical determinism at the level of ensembles.
The inability to perceive the flickering of light when the frequency of the flickering is larger than
about one Hz is consistent with the hypothesis that subjective sensory memory has duration of order
.1 seconds and that temporal averaging indeed occurs. Time averaging could involve weighting such
that the conscious experiences associated with the last quantum jumps have the largest weight. This
would allow our self to have duration much longer than .1 seconds. For instance, the duration of the
ordinary wake-up period could determine the duration of our self. The duration could be even longer:
sleep could actually involve awareness and the lack of the sensory memories from sleep period could
create the illusion about sleep as an unconscious state.

Summation hypothesis and temporal binding imply a hierarchy of conscious experiences with
increasingly richer contents and at the top of the hierarchy is the entire universe, God, enjoying
eternal self-consciousness since it cannot entangle with with any larger system. Also we are mental
images of some higher level self. This hierarchy obviously has far-reaching consequences.

Binding of the experiencers by entanglement

The binding of experiencers is also possible. The binding of selves by quantum entanglement however
means they lose their consciousness. This process naturally corresponds to the formation of wholes
from their parts at the level of conscious experiences. The formation of a mental image (sub-self)
representing word from the mental images representing letters is example of this process. Also the
fusion of the left and right visual fields to a single visual field could occur via the entanglement of the
corresponding sub-selves. Note however that right-left entanglement might occur already at neuronal
level. Entanglement mechanism provides also a possible mechanism of ”enlightment” experiences
envolving extension of self [?, ?] . Quantum entanglement could make possible communication between
selves belonging to different levels of the self hierarchy.

Stable entanglement and quantum metabolism as different sides of the same coin

The notion of binding has two meanings. Binding as a formation of bound state and binding as a
fusion of mental images to larger ones essential for the functioning of brain and regarded as one the
big problems of consciousness theory.

Only bound state entanglement and negentropic entanglement are stable against the state reduc-
tion process. Hence the fusion of the mental images implies the formation of a bound entropic state-
in this case the two interpretations of binding are equivalent- or a negentropic state, which need not
be bound state.

1. In the case of negentropic entanglement bound state need not be formed and the interesting
possibility is that the negentropic entanglement could give rise to stable states without binding
energy. This could allow to understand the mysterious high energy phosphate bond to which
metabolic energy is assigned in ATP molecule containing three phosphates and liberated as
ATP decays to ADP and phosphate molecule. Negentropic entanglement could also explain the
stability of DNA and other highly charged biopolymers. In this framework the liberation of
metabolic (negentropic) energy would involve dropping of electrons to a larger space-time sheets
accompanying the process ATP — ADP + P;. A detailed model of this process is discussed
in [K26] .

2. The formation of bound state entanglement is expected to involve a liberation of the binding
energy and this energy might be a usable energy. This process could perhaps be coined as
quantum metabolism and one could say that quantum metabolism and formation of bound
states are different sides of the same coin. It is known that an intense neural activity, although
it is accompanied by an enhanced blood flow to the region surrounding the neural activity,
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does not involve an enhanced oxidative metabolism [?] (that is ATP — ADP process and its
reversal). A possible explanation is that quantum metabolism accompanying the binding is
involved. Note that the bound state is sooner or later destroyed by the thermal noise so that
this mechanism would in a rather clever manner utilize thermal energy by applying what might
be called buy now—pay later principle.

If these interpretations are correct, there would be two modes of metabolism corresponding to two
different kinds of fusion of mental images.

How to understand evolution and self-organization?

One could argue that since the quantum jump is random (not actually since selection between the
eigenstates of the density matrix occurs), quantum jump as a moment of consciousness identification
cannot explain evolution. In standard physics it is difficult to circumvent this objection. Even worse,
heat death seems to be the ultimate fate of the universe according to standard physics.

The fact that quantum jump involves localization in zero modes and thus localization into a
definite sector Dp of configuration space labelled by infinite prime P, implies evolution as a statistical
increase of P. Since infinite primes are in well-defined sense composites of finite primes, this in turn
implies that the finite p-adic prime associated with a given sub-system tends to increase and that new
space-time sheets labelled by finite primes emerge during the time evolution by quantum jumps.

This means that the concept of nearness defining the effective topology becomes gradually more re-
fined, the complexity of the universe increases, and the maximal information contents of the conscious
experience increase in the long run (like p x log(p) or at least as log(p) as a function of p-adic prime
characterizing the system). This is nothing but evolution. NMP, which states that entanglement
negentropy gain maximal for allowed quantum jumps, enhances this tendency.

Quantum jumps between quantum histories make also possible genuine quantum self-organization.
The concept of self-organization gets quite new additional meaning in TGD framework. Self-organization
means also evolution of self-hierarchies (MEs inside MEs inside...). Self-organization by quantum
jumps can be regarded as a hopping in the zero modes characterizing the macroscopic aspects of
the space-time surface. FEach self is a dissipative system which ends up to some asymptotic self-
organization pattern in the presence of the external energy feed (or even without it). Dissipation
is the ultimate Darwinian selector picking up the winning selves as favoured self organization pat-
terns. Since sub-selves correspond to mental images, the immediate implication is that also memes
are subject to similar selection. For instance, the formation of long term memories and habits could
be understood as a formation of surviving sub-selves.

The proposed realization of the quantum criticality, besides making macroscopic quantum systems
possible, in a well-defined sense maximizes the intelligence and complexity of the universe [?] . TGD
universe is quantum spin glass and this adds additional aspect to the self-organization process. For
instance, the energy landscape of the spin glass is fractal like structure containing valleys inside valleys
and provides an ideal dynamical memory mechanism.

Quantum ethics very briefly

There are many manners to interpret evolution in TGD Universe.

1. p-Adic evolution would mean a gradual increase of the infinite p-adic prime characterizing the
entire universe implying the gradual increase of p-adic primes characterizing individual partonic
2-surfaces and therefore their size. The identification of p-adic space-time sheets as representa-
tions for intentions and the identification of p-adic-to-real phase transitions as transformations
of intentions to real actions gives additional concreteness to this vision.

2. The hierarchy of Planck constants suggests evolution as the gradual increase of the Planck
constant characterizing p-adic space-time sheet (or partonic 2-surface for the minimal option).
This evolution could be seen as a migration to the pages of the book like structure defined by
the generalized imbedding space and has therefore quite concrete geometric meaning. It implies
longer time scales of long term memory and planned action and macroscopic quantum coherence
in longer scales.
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3. The vision about life as something in the intersection of real and p-adic words allows to see
evolution information theoretically as the increase of number entanglement negentropy implying
entanglement in increasing length scales. This option is consistent with the first one if the
effective p-adic topology characterizes the real partonic 2-surfaces in the intersection of p-adic
and real worlds. The singular coverings of CD s and C' P, are characterized by an Abelian group
Z, permuting the sheets of the covering and corresponds naturally to powers of the (quantum)
phase ¢ = exp(i27/n) allowing to define the notion of angle in p-adic context but only with a
finite resolution since only finite number of angles are represented as phases for a given value
of n. The increase of the integers n could be interpreted as the emergence of higher algebraic
extensions of p-adic numbers in the intersection of the real and p-adic worlds. These observations
suggest that all three views about evolution are closely related.

The third kind of evolution would mean also the evolution of spiritual consciousness if the pro-
posed interpretation is correct. In each quantum jump U-process generates a superposition of states in
which any sub-system can have both real and algebraic entanglement with the external world. If state
function redution process involves also the choice of the type of entanglement it could be interpreted
as a choice between good and evil. The hedonistic complete freedom resulting as the entanglement
entropy is reduced to zero on one hand, and the algebraic bound state entanglement implying cor-
relations with the external world and meaning giving up the maximal freedom on the other hand.
The selfish option has the risk of leading to non-algebraic bound state entanglement implying a loss
of consciousness: death as the prize of sin. The second option means expansion of consciousness - a
fusion to the ocean of consciousness as described by spiritual practices.

In this framework one could therefore understand the physics correlates of ethics and moral. The
ethics is simple: evolution of consciousness to higher levels is a good thing. Anything which tends to
reduce consciousness represents violence and is a bad thing. Moral rules are related to the relationship
between indvidual and society and presumably develop via self-organization process and are by no
means unique. Moral rules however tend to optimize evolution. As blind normative rules they can
however become a source of violence identified as any action which reduces the level of consciousness.

There is an entire hierarchy of selves and every self has the selfish desire to survive and moral
rules develop as a kind of compromise and evolve all the time. The newest progress in this evolution
is brought by the cosmology of consciousness, which forces to extend the concept of society to four-
dimensional society! The decisions of "me now” affect both my past and future and time like quantum
entanglement makes possible conscious communication in time direction by sharing conscious experi-
ences. One can therefore speak of genuinely four-dimensional society. Besides my next-door neighbors
I had better to take into account also my nearest neighbors in past and future (the nearest ones being
perhaps copies of me!). If I make wrong decisions those copies of me in future and past will suffer the
most. Perhaps my personal hell and paradise are here and are created mostly by me.

Selves can make plans since they have 4-dimensional geometric memory (conscious experience
contains information about a four-dimensional space-time region, rather than only time=constant
snapshot, and gives rise to a ”prophecy”, a prediction for the future and past, which would be reliable
if the world were completely classical). As a matter fact, it is p-adic space-time sheets which correspond
to intentions and plans and act of volition transforms p-adic space-time sheet to a real one. Selves can
make decisions and select between various classical macroscopic time developments. Selves are able
to remember their choices since they have subjective memories about the previous quantum jumps.
Thus selves are genuine moral agents.

Implications of the dark matter hierarchy for the notion of self

The identification of dark matter as phases having large value of Planck constant [K65] [K82] [K21] led
to a vigorous evolution of ideas still continuing while I am writing this addendum to the original text.
Entire dark matter hierarchy with levels labelled by increasing values of Planck constant is predicted,
and in principle TGD predicts the values of Planck constant if physics as a generalized number
theory vision is accepted [K82] . Also a good educated guess for the spectrum of Planck constants
emerges. The implications are non-trivial already at the level of hadron physics and nuclear physics
and imply that condensed matter physics and nuclear physics are not completely disjoint disciplines as
reductionism teaches us. One condensed matter application is a model of high T, superconductivity
predicting that the basic length scales of cell membrane and cell as scales are inherent to high T,
superconductors.



2.2. TGD inspired theory of consciousness 63

1. Living matter and dark matter

Living matter as ordinary matter quantum controlled by the dark matter hierarchy has turned out
to be a particularly successful idea. The hypothesis has led to models for EEG predicting correctly
the band structure and even individual resonance bands and also generalizing the notion of [?] [K22]
. Also a generalization of the notion of genetic code emerges resolving the paradoxes related to the
standard dogma [K38| [K22] . A particularly fascinating implication is the possibility to identify great
leaps in evolution as phase transitions in which new higher level of dark matter emerges [K22] .

It seems safe to conclude that the dark matter hierarchy with levels labelled by the values of
Planck constants explains the macroscopic and macro-temporal quantum coherence naturally. That
this explanation is consistent with the explanation based on spin glass degeneracy is suggested by
following observations. First, the argument supporting spin glass degeneracy as an explanation of
the macro-temporal quantum coherence does not involve the value of A at all. Secondly, the failure
of the perturbation theory assumed to lead to the increase of Planck constant and formation of
macroscopic quantum phases could be precisely due to the emergence of a large number of new degrees
of freedom due to spin glass degeneracy. Thirdly, the phase transition increasing Planck constant has
concrete topological interpretation in terms of many-sheeted space-time consistent with the spin glass
degeneracy.

2. Dark matter hierarchy and the notion of self

The vision about dark matter hierarchy leads to a more refined view about self hierarchy and
hierarchy of moments of consciousness [K21], [K22] . The hierarchy of dark matter levels is labeled
by the values of Planck constant having quantized but arbitrarily large values. For the most general
option the values of /i are products and ratios of two integers. The products of distinct Fermat primes
and power of two are number theoretically favored values for these integers. p-Adic length scale
hypothesis favors powers of two. The larger the value of Planck constant, the longer the subjectively
experienced duration and the average geometric duration 7" o< i of the quantum jump.

Dark matter hierarchy suggests also a slight modification of the notion of self. Each self involves
a hierarchy of dark matter levels, and one is led to ask whether the highest level in this hierarchy
corresponds to single quantum jump rather than a sequence of quantum jumps. The averaging of
conscious experience over quantum jumps would occur only for sub-selves at lower levels of dark
matter hierarchy and these mental images would be ordered, and single moment of consciousness
would be experienced as a history of events. One can ask whether even entire life cycle could be
regarded as a single quantum jump at the highest level so that consciousness would not be completely
lost even during deep sleep. This would allow to understand why we seem to know directly that this
biological body of mine existed yesterday.

The fact that we can remember phone numbers with 5 to 9 digits supports the view that self corre-
sponds at the highest dark matter level to single moment of consciousness. Self would experience the
average over the sequence of moments of consciousness associated with each sub-self but there would
be no averaging over the separate mental images of this kind, be their parallel or serial. These mental
images correspond to sub-selves having shorter wake-up periods than self and would be experienced as
being time ordered. Hence the digits in the phone number are experienced as separate mental images
and ordered with respect to experienced time.

2.2.4 About geometric correlates of selves

Space-time sheets with a finite time duration serve as geometric correlates for selves. There are several
questions to answer. For instance, one should understand how the conscious experiences associated
with the p-adic and real space-time sheets differ. Also one should understand how psychological time
and its arrow emerge in this picture.

Cognition, imagination and p-adic physics

The problem about geometric correlates of cognition is not yet completely resolved. An important
problem is what one understands with cognition and loose definitions might generate additional con-
fusion. Intuitively it is clear that cognition should correspond to thinking. The simplest model for
logical thinking is based on Boolean algebra: one could however argue that ’this is true’ experiences
are actually much like ordinary sensory experiences. Besides true/false dichotomy there are also
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beatiful/ugly and right/wrong dichotomies which suggests that aesthetics, moral, and logic might cor-
respond to various aspects of some Boolean structure having physical interpretation and that cognition
involves logic as one aspect only. Imagination is an important aspect of thinking and one could also
consider the identification of the most fundamental aspect of cognition as imagination and perhaps
even identify cognition as imagination.

The notion of the many-sheeted space-time decomposing into real and p-adic space-time sheets,
and the classical non-determinism of the Kéhler action making possible experiences with temporally
localized information contents, are the key elements of TGD based model of consciousness.

The notions of mindlike space-time sheet (space-time sheet with a finite temporal duration) and
association sequence were originally identified as geometric correlates of thoughts quite generally.
On the other hand, the inherent non-determinism of p-adic differential equations means that the
solutions of p-adic counterparts of field equations consist of pieces which are characterized by ordinary
integration constants glued together. This is very much like the non-determinism of imagination and
dreams, and inspires the hypothesis that p-adic space-time sheets serve as cognitive representations.

Real mindlike space-time would be the geometric correlates of sensory mental images rather than
cognition. The difference between real and imagined experiences would correspond to real-p-adic
distinction. One must be however very cautious here: one cannot exclude the possibility that also
cognition is one aspect of sensory experience and that the notion of imagined cognition makes sense.
It is also somewhat a convention, what is counted as cognition.

What we regard as imagination presumably involves p-adic-to-real transitions giving rise to initial
values determining nerve pulse patterns generating almost motor actions and almost sensory percep-
tions Also cell membrane oscillation patterns could represent imagination whereas nerve pulses give
rise to sensory experiences. Thus p-adic physics would represent the core element of imagination and
cognition. There are still unclear points: what seems certain that p-adic physics represents intention-
ality but one can debate about whether it represents also imagination and cognition.

What space-time surfaces look like?

The notion of the space-time surface appears often in the sequel and deserves some explaining. Math-
ematician’s notion of the space-time surface is more general than the intuitive notion about it. For
instance, space-time surface can be union of disjoint surfaces (2-D visualization: 2-surface can consist
of several disjoint 2-surfaces: sphere here and piece of plane there,..). Space-time sheet is near to what
one intuitively would understand with a space-time surface.

The TGD based notion of space-time surface is roughly the following.

1. One obtains piece of Minkowski space as a 4-surface defined by putting C' P, coordinates constant:
this is simplest kind of a vacuum extremal. By suitably deforming one obtains infinitely many
vacuum extremals. Vacuum extremals can have finite time duration: in this case they correspond
to mindlike space-time sheets.

2. Allowing several values for C'P, coordinates one obtains several 'parallel’ pieces of Minkowski
space which can be deformed to more general vacuum extremals. These sheets can be glued
together by wormhole contacts and deformed so that they are not vacua anymore.

3. By gluing extremely small surfaces representing elementary particles to this complex one obtains
a rough view about what TGD space-time surface looks like.

4. Besides real regions there are also p-adic regions but these look like fractal dust in real topology.
p-Adic and real regions are glued together at rational points of imbedding space.

Two-dimensional visualization might also help. Put z-coordinate constant in 3-space and allow
several values of z-coordinate: you get several parallel pieces of plane. Deform them and glue them
together by wormhole contacts. Glue elementary particle like surfaces, represented by, say, extremely
tiny spheres and tori.
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Association sequences and mindlike space-time sheets

The concepts of mindlike space-time sheet and association sequence are crucial for TGD based quan-
tum model of intelligent system [?] .

Mindlike space-time sheets are geometric correlates of selves (see Fig. 2). They are made possible
by the huge vacuum degeneracy of the Kahler action, TGD and more standard theories of physics.
By gluing vacuum extremals to nonvacuum space-time surfaces and suitably deforming, one obtains
new degenerate absolute minima. One manner to see mindlike space-time sheets is as the classical
counterparts of the virtual particles of the quantum field theories (in TGD particles are 3-surfaces!)
created from vacuum and returning to it. By definition material space-time sheets have infinite
temporal extension whereas mindlike space-time sheets have finite temporal extension. Finite temporal
extension is possible since classical conserved quantities like energy can flow to mindlike space-time
sheet begins and flow back to a material space-time sheet when mindlike space-time sheet ends. The
finite temporal extension implies that the information contents of the conscious experiences for selves
associated with the mindlike space-time sheets are temporally localized. Thus a rough idea about the
origin of the psychological time emerges. Mindlike space-time sheets provide cognitive representations
for the material space-time sheets to which they are glued by wormhole contacts and/or join along
boundaries contacts. Since the sign of the classical energy in TGD correlates with the time orientation
of the space-time sheet, pairs of mindlike space-time sheets with vanishing net energy are possible.
Direct mimicry is the simplest possible cognitive representation and this kind of a two-sheeted structure
makes it possible! If this is indeed true, TGD universe would be physicist’s version of the computer
scientist’s universe populated by computers emulating each other.

The original belief was that association sequence provides a model for thought understood as
a simulation of the classical time development. This model does not necessitate p-adicity and one
can ask whether all cognition is p-adic or whether also real cognition based on the classical non-
determinism of Kahler action is possible. It is quite possible that the classical non-determinism of
Kahler action provides sensory rather than cognitive simulation of the classical time development in
the real context. This simulation could be naturally regarded as a symbolic representation whereas p-
adic nondeterminism would make possible cognitive representations. Thus real association sequences
would make possible language as symbolic representation of thoughts rather than thoughts as believed
originally.

1. The original motivation of the association sequence concept is the vacuum degeneracy of the
Kahler action. p-Adic non-determinism gives also rise to association sequences. This degeneracy
implies classical non-determinism in the sense that the absolute minimum X*(Y?3) of the Kéhler
action associated with a given spacelike 3-surface Y on lightcone boundary §M$ x C'P; is not
unique in general. In order to get rid of this non-determinism one must generalize the concept of
3-surface. ” Association sequences”, defined as 3-surfaces consisting of unions of some minimal
number of disjoint 3-surfaces with timelike(!) separations, must be allowed (see Fig. 1) in order
to fix uniquely which degenerate absolute minimum is in question.

2. A simple model for association sequence is obtained by considering a non-deterministic motion
of a point in, say, plane. Suppose that there are N bifurcations. One can clearly fix single
branch by fixing N 4 1 points on the orbit. The union of these points, which have time like
distances and are not clearly unique, defines association sequence. Non-determinism brings in
finite number of degrees of freedom characterized by a sequence of N binary digits.

3. Association sequence provides a simulation of the classical time evolution and gives rise to what
might be called ” geometric memory” involved with the intentional aspects of consciousness (plan-
ning, expectations, desires,...). Geometric memory can be regarded as a ”prophecy” for what
will happen and what must have happened earlier provided the world were classical (no quan-
tum jumps replacing the macroscopic classical space-time with a new one). Each quantum jump
involves naturally a comparison of the expected time development provided by the ”geometric
memory” and the actual subjective time development stored in the subjective memory.

4. Association sequences of ... of association sequences are also possible and the average spatial and
temporal distances AL and AT between fundamental building blocks of the association sequence
give measures for the temporal and spatial resolutions of the cognitive/sensory representation
provided by the association sequence.
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Figure 2.1: ’Association sequence’: a geometric model for cognitive/sensory simulation as a sequence
of disjoint 3-surfaces with timelike separations.

The notions of mindlike space-time sheet and association sequence are frustratingly abstract con-
cepts. It has however become clear that MEs (massless extremals) provide very general, if not even
universal, identification for the geometric correlates of selves. The lightlike boundaries of MEs carry
representations of superconformal and super-symplectic algebras and act as quantum holograms. The
general concepts of quantum information theory, the notion of quantum hologram in the sense of
both quantum information theory and quantum gravity, and perhaps even quantum computation (in
a suitably generalized sense) at the lightlike boundaries of MEs, seem to emerge as basic aspects of
TGD inspired theory of conscious information processing.

A genuinely TGD based aspect is the possibility of negative time orientations making possible
MEs carrying negative energies and representing classical signals proceeding into the direction of the
geometric past, and the communication to the direction of the geometric past distinguishes TGD
based and ordinary quantum information theory. This is especially interesting from the viewpoint of
lightlike quantum computation since the classical restrictions coming from the huge length of MEs for
reasonable computation times can be circumvented.

Space-time and imbedding space correlates for selves in zero energy ontology

Quantum jump as a moment of consciousness, self as a sequence of quantum jumps integrating to self,
and self hierarchy with sub-selves experienced as mental images, are the basic notions of TGD inspired
theory of consciousness. In the most ambitious vision self hierarchy reduces to a fractal hierarchy of
quantum jumps within quantum jumps. Quantum classical correspondence demands selves to have
space-time correlates both at the level of space-time and imbedding space.

At the level of space-time the first guess for the correlates is as light-like or space-like 3-surfaces. If
one believes on effective 2-dimensionality and quantum holography, partonic 2-surfaces plus their 4-D
tangent space distribution would code the information about the space-time correlates. By quantum
classical correspondence one can also identify space-time sheets as the correlates modulo the gauge
degeneracy implied by super-conformal symmetries.

It is natural to interpret C'Ds as correlates of selves at the level of the imbedding space. C'Ds can
be interpreted either as subsets of the generalized imbedding space or as sectors of WCW. Accordingly,
selves correspond to C'Ds of the generalized imbedding space or sectors of WCW, literally separate
interacting quantum Universes. The spiritually oriented reader might speak of Gods. Sub-selves
correspond to sub-C'Ds geometrically. The contents of consciousness of self is about the interior of the
corresponding C'D at the level of imbedding space. For sub-selves the wave function for the position
of tip of C'D brings in the delocalization of sub-WCW.

The fractal hierarchy of C'Ds within C'Ds is the geometric counterpart for the hierarchy of selves:
the quantization of the time scale of planned action and memory as T'(k) = 2¥T, suggest an interpre-
tation for the fact that we experience octaves as equivalent in music experience.
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2.2.5 Questions related to the notion of self

I have proposed two alternative notions of self and have not been able to choose between them.
A further question is what happens during sleep: do we lose consciousness or is it that we cannot
remember anything about this period? The work with the model of topological quantum computation
has led to an overall view allowing to select the most plausible answer to these questions. But let us
be cautious!

Can one choose between the two variants for the notion of self or are they equivalent?

I have considered two different notions of ”self” and it is interesting to see whether the new view
about time might allow to choose between them or to show that they are actually equivalent.

1. In the original variant of the theory ”self” corresponds to a sequence of quantum jumps. ”Self”
would result through a binding of quantum jumps to single ”string” in close analogy and actually
in a concrete correspondence with the formation of bound states. Each quantum jump has a
fractal structure: unitary process is followed by a sequence of state function reductions and
preparations proceeding from long to short scales. Selves can have sub-selves and one has self
hierarchy. The questionable assumption is that self remains conscious only as long as it is able
to avoid entanglement with environment.

Even slightest entanglement would destroy self unless on introduces the notion of finite measure-
ment resolution applying also to entanglement. This notion is indeed central for entire quantum
TGD also leads to the notion of sharing of mental images: selves unentangled in the given mea-
surement resolution can experience shared mental images resulting as fusion of sub-selves by
entanglement not visible in the resolution used.

2. According to the newer variant of theory, quantum jump has a fractal structure so that there are
quantum jumps within quantum jumps: this hierarchy of quantum jumps within quantum jumps
would correspond to the hierarchy of dark matters labeled by the values of Planck constant.
Each fractal structure of this kind would have highest level (largest Planck constant) and this
level would corresponds to the self. What might be called irreducible self would corresponds
to a quantum jump without any sub-quantum jumps (no mental images). The quantum jump
sequence for lower levels of dark matter hierarchy would create the experience of flow of subjective
time.

It would be nice to reduce the original notion of self hierarchy to the hierarchy defined by quantum
jumps. There are some objections against this idea. One can argue that fractality is a purely geometric
notion and since subjective experience does not reduce to the geometry it might be that the notion of
fractal quantum jump does not make sense. It is also not quite clear whether the reasonable looking
idea about the role of entanglement as destroyer of self can be kept in the fractal picture.

These objections fail if one can construct a well-defined mathematical scheme allowing to under-
stand what fractality of quantum jump at the level of space-time correlates means and showing that
the two views about self are equivalent. The following argument represents such a proposal. Let us
start from the causal diamond model as a lowest approximation for a model of zero energy states and
for the space-time region defining the contents of sensory experience.

Let us make the following assumptions.

1. Assume the hierarchy of causal diamonds within causal diamonds in a sense to be specified more
precisely below. Causal diamonds would represent the volumes of attention. Assume that the
highest level in this hierarchy defines the quantum jump containing sequences of lower level
quantum jumps in some sense to be specified. Assume that these quantum jumps integrate
to single continuous stream of consciousness as long as the sub...-sub-self in question remains
unentangled and that entangling means loss of consciousness or at least that it is not possible
to remember anything about contents of consciousness during entangled state.

2. Assume that the contents of conscious experience come from the interior of the causal diamond.
A stronger condition would be that the contents come from the boundaries of the two light-cones
involved since physical states are defined at these in the simplest picture. In this case one could
identify the lower light-cone boundary as giving rise to memory.
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3. The time span characterizing the contents of conscious experience associated with a given quan-
tum jump would correspond to the temporal distance T between the tips of the causal diamond.
T would also characterize the average and approximate shift of the superposition of space-time
surfaces backwards in geometric time in single quantum jump at a given level of hierarchy. This
time scale naturally scales as T, = 2"T¢p, so that p-adic length scale hypothesis follows as a con-
sequence. 1" would be essentially the secondary p-adic time scale Ty , = /pT)}, for p ~ 2% This
assumption - absolutely essential for the hierarchy of quantum jumps within quantum jumps -
would differentiate the model from the model in which T corresponds to either C'P, time scale
or p-adic time scale T},. One would have hierarchy of quantum jumps with increasingly longer
time span for memory and with increasing duration of geometric chronon at the highest level of
fractal quantum jump. Without additional restrictions, the quantum jump at n'”* level would
contain 2" quantum jumps at the lowest level of hierarchy. Note that in the case of sub-self - and
without further assumptions which will be discussed next - one would have just two quantum
jumps: mental image appears, disappears or exists all the time. At the level of sub-sub-selves 4
quantum jumps and so on. Maybe this kind of simple predictions might be testable.

4. We know that that the contents of sensory experience comes from a rather narrow time interval
of duration about .1 seconds, which corresponds to the time scale T727 associated with electron.
We also know that there is asymmetry between positive and negative energy parts of zero energy
states both physically and at the level of conscious experience. This asymmetry must have some
space-time correlate. The simplest correlate for the asymmetry between positive and negative
energy states would be that the upper light-like boundaries in the structure formed by light-
cones within light-cones intersect along light-like radial geodesic. No condition of this kind
would be posed on lower light-cone boundaries. The scaling invariance of this condition makes
it attractive mathematically and would mean that arbitrarily long time scales T}, can be present
in the fractal hierarchy of light cones. At all levels of the hierarchy all contribution from upper
boundary of the causal diamond to the conscious experience would come from boundary of same
past directed light-cone so that the conscious experience would be sharply localized in time in
the manner as we know it to be. The new element would be that content of conscious experience
would come from arbitrarily large region of Universe and seing Milky Way would mean direct
sensory contact with it.

5. These assumptions relate the hierarchy of quantum jumps to p-adic hierarchy. One can also
include also dark matter hierarchy into the picture. For dark matter hierarchy the time scale
hierarchy {T},} is scaled by the factor r = i/hy which can be also rational number. For r = 2*
the hierarchy of causal diamonds generalizes without difficulty and there is a kind of resonance
involved which might relate to the fact that the model of EEG favors the values of k = 11n,
where £ = 11 also corresponds in good approximation to proton-electron mass ratio. For more
general values of hi/fig the generalization is possible assuming that the position of the upper tip
of causal diamond is chosen in such a manner that their positions are always the same whereas
the position of the lower light-cone boundary would correspond to {rT,} for given value of
Planck constant. Geometrically this picture generalizes the original idea about fractal hierarchy
of quantum jumps so that it contains both p-adic hierarchy and hierarchy of Planck constants.

The contributions from lower the boundaries identifiable in terms of memories would correspond to
different time scales and for a given value of time scale T' the net contribution to conscious experience
would be much weaker than the sensory input in general. The asymmetry between geometric now
and geometric past would be present for all contributions to conscious experience, not only sensory
ones. What is nice that the contents of conscious experience would rather literally come from the
boundary of the past directed light-cone along which the classical signals arrive. Hence the mystic
feeling about telepathic connection with a distant object at distance of billions of light years expressed
by an astrophysicist, whose name I have unfortunately forgotten, would not be romantic self deception.

This framework explains also the sharp distinction between geometric future and past (not surpris-
ingly since energy and time are dual): this distinction has also been a long standing problem of TGD
inspired theory of consciousness. Precognition is not possible unless one assumes that communications
and sharing of mental images between selves inside disjoint causal diamonds is possible. Physically
there seems to be no good reason to exclude the interaction between zero energy states associated
with disjoint causal diamonds.
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The mathematical formulation of this intuition is however a non-trivial challenge and can be used
to articulate more precisely the views about what configuration space and configuration space spinor
fields actually are mathematically.

1. Suppose that the causal diamonds with tips at different points of H = M* x C P, and character-
ized by distance between tips T' define sectors C'H; of the full configuration space CH (”world
of classical worlds”). Precognition would represent an interaction between zero energy states
associated with different sectors C'H; in this scheme and tensor factor description is required.

2. Inside given sector C'H; it is not possible to speak about second quantization since every quantum
state correspond to a single mode of a classical spinor field defined in that sector.

3. The question is thus whether the Clifford algebras and zero energy states associated with different
sectors C'H; combine to form a tensor product so that these zero energy states can interact.
Tensor product is required by the vision about zero energy insertions assignable to C'H; which
correspond to causal diamonds inside causal diamonds. Also the assumption that zero energy
states form an ensemble in 4-D sense - crucial for the deduction of scattering rates from M-matrix
- requires tensor product.

4. The argument unifying the two definitions of self requires that the tensor product is restricted
when C'H; correspond to causal diamonds inside each other. The tensor factors in shorter time
scales are restricted to the causal diamonds hanging from a light-like radial ray at the upper end
of the common past directed light-cone. If the causal diamonds are disjoint there is no obvious
restriction to be posed, and this would mean the possibility of also precognition and sharing of
mental images.

This scenario allows also to answers the questions related to a more precise definition of volume of
attention. Causal diamond - or rather - the associated light-like boundaries containing positive and
negative energy states define the primitive volume of attention. The obvious question whether the
attention of a given self is doomed to be fixed to a fixed volume can be also answered. This is not
the case. Selves can delocalize in the sense that there is a wave function associated with the position
of the causal diamond and quantum jumps changing this position are possible. Also many-particle
states assignable to a union of several causal diamonds are possible. Note that the identification of
magnetic flux tubes as space-time correlates of directed attention in TGD inspired quantum biology
makes sense if these flux tubes connect different causal diamonds. The directedness of attention in
this sense should be also understood: it could be induced from the ordering of p-adic primes and
Planck constant: directed attention would be always from longer to shorter scale.

Does sleep state involve a loss of consciousness?

The ability to avoid entropic entanglement with environment is essential for the original notion of
self and in the case of sub-selves it would explain the finite life-time of mental images. Algebraic
entanglement can be however negentropic and the idea that its generation does not lead to a loss of
consciousness is attractive. If sleep really means a loss of consciousness it must lead to a generation of
entropic entanglement. But does this really happen? Could sleep only lead to a loss of consciousness at
those levels of self hiererachy responsible for conscious memories, which correspond to mental images
and thus sub-C'Ds located in those space-time regions of C'D, where the sleeping occurs?

Is the assumption about the loss of consciousness during sleep really necessary? Can one imagine
good reasons for why we should remain conscious during sleep?

1. One could argue that if consciousness is really lost during sleep, we could not have the deep
conviction that we existed yesterday.

2. Second argument is based on the assumption that brains are acting as topological quantum com-
puters during sleep. During an ideal topological quantum computation the entanglement with
the surrounding world is absent and thus topological quantum computation should correspond
to a conscious experience with a vanishing entanglement entropy. Night time is the best time for
topological quantum computation since sensory input and motor action do not take metabolic
resources and we certainly do problem solving during sleep. Thus we should be conscious at
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some level during sleep and perform quite a long topological quantum computation. The prob-
lem with this argument is that the ideal topological quantum computation could be performed
by a larger system than brain so that ability to perform topological quantum computation does
not allow to conclude whether we are conscious during sleep or not. In fact, the idea that large
number of brains entangle to a larger unit giving rise to a stereo consciousness about what it
is to be human besides performing topological quantum computation like processes, is rather
attractive.

Could it then be that we do not remember anything about the period of sleep because our attention
is directed elsewhere and memory recall uses only copies of "me” assignable to brain manufacturing
standardized mental images? Perhaps the communication link to the mental images during sleep
experienced at dark matter levels of existence is lacking or sensory input and motor activities of busy
westeners do not allow to use metabolic energy to build up this kind of communications. Hence one
can at least half-seriously ask, whether self is actually eternal with respect to the subjective time and
whether entangling with some system means only diving into the ocean of consciousness as someone
has expressed it. Could we be Gods as also quantum classical correspondence in the reverse direction
suggests (p-adic cognitive space-time sheets have literally infinite size in both temporal and spatial
directions)?

2.3 Quantum information processing in living matter

The notion of magnetic body leads to a dramatic modification of the views about functions of brain. In
the following the discussion the the new vision about life as number theoretically critical phenomenon
is not discussed separately.

2.3.1 Magnetic body as intentional agent and experiencer

In TGD Universe 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 [K22] .

Also magnetic body could have sensory qualia, which should be in a well-defined sense more refined
than ordinary sensory qualia [K28] . 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 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/, 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.

2.3.2 Summary about the possible role of the magnetic body in living
matter

The notion of magnetic/field body is probably the feature of TGD inspired theory of quantum biology
which creates strongest irritation in standard model physicist. A ridicule as some kind of Mesmerism
might be the probable reaction. The notion of magnetic/field body has however gradually gained
more and more support and it is now an essential element of TGD based view about living matter. In
the following I list the basic applications in the hope that the overall coherency of the picture might
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force some readers to take this notion seriously. I will talk only about magnetic body although it is
clear that field body has also electric parts as well as radiative parts realized in terms of ”massless
extremals” or topological light rays.

In the following discussion the possible implications of the idea that living matter resides in the
intersection of real and p-adic worlds is not taken into account. An attractive working hypothesis is
that negentropic entanglement can be assigned to the magnetic bodies. For instance, the ends of the
magnetic flux tubes connecting (say) biomolecules could be entangled negentropically. This idea has
been already applied to explain the stability of high energy phosphate bond and of DNA polymers,
which are highly charged [K26] .

Anatomy of magnetic body
Consider first the anatomy of the magnetic body.

1. Magnetic body has a fractal onion like structure with decreasing magnetic field strengths and
the highest layers can have astrophysical sizes. Cyclotron wave length gives an estimate for the
size of particular layer of magnetic body. B = .2 Gauss is the field strength associated with a
particular layer of the magnetic body assignable to vertebrates and EEG. This value is not the
same as the nominal value of the Earth’s magnetic field equal to .5 Gauss. It is quite possible
that the flux quanta of the magnetic body correspond to those of wormhole magnetic field and
thus consist of two parallel flux quanta which have opposite time orientation. This is true for
flux tubes assigned to DNA in the model of DNA as a topological quantum computer.

2. The layers of the magnetic body are characterized by the values of Planck constant and the
matter at the flux quanta can be interpreted as macroscopically quantum coherent dark matter.
This picture makes sense only if one accepts the generalization of the notion of imbedding space.

3. In the case of wormhole magnetic fields it is natural to assign a definite temporal duration to
the flux quanta and the time scales defined by EEG frequencies are natural. In particular, the
inherent time scale .1 seconds assignable to electron as a duration of zero energy space-time sheet
having positive and negative energy electron at its ends would correspond to 10 Hz cyclotron
frequency for ordinary value of Planck constant. For larger values of Planck constants the time
scale scales as h. Quite generally, a connection between p-adic time scales of EEG and those of
electron and lightest quarks is highly suggestive since light quarks play key role in the model of
DNA as topological quantum computer.

4. TGD predicts also hierarchy of scaled variants of electro-weak and color physics so that ZXG,
QXG, and GXG corresponding to Z° boson, W boson, and gluons appearing effectively as
massless particles below some biologically relevant length scale suggest themselves. In this phase
quarks and gluons are unconfined and electroweak symmetries are unbroken so that gluons, weak
bosons, quarks and even neutrinos might be relevant to the understanding of living matter. In
particular, long ranged entanglement in charge and color degrees of freedom becomes possible.
For instance, TGD based model of atomic nucleus as nuclear string suggests that biologically
important fermionic could be actually chemically equivalent bosons and form cyclotron Bose-
Einstein condensates.

Functions of the magnetic body

The list of possible functions of the magnetic body is already now rather impressive.

1. Magnetic body controls biological body and receives sensory data from it. Together with zero
energy ontology and new view about time explains Libet’s strange findings about time lapses
of consciousness. EEG, or actually fractal hierarchy of EXGs assignable to various body parts
makes possible communications to and control by the various layers of the magnetic body. WXG
could induce charge density gradients by the exchange of W boson.

2. The flux sheets of the magnetic body traverse through DNA strands. The hierarchy of Planck
constants and quantization of magnetic flux predicts that the flux sheets can have arbitrarily
large width. This leads to the idea that there is hierarchy of genomes corresponding to ordinary
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genome, supergenome consisting of genomes of several cell nuclei arranged along flux sheet like
lines of text, and hypergenomes involving genomes of several organisms arranged in a similar
manner. The prediction is coherent gene expression at the level of organ, and even of population.
In this picture the big jumps in evolution, in particular, the emergence of EEG, could be seen as
the emergence of a new larger layer of magnetic body characterized by a larger value of Planck
constant. For instance, this would allow to understand why the quantal effects of ELF em fields
requiring so large value of Planck constant that cyclotron energies are above thermal energy at
body temperature are observed for vertebrates only.

. Magnetic body makes possible information process in a manner highly analogous to topological

quantum computation. The model of DNA as topological quantum computer assumes that flux
tubes of wormhole magnetic field connect DNA nucleotides with the lipids of the lipid layer
of nuclear or cell membrane. The flux tubes would continue through the membrane and split
during topological quantum computation. The time-like braiding of flux tubes makes possible
topological quantum computation via timelike braiding and space-like braiding makes possible
the representation of memories. The model allows general vision about the deeper meaning of
the structure of cell and makes testable predictions about DNA.

One prediction is the coloring of braid strands realized by an association of quark or antiquark
to nucleotide. Color and spin of quarks and antiquarks would thus correspond to the quantum
numbers assignable to braid ends. Color isospin could replace ordinary spin as a representation of
qubit and quarks would naturally give rise to qutrit, with third quark would have interpretation
as unspecified truth value. Fractionization of these quantum numbers takes place which increases
the number of degrees of freedom. This prediction would relate closely to the discovery of
topologist Barbara Shipman that the model for the honeybee dance suggests that quarks are
in some manner involved with cognition. Also microtubules associated with axons connected
to a space-time sheet outside axonal membrane via lipids could be involved with topological
quantum computation and actually define an analog of a higher level programming language.

. The strange findings about the behavior of cell membrane, in particular the finding that metabolic

deprivation does not lead to the death of cell, the discovery that ionic currents through the cell
membrane are quantal, and that these currents are essentially similar than those through an
artificial membrane, suggest that the ionic currents are dark ionic Josephson currents along mag-
netic flux tubes. A high percent of biological ions would be dark and ionic channels and pumps
would be responsible only for the control of the flow of ordinary ions through cell membrane.

. These findings together with the discovery that also nerve pulse seems to involve only low

dissipation lead to a model of nerve pulse in which dark ionic currents automatically return
back as Josephson currents without any need for pumping. This does not exclude the possibility
that ionic channels might be involved with the generation of nerve pulse so that the original view
about quantal currents as controllers of the generation of nerve pulse would be turned upside
down. Nerve pulse would result as a perturbation of kHz soliton sequence mathematically
equivalent to a situation in which a sequence of gravitational penduli rotates with constant
phase difference between neighbors except for one pendulum which oscillates and oscillation
moves along the sequence with the same velocity as the kHz wave. The oscillation would be
induced by a ”kick” for which one can imagine several mechanisms.

The model explains features of nerve pulse not explained by Hodkin-Huxley model. These
include the mechanical changes associated with axon during nerve pulse, the outwards force
generated by nerve pulse with a correct prediction for its order of magnitude, the adiabatic
character of nerve pulse, and the small rise of temperature of membrane during pulse followed
by a reduction slightly below the original temperature.

The model predicts that the time taken to travel along any axon is a multiple of time dictated
by the resting potential so that synchronization is an automatic prediction. Not only kHz waves
but also a fractal hierarchy of EEG (and EXG) waves are induced as Josephson radiation by
voltage waves along axons and microtubules and by standing waves assignable to neuronal (cell)
soma. The value of Planck constant involved with flux tubes determines the frequency scale of
EXG so that a fractal hierarchy results.
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The model forces to challenge the existing interpretation of nerve pulse patterns and the function
of neural transmitters. Neural transmitters need not represent actual/only) signal but could be
more analogous to links in quantum web. The transmitter would coding the address of the
receiver, which could be gene inside neuronal nucleus. Nerve pulses would build a connection
line between sender and receiver of nerve pulse along which actual signals would propagate. Also
quantum entanglement between receiver and sender can be considered.

6. Acupuncture points, meridians, and Chi are key notions of Eastern medicine and find a natural
identification in terms of magnetic body lacking from the western medicine. Also a connection
with well established notions of DC currents and potentials discovered by Becker and with TGD
based view about universal metabolic currencies as differences of zero point energies for pairs of
space-time sheets with different p-adic length scale emerges.

Chi would correspond to these fundamental metabolic energy quanta to which ordinary chemi-
cally stored metabolic energy would be transformed. Meridians would most naturally correspond
to flux tubes with large i along which dark supra currents flow without dissipation and transfer
the metabolic energy between distant cells. Acupuncture points would correspond to points
between which metabolic energy is transferred and their high conductivity and semiconductor
like behavior would conform with the interpretation in terms of metabolic energy storages. The
energy gained in the potential difference between the points would help to kick the charge carrier
to a smaller space-time sheet. It is possible that the main contribution to the of charge at mag-
netic flux tube is magnetic energy and slightly below the metabolic energy quantum and that
the voltage difference gives only the lacking small energy increment making the transfer possible.
Also direct kicking of charge carriers to smaller space-time sheets by photons is possible and
the observed action spectrum for IR and red photons corresponds to the predicted increments
of zero point kinetic energies.

7. Magnetic flux tubes could also play key role in bio-catalysis and explain the magic ability of
biomolecules to find each other. The model of DNA as topological quantum computer [K24] sug-
gest that not only DNA and its conjugate but also some amino-acid sequences acting as catalysts
could be connected to DNA and other amino-acids sequences or more general biomolecules by
flux tubes acting as colored braid strands. The shortening of the flux tubes in a phase transition
reducing the value of Planck constant would make possible extremely selective mechanisms of
catalysis allowing precisely defined locations of reacting molecules to attach to each other. With
recently discovered mechanism for programming sequences of biochemical reactions this would
make possible to understand the miraculous looking feats of bio-catalysis.

8. The ability to construct ”stories”, temporally scaled down or possible also scaled up represen-
tations about the dynamical processes of external world, might be one of the key aspects of
intelligence. There is direct empirical evidence for this activity in hippocampus. The phase
transitions reducing or increasing the value of Planck constant would indeed allow to achieve
this by scaling the time duration of the zero energy space-time sheets providing cognitive repre-
sentations.

Direct experimental evidence for the notion of magnetic body carrying dark matter

The list of nice things made possible by the magnetic body is impressive and one can ask whether
there is any experimental support for this notion. The findings of Peter Gariaev and collaborators
give evidence for the representation of DNA sequences based on the coding of nucleotide to a rotation
angle of the polarization direction as photon travels through the flux tube and for the decoding of
this representation to gene activation [[23] , for the transformation of laser light to light at various
radio-wave frequencies having interpretation in terms of phase transitions increasing h [?, ?] , and
even for the possibility to photograph magnetic flux tubes containing dark matter by using ordinary
light in UV-IR range scattered from DNA [?] .

2.3.3 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
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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.

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).

2.4 Time and consciousness

The questions related to the notion of time have turned out to be the most difficult ones encountered
during the evolution of TGD inspired theory of consciousness, and the original naive vision has very
little. Mention only zero energy ontology, hierarchy of Planck constants and dark matter, time-like
entanglement and negentropic entanglement, p-adic as physics of intentionality and cognition, and
the notion of magnetic body. It is certainly too early to claim that everything is understood but it
seems that no dramatic changes in the overall picture are to be expected anymore.

2.4.1 The relationship between subjective and geometric time

The relationship between experienced time and geometric time has been one of the long-standing
problems of TGD inspired theory of conscousness and I have made several proposals about this
relationship. The basic questions are however obvious. What gives rise to the arrow of geometric time
in various senses (at imbedding space level and at space-time level)? Why the contents of sensory
experience are about so narrow time interval? Why also the intentional actions at least apparently is
restricted to such a narrow time interval? Quantum classical correspondence predicts that the arrow
of subjective time is somehow mapped to that for the geometric time. The detailed mechanism for
how the arrow of psychological time emerges has however remained open. Also the notion of self is
problematic.

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.

Two earlier views about how the arrow of psychological time emerges

The basic question how the arrow of subjective time is mapped to that of geometric time. The
common assumption of all models is that quantum jump sequence corresponds to evolution and that
by quantum classical correspondence this evolution must have a correlate at space-time level so that
each quantum jump replaces typical space-time surface with a more evolved one.

1. The earliest model assumes that the space-time sheet assignable to observer ("self”) drifts along
a larger space-time sheet towards geometric future quantum jump by quantum jump: this is
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like driving car in a landscape but in the direction of geometric time and seeing the changing
landscape. There are several objections.

i) Why this drifting?

ii) If one has a large number of space-time sheets (the number is actually infinite) as one has in
the hierarchy the drifting velocity of the smallest space-time sheet with respect to the largest
one can be arbitrarily large (infinite).

iii) It is alarming that the evolution of the background space-time sheet by quantum jumps,
which must be the quintessence of quantum classical correspondence, is not needed at all in the
model.

2. Second model relies on the idea that intentional action -understood as p-adic-to-real phase
transition for space-time sheets and generating zero energy states and corresponding real space-
time sheets - proceeds as a kind of wave front towards geometric future quantum jump by
quantum jump. Also sensory input would be concentrated on this kind of wave front. The
difficult problem is to understand why the contents of sensory input and intentional action are
localized so strongly to this wave front and rather than coming from entire life cycle.

There are also other models but these two are the ones which represent basic types for them.

The third option

The third explanation for the arrow of psychological time - which I have considered earlier but only
half-seriously - looks to me the most elegant at this moment. This option is actually favored by
Occam’s razor since it uses only the assumption that space-time sheets are replaced by more evolved
ones in each quantum jump. Also the model of tqc favors it.

1. In standard picture the attention would gradually shift towards geometric future and space-
time in 4-D sense would remain fixed. Now however the fact that quantum state is quantum
superposition of space-time surfaces allows to assume that the attention of the conscious observer
is directed to a fixed volume of 8-D imbedding space. Quantum classical correspondence is
achieved if the evolution in a reasonable approximation means shifting of the space-time sheets
and corresponding field patterns backwards backwards in geometric time by some amount per
quantum jump so that the perceiver finds the geometric future in 4-D sense to enter to the
perceptive field. This makes sense since the shift with respect to M* time coordinate is an exact
symmetry of extremals of Kéhler action. It is also an excellent approximate symmetry for the
preferred extremals of Kéahler action and thus for maxima of Kéahler function spoiled only by the
presence of light-cone boundaries. This shift occurs for both the space-time sheet that perceiver
identifies itself and perceived space-time sheet representing external world: both perceiver and
percept change.

2. Both the landscape and observer space-time sheet remain in the same position in imbedding
space but both are modified by this shift in each quantum jump. The perceiver experiences this
as a motion in 4-D landscape. Perceiver (Mohammed) would not drift to the geometric future
(the mountain) but geometric future (the mountain) would effectively come to the perceiver
(Mohammed)!

3. There is an obvious analogy with Turing machine: what is however new is that the tape effectively
comes from the geometric future and Turing machine can modify the entire incoming tape by
intentional action. This analogy might be more than accidental and could provide a model for
quantum Turing machine operating in TGD Universe. This Turing machine would be able to
change its own program as a whole by using the outcomes of the computation already performed.

4. The concentration of the sensory input and the effects of conscious motor action to a narrow
interval of time (.1 seconds typically, secondary p-adic time scale associated with the largest
Mersenne Mia7 defining p-adic length scale which is not completely super-astronomical) can be
understood as a concentration of sensory/motor attention to an interval with this duration: the
space-time sheet representing sensory "me” would have this temporal length and "me” definitely
corresponds to a zero energy state.
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5. The fractal view about topological quantum computation strongly suggests an ensemble of al-
most copies of sensory "me” scattered along my entire life cycle and each of them experiencing
my life as a separate almost copy.

6. The model of geometric and subjective memories would not be modified in an essential manner:
memories would result when "me” is connected with my almost copy in the geometric past by
braid strands or massless extremals (MEs) or their combinations (ME parallel to magnetic flux
tube is the analog of Alfwen wave in TGD).

This argument leaves many questions open. What is the precise definition for the volume of
attention? Is the attention of self doomed to be directed to a fixed volume or can quantum jumps
change the volume of attention? What distinguishes between geometric future and past as far as
contents of conscious experience are considered? How this picture relates to p-adic and dark matter
hierarchies? Does this framework allow to formulate more precisely the notion of self? Zero energy
ontology allows to give tentative answers to these questions.

Can one assign to quantum jump a chronon of geometric time?

Whatever the mechanism correlating the subjective time with geometric time and giving rise to the
arrow of geometric timeis, one can ask following kind of questions. Does it make sense to assign a
geometric time interval to the quantum jump in statistical sense? Is this interval always the same or
does one have a hierarchy of geometric durations for the moment of consciousness.

1. The original guess was that the average increment of the psychological time in a single quantum
jump does not depend on properties of the self and is of the order of C' P, time about 10* Planck
times. This would mean that consciousness in biological length scales is in a well defined sense
macroscopic phenomenon and that single quantum jump corresponds to a microscopic building
block of self. A natural assumption is that self hierarchy starts already from selves having
duration of few quantum jumps (elementary particles?).

This vision does not explain convincingly the integration of the moments of consciousness to
larger units which resembles formation of bound states to a high degree. In particular, the
geometric duration of quantum jump is very much analogous to decoherence time, and it is
difficult to understand how Schrodinger equation can make sense if the decoherence time is of
order C' P, time.

2. Zero energy and number theoretic vision encourage to ask whether the generation of -possibly
negentropic- time-like entanglement between positive and negative energy parts of zero energy
states could be the analog of bound state formation guaranteing that subself would not reduce
to an unentangled pair of positive and negative energy states in concomitant quantum jumps
but is more analogous to a quantum system obeying a unitary time evolution.

The hierarchy C'Ds defining a hierarchy of p-adic length scales and associated dark matter
matter hierarchy suggest that there is a fractal hierarchy of quantum jumps such that quantum
jumps at the lower level of hierarchy integrate to higher level quantum jumps and in this manner
give rise to the experience about flow of time at the higher levels. This would suggest that the
geometric duration assigned to single quantum jump for C'D with temporal size scale T}, o 2*
corresponds to geometric time interval T and that it corresponds to to 2" quantum jumps at
the lower level k — n with geometric time interval Ty _,,. For this option C' P, time would define
the smallest chronon of geometric time.

What is intriguing that for electron that time scale T}, corresponds to k = 127 and is .1 seconds
defining the fundamental 10 Hz bio-rhythm. One can indeed say that the chronon of sensory
experience is .1 seconds. For u and d quarks with mass around 5 MeV the corresponding
time scale would correspond to £ = 120 and millisecond time scale assignable to kHz cortical
synchrony and duration of nerve pulse.

The new concept of the psychological time means a dramatic generalization of the standard view
about subjective existence. Mindlike space-time sheets -or C'D about which I prefer to talk now- are
distributed everywhere and all of them can participate in quantum jumsp. Therefore one can say that
the entire space-time is a conscious, living being. Civilizations of the geometric past and future exist
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simultaneously with us. We are members of a four-dimensional society in the sense that our actions
affect the life of selves of both geometric past and future since each quantum jump performed by us
changes the macroscopic space-time in both past and future. It is quite possible that there are new
versions of me in the geometric past represented by mindlike space-time sheets drifting in future time
direction along the material space-time sheet describing "material me”. Therefore this particular life
of mine is only one among very many ones. p-Adic evolution implies that in the statistical sense the
quality of these lives tends to get better. We in our youth now experience in slightly more deeper
manner and live in a society having

2.4.2 Four-dimensional brain and long term memories

Four-dimensionality of brain is crucial for the understanding long term memories as multitime expe-
riences receiving contributions from several moments of geometric time. This identification makes it
unnecessary to have any memory storage mechanisms. Rather, the activities of the memory circuits
can be seen as increasing the probability that memory recall occurs. Reverberating memory circuits in
which experience is echoed indeed do this by extending the deep memory valley in spin glass landscape
to a long canyon in time direction. This increases the probability that mindlike space-time sheets enter
in the region of four-dimensional spin glass landscape representing the memory. The deepness of the
spin glass valley correlates with the emotionality of the memory. Childhood memories are especially
emotional and therefore stable. Memories are result of creative action and memory circuit involving
hippocampus seem to be active in carving out the art works representing geometric memories worth
of remembering. TGD based approach solves the basic problems of the neural net approach resulting
from the fact that the formation of new memories destroys old memories and from the fact that it is
difficult to understand how the component of experience is known to be a memory.

Long term memories and memories in general can be understood as resulting from a very simple
mechanism. When I remember something that happened, say two years ago, I look at a mirror at
distance of one light year and see myself in mirror as I am at a distance of two geometric years in
the geometric past. Massless extremals (MEs) representing topological light (and graviton) rays and
carrying the classical information about the memory are reflected in some kind of a mirror structure.
Mirrors could correspond end points, branching points, curved parts or cross sections of magnetic flux
tubes and MEs or in case of gravitonic rays to curved parts of the background spatetime surface.

The reflected ME could be seen as topological counterpart of self-energy diagram involving emission
and absorption of massless virtual particle such photon or graviton. At quantum level timelike entan-
glement, which is possible by the non-determinism of the fundamental variational principle, binds the
mental images 'now’ and 'then’ to a single mental image. MEs could be generated in the transitions
between almost degenerate quantum spin glass states. Since the energy difference corresponds to the
classical gravitational energy, topological gravitonic rays, which also interact very weakly with the
external world, are good candidates for MEs responsible for long term memories. The interpretation
of these MEs as gravitonic 1/f noise suggest itsef strongly.

Note that the continual occurrence of quantum jumps between quantum histories explains why
our long term memories are unstable. It seems however that it is probably only sensory and cog-
nitive representations which are altered appreciabely. In human time scales geometric past should
be relatively stable in macroscopic length scales: otherwise dramatic changes of the recent reality
induced by macroscopic quantum jumps in the geometric past would occur. Four-dimensional brain
provides a completely new view about how gemeralized sensory experiences are generated, how gen-
eralized motor actions are planned and how memories are constructed. This process is like creating
an artwork. Four-dimensional spin glass landscape representing a rough scetch is gradually refined by
adding details and corrections in increasingly shorter time scales: this corresponds to neural activities
of four-dimensional brain generating motion leading to the desired part of spin glass energy landscape.
This picture is consistent with the observed 1/f noise and fractality of nerve pulse patterns. Abso-
lutely essential is self-organization and related dissipation forcing the Darwinian selection leading to
end product which is charicature rather than photo.
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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 [K59] .

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 [J16] .

Also a mechanism of remote metabolism (”quantum credit card”) based on sending of negative
energy signals to geometric past becomes possible [K33] : 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.

Episodal memories as time-like entanglement

Time-like entanglement explains episodal memories as sharing of mental images with the brain of
geometric past [K59] . 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 [J12] 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 = 2%
k=0,1,2,, and predicts that the time 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).

2.4.3 Time and self

The proposed overall view leaves still open many questions about time and self.

What distinguishes 'now’ from memories and plans?

The new notion of psychological time leads to a very elegant mechanism of long term memory and
memories in general: to remember something at temporal distance T in the past is to look the past
brain from magnetic body from distance L = ¢I'. This looking backwards in time could be realized
by sending a negative energy signal reflected back from the past brain as a positive energy signal. A
slightly more complex mechanism utilizes negative energy signal sent to the magnetic body at distance
L = ¢T'/2, where it is reflected in ordinary sense to the brain of the past, where it suffers time-like
reflection and returns as a positive energy signal back to the brain along the same route. Also time-like
quantum entanglement is possible. In the simpler variant of time mirror mechanism the signal would
have fundamental frequency f = 1/T. These frequencies correspond to energies E = hf far below
the thermal threshold for the ordinary value of Planck constant but for large enough values & the
problem can be circumvented. The quantal effects of ELF em fields on brain support this proposal.
The conscious experience could in principle contain information from both the geometric past, from
the geometric now, and perhaps also from the geometric future (plans, dreams, expectations).

In zero energy ontology there is however an important delicacy involved. Is precognition really
possible if one assumes that the space-time sheets assigned to C'D are restricted only to the interior
of CD? The cautious answer is Yes. CD is imbedded inside a larger C'D and this CD could be
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responsible for both precognition and for non-personal memories originating from the geometric past
not belonging to the C'D of self.

If there are also space-time sheets which begin from the future (past) boundaries and continue
to fiture (past) precognition and memories extending beyond personal life are certainly plausible and
light-like 3-surfaces could at as correlates for time-like entanglement and communications of signals
reflected in time direction. For the generalization of Feynman diagrams this is assumed and sub-C Ds
have at elementary particle level interpretation in terms of radiative corrections.

This asymmetry between interior and exterior of C'D could be responsible for the dramatic dis-
tinctions between the conscious geometric now, memories, and plans and explain how the illusion
about reality as a time=constant snapshot of the geometric time development is created. Also the
asymmetry between geometric future and nearby geometric past could be understood. More precisely,
the proposed identification of geometric now inspired by zero energy ontology would be in terms of
the mental images residing near the future boundary of C'D associated with self. In case of electrons
these C'Ds would have size scale of .1 seconds corresponding to the duration of the moment of sensory
experience. The personal memories from the period of life-time would correspond to the interior of
CD associated with self. Transpersonal memories interpreted in terms of previous lives would corre-
spond to memories about geometric past outside C'D. Precognitions would have information contents
coming from the geometric future outside C'D of self.

Estimate for the ”wake-up time” of sensory selves time scale of causal diamonds

The basic question relates to the age of selves representing sensory mental images and also to the age
of our own self which at least apparently seems to be of order of our wake-up period. The question is
not trivial.

1. Tt is not at all clear whether the wake-up state is continuous: also our self could exist only a
fraction of time and memories could create the illusion about continuity of self.

2. Maximally entropic long-aged sub-selves in thermal equilibrium need not contribute to conscious
experience and their disappearance from our consciousness need not mean that they die: they
could simply give rise to a background sensory and cognitive noise which is certainly present.

The first question is how to express this wake-up period in terms of geometric time. The model
for the arrow of geometric time based on zero energy ontology suggests that the temporal length of
space-time sheet (length of the film representing movie running to the geometric past), which flows
through the future boundary of C'D of self during its wake-up period gives this measure.

1. The simplest dimensional analysis inspired guess would be that this time scale is the time scale
of C'D assignable to self. This guess could be defended also on basis of quantum classical
correspondence but remains still a guess. If sensory mental images indeed correspond to C'Ds
assignable to electrons, this guess looks sensible.

2. The fact that the entropy of an ageing sub-self tends to increase means that mental images get
fuzzy. This allows the possibility that our sensory mental images are rather quite long-lived
but get rapidly fuzzy so that only the youngest sensory mental images would dominate our
consciousness. One can imagine that the mental images created at the future boundary CD
drift to the direction of geometric past and get gradually more entropic. The memory feats of
synesthetes could provide one exception to this rule and have explanation in terms of long term
negentropic entanglement stabilizing the mental images. Large kA could be also involved.

3. One could also argue that the wake-up time for the C'D assignable to my biological body is
same as my biological lifetime. Otherwise I would not know with such a certainty that I existed
yesterday. I would not lose totally my consciousness during sleep but would be only unable to
remember much about this period. It is known that dreams experienced during some period of
time form logical stories so that at least dreaming involves memories about previous dreams.

This argument looked excellent in the original formulation of the theory but ceases to be water
tight in zero energy ontology. Long term memories realized in terms of negative energy signals
and time-like entanglement could be enough to create this conviction. There are also good
reasons to believe that scaled down variants of the memories compressing long time periods to
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shorter time intervals are generated in terms of A reducing phase transitions: this would be
one manner to realize conscious holograms. These fractal stories about my life could create the
conviction that I existed yesterday.

There are also arguments supporting a short wake-up time.

1. The identification of subjective memory as a short term memory and the fact that sensory
sub-selves with too long age cannot provide the needed time resolution of sensory experience
encourages the idea that sensory sub-selves have a short wake-up period of order .1 seconds.
Since sensory sub-selves seem to have finite wake-up time also our self should have.

2. The duration of short term memory seems to be of order second so that the periods of, at least,
sensory wake-up should be of order second. On the other hand, memory sub-selves of sufficiently
short duration can give rise to sensory memory with sufficient resolution even if our self has much
longer wake-up period.

3. A good guess seems to be that the duration of our self is not longer than wake-up period. But
again it could be that I simply do not remember what we experience during sleep: to remember
what happened during sleep we must perhaps be in sleep state.

The time scale of .1 seconds assignable to electron’s C'D corresponds to the time scale of EEG,
which also supports the interpretation of the size scale of C'D as a duration of sensory mental image.
The currents generating EEG certainly create weak electromagnetic radiation fields which in TGD
framework correspond to topological field quanta of Earth size. It is known that EEG frequencies
are in the same frequency range as so called Schumann frequencies [?] associated with the resonances
of the electromagnetic fields in the 80 km thick wave cavity between Earth surface and ionosphere.
Magnetic perturbations near Schumann frequencies are known to have profound effects on human
brain inducing altered states of consciousness and neural instabilities [J21] . Furthermore, the estimate
for the thickness of the magnetic flux tubes of Earth’s magnetic field based on the quantization of
the magnetic flux is about cell size. These observations raise the question whether our ”physical”
body is only a tip of an iceberg and formed by the topological condensation of the biomatter around
electromagnetic topological field quanta serving as templates for the biostructures [?] .

Our self hierarchy could contain also higher levels and the fact that we experience continuity of
personal existence suggests that this is the case. This consistent with the basic assumptions about
conscious experience if the temporal averaging involved with the temporal binding is weighted so that
only the most recent experiences are present with large weight. An interesting possibility is that entire
fractal hierarchy of magnetic flux tube structures carrying superconducting BE condensates of ions is
involved so that also a hierarchy of cyclotron time scales defining a hierarchy of durations for selves
(mental images) is involved. Same is true for MEs and Uncertainty Principle suggest that MEs with
size of order light life time are involved with our long term memories.

How fast subjective time runs?

An interesting challenge is to understand the relation of the subjectively experienced time to the
psychological time (essentially geometric time). In order to experience time self must have a clock.
The simplest assumption is that the sequence of quantum jumps defines the sequence of ticks for the
clock. Therefore subjective time would be measured as the number n of quantum jumps occurred
after the wake-up of the self. The rate for the running of subjective time would be dn/da and just
the inverse for the rate of running for psychological time and same for all systems if the average
duration of chronon is of order of C'P;, time: this is certainly not consistent with the fact subjectively
experienced time can run faster or even stop. One could also kill this naive hypothesis by noticing
that self should be able to distinguish between the ticks of the clock: obviously we cannot experience
quantum jumps as separate events.

A more realistic model is based on the idea that the average time interval Aa between two wake-ups
of a ’clock’ sub-self, which exists periodically in a wake-up state defines a natural unit of subjective
time. The number N of ticks for the clock is given by the age of self divided by the duration of single
wake-up period for the ’clock’ self
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N would naturally define a measure of subjectively experienced time. Slowing down of subjective
time would correspond to the slowing down of the internal clock in the sense that Aa increases.

Consider now whether this simple model can explain basic facts about experienced rate of subjec-
tively experienced time.

1. Experienced time is said to run slowly, when we get bored and drowsy. Actually the situation
is just the opposite since the number of ticks of the internal clock per unit of psychological time
must be large. In order to understand what might be involved, assume that also the internal
clock gets drowsy so that the average wake-up period Aays for the internal clock gets shorter.
If internal clock wakes up spontaneously, one can assume that the average duration Aag for
the sleeping periods for clock self is not changed. Hence A = Aaw + Aag is reduced so that
N(a) < 1/Aa increases and geometric time is experienced as longer.

2. Quite different situation is encountered, when person is in the state of whole-body-consciousness.
In this kind of situation there is no internal clock and one can indeed say that there is no time!
This would explain the reports of meditators about state of 'timelessness’ [?] Oliver Sacks has
described in his book ’Awakenings’ patients who have lived for years in 'no-time’ state with frozen
contents of conscious experience, which presumably meant that everything in the external world
seemed to happen extremely slowly. It would be natural to assume that the lifetime Aa of
the ’clock’ self was very long in this kind of situation or even that person was in the state of
whole-body-consciousness. The only clock is person itself and the entire experience corresponds
to single tick of this clock. There are also reports that when person is in dramatic situation like
traffic accident, time is experienced to stop. One explanation is that person experiences state
of whole-body consciousness. Second possibility is that in this kind of situation involving very
high level of alertness Aa becomes very short so that all motions seem to occur very slowly: in
this manner person gets a lot of subjective time to react to the situation.

One could also try to understand why persons at older age feel that time runs faster. This statement
is clearly not about what person immediately experiences but impression about what has happened.
One possible explanation is however that the period Aa of the internal clock indeed gets longer at
older age. This could be caused by the increase of the period Aag of the sleeping period of the internal
clock. This is consistent with the previous idea that the wake-up time of mental images gets shorter,
which also explains why old people experience that geometric time flows faster. Thus, if the total
fraction of geometric time spend by the person and his/her sub-selves in wake-up state decreases when
person gets older, one can understand why the time is experienced to run faster at the older age.

Time delays of consciousness and other anomalies

TGD based concept of time has rather dramatic implications and it is important to show that the
new time concept indeed solves the conceptual problems and anomalies of the standard physics. One
should also device experiments to test the new time concept.

1. Dissipation is the black sheep in the family of theoretical physics and quantum jump between
quantum histories concept explains dissipation in an elegant manner. The ad hoc addition
of various parameters characterizing dissipation to the reversible fundamental equations of the
classical physics can be understood as a phenomenological model for the subjective time evolution
as a sequence of macroscopic space-times defined by the final states of the quantum jumps.
Dissipative space-time is kind of an envelope for a sequence of non-dissipative space-times.
Dissipation is a signature of quantum jumps which, by the basic assumptions related to the
formulation of NMP, correspond to a sequence of quantum measurements and can occur only
inside selves. Hence dissipation gives direct evidence for consciousness. TGD predicts the
possibility of whole-body consciousness with anomalously low dissipation and this spectacular
effect provides a test of TGD approach [?] .

2. Quantum jumps between quantum histories concept together with the notion of self explains
also the peculiar time delays of consciousness revealed in the experiments [J17] [J12] relating to
the active and passive roles of consciousness and described by Penrose in his book [?] . The
basic observation is that quantum jump replaces macroscopic space-time with a new one and
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that both the geometric past and future change. For instance, the EEG activity preceding the
conscious decision to raise the index finger in experiments of Libet related to the active aspects of
consciousness [J12] can be interpreted as classical electromagnetic fields present in the geometric
past of the new macroscopic space-time generated by the decision to raise the finger.

. It is also possible to explain the causal anomalies revealed by the experiments of Radin and

Bierman [J8| 7, ?] . In these experiences pictures with emotionally provocative content generated
galvanic skin responses already before they were seen. A natural looking assumption about the
contents of conscious experience is that the change of the geometric past is larger for emotional
than for non-emotional quantum jumps (e-motion!): this is also consistent with the important
role of emotion as a motivator and with the fact that neural transmitters involved with the
emotion induce long term synaptic changes. With this assumption the change of the past
recordings about galvanic skin response is predicted to be larger for the emotional pictures than
for the non-emotional ones. TGD predicts "tribar effect” as a general signature for the quantum
jump between quantum histories concept [?] .

What after biological death?

One can also speculate about the course of events at the moment of death and after it. The outcome
depends strongly on the beliefs about how the arrow of psychological time emerges.

1. If the latest view based on zero energy ontology and on the identification of causal diamond

(CD) as a correlate for self is accepted then time flow corresponds to an effective flow of the
quantum superposition of space-time sheets assignable to self to the interior of C'D through the
light-like future boundary of C'D. This flow would be induced by a volutional act stimulated
by the curiosity to see what is in the geometric future (the space-time sheet associated with
a larger C'D perceived by self as environment). At the moment of biological death subselves
corresponding to sensory mental images would die. If the shifting continues to happen -perhaps
by the volition of larger selves of sub-selves- the biological death would propagate as a wave front
to the geometric past. After the death of sensory mental images and their symbolic counterparts
the mental images of geometric past would dominate the contents of consciousness but after the
wave front of biological death would have reached the lower boundary of C'D, their contribution
to consciousness would cease. This does need not of course mean a loss of consciousness. Self
could be ready to direct its attention in a new manner.

One can represent an objection against this picture. If zero energy states correspond to constant
zero momentum plane waves in the degrees of freedom assignable to the center of mass of C'D
it would seem that the experiences of self are kind of abstraction coming from the experiences
assignable to all these C'Ds. Does this really make sense? Maybe it does not make sense to
assign zero momentum to cm degrees of freedom of C'D. If one does not perform this assignment
the self could redirect its attention to a C'D at different spatiotemporal position and with more
interesting external world.

. In the earlier model for the arrow of geometric time space-time sheets drift to the geometric

future along larger space-time sheet. For this option this particular sensory "me” would meet
the geometro-temporal boundary of the biological body: sensory input would cease and there
would be no biological body to use anymore. ”"Me” might lose its consciousness (if it can!).
”Me” has also other mental images than sensory ones and these could begin to dominate the
consciousness and "me” could direct its attention to space-time sheets corresponding to much
longer time scale, perhaps even to that of life cycle, giving a summary about the life.

What after that? The Tibetan Book of Dead gives some inspiration. A western "me” might hope

(and even try use its intentional powers to guarantee) that quantum Turing tape sooner later brings
into the volume of attention (which might also change) a living organism, be it human or cat or dog
or at least some little bug. If this me” is lucky, it could direct its attention to it and become one
of the very many sensory ”"me’s” populating this particular 4-D biological body. There would be
room for a newcomer unlike in the alternative models. A "me” with Eastern/New-Ageish traits could
however direct its attention permanently to the dark space-time sheets and achieve what she might
call enlightment.
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2.5 Various types of conscious experiences

In the following the general structure and classication of conscious experiences is discussed. Most
predictions are brain independent. Assuming that zero modes of the configuration space, character-
izing the geometry of macroscopic classical space-time, determine the geometric information contents
of conscious experience and identifying macroscopic quantum phases as quantum correlates of various
sensory modalities, one can make rather far reaching predictions about basic aspects of, say, sensory
experience of any experiencer, be it human brain or some strange life form in distant galaxy.

2.5.1 Basic structure of conscious experience

Before continuing, it is perhaps useful to recall the basic anatomy of the quantum jump: ¥; — U¥; —
Vs, — ....Wy, where the final quantum history ¥ is a superposition of space-time surfaces, which are
macroscopically equivalent and only bound state entanglement is present. Every space-time surface
of the superposition consists of parallel space-time sheets (connected by wormhole contacts). Some of
these space-time sheets have infinite time extension and some have not. The latter ones are 'mindlike
space-time sheets’. One must make a clear distinction between the quantum superposition of the
space-time surfaces and the decomposition of the space-time surface to space-time sheets.

Real and imagined experiences

The assumption that p-adic physics is physics of imagination means division of qualia to real qualia
and imagined qualia. There are good arguments based on mathematical consistency that in p-adic
configuration space degrees of freedom complete localization occurs in each quantum jump (see Ap-
pendix). This means that there are no quantum fluctuations in p-adic degrees of freedom and since
non-geometric sensory qualia like color correspond to quantum number increments in quantum fluc-
tuating degrees of freedom, there are no p-adic non-geometric qualia. This however leaves p-adic
geometric qualia determined by the increments of p-adic configuration space coordinates. This view is
certainly consistent with intuitive notion that cognitive qualia are only about the geometric aspects,
like shape and size, of the objects of the external world.

One could debate about whether cognition can be identified as imagination but this is the working
hypothesis made. The tranformations of thoughts into actions or sensory experiences and of sensory
inputs into thoughts correspond to p-adic-real phase transitions for mindlike space-time sheets so that
one can speak about matter-mind interaction in a well-defined sense. Cognition is predicted to be
present already at elementary particle length scales and this assumption is crucial for understanding
the success of the p-adic length scale hypothesis works and p-adic mass calculations.

One can identify p-adic space-time sheets as correlates of memes [?] and relate them to the morphic
fields of Sheldrake. The p-adic vision about cognition is discussed in [K47] .

Whole-body consciousness and ordinary consciousness

TGD predicts two basic modes of consciousness.

1. Reducible self is the state in which sub-selves are ”falling asleep” and ”waking up” all the time,
corresponds naturally to the ordinary state of consciousness. Sub-selves represent mental images
which pop out and dissappear all the time.

2. In case of irreducible self quantum jumps do not lead to a generation of sub-selves. Thus
the sub-systems of irreducible self have only bound state entanglement and self measurement
cascade stops at irreducible self. This state is presumably accompanied by the experience of
”oneness” and could therefore be called a state of ”whole-body consciousness”. The absence
of the sub-selves means the absence of mental images so that the identification as a state of
pure self awareness without any contents is natural. Less ideal situation is that sub-selves are
generated but are very short lived and represent short flashes against background awareness.
”Whole-body-consciousness” presumably means abnormally low metabolism since dissipation
inside sub-selves is not present.
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Active and passive aspects of conscious experience

Conscious experience involves two fundamental contributions.

1. The "non-classical” contribution from the quantum measurement reducing quantum entangle-
ment associated with the fermionic degrees of freedom and with the quantum fluctuating con-
figuration space degrees of freedom (as opposed to zero modes).

2. The "classical” contribution determined by the localization in zero modes and by the selection
between different degenerate absolute minimum space-time surfaces having different decompo-
sitions into p-adic regions.

The natural guess is that the experienced free will corresponds to the non-determinism of the
quantum jump somehow. The standard objection is that the non-determinism of the quantum mea-
surement gives rise to randomness rather than volition. Quantum numbers relate to microscopic
aspects of the quantum jump and the average quantum numbers measured in quantum jumps prob-
ably sum up to zero in the presence of energy feed and external perturbations. Indeed, if temporal
binding for the experiences of self involves averaging, this component of experience need not give rise
to an experience of volition since it is expected to average out for large number of quantum jumps
(103® per second by the argument for the arrow of psychological time). Therefore the time averaging
involved with the temporal binding smooths out this non-determinism.

Here the special features of TGD however come in rescue.

1. The first candidate for the quantum correlate of volition is the localization in zero modes.
This localization corresponds to the spontaneous symmetry breaking of quantum field theories
which selects one classical configuration among many degenerate ones. Spontaneous symmetry
breaking has been suggested to be a basic aspect of the quantum jump also by Joel Henkel [?]
. Asymptotic localization in zero modes seems to be however determined statistically by the
self-organization process taking the system to the bottom of some valley of the spin glass energy
landscape. Hence volition need not be in question.

2. The second candidate for volition is classical non-determinism of Kéhler action (which gives rise
to the geometric model of thought as ”association sequence”). The selection between the different
degenerate alternative classical time evolutions, that is different degenerate absolute minima
X*(Y3) going through a given 3-surface Y3, is an excellent candidate for the volitional act. The
reason is that absolute minima differ macroscopically so that the choice between degenerate
minima dramatically affects the entire geometric future. Note also that the selection between
branches of a multifurcation of macroscopic space-time is in question, the choice can be done
only when mindlike space-time sheet is located in a narrow time interval around multifurcation
and is hence irreversible. The identification of the classical non-determinism as a geometric
correlate of the volitional non-determinism is in nice accordance with the ”ontogeny recapitulates
phylogeny” principle stating that the geometric time evolution at the level of the space-time
surface reflects the time evolution by quantum jumps at the level of the configuration space.
One can however argue that this kind of volition is still passive in that it is only a selection
between given alternatives rather than a transformation of an intention to action. The second
objection is that there are actually infinite number of options between which to select in the
state function reduction: why do we not experience these alternatives consciously?

3. The third candidate for volition is a quantum jump in which p-adic-to-real transformation for a
p-adic space-time sheet representing cognitively intention occurs so that it becomes an action.
This identification of the volitional act seems to be the most realistic one and indeed allows to
understand how the notion of psychological time emerges. Since complete localization occurs
in p-adic degrees of freedom in the state function reduction stage, there is no selection between
infinite number of alternatives but only a selection of the p-adic space-time sheet which is
transformed to a real one and induces the self-organization process possibly leading to the
desired goal.

An interesting possibility is that the zero modes characterizing the macroscopic features of the
macroscopically equivalent space-time surfaces present in the final quantum state of quantum jump
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determine the contents of at least sensory experiences. This would be in accord with the idea that pure
sensory experiences represent quantities which indeed ’are in the world’, the world being identified
as the macroscopic space-time associated with the final quantum history of the quantum jump. One
could however argue that it is only the increments of zero modes in quantum jump, which are perceived
directly consciously: this claim is consistent with the fact that insects are able to see only the motion
and that also human visual consciousness is crucially dependent on saccadic motion. Localization
in the zero modes involves the fixing of the parameters characterizing the shape and size of the 3-
surface X3 as well as the Kiihler field of X4(X?). Kéhler field can reduce to a purely electromagnetic
or Z° type classical gauge field and is in general also accompanied by a classical color field. The
spatio-temporal patterns of the induced Kéhler field should correlate strongly with the contents of the
conscious experience.

2.5.2 Cognition and p-adic physics

p-Adic non-determinism follows from the fact that functions with vanishing derivatives are piecewise
constant functions in the p-adic context. More precisely, p-adic pseudo constants depend on the pinary
cutoff of their arguments and replace integration constants in p-adic differential equations. In case
of field equations this means roughly that the initial data are replaced with initial data given for a
discrete set of time values chosen in such a manner that a unique solution of field equations results.
Solution can be fixed also in a discrete subset of rational points of the imbedding space. Presumably
the uniqueness requirement implies some unique pinary cutoff.

Thus the space-time surfaces representing solutions of p-adic field equations are analogous to space-
time surfaces consisting of pieces of solutions of the real field equations. Thus p-adic reality is much
like the dream reality consisting of rational fragments glued together in illogical manner or pieces of
child’s drawing of body containing body parts in more or less chaotic order.

The obvious interpretation for the solutions of the p-adic field equations is as a geometric correlate
of imagination. Plans, intentions, expectations, dreams, and cognition in general are expected to
have p-adic cognitive space-time sheets as their geometric correlates. A deep principle seems to be
involved: incompleteness is characteristic feature of p-adic physics but the flexibility made possible
by this incompleteness is absolutely essential for imagination and cognitive consciousness in general.

If one accepts the idea that real and p-adic space-time regions are correlates for matter and
cognitive mind, one encounters the question how matter and mind interact. A good candidate for this
interaction is the phase transition leading to a transformation of the real space-time regions to p-adic
ones and vice versa. These transformations can take place in quantum jumps. p-Adic-to-real phase
transition would have interpretation as a transformation of thought into a sensory experience (dream
or hallucination) or to an action. The reverse phase transition might relate to the transformation of
the sensory experience to cognition. Sensory experiences could be also transformed to cognition by
initial values realized as common rational points of a real space-time sheet representing sensory input
and a p-adic space-time sheet representing the cognitive output. In this case the cognitive mental
image is unique only in case that p-adic pseudo constants are ordinary constants.

The identification of p-adic physics as physics of cognition satisfies quite a number of consistency
constraints.

1. Consistency constraints force to assume that p-adic regions of 3-surface do not contribute to the
line element of the configuration space. This means that p-adic degrees of freedom are zero modes
and thus completely classical in the sense that a localization occurs in p-adic configuration space
degrees of freedom in each quantum jump. Thus the word of cognition is completely classical.

2. Classicality of cognition implies that there are no non-geometric cognitive qualia determined
by the increments of quantum numbers in quantum jumps but only geometric cognitive qualia
determined by the increments of zero modes. Thoughts are indeed non-colored. Same applies to
emotions if emotions correspond to rates of the entropies associated with various non-geometric
sensory qualia. Since it is not possible to talk about the sign of the p-adic entropy gradient
(p-adic numbers are not well-ordered), one cannot classify possible geometric p-adic emotions
to positive and negative. p-Adic Boolean mind is however possible and should represent what
we call rational mind.
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Various identifications for the quantum correlate of volition were already discussed and it was
found that the most realistic option is the identification of volition as associated with a quantum
jump in which a p-adic space-time sheet representing an intention is transformed to a real region
representing action. This identification leads also to the assignment of the psychological time with
the phase transition front at which intentions transform to action proceeding to the direction of the
geometric future. The difference between intentions and memories would be that intentions are p-adic
whereas memories are real.

2.5.3 Reflective- and proto-levels of consciousness

The decomposition into proto consciousness and reflective consciousness (consciousness about being
conscious) is one of the fundamental features of conscious experience. Logical thinking is also a
fundamental component of conscious mind and probably also the mind unconscious-to-us, in fact
so fundamental one that is has inspired the computationalistic approach to consciousness. One can
consider two alternative identifications for the reflective level of consciousness.

Boolean mind as reflective mind?

The state basis of the Fock space generated by N fermionic creation operators is isomorphic with the
Boolean algebra consisting of 2V possible statements about N basic statements. This follows from
the simple observation that by Pauli exclusion principle the fermion number associated with a given
fermion state can have only two values: 0 (false) or 1 (true). This observation leads to the idea that
many fermion states give representation for what might be called reflective consciousness in the sense
that the information contents for experiences about conscious experiences could correspond to the
quantum jumps in the fermionic sector.

A more convincing interpretation is that Boolean mind is onlhy a special case of reflective mind. In
p-adic case only quaternion conformal degrees of freedom are possible for configuration space spinors
(see appendix) and since pure cognition involves no emotions and no values it must correspond to logic
(true/false). In real case the spin associated with the configuration space metric correlates with the
sensory experience and naturally corresponds to the logic of aesthetics (beautiful/ugly) whereas real
quaternion conformal degrees of freedom having no correlation with the sensory experience correspond
naturally to the logic of ethics (right/wrong), or more generally the true/false logic of belief system
having strong right/wrong emotional coloring. Thus the Goodness-Truth-Beauty trinity would thus
have a reduction to the Boolean algebra defined by the Fock basis for the configuration space spinors.

TGD based model of abstraction process involves a hierarchy of statements about statements
about.... starting from 2 basic statements such that the statement represented by empty set in the
set theoretic realization of Boolean algebra is thrown away at each step. The model predict besides
the genetic code also a memetic code consisting of 127-bit code words such that 126-bit statements
form a maximal number of mutually consistent statements. In case of genetic code 7-bit code words
represent all possible statements and 64-bit codewords represent mutually consistent statements.

In real context, 6-bit code words for the genetic code and 126 bit code words for the memetic
code code form a maximal number of mutually consistent ’this is right thing to do’ beliefs. 7-bit resp.
127-bit code words can be interpreted as coding these statements and their negations: all bits must
be realized in p-adic case since formal logic requires also the negations of the basic statements. Lying
is a cognitive skill. Genetic code would represent in case of the molecular society the moral and social
rules whereas memetic code would represent these rules in case of the ordinary society. DNA would
provide a symbolic representation for the 64 fundamental truths, kind of a legal code.

Symbolic and cognitive representations as means of becoming conscious about being
conscious about?

An alternative identification of the reflective mind is in terms of language and cognitive representations
made possible by the nondeterminism of K&hler action and inherent nondeterminism of p-adic differ-
ential equations. These nondeterminisms allow to represent contents of consciousness of self (quantum
jump sequence) cognitively and symbolically and to become conscious these representations: this is
nothing but becoming conscious about being conscious about...
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The (inconvincing) Boolean identification of reflective mind predicts a single directly experienced
reflective level. In the second case given quantum jump allows the emergence of only single new
reflective level. Indeed, it is easy to become conscious about seeing red but one cannot have direct
experience of being conscious about being conscious about seeing red. It is also easy to build theorems
about theorems (or imagine what happens under given circumstances) but deriving theorems about
theorems about theorems looks impossible without paper and pencil.

Zero energy ontology allows to realize the vision about the reflective hierarchy of consciousness in a
concrete manner. The basic building blocks would be negentropically entangled systems representing
rules with state pairs defining the entangled state interpreted as instances of the rule. Omne can
construct rules about rules as states formed from this kind of states. The many-sheeted space-time
would provide geometric correlates for these rules about rules. The hierarchy of infinite primes would
also relate to this abstraction hierarchy.

2.5.4 General model for sensory experiences

The concept of self provides considerable insight to the model of sensory experiencing.

1. If temporal binding involves averaging over the experiences occurred after the wake-up, experi-
ences are reliable.

2. Also the averaging over the experiences of separate sensory subsub-selves implied by the sum-
mation hypothesis could be involved.

3. Sensory experiences can involve more than the direct experiencing: also a comparison with
the earlier sensory data could quite well be involved and is made possible by subjective and
geometric memories. Sensory experiences certainly involve computational aspects.

In the following the general model of sensory experiencing is discussed only briefly [?] .

Macroscopic quantum phases are needed

Self must be able to remain unentangled in subsequence quantum jumps. The presence of the macro-
scopic quantum condensate means usually energy gap between ground state and excited states. This
can make the generation of real entanglement very slow process and self can exist.

The fact that macroscopic quantum phases have coupling to the classical gauge fields, suggests
that the order parameters of the macroscopic quantum phases are compeletely determined by the
localization in the zero modes. Thus the contents of the sensory experience should correlate with
these order parameters. This motivated the original attempt to identify macroscopic quantum phases
as quantum correlates of the sensory qualia. A more refined approach identifies quantum phase
transitions of the macroscopic quantum phases as correlates of sensory qualia so that the increments
of quantum numbers in the phase transition label various qualia. This identification is completely
general and almost brain independent (cell length scale turns however be crucially important p-adic
length scale).

Many-sheeted space-time concept makes possible large number of macroscopic quantum phases not
possible in standard physics context. In particular, the so called massless extremals (MEs) representing
"topological light rays’ provide a model for how linear structures such as DNA and microtubules could
act as quantum antennae emitting and absorbing coherent photon distribution fixed completely by
localization in zero modes. Coherent photons could realize the concept of global workspace [?] and
could make possible "mass media” at neural level. Also the concept of "neural window” abstracting
the notion of hologramic brain suggests itself [?,[K28] . MEs form a fractal hierarchy and are carriers
of super-symplectic representations for which states are genuine functionals in the space of 3-surfaces
("world of worlds’) and thus correspond to higher abstraction level than ordinary quantum states.
Super-symplectic states have also gigantic almost degenaries. MEs act also as quantum holograms.

For these reasons MEs are ideal candidates for a hierarchy of life forms [K28] . In particular,
the assignment of ’our’ sensory qualia with super-symplectic quantum transitions looks reasonable
whereas magnetic quantum phase transitions might well correspond to more primitive chemical qualia
not directly conscious to us.
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The functions of nerve pulses

The identification of the sensory qualia in terms of the quantum phase transitions associated with
macroscopic quantum phases is in conflict with the general belief that neuronal activity determines
completely the contents of the sensory experiences. In TGD framework one can understand the role of
the nerve pulse activity differently. Brain is quantum spin glass and the evolution of sub-selves/mental
images is a dissipative self-organization process leading to some asymptotic self-organization patterns
which correspond to the valleys of the spin glass energy landscape. The contents of the sensory
experiences are determined by the zero modes which in turn determine the ground state patterns of
the order parameters of various macroscopic quantum phases.

The crucial element of the self-organization is external energy feed making possible interesting
self-organization patterns. One role of the nerve pulses is to provide this metabolic energy feed. This
suggests that the axons are seats of the self-organization patterns coding at least part of the neuronal
experience. Brain seems to systematically maximize the length of the axons feeding sensory data
(for instance, right ear feed its sensory input to the left hemisphere). Brain anatomy seems also to
favour long pyramidal axons. This phenomenon, which seems to be in conflict with the principles of
good metabolic economy, is consistent with the maximization of the expressive power of the sensory
pathways. Microtubule conformations are excellent candidates for realizers of declarative memory
and this would also explain why the lengths of sensory axons tend to be maximized. Myelin sheets
guarantee that external perturbations do not affect the self-organization patterns. It is also possible
that myelin sheets form together with the axon Josephson junctions for various super conductors
predicted by TGD and are thus essential for the generation of neuronal sensory experiences.

Nerve pulses affect also the postsynaptic cell: typically excitation or inhibition is in question.
The interpretation is that the incoming nerve pulses push and pull the postsynaptic cell in different
directions and in this manner cause frustrations typical for spin glass like systems. The assumption
that neural transmitters give rise to some kind of chemical senses at neuronal level as well as neuronal
emotions is in accordance with this. Also frequency coding is consistent with the identification of the
nerve pulse activity as a control function.

Of course, spatio-temporal patterns of nerve pulses might also code information about sensory
experience. There is indeed evidence that various odours are coded into spatio-temporal nerve pulse
patterns [?] . For instance, for the neurons of the associative regions of cortex receiving inputs from
several sensory modalities this kind of discrimination is obviously highly desirable. One can even
consider the possibility that nerve pulse patterns, in some parts of brain at least (in output axons of
association regions), provide a precise naming for axonal experiences.

The notion of memetic code encourages to consider this idea quite seriously and the physical
model of the memetic code [K30] . realizes a precise coding of the nerve pulse patters to 126 bit
temporal sequences represented in terms of time-varying Z° magnetization direction of cognitive anti-
neutrinos. Bits could correspond to Boolean truth values or bits in a binary expansion of a integer
providing measure for the intensity of the net presynaptic sensory experience represented by the
cognitive neutrino pairs of the postsynaptic axon: this would be essentially a mapping of experience
to its symbol. This naming would serve also as the basis of our language and duration of a phoneme
could correspond to the predicted duration of codeword of order .1 seconds. A degenerate form of
memetic code would be based on nerve pulses an realize frequency coding whereas full memetic code
would be based on neuronal membrane oscillations.

The model for sensory qualia and sensory representations [K28| [K35] assumes that nerve pulse
patterns generate EEG MEs (massless extremals) entangling brain with the sensory magnetic canvas.
The question where the mental images responsible for the sensory qualia are located, still lacks a
convincing answer. Primary qualia could even correspond to mental images associated with the
sensory receptors and sensory pathways could serve as cortex-receptor entanglers. Brain would give
names for sensory inputs and percepts rather than creating the primary qualia. This would require
feedback from brain to the sensory organs.

Frequency coding is not the only manner to code information to nerve pulse patterns and delicate
temporal coding mechanisms exist. For instance, frequencies can be coded to peaks of the spike
interval distribution by stochastic resonance [?] . Also the coding of spike interval distribution to
EEG frequencies is possible (a kick to a harmonic oscillator at the correct half period leads to a
resonant amplification [K58] ).
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How qualia are associated with neural pathways?

Since TGD predicts entire hierarchy of selves, it is important to specify whose sensory experience one

is talking about. In TGD framework nerve pulse patterns as such need not give rise to our sensory

exerience and it is quite possible that also primary sensory organs have sensory experiences.
Frustratinly, the question about the seat of quale mental images remains unanswered.

1. The assumption that primary qualia are somehow associated with or determined by the sensory
receptors would resolve a difficult question about how sensory pathways, which do not seem to
have any obvious differences at the level of brain, give rise to qualia. The entanglement of the
sensory receptors with brain in turn entangled with the magnetic body would give rise to the
sensory representations. Our sensory experience would not be localizable to what happens in
the brain region: indeed, MEs in EEG frequency region have size of order Earth size.

Various objections (hallucinations, experiences generated by the stimulation of the sensory path-
ways, phantom leg phenomenon, dreams) against this view can be circumvented if there is a
feedback between brain and sensory organs (as there indeed is), and if sensory experiences can
also correspond to geometric memories (say in case of phantom leg experience). If sensory recep-
tors are the experiencers of the primary sensory qualia, then conscious experience can precede
the neural activity in the cortex, as observed by Libet in his classical experiements concerning
the timing of the sensory experiencing [J12] .

2. A more general view is that the neuronal receptors (also ”field receptors” responsible for neuronal
vision and hearing can be present) along the sensory pathway are specialized to experience only
special sensory qualia characterizing the sensory pathway.

How the primary and possible also secondary sensory receptors or sensory pathways could then
give rise to particular qualia? Quite generally qualia correspond to average increments of quantum
numbers for the quantum jump sequence defining sub-self. In the case of color qualia one has a
partial answer. For MEs super-symplectic quantum transitions are characterized by configuration
space Hamiltonians carrying spin and color (SU(3)) quantum numbers. For configuration space
photons state functional in configuration space degrees of freedom is nontrivial and characterized
by configuration space Hamiltonian with quantum numbers characterizing a particular quale. This
suggests that somehow neural pathway or sensory receptor should be able to generate ’configuration
space photons’ (MEs) BE condensing on larger MEs and inducing visual color qualia at least. This
would mean that configuration space photons would in a well-defined sense carry qualia: the photons
generated by sensory receptors and brain could be colored after all!

The educated guess is that the EEG transition frequencies coded the spike interval distributions
associated with the sensory pathway characterize the sensory pathway partially. EEG frequencies in
turn determine partially the quantum phase transitions which can be stimulated by that particular
sensory pathway. The miminal option is that these transitions relate only with what parts of magnetic
body the sensory pathway is entangled with. This would make possible very high functional flexibility
in accordance with the observed plasticity of brain.

Only changes are perceived

One of the basic laws about sensory experiencing is that only changes and novelties are perceived.
For instance, totally monochromatic illumination is experienced as darkness. The zero modes charac-
terizing the macroscopic space-time associated with the final quantum history of the quantum jump
should determine the contents of the sensory experience. Part of the zero modes corresponds to the
induced Kahler of C'P, which is nonlinear Maxwell field closely related to the classical electromag-
netic and Z° fields. There are also zero modes representing the size and shape of 3-surface: these
might be related to the discriminative sense of touch. A possible generalization of the law is that
sensory stimulus generates Kahler electric field proportional to the gradient of the stimulus. This
creates however a problem. Kahler electric flux must be conserved in the approximation that vacuum
Maxwell’s equations are satisfied (they are not exactly satisfied since vacuum can carry currents of
Kéhler charge). Suppose that stimulus has a strong gradient: where does the Kéhler electric flux go
in this kind of situation?
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The solution of the problem might be very simple: mindlike space-time sheet is generated and the
flux goes to the mindlike space-time sheet through wormhole contacts. Since sensory stimulus varies
rapidly at the boundaries of the objects of the external world, this means that the objects of the
perceptive field are automatically represented by mindlike space-time sheets and give rise to selves,
mental images already at the level of the sensory organ or the sensory pathway leading to thalamus.

The extreme generality of the mechanism suggests that it could be at work also at the level of brain.
Understanding of the computational aspects of sensory experience (say stereovision) is not possible
unless one assumes that mindlike space-time sheets in sensory pathway combine with the primary
sensory organs to form coherent quantum systems. ”Ontogeny recapitulates phylogeny” principle
requires that these space-time sheets are connected by join along boundaries bonds most naturally
associated with axons leading from sensory organ to brain.

Are the ultimate sensory representations realized outside brain?

One of the dramatic almost predictions of TGD inspired theory of consciousness is that our physical
body is accompanied by a hierarchy of field bodies, in particular magnetic body. A given field body
provides abstract representations about quantum aspects of the physical body, kind of a manual.
This prediction plus some general arguments lead to the view that sensory representations are most
naturally realized outside the physical body at the personal magnetic body (first person aspect of
consciousness) and at the magnetic body of Earth (third person aspect of consciousness).

This vision leads to the interpretation of EEG as being involved with MEs projecting sensory data
to the magnetic body. EEG ME would generate quantum entanglement between two mental images:
a feature inside brain and a ’simple feeling of existence’ mental image at the magnetic body and
representing a point of the external world. Thus the main function of brain would be the construction
of features and sensory representations would be completely separated from their construction. Note
that also in the case of computers the representation of the data is separated from the generation of
the data.

2.5.5 Emotions

TGD suggests several visions about emotions and it is not yet completely clear whether these views
are really mutually consistent.

Emotions and comparisons

The basic element of mentality is the comparison between the expectations of future and what actually
occurred. In TGD framework this tension between potential and actual can be understood. Subjective
and geometric memories make it possible to compare the expectations with what really occurred
during the time interval since subjective memory is kind of heap of predictions of future arranged
with respect to the value of the psychological time. Many higher emotions such as sorrow, depression,
frustration, desire, happiness, feeling of relief, pain, fear, anger, envy, hatred, etc... clearly involve
comparison of expectations and reality. This could perhaps mean that these emotions are created by
the comparison of the predicted or desired geometric time history and subjective time history (what
really happened). This would mean that at least higher emotions differ from the sensory qualia,
which seem to be determined solely by the localization into zero modes representing the non-quantum
fluctuating aspects of space-time geometry.

One might however argue that very primitive emotions such as rage without any object and
involving only the activity of the limbic brain could be quale like and that hormones are the quantum
correlates of these emotions. These emotions involve however a change of behaviour (e-motion!) so
that one could argue that also now there is a simple comparison involved. Perhaps changes in the
hormone concentrations could be regarded as consequences of the change of the emotional state. Or
vice versa, if hormones are messangers telling to very simple selves of limbic brain whether the real
course of events was the desired one or not, then hormones indeed effectively control the emotional
state and can be regarded as quantum correlates of emotions.

It is difficult to assign any comparison to an emotion like deep love since it involves a complete
acceptance of the object of love and is free of desires. Perhaps the claim of mystics that deep experience
of love means that subject and object of love cease to exist as separate objects, makes sense. Lovers
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quantum entangle and die as separate selves (for some fraction of time only, of course!) and the
higher self consisting of lovers experiences whole-body consciousness. Perhaps more mundane love
means that my sub-selves representing me and the loved one entangle to form a sub-self experiencing
whole-body consciousness. Perhaps also feelings like empathy belong to this class of emotions.

Emotions and entropy

The concrete model of qualia to be developed in [K28] provides an alternative general vision about
emotions which allows to understand the difference between comparison type emotions and other
emotions as well as the role of emotions in control.

1.

The statistical physics approach to qualia leads to the hypothesis that emotions correspond to
rates for the generation of various type of entropies for the sub-selves of self. The sign of the
rate tells whether emotion is positive or negative. Negative emotions would thus be conscious
control variables warning self when some sub-system is generating entropy. The holistic nature
of the emotions can be understood easily in this picture and also the fact that they are not
directly related to sensory input. One could perhaps also understand higher level emotions like
sorrow as reflecting the growing disorder of the virtual world of brain resulting from the primary
cause of sorrow.

. Tt is known that peptides correlate strongly with emotions and moods [?] and they are even called

molecules of emotions. Peptides are also regarded as information molecules. This connection
between information and emotions fits nicely with the fact that peptides and other important
biomolecules certainly induce strong entropy gradients with respect to subjective time.

Sensory qualia can be divided to geometric and non-geometric ones. One can classify also emo-
tions in this manner. Emotions corresponding to the localization in zero modes would perhaps
correspond to ’higher level emotions’ about external world (say, aesthetic qualia) whereas the
non-geometric emotions associated with the state preparation would correspond to ’self-centered’
emotions about the state of body (pain, physical pleasure,...).

Also pure emotions which seem to involve no obvious comparison (love, joy, excitement,..) are
possible. For instance, the emotions produced by music might represent this kind of emotions.
The view about emotions as entropy gradients allows to understand also emotions of this kind.
In state of deep love, self enters into very low-entropy state and mental images (not necessarily
even present in ’enlightened states’) become very pure.

An interesting question is whether the entropy growth of our sensory sub-selves is only sensory
representation for the entropy growth occurring at the level of atomic space-time sheets or
corresponds directly to it. The enormous difference of the temperatures associated with the
atomic space-time sheets (ordinary matter) and superconducting magnetic flux tube structures
would suggest that the growth rates for these entropies are of totally different order of magnitude
and our emotions serve have the role of conscious control variables telling whether things are
going well at the atomic space-time sheets.

Consider now the comparison type emotions and the relation of emotions to control in more detail.

1.

Many emotions are comparison type emotions. These emotions tend to be negative (say envy).
The first option is that comparison type emotions result from the comparison of geometric and
subjective memories occurring automatically in any quantum jump and thus to some degree
with any quale. Unfortunately, it is very difficult to imagine how to concretely test this kind of
hypothesis and it is also difficult to see how the connection with entropy gradient could emerge.

One must also seriously consider the possibility that emotions result from the comparison of
remembered /anticipated experience and real experience rather than the fundamental compar-
ison involved with anticipation and memory: kind of quasi-computerized version of geometric
memory would be in question. The result of comparison would be coded to the sign of the
growth rate of some entropy variable. The comparison could perhaps be realized in such a
manner that subsequent quantum jumps for comparing sub-system could represent either the
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anticipated or real quale. If this were the case, the difference between anticipated and real would
automatically induce growth of entropy and negative emotion would result. This would be the
basic mechanism of dissappointment. In this picture comparison type emotions could be seen
as a system of rewards and punishments used to control the self (the controller could be higher
level self (conscience) or higher levels selves which also want to survive (the emotions gener-
ated by hunger, first, and physical pain). Punish/reward mechanisms could basically involve
negentropy/entropy feed to some sub-self.

3. One could also regard emotion as induced by generalized sensory qualia giving information about
CNS itself rather than external world or the boundary between external world and body. The
regulation involved with the homeostasis involves comparison in an essential manner so that
one could perhaps regard emotions as analogous to control variables representing consciously
the result of comparison of expected and desired forcing the organism to behave in a manner to
reduce this difference and end up to a rest and digest state. This aspect is consistent with the
statistical interpretation since the entropy gradients associated with the organism are stronger
than those associated with the surrounding world. Also amplification mechanisms exaggerating
the entropy gradients might have developed. For instance, our reactions to some odours or tastes
could involve this kind of amplification.

4. A hypothesis consistent with these views is that emotional component is involved with all sensory
experiences and that we are used to call generalized sensory experiences emotions when they
are about body. The emotionality of qualia indeed increases in the sequence of perceptive
fields external world — CNS-world boundary — body. The degree of emotionality of experience
should be characterized by the deviation of real from expected or desired and this suggests that
the emotional component is much stronger for sensory experiences about CNS itself, since the
system in question is much less predictable than the external world consisting of dead objects.
Interpretation of emotion as measure for entropy gradient explains also this hierarchy.

5. Depression could be seen as a lost ability to experience emotions, be they positive or negative.
Depression indeed involves emotional flatness. This state results when mental images become
maximally entropic (emotional counterpart of heat death). That depression can follow deep
sorrow is natural since negative emotions tend to increase the entropy of the mental images.
It is known that depression involves over-activity of the amygdala and under-activity of some
forebrain regions and an abnormally small population of glial cells known to be closely involved
with metabolism and ’cleansing activities’ at brain level. This supports the view that glial cells
might be warriors in the war against second law at the level of atomic space-time sheets and the
loss of this war is sensorily mapped to the level of mental images and leads to depression. One
function of serotonin, dopamin and various other neuropharmaca tending to produce pleasant
experiences could be a reduction of entropy either at atomic space-time sheets or, less probably,
directly at the level of our sensory sub-selves.

2.5.6 Directed attention

The possibility to interpret self as a statistical ensemble suggests that the entropy of the mental image
measures its fuzziness. Thus both attentiveness, alertness and level of arousal should relate very
closely to the entropy of the mental images. Attention to a mental image could mean fight against
second law to keep the mental image in a low entropy state and this requires metabolism (the icons on
the computer screen provide a good example of this). Also alertness means mental images with low
entropy content. 7 + 2 rule of cognitive science suggests that the maximum number of our cognitive
sub-selves which can be awake simultaneously, is rather limited. The rule might be based on the
metabolic limitations: sub-selves can have low entropy content only in the presence of an external
negentropy feed and metabolism must provide the needed negentropy feed. Note however that the
needed metabolic energy might be extremely low.

Directed attention is one of the basic processes of consciousness occurring continually. Directed
attention seems to involve free choice but focusing of attention could also occur spontaneously. One
can imagine several models for the focusing of attention.

1. One possibility is that subsub-self inside sub-self representing mental image (say 'monitor screen’
as average over subsub-selves representing the visual objects) somehow pops up one level higher
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in the self hierarchy so that it becomes mental image. Geometrically this could correspond to
the re-gluing of the corresponding space-time sheet to the space-time sheet of self instead of that
of sub-self. In this case attended object would not pre-exist.

2. A further aspect of the focused of attention is as a wake-up of sub-self and keeping it in wake-up
state and hence in short term memory. This could occur at the expense of the other sub-selves,
which would be in wake-up state for only short times. A possible mechanism of selection is a
phase transition changing the topology of chosen region (say from p-adic to real or from p;-adic
to pe-adic) so that a new sub-self pops up from the background.

3. Self directs automatically its attention only to sub-systems immediately below it in the hierarchy.
It seems however possible to direct attention to lower levels of the self hierarchy. For instance, I
can direct my attention to the entire sentence, which I am writing here or to some word of this
sentence or to individual letters of this word. The phenomenon of bio-feedback demonstrates
that it is possible to learn to direct the attention to even single neuron. This suggests that selves
are able to modify the hierarchy of selves by raising some sub...sub-self to the role of sub-self
temporarily and thus experience the former sub...sub-self as a direct mental image. Formation
of the join along boundaries bonds between mindlike space-time sheets at various levels of the
self hierarchy provides a general geometric mechanism making possible temporary changes of
the structure of the self hierarchy. Also the learning taking place during sleep [?] migh involve
interaction between different levels of the self-hierarchy.

Anyone can do a simple but thought provoking experiment suggesting the presence of the macro-
scopic quantum entanglement at the level of brain and a change of the level of sub-self in the self
hierarchy. Look at a mirror, direct your attention at your left eye, and redirect the gaze to the right
eye. What you find that it is impossible to perceive the change in the direction of the eye gaze.

1. Consider first what probably happens when we perceive a moving object. A negentropic binding
of the mental images of the visual field to single mental image implies that both the parts and
the whole can be experienced so that the motion is perceived. If the direction of the gaze is
stationary, the object moves relative to the background, and if the direction of the gaze follows
the object the background moves with respect to the direction of gaze. In both cases the motion
can be perceived.

2. If the eye follows its own rotating mirror image, neither of these options is realized if the
environment to which the attention is directed is restricted to be the eye itself. The direction
of the gaze should remain the same in order to perceive the change of the direction of the gaze
but this is impossible.

3. The perceptive field however contains also other objects and one could argue that if the attention
is directed also to these simultanenously, it should be possible to perceive the changing direction
of gaze as they move relative to the changing direction of gaze. Does the very act of directing
attention to the mirror image of eye separate it from the negentropic entanglement with the
other mental images so that the conscious comparison with them is not possible anymore? Or is
the visual mental image representing eye at a different level of hierarchy as mental images from
the very beginning and cannot negentropically entangle with the other visual mental images?
Eye cannot perceive itself! Not even in mirror.

One should also understand what it means to direct the attention to an object of perceptive
field. Certainly this process is directed and selective. Could the direction of attention to an object
of perceptive field separate the corresponding mental image from the negentropic fusion of mental
images as a separate mental image? Could it be that the motion of object can be perceived only if the
attention is fixed only temporarily to the object? There are almost incredible sounding experiments
demonstrating that the attention directed intensely to a fixed object makes it impossible to perceive
what happens in environment.

2.5.7 Altered states of consciousness

The proposed concept of self provides allows rather rich a palette of altered states of consciousness and
one cannot avoid the temptation to a concrete modelling of various altered states of consciousness. It
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seems that negentropic entanglement provides a general explanation for the reported characteristic of
these experiences.

Whole-body consciousness and ordinary consciousness

Krishnamurti has described in his books states of consciousness having natural identification as states
of "whole-body consciousness’. For instance, according to Krishamurti, one can achieve this state only
if one is able to stop thinking entirely. If thoughts correspond to cascades of selves decomposing into
sub-selves during state function reduction proess, then this is just what is required. The character-
istic of this state of consciousness as reported by meditators are the experience of one-ness and the
absence of all separations. The absence of separation would conform with negentropic entanglement.
One-oneness could correspond to irreducible selfness without subselves or to the negentropic fusion
of mental images to single mental image. Also 'timelessness’ characterizes these experiences: the
explanation is that internal clock is provided by some sub-self waking up periodically and since there
are no sub-selves there can be no time. Note also that negentropic time like entanglement fuses the
subselves assignable to the future and past boundaries of C'D to single self.

I have personally experienced states of whole-body consciousness and also states in which whole-
body consciousness is limited to some part of body. These states begin with a sudden fall of silence: all
the usual 'noise’ from the body disappears suddenly although ordinary physical sounds are still heard.
This could be interpreted as disappearance of sub-selves from body or as generation of negentropic
entanglement stable under quantum jumps. There is experience like thrill in spine going through the
entire body. Interesting experience of this kind occurred when my cat was sleeping over my breast: I
woke up and realized that my breast was in the state of whole-body consciousness. Could this mean
that sleeping cat was also in this state and that my breast had entangled with the quantum state of
cat? Could this in turn mean that during sleep we indeed are in a state of whole-body consciousness or
even that our entire body is entangled with some large self? Could the absence of neuronal quantum
jumps explain why we do not remember anything about these states? Are remembered states of
whole-body-consciousness always such that at least some part of brain is awake?

Possession of ego defined as a collection subselves, which repeatedly unentangle themselves from
the external world means dissipation, aging and eventual physical death (note however that self lives
as a conscious memory realized as a sub-self of higher level self providing kind of summary about the
lifetime of self). There would be two manners to getting rid of ego. Get rid of subselves or try to
achieve a state in which they negentropically entangle to single mental image.

The absence of neuronal and cell level dissipation during states of whole-body consciousness pro-
vides a possible test for the phenomenonon. Test persons could be trained meditators and test should
involve the measurement of neural or cellular dissipation occurred during the state of whole-body con-
sciousness. Reduced rate of metabolism could be a measurable signature of whole-body consciousness.
Dissipation should be absent or should be very small during this state at least if it is present for suffi-
ciently large fraction of time. The absence of dissipation means that all changes suffered by the cells
during whole-body consciousness are reversible and curable. This could explain various miraculous
healings. Whole-body consciousness, if possible to arrange artificially, could provide medical means
of saving the lifes of victims of accidents (say of victim of heart attack or bleed in brain).

Negentropic entanglement allows the component systems to be free in the sense that there is no
binding energy. Even more, negentropic systems could carry metabolic energy but would not liberate it
or liberate it in much longer time scale than usually (also large & could be involved). As a matter fact,
the high energy phosphate bond assumed in the model of metabolism could correspond to negentropi