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Abstract

The basic objection against quantum consciousness theories is that the de-coherence times
for macroscopic quantum states are quite too short. This argument has been put in quantita-
tive form by Mark Tegmark.

These counter arguments are however problematic. First of all, the notions of quantum
coherence and de-coherence are problematic in standard physics framework since the non-
determinism of the state function reduction is in conflict with the determinism of Schrodinger
equation. The intuitive idea is however that one can estimate the de-coherence times as es-
sentially lifetimes of quantum states. Secondly, the estimates for de-coherence times are based
on standard physics, and it is quite possible that new physics is essential for understanding
living matter. The belief that standard physics is enough is based only on the reductionistic
dogma.

Penrose and Hameroff have proposed that some future theory of quantum gravitation makes
it possible to replace the phenomenological notion of state function reduction with a more
fundamental notion which they call Orch OR, that quantum gravitational effects make possible
macroscopic quantum states of required long de-coherence time, and that micro-tubules are
the systems, where these effects are especially important so that one might even speak about
reduction of the consciousness to the micro-tubular level. Penrose and Hameroff have also
proposed that micro-tubules could act as quantum computers. The quantum states involved
would be quantum superpositions of tubulin conformations and quantum gravitation would
somehow make these quantum superpositions stable. Long enduring quantum superpositions
of the conformations of (say tubulin) molecules would allow to perform a multi-verse simulation
for the conformational behaviour of the molecules and this would certainly have evolutionary
value.

1. Macrotemporal quantum coherence is suggested by quantum classical correspondence

TGD inspired theory of consciousness leads to a first principle theory of state function re-
duction and preparation free of the logical paradoxes, allows precise definitions for the notions
of quantum coherence and de-coherence, and predicts a mechanism making the lifetimes of
macroscopic bound states much longer than predicted by the standard physics. By quantum-
classical correspondence the argument can be formulated at space-time level and configuration
space (world of classical worlds (WCW)) level. An especially relevant notion is negentropic
entanglement which from the consistency with ordinary quantum measurement theory is de-
scribed by density matrix proportional to unit matrix. In quantum computation entanglement
matrix proportional to a unitary matrix gives rise to negentropic entanglement and by NMP
this entanglement is stable against state function reduction by Negentropy Maximization Prin-
ciple (NMP).

At embedding space level causal diamonds (CDs) define the correlates for coherence regions.
At the space-time level coherence regions are identifiable as space-time sheets. They indeed are
coherence regions for both classical fields and induced spinor fields defining single particle limit
of the quantum theory. By quantum criticality of TGD Universe there is no upper bound for
neither the spatial or temporal size of the space-time sheet and one obtains a p-adic hierarchy
of coherence lengths and de-coherence times. Finiteness of de-coherence time corresponds to
the fact that energy flows to the space-time sheet from larger space-time sheet first and then
back. Note that in the standard quantum field theory the entire Minkowski space M* is the
natural identification for the coherence region, and it is difficult to understand how to describe
the reduction to a smaller region of M*.

2. Macrotemporal quantum coherence from spin glass degeneracy?

At WCW level the argument supporting macroscopic and macrotemporal quantum coher-
ence goes as follows. The basic distinction between TGD and standard physics is quantum
spin glass degeneracy, which among other things implies that quantum bound states of, say,
two molecules have enormous spin glass degeneracy absent in the free state. The intuitive
expectation is that the system spends much longer time in bound states than in free states
and this implies much longer de-coherence time than expected otherwise.

One can formulate this argument more rigorously using unitarity conditions implying that
forward scattering amplitude for bound states is very large due to the spin glass degeneracy.
The almost degenerate spin glass states differ only by their classical gravitational energy so
that gravitation is indeed important. The importance of quantum gravitation is also obvious
from the fact that genuine quantum gravitational states are state functionals in the world
of worlds rather than in world so that they are expected to represent in some sense higher
abstraction level than ordinary quantum states in the hierarchy of consciousness.
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8. Hierarchy of Planck constants and dark matter hierarchy

The non-determinism of Kahler action and ensuing quantum criticality strongly suggests a
dark matter hierarchy with levels labelled by values of (effective) Planck constant hefr = nxh
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 7. superconductors.

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 general-
izing the notion of EEG. Also a generalization of the notion of genetic code emerges resolving
the paradoxes related to the standard dogma. A particularly fascinating implication is the
possibility to identify great leaps in evolution as phase transitions in which new higher level
of dark matter emerge.

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 fact that both follow from the non-determinism of K&hler action and relate
closely to quantum criticality.

1 Introduction

The basic objection against quantum consciousness theories is that the de-coherence times for
macroscopic quantum states are quite too short. This argument has been put in quantitative form
by Mark Tegmark [J5].

These counter arguments are however problematic. First of all, the notions of quantum coher-
ence and de-coherence are problematic in standard physics framework since the non-determinism
of the state function reduction is in conflict with the determinism of Schrodinger equation. The
intuitive idea is however that one can estimate the de-coherence times as essentially lifetimes of
quantum states. Secondly, the estimates for de-coherence times are based on standard physics,
and it is quite possible that new physics is essential for understanding living matter. The belief
that standard physics is enough is based only on the reductionistic dogma.

Penrose and Hameroff [J3] have proposed that some future theory of quantum gravitation
makes it possible to replace the phenomenological notion of state function reduction with a more
fundamental notion which they call Orch OR, that quantum gravitational effects make possible
macroscopic quantum states of required long de-coherence time, and that micro-tubules are the
systems, where these effects are especially important so that one might even speak about reduc-
tion of the consciousness to the micro-tubular level. Penrose and Hameroff have also proposed
that micro-tubules could act as quantum computers. The quantum states involved would be quan-
tum superpositions of tubulin conformations and quantum gravitation would somehow make these
quantum superpositions stable. Long enduring quantum superpositions of the conformations of
(say tubulin) molecules would allow to perform a multi-verse simulation for the conformational
behaviour of the molecules and this would certainly have evolutionary value.

The first version of this chapter was written for more than 15 years ago (I am living now year
2015) and reflects my evolving views at that time. At the that time I had no idea about zero
energy ontology (ZEO) and hierarchy of Planck constants, which mean a profound generalization
of quantum theory. In fact, the hierarchy of Planck constants labels a hierarchy of quantum
criticalities having purely group theoretical interpretation and is closely related to a hierarchy of
algebraic extensions of rationals which is at the core of number theoretical universality allowing to
construct adelic physics. Also the fusion of real physics and p-adic physics interpreted as physics
of intentionality was yet poorly understood: the recent view could be summarized by using the
phrase “adelic physics”. Also Negentropy Maximization Principle (NMP) was far from its recent
formulation, which I refer to as weak form of NMP. I has become clear that these notions predict
macroscopic and even astroscopic quantum coherence and indeed give a connection with quantum
gravity but in a way different from that envisioned by Penrose. ZEO based quantum measurement
theory automatically leads to a precise definition of the notion of self, and one can understand
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basic aspects of consciousness from this definition.
Instead of rewriting the entire chapter from scratch, I have kept its structure and added com-
ments relating the considerations to the recent views about TGD.

1.1 Macrotemporal Quantum Coherence Is Suggested By Quantum Clas-
sical Correspondence

Topological Geometrodynamics inspired theory of consciousness [K24] leads to a first principle
theory of state function reduction and preparation free of the logical paradoxes, allows precise
definitions for the notions of quantum coherence and de-coherence, and predicts a mechanism
making the lifetimes of macroscopic bound states much longer than predicted by the standard
physics. By quantum-classical correspondence the argument can be formulated at space-time level
and configuration space (“world of classical worlds” (WCW)) level.

At the space-time level coherence regions are identifiable as space-time sheets. They indeed are
coherence regions for both classical fields and induced spinor fields defining single particle limit of
the quantum theory. By quantum criticality of TGD Universe there is no upper bound for neither
the spatial or temporal size of the space-time sheet and one obtains a p-adic hierarchy of coherence
lengths and de-coherence times. Finiteness of de-coherence time corresponds to the fact that energy
flows to the space-time sheet from larger space-time sheet first and then back. Note that in the
standard quantum field theory the entire Minkowski space M? is the natural identification for the
coherence region, and it is difficult to understand how to describe the reduction to a smaller region
of M*.

The detailed identification of macro-temporal quantum coherence came much after writing
these lines and relies on weak NMP, negentropic entanglement, and hierarchy of Planck constants.

1.2 Macrotemporal Quantum Coherence From Spin Glass Degeneracy?

At configuration space level the argument supporting macroscopic and macrotemporal quantum
coherence goes as follows. The basic distinction between TGD and standard physics is quantum
spin glass degeneracy [K22]. which among other things implies that quantum bound states of,
say, two molecules have enormous spin glass degeneracy absent in the free state. The intuitive
expectation is that the system spends much longer time in bound states than in free states and
this implies much longer de-coherence time than expected otherwise.

One can formulate this argument more rigorously using unitarity conditions implying that
forward scattering amplitude for bound states is very large due to the spin glass degeneracy.
The almost degenerate spin glass states differ only by their classical gravitational energy so that
gravitation is indeed important. The importance of quantum gravitation is also obvious from the
fact that genuine quantum gravitational states are state functionals in the world of worlds rather
than in world so that they are expected to represent in some sense higher abstraction level than
ordinary quantum states in the hierarchy of consciousness.

This rough interpretation of of spin glass degeneracy is correct in the sense that it makes
possible non-determinism and quantum criticality to which one can assign hierarchy of Planck
constants.

1.3 Dynamical Planck Constant And Dark Matter Hierarchy

Towards the end of 2004 I learned that there is evidence that planetary orbits obey Bohr quan-
tization rules with a gigantic value of Planck constant [EI]. Nottale does not assume that this
quantization is genuine but regards it as a hydrodynamical effect. In TGD framework the most
natural interpretation is in terms of a dynamical Planck constant, and TGD predicts correctly the
basic dimensionless parameter involved [K23|, [K28| [K6]. TGD also forces to identify the matter in
a phase with large Planck constant as dark matter.

This identification 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 [K28].
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
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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.

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 [KT]. Also a generalization of the notion of genetic code emerges resolving the paradoxes
related to the standard dogma [K13| [K7]. 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 [K7].

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.

It is now (2014) that the hierarchy of Planck constant follows from the non-determinism of
Kahler action: n in hefr = n X h is the number of conformal equivalence of space-time surfaces
for which Kac-Moody type quantum critical deformations preserving the light-likeness of partonic
orbits vanishes at the ends of space-time surface at light-like boundaries of causal diamond (CD). n
labels the sub-algebras of conformal algebras with weights proportional to n and infinite hierarchy of
conformal breakings is predicted. Spin glass degeneracy follows also from the failure of determinism
so that the two views about the origin of macrotemporal quantum coherence are consistent.

The value of n can be also related to the degree of algebraic extension of rationals. Preferred
p-adic primes in turn would correspond to ramified primes of extensions. If one accepts a physical
argument based on the idea that gravitational bound states have as correlates fermionic strings
connecting partonic 2-surfaces, one ends up with the proposal that ramified primes divide n. If
one assumes only number theory, then n and ramified primes are independent of each other.

1.4 Implications Of Macrotemporal Quantum Coherence

The idea that the brain and perhaps all bio-matter, and even the entire Universe, can be regarded
as a hologram of some type (see for instance, the articles of Miller and Webb [J6] and of Gariaev
et al [I2] ) has a long history but the question about the precise physical sense in which this holds
true has remained without a satisfactory answer.

The concrete Maxwellian idea about hologram plate resulting as an outcome of interference
of the reference beam and light scattered from an object can serve only as a guiding metaphor.
First of all, coherence occurs only in what are called coherence regions and the problem is that
Maxwellian theory does not really provide a first principle definition for the coherence regions. In
quantum theory similar problem is encountered. Secondly, in living matter it is not at all clear
whether reference beam exists at all. Third, living matter is a dynamic granular structure and
far from a homogeneous hologram plate. Fourth, the idea about storing memories, one of the
basic motivations of the hologram paradigm, has its own problems although multi-holograms are
certainly possible.

In TGD framework topological quantization provides a precise first principle description of
coherence. Topological quanta are the coherence regions of the classical field and classical de-
coherence means the splitting of the space-time surface to topological quanta. This process gives
rise to the granular structure of matter and space-time sheets in various length scales are excellent
candidates for basic units of hologrammic structures at the this level of the p-adic length scale
hierarchy. At quantum level bound state quantum entanglement having join along boundaries
bonds as a space-time correlate is responsible for the macroscopic and macro-temporal quantum
coherence. The new view about time means that there is no need for storing large number of
holograms in the same physical substrate.
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What is surprising that strong form of holography is very near to the standard view about it.
Partonic 2-surfaces and string world sheets are space-time genes and carry the data characterizing
quantum states. Strong form of holography allows to assign to these 2-surfaces space-time surfaces
as preferred extremals of Kahler action with the property that the super-symplectic charges in for
an isomorphic sub-algebra with conformal weights coming as n-ples of those for the entire algebra
vanish classically and annihilate physical states.

In the sequel I will discuss the following topics related to the macroscopic and macro-temporal
quantum coherence.

1. The notion of the many-sheeted space-time and basic ideas of TGD inspired quantum theory
of consciousness and bio-systems.

2. How macroscopic and temporal quantum coherence is made possible by the spin glass degen-
eracy in TGD Universe.

3. How a hierarchy of dark matter with levels labelled by the values of Planck constant emerges
in TGD framework and how it implies macrotemporal quantum coherence.

4. Macro-temporal quantum coherence from the point of view of physics (thermodynamical,
energetic and information theoretic aspects) with some comments about the implications for
quantum computing.

5. Macro-temporal quantum coherence from the point of view of biology and conscious experi-
ence, in particular micro-tubular model for long term memories.

The appendix of the book gives a summary about basic concepts of TGD with illustrations.
Pdf representation of same files serving as a kind of glossary can be found at http://tgdtheory.
fi/tgdglossary.pdf| [?].

2 Background About TGD Inspired Theory Of Conscious-
ness

To make things easier for the reader the basic ideas of TGD inspired theory of consciousness are
summarized before the discussion of the macro-temporal quantum coherence.

2.1 Quantum Jump As Moment Of Consciousness

Quantum jump between quantum histories identified as moment of consciousness was originally
believed to be something irreducible and structureless. Gradually the view about quantum jump
has however become more and more structured and a connection with the standard quantum
measurement theory emerged. In what sense quantum jumps remains irreducible is that one
cannot build any dynamical model for the non-deterministic steps appearing in quantum jump.

2.1.1 The general structure of quantum jump

It seems that TGD involves “holy trinity” of dynamics.

1. The dynamics defined by the preferred extremals of Kéhler action corresponds to the dynam-
ics of material existence, with matter defined as “res extensa’, 3-surfaces. What preferred
extremals really are has been a long standing open question. The recent formulation of the
quantum theory using Kéhler-Dirac action leads to the proposal that the preferred extremals
are critical in the sense that they allow an infinite number of deformations for which the
second variation vanishes. At the level of Kéhler action this corresponds to the vanishing
of classical Noether charges for a sub-algebra of super-symplectic algebra isomorphic with
the entire algebra. This serves as space-time counterpart for quantum criticality of TGD
Universe fixing the fundamental variational principle uniquely.
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2. The dynamics defined by the sequence of state function reductions at fixed boundary of CD

defining the life span of self at given level of hierarchy. This time evolution is a discrete
counterpart of the ordinary Schrédinger time evolution U = U(—t,), t — oo and can be
regarded as “informational” time development occurring at the level of objective existence.
It is un-necessary and in fact impossible to assign real Schrodinger time evolution with U. U
defines the S-matrix of the theory. These reductions define the dynamics of sensory perception
(passive aspects of consciousness) during which external world is regarded as unchanged in
standard framework. Now the part of zero energy state at the fixed boundary of CD remains
unchanged and un-entangled.

The dynamics of state function reductions at opposite boundary of CD defines the dynamics
of volition (active aspects of consciousness).

Quantum jump was originally regarded as something totally irreducible. Gradually the struc-

ture of the complex formed by state function reductions and unitary process has revealed itself and
led to the understanding how one can understand basic aspects of conscious experience in terms
of this structure. Let us start with the original picture.

1. The first step in quantum jump was identified as “informational time development”

‘I’i—>U\I/i s

where U is the counterpart of the unitary process of Penrose. The resulting state is a
completely entangled multiverse state, the entire sub-universe corresponding to a given CD
being in a holistic state of “oneness”.

In the recent picture Universe is replaced with CD and “informational time development”
corresponds to a sequence of state function reductions keeping second boundary of CDand-
states associated with it fixed. Repeated measurement having no effect on quantum state is
the analog in standard quantum measurement theory. Self corresponds to this sequence.

Two subsequent reductions at same boundary of CD have unitary process between them
tending to increase the size CD. The challenge is to identify the unitary process U. Self
experiences the flow of time, which suggests that the unitary operator followed by localization
in the moduli spaces of CDs corresponds to an integer shift for the tip of the active boundary
of CD. No state function reduction can occur at the active boundary of CD during this
period.

Next comes the TGD counterpart of state function in the ordinary sense of the word:

Uw; — 5 .

According to the recent view, the state function reduction in this sense corresponds to the
state function at the opposite boundary of cD and leads to a change of the arrow of geometric
time. Old self dies and new self is born. In this transition also the value of h.sy is expected
to increase. This reduction is preceded by a scaling of by the integer ratio hers(f)/heyss (%)
and realized as a unitary exponential of conformal scaling operator. Thus both Poincare and
conformal time developments are realized.

The state function reduction for given CD is followed by a cascade of self measurements for
sub-CDs in quantum fluctuating degrees of freedom

UG — = Uy,

whose dynamics is governed by the Negentropy Maximization Principle (NMP). For a generic
entanglement probabilities this process leads to bound states or negentropically entangled
states. This process can be regarded as an analysis or even decay process. If entanglement
probabilities define projection operator, the state function reduction leads or can laed to a
negentropically entangled state: this depends on what form of NMP one assumes. Entangle-
ment coefficients correspond to unitary matrix in this case.
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Quantum measurement theory involves also the correlation between quantum degrees of free-
dom and classical degrees of freedom (the position of the pointer of the measurement apparatus
correlates with the outcome of the measurement).

1. The assumption that localization occurs in zero modes of the WCW would pose very im-
portant consistency condition: there is one-one correlation between the quantum numbers
in quantum fluctuating degrees of freedom in some state basis and the values of the zero
modes. This in fact has interpretation in terms of holography: classical degrees of freedom
in space-time interior correlate with fermionic degrees of freedom assignable to string world
sheets and partonic 2-surfaces. This together with the fact that zero modes are effectively
classical variables, implies that the localization in zero modes corresponds to a state function
reduction.

2. Measurement theory requires an entanglement between zero modes and quantum jumps of
the physical state. The addition of a measurement interaction term to the Kéahler-Dirac
action coupling to four-momentum and color quantum numbers of the state and also to
more general conserved quantum numbers allows an explicit realization of this coupling and
induces the addition of an analogous measurement interaction term to Kéhler action [K29].
This term implies the entanglement of the quantum numbers of the physical states with zero
modes.

A good metaphor for quantum jump is as Djinn leaving the bottle (informational time de-
velopment), fulfilling the wish (quantum jump involving choice) and returning to, possibly new,
bottle (localization in zero modes and subsequent state preparation process). One could formally
regard each quantum jump as a quantum computation with duration defined by the life-time of
corresponding self (the increase of the average temporal distance between the tips of CD in super-
position of CDs) followed by halting meaning reduction to the opposite boundary of CD. Quantum
jump to the opposite boundary could also be seen as an act of volition (or giving rise to experience
of volition at some level of self hierarchy).

2.1.2 1Is the complete localization in zero modes really necessary?

The detailed inspection of what happens in state function reductions forces to consider the possi-
bility that state function reduction involves always a complete localization in zero modes. This was
indeed the original proposal. It however seems that a localization modulo finite measurement res-
olution might be a more realistic assumption. Certainly it is enough to explain why the perceived
Universe looks classical.

1. QFT picture strongly suggests that sub-system must be defined as a tensor factor of the
space of WCW spinors at given point Y2 of WCW . This suggests that subsystem should be
defined as a function of Y and should be a local concept. An important consequence of this
definition is that entanglement entropy gives information about space-time geometry.

2. WCW spinor field can be formally expressed as superposition of quantum states localized
into the reduced configuration space consisting of 3-surfaces belonging to light cone boundary.
Hence WCW spinor field can be formally written as

YY) (n, N)n)|N)

Y3

for any subsystem-complement decomposition defined in Y3. Clearly, WCW coordinates
appear in the role of additional indices with respect to which entanglement coefficients are
diagonal. The requirement that final state is pure state would suggest that quantum jump
reducing entanglement must involve complete localization of the WCW spinor field to some
Y3 plus further quantum jump reducing entanglement in Y3. Complete localization in WCW
is however not physically acceptable option since the action of various gauge symmetries on
quantum states does not commute with the complete localization operation. In particular,
the requirement that physical states belong to the representations of Super Virasoro and
super-symplectic algebras, is not consistent with this requirement.
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WCW has fiber space structure. WCW metric is non-vanishing only in the fiber degrees of
freedom and since the propagator for small fluctuations equals to the contravariant metric,
fiber degrees of freedom correspond to genuine quantum fluctuations. WCW metric vanishes
in zero modes, which can be identified as fundamental order parameters in the spirit of
Haken’s theory of self organization. The requirement that various local symmetries act as
gauge symmetries, provides good reasons to expect that entanglement coefficients in the fiber
degrees of freedom are gauge invariants and depend on the zero modes parametrically. The
one-one correlation between quantum numbers of the state assignable to fiber degrees of
freedom and classical variables identified as zero modes would encourage the assumption the
a complete localization occurs in zero modes. A weaker condition is that localization occurs
only modulo a finite measurement resolution.

The original argument was that the non-existence of metric based volume element in zero
modes forces the wave functions in zero modes to have a discrete locus. There however
exists a symplectic measure defined by the symplectic form in zero modes. It does not
however allow a complexification to Kéhler form as it does in quantum fluctuating degrees
of freedom. This symplectic from could define a hierarchy of integration measures coming
as restrictions of J A J... A J with n factors to 2n-dimensional sub-manifolds. Under some
additional conditions- maybe the homological non-triviality of J and the orientability of the
sub-manifold are enough, this measure would define a positive definite inner product and
one would have a hierarchy finite-dimensional sub-spaces of zero modes. The maxima of
Kahler function with respect to zero modes replace naturally the continuum with a discrete
set of points and define the counterpart of the spin glass energy landscape consisting of the
minima of free energy. Effective finite-dimensionality and even effective discreteness would
be achieved.

The time development by quantum jumps in zero modes is effectively classical: Universe is
apparently hopping around in the space of the zero modes. This looks very attractive physi-
cally since zero modes characterize the size, shape and classical Kahler fields associated with
3-surface. Therefore each quantum jump gives very precise conscious geometric information
about space-time geometry and about WCW in zero modes. This also means that Haken’s
classical theory of self-organization generalizes almost as such to TGD context. The proba-
bility for localization to given point of zero mode space is given by the reduced probability
density @ defined by the integral of the probability density R defined by WCW spinor field
over fiber degrees of freedom. The local maxima of () with respect to zero modes appear as
attractors for the time development by quantum jumps. Dissipative time development could
be regarded as a sequence of quantum jumps leading to this kind of local maximum.

Effective localization in zero modes is completely analogous to spontaneous symmetry break-
ing in which scalar field attains vacuum expectation value with the difference that the number
of degrees of freedom is infinite unlike in typical models of symmetry breaking. Thus the
general structure of the WCW spinor field together with TGD based quantum jump concept
automatically implies spontaneous symmetry breaking in its TGD version (note however that
particle massivation results from both p-adic thermodynamics and coupling to Higgs like field
of purely geometric origin in TGD framework). TGD Universe is superposition of parallel
classical universes (3-surfaces). Therefore quantum entangled state can can be regarded as
a superposition of parallel entangled states, one for each 3-surface. Formally entanglement
coefficients can be regarded as coefficients containing the WCW coordinates of 3-surfaces as
additional index. The analogy with the spin glass also supports the localization in the zero
modes.

Effective localization in the zero modes provides simple explanation for why the universe
of conscious experience looks classical: moment of consciousness makes it classical. It also
explains why the physics treating space-time as a fixed arena of dynamics has been so suc-
cessful. As already found, a further important consequence is first principle description of
the state function reduction.
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2.2 The Anatomy Of Quantum Jump In Zero Energy Ontology (ZEO)

Zero energy ontology (ZEO) emerged around 2005 and has had profound consequences for the
understanding of quantum TGD. The basic implication is that state function reductions occur
at the opposite light-like boundaries of causal diamonds (CDs) forming a hierarchy, and produce
zero energy states with opposite arrows of time. Also concerning the identification of quantum
jump as moment of consciousness ZEO encourages rather far reaching conclusions. In ZEO the
only difference between motor action and sensory representations is that the arrows of embedding
space time (CDs) are opposite for them. Furthermore, sensory perception followed by motor action
corresponds to a basic structure in the sequence of state function reductions and it seems that these
processes occur fractally for CDs of various size scales.

1. State function reduction can be performed to either boundary of CD but not both simul-
taneously. State function reduction at either boundary is equivalent to state preparation
giving rise to a state with well defined quantum numbers (particle numbers, charges, four-
momentum, etc...) at this boundary of CD. At the other boundary single particle quantum
numbers are not well defined although total conserved quantum numbers at boundaries are
opposite by the zero energy property for every pair of positive and negative energy states in
the superposition. State pairs with different total energy, fermion number, etc.. for other
boundary are possible: for instance, the coherent states of super-conductor for which fermion
number is ill defined are possible in zero energy ontology and do not break the super-selection
rules.

2. The basic objects coding for physics are U-matrix, M-matrices and S-matrix. M-matrices
correspond to hermitian square roots of density matrices multiplied by a universal S-matrix
which depends on the scale n of CD in very simple manner: S(n) = S™ giving thus a
unitary representation for scalings. The explicit construction of a unitary U-matrix in terms
of M-matrices is carried out in [KI5]: U-matrix elements are essentially inner products of
M-matrices associated with CDs with various size scales. One can say that quantum theory is
formally a square root of thermodynamics. The thermodynamics in question would however
relate more naturally to NMP rather than second law, which at ensemble level and for
ordinary entanglement can be seen as a consequence of NMP.

The non-triviality of M-matrix requires that for given state reduced at say the “lower” bound-
ary of CD there is entire distribution of states at “upper boundary” (given initial state can
lead to a continuum of final states). Even more, all size scales of CDs are possible since the
position of only the “lower” boundary of CD is localized in quantum jump whereas the loca-
tion of upper boundary of CD can vary so that one has distribution over CDs with different
size scales and over their Lorentz boots and translates.

3. The quantum arrow of time follows from the asymmetry between positive and negative energy
parts of the state: the other is prepared and the other corresponds to the superposition of the
final states resulting when interactions are turned on: also quantum superposition over CDs
of different sizes with second boundary belonging to the same fixed §M$ is possible. What
is remarkable that the arrow of time at embedding space level (at least) changes direction as
quantum jump occurs to opposite boundary.

It is however possible to have sequences of quantum jumps occurring at the same boundary:
these periods are counterparts for repeated state function reductions, which do not change the
state at all in standard quantum measurement theory. During these periods the superposition
of opposite boundaries of CDs and states at them change, and the average distance between
the tips of CDs tends to increase, hence the flow of subjective time and its arrow.

NMP dictates when the first quantum jumps to the opposite boundary of CD takes place.
The sequence of state function reduction at the same boundary defines self as a conscious
entity and the increase of the average distance between the tips of CD defines the life-time
of self.

This brings strongly in mind the old proposal of Fantappie [J4] that in living matter the
arrow of time is not fixed and that entropy and its diametric opposite syntropy apply to
the two arrows of the embedding space time. The arrow of subjective time assignable to
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second law would hold true but the increase of syntropy would be basically a reflection of
second law since only the arrow of the geometric time at embedding space level has changed
direction. The arrow of geometric at space-time level which conscious observer experiences
directly could be always the same if quantum classical correspondence holds true in the sense
that the arrow of time for zero energy states corresponds to arrow of time for preferred
extremals. The failure of strict non-determinism making possible phenomena analogous to
multi-furcations makes this possible.

4. This picture differs radically from the standard view and if quantum jump represents a
fundamental algorithm, this variation of the arrow of geometric time should manifest itself
in the functioning of brain and living organisms. The basic building brick in the functioning
of brain is the formation of sensory representation followed by motor action/volition realized
as the first reduction at the opposite boundary.

These processes look very much like temporal mirror images of each other such as the state
function reductions to opposite boundaries of CD look like. The fundamental process could
correspond to a sequences of these two kinds of state function reductions at opposite bound-
aries of CDs and maybe independently for CDs of different size scales in a “many-particle”
state defined by a union of CDs.

How the formation of cognitive and sensory representations could relate to quantum jump?

1. The earlier view was based on the idea that p-adic space-time sheets can transform to real ones
and vice versa in quantum jump and these process correspond to a realization of intention as
action and formation of though. This view is mathematically awkward and has been replaced
with the adelic vision in which all systems have both sensory (real space-time sheets) and
cognitive (p-adic space-time sheets) space-time correlates. The real and p-adic number fields
form a book like structure - adele- with an algebraic extension of rationals as its back.
Same applieds at the level of embedding space, space-time surfaces, and WCW. In this
framedwork holography makes it possible to understand real and p-adic space-time surfaces
as continuations of string world sheets and partonic 2-surfaces to space-time surfaces, either
real or p-adic. The string world sheets themselves are in the intersection of reality and various
p-adicities in the sense that the parameters characterizing them belong to an extension of
rational numbers.

2. Self having the mental image about intention can be be seen as the agent transforming
intention to action. By NMP negentropy is typically generated in this transition tending to
increase the value of Planck constant h.y; = n x h and thus reducing quantum criticality
and occurring therefore spontaneously. Negentropy Maximization Principle eventually forces
the occurrence of volitional action - self experiences the urge to perform the action so strong
that cannot resist. Subself representing the mental image about intention tries to prevent it
as long as possible because it means death: all living systems try to stay at the existing level
of criticality and avoid the fatal final state function reduction by practicing homeostasis and
using metabolic energy. Weak form of NMP states that self has freedom to decide whether
it performs the reduction producing maximal entanglement negentropy. It can also perform
ordinary quantum jump reducing entanglement entropy to zero and destroying entanglement.
The outcome is isolation from the external world. The motivation for the weak form of NMP
is that we do not live in the best possible world and have free will to choose between Good
and Evil. Strong form of NMP would produce always mazimal negentropy gain and would
mean best possible world.ur in various length scales in fractal manner.

2.3 The Notion Of Self

Self is by definition a sub-system able to remain unentangled in subsequent quantum jumps. The
original belief was that this characterizes the notion of self completely. Only bound state entangle-
ment is stable in quantum jump and selves correspond to regions of the space-time surface having
local topology in a given number field (real or p-adic number fields labelled by primes).
Originally p-adic regions were interpreted as physical (non-conscious) correlates for imagination
and cognition whereas real regions correspond to matter and sensory perception. The original



2.3 The Notion Of Self 13

belief was that the transformation of p-adic space-time sheets to real ones in quantum jump would
correspond to the realization of intention as action. It is now clear that this hypothesis is both
un-necessary and difficult to realize mathematically. Rather, TGD Universe is adele meaning
that both embedding space, space-time, and WCW are adelic structure containing real sector and
various p-adic sectors as correlates of cognition.

The unitary operator U could in principle generate entanglement also between p-adic and real
regions (rational entanglement coefficients make sense in any number field), which is destroyed
in the state function reduction step. This might be crucial for the generation of cognitive maps
assigning to the states of matter (say reading of physical measurement apparatus) cognitive states
(say mental image about the reading of the measurement apparatus). In the intersection of realities
and p-adicities it how does not make sense to distinguish between p-adic and real and the recent
view is that string world sheets carrying fermions serving as correlates of Boolean cognition are in
this intersection consisting of string world sheets for which the parameters of equations defining
them are in some algebraic extension of rationals. One cannot speak about real and p-adic fermions
- just fermions.

2.3.1 Assumptions about the structure of conscious experience of self

One makes some structural assumptions about the contents of consciousness of self.

1. The contents of consciousness of self are determined as the average over the quantum jumps
occurred after it was created (the real or p-adic space-time region corresponding to self
appeared in quantum jump). Selves can have sub-selves and self experiences them as mental
images. Self can represent a mental image of a higher level self. Self experiences only the
average of its sub-sub-selves. Thus statistical averaging is involved in both subjecto-temporal
sense and spatially and is of central importance in the theory of qualia. This suggests that the
foundations of, not only quantum measurement theory, but also statistical physics, reduce
to the theory of consciousness. Quantum entanglement between sub-selves means fusion of
mental images. The simplest assumption is that entangling self loses its consciousness.

2. The sharing of mental images by quantum entanglement is purely TGD based prediction.
What happens is rather paradoxical: the sub-selves of unentangled selves bound state entan-
gle so that the resulting fused mental image is shared by both selves. This is not possible if
one applies the standard notion of quantum mechanical sub-system as a tensor factor. The
p-adic hierarchy of space-time sheets forces to generalize the notion of sub-system (note that
also real space-time sheets are characterized by p-adic prime determining the size scale).

Smaller space-time sheets glued to larger space-time sheets are glued to it by wormhole con-
tacts having size of order C' P, length and having Euclidian signature of the induced metric.
This implies the presence of elementary particle horizons at which metric around wormhole
contacts changes its signature from Minkowskian to Euclidian. At these 3-dimensional sur-
faces the induced metric is degenerate so that these surfaces are effectively 2-dimensional and
allow conformal invariance crucial for the construction of the quantum theory. The analogy
with black hole horizon is obvious.

This allows a situation in which two systems correspond to disjoint surfaces but smaller
space-time sheets glued to them are connected by magnetic flux tubes serving as correlates
for entanglement. Therefore intuitively selves entangled in given length scale can have sub-
selves, which are entangled.

3. Thus many-sheeted space-time and the notion of length scale resolution forces to postulate
a hierarchy of systems labelled by p-adic primes and to allow entanglement between sub-
systems of unentangled systems. In terms of length scale thinking of quantum field theories,
one can say that the entanglement between sub-systems is not visible in the p-adic length
and time scales of the systems themselves.

The mathematical description for this length scale dependent view about sub-systems relies
on inclusions of hyper-finite factors of type II; (HFFs) [K2§].
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2.3.2 The notion of length scale resolution and self

The rough definition of self is as a subsystem able to remain unentangled during sequential quantum
jumps. Self would lose consciousness when it entangles. What this statement really means is far
from obvious and I have proposed several interpretations. the following picture represents the
recent views.

1. The idea that even slightest entanglement leads to a loss of consciousness does not sound
realistic. This suggests that entanglement should be defined only modulo finite measurement
resolution. System would be conscious only provided that its entanglement entropy with the
external world is below the value defined by the measurement resolution. For hyper-finite
factors of type II; the notion of finite measurement resolution is unavoidable. The concrete
interpretation at space-time level would be that space-time sheets (sub-selves) topologically
condensed at larger space-time sheets (selves) can be connected by flux tubes to form an
entangled state. The selves represented by the larger space-time sheets would remain unen-
tangled in the resolution applying to the systems themselves (flux tubes would be invisible in
this resolution). This invisible entanglement would however give rise to a sharing and fusion
of mental images implying what might be called stereo consciousness.

2. How the notion measurement resolution should be defined is far from obvious. p-Adication
approach suggests that finite measurement resolution boils down to a pinary cutoff for the
p-adic entanglement entropy represented as a series in powers of p. This pinary cutoff should
have also space-time correlate. For hyper-finite factors of type II; and type III; emerg-
ing naturally in quantum TGD entanglement entropy is always defined only modulo finite
measurement resolution, which can be characterized in terms of inclusions of hyper-finite
factors [K2§]. The included factor defines the measurement resolution in the sense that its
action creates states not distinguishable from the original in the resolution used. There
should exist a connection between the two approaches.

3. A further complication is due to the fact that also the p-adic variants of Shannon entropy
obtained by replacing the logarithm of probability with the logarithm of the p-adic norm
of probability make sense if entanglement probabilities are rational or have values in some
algebraic extension of rationals. The fact that number theoretic entanglement entropy can
be negative is especially attractive from the point of view of consciousness theory and also
quantum computation since entanglement indeed carries information. There is also a temp-
tation to identify evolution as the emergence of increasingly complex systems having negative
entanglement entropy. The generation of negative entanglement entropy might correspond
to a kind of enlightenment experience - fusion to a sea of consciousness - instead of a loss of
consciousness.

4. This forces to reconsider the original vision that everything is conscious but consciousness can
be lost as the system entangles in U process. U process generates highly entangled states and
the sub-sequent state function reduction (possibly modulo measurement resolution) repeat-
edly decomposes the Universe (or CD) into unentangled pairs of subsystems. The process
stops for any subsystem for which all subsystem pairs have either bound state entanglement
or negentropic entanglement (see Fig. http://tgdtheory.fi/appfigures/cat. jpg or Fig.
?? in the appendix of this book). If the bound state entanglement is entropic, the entangled
subsystems lose consciousness. If the entanglement beween the subsystems in negentropic
the process stops but subsystems remain conscious. Mystics might associate the entropic
entanglement to what they calls attachment and negentropic entanglement to a relationship
which they might characterize as love.

2.3.3 NMP and self
2.3.4 NMP and self

The development of the view about Negentropy Maximization Principle (NMP) [K14] has
meant also development of the notion of self.
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(a)

The original formulation of NMP was in positive energy ontology and made same pre-
dictions as standard quantum measurement theory. The only new element was that the
density matrix of sub-system defines a fundamental observable and the system goes to
its eigenstate in state function reduction.

p-Adic physics led to the realization that for rational and even algebraic entanglement
probabilities it is possible to define number theoretic entanglement negentropy satisfying
the same basic axioms as the ordinary Shannon entropy but having negative values and
therefore having interpretation as information. NMP would force the generation of
negentropic entanglement and stabilize it. Negentropic entanglement resources of the
Universe - one might call them Akashic records- would steadily increase.

It turned out that the consistency with the quantum measurement theory demands that
the density matrix for the final state is projector as also in the standard quantum mea-
surement theory but can project also to a higher-dimensional space. This additional
condition allows also to identify negentropic entanglement uniquely: without this re-
striction one could not really say whether this is the case since rationals form dense set
of reals.

The next step was to realize that this form of NMP is not realistic. NMP would force
the Universe to be the best possible one, and this does not seem to be the case. Also
ethically responsible free will would be very restricted since self would be forced always
to do the best deed that is increase maximally the negentropy serving as information
resources of the Universe. This led to the notion of weak form of NMP. Instead of
maximal negentropy corresponding to n-dimensional projector self can choose also lower-
dimensional sub-spaces and 1-D sub-space corresponds to the vanishing entanglement
and negentropy assumed in standard quantum measurement theory.

Weak form of NMP suggests how to understand the notions of Good and Evil. Various
choices in the state function reduction correspond to Boolean algebra, which suggests an
interpretation in terms of what might be called emotional intelligence [K26]. Also it turns
out that one can understand how p-adic length scale hypothesis - actually its generalization
- emerges from NMOP [K27].

(a)

One can start from ordinary quantum entanglement. It corresponds to a superposition
of pairs of states. Second state corresponds to the internal state of the self and second
state to a state of external world or biological body of self. In negentropic quantum
entanglement each is replaced with a pair of sub-spaces of state spaces of self and external
world. The dimension of the sub-space depends on the which pair is in question. In
state function reduction one of these pairs is selected and deed is done. How to make
some of these deeds good and some bad?

Obviously the value of hesr/h = n gives the criterion in the case that weak form of
NMP holds true. Recall that weak form of NMP allows only the possibility to generate
negentropic entanglement but does not force it. NMP is like God allowing the possibility
to do good but not forcing good deeds.

Self can choose any sub-space of the subspace defined by n-dimensional projector and
1-D subspace corresponds to the standard quantum measurement. For n = 1 the state
function reduction leads to vanishing negentropy, and separation of self and the target
of the action. Negentropy does not increase in this action and self is isolated from the
target: kind of price for sin.

For the maximal dimension of this sub-space the negentropy gain is maximal. This deed
would be good and by the proposed criterion the negentropic entanglement corresponds
to love or more neutrally, positively colored conscious experience. Interestingly, there
are 2" — 1 possible choices which is almost the dimension of Boolean algebra consisting
of n independent bits. The excluded option corresponds to O-dimensional sub-space
- empty set in set theoretic realization of Boolean algebra. This could relate directly
to fermionic oscillator operators defining basis of Boolean algebra- here Fock vacuum
would be the excluded state. The deed in this sense would be a choice of how loving
the attention towards system of external world is.
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(¢) A map between between the different choices of k-dimensional sub-space to k-fermion

states is suggestive. The realization of logic in terms of emotions of different degrees
of positivity would be mapped to many-fermion states - perhaps zero energy states
with vanishing total fermion number. State function reductions to k-dimensional spaces
would be mapped to k-fermion states: quantum jumps to quantum states!
The problem brings in mind quantum classical correspondence in quantum measurement
theory. The direction of the pointer of the measurement apparatus (in very metaphoral
sense) corresponds to the outcome of state function reduction, which is now 1-d sub-
space. For ordinary measurement the pointer has n positions. Now it must have 2™ — 1
positions. To the discrete space of n pointer positions one must assign fermionic Clifford
algebra of second quantized fermionic oscillator operators. The hierarchy of Planck con-
stants and dark matter suggests the realization. Replace the pointer with its space-time
n-sheeted covering and consider zero energy energy states made of pairs of k-fermion
states at the sheets of the n-sheeted covering? Dark matter would be therefore necessary
for cognition. The role of fermions would be to “mark” the k space-time sheets in the
covering.

2.3.5 ZEO and self

Zero energy ontology brings in additional aspects to the notin of self. Zero energy states
correspond to entangled pairs of positive and negative energy states located at the opposite
light-like boundaries of a given causal diamond (CD) defined as the intersection of future
and past directed light-cones. Strictly speaking a Cartesian product of CD with C'P; is in
question. CDs form a fractal hierarchy. In the ordinary ontology zero energy state corre-
sponds to a physical event. The time-like entanglement between positive and negative energy
states defines M-matrix generalizing the notion of S-matrix. Time-like entanglement must
be fundamental also from the point of view of consciousness as a reduction of quantum state
to a state with well defined values of observables for the initial (positive energy) and final
(negative energy) states.

The most important input from ZEO is that state function reductions can occur to both
boundaries of CD. The natural identification of self is as a sequence of state functions oc-
curring at fixed boundary of CD leaving the state at it invariant but affecting the opposite
position of opposite boundary. This if one has superposition of CDs with zero energy states
associated with them and of unitary process generates quantum superposition of CDs in the
moduli space