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Abstract

The neural realization of long term memories has remained to a high extent a mystery in
the framework 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 geometric now. This has deep implications.

1. It is possible to separate genuine geometric memory recall from apparent memory re-
calls 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.

2. 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
something at a temporal distance 7T 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 Kéahler 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. The notion of magnetic body allows a more realistic formulation.

3. Zero energy ontology (ZEO) brings in the possibility of temporary change of the arrow of
geometric time at some level of the hierarchy of space-time sheets. This provides a jus-
tification for the notion of negative energy signals. 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 ge-
ometric 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.

Macrotemporal quantum coherence is a further important piece of the model. The un-
derstanding of how macrotemporal 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. Macrotemporal quantum coherence making
possible supercomputer like activities becomes possible.

The hierarchy of Planck constants emerging from the non-determinism of K&hler action
implying also spin glass degeneracy provides a more precise view about the emergence of
quantum coherence. Also a connection with quantum criticality and hierarchy of breakings of
conformal invariance emerges.

The spin glass degeneracy associated with the join along boundaries bonds (the original
space-time correlates for the bound state formation replaced later by magnetic flux tubes)
lengthens the lifetimes of the bound states dramatically and solves thus the basic objections
against quantum consciousness. The spin glass degeneracy is broken only by classical grav-
itational energy of the system. The quantum jumps between different classical gravitational
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configurations involve the emission of gravitational (equivalently ZO) 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 10% stronger than the ordinary gravitational coupling, could play an impor-
tant role too. Water clusters 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.

A neuro level model of long term memory is discussed. The model conforms with the basic
facts known about the relationship of hippocampus and long term memory.

1 Introduction

The ideas related to the quantum model of memory have developed gradually from very general
ideas to reasonably concrete models and a connection with biological quantum computer type
systems has emerged. It is good to list the basic ideas and notions briefly to get and idea about
this process which is still continuing.

1.1 ZEO And Self

Zero energy ontology (ZEO) allows a rigorous formulation of earlier vision about memories as
something involving communication with geometric past using negative energy signals.

1. In ZEO unitary M-matrix between positive and negative energy parts of zero energy state
defines particular zero energy state. M-matrices characterize zero energy states and are
square roots of density matrices reducing to a product of real and diagonal hermitian matrix
and unitary S-matrix S common to al of them. M-matrices can be assumed to be orthogonal
and form effectively orthogonal basis of matrices.

2. Self corresponds to a sequence of repeated state function reductions in which neither the

passive boundary of CD nor states at it is changed. The state function reduction sequence
corresponds at the active boundary to a sequence of U-processes each followed by a local-
ization in the moduli of the active boundary but without any state function reduction at
it.
This sequence of state function reductions gives rise to the experienced flow of time and the
contributions to consciousness from passive boundary give rise to the experience about static
observer, the self and to varying contribution to the experience representing sensory input.
Figure-background separation is clearly involved.

The first state function reduction to the active boundary means death of self and its re-
incarnation at formerly active boundary. Self experiences time reversal, and for mental
images of self (sub-selves) this change is certainly highly non-trivial and must have effect on
how self experiences the sub- self.

This chapter was written much before the emergence of ZEO based view about self and I have
kept the text almost as such trying to add some comments about how the ZEO based view simplifies
the situation. For instance, the considerations related to the life-time of self reduce to few lines if
ZEO based view is applied.

1.2 Geometric And Subjective Memories

The identification of moment of consciousness as quantum jump between histories suggest two kinds
of time developments, subjective and geometric, and therefore also two causalities and memories.
By the 4-dimensional general coordinate invariance (GCI) of quantum TGD, geometric memories
contain information about entire quantum and classical histories. This means that there is no
absolute need to store memories of the geometric past to the geometric now. This has dramatic
implications for the modelling of brain and allows to get rid of the basic problem of the memory
models, namely the fact that the storage of new memories unavoidably tends to destroy the old
memories whereas it seem that childhood memories are actually the most stable ones.
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Strong form of holography allows to make more this picture more precise. Information about
memories is coded by data assignable to string world sheets and partonic 2-surfaces and the partonic
2-surfaces and strings connecting them would appear as carriers of the basic data. Even more, at
the this level only the strings carry the data about Yangian Noether charges of super-sympelectic
generating the zero energy states.

To remember geometrically means sending signal to the geometric past and receiving it. In
ZEO this means that some sub-self (mental image) dies (or falls a sleep) and re-incarnates so that
signals traverse to the direction of geometric past. After than death and re-incarnation (wake-up)
occurs again and this means positive energy signal to the geometric future possibly creating the
mental image about memory becoming conscious after wakeup of sub-self.

Subjective memories could result from time-like entanglement between sub-selves defined by
M-matrix. In this case the square root of the matrix appearing in M-matrix would reduce to
a projection operator multiplied by S-matrix having no elements beween the sub-space defined
by projection operator and its orthogonal complement. Therefore one would have negentropic
entanglement (NE) with a unit density matrix. This kind of memories would be interpreted as
sharing of mental images of future and past selves. It is somewhat questionable whether this
mechanism is mathematically feasible.

1.3 Spin Glass Model Of Memories

One of the relatively early ideas was that the 4-dimensional quantum spin glass property of TGD
universe must have fundamental role in the realization of memories. Spin glass property predicts
fractal energy landscape in which there are valleys inside valleys inside valleys and memories
correspond to self-organization patterns associated with sub-self having interpretation as processes
leading to bottoms of various valleys. In TGD framework energy minima are replaced by the
maxima of Kéhler function defining configuration space geometry as a function of zero modes which
are effectively classical variables in the sense that in each quantum jump a complete localization
occurs in these variables. One can also consider the interpretation of “energy” as binding energy
of bound states as function of zero modes. The higher the value of the binding energy, the deeper
the valley, and the higher the probability that system ends up to the bound state and the longer
the time spent in the bound state.

Four-dimensionality means in ZEO that 3-surfaces are pairs of 3-surfaces at opposite boundaries
of CD connected by a preferred extremals for which classical Noether charges in quantum critical
sub-algebra of super-symplectic algebra vanish. This means very strong correlations between 3-
surfaces at the boundaries of CD implying that they are analogous to Bohr orbits. This also implies
that self-organization can be regarded as occurring for the superpositions of space-time surfaces
analogous to representations of behaviors or functions in the sense of biology.

One can also regard life as a process of carving a 4-dimensional statue gradually quantum jump
by quantum jump. The longer the extension of the valley in the temporal direction and the larger
the number of copies of the valley is, the more reliable the memory recall is. The best way to learn
to remember is to remember. The depth of emotion determines how deep and long in temporal
direction the valleys representing memories are.

1.4 Mirror Mechanism

MEs provide a mechanism of long term memory which differs from ordinary sensory perception
only in that the ME giving rise to a geometric memory has much longer duration with respect
to the geometric time than the ME giving rise to ordinary sensory perception. To remember
something at temporal distance T in the past is to look at a mirror with length L = ¢T'/2. The
mirrors in question must have astrophysical sizes measured in light years typically and this of
course raises obvious objections against the model. Although this mechanism as such is too strong
an idealization, it can serve as a starting point. For instance, MEs can be also curvilinear and
could propagate along closed magnetic flux loops of the personal magnetic body serving effectively
as wave cavities and suffer few reflections: this would make possible high precision targeting.

At quantum level remembering means sharing of mental images: this corresponds to the quan-
tum entanglement between the sub-selves of the geometric now and of the geometric past. The
classical non-determinism of Kéhler action is essential in making possible entanglement between
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systems having time-like separation. This would be the mechanism of episodal memory, For non-
episodal memories only the mental image representing the desire to remember would be shared,
and the answer from the geometric past could be realized as classical communications using MEs.
Commmunication would be based on some code, perhaps memetic code, and would generate a
conscious experience in the receiving end, typically verbal memory. Positive energy MEs would
propagate with ultra low effective phase velocity inside brain or along magnetic flux tubes of astro-
physical size with sub-luminal effective velocity (say alpha wave effective velocity). The most often
needed non-episodal memories, say short term memories, could be communicated automatically:
in this case the memory recall would be a geometro-temporally local operation, much like taking a
sample from a data stream representing particular kind of memories with a particular time span.
The option is probably not realized for all non-episodal memories since this would require large
energy expenditure.

In this framework synaptic strengths code only cognitive representations and learned associa-
tions, not genuine information about the events of the geometric past. Brain can be seen as kind
of a collection of standardized features serving as building blocks of sensory and memory represen-
tations. Long term memory is coded in the classical em/gravitational fields associated with and
in coherent light/gravitons generated by MEs in hologram like way. Any finite space-time region
receiving the classical em field of coherent light /gravitons generated by it gets hologram like picture
containing info about entire geometric time interval spanned by ME. If vacuum current is localized
to some restricted space-time region (it can be!), the hologrammic information is about this region
and receiver anywhere along the ME gets more or less the same information since hologram is in
question. Note also that the light-likeness of the boundary of ME implies that ME selves have
temporal extension defined by the length of ME.

1.5 Third Person Aspects Of Memory

Topological quantization implies the notion of field body: field body accompanies any system
be it molecule or human body. Field body serves as kind of a manual providing higher level
abstract representations about the quantum aspects of the physical body. The model of sensory
representations realized at personal magnetic body and at Earth’s magnetic body explains both
the first and the third person aspects of our sensory experience. Also memories should have
third person and transpersonal aspects realized at the magnetic body of Earth. This prediction
is testable: moon traveller consciousness should have different third person aspect or this aspect
could be even absent. Third person aspect should be crucial for the generation of social structures
and the rapid weakening and reversal of Earth’s magnetic field predicted to occur within next 2
millenia might have dramatic effects for the future of the civilization.

The sharing of mental images is crucial for the model of the third person aspect of memories.
What happens is that sub-self of brain entangles with with the sub-self of the magnetic sensory
canvas in the geometric past. One could perhaps interpret spontaneous episodal memories as a
basic example of memories communicated by some sub-self of magnetic Mother Gaia to us.

1.6 Symbolic And Cognitive Representations Of Memories

Most of our memories are not direct re-experiences. In fact, it would be difficult to tell whether
memory is really in question if this were the case. Rather, memories are highly conceptual and based
on symbolic representations making possible huge filtering and compression of information. Only
in some special cases direct re-experiencing occurs. The inherent nondeterminism of the p-adic field
equations and the classical non-determinism of Kéhler action make possible to represent sequences
of quantum jumps determining the contents of consciousness of self at space-time level in terms
of p-adic or real space-time sheets, that is cognitively and symbolically. Symbolic representations
are crucial for memories whereas cognitive representations are crucial for intentions. Symbolic
representations allow to store information about geometric past to geometric now: history writing
is just this kind of activity. Also brain is doing history writing: to remember is also to form a new
memory representation.

It is highly plausible that memory representations are highly abstracted and that the signals
from the geometric past do not recreate directly the experience but serve as names for standardized
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self-organization patterns of neuronal activity, “features” giving charicature of the experience. This
means that it is not easy to distinguish between TGD based model and standard model of memories.

1.7 Bio-Supercomputers And Memories

The most recent but certainly not the last step in the development of ideas was the realization of a
connection between macrotemporal quantum coherence, quantum spin glass property of the TGD
universe, classical and quantum gravitation, and the mirror model of geometric memories.

The interpretation of quantum jump as a creation of a totally entangled holistic state UW¥; which
is then analyzed to pieces allows to interpret self measurement cascade as a conscious analysis.
The temporal fractality of consciousness suggest that the lifecycle of any self can be seen as a
generation of multiverse of potentialities followed by analysis (and decay) process. One can see the
situation also differently. The conscious experience of self is average over moments of consciousness
and the eventual thermalization induced by the quantum jump sequence destroys all conscious
information. There must be some mechanism hindering this and making macrotemporal quantum
coherence possible.

To achieve macrotemporal quantum coherence self must be irreducible self for which self mea-
surements and analysis do not occur. The self must also have large number of zero modes trans-
formed to quantum fluctuating degrees of freedom and this is achieved if self corresponds at space-
time level to a join along boundaries condensate. In this process the zero modes of the condensing
space-time sheets become quantum fluctuating degrees of freedom. In this “state of oneness” self is
able to carry out quantum computer like information processing which is the diametrical opposite
of analysis. The decay of this bound state to its components corresponds to the analysis period at
the level of self.

Macrotemporal quantum coherence is possible by the quantum spin glass property of TGD
universe making the lifetimes of bound states much longer than in the universe obeying standard
physics. Different almost degenerate vacuum space-times differ only because they have different
classical gravitational energies. The quantum transitions between these almost degenerate states
involve emission of MEs representing gravitons. These topological graviton rays are reflected
from the curved almost vacuum space-time sheet acting as a gravitational mirror and self energy
diagrams involving emission and absorption of the gravitonic ME have interpretation as correlates
for the geometric memory recall. The time scale of human memories is between millisecond and 100
years and this time scale characterizes the gravitational energies for systems having sizes between
cell size and cell membrane thickness (the number theoretical miracle is that all p-adic length
scales in this range correspond to Gaussian Mersennes). Microtubules are excellent candidates for
realizing long term declarative memories at bit level so that a connection with Penrose-Hameroff
views emerges.

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 [7].

2 Different Types Of Memories

TGD predicts two kinds of memories corresponding to two different time developments. There
is deterministic (in generalized sense) time development with respect to the geometric time and
the nondeterministic time development by quantum jumps with respect to the subjective time.
The memories with respect to subjective time are about previous conscious experiences and “real”
whereas geometric “memories” are prophecies giving simulations of the geometric past and future
assuming that quantum jumps do not alter the macroscopic properties of the space-time surface.
A good visualization is following: each quantum jump represents particular geometric memory
whereas the heap of these memories gives rise to subjective memory. The comparison between
expectations and reality is obviously a central part of mentality and the heap structure implies
that this comparison is a basic function of conscious mind not reducible to anything simpler. It is
well-known that our memories involve a lot of construction and are more like stories consistent with
what we actually have experienced than actual documents of what happened. Perhaps geometric
memories constrainted by subjective memories give rise to the “story”.
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One can distuinguish between several memory types such as short term memory and long term
memory, episodal memory, procedural memory, implicit memory and associative memory, and it is
interesting to try to find whether these memories could be understood in the proposed conceptual
framework. In the discussion below concrete mechanisms for the realization of geometric memory
are not discussed: the reader interested on this aspect of geometric memory can consult [K9].

2.1 Geometric And Subjective Memories

There are two times in TGD: subjective and geometric. In accordance with this there are also two
kinds of memories: subjective and geometricﬂ

1. The temporal binding of the experiences associated with quantum jumps occurred after the
last “wake-up” of the self gives rise to subjective memory defined as memory about earlier
conscious experiences and is identifiable as an immediate conscious memory, “psychological
now”, presumably of duration of fraction of second in case of sensory experiences. There
is infinite hierarchy of subjective memories and if long term memories are genuine subjec-
tive memories (this need not be the case!), they could correspond to conscious short term
memories of higher level selves somehow communicated to the lower level. An essential el-
ement is the possibility of sub-selves inside self having much shorter lifetime and organized
in a subjecto-temporal sequence: without them the average over the quantum jumps would
destroy the information and it would not be possible to remember the digits of a phone
number. Various rhythmic actions (such as micro tremor of eyes at 80 Hz frequency and
muscle tremor) could generate a sequence of sub-selves with constant duration and thus a
clock measuring subjective time.

2. Geometric memories are like a classical physics based model for the universe. They are
memories with respect to geometric rather than subjective time and predict what must have
happened in the geometric past and what will happen in the geometric future assuming that
world is classical (no quantum jumps). The temporal extension of the mind-like space-time
sheets and the notion of the association sequence (3-surfaces consisting of a sequence of
space-like 3-surfaces with time-like separations providing a simulation of classical history)
make possible geometric memories. A natural hypothesis is that the macroscopic space-time
associated with the final state of the quantum jump represents the geometric memory. Of
course, only part of it becomes conscious and temporal binding implies that self experiences
kind of temporal average of the geometric memories associated with the quantum jumps.
An attractive possibility is that our long term memories, which have narrative character and
are unreliable, correspond to geometric memories. This would mean that there is no need
for memory storage mechanisms, four-dimensional brain would take automatically care of
memory storage.

Intentionality manifests itself in many ways: as expectations of the future, planning, goals,
desires, fears, imagination, intuition etc.. It seems natural, and this is the only possibility given
the fact that it is not possible to know anything about future quantum jumps, to identify all aspects
of intentionality with the predictions of the expected geometric future provided by the mind-like
space-time sheet. Geometry as such contains nothing intentional. Rather, the intentional aspects
of the conscious experience reflect the attitudes towards the expectations provided by the geometric
memory.

2.1.1 “Memories” with respect to geometric time as simulations

Geometric memories are predictions/simulations for what would happen if no further quantum
jumps would occur and what would have happened if no quantum jumps had occurred in the past.
Simulations and expectations rather than real memories are in question. Geometric memories
become reliable in the classical limit, when the effect of quantum jumps becomes negligible. In
the deterministic world of classical physics geometric memories would be absolutely reliable. It

1The attribute “subjective”, as it is used in TGD context, does not have quite the same meaning as it usually has
as something non-objective and unreliable: “subjective” derives its meaning from “subjective time” as consciously
experienced time as opposed to the geometric time of physics.
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is indeed possible to predict rather reliably what will happen in the solar system during the next
decade. Geometric memories are a prerequisite of the intentionality often regarded as a basic
characteristic of conscious mind: beliefs, expectations, plans, etc. involve geometric memory in an
essential manner. The computational approach to mind assumes only geometric memories.

The memory with respect to geometric time is possible even assuming that single quantum jump
determines the contents of conscious experience completely. However, if the contents of conscious
experience are determined completely by the initial and final quantum histories of single quantum
jump, it is in principle impossible to have genuine memories about previous conscious experiences.
This does not make it impossible to have a model for the most probable subjective life history
through simulation. Quantum statistical determinism could make these simulations possible. One
must however admit that the hypothesis about subjective memory, naturally identifiable as a short
term immediate memory defining the duration of psychological moment, makes things extremely
simple and natural. One could also argue that in a universe without subjective memory it would
not be possible to discover the notion of quantum jump so that internal consistency of the theory
of consciousness requires genuine memory about earlier conscious experiences.

2.1.2 Mindlike space-time sheets and simulations

It is a fact that we can plan future in the time scale of life time. We can also quite reliably
extrapolate to the past without direct memory of what happened. The simplest explanation is
that the time extension associated with those mind-like space-time sheets, which we have access
to, is of the order of lifetime or perhaps even longer. The simplest model for the simulation would
be based on an ensemble of thoughts scattered around entire material space-time history defined
by, say, my body. Quark sub—CDs could realize thoughts as Boolean algebra of statements and
could be present everywhere in condensed matter, in particular in water, which is expected to
have very rich hierarchy of space-time sheets. Self would experience the sum of the abstracted
experiences of ensemble members and experience a simulation about what happens in future and
what happened in past assuming that quantum jumps will not occur in future and did not occur
in past.

Of course, selves could also do what computers do, namely mimic other selves by building
cognitive representations about them at their own space-time sheets. This would make it un-
necessary to jump between the levels of the self hierarchy. These representation could have quite
different temporal and spatial scales and the presence of the time scaled versions about time
development of other selves would realize the fractality aspect related to the idea about Universe
as a hologram. DNA could be an example of this kind of simulation of the entire lifespan of
individual in molecular length and time scales. Monte Carlo simulation of elementary physics
experiment could be also regarded as a simulation of this kind.

2.1.3 The difference between intentions and geometric memories

Intentionality, understood here as time-directedness, manifests itself in many ways: as expectations
of future, planning, goals, desires, fears, imagination, etc.. 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. The temporal extension of the mind-
like space-time sheet makes possible expectations of what happens in the future assuming that no
quantum jumps occur or at least that quantum jumps do not change the macroscopic space-time.
Single quantum jump contains information about this kind of expectations. Subjective memory
in turn tells what happened actually. Therefore it seems natural, and this is the only possibility
given the fact that it is not possible to know anything about future quantum jumps, to identify
the predictions of the expected geometric future provided by the mind-like space-time sheet as a
basic prerequisite of intentionality.

Subjective memory makes it possible to compare the expectations with what really occurred
since subjective memory is kind of a heap of predictions of future arranged with respect to the value
of the psychological time. The origin of at least some emotions, which often involve a comparison of
what happened and what was expected to happen, is perhaps here. It is quite well possible that all
comparisons must be realized as comparisons of the subjective and geometric time developments.
It seems that self can also compare its sub-selves, which correspond to simultaneous mental images.
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The possibility of this comparison provide a solution to the paradox raised by the innocent
question “How do I know that the me of today is the same as the me of the yesterday? How do I
even know that I existed yesterday?”. The solution might be simple: mind-like space-time sheets
have extension which can be much longer than the duration of the subjective memory. Therefore
subjective memories contain information about the geometric me of the yesterday and geometric
me of today and since these me’s resemble each other quite a lot, the conclusion is that also
the yesterday’s me was a conscious self living in this same body. It is however quite possible that
temporal entanglement with higher selves still remembering my past wake-up states is also involved
and realized as a formation of join along boundaries bonds between the mind-like space-time sheets
of my self and of higher level self. Higher level self could also communicate directly the subjective
memories about my existence to me.

2.1.4 What is the temporal extension of mind-like space-time sheets?

With respect to subjective time self and its sub-selves can be characterized by the typical durations
of the wake-up state. With respect to the geometric time self (or rather, mind-like space-time sheet)
can be characterized by its own duration and the durations of the mind-like space-time sheets which
it contains. The time span for the predictions and memories provides an estimate for the duration
of mind-like space-time sheets. mind-like space-time sheets can have time-like separations. Mind-
like space-time sheets of geometric past could represent memories so that conscious memories could
be regarded as multitime experiences and the distances between mind-like space-time sheets could
be quite large, of order lifetime.

Zero energy ontology allows to answer this question quantitatively. Space-time surfaces corre-
spond to surfaces inside causal diamonds (CDs) having space-like ends at the boundaries of CDs
and the size scale of CD characterized the size scale of self as a geometric entity. The order of
magnitude for the size scale is expected to be of the same order of magnitude as duration of life
cycle of self.

In ZEO based view about self, the size of CD is not equal to the life-time of self. Rather, the
increase of the size scale of self during state function reduction sequences taking place at same
boundary of CD and not changing state at it defines the life-time of self.

2.1.5 Life-spans of sub-selves

Sensory experiences seem to correspond to a well defined geometric now having perhaps duration
of order .1 seconds. Thus it seems that mind-like space-time sheets representing my sensory sub-
selves have rather short time extension, of order .1 seconds. “Ontogeny recapitulates phylogeny
principle” (ORP) suggests that the extension is of same order as the duration of the immediate
subjective memory, something like .1 seconds. This prediction is certainly consistent with the
typical resolution of the sensory experience, say the ability of the visual system to discriminate
subsequent pictures as separate pictures. Quite generally, the p-adic time scale T}, = L,/c char-
acterizing the mind-like space-time sheets gives the first guess for the duration of the mind-like
space-time sheet and duration of geometric memory provided by it. Note that .1 seconds gives for
the p-adic length scale L, and estimate which is about circumference of Earth!

The fact is that we have childhood memories, plan future and make reliable predictions. This
is not in contradiction with the duration of the mind-like space-time sheets associated with sensory
sub-selves. The mind-like space-time sheets representing sub-selves (mental images) can be located
in geometric past or future so that multitime experiences with mind-like sheets of past and future
contributing to the experience are possible.

The duration of .1 seconds is the duration of typical sub-selves representing our mental images.
The geometric duration of the mind-like space-time sheet representing our “main self” should be
much longger since it contains mind-like space-time sheets distributed along entire life span.

The sub-selves which have fallen asleep, wake-up again generating new wave of sensory expe-
rience. For instance, mental images (after images) typically re-appear periodically. We are also
mental images of larger self in the hierarchy and the periodical appearenc e of of our mental images
suggests that also we appear periodically as mental images of this larger self. This would mean
reincarnation in the geometric past so that our life would be lived again and again. Entire trains
of mind-like space-time sheets could wander through time again and and experience what it is to
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live in a particular body. Therefore my body could live again and again: by p-adic evolution each
life would tend to be slightly better than the previous one. The civilizations of past could be still
well and alive and even more civilized! This picture could perhaps explain why persons in their
old age sometimes begin to live their childhood again.

As already noticed, the ZEO based view about self allows a precise identification for the life-time
of self.

2.1.6 What is the subjective duration of “our” self?

Our conscious experience is some kind of an averaged sum over all conscious experiences associated
with the quantum jumps occurred after the last “wake-up”. If the averaging is completely demo-
cratic, the only possibility is that our sensory sub-selves have duration not much longer than the
the time resolution of the sensory experience of order .1 seconds. Contrary to the original beliefs,
this does not in principle pose any limitation to the duration of “our” self.

There are thus several options concerning the duration of our self.

1. Our self could have duration not much longer than the duration of immediate short term
memories of order .1 seconds. The ability to remember digits of a phone number requires
that the duration is indeed longer. For this option it is not at all obvious how the subjective
experience of personal continuity is possible.

2. The duration could also correspond to the wake-up period. Also now the problem is how
we know that this self existed already yesterday. Note that the gradual thermalization of
sub-selves means that subjective memories represented by sub-selves get gradually fuzzy so
that the digits of a phone number are forgotten even if our self has duration of order wake-up
time.

3. Our self has a duration of order lifetime, or even longer and only the mental image represent-
ing our physical body has duration of order lifetime. A possible objection is that the mental
image representing our self becomes gradually more and more entropic unless it manages to
fight against second law. This might of course correspond to ageing.

Third option deserves a more detailed consideration.

1. The geometric duration of our “main” mind-like space-time sheet should be of the order of life
span if geometric memory explains long term memories. “Ontogeny recapitulates phylogeny”
principle would suggest that also the subjective duration of our “main” self is of order life
time. This option would explain elegantly the fact that we possess subjective identity: this
kind of subjective identity would be a logical deduction in case that our main self has duration
shorter than life time.

2. This option would mean that we are not actually unconscious during sleep but are only
unable to remember anything about what happened during sleep. This would be rather
natural since various sensory and cognitive sub-selves are not conscious during sleep periods
so that also multitime experiences in which sensory sub-selves wake-up in night time are rare!
It might be also possible to remember events occurred during sleep state only during sleep.

3. Note that the claims about near death experiences in which entire life is experienced as a
kind of film, could be interpreted as very intensive experiences in which mind-like space-time
sheets along the entire life span “wake-up” and give rise to multitime geometric memories.
Alternatively, if bodily self with a duration of order lifetime is a sub-self of our self (perhaps
identifiable as the self associated with our magnetic body), the bodily self representing entire
life cycle could be experienced as a mental image. Also shorter bodily sub-selves forming
a subjectotemporal sequence, “film”, could be experienced in the absence of the ordinary
sensory input.

ZEO based answer is that our life-time corresponds to the increase of the size scale of CD
serving as correlates for us. The simplest expectation is that this size scale is of same order of
magnitude as our CD.
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2.2 Habits, Skills, Associations

The universe of TGD is quantum spin glass [K23]. This provides extremely general conceptual
framework for understanding how memories/habits/learned skills/ associations are formed.

1. Mental images (in particular memories) correspond to sub-selves undergoing self-organizing
time development by quantum jumps leading to self-organization patterns selected by dis-
sipation. Thus both memes and genes, in particular long term memories, can be regarded
as winners in the fight for survival in which dissipation is the ultimate Darwinian selector.
Inhibitory and excitatory nerve pulses might physically realize “frustrations” which make
possible large number of almost degenerate energy valleys.

2. The universe of TGD is quantum spin glass characterized by a fractal “energy” landscape
having valleys inside... inside valleys (directories inside...inside directories). This structure is
ideal for a hierarchical representation of memories. Memories must correspond to valleys of
the spin glass “energy” landscape into which dissipation takes the system. Memory formation
is active process and memories are charicatures rather than photos and deep valleys of the
energy landscape represent these charicatures. Hippocampus, known to be involved with
the formation of the long term memories, could control the rate of motion in these control
variables. The plastic regions of the brain are the most spin-glassy ones and are the most
probable seats of the long term memories.

3. System has some territory in the energy landscape. The motion in the zero modes serving as
control variables causes a slow shift of the entire territory. Synaptic strengths corresponds
naturally to the slow control variables characterizing the position of the territory. In the
presence of a metabolic energy feed and sensory input system moves around this territory.

ZEO and NMP provide powerful additional tools, which were not available when the first
version of this chapter was written. In ZEO self-organization can be seen as self-organization of
4-dimensional patterns having as space-time correlates space-time surfaces (preferred extremals
of Ké&hler action) connecting space-time 3-surfaces at opposite boundaries of causal diamond.
One can say, that basic objects are not 3-D time=constant snapshots but entire time evolutions.
Behavioral patterns, functions, habits are the natural basic notions. This has especially interesting
implications to morphogenesis, where the notion of magnetic body as kind of morphogenetic field
and template for the self-organization of matter around it, becomes the key notion [K13]. Equally
interesting are the applications to genetics and neuroscience [?]

2.3 Is Genuine Subjective Memory Really Necessary?

For a long time the basic hypothesis of TGD inspired theory of consciousness was that the con-
tents of conscious experience are determined totally by the initial and final states of single quantum
jump. A heavy objection against this assumption is that the hypothesis makes it impossible to have
genuine memories about previous conscious experiences. The concept of self however allows the
possibility that the connected series of sequential quantum jumps performed by self after its last
“wake-up” integrates to single conscious experience. This hypothesis realizes self as an extended
object in subjective time allowing it to have memories about previous conscious experiences rather
than only memories with respect to geometric time. An attractive additional assumption is that
the conscious experiences of self are kind of subjecto-temporal statistical averages. This would
make experiences reliable. In particular, sensory experiences can give objective reliable knowledge
despite the fact that the outcomes of individual quantum jumps are not predictable. The unde-
sired implication is that for long sequences of quantum jumps averaging leads to a total loss of
information.

The original vision was that geometric memory is made possible by the finite temporal duration
of the what I called mind-like sheets. The emergence of zero energy ontology led to the conclusion
that all space-time sheets are mind-like since one can assign them to the interior of CDs. Depending
on one’s tastes one could of course refer to p-adic space-time sheets as mind-like (or cognitive).
p-Adic space-time sheets are identified correlates of intentions, plans, desires, ... whereas real space-
time sheets would correspond to sensory experience and sensory memories. Geometric memories
are about geometric past and serve as prophecies telling what would have happened if quantum
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jumps were not constantly replacing macroscopic space-time with a new one. Precognitions which
can be only geometric tell what would happen if no further quantum jumps take place. Subjective
memory makes it possible to compare what actually happened with what was expected to happen.
It might be that this comparison is one of the fundamental irreducible mental acts. There is a
sharp difference between ordinary memories on one hand and precognition and memories about
time before birth (the region in the geometric past of the CD assignable to the 4-dimensional
biological body) since the interior of “personal” CD is in a preferred position. Interestingly, the
CD corresponding to a life time of order 100 years corresponds to a primary p-adic length scale of
order 10~7 meters and the age of the universe to 10~* meters, the size scale of a large neuron.

A natural identification of the subjective memory is as immediate short term conscious memory,
or actually a hierarchy of short term memories corresponding to the hierarchy of selves. This
identification requires that the subjective durations of our sensory selves are typically of a fraction of
second, .1 seconds is suggested by various arguments relating to the ability to experience subsequent
stimuli as separate ones and corresponds to the duration of psychological moment. This time scale
corresponds to the temporal size scale of the CD of electron. The narrative character of the long
term memories suggests their identification as geometric memories: long term memories could
correspond to multitime experiences with contributions coming also from the geometric past (say
childhood). It turns out that this identification explains basic facts about long term memories.
Declarative memories are assumed to involve negative energy signals suffering a time reflection from
the brain of the geometric past. The condition that the energies of the corresponding photons are
above thermal threshold can be satisfied if the value of Planck constant is large enough. The
emergence of long term memory and planned action would involves in an essential manner the
emergence of large values of Planck constant [K§].

2.4 Spin Glass Model Of Learning And Long Term Memories

The universe of TGD is quantum spin glass [K23]. This provides extremely general conceptual
framework for understanding how memories/habits/learned skills/associations are formed.

1. Mental images (in particular memories) correspond to sub-selves undergoing self-organizing
time development by quantum jumps leading to self-organization patterns selected by dis-
sipation. Thus both memes and genes, in particular long term memories, can be regarded
as winners in the fight for survival in which dissipation is the ultimate Darwinian selector.
Inhibitory and excitatory nerve pulses might physically realize “frustrations” which make
possible large number of almost degenerate energy valleys.

2. The universe of TGD is quantum spin glass characterized by a fractal “energy” landscape
having valleys inside... inside valleys (directories inside...inside directories). This structure
is ideal for a hierarhical representation of memories. Memories must correspond to valleys of
the spin glass “energy” landscape into which dissipation takes the system. Memory formation
is active process and memories are charicatures rather than photos and deep valleys of the
energy landscape represent these charicatures. Hippocampus, known to be involved with
the formation of the long term memories, could control the rate of motion in these control
variables. The plastic regions of the brain are the most spin-glassy ones and are the most
probable seats of the long term memories.

3. System has some territory in the energy landscape. The motion in the zero modes serving as
control variables causes a slow shift of the entire territory. Synaptic strengths corresponds
naturally to the slow control variables characterizing the position of the territory. In the
presence of a metabolic energy feed and sensory input system moves around this territory.

One can consider two general models of learning and memory recall in this framework, the
TGD version of the neural network model and the genuinely TGD based mechanism on the notion
of the geometric memory. Consider first the TGD based version of the neural network model of
memory.

1. The possible memories of the system correspond its territory in the “energy” landscape.
Learning means slow change of the shape of the territory so that memory valleys get gradually
deeper and system ends up to them with larger probability in future.
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2. Repeated simulated annealing provides a promising memory recall mechanism. The feed of
energy from metabolism kicks the system into a motion and dissipation leads it into some
valley. If the valley is quite not correct (correct subdirectory but wrong subsubdirectory), a
smaller kick leads the system to the bottom of some nearby valley which might be correct.
By applying a sequence of increasingly smaller kicks system finally finds the correct memory
valley. The conscious attempt to remember corresponds naturally to an external force forcing
the system to move in a correct direction.

There are several objections to this scenario. The first mystery is how system knows that
the experience is a memory: there seems to be nothing which would distinguish memory from
the experience occurring for the first time. Second problem is that the formation of the new
memories tends to destroy the old ones: the new territory is simply not the old one. Even if one
could circumvent this paradox, it is difficult to understand why the lively episodal memories of
childhood are the most stable ones.

If long term memories are geometric memories then memory recall mechanism corresponds to
multitime experiences involving generation of mind-like space-time sheets in both geometric now
and past.

1. Learning by repetition means keeping some subsystem in some deep valley for a long period
of geometric time (system is still in that valley in the geometric past!). This corresponds
to reverberating patterns in neuronal circuits generated automatically or by learning by
repetition. In this picture the modification of synaptic strengths is not learning of memories
but just what it seems to be: a modification of responses to sensory inputs necessary for
survival.

2. The attempt to remember creates mind-like space-time sheets located in the geometric past.
The probability that a newly created mind-like space-time sheet is located in the memory
valley of long time duration is high and thus conscious memory recall becomes probable. Also
very emotional and “catchy” experiences generating long lasting memory valleys are easily
remembered. Childhood memories are often very emotional ones and therefore also the most
stable ones.

No final vision about what memories are in TGD framework exists yet. What is certain is that
one can distinguish between geometric and subjective memories. The idea that episodal memories
are ordinary sensory experiences with the object of the perceptive field in the geometric past is very
attractive and speculative hypothesis which might work in TGD Universe, but more conventional
explanation sounds more realistic in the context provided by the standard neuroscience. What is
lacking still is a clear vision about the precise physical realization of long term memories.

2.5 Long Term Memories

An important question is whether our long term memories correspond to either geometric or
subjective memories or whether they involve both aspects somehow.

2.5.1 Long term memories as geometric memories?

The unreliability and narrativeness of the long term memories would support strongly the interpre-
tation of at least episodal long term memories as geometric memories, that is multitime experiences
involving active mind-like space-time sheets scattered along entire life span. This option is con-
sistent with the short duration of subjective memories, which can be even of order .1 seconds
characterizing the duration of immediate sensory memories.

Geometric memories could be realized as multitime experiences involving mind-like space-time
sheets located around several moments of the geometric time, provide the simplest realization for
the long term memories.

1. The model solves the basic difficulties of the neural net models of long term memory. In the
neural net models long term memories are represented by synaptic strengths. The problem
is that the learning of new memories destroys old memories. In particular, the stability of
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the childhood memories is difficult to understand. It is also hard to understand how brain
knows that the experience represents memory. One cannot avoid the difficulty by saying that
novelty detection tells that experience occurs for the first time since the notion of novelty
does not make sense if conscious experience contains only information from single moment
of geometric time.

2. TGD model is consistent with neural net models and actually generalizes them. Neural net
in the spirit of TGD corresponds to brain as system moving in spin glass energy landscape.
Self-organization by quantum jumps leads the system to a bottom of an energy valley rep-
resenting memory. This model is consistent with the fact that there is no upper bound for
autobiographical memory. One can also understand how learning occurs. The repetition of
an experience means that energy valley becomes a canyon in time direction so that mind-like
space-time sheets in the geometric past have a large probability to end up to the region rep-
resenting memory. In particular, reverberating nerve pulse patterns are ideal for representing
long term memories.

3. Highly emotional experiences generate deep valleys and increase the probability of the system
of the geometric past to stay at the bottom of valley. This explains why cildhood experiences
are so stable. In fact, one could identify primitive emotions of pleasure and pain as related
to the motion in the spin glass energy landscape. Pleasure and pain could even directly
correlate with the sign of the increment of the Kéhler function in the hopping motion in
the spin glass energy landscape. Note that primitive pleasure and pain are are very much
like sensory experiences and one could regard them as sensory experiences of brain about its
own motion in spin glass energy landscape. This leads to the generalization of the notions
of sensory experience and motor action to include the motion in spin glass energy landscape
and to a considerably new insight about the meaning of the brain architecture.

There are also perinatal experiences, memories about previous lives and transpersonal expe-
riences having natural explanation in terms of geometric memory realized as multitime experi-
ences associated with mind-like space-time sheets located at different values of the geometric time.
Transpersonal experiences suggests that self is dynamical: if prenatal experiences, memories about
previous lives and transpersonal experiences are really what they seem to be, the geometric time
extension of self should dramatically increase during these experiences.

If “our” self has duration of order lifetime, also subjective memories can contribute to our long
term memories. As already found, this option does not exclude the possibility that our long term
memories correspond to subjective memories.

2.5.2 Geometric memories as sensory experiences with the object of the perceptive
field in the geometric past?

The general theory of qualia to be developed in [K9] leads to the conclusion that geometric memories
could be regarded as special kind of sensory experiences for which some objects of the perceptive
field located in the geometric past. One also ends up with a concrete models for the mechanism
making long term memories possible by “waking up” sub-selves of the geometric past in selective
manner by EEG frequencies. The unavoidable conclusion is that massless extremals (MEs) with
durations of order lifetime, and hence with sizes which are measured in light years, are necessarily
involved. Needless to say, one must give up the idea that we are nothing but our brains.

The fact that the light-like boundaries of MEs serve as quantum holograms and have gigan-
tic information storage capacities by the almost degeneracy of the states fits nicely with view.
Lightlikeness means that 3-dimensional time=constant slice of Minkowski space is replaced with a
slice which can have arbitrary long temporal duration so that memories become indeed possible.
The fact that at least vision represents directly information about outer surfaces of 3-dimensional
objects rather than objects themselves but contains information about time development over an
interval of order .1 seconds fits nicely with this view.

The realization of long term memories in terms of magnetic quantum phase transitions induced
by ME frequencies requires incredibly high frequency resolution. The resolution is of order Af/f ~
AT/T giving Af/f ~ 1079 for time resolution of about AT = 1 seconds. An unrealistically high
frequency resolution is required if temporal coding by EEG frequencies is assumed. There is also
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another problem: if the signal to the geometric past and back is between parts of brain, one cannot
avoid zigzag type MEs effectively representing a repeated reflection between two mirrors. In the
p-adic context these zigzag MEs are allowed by conservation laws (this might relate with the fact
that long term memories are mostly cognitive) but not in the real context.

These observations suggests that one should allow MEs and magnetic flux tube structures with
length scales of order light lifetime and try to invent a more elegant mechanism of long term
memory. One might start from the mirror idea and consider the possibility that memory recall
involves a question sent to the geometric past as a classical signal reflected back to brain in a
mirror formed by a magnetic flux tube: perhaps passive MEs are involved at this stage. Thus
MEs with lengths of order of light lifetime (L = ¢T') would be required. The answer could involves
a transformation of passive MEs to active em MEs and the generation of quantum entanglement
unless it is present already: the recalled experience is shared by the experiencer now and experiencer
in the geometric past. The mechanism involves several purely TGD based features: the light-like
character of the boundaries of MEs making possible light-like selves; space-time sheets with a
negative time orientation allowing classical signals to propagate backwards in time; the magnetic
flux tube structures associated with brain having sizes of order light years making possible MEs
to form mirrors. Precognition is the temporal mirror image of this mechanism.

If long term memories are in some sense sensory experiences with the object of the perceptive
field in the geometric past, the notion of the magnetic canvas should work also in these astrophysical
length and time scales. Consider first the constraints on this mechanism.

1. The sensory experiences at different levels of the magnetic hierarchy cannot be identical.
This means that standard sensory representation using magnetic canvas must be applied to
realize the episodal memory. This leaves only two possibilities. FEither the experience is
coded to a light-like vacuum current and this information, when sent into future, regenerates
the sensory experience there. Alternatively, future self could entangle with the self of the
geometric past and share its experience.

2. Since MEs correspond to 3-surfaces moving with light-velocity, the only possible realization of
the communications between geometric past and geometric now is in terms of “laser mirrors”
connected by MEs representing geometrically the light reflected in the mirror. The length
of ME is given by L = ¢T: 2T is the moment of the geometric past which gives rise to
the memory. Interestingly, Peter Gariaev has suggested that laser mirrors are involved also
with DNA [[1]. This means that a ME extending from the brain of the geometric now to
the geometric past and the ME from the brain of the geometric past fuse with the same
magnetic flux tube to form a representation for light reflected in a cosmic mirror. The MEs
and magnetic flux tube structures associated with the relevant parts of brain must form
pre-existing, tightly correlated structures since the probability for the formation of this kind
of mirrors accidentally is extremely small and there is no guarantee that they connect parts
of the same brain. Second mirror would be obviously defined by the join along boundaries
contact /flux tubes of ME with the magnetic flux tube. Hippocampus is a natural candidate
for the brain structure, at which the first mirror is located. The fact that MEs represent
channelled energy means that distance is not a problem as far as energetics is considered.

3. Active memory recall must involve a question sent to the geometric past followed by an
answer communicated to future in some manner. There must be some difference between
precognition and memory recall so that the question and answer cannot be realized in the
same manner. This serves as an important guideline. Various arguments lead to the view
that the desire to remember is communicated to the geometric past by sharing and fusion
of mental images made possible by entanglement. In the case of episodal memories also the
memory recall would result in this manner. For non-episodal memories the memory would
be communicated from the geometric past using classical communications.

Sharing of mental images if time-like quantum entanglement is generated between the selves
of the geometric past and geometric now. This is possible in TGD framework, thanks to
the non-determinism of Ké&hler action making also MEs quantum holograms in quantum
gravitational sense. The fact that MEs represent light-like selves, would be essential for this
realization. The beauty of this realization is that the information need not be transferred
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classically. This realization is actually a special case of the realization in terms of zigzag
ME in much shorter length scale: in this case a huge number of reflections in the mirror
pair would be required and it is difficult to understand how one could control the temporal
position of the self of the geometric past in this kind of situation.

This picture deserves some further comments.

1. If the higher levels of the magnetic self hierarchy are intelligent as one might expect (and
even more intelligent than us), one can also consider the possibility that the step in which
the interaction of ME representing a question sent to the geometric past with the magnetic
flux tube at the higher level of the hierarchy is far from a mechanical interaction. Rather,
the magnetic flux tube structure could act as an intelligent conscious system rather than a
mechanical relay station.

2. The process could also have interpretation as an exchange of two virtual MEs between brain
and magnetic flux tube structure: kind of a very low frequency counterpart of self energy
Feynman diagram realized as a generalized Bohr orbit. The Feynman diagrams for the
emission of parallel photons are infrared divergent. This encourages the expectation that
the probability for the presence of MEs parallel to the magnetic flux tubes is very high and
increases with the increasing length of ME. The spontaneity of the episodal memories is in
accordance with this view. An interesting question is how these MEs relate to 1/ f noise.

3. The assumption that the lengths scales of MEs and magnetic structures are identical implies
that the frequency of EEG ME equal to the magnetic transition frequency f,, fixes the
length of the two MEs involved and thus the temporal location of the long term memory in
the geometric past:

_2
e

This represents a frequency coding for the temporal location but in a way different from the
one proposed originally. In particular, this coding does not require ME frequencies to be in
EEG range and defined with a relative accuracy of order F —9. In standard physics the idea
about brain generating MEs with a frequency scale of the order of the inverse of lifetime does
not make sense: in TGD context situation is different since this process occurs in subjective
time.

T

If this picture has captured something essential from the nature of the long term memories, the
conclusion is that we are not at the top of the magnetic sensory hierarchy. Human body and brain
generates extremely weak magnetic fields and the corresponding magnetic flux tube structures
could serve as a sensory canvas making possible long term memories. Near death experiences [K4]
could be understood in this framework if the weak magnetic fields associated with the higher
levels of the fractal hierarchy of magnetic structures utilize brain and body as kind of sensory and
motor organs. Note that there is flux tubes inside flux tubes structure so that ordinary sensory
experiences can be associated also with these flux tubes.

2.5.3 Long term memories as memories of higher level self?

The natural identification of the immediate short term memory as subjective memory predicts
that the life time of a human sensory self cannot be much longer than .1 seconds, the duration of
psychological moment of time. Our long term memories correspond to much longer time interval
and cannot thus correspond to our subjective memories. Entire hierarchy of subjective memories
is however predicted and a possible model for genuine long term memories is as resulting from
temporary entanglement with selves belonging to the higher level of the hierarchy. Also this
identification is consistent with the fact that there seems to be no upper bound on autobiographical
memory. Summation hypothesis implies that our genuine long term memories would be sums over
a large number of wake-up periods of self in the subjective past of the self. Therefore one could
perhaps understand how ageing self gains gradually wisdom from experience: also the identification
of the long term memories as geometric memories explains this.
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Higher level selves could communicate their subjective and geometric memories as well as
the emotions generated by their comparison to us. The first idea to come into mind is that
communications occur during totally entangled state, sleep or trance. For this option it is not at
all clear how the experiences of the higher level selves during entangled state could be ours! In
fact, we should lose our selves during entanglement with self characterized by larger p-adic prime.
For instance, during sleep without dreams entanglement with some higher level self should occur
and we do not remember anything about this. Trance is a second example of this: subject person
does not remember anything about the trance state. Thus it seems that this mechanism cannot
give rise to conscious long term memories. This does not however exclude the possibility that
cognitive representations are formed during the communication and lower level self experiences
them later as memories. One function of sleep might be the generation of the entanglement with
higher selves making in turn possible the communication of genuine memories of subjective past
to our mind. This communication could realize these memories as thoughts about the experiences
of past realized as nerve pulse patterns regenerating these thoughts.

The so called semitrance mechanism [K25] avoids the objections against communications occur-
ring in totally entangled state. During semitrance parts of brain are entangled with some higher
level self. These selves can communicate their memories to that part of brain which is awake
(communication means generation of mental images). Ancient men received these communications
as sensory hallucinations (“God’s voice” ), very much like schizophrenics, whereas modern man
experiences them as thoughts and emotions which are often “hallicinatory” in the sense that they
are not automatic reactions to the sensory input. The TGD based vision for the development
of language and civilization modifies Jaynes’s vision about bicameral man as a schizophrenic of
modern society and relies on the notion of semitrance. Semitrance mechanism is extremely general
and could be present in all length scales. For instance, semitrance could provide the inhabitants
of cell societies (organisms) and protein societies (cells) with a personal self narrative (genetic
determination of cell as self narrative!).

Semitrance mechanism survives the most obvious counter arguments.

1. The general objection is that the memories of the higher level selves are rather abstract.
The assumption communication mechanism is restricted to thoughts and emotions is however
consistent with the abstract nature of the non-episodal long term memories. The most natural
identification of episodal memories is indeed as personal geometric memories or possibly as
artificially generated sensory hallucinations stimulated by higher level self during semitrance.

2. Since semitrance mechanism is only a communication method, geometric and subjective
memories remain the fundamental memory mechanisms. Therefore the nice features of the
geometric memory are not lost. For instance, one can understand learning and the role of
emotions and repetition in learning.

2.5.4 More complicated scenarios

One can consider also more complicated scenarios for realizing long term memories.

1. Ensemble of mind-like space-time sheets could generate continuously cognitive representa-
tions remaining in ideal case unchanged and memories as ability to re-experience would be
carried by mind-like space-time sheet when it wanders to the direction of future. This would
require that mind-like space-time sheets replicate just as material space-time sheets (DNA,
cells, members of species) do. If mind-like space-time sheets responsible for memories of this
kind have finite lifetime, say of order one second, short term memories could be realized in
this manner without cognitive population explosion. In fact, cell division might realize long
term memories in cell populations. Perhaps also DNA replication might be regarded as this
kind of memory.

2. The realization of long term memory and communication relying on replication is rather
primitive and the fact is that neurons do not replicate. A natural explanation is that neu-
rons have discovered procedural memory, which means that long term memories could be
realized dynamically: standardized nerve pulse patterns generate standardized temporal pat-
terns of quark magnetization. This implies ability to regenerate the thought stimulated by
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the primary experience and associative learning would associate memories to experiences as
thoughts. This picture would correspond to that of ordinary associative nets and is subject
to the standard counter arguments such as the loss of old memories caused by the learning
of the new ones.

3. Sustainment of the mental images is indeed one of the basic mechanisms behind human
intelligence and can be also seen as a way to enhance the probability that a geometric
memory in the past is recalled. Sustained mental images are analogous to the icons of the
computer screen, which in fact supports the idea that the evolution of computers mimics
in many respects the evolution of the brain. At program level icons correspond to program
loops. At neural level to periodic neural process generating again and again the same mental
image (not necessarily directly conscious to us).

4. Written language and symbols are the next step to the internal sustainment and make possible
to achieve a given sensory and cognitive experience in a controlled manner. Program files
are obviously analogous to the written language (the electronic control systems preceding the
computer era were effectively computer programs but were not written as computer code,
externalized). DNA could be seen also as ROM type memory of living systems.

2.6 Implicit Memories

A possible definition of implicit memories is as memories which exist but are not created in con-
scious experience of the subject person. Also implicit learning could be defined in this manner. A
good example of implicit memory is provided by a situation in which unaesthetized patient can
quite accurately remember what has been said during the operation [J18]. An example of implicit
learning is the learning of grammatical rules without any explicit (conscious) representation for
them. The status of the implicit memories and learning is not established. A possible reason for
this is that it is not easy to understand them in computational paradigm of consciousness. Con-
nectionism explains implicit learning and memories as unconscious formation of associations and
mathematically modelled by the dynamics of the neural networks.

In TGD framework implicit learning and memories could correspond to learning and memories
at the lower levels of the self hierarchy not usually conscious to us. In case that the mind-like
space-time sheet corresponding to our sub-self forms flux tube with a lower level self so that lower
level self fuses with the sub-self in question, its memories can become our conscious memories.
ORP suggests that this process involves also the formation of quantum entanglement and this
indeed must occur. Biofeedback could be understand as a special case of this process. In the
TGD based model for the quantum correlates of the sensory qualia this process is key role. The
memories communicated by semitrance mechanism can indeed be and probably often are implicit.

One can consider also formation of flux tubes between our sub-selves and sub-selves of other
persons. This is quite possible if our sub-selves indeed correspond to topological field quanta
representing ELF photons associated with the EEG frequencies having size of even size of Earth.
Formation of flux tubes between topological field quanta of this size would make for us to ex-
perience the memories of other persons. This kind of mechanism could explain the memories of
anesthetized patient about what happened during the operation as memories of sub-selves of the
persons participating the operation. An open question is whether the mechanism could also explain
also out-of body experiences, in which patient looks himself from outside, sometimes involved with
this kind of situations.

Implicit learning could also correspond to the development of various cognitive skills realized
as self-organized self cascades so that no explicit representation of the skill is needed: when initial
value self wakes up, the cascade proceeds with highly predictable manner due to quantum statistical
determinism. Even the ontogeny could be regarded as this kind of skill implicitely coded in DNA!

2.7 Procedural Memories

Procedural memories seem to be mostly stabilized sequences of thoughts and mental images and
the proposed model for cascade like generations of selves provides therefore a model for procedural
memory. Procedural memories could be simple cognitive acts occurring again and again as a
reaction to some specific stimulus. mind-like space-time sheet would carry them while drifting
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into the future. For an ensemble of selves with each self initiating cognitive acts is in question,
reliability of memories would result.

Quantum spin glass model of brain explanains for formation of the procedural as resulting from
quantum self-organization. Dissipation caused by quantum jumps would automatically select skills,
habits and eigen behaviours as surviving self-organizing patterns. These patterns would correspond
to deep valleys in the fractal energy landscape of the spin glass landscape, which is effectively four-
dimensional. Repetition would automatically lead to the learning of procedural memories since it
would extend the valleys in time direction so that mind-like space-time sheets would have larger
probability to enter to the valley and give rise to memory. For instance, reverbrating nerve pulse
patterns in the memory circuits of brain would realize this repetition.

3 Model For Long Term Memories

In the following an attempt is made to understand how long term memories could be realized at
neuronal level. I hope that my fragmentary knowledge about the details of brain science would
not mask from the reader the beauty and simplicity of the general mechanism. The model is
constructed first at general level and then basic facts about long term memory are discussed in the
framework of the model.

3.1 General Ideas

In TGD framework one can make a precise distinction between genuine memories and apparent
memories such as procedural and implicit memories, associations, feature recognition, and stan-
dardized neuronal “features” serving as building blocks of memories. The basic question is whether
the representations of the long term memories are realized in the brain geometrically now or in
the brain of the geometric past. In TGD the latter option is allowed by time-like quantum entan-
glement made possible by the non-determinism of Kéhler action. The very fact that the memory
storage of past memories to the geometric now is not needed, means that there is no need to
carve long term memories to associative structures so that geometric now would contain repre-
sentations about moments of the geometric past. Only the representation of the event at time
when it occurred is needed. For example, this implies that long term potentiation (LTP) is just
learning and adaptation to a new situation and can only be related to the modification of memory
representations and possibly the construction of new standardized features.

3.1.1 Mirror mechanism

Mirror mechanism is the simplest quantum mechanism of episodal memories and involves only a
sharing of mental images by time-like entanglement. p-Adic physics suggests that the entanglement
should be negentropic. Negentropic time-like entanglement is indeed possible and would correspond
to density matrix which is projector. The corresponding entanglement matrix would be unitary.

Another mechanism is based on communications in time direction giving rise to the analog of
reflection in time direction. The brain hemisphere sends a negative energy ME to the geometric
past reflected at a large distance and returning back to the hemisphere and induces a sharing of
mental images. The desire to remember something and the memory of the past fuse to a single
mental image shared by the brains of the geometric past and now. The desire to remember would
be communicated to the geometric past also in case of non-episodal memories whereas memory
itself would be communicated classically by positive energy MEs.

In a more realistic situation multiple reflections for a curvilinear negative energy ME along a
closed magnetic flux loop would occur and guarantee precisely targeted communications to the
geometric past. The sizes of these loops would be measured in light years. MEs and magnetic flux
loops associated with the personal magnetic body are the most realistic candidates since in this
case the interaction with matter is minimized.

The notion of memory field supports this idea. Retrograde amnesia leads to a selective loss of
memories in some time interval, and the notion of memory field provides a possible explanation.
This means that brain structures with a given memory field entangle with those events of the
geometric past which are located in some time interval AT at temporal distance T' in the past. A
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closed magnetic flux tube with a given length L(T") would obviously be a correlate for a memory
field with a given time span T'.

The sharing of mental images mechanism (see Fig. http://tgdtheory.fi/appfigures/
sharing. jpg or Fig. 7?7 in the appendix of this book) requires only that gravitational MEs
take care of only quantum entanglement and because it allows arbitrary kinds of episodal long
term memories. The electric stimulation of neurons can induce complex episodal memories. This
can be understood if the episodal memory recall involves only the entanglement by the negative
energy ME and the field pattern associated with ME does not matter at all. The unique exper-
imental signature of the quantum entanglement mechanism is that no direct correlates for the
memories themselves are necessary in the brain geometrically now. One can wonder what distin-
guishes the resulting experience from precognition by the self of the geometric past: could it be
that to precognize now is to remember in the geometric future?

The direct sharing of sensory experience is non-economical in the sense that the amount of the
irrelevant information is very high. The conceptualization involved with the symbolic representa-
tion allows to represent only the absolutely essential aspects. In case of classical communications
symbolic representations is of course the only practical possibility. Since the brain of the geometric
past serves as a passive entangler and does not have the possibility to process the communicated
information, the sharing of the mental images is not flexible enough and does not allow an ac-
tive precisely targeted memory recall. It is also very difficult to tell whether sensory experience
represents memory or a genuine experience.

3.1.2 Classical communications and non-episodal memories

For non-episodal memories classical communication mechanism suggests itself as a more appropri-
ate mechanism. Classical signalling requires the coding of the data to the shape of the field pattern
propagating along positive energy ME, which could be curvilinear and analogous to a radiation
propagating in a wave cavity defined by a magnetic loop of the magnetic body.

MEs are indeed optimal for the coding of the classical signal since the vacuum current for
given moment of geometric time is non-deterministic. Classical communications would allow and
also require the minimization of the data communicated. These memories would not be sensory
unless back-projection to the sensory organs is involved at the receiving end. The formation of
the symbolic representation is subject to errors: for instance, temporal order of events can change.
It is known that declarative memories can often involve changes of the temporal order. It must
be emphasized that declarative need not be synonymous with non-episodal. Declarative memories
could be also episodal and correspond to sharing of a symbolic mental images of the geometric
past. The “features” of Freeman [EI] having during of about.1 seconds are good candidates for the
representation of the classical signals and the time scale suggests that electron’s causal diamond is
involved as also quark CDs with time scale of 1 ms. If EEG MEs are involved, the modulation of
hippocampal theta frequency is a candidate for the representations of classical signal.

In ZEO this mechanism corresponds to a process in which sub-self representing mental image
dies and re-incarnates at the opposite boundary of CD. This corresponds to a negative energy
signal travelling to the geometric past. Also this self dies and re-incarnates at original boundary of
CD: this corresponds to the positive return signal from the geometric past. Mental image simply
falls asleep and wakes up and after that represents the memory as a conscious information.

There are are two basic options for how the classical communication could occur.

1. Positive energy ME would not leave brain at all and would therefore have ultra slow effective
phase velocity along the brain structure in question, say axon, so that it would not leave
brain during its travel to the geometric future.

2. Positive energy ME would be curvilinear and parallel with magnetic flux loop of the personal
magnetic body serving effectively as a wave guide. In this case the reduction of the phase
velocity to EEG wave phase velocity would be enough. For instance, for the phase velocity of
alpha waves propagating along loops with the size of the order of the Earth’s circumference,
the time span of the memory would be of the order of one year. In this picture one of the
functions of the part of EEG representing evoked responses could be classical communications
making possible non-episodal memories. Only part of these memories would be conscious to
us. The length of the magnetic loops is expected to directly correlate with the period of


http://tgdtheory.fi/appfigures/sharing.jpg
http://tgdtheory.fi/appfigures/sharing.jpg

3.1 General Ideas 23

EEG frequency involved with the classical communication via the relationship L = vT would
provide a second correlate for the notion of the memory field. There are indeed reasons to
expect that the structures communicating signals to the geometric future are specialized to
communicate signals to a certain distance.

The most plausible neurophysiological excitations associated with the received signal are Ca™"
waves known to have extremely wide velocity spectrum. For the option a) the required velocity
would be of order neuronal sizes per year, and this is perhaps unrealistically low velocity. It is also
difficult to see how the neuronal noise would not spoil the signal. For the option b) the positive
energy ME entering brain at the moment of memory receival would induce Ca™t waves in turn
inducing neural activity.

For classical signalling the transformation of the classical signal to a conscious experience is
needed. MEs could directly generate membrane oscillations and nerve pulse patterns via the
general mechanism of nerve pulse and EEG discussed in [K22]. EEG MEs could in turn induce
cyclotron transitions at the magnetic flux tubes of the Earth’s magnetic field in turn affecting
nerve pulse generation. Also a transformation of the signal to Catt waves could be possible. The
conscious experience does not involve sensory component unless there is back-projection to the
level of sensory organs involved.

Interesting questions relate to the interpretation of the ultraslow effective phase velocity of MEs
acting as bridges connecting two space-time sheets.

1. The classical fields from a larger space-time sheet A can be transferred to a smaller space-
time sheet B topologically condensed on A by inducing the motion of the wormhole contacts,
which in turn generate classical fields at the smaller space-time sheet. The fields can also
penetrate along flux tubes connecting the boundaries of two space-time sheets.

2. Quite generally, the “topological” half of Maxwell’s field equations implies that tangential
component of £ and normal component of B are continuous at the junctions connecting the
boundaries of two space-time sheets. One could assume that quantum effects can be modelled
phenomenologically by introducing the phenomenological D and H fields introduced also in
the Maxwell’s theory. In the Maxwell’s theory the discontinuity of the normal component
of the D field equals to the density of the free surface charges and the discontinuity of the
tangential component of the H field equals to the free surface current. These conditions can
be assumed also now, at least as the first approximation.

3. One could model the propagation of MEs topologically condensed at a space-time sheet la-
belled by a p-adic prime p ~ 2*, k prime or power of prime, by introducing the di-electric
constant €(k) and the relative permeability (k) satisfying the condition e(k)u(k) = 1/v? >
1/c* = 1, where v is the effective phase velocity of ME depending in general on its funda-
mental frequency. The fields D and H would be defined as D = e(k)E, H = B/u(k): this
condition generalizes to that for the Fourier components of the fields. The reduction of the
effective velocity for the propagation of the topologically condensed MEs to say alpha wave
phase velocity does not seem plausible.

4. The propagation of MEs which serve as bridges between boundaries of two space-time sheets
(say cell membrane space-time sheet and cell exterior space-time sheet) must be modelled
differently. One could introduce a generalized di-electric constant e(kq, ko) and permeability
w(ki, ko) characterizing the pair of space-time sheets such that the effective phase velocity
v(k1, ko) of MEs acting as bridges satisfies e(ky, k2)p(k1, ko) = 1/v2(k1, k2), and also now de-
pend on the fundamental frequency of ME. A very large value of €(kq, ko) implying the needed
very small value of the effective phase velocity would mean that the orthogonal component
of the electric field does not appreciably penetrate inside ME from either space-time sheet.
Since MEs are the fundamental topological field quanta, this looks a natural assumption.
The extremely low effective phase velocity should be due to the replacement of the wormhole
contact coupling with the join along boundaries coupling causing the “sticking” of MEs. Note
that the join along boundaries coupling is topological sum coupling for boundaries whereas
wormhole contacts represent topological sum coupling for interior. Furthermore, join along
boundaries contacts can have a macroscopic size whereas wormhole contacts are C Py-sized:
this could explain the huge reduction of the effective phase velocity for the boundary MEs.
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3.1.3 Negative energy MEs as ideal entanglers with the geometric past?

MEs with negative energies are especially favoured for quantum communications. The reasons are
many-fold. The interaction with the matter is very weak in long length scales but strong in cellular
length scales, negative energy implies that ME is identifiable as a virtual particle and analogous
to a part of a Feynman diagram so that no dissipation is involved and quantum communication
is possible. The reversal of the arrow of geometric time means also that there is not macroscopic
dissipative dynamics which would spoil the quantum coherence.

The requirement that the entanglement process is highly selective suggests a resonance mech-
anism. This requires that receiving and sending structures are similar and generate ULF MEs
with fundamental frequencies measured typically in cycles per year. If negative energy energy ME
is in question, as suggested by the idea that a classical communication to the geometric past is
involved, it cannot be emitted unless there exists a receiver absorbing the negative energy and in
this manner providing energy for the sender by buy now-let others pay mechanism. For negative
energy MEs resonance mechanism plus a simple classical signal serving as a a password could also
guarantee that correct part of the brain receives the signal.

Negative energy MEs represent time reversed level of the p-adic length scale hierarchy so that
the dissipative effects associated with the space-time sheets with the normal arrow of time should
not interfere with the quantum communication. This at least, when the energy of the negative
energy ME has a magnitude larger than the thermal energy associated with the space-time sheets
with which it interacts: there is simply no system which could make a transition to a lower energy
state by the absorption of a negative energy ME. Furthermore, since the systems with reversed
arrow of geometric time are expected to have extremely low density, the dissipative effects in the
reversed direction of time are expected to be small.

Since the generation of negative energy MEs does not require energy feed, the memory recall
to the geometric past occurs more or less spontaneously, and the scanning of the geometric past
becomes possible. The intentionality of the memory recall would be realized as generation of a
p-adic ME transforming to a negative energy ME, when the real system jumps to a higher energy
state. This process makes possible precisely targeted intention also in the case of memory recall
since the transitions in question cannot occur spontaneously. In the case of precognition precognizer
must intentionally receive negative energy MEs from the geometric future so that energy feed is
needed. This perhaps explains why precognition is so rare. Note that p-adic variant of pre-
cognition having interpretation as intentionality occurs easily since p-adic energy is conserved only
in a piecewise manner.

The most often needed non-episodal memories, say short term memories, could be communi-
cated automatically: in this case the memory recall would be a geometro-temporally local opera-
tion, much like taking a sample from a data stream representing particular kind of memories with
a particular time span. The option is probably not realized for a