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Preface

This book belongs to a series of online books summarizing the recent state Topological Geometro-
dynamics (TGD) and its applications. TGD can be regarded as a unified theory of fundamental
interactions but is not the kind of unified theory as so called GUTs constructed by graduate stu-
dents at seventies and eighties using detailed recipes for how to reduce everything to group theory.
Nowadays this activity has been completely computerized and it probably takes only a few hours
to print out the predictions of this kind of unified theory as an article in the desired format. TGD
is something different and I am not ashamed to confess that I have devoted the last 37 years of
my life to this enterprise and am still unable to write The Rules.

If T remember correctly, I got the basic idea of Topological Geometrodynamics (TGD) during
autumn 1977, perhaps it was October. What I realized was that the representability of physical
space-times as 4-dimensional surfaces of some higher-dimensional space-time obtained by replacing
the points of Minkowski space with some very small compact internal space could resolve the con-
ceptual difficulties of general relativity related to the definition of the notion of energy. This belief
was too optimistic and only with the advent of what I call zero energy ontology the understanding
of the notion of Poincare invariance has become satisfactory. This required also the understanding
of the relationship to General Relativity.

It soon became clear that the approach leads to a generalization of the notion of space-time
with particles being represented by space-time surfaces with finite size so that TGD could be also
seen as a generalization of the string model. Much later it became clear that this generalization is
consistent with conformal invariance only if space-time is 4-dimensional and the Minkowski space
factor of imbedding space is 4-dimensional. During last year it became clear that 4-D Minkowski
space and 4-D complex projective space C'P, are completely unique in the sense that they allow
twistor space with Kéhler structure.

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

There have been also longstanding problems.

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

Equivalence Principle as it is expressed by Einstein’s equations follows from Poincare invari-
ance once it is realized that GRT space-time is obtained from the many-sheeted space-time of
TGD by lumping together the space-time sheets to a regionof Minkowski space and endowing
it with an effective metric given as a sum of Minkowski metric and deviations of the metrices
of space-time sheets from Minkowski metric. Similar description relates classical gauge po-
tentials identified as components of induced spinor connection to Yang-Mills gauge potentials
in GRT space-time. Various topological inhomogenities below resolution scale identified as
particles are described using energy momentum tensor and gauge currents.
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e From the beginning it was clear that the theory predicts the presence of long ranged classical
electro-weak and color gauge fields and that these fields necessarily accompany classical
electromagnetic fields.

It took about 26 years to gain the maturity to admit the obvious: these fields are classical
correlates for long range color and weak interactions assignable to dark matter. The only
possible conclusion is that TGD physics is a fractal consisting of an entire hierarchy of fractal
copies of standard model physics. Also the understanding of electro-weak massivation and
screening of weak charges has been a long standing problem, and 32 years was needed to
discover that what I call weak form of electric-magnetic duality gives a satisfactory solution
of the problem and provides also surprisingly powerful insights to the mathematical structure
of quantum TGD.

The latest development was the realization that the well- definedness of electromagnetic
charge as quantum number for the modes of the induced spinors field requires that the C' Py
projection of the region in which they are non-vanishing carries vanishing W boson field and
is 2-D. This implies in the generic case their localization to 2-D surfaces: string world sheets
and possibly also partonic 2-surfaces. This localization applies to all modes except covariantly
constant right handed neutrino generating supersymmetry and mplies that string model in
4-D space-time is part of TGD. Localization is possible only for Kahler-Dirac assigned with
Kéhler action defining the dynamics of space-time surfaces. One must however leave open the
question whether W field might vanish for the space-time of GRT if related to many-sheeted
space-time in the proposed manner even when they do not vanish for space-time sheets.

I started the serious attempts to construct quantum TGD after my thesis around 1982. The
original optimistic hope was that path integral formalism or canonical quantization might be
enough to construct the quantum theory but the first discovery made already during first year of
TGD was that these formalisms might be useless due to the extreme non-linearity and enormous
vacuum degeneracy of the theory. This turned out to be the case.

e It took some years to discover that the only working approach is based on the generalization of
Einstein’s program. Quantum physics involves the geometrization of the infinite-dimensional
"world of classical worlds” (WCW) identified as 3-dimensional surfaces. Still few years had
to pass before I understood that general coordinate invariance leads to a more or less unique
solution of the problem and in positive energyontology implies that space-time surfaces are
analogous to Bohr orbits. This in positive energy ontology in which space-like 3-surface is
basic object. It is not clear whether Bohr orbitology is necessary also in ZEO in which space-
time surfaces connect space-like 3-surfaces at the light-like boundaries of causal diamond CD
obtained as intersection of future and past directed light-cones (with C'P, factor included).
The reason is that the pair of 3-surfaces replaces the boundary conditions at single 3-surface
involving also time derivatives. If one assumes Bohr orbitology then strong correlations
between the 3-surfaces at the ends of CD follow. Still a couple of years and I discovered that
quantum states of the Universe can be identified as classical spinor fields in WCW. Only
quantum jump remains the genuinely quantal aspect of quantum physics.

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

e TGD inspired theory of consciousness entered the scheme after 1995 as I started to write
a book about consciousness. Gradually it became difficult to say where physics ends and



consciousness theory begins since consciousness theory could be seen as a generalization of
quantum measurement theory by identifying quantum jump as a moment of consciousness
and by replacing the observer with the notion of self identified as a system which is conscious
as long as it can avoid entanglement with environment. The somewhat cryptic statement
?Everything is conscious and consciousness can be only lost” summarizes the basic philosophy
neatly.

The idea about p-adic physics as physics of cognition and intentionality emerged also rather
naturally and implies perhaps the most dramatic generalization of the space-time concept in
which most points of p-adic space-time sheets are infinite in real sense and the projection
to the real imbedding space consists of discrete set of points. One of the most fascinating
outcomes was the observation that the entropy based on p-adic norm can be negative. This
observation led to the vision that life can be regarded as something in the intersection of real
and p-adic worlds. Negentropic entanglement has interpretation as a correlate for various
positively colored aspects of conscious experience and means also the possibility of strongly
correlated states stable under state function reduction and different from the conventional
bound states and perhaps playing key role in the energy metabolism of living matter.

If one requires consistency of Negentropy Mazimization Pronciple with standard measure-
ment theory, negentropic entanglement defined in terms of number theoretic negentropy is
necessarily associated with a density matrix proportional to unit matrix and is maximal and
is characterized by the dimension n of the unit matrix. Negentropy is positive and maximal
for a p-adic unique prime dividing n.

One of the latest threads in the evolution of ideas is not more than nine years old. Learning
about the paper of Laurent Nottale about the possibility to identify planetary orbits as Bohr
orbits with a gigantic value of gravitational Planck constant made once again possible to see
the obvious. Dynamical quantized Planck constant is strongly suggested by quantum classical
correspondence and the fact that space-time sheets identifiable as quantum coherence regions
can have arbitrarily large sizes. Second motivation for the hierarchy of Planck constants
comes from bio-electromagnetism suggesting that in living systems Planck constant could
have large values making macroscopic quantum coherence possible. The interpretation of
dark matter as a hierarchy of phases of ordinary matter characterized by the value of Planck
constant is very natural.

During summer 2010 several new insights about the mathematical structure and interpreta-
tion of TGD emerged. One of these insights was the realization that the postulated hierarchy
of Planck constants might follow from the basic structure of quantum TGD. The point is that
due to the extreme non-linearity of the classical action principle the correspondence between
canonical momentum densities and time derivatives of the imbedding space coordinates is
one-to-many and the natural description of the situation is in terms of local singular covering
spaces of the imbedding space. One could speak about effective value of Planck constant
heff = n X h coming as a multiple of minimal value of Planck constant. Quite recently it
became clear that the non-determinism of Kéahler action is indeed the fundamental justifi-
cation for the hierarchy: the integer n can be also interpreted as the integer characterizing
the dimension of unit matrix characterizing negentropic entanglement made possible by the
many-sheeted character of the space-time surface.

Due to conformal invariance acting as gauge symmetry the n degenerate space-time sheets
must be replaced with conformal equivalence classes of space-time sheets and conformal
transformations correspond to quantum critical deformations leaving the ends of space-time
surfaces invariant. Conformal invariance would be broken: only the sub-algebra for which
conformal weights are divisible by n act as gauge symmetries. Thus deep connections be-
tween conformal invariance related to quantum criticality, hierarchy of Planck constants,
negentropic entanglement, effective p-adic topology, and non-determinism of Kéahler action
perhaps reflecting p-adic non-determinism emerges.

The implications of the hierarchy of Planck constants are extremely far reaching so that the
significance of the reduction of this hierarchy to the basic mathematical structure distin-
guishing between TGD and competing theories cannot be under-estimated.
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From the point of view of particle physics the ultimate goal is of course a practical construction
recipe for the S-matrix of the theory. I have myself regarded this dream as quite too ambitious
taking into account how far reaching re-structuring and generalization of the basic mathematical
structure of quantum physics is required. It has indeed turned out that the dream about explicit
formula is unrealistic before one has understood what happens in quantum jump. Symmetries
and general physical principles have turned out to be the proper guide line here. To give some
impressions about what is required some highlights are in order.

e With the emergence of ZEO the notion of S-matrix was replaced with M-matrix defined
between positive and negative energy parts of zero energy states. M-matrix can be interpreted
as a complex square root of density matrix representable as a diagonal and positive square
root of density matrix and unitary S-matrix so that quantum theory in ZEO can be said to
define a square root of thermodynamics at least formally. M-matrices in turn bombine to
form the rows of unitary U-matrix defined between zero energy states.

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

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

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

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

In TGD framework this generalization of Feynman diagrams indeed emerges unavoidably.
Light-like 3-surfaces replace the lines of Feynman diagrams and vertices are replaced by 2-D
partonic 2-surfaces. Zero energy ontology and the interpretation of parton orbits as light-like
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”wormhole throats” suggests that virtual particle do not differ from on mass shell particles
only in that the four- and three- momenta of wormhole throats fail to be parallel. The two
throats of the wormhole contact defining virtual particle would contact carry on mass shell
quantum numbers but for virtual particles the four-momenta need not be parallel and can
also have opposite signs of energy.

The localization of the nodes of induced spinor fields to 2-D string world sheets (and possibly
also to partonic 2-surfaces) implies a stringy formulation of the theory analogous to stringy
variant of twistor formalism with string world sheets having interpretation as 2-braids. In
TGD framework fermionic variant of twistor Grassmann formalism leads to a stringy variant
of twistor diagrammatics in which basic fermions can be said to be on mass-shell but carry
non-physical helicities in the internal lines. This suggests the generalization of the Yangian
symmetry to infinite-dimensional super-conformal algebras.

TGD based view about quantum consciousness relies on following ideas and inputs.

e TGD inspired theory of consciousness can be seen as a generalization of quantum measure-
ment theory by bringing in conscious observer. The basic new elements are the resolution
of the basic problem of the measurement theory by the introduction of ZEO, which brings
new elements also to the quantum measurement theory and leads to a view about how the
arrow of time and its flow are generated. p-Adic physics brings in the notion of negentropic
entanglement and Negentropy Maximization Principle provides the basic variational princi-
ple. The possibility of negentropic entanglement predicts evolution as gradual increase of
negentropic resources of the Universe.

The notion of self - at least as effective notion- emerges naturally from negentropic entan-
glement and from more precise view about sequence of state function reductions which now
leaves invariant only the second part of zero energy state but changes the other one. The
generation of ” Akashic records” defined by negentropically entangled systems are in vital role
in the understanding of evolution.

e CDs serve as correlates of selves and a hierarchy of selves is predicted and closely relates to
the p-adic hierarchy and hierarchy of Planck constants. Subselves are interpreted as mental
images of self and the sharing of mental images by fusion of subselves gives rise to a kind of
stereo consciousness.

The following list gives the basic elements of TGD inspire quantum biology.

e Many-sheeted space-time allows the interpretation of the structures of macroscopic world
around us in terms of space-time topology. Magnetic/field body acts as intentional agent
using biological body as a sensory receptor and motor instrument and controlling biological
body and inheriting its hierarchical fractal structure. Fractal hierarchy of EEGs and its vari-
ants can be seen as communication and control tools of magnetic body. Also collective levels
of consciousness have a natural interpretation in terms of magnetic body. Magnetic body
makes also possible entanglement in macroscopic length scales. The braiding of magnetic
flux tubes makes possible topological quantum computations and provides a universal mech-
anism of memory. One can also undersand the real function of various information molecules
and corresponding receptors by interpreting the receptors as addresses in quantum computer
memory and information molecules as ends of flux tubes which attach to these receptors to
form a connection in quantum web.

e Magnetic body carrying dark matter and forming an onion-like structure with layers char-
acterized by large values of Planck constant is the key concept of TGD inspired view about
Quantum Mind to biology.. Magnetic body is identified as intentional agent using biological
body as sensory receptor and motor instrument. EEG and its fractal variants are identified
as a communication and control tool of the magnetic body and a fractal hierarchy of analogs
of EEG is predicted. Living system is identified as a kind of Indra’s net with biomolecules
representing the nodes of the net and magnetic flux tubes connections between then.

The reconnection of magnetic flux tubes and phase transitions changing Planck constant and
therefore the lengths of the magnetic flux tubes are identified as basic mechanisms behind
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DNA replication and analogous processes and also behind the phase transitions associated
with the gel phase in cell interior. The braiding of magnetic flux makes possible universal
memory representation recording the motions of the basic units connected by flux tubes.
Braiding also defines topological quantum computer programs updated continually by the
flows of the basic units. The model of DNA as topological quantum computer is discussed
as an application. In zero energy ontology the braiding actually generalize to 2-braiding for
string world sheets in 4-D space-time and brings in new elements.

Zero energy ontology (ZEO) makes possible the proposed p-adic description of intentions and
cognitions and their transformations to action. Time mirror mechanism based on sending of
negative energy signal to geometric past would apply to both long term memory recall, remote
metabolism, and realization of intentional acting as an activity beginning in the geometric
past in accordance with the findings of Libet. ZEO gives a precise content to the notion of
negative energy signal in terms of zero energy state for which the arrow of geometric time is
opposite to the standard one.

The associated notion of causal diamond (CD) is essential element and assigns to elementary
particles new fundamental time scales which are macroscopic: for electron the time scale is
.1 seconds, the fundamental biorhythm. An essentially new element is time-like entangle-
ment which allows to understand among other things the quantum counterparts of Boolean
functions in terms of time-like entanglement in fermionic degrees of freedom.

The assignment of dark matter with a hierarchy of Planck constants gives rise to a hierarchy
of macroscopic quantum phases making possible macroscopic and macrotemporal quantum
coherence and allowing to understand evolution as a gradual increase of Planck constant. The
model for dark nucleons leads to a surprising conclusion: the states of nucleons correspond
to DNA, RNA, tRNA, and amino-acids in a natural manner and vertebrate genetic code
as correspondence between DNA and amino-acids emerges naturally. This suggests that
genetic code is realized at the level of dark hadron physics and living matter in the usual
sense provides a secondary representation for it. The hierarchy of Planck constants emerges
from basic TGD under rather general assumptions.

p-Adic physics can be identified as physics of cognition and intentionality. Negentropic
entanglement possible for number theoretic entanglement entropy makes sense for rational
(and even algebraic) entanglement and leads to the identification of life as something residing
in the intersection of real and p-adic worlds. NMP respects negentropic entanglement and
the attractive idea is that the experience of understanding and positively colored emotions
relate to negentropic entanglement.

Living matter as conscious hologram is one of the basic ideas of TGD inspired biology and
consciousness theory. The basic objection against TGD is that the interference of classical
fields is impossible in the standard sense for the reason that that classical fields are not
primary dynamical variables in TGD Universe. The resolution is based on the observation
that only the interference of the effects caused by these fields can be observed experimentally
and that many-sheeted space-time allows to realized the summation of effects in terms of
multiple topological condensations of particles to several parallel space-time sheets. One
concrete implication is fractality of qualia. Qualia appear in very wide range of scales: our
qualia could in fact be those of magnetic body. The proposed mechanism for the generation
of qualia realizes the fractality idea.

Various anomalies of living matter have been in vital role in the development of not only TGD
view about living matter but also TGD itself.

e TGD approach to living matter was strongly motivated by the findings about strange behav-

ior of cell membrane and of cellular water, and gel behavior of cytoplasm. Also the findings
about effects of ELF em fields on vertebrate brain were decisive and led to the proposal of the
hierarchy of Planck constants found later to emerge naturally from the non-determinism of
Kahler action. Rather satisfactorily, the other manner to introduce the hierarchy of Planck
constants is in terms of gravitational Planck constant: at least in microscopic scales the equiv-
alence of these approaches makes sense and leads to highly non-trivial predictions. The basic
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testable prediction is that dark photons have cyclotron frequencies inversely proportional to
their massess but universal energy spectrum in visible and UV range which corresponds to
the transition energies for biomolecules so that they are ideal for biocontrol at the level of
both magnetic bodies and at the level of biochemistry.

e Water is in key role in living matter and also in TGD inspired view about living matter. The
anomalies of water lead to a model for dark nuclei as dark proton strings with the surprising
prediction that DNA, RNA, aninoacids and even tRNA are in one-one correspondence with
the resulting 3-quark states and that vertebrate genetic code emerges naturally. This leads to
a vision about water as primordial lifeform still playing a vital role in living organisms. The
model of water memory and homeopathy in turn generalizes to a vision about how immune
system might have evolved.

e Metabolic energy is necessary for conscious information processing in living matter. This
suggests that metabolism should be basically tranfer of negentropic entanglement from nu-
trients to the organism. ATP could be seen as a molecule of consciousness in this picture
and high energy phosphate bond would make possible the transfer of negentropy.

What I have said above is strongly biased view about the recent situation in quantum TGD
and its applications to biology and consciousness. This vision is single man’s view and doomed to
contain unrealistic elements as I know from experience. My dream is that young critical readers
could take this vision seriously enough to try to demonstrate that some of its basic premises are
wrong or to develop an alternative based on these or better premises. I must be however honest and
tell that 37 years of TGD is a really vast bundle of thoughts and quite a challenge for anyone who
is not able to cheat himself by taking the attitude of a blind believer or a light-hearted debunker
trusting on the power of easy rhetoric tricks.

Matti Pitkanen

Hanko,
September 16, 2014
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Chapter 1

Introduction

1.1 Basic Ideas of Topological Geometrodynamics (TGD)

Standard model describes rather successfully both electroweak and strong interactions but sees
them as totally separate and contains a large number of parameters which it is not able to predict.
For about four decades ago unified theories known as Grand Unified Theories (GUTSs) trying to
understand electroweak interactions and strong interactions as aspects of the same fundamental
gauge interaction assignable to a larger symmetry group emerged. Later superstring models trying
to unify even gravitation and strong and weak interactions emerged. The shortcomings of both
GUTs and superstring models are now well-known. If TGD - whose basic idea emerged 37 years
ago - would emerge now it would be seen as an attempt trying to solve the difficulties of these
approaches to unification.

The basic physical picture behind TGD corresponds to a fusion of two rather disparate ap-
proaches: namely TGD as a Poincare invariant theory of gravitation and TGD as a generalization
of the old-fashioned string model. The CMAP files at my homepage provide an overview about
ideas and evolution of TGD and make easier to understand what TGD and its applications are
about (http://www.tgdtheory.fi/cmaphtml.html [L9]).

1.1.1 Basic vision very briefly

T(opological) G(eometro)D(ynamics) is one of the many attempts to find a unified description of
basic interactions. The development of the basic ideas of TGD to a relatively stable form took
time of about half decade [K2].

The basic vision and its relationship to existing theories is now rather well understood.

1. Space-times are representable as 4-surfaces in the 8-dimensional imbedding space H = M* x
CP,, where M* is 4-dimensional (4-D) Minkowski space and CP, is 4-D complex projective
space (see Appendix).

2. Induction procedure allows to geometrize various fields. Space-time metric characterizing
gravitational fields corresponds to the induced metric obtained by projecting the metric tensor
of H to the space-time surface. Electroweak gauge potentials are identified as projections
of the components of C'P, spinor connection to the space-time surface, and color gauge
potentials as projections ofC'P, Killing vector fields representing color symmetries. Also
spinor structure can be induced: induced spinor gamma matrices are projections of gamma
matrices of H and induced spinor fields just H spinor fields restricted to space-time surface.

3. Geometrization of quantum numbers is achieved. The isometry group of the geometry of
CP, codes for the color gauge symmetries of strong interactions. Vierbein group codes
for electroweak symmetries, and explains their breaking in terms of C'P, geometry so that
standard model gauge group results. There are also important deviations from standard
model: color quantum numbers are not spin-like but analogous to orbital angular momentum:
this difference is expected to be seen only in C'P; scale. In contrast to GUTSs, quark and
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lepton numbers are separately conserved and family replication has a topological explanation
in terms of topology of the partonic 2-surface carrying fermionic quantum numbers.

M* and CP, are unique choices for many other reasons. For instance, they are the unique 4-
D space-times allowing twistor space with Kéhler structure. M* light-cone boundary allows
a huge extension of 2-D conformal symmetries. Imbedding space H has a number theoretic
interpretation as 8-D space allowing octonionic tangent space structure. M* and CP, al-
low quaternionic structures. Therefore standard model symmetries have number theoretic
meaning.

4. Induced gauge potentials are expressible in terms of imbedding space coordinates and their
gradients and general coordinate invariance implies that there are only 4 field like variables
locally. Situation is thus extremely simple mathematically. The objection is that one loses
linear superposition of fields. The resolution of the problem comes from the generalization
of the concepts of particle and space-time.

Space-time surfaces can be also particle like having thus finite size. In particular, space-time
regions with Euclidian signature of the induced metric (temporal and spatial dimensions in
the same role) emerge and have interpretation as lines of generalized Feynman diagrams.
Particle in space-time can be identified as a topological inhomogenuity in background space-
time surface which looks like the space-time of general relativity in long length scales.

One ends up with a generalization of space-time surface to many-sheeted space-time with
space-time sheets having extremely small distance of about 10* Planck lengths (C'P, size).
As one adds a particle to this kind of structure, it touches various space-time sheets and
thus interacts with the associated classical fields. Their effects superpose linearly in good
approximation and linear superposition of fields is replaced with that for their effects.

This resolves the basic objection. It also leads to the understanding of how the space-time
of general relativity and quantum field theories emerges from TGD space-time as effective
space-time when the sheets of many-sheeted space-time are lumped together to form a re-
gion of Minkowski space with metric replaced with a metric identified as the sum of empty
Minkowski metric and deviations of the metrics of sheets from empty Minkowski metric.
Gauge potentials are identified as sums of the induced gauge potentials. TGD is therefore
a microscopic theory from which standard model and general relativity follow as a topolog-
ical simplification however forcing to increase dramatically the number of fundamental field
variables.

5. A further objection is that classical weak fields identified as induced gauge fields are long
ranged and should cause large parity breaking effects due to weak interactions. These effects
are indeed observed but only in living matter. The resolution of problem is implied by
the condition that the modes of the induced spinor fields have well-defined electromagnetic
charge. This forces their localization to 2-D string world sheets in the generic case having
vanishing weak gauge fields so that parity breaking effects emerge just as they do in standard
model. Also string model like picture emerges from TGD and one ends up with a rather
concrete view about generalized Feynman diagrammatics.

The great challenge is to construct a mathematical theory around these physically very attrac-
tive ideas and I have devoted the last thirty seven years for the realization of this dream and this
has resulted in eight online books about TGD and nine online books about TGD inspired theory
of consciousness and of quantum biology.

1.1.2 Two manners to see TGD and their fusion

As already mentioned, TGD can be interpreted both as a modification of general relativity and
generalization of string models.

TGD as a Poincare invariant theory of gravitation

The first approach was born as an attempt to construct a Poincare invariant theory of gravitation.
Space-time, rather than being an abstract manifold endowed with a pseudo-Riemannian structure,
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is regarded as a surface in the 8-dimensional space H = M3:CP,, where M* denotes Minkowski
space and CP, = SU(3)/U(2) is the complex projective space of two complex dimensions [A11,
A4, A9, A3].

The identification of the space-time as a sub-manifold [A2, A10] of M* x CP; leads to an
exact Poincare invariance and solves the conceptual difficulties related to the definition of the
energy-momentum in General Relativity.

It soon however turned out that sub-manifold geometry, being considerably richer in structure
than the abstract manifold geometry, leads to a geometrization of all basic interactions. First,
the geometrization of the elementary particle quantum numbers is achieved. The geometry of
C P explains electro-weak and color quantum numbers. The different H-chiralities of H-spinors
correspond to the conserved baryon and lepton numbers. Secondly, the geometrization of the field
concept results. The projections of the C'P spinor connection, Killing vector fields of C'P, and of
H-metric to four-surface define classical electro-weak, color gauge fields and metric in X4.

The choice of H is unique from the condition that TGD has standard model symmetries. Also
number theoretical vision selects H = M* x C' P, uniquely. M* and CP;, are also unique spaces
allowing twistor space with Kéhler structure.

TGD as a generalization of the hadronic string model

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

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

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

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

What one obtains is what I have christened as many-sheeted space-time (see fig. http://
www.tgdtheory.fi/appfigures/manysheeted. jpg or fig. 9 in the appendix of this book). One
particular aspect is topological field quantization meaning that various classical fields assignable to
a physical system correspond to space-time sheets representing the classical fields to that particular
system. One can speak of the field body of a particular physical system. Field body consists of
topological light rays, and electric and magnetic flux quanta. In Maxwell’s theory system does not
possess this kind of field identity. The notion of magnetic body is one of the key players in TGD
inspired theory of consciousness and quantum biology.

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

At space-time level ZEO means that 3-surfaces are pairs of space-like 3-surfaces at the opposite
light-like boundaries of CD. Since the extremals of Ké&hler action connect these, one can say that
by holography the basic dynamical objects are the space-time surface connecting these 3-surfaces.
This changes totally the vision about notions like self-organization: self-organization by quantum
jumps does not take for a 3-D system but for the entire 4-D field pattern associated with it.

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

1.1.3 Basic objections

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

Second objection is that TGD space-time is quite too simple as compared to GRT space-
time due to the imbeddability to 8-D imbedding space. One can also argue that Poincare invariant
theory of gravitation cannot be consistent with General Relativity. The above interpretation allows
to understand the relationship to GRT space-time and how Equivalence Principle (EP) follows
from Poincare invariance of TGD. The interpretation of GRT space-time is as effective space-
time obtained by replacing many-sheeted space-time with Minkowski space with effective metric
determined as a sum of Minkowski metric and sum over the deviations of the induced metrices of
space-time sheets from Minkowski metric. Poincare invariance suggests strongly classical EP for
the GRT limit in long length scales at least. One can consider also other kinds of limits such as the
analog of GRT limit for Euclidian space-time regions assignable to elementary particles. In this case
deformations of C' P, metric define a natural starting point and C'P; indeed defines a gravitational
instanton with very large cosmological constant in Einstein-Maxwell theory. Also gauge potentials
of standard model correspond classically to superpositions of induced gauge potentials over space-
time sheets.

Topological field quantization

Topological field quantization distinguishes between TGD based and more standard - say Maxwellian
- notion of field. In Maxwell’s fields created by separate systems superpose and one cannot tell
which part of field comes from which system except theoretically. In TGD these fields correspond
to different space-time sheets and only their effects on test particle superpose. Hence physical
systems have well-defined field identifies - field bodies - in particular magnetic bodies.

The notion of magnetic body carrying dark matter with non-standard large value of Planck
constant has become central concept in TGD inspired theory of consciousness and living matter,
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and by starting from various anomalies of biology one ends up to a rather detailed view about the
role of magnetic body as intentional agent receiving sensory input from the biological body and
controlling it using EEG and its various scaled up variants as a communication tool. Among other
thins this leads to models for cell membrane, nerve pulse, and EEG.

1.1.4 p-Adic variants of space-time surfaces

There is a further generalization of the space-time concept inspired by p-adic physics forcing a
generalization of the number concept through the fusion of real numbers and various p-adic number
fields. Also the hierarchy of Planck constants forces a generalization of the notion of space-time
but this generalization can be understood in terms of the failure of strict determinism for Kéahler
action defining the fundamental variational principle behind the dynamics of space-time surfaces.

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

1.1.5 The threads in the development of quantum TGD

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

The theoretical framework involves several threads.

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

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

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

The chronology based identification of the threads is quite natural but not logical and it is
much more logical to see p-adic physics, the ideas related to classical number fields, and infinite
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primes as sub-threads of a thread which might be called ”physics as a generalized number theory”.
In the following I adopt this view. This reduces the number of threads to four.

TGD forces the generalization of physics to a quantum theory of consciousness, and represent
TGD as a generalized number theory vision leads naturally to the emergence of p-adic physics as
physics of cognitive representations. The eight online books [K86, K66, K52, K100, K75, K99,
K98, K72] about TGD and nine online books about TGD inspired theory of consciousness and of
quantum biology [K79, K12, K58, K10, K32, K40, K44, K71, K93] are warmly recommended to
the interested reader.

Quantum TGD as spinor geometry of World of Classical Worlds

A turning point in the attempts to formulate a mathematical theory was reached after seven years
from the birth of TGD. The great insight was ” Do not quantize”. The basic ingredients to the new
approach have served as the basic philosophy for the attempt to construct Quantum TGD since
then and have been the following ones:

1. Quantum theory for extended particles is free(!), classical(!) field theory for a generalized
Schrodinger amplitude in the configuration space CH ("world of classical worlds”,WCW)
consisting of all possible 3-surfaces in H. ” All possible” means that surfaces with arbitrary
many disjoint components and with arbitrary internal topology and also singular surfaces
topologically intermediate between two different manifold topologies are included. Particle
reactions are identified as topology changes [A7, A12, A13]. For instance, the decay of a 3-
surface to two 3-surfaces corresponds to the decay A — B + C'. Classically this corresponds
to a path of WCW leading from 1-particle sector to 2-particle sector. At quantum level this
corresponds to the dispersion of the generalized Schrodinger amplitude localized to 1-particle
sector to two-particle sector. All coupling constants should result as predictions of the theory
since no nonlinearities are introduced.

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

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

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

IThere are four kinds of Dirac operators in TGD. WCW Dirac operator appearing in Super-Virasoro conditions,
imbedding space Dirac operator whose modes define the ground states of Super-Virasoro representations, Kéhler-
Dirac operator at space-time surfaces, and the algebraic variant of M* Dirac operator appearing in propagators
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square roots of density matrices with powers of the S-matrix. Also the analog of Yangian
algebra involving only non-negative powers of S-matrix is possible.

4. By quantum classical correspondence the construction of WCW spinor structure reduces to
the second quantization of the induced spinor fields at space-time surface. The basic ac-
tion is so called modified Dirac action (or Kéhler-Dirac action) in which gamma matrices
are replaced with the modified (K&hler-Dirac) gamma matrices defined as contractions of
the canonical momentum currents with the imbedding space gamma matrices. In this man-
ner one achieves super-conformal symmetry and conservation of fermionic currents among
other things and consistent Dirac equation. The modified gamma matrices define as anti-
commutators effective metric, which might provide geometrization for some basic observables
of condensed matter physics. One might also talk about bosonic emergence in accordance
with the prediction that the gauge bosons and graviton are expressible in terms of bound
states of fermion and anti-fermion.

5. An important result relates to the notion of induced spinor connection. If one requires
that spinor modes have well-defined em charge, one must assume that the modes in the
generic situation are localized at 2-D surfaces - string world sheets or perhaps also partonic
2-surfaces - at which classical W boson fields vanish. Covariantly constant right handed
neutrino generating super-symmetries forms an exception. The vanishing of also Z° field is
possible for Kahler-Dirac action and should hold true at least above weak length scales. This
implies that string model in 4-D space-time becomes part of TGD. Without these conditions
classical weak fields can vanish above weak scale only for the GRT limit of TGD for which
gauge potentials are sums over those for space-time sheets.

The localization simplifies enormously the mathematics and one can solve exactly the Kéhler-
Dirac equation for the modes of the induced spinor field just like in super string models.

At the light-like 3-surfaces at which the signature of the induced metric changes from Eu-
clidian to Minkowskian so that /g4 vanishes one can pose the condition that the algebraic
analog of massless Dirac equation is satisfied by the nodes so that Kahler-Dirac action gives
massless Dirac propagator localizable at the boundaries of the string world sheets.

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

1. TGD as almost topological QFT vision suggests that Kéhler action for preferred extremals
reduces to Chern-Simons term assigned with space-like 3-surfaces at the ends of space-time
(recall the notion of causal diamond (CD)) and with the light-like 3-surfaces at which the
signature of the induced metric changes from Minkowskian to Euclidian. Minkowskian and
Euclidian regions would give at wormhole throats the same contribution apart from coeffi-
cients and in Minkowskian regions the /g4 factorc coming from metric would be imaginary
so that one would obtain sum of real term identifiable as Kéhler function and imaginary
term identifiable as the ordinary Minkowskian action giving rise to interference effects and
stationary phase approximation central in both classical and quantum field theory.

Imaginary contribution - the presence of which I realized only after 33 years of TGD - could
also have topological interpretation as a Morse function. On physical side the emergence of
Euclidian space-time regions is something completely new and leads to a dramatic modifica-
tion of the ideas about black hole interior.

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

TGD as a generalized number theory

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

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

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

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

In string model context one tries to reduces the physics to Planck scale. The price is the
inability to say anything about physics in long length scales. In TGD p-adic physics takes care of
this shortcoming by predicting the physics also in long length scales.

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

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

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

The notion of p-adic manifold [K103] identified as p-adic space-time surface solving p-adic
analogs of field equations and having real space-time sheets as chart maps provides a possible
solution of the basic challenge. One can also speak of real space-time surfaces having p-
adic space-time surfaces as chart maps (cognitive maps, ”thought bubbles”). Discretization
required having interpretation in terms of finite measurement resolution is unavoidable in
this approach.

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

The key challenge is to fuse various p-adic physics and real physics to single larger structures.
This has inspired a proposal for a generalization of the notion of number field by fusing real numbers
and various p-adic number fields and their extensions along rationals and possible common algebraic
numbers. This leads to a generalization of the notions of imbedding space and space-time concept
and one can speak about real and p-adic space-time sheets. The quantum dynamics should be such
that it allows quantum transitions transforming space-time sheets belonging to different number
fields to each other. The space-time sheets in the intersection of real and p-adic worlds are of
special interest and the hypothesis is that living matter resides in this intersection. This leads to
surprisingly detailed predictions and far reaching conjectures. For instance, the number theoretic
generalization of entropy concept allows negentropic entanglement central for the applications to
living matter (see fig. http://www.tgdtheory.fi/appfigures/cat. jpg or fig. 21 in the appendix
of this book).

The basic principle is number theoretic universality stating roughly that the physics in various
number fields can be obtained as completion of rational number based physics to various number
fields. Rational number based physics would in turn describe physics in finite measurement resolu-
tion and cognitive resolution. The notion of finite measurement resolution has become one of the
basic principles of quantum TGD and leads to the notions of braids as representatives of 3-surfaces
and inclusions of hyper-finite factors as a representation for finite measurement resolution. The
braids actually co-emerge with string world sheets implied by the condition that em charge is
well-defined for spinor modes.

2. The role of classical number fields

The vision about the physical role of the classical number fields relies on certain speculative
questions inspired by the idea that space-time dynamics could be reduced to associativity or co-
associativity condition. Associativity means here associativity of tangent spaces of space-time
region and co-associativity associativity of normal spaces of space-time region.

1. Could space-time surfaces X* be regarded as associative or co-associative (”quaternionic”
is equivalent with ”associative”) surfaces of H endowed with octonionic structure in the
sense that tangent space of space-time surface would be associative (co-associative with
normal space associative) sub-space of octonions at each point of X* [K78]. This is certainly
possible and an interesting conjecture is that the preferred extremals of Kédhler action include
associative and co-associative space-time regions.

2. Could the notion of compactification generalize to that of number theoretic compactifica-
tion in the sense that one can map associative (co-associative) surfaces of M® regarded as
octonionic linear space to surfaces in M* x CP, [K78]? This conjecture - M® — H duality
- would give for M* x C'P, deep number theoretic meaning. C'P, would parametrize asso-
ciative planes of octonion space containing fixed complex plane M? C M® and CP, point
would thus characterize the tangent space of X* C M#8. The point of M* would be obtained
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by projecting the point of X* C M?® to a point of M* identified as tangent space of X*.
This would guarantee that the dimension of space-time surface in H would be four. The
conjecture is that the preferred extremals of Kéahler action include these surfaces.

3. M®— H duality can be generalized to a duality H — H if the images of the associative surface
in M3 is associative surface in H. One can start from associative surface of H and assume
that it contains the preferred M? tangent plane in 8-D tangent space of H or integrable
distribution M?2(x) of them, and its points to H by mapping M* projection of H point to
itself and associative tangent space to C' P, point. This point need not be the original one! If
the resulting surface is also associative, one can iterate the process indefinitely. WCW would
be a category with one object.

4. (G2 defines the automorphism group of octonions, and one might hope that the maps of
octonions to octonions such that the action of Jacobian in the tangent space of associative
or co-associative surface reduces to that of G could produce new associative/co-associative
surfaces. The action of G5 would be analogous to that of gauge group.

5. One can also ask whether the notions of commutativity and co-commutativity could have
physical meaning. The well-definedness of em charge as quantum number for the modes of
the induced spinor field requires their localization to 2-D surfaces (right-handed neutrino is
an exception) - string world sheets and partonic 2-surfaces. This can be possible only for
Kahler action and could have commutativity and co-commutativity as a number theoretic
counterpart. The basic vision would be that the dynamics of Kéahler action realizes number
theoretical geometrical notions like associativity and commutativity and their co-notions.

The notion of number theoretic compactification stating that space-time surfaces can be re-
garded as surfaces of either M8 or M* x CP,. As surfaces of M?® identifiable as space of hyper-
octonions they are hyper-quaternionic or co-hyper-quaternionic- and thus maximally associative
or co-associative. This means that their tangent space is either hyper-quaternionic plane of M8
or an orthogonal complement of such a plane. These surface can be mapped in natural manner to
surfaces in M* x C' P, [K78] provided one can assign to each point of tangent space a hyper-complex
plane M?(x) € M* C M®. One can also speak about M® — H duality.

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

Number theoretical compactification has inspired large number of conjectures. This includes
dual formulations of TGD as Minkowskian and Euclidian string model type theories, the precise
identification of preferred extremals of Kéhler action as extremals for which second variation van-
ishes (at least for deformations representing dynamical symmetries) and thus providing space-time
correlate for quantum criticality, the notion of number theoretic braid implied by the basic dynam-
ics of Kéhler action and crucial for precise construction of quantum TGD as almost-topological
QFT, the construction of WCW metric and spinor structure in terms of second quantized induced
spinor fields with modified Dirac action defined by Kahler action realizing the notion of finite
measurement resolution and a connection with inclusions of hyper-finite factors of type II; about
which Clifford algebra of WCW represents an example.

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

Associativity (co-associativity) would be that tangent (normal) spaces of space-time surfaces
associative (co-associative) in some sense and thus quaternionic (co-quaternionic). This can be
formulated in two manners.
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1. One can introduce octonionic tangent space basis by assigning to the ”free” gamma matri-
ces octonion basis or in terms of octonionic representation of the imbedding space gamma
matrices possible in dimension D = 8.

2. Associativity (quaternionicity) would state that the projections of octonionic basic vectors or
induced gamma matrices basis to the space-time surface generates associative (quaternionic)
sub-algebra at each space-time point. Co-associativity is defined in analogous manner and
can be expressed in terms of the components of second fundamental form.

3. For gamma matrix option induced rather than modified gamma matrices must be in question
since modified gamma matrices can span lower than 4-dimensional space and are not parallel
to the space-time surfaces as imbedding space vectors.

3. Infinite primes

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

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

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

1.1.6 Hierarchy of Planck constants and dark matter hierarchy

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

Dark matter as large h phases

D. Da Rocha and Laurent Nottale [E5] have proposed that Schrédinger equation with Planck
constant h replaced with what might be called gravitational Planck constant Ay, = G’ZZ)M (h=c=
1). wp is a velocity parameter having the value vy = 144.7 + .7 km/s giving vg/c = 4.6 x 107
This is rather near to the peak orbital velocity of stars in galactic halos. Also subharmonics and
harmonics of vy seem to appear. The support for the hypothesis coming from empirical data is
impressive.

Nottale and Da Rocha believe that their Schrodinger equation results from a fractal hydrody-
namics. Many-sheeted space-time however suggests that astrophysical systems are at some levels
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of the hierarchy of space-time sheets macroscopic quantum systems. The space-time sheets in
question would carry dark matter.

Nottale’s hypothesis would predict a gigantic value of hy.. Equivalence Principle and the
independence of gravitational Compton length on mass m implies however that one can restrict
the values of mass m to masses of microscopic objects so that hg, would be much smaller. Large
hgr could provide a solution of the black hole collapse (IR catastrophe) problem encountered at
the classical level. The resolution of the problem inspired by TGD inspired theory of living matter
is that it is the dark matter at larger space-time sheets which is quantum coherent in the required
time scale [K69] .

It is natural to assign the values of Planck constants postulated by Nottale to the space-time
sheets mediating gravitational interaction and identifiable as magnetic flux tubes (quanta) possibly
carrying monopole flux and identifiable as remnants of cosmic string phase of primordial cosmology.
The magnetic energy of these flux quanta would correspond to dark energy and magnetic tension
would give rise to negative ”pressure” forcing accelerate cosmological expansion. This leads to a
rather detailed vision about the evolution of stars and galaxies identified as bubbles of ordinary
and dark matter inside magnetic flux tubes identifiable as dark energy.

Hierarchy of Planck constants from the anomalies of neuroscience and biology

The quantal ELF effects of ELF em fields on vertebrate brain have been known since seventies.
ELF em fields at frequencies identifiable as cyclotron frequencies in magnetic field whose intensity
is about 2/5 times that of Earth for biologically important ions have physiological effects and
affect also behavior. What is intriguing that the effects are found only in vertebrates (to my best
knowledge). The energies for the photons of ELF em fields are extremely low - about 10719 times
lower than thermal energy at physiological temperatures- so that quantal effects are impossible
in the framework of standard quantum theory. The values of Planck constant would be in these
situations large but not gigantic.

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

The hypothesis hers = hgr - at least for microscopic particles - implies that cyclotron ener-
gies of charged particles do not depend on the mass of the particle and their spectrum is thus
universal although corresponding frequencies depend on mass. In bio-applications this spectrum
would correspond to the energy spectrum of bio-photons assumed to result from dark photons by
hets reducing phase transition and the energies of bio-photons would be in visible and UV range
associated with the excitations of bio-molecules.

Also the anomalies of biology (see for instance [K59, K60, K92]) support the view that dark
matter might be a key player in living matter.

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

This starting point led gradually to the recent picture in which the hierarchy of Planck constants
is postulated to come as integer multiples of the standard value of Planck constant. Given integer
multiple i = nhg of the ordinary Planck constant fig is assigned with a multiple singular covering
of the imbedding space [K26]. One ends up to an identification of dark matter as phases with
non-standard value of Planck constant having geometric interpretation in terms of these coverings
providing generalized imbedding space with a book like structure with pages labelled by Planck
constants or integers characterizing Planck constant. The phase transitions changing the value of
Planck constant would correspond to leakage between different sectors of the extended imbedding
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space. The question is whether these coverings must be postulated separately or whether they are
only a convenient auxiliary tool.

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

A more precise formulation is in terms of presence of large number of space-time sheets con-
necting given space-like 3-surfaces at the opposite boundaries of causal diamond. Quantum criti-
cality presence of vanishing second variations of Kéahler action and identified in terms of conformal
invariance broken down to to sub-algebras of super-conformal algebras with conformal weights
divisible by integer n is highly suggestive notion and would imply that n sheets of the effective
covering are actually conformal equivalence classes of space-time sheets with same Kéahler action
and same values of conserved classical charges (see fig. http://www.tgdtheory.fi/appfigures/
planckhierarchy. jpg, which is also in the appendix of this book). n would naturally correspond
the value of h.yy and its factors negentropic entanglement with unit density matrix would be be-
tween the n sheets of two coverings of this kind. p-Adic prime would be largest prime power factor
of n.

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

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

The recent view about the solutions of Kéahler- Dirac action assumes that the modes have a
well-defined em charge and this implies that localization of the modes to 2-D surfaces (right-handed
neutrino is an exception). Classical W boson fields vanish at these surfaces and also classical Z°
field can vanish. The latter would guarantee the absence of large parity breaking effects above
intermediate boson scale scaling like hey.

1.2 TGD as a generalization of physics to a theory con-
sciousness

General Coordinate Invariance forces the identification of quantum jump as quantum jump between
entire deterministic quantum histories rather than time=constant snapshots of single history. The
new view about quantum jump forces a generalization of quantum measurement theory such that
observer becomes part of the physical system. The basic idea is that quantum jump can be identified
as momentum of consciousness. Thus a general theory of consciousness is unavoidable outcome.
This theory is developed in detail in the books [K79, K12, K58, K10, K32, K40, K44, K71, K93] .

It is good to list first the basic challenges of TGD inspired theory of consciousness. The
challenges can be formulated as questions. Reader can decide how satisfactory the answered
proposed by TGD are.
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1. What does one mean with quantum jump? Can one overcome the basic problem of the
standard quantum measurement theory, that which forcing Bohr to give up totally the idea
about objective reality?

2. How do the experienced time and geometric time relate in this framework? How the arrow
of subjective time translates to that of geometric time?

3. How to define conscious information? Is it conserved or even increased during time evolution
as biological evolution suggests? How does this increase relate to second law implied basically
by the randomness of state function reduction?

4. Counscious entities/selves/observers seem to exist. If they are real how do they emerge?

1.2.1 Quantum jump as a moment of consciousness

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

\I/Z‘—>U\I/i—)\l’f s

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

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

In ZEO U-matrix should correspond relates zero energy states to each other and M matrices
defining the rows of U matrix should be assignable to a fixed CD. Zero energy states should have
wave function in the moduli space of CDs such that the second boundary of every CD would belong
to a boundary of fixed light-cone but second boundary would be free with possible constraint that
the distance between the tips of CD is multiple of C'P; time.

Zero energy states of ZEO correspond in positive energy ontology to physical events and break
time reversal invariance. This because either the positive or negative energy part of the state is
reduced/equivalently preparated whereas the second end of CD corresponds to a superposition
of (negative/positive energy) states with varying particle numbers and single particle quantum
numbers just as in ordinary particle physics experiment.

The first state function reduction at given boundary of CD must change the roles of the ends
of CDs. This reduction can be followed by a sequence of reductions to the same boundary of CD
and not changing the boundary nor the parts of zero energy states associated with it but changing
the states at the second end and also quantum distribution of the second boundary in the moduli
space of CDs. In standard measurement theory the follow-up reductions would not affect the state
at all.

The understanding of how the arrow of time and experience about its flow emerge have been
the most difficult problem of TGD inspired theory of consciousness and I have consider4r several
proposals during years having the geometry of future light-cone as the geometric core element.
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1. The basic objection is that the arrow of geometric time alternates at imbedding space level
but we know that arrow of time looks the same in the part of the Universe we live. Possible
exceptions however exist, for instance phase conjugate laser beams seem to obey opposite
arrow of time. Also biological phenomena might involve non-standard arrow of time at some
levels. This led Fantappie [J23] to introduce the notion of syntropy. This suggests that the
arrow of time depends on the size scale of CD and of space-time sheet.

2. It took some time to realize that the solution of the problem is trivial in ZEO. In the ordinary
quantum measurement theory one must assume that state function reduction can occur
repeatedly: the assumption is that nothing happens to the state during repeated reductions.
The outcome is Zeno effect: the watched pot does not boil.

In TGD framework situation is different. Repeated state function reduction leaves the already
reduce parts of zero energy state invariant but can change the part of states at the opposite
boundary. One must allow a delocalization of the second boundary of CDs and one assumes
that the second tip has quantized distance to the fixed one coming as multiple of C' P, time.
Also Lorentz boosts leaving the second CD boundary invariant must be allowed. One must
therefore introduce a wave function in the moduli space of CDs with second boundary forming
part of fixed light-cone boundary (§M$ x CPy).

3. The sequence of state function reductions on a fixed boundary of CD leads to the increase of
the average temporal distance between the tips of CDs and this gives rise to the experience
about flow of time as shifting of contents of perception towards future if the change is what
contributes to conscious experience and gives rise to a fixed arrow of time.

4. Contrary to original working hypothesis, state function reduction in the usual sense does not
solely determine the ordinary conscious experience. It can however contribute to conscious
experience and the act of free will is a good candidate in this respect. TGD view about
realization of intentional action assumes that intentional actions involve negative energy
signals propagating backwards in geometric time. This would mean that at some level of
CD hierarchy the arrow of geometric time indeed changes and the reduction start to occur
at opposite boundary of CD at some level of length scale hierarchy.

1.2.2 Negentropy Maximization Principle (NMP)

Information is the basic aspect of consciousness and this motivates the introduction of Negentropy
Maximization Principle (NMP) [K45] as the fundamental variational principle of consciousness
theory. The amount of negentropy of zero energy state should increase in each quantum jump.
The ordinary entanglement entropy is also non-negative so that negentropy could be at best zero.
Since p-adic physics is assumed to be a correlate of cognition, it is natural to generalizes Shannon
entropy to its number theoretic variant by replacing the probabilities appearing as arguments of
logarithms of probabilities with their p-adic norms. This gives negentropy which can be positive
so that NMP can generates entanglement.

Consistency with quantum measurement theory allows only negentropic density matrices pro-
portional to unit matrix and negentropy has the largest positive value for the largest power of prime
factor of the dimension of density matrix. Unitary entanglement matrix familiar from quantum
computation corresponds to unit density matrix and large h.fs = n X h states are excellent can-
didates for forming negentropic entanglement (see fig. http://www.tgdtheory.fi/appfigures/
cat.jpg or fig. 21 in the appendix of this book) .

The interpretation of negentropic entanglement is as a rule. The instances of the rule correspond
to the pairs appearing in the superposition and the large the number of pairs is, the higher the
abstraction level of the rule is. NMP is not in conflict with the second law since negentropy in the
sense of NMP is not single particle property. Ordinary quantum jumps indeed generate entropy at
the level of ensemble as also quantum jumps for states for which the density matrix is direct sum
of unit matrices with various dimensions.

NMP forces the negentropic entanglement resources of the Universe to grow and thus implies
evolution. I have coined the name ” Akashic records” for these resources forming something anal-
ogous to library. The negentropic entanglement need not be conscious as such but could generate
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conscious experience via interaction free measurement for which negentropic entanglement itself is
not affected.

1.2.3 The notion of self

The concept of self seems to be absolutely essential for the understanding of the macroscopic
and macro-temporal aspects of consciousness and would be counterpart for observer in quantum
measurement theory.

1.

The original view was that self corresponds to a subsystem able to remain un-entangled
under the sequential informational ’time evolutions’ U. It is however unclear how it could
be possible to avoid generation of entanglement.

. In ZEO the situation changes. Self corresponds to a sequence of quantum jumps for which the

parts of zero energy states at either boundary of CD remaim unchanged. Therefore one can
say that self defined in terms of parts of states assignable to this boundary remains unaffected
as sub-system and does not generate entanglement. At the other boundary changes occur
and give rise to the experience of time flow and arrow of time since the average temporal
distance between the tips of CD tends to increase.

When the reductions begin to occur at the opposite boundary of CD, self "falls asleep”:
symmetry suggests that new self living in opposite direction of geometric time is generated.
Also in biological the change of time direction at some level of hierarchy might take place.

. It looks natural to assume that the experiences of the self after the last 'wake-up’ sum up to

single average experience. This means that subjective memory is identifiable as conscious,
immediate short term memory. Selves form an infinite hierarchy with the entire Universe
at the top. Self can be also interpreted as mental images: our mental images are selves
having mental images and also we represent mental images of a higher level self. A natural
hypothesis is that self S experiences the experiences of its sub-selves as kind of abstracted
experience: the experiences of sub-selves S5; are not experienced as such but represent kind of
averages (9;;) of sub-sub-selves S;;. Entanglement between selves, most naturally realized by
the formation of flux tube bonds between cognitive or material space-time sheets, provides
a possible a mechanism for the fusion of selves to larger selves (for instance, the fusion of
the mental images representing separate right and left visual fields to single visual field) and
forms wholes from parts at the level of mental images.

. Self corresponds in neuro science to self model defining a model for organism and for the

external world. Information or negentropy seems to be necessary for understanding self.
Negentropically entangled states - Akashic records - are excellent candidates for selves and
would thus correspond to dark matter in TGD sense since the number of states in superposi-
tion corresponds to the integer n defining heyry. It is enough that self is potentially conscious:
this could mean that it conscious experience about self is generated only in interaction free
measurement. Repeated state function reductions to given boundary of CD is second pos-
sibility. This would assign irreversibility and definite arrow of time and experience of time
flow with self.

. CDs would serve as imbedding space correlates of selves and quantum jumps would be fol-

lowed by cascades of state function reductions beginning from given CD and proceeding
downwards to the smaller scales (smaller CDs). At space-time level space-time sheets in
given p-adic length scale would be the natural correlates of selves. One ends also ends up
with concrete ideas about how the localization of the contents of sensory experience and cog-
nition to the "upper” (changing) boundary of CD could take place. One cannot exclude the
possibility that state function reduction cascades could also take place in parallel branches
of the quantum state.

1.2.4 Relationship to quantum measurement theory

TGD based quantum measurement has several new elements. Negentropic entanglement and hi-
erarchy of Planck constants, NMP, the prediction that state function reduction can take place to
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both boundaries of CD implying that the arrow of geometric time can change (this is expected to
occur in microscopic scales whether the arrow of time is not established), and the possibility to
understand the flow and arrow of geometric time.

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

2. The assumption that localization occurs in zero modes in each quantum jump implies that
the world of conscious experience looks classical. It is also consistent with the state func-
tion reduction of the standard quantum measurement theory as the following arguments
demonstrate (it took incredibly long time to realize this almost obvious fact!).

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

This simple prediction is of utmost theoretical importance since the black box of the quantum
measurement theory is reduced to a fundamental quantum theory. This reduction is implied
by the replacement of the notion of a point like particle with particle as a 3-surface. Also
the infinite-dimensionality of the zero mode sector of the WCW of 3-surfaces is absolutely
essential. Therefore the reduction is a triumph for quantum TGD and favors TGD against
string models.

Standard quantum measurement theory involves also the notion of state preparation which
reduces to the notion of self measurement. In ZEO state preparation corresponds at some level of
the self hierarchy to the a state function reduction to boundary opposite than before. In biology
sensory perception and motor action would correspond to state function reduction sequences at
opposite boundaries of CDs at some levels of the hierarchy.

Self measurement is governed by Negentropy Maximization Principle (NMP) stating that the
information content of conscious experience is maximized. In the self measurement the density
matrix of some subsystem of a given self localized in zero modes (after ordinary quantum mea-
surement) is measured. The self measurement takes place for that subsystem of self for which the
reduction of the entanglement entropy is maximal in the measurement. In p-adic context NMP
can be regarded as the variational principle defining the dynamics of cognition. In real context
self measurement could be seen as a repair mechanism allowing the system to fight against quan-
tum thermalization by reducing the entanglement for the subsystem for which it is largest (fill the
largest hole first in a leaking boat).

1.2.5 Selves self-organize

The fourth basic element is quantum theory of self-organization based on the identification of
quantum jump as the basic step of self-organization [K67] . Quantum entanglement gives rise to
the generation of long range order and the emergence of longer p-adic length scales corresponds to
the emergence of larger and larger coherent dynamical units and generation of a slaving hierarchy.
Energy (and quantum entanglement) feed implying entropy feed is a necessary prerequisite for
quantum self-organization. Zero modes represent fundamental order parameters and localization



18 Chapter 1. Introduction

in zero modes implies that the sequence of quantum jumps can be regarded as hopping in the
zero modes so that Haken’s classical theory of self organization applies almost as such. Spin glass
analogy is a further important element: self-organization of self leads to some characteristic pattern
selected by dissipation as some valley of the ”energy” landscape.

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

ZEO brings in important additional element to the theory of self-organization. The maxima
of Kéhler function corresponds to the most probable 3-surfaces. Kéahler function receives contri-
butions only from the Euclidian regions (”lines” of generalized Feynman diagrams) whereas the
contribution to vacuum functional from Minkowskian regions is exponent of imaginary action so
that saddle points with stationary phase are in question in these regions. In ZEO 3-surfaces are
replaced by pairs of 3-surfaces at opposite boundaries of CD. The maxima actually correspond to
temporal patterns of classical fields connecting these 3-surfaces: this means that self-organization
is four spatiotemporal rather than spatial patterns - a crucial distinction from the usual view
allowing to understand the evolution of behavioral patterns quantally. In biology this allows to un-
derstand temporal evolutions of organisms as the most probable self-organization patterns having
as correlates the evolutions of the magnetic body of the system.

1.2.6 Classical non-determinism of Kahler action

A further basic element is non-determinism of Kéhler action. This led to the concepts of association
sequence and cognitive space-time sheet, which are not wrong notions but replaced by new ones.

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

2. In the case that non-determinism is located to a finite time interval and is microscopic, this
sequence of 3-surfaces has interpretation as a simulation of a classical history, a geometric
correlate for contents of consciousness. When non-determinism has long lasting and macro-
scopic effect one can identify it as volitional non-determinism associated with our choices.
Association sequences relate closely with the cognitive space-time sheets defined as space-time
sheets having finite time duration.

Later a more detailed view about non-determinism in the framework of ZEO has emerged and
quantum criticality is here the basic notion. The space-time surface connecting two 3-surfaces at
the ends of CD is not unique. Conformal transformations which act trivially at the ends of space-
time surface generate a continuum of new extremals with the same value of Kéahler action and
classical conserved quantities. The number n of conformal equivalence classes is finite and defines
the value of heyy (see fig. http://www.tgdtheory.fi/appfigures/planckhierarchy. jpg, which
is also in the appendix of this book). There exists a hierarchy of breakdowns of conformal symmetry
labelled by n. The fractal hierarchy of CDs gives rise to fractal hierarchy of non-determinisms of
this kind.

1.2.7 p-Adic physics as physics of cognition and intentionality

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

A more more precise formulation of this vision requires a generalization of the number con-
cept obtained by fusing reals and p-adic number fields along common rationals (in the case of
algebraic extensions among common algebraic numbers). This picture is discussed in [K77] . The
application this notion at the level of the imbedding space implies that imbedding space has a
book like structure with various variants of the imbedding space glued together along common
rationals (algebraics, see fig. http://www.tgdtheory.fi/appfigures/book. jpg, which is also in
the appendix. The implication is that genuinely p-adic numbers (non-rationals) are strictly infinite
as real numbers so that most points of p-adic space-time sheets are at real infinity, outside the
cosmos, and that the projection to the real imbedding space is discrete set of rationals (algebraics).
Hence cognition and intentionality are almost completely outside the real cosmos and touch it at
a discrete set of points only.

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

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

1.2.8 p-Adic and dark matter hierarchies and hierarchy of selves

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

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

2. The space-time sheets with large Planck constant can be in thermal equilibrium with ordi-
nary ones without the loss of quantum coherence. For instance, the cyclotron energy scale
associated with EEG turns out to be above thermal energy at room temperature for the level
of dark matter hierarchy corresponding to magnetic flux quanta of the Earth’s magnetic field
with the size scale of Earth and a successful quantitative model for EEG results [K23] .

Dark matter hierarchy leads to detailed quantitative view about quantum biology with several
testable predictions [K23] . The general prediction is that Universe is a kind of inverted Mandelbrot
fractal for which each bird’s eye of view reveals new structures in long length and time scales
representing scaled down copies of standard physics and their dark variants. These structures
would correspond to higher levels in self hierarchy. This prediction is consistent with the belief
that 75 per cent of matter in the universe is dark.

1. Living matter and dark matter
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Living matter as ordinary matter quantum controlled by the dark matter hierarchy has turned
out to be a particularly successful idea. The hypothesis has led to models for EEG predicting
correctly the band structure and even individual resonance bands and also generalizing the notion
of EEG [K23] . Also a generalization of the notion of genetic code emerges resolving the paradoxes
related to the standard dogma [K42, K23] . A particularly fascinating implication is the possibility
to identify great leaps in evolution as phase transitions in which new higher level of dark matter
emerges [K23] .

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

2. Dark matter hierarchy and the notion of self

The vision about dark matter hierarchy leads to a more refined view about self hierarchy and
hierarchy of moments of consciousness [K22, K23] . The larger the value of Planck constant, the
longer the life-time of self measured as the increase of the average distance between tips of CDs
appearing in the quantum superposition during the period of repeated reductions not affecting the
part of the zero energy state at the other boundary of CD- Quantum jumps form also a hierarchy
with respect to p-adic and dark hierarchies and the geometric durations of quantum jumps scale
like A.

The fact that we can remember phone numbers with 5 to 9 digits supports the view that
self experiencse subselves as separate mental images. Averaging over experiences of sub-selves of
sub-self would however occur.

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

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

CD as an imbedding space correlate of self defines the time scale 7 for the space-time region
about which the consciousness experience is about. The temporal distances between the tips of
CD as come as integer multiples of C' P length scales and for prime multiples correspond to what I
have christened as secondary p-adic time scales. A reasonable guess is that secondary p-adic time
scales are selected during evolution and the primes near powers of two are especially favored. For
electron, which corresponds to Mersenne prime M;27 = 2!27 —1 this scale corresponds to .1 seconds
defining the fundamental time scale of living matter via 10 Hz biorhythm (alpha rhythm). The
unexpected prediction is that all elementary particles correspond to time scales possibly relevant
to living matter.

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

Higher levels of dark matter hierarchy provide a neat quantitative view about self hierarchy
and its evolution. Various levels of dark matter hierarchy would naturally correspond to higher
levels in the hierarchy of consciousness and the typical duration of life cycle would give an idea
about the level in question. The level would determine also the time span of long term memories
as discussed in [K23] . The emergence of these levels must have meant evolutionary leap since
long term memory is also accompanied by ability to anticipate future in the same time scale. This
picture would suggest that the basic difference between us and our cousins is not at the level of
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genome as it is usually understood but at the level of the hierarchy of magnetic bodies [K42, K23].
In fact, higher levels of dark matter hierarchy motivate the introduction of the notions of super-
genome and hyper-genome. The genomes of entire organ can join to form super-genome expressing
genes coherently. Hyper-genomes would result from the fusion of genomes of different organisms
and collective levels of consciousness would express themselves via hyper-genome and make possible
social rules and moral.

1.3 Quantum biology and quantum neuroscience in TGD
Universe

Quantum biology - rather than only quantum brain - is an essential element of Quantum Mind in
TGD Universe. Cells, biomolecules, and even elementary particles are conscious entities and the
biological evolution is evolution of consciousness so that it would be very artificial to restrict the
discussion to brain, neurons, or microtubules.

1.3.1 Basic physical ideas
The following list gives the basic elements of TGD inspire quantum biology.

1. Many-sheeted space-time allows the interpretation of the structures of macroscopic world
around us in terms of space-time topology. Magnetic/field body acts as intentional agent
using biological body as a sensory receptor and motor instrument and controlling biological
body and inheriting its hierarchical fractal structure. Fractal hierarchy of EEGs and its vari-
ants can be seen as communication and control tools of magnetic body. Also collective levels
of consciousness have a natural interpretation in terms of magnetic body. Magnetic body
makes also possible entanglement in macroscopic length scales. The braiding of magnetic
flux tubes makes possible topological quantum computations and provides a universal mech-
anism of memory. One can also undersand the real function of various information molecules
and corresponding receptors by interpreting the receptors as addresses in quantum computer
memory and information molecules as ends of flux tubes which attach to these receptors to
form a connection in quantum web.

2. Magnetic body carrying dark matter and forming an onion-like structure with layers char-
acterized by large values of Planck constant is the key concept of TGD inspired view about
Quantum Mind to biology. Magnetic body is identified as intentional agent using biological
body as sensory receptor and motor instrument. EEG and its fractal variants are identified
as a communication and control tool of the magnetic body and a fractal hierarchy of analogs
of EEG is predicted. Living system is identified as a kind of Indra’s net with biomolecules
representing the nodes of the net and magnetic flux tubes connections between then.

The reconnection of magnetic flux tubes and phase transitions changing Planck constant and
therefore the lengths of the magnetic flux tubes are identified as basic mechanisms behind
DNA replication and analogous processes and also behind the phase transitions associated
with the gel phase in cell interior. The braiding of magnetic flux makes possible universal
memory representation recording the motions of the basic units connected by flux tubes.
Braiding also defines topological quantum computer programs updated continually by the
flows of the basic units. The model of DNA as topological quantum computer is discussed
as an application. In zero energy ontology the braiding actually generalize to 2-braiding for
string world sheets in 4-D space-time and brings in new elements.

3. Zero energy ontology (ZEO) makes possible the proposed p-adic description of intentions
and cognitions and their transformations to action. Time mirror mechanism (see fig. http:
//wwu.tgdtheory.fi/appfigures/timemirror. jpg or fig. 24 in the appendix of the book)
based on sending of negative energy signal to geometric past would apply to both long
term memory recall, remote metabolism, and realization of intentional acting as an activity
beginning in the geometric past in accordance with the findings of Libet. ZEO gives a precise
content to the notion of negative energy signal in terms of zero energy state for which the
arrow of geometric time is opposite to the standard one.
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The associated notion of causal diamond (CD) is essential element and assigns to elementary
particles new fundamental time scales which are macroscopic: for electron the time scale is
.1 seconds, the fundamental biorhythm. An essentially new element is time-like entangle-
ment which allows to understand among other things the quantum counterparts of Boolean
functions in terms of time-like entanglement in fermionic degrees of freedom.

. The assignment of dark matter with a hierarchy of Planck constants gives rise to a hierarchy

of macroscopic quantum phases making possible macroscopic and macrotemporal quantum
coherence and allowing to understand evolution as a gradual increase of Planck constant. The
model for dark nucleons leads to a surprising conclusion: the states of nucleons correspond
to DNA, RNA, tRNA, and amino-acids in a natural manner and vertebrate genetic code
as correspondence between DNA and amino-acids emerges naturally. This suggests that
genetic code is realized at the level of dark hadron physics and living matter in the usual
sense provides a secondary representation for it.

The hierarchy of Planck constants emerges from basic TGD under rather general assumptions.
The key element is the huge vacuum degeneracy which implies that preferred non-vacuum
extremals of Kahler action form a 4-D spin glass phase. The basic implications following
from the extreme non-linearity of Kéhler action is that normal derivatives of imbedding
space coordinates at 3-D light-like orbits of partonic 2-surfaces and at space-like 3-surfaces
at ends of CDs are many-valued functions of canonical momentum densities: this is one of
the reasons that forced to develop physics as an infinite-D Kéahler geometry vision instead of
trying to develop path integral formalism or canonical quantization. A convenient manner to
treat the situation is to introduce local many-sheeted covering of imbedding space such that
the sheets are completely degenerate at partonic 2-surfaces. This leads in natural manner
to the hierarchy of Planck constants as effective hierarchy hierarchy and integer multiples of
Planck constants emerge naturally.

. p-Adic physics can be identified as physics of cognition and intentionality. The hierarchy

of p-adic length scales predicts a hierarchy of universal metabolic quanta as increments of
zero point kinetic energies. Negentropic entanglement(see fig. http://www.tgdtheory.fi/
appfigures/cat.jpg or fig. 21 in the appendix of this book) possible for number theoretic
entanglement entropy makes sense for rational (and even algebraic) entanglement and leads
to the identification of life as something residing in the intersection of real and p-adic worlds.
NMP respects negentropic entanglement and the attractive idea is that the experience of
understanding and positively colored emotions relate to negentropic entanglement.

. Living matter as conscious hologram is one of the basic ideas of TGD inspired biology and

consciousness theory. The basic objection against TGD is that the interference of classical
fields is impossible in the standard sense for the reason that that classical fields are not
primary dynamical variables in TGD Universe. The resolution is based on the observation
that only the interference of the effects caused by these fields can be observed experimentally
and that many-sheeted space-time allows to realized the summation of effects in terms of
multiple topological condensations of particles to several parallel space-time sheets. One
concrete implication is fractality of qualia. Qualia appear in very wide range of scales: our
qualia could in fact be those of magnetic body. The proposed mechanism for the generation
of qualia realizes the fractality idea.

1.3.2 Brain in TGD Universe

Brain cognizes and one should find physical correlates for cognition. Also the precise role of brain
in information processing and its relationship to metabolism should be understood. Here magnetic
body brings as a third player to the couple formed by environment and organism.

1. An attractive idea is that the negentropic entanglement can be assigned with magnetic flux

tubes somehow and that ATP serves as a correlate for negentropic entanglement. This leads
to a rather detailed ideas about the role of phosphate bond and provides interpretation for
the fact that the number of valence bonds tend to be maximized in living matter. In a
loose sense one could even call ATP a consciousness molecule. The latest view encourages
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to consider the possibility that negentropic entanglement with what might be called Mother
Gaia is what is transferred in metabolism.

2. The view about the function of brain differs from the standard view. The simplest option is
that brain is a builder of symbolic representations building percepts and giving them names
rather than the seat of primary qualia relevant to our conscious experience. Sensory organs
would carry our primary qualia and brain would build sensory percepts as standardized
mental images by using virtual sensory input to the sensory organs. The new view about time
is absolutely essential for circumventing the objections against this vision. The prediction
is that also neuronal and even cell membranes define sensory maps with primary qualia
assignable to the lipids serving as pixels of the sensory screen. These qualia would not
however represent our qualia but lower level qualia. At this moment it is not possible to
choose between these two options.

3. The role of EEG and its various counterparts at fractally scaled frequency ranges is to make
possible communications to the various onion-like layers of the magnetic body and the control
by magnetic body. Dark matter at these layers could be seen as the intentional agent and
sensory perceiver.

1.3.3 Anomalies

Various anomalies of living matter have been in vital role in the development of not only TGD
view about living matter but also TGD itself.

1. TGD approach to living matter was strongly motivated by the findings about strange behav-
ior of cell membrane and of cellular water, and gel behavior of cytoplasm. Also the findings
about effects of ELF em fields on vertebrate brain were decisive and led to the proposal of the
hierarchy of Planck constants found later to emerge naturally from the non-determinism of
Kahler action. Rather satisfactorily, the other manner to introduce the hierarchy of Planck
constants is in terms of gravitational Planck constant: at least in microscopic scales the equiv-
alence of these approaches makes sense and leads to highly non-trivial predictions. The basic
testable prediction is that dark photons have cyclotron frequencies inversely proportional to
their massess but universal energy spectrum in visible and UV range which corresponds to
the transition energies for biomolecules so that they are ideal for biocontrol at the level of
both magnetic bodies and at the level of biochemistry.

2. Water is in key role in living matter and also in TGD inspired view about living matter. The
anomalies of water lead to a model for dark nuclei as dark proton strings with the surprising
prediction that DNA, RNA, anino-acids and even tRNA are in one-one correspondence with
the resulting 3-quark states and that vertebrate genetic code emerges naturally. This leads to
a vision about water as primordial life form still playing a vital role in living organisms. The
model of water memory and homeopathy in turn generalizes to a vision about how immune
system might have evolved.

3. Metabolic energy is necessary for conscious information processing in living matter. This
suggests that metabolism should be basically transfer of negentropic entanglement from nu-
trients to the organism. ATP could be seen as a molecule of consciousness in this picture
and high energy phosphate bond would make possible the transfer of negentropy.

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

In this book I will discuss in detail the view about the quantum hardware of living systems taking
seriously the new physics predicted by TGD. Since the vision is bound to be look highly speculative,
it is good to emphasize that the most important predictions follow almost without any reference
to the classical field equations using only quantum classical correspondence.

1. The implications deriving from the topology of space-time surface and from the properties of
induced gauge fields
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Quantum classical correspondence and the properties of the simplest extremals of Kéhler action
have served as the basic guideline in the attempts to understand the new physics predicted by TGD.
The most dramatic predictions follow without even considering field equations in detail by using
only quantum classical correspondence. These predictions form the backbone of TGD and TGD
inspired theory of living mater.

The notions of many-sheeted space-time, topological field quantization and the notion of
field/magnetic body, follow from simple topological considerations. The observation that space-
time sheets can have arbitrarily large sizes and their interpretation as quantum coherence regions
forces to conclude that in TGD Universe macroscopic and macro-temporal quantum coherence are
possible in arbitrarily long scales. It took a relatively long time to realize that perhaps the only
manner to understand this is a generalization of the quantum theory itself by allowing Planck
constant to be dynamical and quantized. TGD leads indeed to a ”prediction” for the spectrum of
Planck constants and macroscopic quantum phases with large value of Planck constant allow an
identification as a dark matter hierarchy.

Also long ranged classical color and electro-weak fields are an unavoidable prediction and it took
a considerable time to make the obvious conclusion: TGD Universe is fractal containing fractal
copies of standard model physics at various space-time sheets and labeled by the collection of p-adic
primes assignable to elementary particles and by the level of dark matter hierarchy characterized
partially by the value of Planck constant labeling the pages of the book like structure formed by
singular covering spaces of the imbedding space M* x C'P, glued together along a four-dimensional
back. Particles at different pages are dark relative to each other since purely local interactions
defined in terms of the vertices of Feynman diagram involve only particles at the same page.

The new view about energy and time finding a rigorous formulation in terms of zero energy
ontology means that the sign of inertial energy depends on the time orientation of the space-time
sheet and that negative energy space-time sheets serve as correlates for communications to the
geometric past. This alone leads to profoundly new views about metabolism, long term memory,
and realization of intentional action.

2. Vacuum degeneracy of Kahler action as a correlate for quantum criticality and 4-dimensional
spin glass degeneracy

The general properties of Kahler action, in particular its vacuum degeneracy and the failure of
the classical determinism in the conventional sense, have also very profound implications. Space-
time surface as a generalization of Bohr orbit provides not only a representation for quantum state
but also for sequences of quantum jumps and thus contents of consciousness. Vacuum degeneracy
implies spin glass degeneracy in 4-D sense reflecting quantum criticality which is the fundamental
characteristic of TGD Universe.

3. The simplest extremals of Kahler action as correlates for asymptotic self organization pat-
terns

The detailed study of the simplest extremals of Kéhler action interpreted as correlates for
asymptotic self organization patterns provides additional insights [K9] . C'P, type extremals rep-
resenting elementary particles, cosmic strings, vacuum extremals, topological light rays (”massless
extremal”, ME), flux quanta of magnetic and electric fields represent the basic extremals. Pairs
of wormhole throats identifiable as parton pairs define a completely new kind of particle carrying
only color quantum numbers in ideal case and I have proposed their interpretation as quantum
correlates for Boolean cognition. MEs and flux quanta of magnetic and electric fields are of special
importance in living matter.

Topological light rays have interpretation as space-time correlates of ”laser beams” of ordinary
or dark photons or their electro-weak and gluonic counterparts. Neutral MEs carrying em and
Z9 fields are ideal for communication purposes and charged W MEs ideal for quantum control.
Magnetic flux quanta containing dark matter are identified as intentional agents quantum con-
trolling the behavior of the corresponding biological body parts utilizing negative energy W MEs.
Bio-system in turn is populated by electrets identifiable as electric flux quanta.

4. Topics discussed in the book

1. Three chapters of this book are devoted to the model of high T, super-conductivity relying
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strongly on the notions of quantum criticality and dark matter.

2. Two chapters discuss quantum antenna hypothesis inspired by MEs and the notion of worm-
hole magnetic fields. Notice that the notion of wormhole magnetic field was introduced
much before the hypothesis that bosons have a natural identification as wormhole contacts
emerged.

3. Two chapters are devoted to the possible biological implications of the hypothesis that dark
matter corresponds to macroscopic quantum phases characterized by a large value of Planck
constant and is the key actor in living matter.

4. A possible identification of quantum correlates of sensory qualia is discussed assuming that
qualia are in one-one correspondence with the increments of quantum numbers in quantum
jump. Also a simple model for sensory receptor is introduced.

I must apologize the fact the implications of the dark matter revolution have not been thor-
oughly considered in this book. Same applies to the implications of zero energy ontology.

1.5 Sources

The eight online books about TGD [K86, K66, K100, K75, K52, K99, K98, K72] and nine online
books about TGD inspired theory of consciousness and quantum biology [K79, K12, K58, K10,
K32, K40, K44, K71, K93] are warmly recommended for the reader willing to get overall view
about what is involved.

My homepage (http://www.tgdtheory.com/curri.html) contains a lot of material about
TGD. In particular, there is summary about TGD and its applications using CMAP represen-
tation serving also as a TGD glossary [L9, L10] (see http://www.tgdtheory.fi/cmaphtml.html
and http://www.tgdtheory.fi/tgdglossary.pdf).

I have published articles about TGD and its applications to consciousness and living matter
in Journal of Non-Locality (http://journals.sfu.ca/jnonlocality/index.php/jnonlocality
founded by Lian Sidorov and in Prespacetime Journal (http://prespacetime.com), Journal of
Consciousness Research and Exzploration (https://www.createspace.com/4185546), and DNA
Decipher Journal (http://dnadecipher.com), all of them founded by Huping Hu. One can find
the list about the articles published at http://www.tgdtheory.com/curri.html. I am grateful
for these far-sighted people for providing a communication channel, whose importance one cannot
overestimate.

1.6 The contents of the book
1.6.1 PART I: BIO-SYSTEMS AS SUPER CONDUCTORS

Bio-Systems as Super-Conductors: Part I

In this chapter various TGD based ideas related to the role of super-conductivity in bio-systems
are studied. TGD inspired theory of consciousness provides several motivations for this.

1. Empirical evidence for high T, superconductivity in bio-systems

There is evidence for super-conductivity in bio-systems. DNA should be insulator but un-
der some circumstances it becomes conductor and perhaps even high T, quantum critical super-
conductor. Also evidence for Josephson effect has been reported. The so called ORMESs patented
by Hudson are claimed to behave like superconductors: unfortunately the academic world has not
taken these claims seriously enough to test them. The claimed properties of ORMESs conform with
high quantum critical T, super-conductivity and superfluidity. The strange findings about the
strange quantal behavior of ionic currents through cell membranes suggest the presence of ionic
supra currents.

2. Model for high T, superconductivity
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A model for high T, super-conductivity as quantum critical phenomenon is developed. The
relies on the notions of quantum criticality, dynamical quantized Planck constant requiring a
generalization of the 8-D imbedding space to a book like structure, and many-sheeted space-time.
In particular, the notion of magnetic flux tube as a carrier of supra current of central concept.

With a sufficient amount of twisting and weaving these basic ideas one ends up to concrete model
for high T, superconductors as quantum critical superconductors consistent with the qualitative
facts that I am personally aware. The following minimal model looks the most realistic option
found hitherto.

1.

The general idea is that magnetic flux tubes are carriers of supra currents. In anti-ferromagnetic
phases these flux tube structures form small closed loops so that the system behaves as an
insulator. Some mechanism leading to a formation of long flux tubes must exist. Doping
creates holes located around stripes, which become positively charged and attract electrons
to the flux tubes.

. The higher critical temperature T, corresponds to a formation local configurations of parallel

spins assigned to the holes of stripes giving rise to a local dipole fields with size scale of the
order of the length of the stripe. Conducting electrons form Cooper pairs at the magnetic flux
tube structures associated with these dipole fields. The elongated structure of the dipoles
favors angular momentum L = 2 for the pairs. The presence of magnetic field favors Cooper
pairs with spin S = 1.

. Stripes can be seen as 1-D metals with delocalized electrons. The interaction responsible for

the energy gap corresponds to the transversal oscillations of the magnetic flux tubes inducing
oscillations of the nuclei of the stripe. These transverse phonons have spin and their exchange
is a good candidate for the interaction giving rise to a mass gap. This could explain the BCS
type aspects of high T, super-conductivity.

. Above T, supra currents are possible only in the length scale of the flux tubes of the dipoles

which is of the order of stripe length. The reconnections between neighboring flux tube struc-
tures induced by the transverse fluctuations give rise to longer flux tubes structures making
possible finite conductivity. These occur with certain temperature dependent probability
p(T, L) depending on temperature and distance L between the stripes. By criticality p(T, L)
depends on the dimensionless variable z = TL/h only: p = p(x). At critical temperature
T, transverse fluctuations have large amplitude and makes p(z.) so large that very long flux
tubes are created and supra currents can run. The phenomenon is completely analogous to
percolation.

. The critical temperature T. = z.h/L is predicted to be proportional to h and inversely

proportional to L (, which is indeed to be the case). If flux tubes correspond to a large value
of h, one can understand the high value of T,. Both Cooper pairs and magnetic flux tube
structures represent dark matter in TGD sense.

. The model allows to interpret the characteristic spectral lines in terms of the excitation

energy of the transversal fluctuations and gap energy of the Cooper pair. The observed 50
meV threshold for the onset of photon absorption suggests that below T also S = 0 Cooper
pairs are possible and have gap energy about 9 meV whereas S = 1 Cooper pairs would have
gap energy about 27 meV. The flux tube model indeed predicts that S = 0 Cooper pairs
become stable below T since they cannot anymore transform to S = 1 pairs. Their presence
could explain the BCS type aspects of high T, super-conductivity. The estimate for %i/fig = r
from critical temperature 7T, is about r = 3 contrary to the original expectations inspired
by the model of of living system as a super-conductor suggesting much higher value. An
unexpected prediction is that coherence length is actually r times longer than the coherence
length predicted by conventional theory so that type I super-conductor could be in question
with stripes serving as duals for the defects of type I super-conductor in nearly critical
magnetic field replaced now by ferromagnetic phase.

. TGD suggests preferred values for r = ii/hy. For the most general option the values of &

are products and ratios of two integers n, and n,. Ruler and compass integers defined by
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the products of distinct Fermat primes and power of two are number theoretically favored
values for these integers because the phases exp(i2m/n;), i € {a,b}, in this case are number
theoretically very simple and should have emerged first in the number theoretical evolution via
algebraic extensions of p-adics and of rationals. p-Adic length scale hypothesis favors powers
of two as values of 7. The hypothesis that Mersenne primes M, = 2% — 1, k € {89,107, 127},
and Gaussian Mersennes Mg, = (1 +14)k — 1, k € {113,151, 157,163,167,239,241..} (the
number theoretical miracle is that all the four p-adic length scales sith k € {151, 157,163,167}
are in the biologically highly interesting range 10 nm-2.5 um) define scaled up copies of
electro-weak and QCD type physics with ordinary value of & and that these physics are
induced by dark variants of each other leads to a prediction for the preferred values of
r =2k kg =k — k;, and the resulting picture finds support from the ensuing models for
biological evolution and for EEG.

At qualitative level the model explains various strange features of high T, superconductors. One
can understand the high value of T, and ambivalent character of high T, super conductors, the
existence of pseudogap and scalings laws for observables above T, the role of stripes and doping
and the existence of a critical doping, etc...

3. The model for superconductivity in living matter

The model for high T, superconductivity was inspired by the model of bio-superconductivity in
which the flux tubes of magnetic fields are carriers of supra currents and the large value of Planck
constant guarantees that gap energy and critical temperature are high enough. The transversal
fluctuations of flux tubes provide the counterpart of phonons generating energy gap. Besides dark
Cooper pairs also the Bose-Einstein condensates of dark bosonic ions define candidates for super-
conducting phases provided that the gap energies in longitudinal and transversal magnetic degrees
of freedom are high enough. High enough values of Planck constant can guarantee this.

Bio-Systems as Super-Conductors: Part II

This chapter is devoted to further applications of the theory of high T, superconductors as quantum
critical superconductors involving dark matter hierarchy and large values of A. A new element is
the model of cell membrane as almost vacuum extremal acting as Josephson junction. The theory
is applied to explain the strange findings about ionic currents through cell membrane, and the
possibility that superconductivity and Bose-Einstein condensates are involved with atmospheric
phenomena is considered.

1. Strange behavior of cellular water and quantal ionic currents through cell membrane

The fact that cellular water does not leak out of cell in a centrifugal force suggests that some
fraction of water inside cell is in different phase. One explanation is that the nuclei of water inside
cell are in doubly dark phase whereas electrons are in singly dark phase (having Compton length
of 5 nm and perhaps directly ”visible” using day technology!) as indeed predicted by the model of
high Tc superconductivity. This conceptual framework could explain various findings challenging
the notions of ionic pumps.

The empirical findings challenging the notions of ionic pumps and channels, nicely summarized
by G. Pollack in his book, provide a strong support for the notions of many-sheeted space-time
and ionic super-conductivity.

1. The selectivity of the cell membrane implies that channels cannot be simple sieves and there
must be complex information processing involved.

2. The needed number of pumps specialized to particular ions is astronomical and the first
question is where to put all these channels and pumps. On the other hand, if the cell
constructs the pump or channel specialized to a given molecule only when needed, how does
it know what the pump looks like if it has never seen the molecule? The needed metabolic
energy to achieve all the pumping and channelling is huge. Strangely enough, pumping does
not stop when cell metabolism stops.

3. One can also wonder why the ionic currents through cell membrane look quantal and are
same through cell membrane and silicon rubber membrane.
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These observations suggest strongly the presence non-dissipative ionic currents and quantum
self-organization. The TGD based explanation would be in terms of high T, electronic and possibly
even ionic superconductivity associated with cell membrane made possible by the large / phase for
nuclei and electrons in the interior of cell. It however seems that thermal stability conditions allow
only protonic Cooper pairs in the model of ionic Cooper pairs based on direct generalization of the
model of high T, electronic super conductivity. This does not however mean that quantal ionic
currents would be absent. This empirical input also supports a view about homeostasis as a many-
sheeted ionic flow equilibrium controlled by larger space-time sheets with the mediation of massless
extremals (MEs) serving as space-time correlates for Bose-Einstein condensates of massless bosons
(also of scaled down dark electro-weak bosons and gluons).

In the proposed picture one can understand how extremely low densities of ions and their supra
currents can control much higher ion densities at the atomic space-time sheets. The liquid crystal
nature of the bio-matter is crucial for the model. This vision allows also much better understanding
of the effects of ELF em fields on bio-matter. Also the effects of homeopathic remedies and
acupuncture known to crucially involve electromagnetic frequency signatures of chemicals can be
understood if homeostasis is based on many-sheeted ionic flow equilibrium.

2. Cell membrane space-time sheet almost vacuum extremal?

It has been clear from the beginning that the nearly vacuum extremals of K&hler action could
play key role key role in living systems. The reason is their criticality making them ideal systems
for sensory perception. These extremals carry classical em and Z° fields related to each other by a
constant factor and this could explain the large parity breaking effects characterizing living matter.
The assumption that cell membranes are nearly vacuum extremals and that nuclei can feed their
79 charges to this kind of space-time sheets (not true for atomic electrons) in living matter leads
to a modification of the model for the cell membrane as Josephson junction. Also a model of
photoreceptors explaining the frequencies of peak sensitivity as ionic Josephson frequencies and
allowing the dual identifications Josephson radiation as biophotons (energies) and EEG radiation
(frequencies) emerge since the values of Planck constant can be very large. The value of the
Weinberg angle in this phase is fixed to sin?(fy ) = .0295, whereas in standard phase the value is
given by sin?(fw) = .23. The significance of this quantitative success for TGD and TGD inspired
quantum biology cannot be over-estimated. It seems that membrane like structures near vacuum
extremals analogous to cell membrane could provide a general approach to various anomalous
phenomena involving plasma phase and luminous phenomena.

8. Fractal hierarchy of magnetic flux sheets and the hierarchy of genomes

The notion of magnetic body is central in the TGD inspired theory of living matter. Every
system possesses magnetic body and there are strong reasons to believe that the magnetic body
associated with human body is of order Earth size and that there could be an entire hierarchy of
these bodies with even much larger sizes. Therefore the question arises what one can assume about
these magnetic bodies. The quantization of magnetic flux suggests an answer to this question.

1. The quantization condition for magnetic flux reads in the most general form as ¢ (p—eA)-dl =
nh. If supra currents flowing at the boundaries of the flux tube are absent one obtains
e [ B -dS = nh, which requires that the scaling of the Planck constant scales up the flux
tube thickness by 72 and scaling of B by 1/r. If one assumes that the radii of flux tubes
do not depend on the value of r, magnetic flux is compensated by the contribution of the
supra current flowing around the flux tube: §(p — eA) - dl = 0. The supra currents would
be present inside living organism but in the faraway region where flux quanta from organism
fuse together, the quantization conditions e [ B - dS = nh would be satisfied.

2. From the point of view of EEG especially interesting are the flux sheets which have thickness
L(151) = 10 nm (the thickness of cell membrane) carrying magnetic field having strength of
endogenous magnetic field. In absence of supra currents these flux sheets have very large total
transversal length proportional to 2. The condition that the values of cycloctron energies
are above thermal energy implies that the value of r is of order 2%¢, k; = 44. Strongly folded
flux sheets of this thickness might be associated with living matter and connect their DNAs
to single coherent structure. One can of course assume the presence of supra currents but
outside the organism the flux sheet should fuse to form very long flux sheets.
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3. Suppose that the magnetic flux flows in head to tail direction so that the magnetic flux
arrives to the human body through a layer of cortical neurons. Assume that the flux sheets
traverse through the uppermost layer of neurons and also lower layers and that DNA of each
neuronal nuclei define a transversal sections organized along flux sheet like text lines of a
book page. The total length of DNA in single human cell is about one meter. It seems
that single organism cannot provide the needed total length of DNA if DNA dominates the
contribution. This if of course not at all necessarily since supra currents are possible and
outside the organism the flux sheets can fuse together. This implies however correlations
between genomes of different cells and even different organisms.

These observations inspire the notion of super- and hyper genes. As a matter fact, entire
hierarchy of genomes is predicted. Super genes consist of genes in different cell nuclei arranged
to threads along magnetic flux sheets like text lines on the page of book whereas hyper genes
traverse through genomes of different organisms. Super and hyper genes provide an enormous
representative capacity and together with the dark matter hierarchy allows to resolve the paradox
created by the observation that human genome does not differ appreciably in size from that of
wheat.

4. Bose-FEinstein condensates at magnetic flurz quanta in astrophysical length scales

The model for the topological condensation at magnetic flux quanta of endogenous magnetic
field Benq = .2 Gauss is based on the dark matter hierarchy with levels characterized by the values
of Planck constant. The hypothesis for the preferred values of Planck constans allows to build
quantitative model for the Bose-Einstein condensation at magnetic flux quanta assuming that the
value of Benq scales like 1/h. A justification for this hypothesis comes form flux quantization
conditions and from the similar scaling of Josephson frequencies.

1. There are several levels of dynamics. In topological condensation the internal dynamics of
ions is unaffected and A has the ordinary value. For instance, the formation of Cooper pairs
involves dynamics at kg = 24 = 151 — 127 level of dark matter hierarchy if one assumes
that electrons and Cooper pairs have size given by the cell membrane thickess L(151). Also
the dynamics of ionic Cooper pairs remains unaffected in the topological condensation to
magnetic flux quanta obeying k; > 24 dynamics.

2. Cyclotron energies scale as as /i so that for a sufficiently high value of k; thermal stability
of cyclotron states at room temperature is achieved for a fixed value of B. Same applies
to spin flip transitions in the recent scenario. The model for EEG based on dark matter
hierarchy involves the hypothesis that EEG quanta correspond to Josephson radiation with
energies in the visible and UV range and that they produce in the decay to ordinary photons
either bunches of EEG photons or visible/UV photons. This identification allows to deduce
the value of k; when the frequency of the dark photon is fixed. The Mersenne hypothesis
for the preferred p-adic length scales and values of Planck constants leads to very precise
predictions.

3. Cyclotron energies F = (h/27) x ZeB/Am,, are scaled up by a factor r = 2*¢ from their
ordinary values and for 10 Hz cyclotron frequency are in the range of energies of visible light
for kg = 46.

5. Atmospheric phenomena and superconductivity

There is a considerable evidence that various electromagnetic time scales associated with the
atmospheric phenomena correspond to those associated with brain functioning. If magnetic sensory
canvas hypothesis holds true, this is just what is expected. In this section these phenomena
are considered in more detail with the aim being to build as concrete as possible vision about
the dynamics involving the dark matter Bose-Einstein condensates at super-conducting magnetic
magnetic flux quanta. A new element is the assumed presence of cell membrane like structures
near vacuum extremals. If the potentials differences involved are same order of magnitude as in
the case of cell membrane, the luminous phenomena can be understood in terms of effects caused
by Josephson radiation at visible and UV frequencies.
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Tornadoes and hurricanes provide the first example of self-organizing systems for which Bose-
Einstein condensates of dark matter at magnetic and Z° magnetic flux quanta might be of relevance.
Auroras represent a second phenomenon possibly involving supra currents of Cooper pairs and of
exotic ions. Lightnings, sprites and elves might also involve higher levels of dark matter hierarchy.
p-Adic length scale hypothesis and the hierarchy of Planck constants provide a strong grasp to
these far from well-understood phenomena and allow to build rather detailed models for them as
well as to gain concrete understanding about how dark matter hierarchy manifests itself in the
electromagnetic phenomena at the level of atmosphere.

1.6.2 PART II: TOPOLOGICAL LIGHT RAYS AND WORMHOLE
MAGNETIC FIELDS

Quantum Antenna Hypothesis

So called massless extremals are nonvacuum extremals of both Kahler action and the EYM action
serving as effective action of the theory. These extremals have cylindrical geometry and are carriers
of purely classical vacuum currents and Einstein tensor, which are both light like. These vacuum
currents generate coherent states of photons and gravitons with frequences coming as multiples of
the basic frequency determined by the length of the microtubule. It is proposed that microtubules
and other linear structures could act as quantum antennae so that coherent light is for brain same
as radiowaves for us. Massless extremals associated with axonal microtubules or axons themselves
could serve as waveguides for the photons of coherent light and realize the notion of neural window
abstracted from the paradigm of holographic brain. Vacuum currents could be also behind the
ability of the biosystems to form representations of the external world.

There is indeed evidence for the quantum antenna hypothesis: some monocellulars are known
to possess primitive microtubular vision, biophotons of Popp could could be generated by massless
extremals and the observations of Callahan support the view that odour perception of insects relies
on maserlike emissions by the odour molecules. The coherent light emitted in sonoluminescence
could be generated by lightlike vacuum currents associated with regions with size given roughly
by the diameter of microtubule when vapour-to-liquid phase transition occurs at the final stage of
the bubble collapse. Also the observed direct transformation of kinetic energy of fluid motion to
chemical energy could involve generation of massless extremals.

The lightlike boundaries of MEs have the same miraculous conformal properties as the bound-
ary of future lightcone and MEs also allow holography in the sense of quantum gravity and string
models and there are good hopes to generalize the construction of the configuration space geome-
try and quantum TGD to take into account the classical non-determinism of Kahler action. MEs
provide a justification for the intuition that the supercanonical and superconformal symmetries of
the lightcone boundary 5Mfﬁ x C'Py, which are cosmological symmetries, generalize to approximate
macroscopic symmetries acting on the lightlike boundaries of the spacetime sheets inside future
lightcone and broken only by quantum gravity. Supercanonical symmetries almost-commute with
Poincare symmetries and the gigantic almost-degenerate supercanonical multiplets defined by gen-
uinely quantum gravitational state functionals in the 'world of worlds’ correspond in a well-defined
sense to higher abstraction level expected to be crucial for understanding consciousness. MEs are
also taylor-made for quantum holography and teleportation. Quantum holography conceptualiza-
tion inspires much more detailed views about how biosystems process information and how this
information becomes conscious.

So called massless extremals are nonvacuum extremals of both Ké&hler action and the EYM
action serving as effective action of the theory. These extremals have cylindrical geometry and
are carriers of purely classical vacuum currents and Einstein tensor, which are both light like.
These vacuum currents generate coherent states of photons and gravitons with frequences coming
as multiples of the basic frequency determined by the length of the microtubule. It is proposed
that microtubules and other linear structures could act as quantum antennae so that coherent light
is for brain same as radiowaves for us. Massless extremals associated with axonal microtubules or
axons themselves could serve as waveguides for the photons of coherent light and realize the notion
of neural window abstracted from the paradigm of holographic brain. Vacuum currents could be
also behind the ability of the biosystems to form representations of the external world.

There is indeed evidence for the quantum antenna hypothesis: some monocellulars are known
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to possess primitive microtubular vision, biophotons of Popp could could be generated by massless
extremals and the observations of Callahan support the view that odour perception of insects relies
on maserlike emissions by the odour molecules. The coherent light emitted in sonoluminescence
could be generated by lightlike vacuum currents associated with regions with size given roughly
by the diameter of microtubule when vapour-to-liquid phase transition occurs at the final stage of
the bubble collapse. Also the observed direct transformation of kinetic energy of fluid motion to
chemical energy could involve generation of massless extremals.

The lightlike boundaries of MEs have the same miraculous conformal properties as the bound-
ary of future lightcone and MEs also allow holography in the sense of quantum gravity and string
models and there are good hopes to generalize the construction of the configuration space geome-
try and quantum T'GD to take into account the classical non-determinism of Kéahler action. MEs
provide a justification for the intuition that the supercanonical and superconformal symmetries of
the lightcone boundary 6Mj4r x C'Py, which are cosmological symmetries, generalize to approximate
macroscopic symmetries acting on the lightlike boundaries of the spacetime sheets inside future
lightcone and broken only by quantum gravity. Supercanonical symmetries almost-commute with
Poincare symmetries and the gigantic almost-degenerate supercanonical multiplets defined by gen-
uinely quantum gravitational state functionals in the *world of worlds’ correspond in a well-defined
sense to higher abstraction level expected to be crucial for understanding consciousness. MEs are
also taylor-made for quantum holography and teleportation. Quantum holography conceptualiza-
tion inspires much more detailed views about how biosystems process information and how this
information becomes conscious.

Wormhole Magnetic Fields

It is argued that two purely TGD based concepts: topological field quantization and wormhole BE
condensate are fundamental for the understanding of biosystems.

1. Basic concepts

Quantum classical correspondence suggests that gauge charges and p-adic coupling constant
should have space-time counterparts. The first problem is to define precisely the concepts like clas-
sical gauge charge, gauge flux, topological condensation and evaporation. The crucial ingredients
in the model are so called C'P, type extremals. The realization that # contacts (topological sum
contacts and #p contacts (join along boundaries bonds) are accompanied by causal horizons which
carry quantum numbers and allow identification as partons leads to a solution of this problem.

The partons associated with topologically condensed C P, type extremals carry elementary
particle vacuum numbers whereas the parton pairs associated with # contacts connecting two
space-time sheets with Minkowskian signature of induced metric define parton pairs. These parton
pairs do not correspond to ordinary elementary particles. Gauge fluxes through # contacts can
be identified as gauge charges of the partons. Gauge fluxes between space-time sheets can be
transferred through # and #p contacts concentrated near the boundaries of the smaller space-
time sheet.

2. Model for topologically quantized magnetic fields

Topological field quantization replaces classical magnetic fields with bundles of flux tubes par-
allel to the field lines; flux tubes are cylindrical 3-surfaces with outer boundary. In particular,
"wormhole magnetic fields” having charged wormholes situated at the boundaries of the flux tubes
as their sources, are possible and are vacuum configurations in the sense that they do not contain
ordinary matter at all. Since wormholes are very light particles, they suffer BE condensation, and
the resulting structure is macroscopic quantum system.

If the space-time sheets associated with the wormhole magnetic field have opposite time orien-
tation, the structure can have vanishing net energy and is thus an ideal candidate for a mindlike
space-time sheet (or pair of these). These structures can be glued to the boundary of material
space-time sheet and they form a cognitive local representation for the classical fields at the material
space-time sheets by a direct mimicry! Thus wormhole magnetic fields and more general structures
of the same kind could realize quantum physicist’s version about the computer scientist’s dream
about universe consisting of Turing machines emulating each other.

3. Models for Comorosan effect, phantom DNA effect, and homeopathy
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It is shown that the concept of wormhole magnetic field leads to a rather detailed understanding
of Comorosan effect and phantom DNA effect. Homeopathy could be explained in terms of the
mindlike space-time sheets mimicking the properties of the drug and left to the solution in the
repeated dilution of the drug. Wormhole magnetic fields provide a quantum mechanism of control
from distance, say of the control of the behavior of cell organelles by cell nucleus as well as a model
for the memory of bio-system in terms of integer valued winding numbers identifiable as quantized
momenta of wormhole supra currents. Wormhole magnetic fields can also represent defects of
electron and neutrino super conductors and serve as a templates for the topological condensation
of ordinary matter. The fact that wormhole flux tubes are hollow cylinders, is in nice accordance
with this idea (microtubules, axonal membranes, etc. are hollow cylinders).

4. TGD inspired model for psychokinesis

A model of psychokinesis (PK) based on the concept of wormhole magnetic field is proposed.
The basic philosophy is that PK is not just some isolated exotic phenomenon but only a special
case of the voluntary control of bodily motions, which we all routinely perform. The only difference
is that the range of voluntary control extends over the boundaries of the body in case of PK. The
conclusion is that PK phenomena must involve classical long range fields, which give for bio-systems
spatial extension larger than what is visible (that is hands with which to grasp on external object!).
According to TGD inspired theory of consciousness, cell, and even DNA can be conscious, and
perform choices. Thus the model should also provide understanding about small scale bio-control
such as the (possibly voluntary!) control of the motion of cell organelles performed by cell nucleus.
There is also alternative approach to the understanding of psychokinesis based on the possibility of
creation of space-time sheets having negative time orientation and negative classical energy density
and one could consider the possibility that poltergeist effects could involve this mechanism. Many-
sheeted space-time concept makes possible also psychokinesis based on levitation: what is needed
that subsystem is able to topologically condense to a sufficiently large space-time sheet carrying
very weak gravitational fields.

1.6.3 PART III: DARK MATTER AND LIVING MATTER
Dark Nuclear Physics and Condensed Matter

In this chapter the possible effects of dark matter in nuclear physics and condensed matter physics
are considered. The spirit of the discussion is necessarily rather speculative since the vision about
the hierarchy of Planck constants is only 5 years old. The most general form of the hierarchy
would involve both singular coverings and factors spaces of C'D (causal diamond of M%) defined
as intersection of future and past directed light-cones) and C'P,. There are grave objections
against the allowance of factor spaces. In this case Planck constant could be smaller than its
standard value and there are very few experimental indications for this. Quite recently came the
realization that the hierarchy of Planck constants might emerge from the basic quantum TGD as
a consequence of the extreme non-linearity of field equations implying that the correspondence
between the derivatives of imbedding space coordinates and canonical momentum is many-to-one.
This makes natural to the introduction of covering spaces of CD and C' P,. Planck constant would
be effectively replaced with a multiple of ordinary Planck constant defined by the number of the
sheets of the covering. The space-like 3-surfaces at the ends of the causal diamond and light-like
3-surfaces defined by wormhole throats carrying elementary particle quantum numbers would be
quantum critical in the sense of being unstable against decay to many-sheeted structures. Charge
fractionization could be understood in this scenario. Biological evolution would have the increase
of the Planck constant as as one aspect. The crucial scaling of the size of C D by Planck constant
can be justified by a simple argument. Note that primary p-adic length scales would scale as VA
rather than A as assumed in the original model.

1. What darkness means?

Dark matter is identified as matter with non-standard value of Planck constant. The weak form
of darkness states that only some field bodies of the particle consisting of flux quanta mediating
bound state interactions between particles become dark. One can assign to each interaction a
field body (em, Z°, W, gluonic, gravitational) and p-adic prime and the value of Planck constant
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characterize the size of the particular field body. One might even think that particle mass can be
assigned with its em field body and that Compton length of particle corresponds to the size scale
of em field body.

Nuclear string model suggests that the sizes of color flux tubes and weak flux quanta associated
with nuclei can become dark in this sense and have size of order atomic radius so that dark nuclear
physics would have a direct relevance for condensed matter physics. If this happens, it becomes
impossible to make a reductionistic separation between nuclear physics and condensed matter
physics and chemistry anymore.

2. What dark nucleons are?

The basic hypothesis is that nuclei can make a phase transition to dark phase in which the size
of both quarks and nuclei is measured in Angstroms. For the less radical option this transition
could happen only for the color, weak, and em field bodies. Proton connected by dark color bonds
super-nuclei with inter-nucleon distance of order atomic radius might be crucial for understanding
the properties of water and perhaps even the properties of ordinary condensed matter. Large &
phase for weak field body of D and Pd nuclei with size scale of atom would explain selection rules
of cold fusion.

8. Anomalous properties of water and dark nuclear physics

A direct support for partial darkness of water comes from the H; 50 chemical formula supported
by neutron and electron diffraction in attosecond time scale. The explanation could be that one
fourth of protons combine to form super-nuclei with protons connected by color bonds and having
distance sufficiently larger than atomic radius.

The crucial property of water is the presence of molecular clusters. Tedrahedral clusters allow
an interpretation in terms of magic Z=8 protonic dark nuclei. The icosahedral clusters consisting
of 20 tedrahedral clusters in turn have interpretation as magic dark dark nuclei: the presence of
the dark dark matter explains large portion of the anomalies associated with water and explains
the unique role of water in biology. In living matter also higher levels of dark matter hierarchy are
predicted to be present. The observed nuclear transmutation suggest that also light weak bosons
are present.

4. Implications of the partial darkness of condensed matter

The model for partially dark condensed matter inspired by nuclear string model and the model
of cold fusion inspired by it allows to understand the low compressibility of the condensed matter as
being due to the repulsive weak force between exotic quarks, explains large parity breaking effects
in living matter, and suggests a profound modification of the notion of chemical bond having most
important implications for bio-chemistry and understanding of bio-chemical evolution.

Dark Forces and Living Matter

The unavoidable presence of classical long ranged weak (and also color) gauge fields in TGD
Universe has been a continual source of worries for more than two decades. The basic question
has been whether Z° charges of elementary particles are screened in electro-weak length scale or
not. Same question msut be raised in the case of color charges. For a long time the hypothesis was
that the charges are feeded to larger space-time sheets in this length scale rather than screened by
vacuum charges so that an effective screening results in electro-weak length scale. This hypothesis
turned out to be a failure and was replaced with the idea that the non-linearity of field equations
(only topological half of Maxwell’s equations holds true) implies the generation of vacuum charge
densities responsible for the screening.

The weak form of electric-magnetic duality led to the identification of the long sought for
mechanism causing the weak screening in electroweak scales. The basic implication of the duality
is that Kéahler electric charges of wormhole throats representing particles are proportional to Kahler
magnetic charges so that the C'P, projections of the wormhole throats are homologically non-trivial.
The Kéhler magnetic charges do not create long range monopole fields if they are neutralized by
wormhole throats carrying opposite monopole charges and weak isospin neutralizing the axial
isospin of the particle’s wormhole throat. One could speak of confinement of weak isospin. The
weak field bodies of elementary fermions would be replaced with string like objects with a length
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of order W boson Compton length. Electro-magnetic flux would be feeded to electromagnetic field
body where it would be feeded to larger space-time sheets. Similar mechanism could apply in the
case of color quantum numbers. Weak charges would be therefore screened for ordinary matter
in electro-weak length scale but dark electro-weak bosons correspond to much longer symmetry
breaking length scale for weak field body. Large values of Planck constant would make it possible
to zoop up elementary particles and study their internal structure without any need for gigantic
accelerators.

In this chapter possible implications of the dark weak force for the understanding of living
matter are discussed. The basic question is how classical Z° fields could make itself visible. Large
parity breaking effects in living matter suggests which direction one should look for the answer
to the question. One possible answer is based on the observation that for vacuum extremals
classical electromagnetic and Z° fields are proportional to each other and this means that the
electromagnetic charges of dark fermions standard are replaced with effective couplings in which
the contribution of classical Z° force dominates. This modifies dramatically the model for the
cell membrane as a Josephson junction and raises the scale of Josephson energies from IR range
just above thermal threshold to visible and ultraviolet. The amazing finding is that the Josephson
energies for biologically important ions correspond to the energies assigned to the peak frequencies
in the biological activity spectrum of photoreceptors in retina suggesting. This suggests that almost
vacuum extremals and thus also classical Z fields are in a central role in the understanding of the
functioning of the cell membrane and of sensory qualia. This would also explain the large parity
breaking effects in living matter.

A further conjecture is that EEG and its predicted fractally scaled variants which same energies
in visible and UV range but different scales of Josephson frequencies correspond to Josephson
photons with various values of Planck constant. The decay of dark ELF photons with energies
of visible photons would give rise to bunches of ordinary ELF photons. Biophotons in turn could
correspond to ordinary visible photons resulting in the phase transition of these photons to photons
with ordinary value of Planck constant. This leads to a very detailed view about the role of dark
electromagnetic radiation in biomatter and also to a model for how sensory qualia are realized.
The general conclusion might be that most effects due to the dark weak force are associated with
almost vacuum extremals.

About the New Physics Behind Qualia

This chapter was originally about the new physics behind qualia. The model of qualia indeed
involves a lot of new physics: many-sheeted space-time; massless extremals; exotic Super Virasoro
representations associated with discrete qualia; magnetic and cyclotron phase transitions associated
with quantum critical quantum spin glass phases of exotic super conductors at cellular space-time
sheets; classical color and electro-weak gauge fields in macroscopic length scales, to name the most
important ingredients. Gradually the chapter however expanded so that it touches practically all
new physics possibly relevant to TGD inspired quantum biology. Various physical mechanisms are
discussed in exploratory spirit rather than restricting the consideration to those ideas which seem
to be the final word about quantum biology or qualia just at this moment.
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Chapter 2

Bio-Systems as Super-Conductors:
Part I

2.1 Introduction

In this chapter various TGD based ideas related to high T, superconductivity and to the role
of super-conductivity in bio-systems are studied. TGD inspired theory of consciousness provides
several motivations for this.

1. Supra currents and Josephson currents provide excellent tools of bio-control allowing large
space-time sheets to control the smaller space-time sheets. The predicted hierarchy of dark
matter phases characterized by a large value of h and thus possessing scaled up Compton and
de Broglie wavelengths allows to have quantum control of short scales by long scales utilizing
de-coherence phase transition. Quantum criticality is the basic property of TGD Universe
and quantum critical super-conductivity is therefore especially natural in TGD framework.
The competing phases could be ordinary and large i phases and supra currents would flow
along the boundary between the two phases.

2. It is possible to make a tentative identification of the quantum correlates of the sensory
qualia quantum number increments associated with the quantum phase transitions of vari-
ous macroscopic quantum systems [K31] and various kind of Bose-Einstein condensates and
super-conductors are the most relevant ones in this respect.

3. The state basis for the fermionic Fock space spanned by N creation operators can be regarded
as a Boolean algebra consisting of statements about N basic statements. Hence fermionic
degreees of freedom could correspond to the Boolean mind whereas bosonic degrees of free-
dom would correspond to sensory experiencing and emotions. The integer valued magnetic
quantum numbers (a purely TGD based effect) associated with the defect regions of super
conductors of type I provide a very robust information storage mechanism and in defect
regions fermionic Fock basis is natural. Hence not only fermionic super-conductors but also
their defects are biologically interesting [K33, K61, K23] .

2.1.1 General ideas about super-conductivity in many-sheeted space-
time

The notion of many-sheeted space-time alone provides a strong motivation for developing TGD
based view about superconductivity and I have developed various ideas about high T, super-
conductivity [D23] in parallel with ideas about living matter as a macroscopic quantum system. A
further motivation and a hope for more quantitative modelling comes from the discovery of various
non-orthodox super-conductors including high 7, superconductors [D23, D64, D6] , heavy fermion
super-conductors and ferromagnetic superconductors [D48, D34, D30] . The standard BCS theory
does not work for these super-conductors and the mechanism for the formation of Cooper pairs is
not understood. There is experimental evidence that quantum criticality [D61] is a key feature of
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many non-orthodox super-conductors. TGD provides a conceptual framework and bundle of ideas
making it possible to develop models for non-orthodox superconductors.

Quantum criticality, hierarchy of dark matters, and dynamical A

Quantum criticality is the basic characteristic of TGD Universe and quantum critical supercon-
ductors provide an excellent test bed to develop the ideas related to quantum criticality into a
more concrete form. The hypothesis that Planck constants in C'D (causal diamond defined as the
intersection of the future and past directed light-cones of M%) and C P, degrees of freedom are
dynamical possessing quantized spectrum given as rational multiples of minimum value of Planck
constant [K26, K24] adds further content to the notion of quantum criticality.

The value of /i is in the general case given by h = z,xphp (as it became clear after few guesses).
a refers to CD and b to CP,. xz; = n; holds true for singular coverings and x; = 1/n; for singular
factor spaces. n is is the order of maximal cyclic subgroup Z, C G, where GG defines singular
covering or factor space. In principle all rational values of r = fi/h are possible.

Phases with different values x; behave like dark matter with respect to each other in the sense
that they do not have direct interactions except at criticality corresponding to a leakage between
different sectors of imbedding space glued together along C'D or C'P; factors. The scalings of CD
and CP, covariant metrics are from anyonic arguments given by 72 and 1 so that the value of
effective h appearing in Schrodinger equation is given by r = x,x;, and in principle can have all
positive rational values. In large A(C'D) phases various quantum time and length scales are scaled
up which means macroscopic and macro-temporal quantum coherence.

Number theoretic considerations favor the hypothesis that the integers corresponding to Fermat
polygons constructible using only ruler and compass and given as products ny = 2% [] s Fs, where
F, = 22" 4+ 1 are distinct Fermat primes, are favored. The reason would be that quantum phase
g = exp(im/n) is in this case expressible using only iterated square root operation by starting from
rationals. The known Fermat primes correspond to s = 0,1, 2,3,4 so that the hypothesis is very
strong and predicts that p-adic length scales have satellite length scales given as multiples of ng
of fundamental p-adic length scale.

The only coupling constant strength of theory is Kéhler coupling constant g7 which appears
in the definition of the Kéhler function K characterizing the geometry of the configuration space
of 3-surfaces (the ”"world of classical worlds”). The exponent of K defines vacuum functional anal-
ogous to the exponent of Hamiltonian in thermodynamics. The allowed value(s) of g%, which is
(are) analogous to critical temperature(s), is (are) determined by quantum criticality requirement.
Contrary to the original hypothesis inspired by the requirement that gravitational coupling is renor-
malization group invariant, ax does not seem to depend on p-adic prime whereas gravitational
constant is proportional to Lf,. The situation is saved by the assumption that gravitons corre-
spond to the largest non-super-astrophysical Mersenne prime M;js7 so that gravitational coupling
is effectively RG invariant in p-adic coupling constant evolution [K5] .

R(CD) and A(CP,) appear in the commutation and anti-commutation relations of various
superconformal algebras. Only r = h/hg = z,2, of CD and CP, Planck constants appears in
Kahler action and is due to the fact that the CD and C'P, metrics of the imbedding space sector
with given values of Planck constants are proportional to the corresponding Planck constants [K26)
. This implies that Kahler function codes for radiative corrections to the classical action, which
makes possible to consider the possibility that higher order radiative corrections to functional
integral vanish as one might expect at quantum criticality. For a given p-adic length scale space-
time sheets with all allowed values of Planck constants are possible. Hence the spectrum of quantum
critical fluctuations could in the ideal case correspond to the spectrum of Planck constants coding
for the scaled up values of Compton lengths and other quantal lengths and times. If so, large i
phases could be crucial for understanding of quantum critical superconductors, in particular high
T. superconductors. For a fixed value of z,x; one obtains zoomed up versions of particles with
size scaled up by z,xp.

A further great idea is that the transition to large i phase occurs when perturbation theory
based on the expansion in terms of gauge coupling constant ceases to converge: Mother Nature
would take care of the problems of theoretician. The transition to large A phase obviously reduces
gauge coupling strength a so that higher orders in perturbation theory are reduced whereas the
lowest order ”classical” predictions remain unchanged. A possible quantitative formulation of the
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criterion is that maximal 2-particle gauge interaction strength parameterized as Q1Qs« satisfies
the condition Q1 Q2 ~ 1.

TGD actually predicts an infinite hierarchy of phases behaving like dark or partially dark
matter with respect to the ordinary matter [K30] and the value of 7 is only one characterizer of
these phases. These phases, especially so large h phase, seem to be essential for the understanding of
even ordinary hadronic, nuclear and condensed matter physics [K30, K74, K24] . This strengthens
the motivations for finding whether dark matter might be involved with quantum critical super-
conductivity.

Cusp catastrophe serves as a metaphor for criticality. In the recent case temperature and doping
are control variables and the tip of cusp is at maximum value of T,. Critical region correspond
to the cusp catastrophe. Quantum criticality suggests the generalization of the cusp to a fractal
cusp. Inside the critical lines of cusp there are further cusps which corresponds to higher levels in
the hierarchy of dark matters labeled by increasing values of i and they correspond to a hierarchy
of subtle quantum coherent dark matter phases in increasing length scales. The proposed model
for high T, super-conductivity involves only single value of Planck constant but it might be that
the full description involves very many values of them.

Many-sheeted space-time concept and ideas about macroscopic quantum phases

Many-sheeted space-time leads to obvious ideas concerning the realization of macroscopic quantum
phases.

1. The dropping of particles to larger space-time sheets is a highly attractive mechanism of
super-conductivity. If space-time sheets are thermally isolated, the larger space-time sheets
could be at extremely low temperature and super-conducting.

2. The possibility of large i phases allows to give up the assumption that space-time sheets
characterized by different p-adic length scales are thermally isolated. The scaled up versions
of a given space-time sheet corresponding to a hierarchy of values of & are possible such
that the scale of kinetic energy and magnetic interaction energy remain same for all these
space-time sheets. For the scaled up variants of space-time sheet the critical temperature for
superconductivity could be higher than room temperature.

3. The idea that wormhole contacts can form macroscopic quantum phases and that the inter-
action of ordinary charge carriers with the wormhole contacts feeding their gauge fluxes to
larger space-time sheets could be responsible for the formation of Cooper pairs, have been
around for a decade [K90] . The rather recent realization that wormhole contacts can be
actually regarded as space-time correlates for Higgs particles suggests also a new view about
the photon massivation in super-conductivity.

4. Quantum classical correspondence has turned out be a very powerful idea generator. For
instance, one can ask what are the space-time correlates for various notions of condensed
matter such as phonons, BCS Cooper pairs, holes, etc...

2.1.2 TGD inspired model for high 7T, superconductivity

The TGD inspired model for high T, super-conductivity relies on the notions of quantum criticality,
dynamical quantized Planck constant requiring a generalization of the 8-D imbedding space to a
book like structure, and many-sheeted space-time. In particular, the notion of magnetic flux tube
as a carrier of supra current of central concept.

With a sufficient amount of twisting and weaving these basic ideas one ends up to concrete
models for high T, superconductors as quantum critical superconductors consistent with the qual-
itative facts that I am personally aware. The following minimal model looks the most realistic
option found hitherto.

1. The general idea is that magnetic flux tubes are carriers of supra currents. In anti-ferromagnetic
phases these flux tube structures form small closed loops so that the system behaves as an
insulator. Some mechanism leading to a formation of long flux tubes must exist. Doping
creates holes located around stripes, which become positively charged and attract electrons
to the flux tubes.
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. Usually magnetic field tends to destroy Cooper pairs since it tends to flip the spins of elec-

trons of pair to same direction. In TGD flux quantization comes in rescue and magnetic
fields favor the formation of Cooper pairs. If one has two parallel flux tubes with opposite
directions of magnetic fluxes with large value of h.rs = nh, S = 0 Cooper pairs with even
L > 2 are favored. This situation is encountered in systems near antiferromagnetic phase
transition in small scales leading to formation of sequences of flux loops carrying Cooper
pairs. Macroscopic super-conductivity results when the loops are reconnected to two long
flux tubes with opposite fluxes. If the magnetic fluxes have same sign, S = 1 Cooper pairs
with odd L > 1 are favored.

. The higher critical temperature T, corresponds to a formation local configurations of parallel

spins assigned to the holes of stripes giving rise to a local dipole fields with size scale of the
order of the length of the stripe. Conducting electrons form Cooper pairs at the magnetic
flux tube structures associated with these dipole fields. The presence of magnetic field favors
Cooper pairs with spin S = 1. It took long time to realize that pairs of large h.rs magnetic
flux tubes with fluxes in opposite directions are ideal for carrying Cooper pairs with members
of the pair at the different flux tubes. Large spin interaction energy with magnetic field
proportional to h.yy = nh stablizes the pair.

. Stripes can be seen as 1-D metals with de-localized electrons. The interaction responsible

for the energy gap corresponds to the transversal oscillations of the magnetic flux tubes
inducing oscillations of the nuclei of the stripe. These transverse phonons have spin and
their exchange is a good candidate for the interaction giving rise to a mass gap. This could
explain the claimed BCS type aspects of high T, super-conductivity. Another interpretation
is as spin density waves now known to be important for high temperature superconductivity.

. Above T, supra currents are possible only in the length scale of the flux tubes of the dipoles

which is of the order of stripe length. The reconnections between neighboring flux tube struc-
tures induced by the transverse fluctuations give rise to longer flux tubes structures making
possible finite conductivity. These occur with certain temperature dependent probability
p(T, L) depending on temperature and distance L between the stripes. By criticality p(T, L)
depends on the dimensionless variable x = T'L/h only: p = p(x). At critical temperature
T, transverse fluctuations have large amplitude and makes p(z.) so large that very long flux
tubes are created and supra currents can run. The phenomenon is completely analogous to
percolation [D11] .

. The critical temperature T. = x.h/L is predicted to be proportional to A and inversely

proportional to L (, which is indeed to be the case). If flux tubes correspond to a large value
of A, one can understand the high value of T,. Both Cooper pairs and magnetic flux tube
structures represent dark matter in TGD sense.

. The model allows to interpret the characteristic spectral lines in terms of the excitation

energy of the transversal fluctuations and gap energy of the Cooper pair. The observed 50
meV threshold for the onset of photon absorption suggests that below T, also S = 0 Cooper
pairs are possible and have gap energy about 9 meV whereas S = 1 Cooper pairs would have
gap energy about 27 meV. The flux tube model indeed predicts that S = 0 Cooper pairs
become stable below T, since they cannot anymore transform to S = 1 pairs. Their presence
could explain the BCS type aspects of high T, super-conductivity. The estimate for ii/hy = r
from critical temperature T, is about r = 3 contrary to the original expectations inspired
by the model of of living system as a super-conductor suggesting much higher value. An
unexpected prediction is that coherence length is actually r times longer than the coherence
length predicted by conventional theory so that type I super-conductor could be in question
with stripes serving as duals for the defects of type I super-conductor in nearly critical
magnetic field replaced now by ferromagnetic phase.

. TGD suggests preferred values for r = h/hg and the applications to bio-systems favor powers

of r = 211, r = 2! predicts that electron Compton length is of order atomic size scale.
Bio-superconductivity could involve electrons with r = 222 having size characterized by the
thickness of the lipid layer of cell membrane.
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At qualitative level the model explains various strange features of high T, superconductors. One
can understand the high value of T, and ambivalent character of high T, super conductors, the
existence of pseudogap and scalings laws for observables above T, the role of stripes and doping
and the existence of a critical doping, etc...

The model explains the observed ferromagnetic super-conductivity at quantum criticality [D48]
. Since long flux tubes already exist, the overcritical transverse of fluctuations of the magnetic flux
tubes inducing reconnections are now not responsible for the propagation of the super currents
now. The should however provide the binding mechanism of S = 1, L = 2 Cooper pairs via the
coupling of the fluctuations to excitation in the direction of flux tubes. I have considered effectively
one-dimensional phonons in the direction of flux tubes as a candidates for this excitation. Spin
density waves looks however a more realistic possibility. Also a modulated ferromagnetic phase
consisting of stripes of opposite magnetization direction allows superconductivity [D48] and could
be understood in terms of S = 0 Cooper pairs with electrons of the pair located at the neighboring
stripes (flux tubes in TGD model.

2.1.3 Empirical evidence for high 7, superconductivity in bio-systems

There is evidence for super-conductivity in bio-systems. DNA should be insulator but under
some circumstances it becomes conductor [I28] and perhaps even high T, quantum critical super-
conductor. Also evidence for Josephson effect has been reported [D33] . The so called ORMEs
patented by Hudson [H13] are claimed to behave like superconductors: unfortunately the academic
world has not taken these claims seriously enough to test them. The claimed properties of ORMEs
conform with high quantum critical T, super-conductivity and superfluidity. The strange findings
about the strange quantal behavior of ionic currents through cell membranes [I52] suggest the
presence of ionic supra currents. This evidence is discussed in the next chapter [K14] .

2.2 General TGD based view about super-conductivity

Today super-conductivity includes besides the traditional low temperature super-conductors many
other non-orthodox ones [D60] . These unorthodox super-conductors carry various attributes such
as cuprate, organic, dichalcogenide, heavy fermion, bismute oxide, ruthenate, antiferromagnetic
and ferromagnetic. Mario Rabinowitz has proposed a simple phenomenological theory of super-
fluidity and super-conductivity which helps non-specialist to get a rough quantitative overall view
about super-conductivity [D60] .

2.2.1 Basic phenomenology of super-conductivity

The following provides the first attempt by a non-professional to form an overall view about super-
conductivity.

Basic phenomenology of super-conductivity

The transition to super-conductivity occurs at critical temperature T, and involves a complete
loss of electrical resistance. Super-conductors expel magnetic fields (Meissner effect) and when the
external magnetic field exceeds a critical value H, super-conductivity is lost either completely or
partially. In the transition to super-conductivity specific heat has singularity. For long time mag-
netism and super-conductivity were regarded as mutually exclusive phenomena but the discovery
of ferromagnetic super-conductors [D48, D30] has demonstrated that reality is much more subtle.

The BCS theory developed by Bardeen, Cooper, and Schrieffer in 1957 provides a satisfactory
model for low T, super-conductivity in terms of Cooper pairs. The interactions of electrons with the
crystal lattice induce electron-electron interaction binding electrons to Cooper pairs at sufficiently
low temperatures. The electrons of Cooper pair are at the top of Fermi sphere (otherwise they
cannot interact to form bound states) and have opposite center of mass momenta and spins. The
binding creates energy gap £, determining the critical temperature T.. The singularity of the
specific heat in the transition to super-conductivity can be understood as being due to the loss
of thermally excitable degrees of freedom at critical temperature so that heat capacity is reduced
exponentially. BCS theory has been successful in explaining the properties of low temperature
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super conductors but the high temperature super-conductors discovered in 1986 and other non-
orthodox superconductors discovered later remain a challenge for theorists.

The reasons why magnetic fields tend to destroy super-conductivity is easy to understand.
Lorentz force induces opposite forces to the electrons of Cooper pair since the momenta are oppo-
site. Magnetic field tends also to turn the spins in the same direction. The super-conductivity is
destroyed in fields for which the interaction energy of magnetic moment of electron with field is of
the same order of magnitude as gap energy E, ~ T.: ehH./2m ~ T,.

If spins are parallel, the situation changes since only Lorentz force tends to destroy the Cooper
pair. In high T, super-conductors this is indeed the case: electrons are in spin triplet state (S = 1)
and the net orbital angular momentum of Cooper pair is L = 2. The fact that orbital state
is not L = 0 state makes high T, super-conductors much more fragile to the destructive effect
of impurities than conventional super-conductors (due to the magnetic exchange force between
electrons responsible for magnetism). Also the Cooper pairs of ®He superfluid are in spin triplet
state but have S = 0.

The observation that spin triplet Cooper pairs might be possible in ferro-magnets stimulates the
question whether ferromagnetism and super-conductivity might tolerate each other after all, and
the answer is affirmative [D30] . The article [D48] provides an enjoyable summary of experimental
discoveries.

Basic parameters of super-conductors from universality?

Super conductors are characterized by certain basic parameters such as critical temperature T,
and critical magnetic field H., densities n. and n of Cooper pairs and conduction electrons, gap
energy Eg, correlation length & and magnetic penetration length A. The super-conductors are
highly complex systems and calculation of these parameters from BCS theory is either difficult or
impossible.

It has been suggested [D60] that these parameters might be more or less universal so that they
would not depend on the specific properties of the interaction responsible for the formation of
Cooper pairs. The motivation comes from the fact that the properties of ordinary Bose-Einstein
condensates do not depend on the details of interactions. This raises the hope that these parameters
might be expressible in terms of some basic parameters such as T, and the density of conduction
electrons allowing to deduce Fermi energy Er and Fermi momentum kg if Fermi surface is sphere.
In [D60] formulas for the basic parameters are indeed suggested based on this of argumentation
assuming that Cooper pairs form a Bose-Einstein condensate.

1. The most important parameters are critical temperature T, and critical magnetic field H. in
principle expressible in terms of gap energy. In [D60] the expression for T, is deduced from
the condition that the de Broglie wavelength A\ must satisfy in supra phase the condition

A>2d = 2(%)*1” (2.2.1)

guaranteeing the quantum overlap of Cooper pairs. Here n. is the density of Bose-Einstein
condensate of Cooper pairs and g is the number of spin states and D the dimension of the
condensate. This condition follows also from the requirement that the number of particles
per energy level is larger than one (Bose-Einstein condensation).

Identifying this expression with the de Broglie wavelength A = h/v/2mE at thermal energy
E = (D/2)T., where D is the number of degrees of freedom, one obtains

h? n
T. < 4Dm(j)2/D' (2.2.2)

m denotes the effective mass of super current carrier and for electron it can be even 100 times
the bare mass of electron. The reason is that the electron moves is somewhat like a person
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trying to move in a dense crowd of people, and is accompanied by a cloud of charge carriers
increasing its effective inertia. In this equation one can consider the possibility that Planck
constant is not the ordinary one. This obviously increases the critical temperature unless n,
is scaled down in same proportion in the phase transition to large h phase.

2. The density of n. Cooper pairs can be estimated as the number of fermions in Fermi shell

at Er having width Ak deducible from kT,.. For D = 3-dimensional spherical Fermi surface
one has

1 4nk% Ak
Ne = ——g——5—"N ,
¢ 2 %Tl'k%‘
h2kpAk
kT, = EF—E(kF—Ak:):% : (2.2.3)

Analogous expressions can be deduced in D = 2- and D = 1-dimensional cases and one has

DT,
2 Ep "

no(D) = (D) . (2.2.4)

The dimensionless coefficient is expressible solely in terms of n and effective mass m. In [D60]
it is demonstrated that the inequality 2.3.2 replaced with equality when combined with 2.3.4
gives a satisfactory fit for 16 super-conductors used as a sample.

Note that the Planck constant appearing in Er and T, in Eq. 2.3.4 must correspond to
ordinary Planck constant hg. This implies that equations 2.3.2 and 2.3.4 are consistent
within orders of magnitudes. For D = 2, which corresponds to high T, superconductivity,
the substitution of n. from Eq. 2.3.4 to Eq. 2.3.2 gives a consistency condition from which
n. disappears completely. The condition reads as

n\y =m=4g .

Obviously the equation is not completely consistent.

The magnetic penetration length A is expressible in terms of density n. of Cooper pairs as
4me’n
A2z e (2.2.5)
Me

The ratio £ = 2 determines the type of the super conductor. For k < % one has type I super

conductor with defects having negative surface energy. For x > % one has type II super
conductor and defects have positive surface energy. Super-conductors of type I this results in
complex stripe like flux patterns maximizing their area near criticality. The super-conductors
of type IT have x > 1/4/2 and the surface energy is positive so that the flux penetrates as flux
quanta minimizing their area at lower critical value H,., of magnetic field and completely at
higher critical value H,, of magnetic field. The flux quanta contain a core of size ¢ carrying
quantized magnetic flux.

Quantum coherence length £ can be roughly interpreted as the size of the Cooper pair or
as the size of the region where it is sensible to speak about the phase of wave function
of Cooper pair. For larger separations the phases of wave functions are un-correlated. The
values of £ vary in the range 102 —10* Angstrom for low T} super-conductors and in the range
5 — 20 Angstrom for high T, super-conductors (assuming that they correspond to ordinary
h!) the ratio of these coherence lengths varies in the range [50 — 2000], with upper bound
corresponding to np = 2! for A. This would give range 1 — 2 microns for the coherence
lengths of high T, super-conductors with lowest values of coherence lengths corresponding to
the highest values of coherence lengths for low temperatures super conductors.
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Uncertainty Principle  Edt = h/2 using 0F = E,; = 2A, 6t = /v, gives an order of magnitude
estimate for £ differing only by a numerical factor from the result of a rigorous calculation given

¢ = . (2.2.6)

E, is apart from a numerical constant equal to T.: E4 = nT,. Using the expression for vp and T
in terms of the density of electrons, one can express also £ in terms of density of electrons.

For instance, BCS theory predicts n = 3.52 for metallic super-conductors and n = 8 holds true
for cuprates [D60] . For cuprates one obtains ¢ = 2n~1/3 [D60] . This expression can be criticized
since cuprates are Mott insulators and it is not at all clear whether a description as Fermi gas
makes sense. The fact that high T, super-conductivity involves breakdown of anti-ferromagnetic
order might justify the use of Fermi gas description for conducting holes resulting in the doping.

For large i the value of £ would scale up dramatically if deduced theoretically from experimental
data using this kind of expression. If the estimates for ¢ are deduced from vgp and T, purely
calculationally as seems to be the case, the actual coherence lengths would be scaled up by a factor
h/ho = np if high T, super-conductors correspond to large /i phase. As also found that this would
also allow to understand the high critical temperature.

2.2.2 Universality of the parameters in TGD framework

Universality idea conforms with quantum criticality of TGD Universe. The possibility to express
everything in terms of density of critical temperature coding for the dynamics of Cooper pair
formation and the density charge carriers would make it also easy to understand how p-adic
scalings and transitions to large i phase affect the basic parameters. The possible problem is that
the replacement of inequality of Eq. 2.3.2 with equality need not be sensible for large i phases. It
will be found that in many-sheeted space-time T, does not directly correspond to the gap energy
and the universality of the critical temperature follows from the p-adic length scale hypothesis.

The effect of p-adic scaling on the parameters of super-conductors

p-Adic fractality expresses as n o« 1/L3(k) would allow to deduce the behavior of the various
parameters as function of the p-adic length scale and naive scaling laws would result. For instance,
E, and T, would scale as 1/L?(k) if one assumes that the density n of particles at larger space-time
sheets scales p-adically as 1/L3(k). The basic implication would be that the density of Cooper pairs
and thus also T, would be reduced very rapidly as a function of the p-adic length scale. Without
thermal isolation between these space-time sheets and hight temperature space-time sheets there
would not be much hopes about high T, super-conductivity.

In the scaling of Planck constant basic length scales scale up and the overlap criterion for super-
conductivity becomes easy to satisfy unless the density of electrons is reduced too dramatically.
As found, also the critical temperature scales up so that there are excellent hopes of obtain high
T. super-conductor in this manner. The claimed short correlation lengths are not a problem since
they are calculational quantities.

It is of interest to study the behavior of the various parameters in the transition to the possibly
existing large A variant of super-conducting electrons. Also small scalings of A are possible and
the considerations to follow generalize trivially to this case. Under what conditions the behavior
of the various parameters in the transition to large % phase is dictated by simple scaling laws?

1. Scaling of T, and E,

T, and E, remain invariant if I/, corresponds to a purely classical interaction energy remaining
invariant under the scaling of /. This is not the case for BCS super-conductors for which the gap
energy E, has the following expression.
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E, = hwerp(—-1/X) ,
3 Uo
X = E =-N(FEp)—
Ep)Uo = gN(Er) g
 3N(ER)
nEr) = 37 g,
we = wp=(67%)Y3cnl/3 . (2.2.7)

Here w, is the width of energy region near Er for which ”phonon” exchange interaction is effective.
n, denotes the density of nuclei and c¢s; denotes sound velocity.

N(EF) is the total number of electrons at the super-conducting space-time sheet. Uy would
be the parameter characterizing the interaction strength of of electrons of Cooper pair and should
not depend on fi. For a structure of size L ~ 1 u m one would have X ~ nalOleU—;7 ng being the
number of exotic electrons per atom, so that rather weak interaction energy Uy can give rise to
Ey ~ we.

The expression of w. reduces to Debye frequency wp in BCS theory of ordinary super conduc-
tivity. If ¢4 is proportional to thermal velocity /T./m at criticality and if n,, remains invariant
in the scaling of i, Debye energy scales up as A. This can imply that F;, > Efr condition making
scaling non-sensible unless one has F, < Er holding true for low 7. super-conductors. This kind
of situation would not require large i phase for electrons. What would be needed that nuclei and
phonon space-time sheets correspond to large i phase.

What one can hope is that E, scales as h so that high T¢. superconductor would result and the
scaled up T, would be above room temperature for T, > .15 K. If electron is in ordinary phase
X is automatically invariant in the scaling of A. If not, the invariance reduces to the invariance
of Uy and Ep under the scaling of h. If n scales like 1/h”, Er and thus X remain invariant. Uy
as a simplified parameterization for the interaction potential expressible as a tree level Feynman
diagram is expected to be in a good approximation independent of .

It will be found that in high T, super-conductors, which seem to be quantum critical, a high T,
variant of phonon mediated superconductivity and exotic superconductivity could be competing.
This would suggest that the phonon mediated superconductivity corresponds to a large A phase
for nuclei scaling wp and T, by a factor r = h/hy.

Since the total number N(Er) of electrons at larger space-time sheet behaves as N(Er) x

EIJ,?/ 2, where D is the effective dimension of the system, the quantity 1/X o« Er/n(Ep) appearing

in the expressions of the gap energy behaves as 1/X E;D/ >*1 This means that at the limit of
vanishing electron density D = 3 gap energy goes exponentially to zero, for D = 2 it is constant,
and for D =1 it goes zero at the limit of small electron number so that the formula for gap energy
reduces to F; ~ w.. These observations suggests that the super-conductivity in question should

be 2- or 1-dimensional phenomenon as in case of magnetic walls and flux tubes.
2. Scaling of & and A

If n, for high T, super-conductor scales as 1/hA” one would have A o< h” /2. High T, property
however suggests that the scaling is weaker. £ would scale as i for given vy and T,. For D = 2
case the this would suggest that high T, super-conductors are of type I rather than type II as they
would be for ordinary A. This conforms with the quantum criticality which would be counterpart
of critical behavior of super-conductors of type I in nearly critical magnetic field.

3. Scaling of H. and B
The critical magnetization is given by
P

H(T) = NETGR (2.2.8)

where ® is the flux quantum of magnetic field proportional to A. For D = 2 and n. < h=2 H.(T)
would not depend on the value of A. For the more physical dependence n. o< A~2+¢ one would
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have H.(T) o< h~°. Hence the strength of the critical magnetization would be reduced by a factor
2711€ in the transition to the large A phase with ny = 27!
Magnetic flux quantization condition is replaced by

/QeBdS =nh2m . (2.2.9)

B denotes the magnetic field inside super-conductor different from its value outside the super-
conductor. By the quantization of flux for the non-super-conducting core of radius £ in the case of
super-conductors of type II eB = h/¢2 holds true so that B would become very strong since the
thickness of flux tube would remain unchanged in the scaling.

2.2.3 Quantum criticality and super-conductivity

The notion of quantum criticality has been already discussed in introduction. An interesting
prediction of the quantum criticality of entire Universe also gives naturally rise to a hierarchy of
macroscopic quantum phases since the quantum fluctuations at criticality at a given level can give
rise to higher level macroscopic quantum phases at the next level. A metaphor for this is a fractal
cusp catastrophe for which the lines corresponding to the boundaries of cusp region reveal new
cusp catastrophes corresponding to quantum critical systems characterized by an increasing length
scale of quantum fluctuations.

Dark matter hierarchy could correspond to this kind of hierarchy of phases and long ranged
quantum slow fluctuations would correspond to space-time sheets with increasing values of i and
size. Evolution as the emergence of modules from which higher structures serving as modules at
the next level would correspond to this hierarchy. Mandelbrot fractal with inversion analogous to a
transformation permuting the interior and exterior of sphere with zooming revealing new worlds in
Mandelbrot fractal replaced with its inverse would be a good metaphor for what quantum criticality
would mean in TGD framework.

How the quantum criticality of superconductors relates to TGD quantum criticality

There is empirical support that super-conductivity in high T, super-conductors and ferromagnetic
systems [D48, D34] is made possible by quantum criticality [D61] . In the experimental situation
quantum criticality means that at sufficiently low temperatures quantum rather than thermal
fluctuations are able to induce phase transitions. Quantum criticality manifests itself as fractality
and simple scaling laws for various physical observables like resistance in a finite temperature range
and also above the critical temperature. This distinguishes sharply between quantum critical super
conductivity from BCS type super-conductivity. Quantum critical super-conductivity also exists
in a finite temperature range and involves the competition between two phases.

The absolute quantum criticality of the TGD Universe maps to the quantum criticality of
subsystems, which is broken by finite temperature effects bringing dissipation and freezing of
quantum fluctuations above length and time scales determined by the temperature so that scaling
laws hold true only in a finite temperature range.

Reader has probably already asked what quantum criticality precisely means. What are the
phases which compete? An interesting hypothesis is that quantum criticality actually corresponds
to criticality with respect to the phase transition changing the value of Planck constant so that
the competing phases would correspond to different values of h. In the case of high T, super-
conductors (anti-ferromagnets) the fluctuations can be assigned to the magnetic flux tubes of the
dipole field patterns generated by rows of holes with same spin direction assignable to the stripes.
Below T, fluctuations induce reconnections of the flux tubes and a formation of very long flux tubes
and make possible for the supra currents to flow in long length scales below T,.. Percolation type
phenomenon is in question. The fluctuations of the flux tubes below T.; > T, induce transversal
phonons generating the energy gap for S = 1 Cooper pairs. S = 0 Cooper pairs are predicted to
stabilize below 7.
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Scaling up of de Broglie wave lengths and criterion for quantum overlap

Compton lengths and de Broglie wavelengths are scaled up by an integer n, whose preferred values
correspond to np = 2F I, Fs, where F, = 22" 4+ 1 are distinct Fermat primes. In particular,
np = 2k seem to be favored in living matter. The scaling up means that the overlap condition
A > 2d for the formation of Bose-Einstein condensate can be satisfied and the formation of Cooper
pairs becomes possible. Thus a hierarchy of large /i super-conductivities would be associated with
to the dark variants of ordinary particles having essentially same masses as the ordinary particles.

Unless one assumes fractionization, the invariance of Ep oc hZ; fn2/ 3 in h increasing transition
would require that the density of Cooper pairs in large i phase is scaled down by an appropriate
factor. This means that supra current intensities, which are certainly measurable quantities, are
also scaled down. Of course, it could happen that Eg is scaled up and this would conform with
the scaling of the gap energy.

Quantum critical super-conductors in TGD framework

For quantum critical super-conductivity in heavy fermions systems, a small variation of pres-
sure near quantum criticality can destroy ferromagnetic (anti-ferromagnetic) order so that Curie
(Neel) temperature goes to zero. The prevailing spin fluctuation theory [D26] assumes that these
transitions are induced by long ranged and slow spin fluctuations at critical pressure P.. These
fluctuations make and break Cooper pairs so that the idea of super-conductivity restricted around
critical point is indeed conceivable.

Heavy fermion systems, such as cerium-indium alloy Celng are very sensitive to pressures and
a tiny variation of density can drastically modify the low temperature properties of the systems.
Also other systems of this kind, such as CeCusGes, Celns, CePdsSisy are known [D48, D30] . In
these cases super-conductivity appears around anti-ferromagnetic quantum critical point.

The last experimental breakthrough in quantum critical super-conductivity was made in Greno-
ble [D34] . URhGe alloy becomes super-conducting at T, = .280 K, loses its super-conductivity
at H. = 2 Tesla, and becomes again super-conducting at H. = 12 Tesla and loses its super-
conductivity again at H = 13 Tesla. The interpretation is in terms of a phase transition changing
the magnetic order inducing the long range spin fluctuations.

TGD based models of atomic nucleus [K74] and condensed matter [K24] assume that weak
gauge bosons with Compton length of order atomic radius play an essential role in the nuclear
and condensed matter physics. The assumption that condensed matter nuclei possess anomalous
weak charges explains the repulsive core of potential in van der Waals equation and the very low
compressibility of condensed matter phase as well as various anomalous properties of water phase,
provide a mechanism of cold fusion and sono-fusion, etc. [K24, K22] . The pressure sensitivity of
these systems would directly reflect the physics of exotic quarks and electro-weak gauge bosons.
A possible mechanism behind the phase transition to super-conductivity could be the scaling up
of the sizes of the space-time sheets of nuclei.

Also the electrons of Cooper pair (and only these) could make a transition to large /i phase.
This transition would induce quantum overlap having geometric overlap as a space-time correlate.
The formation of join along boundaries bonds between neighboring atoms would be part of the
mechanism. For instance, the criticality condition 4n?a = 1 for BE condensate of n Cooper pairs
would give n = 6 for the size of a higher level quantum unit possibly formed formed from Cooper
pairs. If one does not assume invariance of energies obtained by fractionization of principal quantum
number, this transition has dramatic effects on the spectrum of atomic binding energies scaling as
1/Rh? and practically universal spectrum of atomic energies would result [K22] not depending much
on nuclear charge. It seems that this prediction is non-physical.

Quantum critical super-conductors resemble superconductors of type I with A < £ for which
defects near thermodynamical criticality are complex structures looking locally like stripes of thick-
ness A. These structures are however dynamical in super-conducting phase. Quite generally, long
range quantum fluctuations due to the presence of two competing phases would manifest as com-
plex dynamical structures consisting of stripes and their boundaries. These patterns are dynamical
rather than static as in the case of ordinary spin glass phase so that quantum spin glass or 4-D spin
glass is a more appropriate term. The breaking of classical non-determinism for vacuum extremals
indeed makes possible space-time correlates for quantum non-determinism and this makes TGD
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Universe a 4-dimensional quantum spin glass.

Could quantum criticality make possible new kinds of high T, super-conductors?

The transition to large i = rhg phase increases various length scales by r and makes possible long
range correlations even at high temperatures. Hence the question is whether large & phase could
correspond to ordinary high T, super-conductivity. If this were the case in the case of ordinary
high T, super-conductors, the actual value of coherence length ¢ would vary in the range 5 — 20
Angstrom scaled up by a factor r. For effectively D-dimensional super-conductor The density of
Cooper pairs would be scaled down by an immensely small factor 1/rP from its value deduced
from Fermi energy.

Large /i phase for some nuclei might be involved and make possible large space-time sheets of
size at least of order of £ at which conduction electrons forming Cooper pairs would topologically
condense like quarks around hadronic space-time sheets (in [K24] a model of water as a partially
dark matter with one fourth of hydrogen ions in large i phase is developed).

Consider for a moment the science fictive possibility that super conducting electrons for some
quantum critical super-conductors to be discovered or already discovered correspond to large &
phase with A = rhy keeping in mind that this affects only quantum corrections in perturbative
approach but not the lowest order classical predictions of quantum theory. For r ~ n2F!! with
(n, k) = (1,1) the size of magnetic body would be L(149) = 5 nm, the thickness of the lipid layer
of cell membrane. For (n,k) = (1,2) the size would be L(171) = 10 pm, cell size. If the density
of Cooper pairs is of same order of magnitude as in case of ordinary super conductors, the critical
temperature is scaled up by 2¥!1. Already for k = 1 the critical temperature of 1 K would be scaled
up to 4n? x 108 K if n,. is not changed. This assumption is not consistent with the assumption that
Fermi energy remains non-relativistic. For n =1 T, = 400 K would be achieved for n. — 10~ %n,,
which looks rather reasonable since Fermi energy transforms as Er — 8 x 103Er and remains
non-relativistic. H,. would scale down as 1/h and for H, = .1 Tesla the scaled down critical field
would be H, = .5 x 10~ Tesla, which corresponds to the nominal value of the Earth’s magnetic
field.

Quantum critical super-conductors become especially interesting if one accepts the identification
of living matter as ordinary matter quantum controlled by macroscopically quantum coherent dark
matter. One of the basic hypothesis of TGD inspired theory of living matter is that the magnetic
flux tubes of the Earth’s magnetic field carry a super-conducting phase and the spin triplet Cooper
pairs of electrons in large A phase might realize this dream. That the value of Earth’s magnetic
field is near to its critical value could have also biological implications.

2.2.4 Space-time description of the mechanisms of super-conductivity

The application of ideas about dark matter to nuclear physics and condensed matter suggests that
dark color and weak forces should be an essential element of the chemistry and condensed matter
physics. The continual discovery of new super-conductors, in particular of quantum critical su-
perconductors, suggests that super-conductivity is not well understood. Hence super-conductivity
provides an obvious test for these ideas. In particular, the idea that wormhole contacts regarded
as parton pairs living at two space-time sheets simultaneously, provides an attractive universal
mechanism for the formation of Cooper pairs and is not so far-fetched as it might sound first.

Leading questions

It is good to begin with a series of leading questions. The first group of questions is inspired by
experimental facts about super-conductors combined with TGD context.

1. The work of Rabinowitch [D60] suggests that that the basic parameters of super-conductors
might be rather universal and depend on 7. and conduction electron density only and be to a
high degree independent of the mechanism of super-conductivity. This is in a sharp contrast
to the complexity of even BCS model with its somewhat misty description of the phonon
exchange mechanism.

Questions: Could there exist a simple universal description of various kinds of super-conductivities?



2.2. General TGD based view about super-conductivity 49

2. The new super-conductors possess relatively complex chemistry and lattice structure.
Questions: Could it be that complex chemistry and lattice structure makes possible some-
thing very simple describable in terms of quantum criticality. Could it be that the transversal
oscillations magnetic flux tubes allow to understand the formation of Cooper pairs at T,
and their reconnections generating very long flux tubes the emergence of supra currents at
T.7

3. The effective masses of electrons in ferromagnetic super-conductors are in the range of 10-

100 electron masses [D48] and this forces to question the idea that ordinary Cooper pairs are
current carriers.
Questions: Can one consider the possibility that the p-adic length scale of say electron can
vary so that the actual mass of electron could be large in condensed matter systems? For
quarks and neutrinos this seems to be the case [K49, K50] . Could it be that the Gaussian
Mersennes (1+i)F —1, k = 151,157,163, 167 spanning the p-adic lengthscale range 10 nm-2.5
pm very relevant from the point of view of biology correspond to p-adic length especially
relevant for super-conductivity?

Second group of questions is inspired by quantum classical correspondence.

1. Quantum classical correspondence in its strongest form requires that bound state formation
involves the generation of join along boundaries bonds between bound particles. The weaker
form of the principle requires that the particles are topologically condensed at same space-
time sheet. In the case of Cooper pairs in ordinary superconductors the length of join along
boundaries bonds between electrons should be of order 10> — 10* Angstroms. This looks
rather strange and it seems that the latter option is more sensible.

Questions: Could quantum classical correspondence help to identify the mechanism giving
rise to Cooper pairs?

2. Quantum classical correspondence forces to ask for the space-time correlates for the existing
quantum description of phonons.
Questions: Can one assign space-time sheets with phonons or should one identify them as
oscillations of say space-time sheets at which atoms are condensed? Or should the microscopic
description of phonons in atomic length scales rely on the oscillations of wormhole contacts
connecting atomic space-time sheets to these larger space-time sheets? The identification of
phonons as wormhole contacts would be completely analogous to the similar identification of
gauge bosons except that phonons would appear at higher levels of the hierarchy of space-
time sheets and would be emergent in this sense. As a matter fact, even gauge bosons
as pairs of fermion and anti-fermion are emergent structures in TGD framework and this
plays fundamental role in the construction of QFT limit of TGD in which bosonic part of
action is generated radiatively so that all coupling constants follow as predictions [K56, K28]
. Could Bose-Einstein condensates of wormhole contacts be relevant for the description of
super-conductors or more general macroscopic quantum phases?

The third group of questions is inspired by the new physics predicted or by TGD.

1. TGD predicts a hierarchy of macroscopic quantum phases with large Planck constant.
Questions: Could large values of Planck constant make possible exotic electronic super-
conductivities? Could even nuclei possess large h (super-fluidity)?

2. TGD predicts that classical color force and its quantal counterpart are present in all length
scales.
Questions: Could color force, say color magnetic force which play some role in the formation
of Cooper pair. The simplest model of pair is as a space-time sheet with size of order £ so that
the electrons could be ”outside” the background space-time. Could the Coulomb interaction
energy of electrons with positively charged wormhole throats carrying parton numbers and
feeding em gauge flux to the large space-time sheet be responsible for the gap energy? Could
wormbhole throats carry also quark quantum numbers. In the case of single electron condensed
to single space-time sheet the em flux could be indeed feeded by a pair of wi and dd type
wormhole contacts to a larger space-time sheet. Could the wormhole contacts have a net
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color? Could the electron space-time sheets of the Cooper pair be connected by long color
flux tubes to give color singlets so that dark color force would be ultimately responsible for
the stability of Cooper pair?

3. Suppose that one takes seriously the ideas about the possibility of dark weak interactions
with the Compton scale of weak bosons scaled up to say atomic length scale so that weak
bosons are effectively massless below this length scale [K24] .

Questions: Could the dark weak length scale which is of order atomic size replace lattice
constant in the expression of sound velocity? What is the space-time correlate for sound
velocity?

Photon massivation, coherent states of Cooper pairs, and wormhole contacts

The existence of wormhole contacts is one of the most stunning predictions of TGD. First I realized
that wormhole contacts can be regarded as parton-antiparton pairs with parton and antiparton
assignable to the light-like causal horizons accompanying wormhole contacts. Then came the
idea that Higgs particle could be identified as a wormhole contact. It was soon followed by the
identification all bosonic states as wormhole contacts [K43] . Finally T understood that this applies
also to their super-symmetric partners, which can be also fermion [K28] . Fermions and their super-
partners would in turn correspond to wormhole throats resulting in the topological condensation
of small deformations of CP, type vacuum extremals with Euclidian signature of metric to the
background space-time sheet. This framework opens the doors for more concrete models of also
super-conductivity involving the effective massivation of photons as one important aspect in the
case of ordinary super-conductors.

There are two types of wormhole contacts. Those of first type correspond to elementary bosons.
Wormbhole contacts of second kind are generated in the topological condensation of space-time
sheets carrying matter and form a hierarchy. Classical radiation fields realized in TGD framework
as oscillations of space-time sheets would generate wormhole contacts as the oscillating space-time
sheet develops contacts with parallel space-time sheets (recall that the distance between space-
time sheets is of order C'Py size). This realizes the correspondence between fields and quanta
geometrically. Phonons could also correspond to wormhole contacts of this kind since they me-
diate acoustic oscillations between space-time sheets and the description of the phonon mediated
interaction between electrons in terms of wormhole contacts might be useful also in the case of
super-conductivity. Bose-Einstein condensates of wormhole contacts might be highly relevant for
the formation of macroscopic quantum phases. The formation of a coherent state of wormhole
contacts would be the counterpart for the vacuum expectation value of Higgs.

The notions of coherent states of Cooper pairs and of charged Higgs challenge the conservation of
electromagnetic charge. The following argument however suggests that coherent states of wormhole
contacts form only a part of the description of ordinary super-conductivity. The basic observation
is that wormhole contacts with vanishing fermion number define space-time correlates for Higgs
type particle with fermion and anti-fermion numbers at light-like throats of the contact.

The ideas that a genuine Higgs type photon massivation is involved with super-conductivity
and that coherent states of Cooper pairs really make sense are somewhat questionable since the
conservation of charge and fermion number is lost for coherent states. A further questionable
feature is that a quantum superposition of many-particle states with widely different masses would
be in question. These interpretational problems can be resolved elegantly in zero energy ontology
[K18] in which the total conserved quantum numbers of quantum state are vanishing. In this
picture the energy, fermion number, and total charge of any positive energy state are compensated
by opposite quantum numbers of the negative energy state in geometric future. This makes possible
to speak about superpositions of Cooper pairs and charged Higgs bosons separately in positive
energy sector.

If this picture is taken seriously, super-conductivity can be seen as providing a direct support for
both the hierarchy of scaled variants of standard model physics and for the zero energy ontology.

Space-time correlate for quantum critical superconductivity

The explicit model for high T, super-conductivity relies on quantum criticality involving long
ranged quantum fluctuations inducing reconnection of flux tubes of local (color) magnetic fields
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associated with parallel spins associated with stripes to form long flux tubes serving as wires along
which Cooper pairs flow. Essentially [D11] [D11] type phenomenon would be in question. The
role of the doping by holes is to make room for Cooper pairs to propagate by the reconnection
mechanism: otherwise Fermi statistics would prevent the propagation. Too much doping reduces
the number of current carriers, too little doping leaves too little room so that there exists some
optimal doping. In the case of high T, super-conductors quantum criticality corresponds to a quite
wide temperature range, which provides support for the quantum criticality of TGD Universe. The
probability p(T') for the formation of reconnections is what matters and exceeds the critical value
at T,.

2.2.5 Super-conductivity at magnetic flux tubes

Super-conductivity at the magnetic flux tubes of magnetic flux quanta is one the basic hypothesis
of the TGD based model of living matter. There is also evidence for magnetically mediated super-
conductivity in extremely pure samples [D43] . The magnetic coupling was only observed at lattice
densities close to the critical density at which long-range magnetic order is suppressed. Quantum
criticality that long flux tubes serve as pathways along which Cooper pairs can propagate. In
anti-ferromagnetic phase these pathways are short-circuited to closed flux tubes of local magnetic
fields.

Almost the same model as in the case of high T, and quantum critical super-conductivity applies
to the magnetic flux tubes. Now the flux quantum contains BE condensate of exotic Cooper pairs
interacting with wormhole contacts feeding the gauge flux of Cooper pairs from the magnetic flux
quantum to a larger space-time sheet. The interaction of spin 1 Cooper pairs with the magnetic
field of flux quantum orients their spins in the same direction. Large value of i guarantees thermal
stability even in the case that different space-time sheets are not thermally isolated.

The understanding of gap energy is not obvious. The transversal oscillations of magnetic flux
tubes generated by spin flips of electrons define the most plausible candidate for the counterpart
of phonons. In this framework phonon like states identified as wormhole contacts would be created
by the oscillations of flux tubes and would be a secondary phenomenon.

Large values of & allow to consider not only the Cooper pairs of electrons but also of protons
and fermionic ions. Since the critical temperature for the formation of Cooper pairs is inversely
proportional to the mass of the charge carrier, the replacement of electron with proton or ion would
require a scaling of h. If T,; is proportional to A2, this requires scaling by (mp/me)l/Q. For T, < h
scaling by m,/m, ~ 2! is required. This inspired idea that powers of 2!! could define favored
values of /i/hy. This hypothesis is however rather ad hoc and turned out to be too restrictive.

Besides Cooper pairs also Bose-Einstein condensates of bosonic ions are possible in large & phase
and would give rise to super-conductivity. TGD inspired nuclear physics predicts the existence of
exotic bosonic counterparts of fermionic nuclei with given (A, Z) [L2] , [L2] .

Superconductors at the flux quanta of the Earth’s magnetic field

Magnetic flux tubes and magnetic walls are the most natural candidates for super-conducting
structures with spin triplet Cooper pairs. Indeed, experimental evidence relating to the interaction
of ELF em radiation with living matter suggests that bio-super-conductors are effectively 1- or 2-
dimensional. D < 2-dimensionality is guaranteed by the presence of the flux tubes or flux walls
of, say, the magnetic field of Earth in which charge carries form bound states and the system is
equivalent with a harmonic oscillator in transversal degrees of freedom.

The effect of Earth’s magnetic field is completely negligible at the atomic space-time sheets and
cannot make super conductor 1-dimensional. At cellular sized space-time sheets magnetic field
makes possible transversal the confinement of the electron Cooper pairs in harmonic oscillator
states but does not explain energy gap which should be at the top of 1-D Fermi surface. The
critical temperature extremely low for ordinary value of h and either thermal isolation between
space-time sheets or large value of /i can save the situation.

An essential element of the picture is that topological quantization of the magnetic flux tubes
occurs. In fact, the flux tubes of Earth’s magnetic field have thickness of order cell size from
the quantization of magnetic flux. The observations about the effects of ELF em fields on bio-
matter [J46] suggest that similar mechanism is at work also for ions and in fact give very strong
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support for bio-super conductivity based on the proposed mechanism.

Energy gaps for superconducting magnetic flux tubes and walls

Besides the formation of Cooper pairs also the Bose-Einstein condensation of charge carriers to the
ground state is needed in order to have a supra current. The stability of Bose-Einstein condensate
requires an energy gap F, pg which must be larger than the temperature at the magnetic flux
tube.

Several energies must be considered in order to understand Fy pg.

1. The Coulombic binding energy of Cooper pairs with the wormhole contacts feeding the em
flux from magnetic flux tube to a larger space-time sheet defines an energy gap which is
expected to be of order E, pr = o/ L(k) giving E, ~ 1073 eV for L(167) = 2.5 pum giving
a rough estimate for the thickness of the magnetic flux tube of the Earth’s magnetic field
B = .5x 107 Tesla.

2. In longitudinal degrees of freedom of the flux tube Cooper pairs can be described as particles
in a one-dimensional box and the gap is characterized by the length L of the magnetic
flux tube and the value of A. In longitudinal degrees of freedom the difference between
n = 2 and n = 1 states is given by Eo(k2) = 3h?/4m.L?(ky). Translational energy gap
E, = 3Ey(ks) = 3h? /4m.L?(k2) is smaller than the effective energy gap Eo(k1) — Eo(k2) =
h? /4meL?(k1)—h?/4m.L? (ko) for k1 > ko+2 and identical with it for ky = ka+2. For L(kq =
151) the zero point kinetic energy is given by Ey(151) = 20.8 meV so that E, pg corresponds
roughly to a temperature of 180 K. For magnetic walls the corresponding temperature would
be scaled by a factor of two to 360 K and is above room temperature.

3. Second troublesome energy gap relates to the interaction energy with the magnetic field. The
magnetic interaction energy F,, of Cooper pair with the magnetic field consists of cyclotron
term E. = nheB/m, and spin-interaction term which is present only for spin triplet case
and is given by E; = +heB/m. depending on the orientation of the net spin with magnetic
field. In the magnetic field Be,q = 2Bg/5 = .2 Gauss (Bg = .5 Gauss is the nominal value
of the Earth’s magnetic field) explaining the effects of ELF em fields on vertebrate brain,
this energy scale is ~ 1072 eV for Ay and ~ 1.6 x 107 eV for h = 24 x hy.

The smallness of translational and magnetic energy gaps in the case of Cooper pairs at Earth’s
magnetic field could be seen as a serious obstacle.

1. Thermal isolation between different space-time sheets provides one possible resolution of
the problem. The stability of the Bose-Einstein condensation is guaranteed by the thermal
isolation of space-time if the temperature at the magnetic flux tube is below E,,. This can
be achieved in all length scales if the temperature scales as the zero point kinetic energy in
transversal degrees of freedom since it scales in the same manner as magnetic interaction
energy.

2. The transition to large & phase could provide a more elegant way out of the difficulty. The
criterion for a sequence of transitions to a large h phase could be easily satisfied if there
is a large number of charge Cooper pairs at the magnetic flux tube. Kinetic energy gap
remains invariant if the length of the flux tube scales as h. If the magnetic flux is quantized
as a multiple of A and flux tube thickness scales as A%, B must scale as 1/h so that also
magnetic energy remains invariant under the scaling. This would allow to have stability
without assuming low temperature at magnetic flux tubes.

A new phase of matter in the temperature range between pseudo gap temperature
and 7,7

Kram sent a link to a Science Daily popular article titled ” High-Temperature Superconductor Spills
Secret: A New Phase of Matter?” (see alsothis). For more details see the article in Science [D44] .

Zhi-Xun Shen of the Stanford Institute for Materials and Energy Science (SIMES), a joint
institute of the Department of Energy’s SLAC National Accelerator Laboratory and Stanford
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University, led the team of researchers, which discovered that in the temperature region between
the pseudo gap temperature and genuine temperature for the transition to super-conducting phase
there exists a new phase of matter. The new phase would not be super-conducting but would be
characterized by an order of its own which remains to be understood. This phase would be present
also in the super-conducting phase.

The announcement does not come as a complete surprise for me. A new phase of matter is
what TGD inspired model of high T, superconductivity indeed predicts. This phase would consist
of Cooper pairs of electrons with a large value of Planck constant but associated with magnetic
flux tubes with short length so that no macroscopic supra currents would be possible.

The transition to super-conducting phase involves long range fluctuations at quantum criticality
and the analog of a phenomenon known as percolation [D11] . For instance, the phenomenon occurs
for the filtering of fluids through porous materials. At critical threshold the entire filter suddenly
wets as fluid gets through the filter. Now this phenomenon would occur for magnetic flux tubes
carrying the Cooper pairs. At criticality the short magnetic flux tubes fuse by reconnection to
form long ones so that supra currents in macroscopic scales become possible.

It is not clear whether this prediction is consistent with the finding of Shen and others. The
simultaneous presence of short and long flux tubes in macroscopically super-conducting phase is
certainly consistent with TGD prediction. The situation depends on what one means with super-
conductivity. Is super-conductivity super-conductivity in macroscopic scales only or should one
call also short scale super-conductivity not giving rise to macroscopic super currents as super-
conductivity. In other words: do the findings of Shen’s team prove that the electrons above gap
temperature do not form Cooper pairs or only that there are no macroscopic supra currents?

Whether the model works as such or not is not a life and death question for the TGD based
model. One can quite well imagine that the first phase transition increasing 4 does not yet produce
electron Compton lengths long enough to guarantee that the overlap criterion for the formation of
Cooper pairs is satisfied. The second phase transition increasing i would do this and also scale up
the lengths of magnetic flux tubes making possible the flow of supra currents as such even without
reconnections. Also reconnections making possible the formation of very long flux tubes could be
involved and would be made possible by the increase in the length of flux tubes.

21-Micrometer mystery

21 micrometer radiation from certain red giant stars have perplexed astronomers for more than
a decade [D49] . Emission forms a wide band (with width about 4 micrometers) in the infrared
spectrum, which suggests that it comes form a large complex molecule or a solid or simple molecules
found around starts. Small molecules are ruled out since they produce narrow emission lines. The
feature can be only observed in very precise evolutionary state, in the transition between red giant
phase and planetary nebular state, in which star blows off dust that is rich in carbon compounds.
There is no generally accepted explanation for 21-micrometer radiation.

One can consider several explanations based on p-adic length scale hypothesis and some expla-
nations might relate to the wormhole based super-conductivity.

1. 21 micrometers corresponds to the photon energy of 59 meV which is quite near to the zero
point point kinetic energy 61.5 meV of proton Cooper pair at k& = 139 space-time sheet
estimated from the formula

1 2 1
T ZAE(my, 137) ~ 61.5 meV .

AE(2m,,139) = - — " —
(2my, 139) 2 (2m,)L(139)2 8

Here the binding energy of the Cooper pair tending to reduce this estimate is neglected, and
this estimate makes sense only apart from a numerical factor of order unity. This energy is
liberated when a Cooper pair of protons at k = 139 space-time sheet drops to the magnetic
flux tube of Earth’s magnetic field (or some other sufficiently large space-time sheet). This
energy is rather near to the threshold value about 55 meV of the membrane potential.

2. 21 micrometer radiation could also result when electrons at k = 151 space-time sheet drop
to a large enough space-time sheet and liberate their zero point kinetic energy. Scaling
argument gives for the zero point kinetic energy of electron at k& = 151 space-time sheet
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the value A(e,151) ~ 57.5 meV which is also quite near to the observed value. If electron
is bound to wormhole with quantum numbers of d Coulombic binding energy changes the
situation.

3. A possible explanation is as a radiation associated with the transition to high T, super
conducting phase. There are two sources of photons. Radiation could perhaps result from
the de-excitations of wormhole BE condensate by photon emission. A = 20.5 micrometers
is precisely what one expects if the space-time sheet corresponds to p ~ 2F, k = 173 and
assumes that excitation energies are given as multiples of E,, (k) = 2w/L(k). This predicts
excitation energy E,,(173) ~ 61.5 meV. Unfortunately, this radiation should correspond to a
sharp emission line and cannot explain the wide spectrum.

The appendix of the book gives a summary about basic concepts of TGD with illustrations.
There are concept maps about topics related to the contents of the chapter prepared using CMAP
realized as html files. Links to all CMAP files can be found at http://www.tgdtheory.fi/
cmaphtml.html [L9]. Pdf representation of same files serving as a kind of glossary can be found
at http://www.tgdtheory.fi/tgdglossary.pdf [L10]. The topics relevant to this chapter are
given by the following list.

e Magnetic body [L24]
e Basic Mechanisms associated with magnetic body [L12]
e Pollack’s observations [L29]

e High temperature superconductivity [L22]

2.3 General TGD based view about super-conductivity

Today super-conductivity includes besides the traditional low temperature super-conductors many
other non-orthodox ones [D60] . These unorthodox super-conductors carry various attributes such
as cuprate, organic, dichalcogenide, heavy fermion, bismute oxide, ruthenate, antiferromagnetic
and ferromagnetic. Mario Rabinowitz has proposed a simple phenomenological theory of super-
fluidity and super-conductivity which helps non-specialist to get a rough quantitative overall view
about super-conductivity [D60] .

2.3.1 Basic phenomenology of super-conductivity

The following provides the first attempt by a non-professional to form an overall view about super-
conductivity.

Basic phenomenology of super-conductivity

The transition to super-conductivity occurs at critical temperature 7T, and involves a complete
loss of electrical resistance. Super-conductors expel magnetic fields (Meissner effect) and when the
external magnetic field exceeds a critical value H, super-conductivity is lost either completely or
partially. In the transition to super-conductivity specific heat has singularity. For long time mag-
netism and super-conductivity were regarded as mutually exclusive phenomena but the discovery
of ferromagnetic super-conductors [D48, D30] has demonstrated that reality is much more subtle.

The BCS theory developed by Bardeen, Cooper, and Schrieffer in 1957 provides a satisfactory
model for low T, super-conductivity in terms of Cooper pairs. The interactions of electrons with the
crystal lattice induce electron-electron interaction binding electrons to Cooper pairs at sufficiently
low temperatures. The electrons of Cooper pair are at the top of Fermi sphere (otherwise they
cannot interact to form bound states) and have opposite center of mass momenta and spins. The
binding creates energy gap £, determining the critical temperature T.. The singularity of the
specific heat in the transition to super-conductivity can be understood as being due to the loss
of thermally excitable degrees of freedom at critical temperature so that heat capacity is reduced
exponentially. BCS theory has been successful in explaining the properties of low temperature
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super conductors but the high temperature super-conductors discovered in 1986 and other non-
orthodox superconductors discovered later remain a challenge for theorists.

The reasons why magnetic fields tend to destroy super-conductivity is easy to understand.
Lorentz force induces opposite forces to the electrons of Cooper pair since the momenta are oppo-
site. Magnetic field tends also to turn the spins in the same direction. The super-conductivity is
destroyed in fields for which the interaction energy of magnetic moment of electron with field is of
the same order of magnitude as gap energy E, ~ T.: ehH./2m ~ T,.

If spins are parallel, the situation changes since only Lorentz force tends to destroy the Cooper
pair. In high T, super-conductors this is indeed the case: electrons are in spin triplet state (S = 1)
and the net orbital angular momentum of Cooper pair is L = 2. The fact that orbital state
is not L = 0 state makes high T, super-conductors much more fragile to the destructive effect
of impurities than conventional super-conductors (due to the magnetic exchange force between
electrons responsible for magnetism). Also the Cooper pairs of 3He superfluid are in spin triplet
state but have S = 0.

The observation that spin triplet Cooper pairs might be possible in ferro-magnets stimulates the
question whether ferromagnetism and super-conductivity might tolerate each other after all, and
the answer is affirmative [D30] . The article [D48] provides an enjoyable summary of experimental
discoveries.

Basic parameters of super-conductors from universality?

Super conductors are characterized by certain basic parameters such as critical temperature T,
and critical magnetic field H., densities n. and n of Cooper pairs and conduction electrons, gap
energy E,, correlation length & and magnetic penetration length A. The super-conductors are
highly complex systems and calculation of these parameters from BCS theory is either difficult or
impossible.

It has been suggested [D60] that these parameters might be more or less universal so that they
would not depend on the specific properties of the interaction responsible for the formation of
Cooper pairs. The motivation comes from the fact that the properties of ordinary Bose-Einstein
condensates do not depend on the details of interactions. This raises the hope that these parameters
might be expressible in terms of some basic parameters such as 7T, and the density of conduction
electrons allowing to deduce Fermi energy EFr and Fermi momentum kp if Fermi surface is sphere.
In [D60] formulas for the basic parameters are indeed suggested based on this of argumentation
assuming that Cooper pairs form a Bose-Einstein condensate.

1. The most important parameters are critical temperature T, and critical magnetic field H. in
principle expressible in terms of gap energy. In [D60] the expression for T, is deduced from
the condition that the de Broglie wavelength A\ must satisfy in supra phase the condition

A>2d = 2(%)*1/13 (2.3.1)

guaranteeing the quantum overlap of Cooper pairs. Here n. is the density of Bose-Einstein
condensate of Cooper pairs and g is the number of spin states and D the dimension of the
condensate. This condition follows also from the requirement that the number of particles
per energy level is larger than one (Bose-Einstein condensation).

Identifying this expression with the de Broglie wavelength A = h/v/2mFE at thermal energy
E = (D/2)T., where D is the number of degrees of freedom, one obtains

h? n
T. < 4Dm(j)2/D' (2.3.2)

m denotes the effective mass of super current carrier and for electron it can be even 100 times
the bare mass of electron. The reason is that the electron moves is somewhat like a person
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trying to move in a dense crowd of people, and is accompanied by a cloud of charge carriers
increasing its effective inertia. In this equation one can consider the possibility that Planck
constant is not the ordinary one. This obviously increases the critical temperature unless n,
is scaled down in same proportion in the phase transition to large i phase.

. The density of n, Cooper pairs can be estimated as the number of fermions in Fermi shell

at Er having width Ak deducible from kT,.. For D = 3-dimensional spherical Fermi surface
one has

1 4nk% Ak
Ne = ——g—5"N ,
¢ 2 %7‘(]@%
h2kp Ak
kT, = EF—E(kF—Ak:):% : (2.3.3)

Analogous expressions can be deduced in D = 2- and D = 1-dimensional cases and one has

DT,
2 Ep

ne(D) = (D) . (2.3.4)

The dimensionless coefficient is expressible solely in terms of n and effective mass m. In [D60]
it is demonstrated that the inequality 2.3.2 replaced with equality when combined with 2.3.4
gives a satisfactory fit for 16 super-conductors used as a sample.

Note that the Planck constant appearing in Er and T, in Eq. 2.3.4 must correspond to
ordinary Planck constant hg. This implies that equations 2.3.2 and 2.3.4 are consistent
within orders of magnitudes. For D = 2, which corresponds to high T, superconductivity,
the substitution of n. from Eq. 2.3.4 to Eq. 2.3.2 gives a consistency condition from which
n. disappears completely. The condition reads as

n\y =71 =4g .

Obviously the equation is not completely consistent.

. The magnetic penetration length A is expressible in terms of density n. of Cooper pairs as

dme?n,
A2z 0T (2.3.5)

Me

The ratio £ = 2 determines the type of the super conductor. For k < % one has type I super

conductor with defects having negative surface energy. For k > % one has type II super
conductor and defects have positive surface energy. Super-conductors of type I this results in
complex stripe like flux patterns maximizing their area near criticality. The super-conductors
of type IT have x > 1/4/2 and the surface energy is positive so that the flux penetrates as flux
quanta minimizing their area at lower critical value H,., of magnetic field and completely at
higher critical value H,, of magnetic field. The flux quanta contain a core of size £ carrying
quantized magnetic flux.

. Quantum coherence length £ can be roughly interpreted as the size of the Cooper pair or

as the size of the region where it is sensible to speak about the phase of wave function
of Cooper pair. For larger separations the phases of wave functions are un-correlated. The
values of £ vary in the range 102 —10* Angstrom for low T, super-conductors and in the range
5 — 20 Angstrom for high T, super-conductors (assuming that they correspond to ordinary
h!) the ratio of these coherence lengths varies in the range [50 — 2000], with upper bound
corresponding to np = 2! for h. This would give range 1 — 2 microns for the coherence
lengths of high T, super-conductors with lowest values of coherence lengths corresponding to
the highest values of coherence lengths for low temperatures super conductors.
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Uncertainty Principle § Edt = h/2 using 0F = E; = 2A, 6t = {/vr, gives an order of magnitude
estimate for £ differing only by a numerical factor from the result of a rigorous calculation given

¢ = . (2.3.6)

E, is apart from a numerical constant equal to T.: Eq = nT,. Using the expression for vp and T
in terms of the density of electrons, one can express also £ in terms of density of electrons.

For instance, BCS theory predicts n = 3.52 for metallic super-conductors and n = 8 holds true
for cuprates [D60] . For cuprates one obtains ¢ = 2n~1/3 [D60] . This expression can be criticized
since cuprates are Mott insulators and it is not at all clear whether a description as Fermi gas
makes sense. The fact that high T, super-conductivity involves breakdown of anti-ferromagnetic
order might justify the use of Fermi gas description for conducting holes resulting in the doping.

For large h the value of £ would scale up dramatically if deduced theoretically from experimental
data using this kind of expression. If the estimates for ¢ are deduced from vgp and T, purely
calculationally as seems to be the case, the actual coherence lengths would be scaled up by a factor
h/ho = np if high T, super-conductors correspond to large /i phase. As also found that this would
also allow to understand the high critical temperature.

2.3.2 Universality of the parameters in TGD framework

Universality idea conforms with quantum criticality of TGD Universe. The possibility to express
everything in terms of density of critical temperature coding for the dynamics of Cooper pair
formation and the density charge carriers would make it also easy to understand how p-adic
scalings and transitions to large i phase affect the basic parameters. The possible problem is that
the replacement of inequality of Eq. 2.3.2 with equality need not be sensible for large & phases. It
will be found that in many-sheeted space-time T, does not directly correspond to the gap energy
and the universality of the critical temperature follows from the p-adic length scale hypothesis.

The effect of p-adic scaling on the parameters of super-conductors

p-Adic fractality expresses as n o« 1/L3(k) would allow to deduce the behavior of the various
parameters as function of the p-adic length scale and naive scaling laws would result. For instance,
E, and T, would scale as 1/L?(k) if one assumes that the density n of particles at larger space-time
sheets scales p-adically as 1/L3(k). The basic implication would be that the density of Cooper pairs
and thus also T, would be reduced very rapidly as a function of the p-adic length scale. Without
thermal isolation between these space-time sheets and hight temperature space-time sheets there
would not be much hopes about high 7, super-conductivity.

In the scaling of Planck constant basic length scales scale up and the overlap criterion for super-
conductivity becomes easy to satisfy unless the density of electrons is reduced too dramatically.
As found, also the critical temperature scales up so that there are excellent hopes of obtain high
T. super-conductor in this manner. The claimed short correlation lengths are not a problem since
they are calculational quantities.

It is of interest to study the behavior of the various parameters in the transition to the possibly
existing large A variant of super-conducting electrons. Also small scalings of /i are possible and
the considerations to follow generalize trivially to this case. Under what conditions the behavior
of the various parameters in the transition to large % phase is dictated by simple scaling laws?

1. Scaling of T, and E,

T. and E,; remain invariant if £, corresponds to a purely classical interaction energy remaining
invariant under the scaling of /. This is not the case for BCS super-conductors for which the gap
energy E, has the following expression.
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E, = hwerp(—-1/X) ,
3 Uo
— n(Br)Uy= SN(Ep)22
n(Er)Uo 2 ( F)EF )
_ 3N(Er)
mEr) = 5 E,
we = wp=(67%)Y3cnl/3 . (2.3.7)

Here w, is the width of energy region near Fr for which ”phonon” exchange interaction is effective.
n,, denotes the density of nuclei and ¢y denotes sound velocity.

N(EF) is the total number of electrons at the super-conducting space-time sheet. Uy would
be the parameter characterizing the interaction strength of of electrons of Cooper pair and should
not depend on fi. For a structure of size L ~ 1 4 m one would have X ~ 71(11012}5(]—;)‘_7 ng being the
number of exotic electrons per atom, so that rather weak interaction energy Uy can give rise to
Ey ~ we.

The expression of w, reduces to Debye frequency wp in BCS theory of ordinary super conduc-
tivity. If ¢4 is proportional to thermal velocity /T./m at criticality and if n,, remains invariant
in the scaling of i, Debye energy scales up as A. This can imply that F, > Efr condition making
scaling non-sensible unless one has F, < Er holding true for low T, super-conductors. This kind
of situation would not require large i phase for electrons. What would be needed that nuclei and
phonon space-time sheets correspond to large i phase.

What one can hope is that E, scales as h so that high T¢. superconductor would result and the
scaled up T, would be above room temperature for T, > .15 K. If electron is in ordinary phase
X is automatically invariant in the scaling of A. If not, the invariance reduces to the invariance
of Uy and Ep under the scaling of h. If n scales like 1/h”, Er and thus X remain invariant. Up
as a simplified parameterization for the interaction potential expressible as a tree level Feynman
diagram is expected to be in a good approximation independent of #.

It will be found that in high T, super-conductors, which seem to be quantum critical, a high T,
variant of phonon mediated superconductivity and exotic superconductivity could be competing.
This would suggest that the phonon mediated superconductivity corresponds to a large A phase
for nuclei scaling wp and T, by a factor r = h/hy.

Since the total number N(Er) of electrons at larger space-time sheet behaves as N(Ep) x

EPJ?/Q, where D is the effective dimension of the system, the quantity 1/X o« Er/n(Er) appearing

in the expressions of the gap energy behaves as 1/X E;D/QH. This means that at the limit of
vanishing electron density D = 3 gap energy goes exponentially to zero, for D = 2 it is constant,
and for D =1 it goes zero at the limit of small electron number so that the formula for gap energy
reduces to Fy >~ w.. These observations suggests that the super-conductivity in question should

be 2- or 1-dimensional phenomenon as in case of magnetic walls and flux tubes.
2. Scaling of & and A

If n, for high T, super-conductor scales as 1/hA” one would have A o< h” /2. High T, property
however suggests that the scaling is weaker. £ would scale as # for given vg and T,. For D = 2
case the this would suggest that high T, super-conductors are of type I rather than type II as they
would be for ordinary A. This conforms with the quantum criticality which would be counterpart
of critical behavior of super-conductors of type I in nearly critical magnetic field.

8. Scaling of H. and B
The critical magnetization is given by
P

H(T) = N OGR (2.3.8)

where ® is the flux quantum of magnetic field proportional to A. For D = 2 and n. < h=2 H.(T)
would not depend on the value of A. For the more physical dependence n. o< A~2+¢ one would
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have H.(T) o h~¢. Hence the strength of the critical magnetization would be reduced by a factor
2711€ in the transition to the large /& phase with nyp = 27!

Magnetic flux quantization condition is replaced by

/QeBdS = nh2m . (2.3.9)

B denotes the magnetic field inside super-conductor different from its value outside the super-
conductor. By the quantization of flux for the non-super-conducting core of radius £ in the case of
super-conductors of type Il eB = h/&? holds true so that B would become very strong since the
thickness of flux tube would remain unchanged in the scaling.

2.3.3 Quantum criticality and super-conductivity

The notion of quantum criticality has been already discussed in introduction. An interesting
prediction of the quantum criticality of entire Universe also gives naturally rise to a hierarchy of
macroscopic quantum phases since the quantum fluctuations at criticality at a given level can give
rise to higher level macroscopic quantum phases at the next level. A metaphor for this is a fractal
cusp catastrophe for which the lines corresponding to the boundaries of cusp region reveal new
cusp catastrophes corresponding to quantum critical systems characterized by an increasing length
scale of quantum fluctuations.

Dark matter hierarchy could correspond to this kind of hierarchy of phases and long ranged
quantum slow fluctuations would correspond to space-time sheets with increasing values of i and
size. Evolution as the emergence of modules from which higher structures serving as modules at
the next level would correspond to this hierarchy. Mandelbrot fractal with inversion analogous to a
transformation permuting the interior and exterior of sphere with zooming revealing new worlds in
Mandelbrot fractal replaced with its inverse would be a good metaphor for what quantum criticality
would mean in TGD framework.

How the quantum criticality of superconductors relates to TGD quantum criticality

There is empirical support that super-conductivity in high T, super-conductors and ferromagnetic
systems [D48, D34] is made possible by quantum criticality [D61] . In the experimental situation
quantum criticality means that at sufficiently low temperatures quantum rather than thermal
fluctuations are able to induce phase transitions. Quantum criticality manifests itself as fractality
and simple scaling laws for various physical observables like resistance in a finite temperature range
and also above the critical temperature. This distinguishes sharply between quantum critical super
conductivity from BCS type super-conductivity. Quantum critical super-conductivity also exists
in a finite temperature range and involves the competition between two phases.

The absolute quantum criticality of the TGD Universe maps to the quantum criticality of
subsystems, which is broken by finite temperature effects bringing dissipation and freezing of
quantum fluctuations above length and time scales determined by the temperature so that scaling
laws hold true only in a finite temperature range.

Reader has probably already asked what quantum criticality precisely means. What are the
phases which compete? An interesting hypothesis is that quantum criticality actually corresponds
to criticality with respect to the phase transition changing the value of Planck constant so that
the competing phases would correspond to different values of h. In the case of high T, super-
conductors (anti-ferromagnets) the fluctuations can be assigned to the magnetic flux tubes of the
dipole field patterns generated by rows of holes with same spin direction assignable to the stripes.
Below T, fluctuations induce reconnections of the flux tubes and a formation of very long flux tubes
and make possible for the supra currents to flow in long length scales below T,.. Percolation type
phenomenon is in question. The fluctuations of the flux tubes below T.; > T, induce transversal
phonons generating the energy gap for S = 1 Cooper pairs. S = 0 Cooper pairs are predicted to
stabilize below T.
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Scaling up of de Broglie wave lengths and criterion for quantum overlap

Compton lengths and de Broglie wavelengths are scaled up by an integer n, whose preferred values
correspond to np = 2 I, Fs, where F, = 22" 4+ 1 are distinct Fermat primes. In particular,
np = 2k seem to be favored in living matter. The scaling up means that the overlap condition
A > 2d for the formation of Bose-Einstein condensate can be satisfied and the formation of Cooper
pairs becomes possible. Thus a hierarchy of large /i super-conductivities would be associated with
to the dark variants of ordinary particles having essentially same masses as the ordinary particles.

Unless one assumes fractionization, the invariance of Ep oc hZ; fn2/ 3 in h increasing transition
would require that the density of Cooper pairs in large i phase is scaled down by an appropriate
factor. This means that supra current intensities, which are certainly measurable quantities, are
also scaled down. Of course, it could happen that Eg is scaled up and this would conform with
the scaling of the gap energy.

Quantum critical super-conductors in TGD framework

For quantum critical super-conductivity in heavy fermions systems, a small variation of pres-
sure near quantum criticality can destroy ferromagnetic (anti-ferromagnetic) order so that Curie
(Neel) temperature goes to zero. The prevailing spin fluctuation theory [D26] assumes that these
transitions are induced by long ranged and slow spin fluctuations at critical pressure P.. These
fluctuations make and break Cooper pairs so that the idea of super-conductivity restricted around
critical point is indeed conceivable.

Heavy fermion systems, such as cerium-indium alloy Celng are very sensitive to pressures and
a tiny variation of density can drastically modify the low temperature properties of the systems.
Also other systems of this kind, such as CeCusGes, Celns, CePd,Siy are known [D48, D30] . In
these cases super-conductivity appears around anti-ferromagnetic quantum critical point.

The last experimental breakthrough in quantum critical super-conductivity was made in Greno-
ble [D34] . URhGe alloy becomes super-conducting at T, = .280 K, loses its super-conductivity
at H. = 2 Tesla, and becomes again super-conducting at H. = 12 Tesla and loses its super-
conductivity again at H = 13 Tesla. The interpretation is in terms of a phase transition changing
the magnetic order inducing the long range spin fluctuations.

TGD based models of atomic nucleus [K74] and condensed matter [K24] assume that weak
gauge bosons with Compton length of order atomic radius play an essential role in the nuclear
and condensed matter physics. The assumption that condensed matter nuclei possess anomalous
weak charges explains the repulsive core of potential in van der Waals equation and the very low
compressibility of condensed matter phase as well as various anomalous properties of water phase,
provide a mechanism of cold fusion and sono-fusion, etc. [K24, K22] . The pressure sensitivity of
these systems would directly reflect the physics of exotic quarks and electro-weak gauge bosons.
A possible mechanism behind the phase transition to super-conductivity could be the scaling up
of the sizes of the space-time sheets of nuclei.

Also the electrons of Cooper pair (and only these) could make a transition to large A phase.
This transition would induce quantum overlap having geometric overlap as a space-time correlate.
The formation of join along boundaries bonds between neighboring atoms would be part of the
mechanism. For instance, the criticality condition 4n?a = 1 for BE condensate of n Cooper pairs
would give n = 6 for the size of a higher level quantum unit possibly formed formed from Cooper
pairs. If one does not assume invariance of energies obtained by fractionization of principal quantum
number, this transition has dramatic effects on the spectrum of atomic binding energies scaling as
1/h? and practically universal spectrum of atomic energies would result [K22] not depending much
on nuclear charge. It seems that this prediction is non-physical.

Quantum critical super-conductors resemble superconductors of type I with A < £ for which
defects near thermodynamical criticality are complex structures looking locally like stripes of thick-
ness A. These structures are however dynamical in super-conducting phase. Quite generally, long
range quantum fluctuations due to the presence of two competing phases would manifest as com-
plex dynamical structures consisting of stripes and their boundaries. These patterns are dynamical
rather than static as in the case of ordinary spin glass phase so that quantum spin glass or 4-D spin
glass is a more appropriate term. The breaking of classical non-determinism for vacuum extremals
indeed makes possible space-time correlates for quantum non-determinism and this makes TGD
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Universe a 4-dimensional quantum spin glass.

Could quantum criticality make possible new kinds of high T, super-conductors?

The transition to large i = rhg phase increases various length scales by r and makes possible long
range correlations even at high temperatures. Hence the question is whether large & phase could
correspond to ordinary high T, super-conductivity. If this were the case in the case of ordinary
high T, super-conductors, the actual value of coherence length ¢ would vary in the range 5 — 20
Angstrom scaled up by a factor r. For effectively D-dimensional super-conductor The density of
Cooper pairs would be scaled down by an immensely small factor 1/rP from its value deduced
from Fermi energy.

Large i phase for some nuclei might be involved and make possible large space-time sheets of
size at least of order of £ at which conduction electrons forming Cooper pairs would topologically
condense like quarks around hadronic space-time sheets (in [K24] a model of water as a partially
dark matter with one fourth of hydrogen ions in large i phase is developed).

Consider for a moment the science fictive possibility that super conducting electrons for some
quantum critical super-conductors to be discovered or already discovered correspond to large h
phase with & = rhy keeping in mind that this affects only quantum corrections in perturbative
approach but not the lowest order classical predictions of quantum theory. For r ~ n2F! with
(n, k) = (1,1) the size of magnetic body would be L(149) = 5 nm, the thickness of the lipid layer
of cell membrane. For (n,k) = (1,2) the size would be L(171) = 10 pm, cell size. If the density
of Cooper pairs is of same order of magnitude as in case of ordinary super conductors, the critical
temperature is scaled up by 2¥!1. Already for k = 1 the critical temperature of 1 K would be scaled
up to 4n? x 10% K if n, is not changed. This assumption is not consistent with the assumption that
Fermi energy remains non-relativistic. For n = 1 T, = 400 K would be achieved for n. — 10~ %n,,
which looks rather reasonable since Fermi energy transforms as Er — 8 x 103Er and remains
non-relativistic. H, would scale down as 1/h and for H. = .1 Tesla the scaled down critical field
would be H, = .5 x 10~ Tesla, which corresponds to the nominal value of the Earth’s magnetic
field.

Quantum critical super-conductors become especially interesting if one accepts the identification
of living matter as ordinary matter quantum controlled by macroscopically quantum coherent dark
matter. One of the basic hypothesis of TGD inspired theory of living matter is that the magnetic
flux tubes of the Earth’s magnetic field carry a super-conducting phase and the spin triplet Cooper
pairs of electrons in large A phase might realize this dream. That the value of Earth’s magnetic
field is near to its critical value could have also biological implications.

2.3.4 Space-time description of the mechanisms of super-conductivity

The application of ideas about dark matter to nuclear physics and condensed matter suggests that
dark color and weak forces should be an essential element of the chemistry and condensed matter
physics. The continual discovery of new super-conductors, in particular of quantum critical su-
perconductors, suggests that super-conductivity is not well understood. Hence super-conductivity
provides an obvious test for these ideas. In particular, the idea that wormhole contacts regarded
as parton pairs living at two space-time sheets simultaneously, provides an attractive universal
mechanism for the formation of Cooper pairs and is not so far-fetched as it might sound first.

Leading questions

It is good to begin with a series of leading questions. The first group of questions is inspired by
experimental facts about super-conductors combined with TGD context.

1. The work of Rabinowitch [D60] suggests that that the basic parameters of super-conductors
might be rather universal and depend on T, and conduction electron density only and be to a
high degree independent of the mechanism of super-conductivity. This is in a sharp contrast
to the complexity of even BCS model with its somewhat misty description of the phonon
exchange mechanism.

Questions: Could there exist a simple universal description of various kinds of super-conductivities?
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2. The new super-conductors possess relatively complex chemistry and lattice structure.
Questions: Could it be that complex chemistry and lattice structure makes possible some-
thing very simple describable in terms of quantum criticality. Could it be that the transversal
oscillations magnetic flux tubes allow to understand the formation of Cooper pairs at T,
and their reconnections generating very long flux tubes the emergence of supra currents at
T.7

3. The effective masses of electrons in ferromagnetic super-conductors are in the range of 10-

100 electron masses [D48] and this forces to question the idea that ordinary Cooper pairs are
current carriers.
Questions: Can one consider the possibility that the p-adic length scale of say electron can
vary so that the actual mass of electron could be large in condensed matter systems? For
quarks and neutrinos this seems to be the case [K49, K50] . Could it be that the Gaussian
Mersennes (1-+i)F —1, k = 151,157,163, 167 spanning the p-adic lengthscale range 10 nm-2.5
pm very relevant from the point of view of biology correspond to p-adic length especially
relevant for super-conductivity?

Second group of questions is inspired by quantum classical correspondence.

1. Quantum classical correspondence in its strongest form requires that bound state formation
involves the generation of join along boundaries bonds between bound particles. The weaker
form of the principle requires that the particles are topologically condensed at same space-
time sheet. In the case of Cooper pairs in ordinary superconductors the length of join along
boundaries bonds between electrons should be of order 10> — 10* Angstroms. This looks
rather strange and it seems that the latter option is more sensible.

Questions: Could quantum classical correspondence help to identify the mechanism giving
rise to Cooper pairs?

2. Quantum classical correspondence forces to ask for the space-time correlates for the existing
quantum description of phonons.
Questions: Can one assign space-time sheets with phonons or should one identify them as
oscillations of say space-time sheets at which atoms are condensed? Or should the microscopic
description of phonons in atomic length scales rely on the oscillations of wormhole contacts
connecting atomic space-time sheets to these larger space-time sheets? The identification of
phonons as wormhole contacts would be completely analogous to the similar identification of
gauge bosons except that phonons would appear at higher levels of the hierarchy of space-
time sheets and would be emergent in this sense. As a matter fact, even gauge bosons
as pairs of fermion and anti-fermion are emergent structures in TGD framework and this
plays fundamental role in the construction of QFT limit of TGD in which bosonic part of
action is generated radiatively so that all coupling constants follow as predictions [K56, K28]
. Could Bose-Einstein condensates of wormhole contacts be relevant for the description of
super-conductors or more general macroscopic quantum phases?

The third group of questions is inspired by the new physics predicted or by TGD.

1. TGD predicts a hierarchy of macroscopic quantum phases with large Planck constant.
Questions: Could large values of Planck constant make possible exotic electronic super-
conductivities? Could even nuclei possess large h (super-fluidity)?

2. TGD predicts that classical color force and its quantal counterpart are present in all length
scales.
Questions: Could color force, say color magnetic force which play some role in the formation
of Cooper pair. The simplest model of pair is as a space-time sheet with size of order ¢ so that
the electrons could be ”outside” the background space-time. Could the Coulomb interaction
energy of electrons with positively charged wormhole throats carrying parton numbers and
feeding em gauge flux to the large space-time sheet be responsible for the gap energy? Could
wormbhole throats carry also quark quantum numbers. In the case of single electron condensed
to single space-time sheet the em flux could be indeed feeded by a pair of wi and dd type
wormhole contacts to a larger space-time sheet. Could the wormhole contacts have a net
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color? Could the electron space-time sheets of the Cooper pair be connected by long color
flux tubes to give color singlets so that dark color force would be ultimately responsible for
the stability of Cooper pair?

3. Suppose that one takes seriously the ideas about the possibility of dark weak interactions
with the Compton scale of weak bosons scaled up to say atomic length scale so that weak
bosons are effectively massless below this length scale [K24] .

Questions: Could the dark weak length scale which is of order atomic size replace lattice
constant in the expression of sound velocity? What is the space-time correlate for sound
velocity?

Photon massivation, coherent states of Cooper pairs, and wormhole contacts

The existence of wormhole contacts is one of the most stunning predictions of TGD. First I realized
that wormhole contacts can be regarded as parton-antiparton pairs with parton and antiparton
assignable to the light-like causal horizons accompanying wormhole contacts. Then came the
idea that Higgs particle could be identified as a wormhole contact. It was soon followed by the
identification all bosonic states as wormhole contacts [K43] . Finally I understood that this applies
also to their super-symmetric partners, which can be also fermion [K28] . Fermions and their super-
partners would in turn correspond to wormhole throats resulting in the topological condensation
of small deformations of C' P, type vacuum extremals with Euclidian signature of metric to the
background space-time sheet. This framework opens the doors for more concrete models of also
super-conductivity involving the effective massivation of photons as one important aspect in the
case of ordinary super-conductors.

There are two types of wormhole contacts. Those of first type correspond to elementary bosons.
Wormbhole contacts of second kind are generated in the topological condensation of space-time
sheets carrying matter and form a hierarchy. Classical radiation fields realized in TGD framework
as oscillations of space-time sheets would generate wormhole contacts as the oscillating space-time
sheet develops contacts with parallel space-time sheets (recall that the distance between space-
time sheets is of order C'Py size). This realizes the correspondence between fields and quanta
geometrically. Phonons could also correspond to wormhole contacts of this kind since they me-
diate acoustic oscillations between space-time sheets and the description of the phonon mediated
interaction between electrons in terms of wormhole contacts might be useful also in the case of
super-conductivity. Bose-Einstein condensates of wormhole contacts might be highly relevant for
the formation of macroscopic quantum phases. The formation of a coherent state of wormhole
contacts would be the counterpart for the vacuum expectation value of Higgs.

The notions of coherent states of Cooper pairs and of charged Higgs challenge the conservation of
electromagnetic charge. The following argument however suggests that coherent states of wormhole
contacts form only a part of the description of ordinary super-conductivity. The basic observation
is that wormhole contacts with vanishing fermion number define space-time correlates for Higgs
type particle with fermion and anti-fermion numbers at light-like throats of the contact.

The ideas that a genuine Higgs type photon massivation is involved with super-conductivity
and that coherent states of Cooper pairs really make sense are somewhat questionable since the
conservation of charge and fermion number is lost for coherent states. A further questionable
feature is that a quantum superposition of many-particle states with widely different masses would
be in question. These interpretational problems can be resolved elegantly in zero energy ontology
[K18] in which the total conserved quantum numbers of quantum state are vanishing. In this
picture the energy, fermion number, and total charge of any positive energy state are compensated
by opposite quantum numbers of the negative energy state in geometric future. This makes possible
to speak about superpositions of Cooper pairs and charged Higgs bosons separately in positive
energy sector.

If this picture is taken seriously, super-conductivity can be seen as providing a direct support for
both the hierarchy of scaled variants of standard model physics and for the zero energy ontology.

Space-time correlate for quantum critical superconductivity

The explicit model for high T, super-conductivity relies on quantum criticality involving long
ranged quantum fluctuations inducing reconnection of flux tubes of local (color) magnetic fields
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associated with parallel spins associated with stripes to form long flux tubes serving as wires along
which Cooper pairs flow. Essentially [D11] [D11] type phenomenon would be in question. The
role of the doping by holes is to make room for Cooper pairs to propagate by the reconnection
mechanism: otherwise Fermi statistics would prevent the propagation. Too much doping reduces
the number of current carriers, too little doping leaves too little room so that there exists some
optimal doping. In the case of high T, super-conductors quantum criticality corresponds to a quite
wide temperature range, which provides support for the quantum criticality of TGD Universe. The
probability p(T') for the formation of reconnections is what matters and exceeds the critical value
at T,.

2.3.5 Super-conductivity at magnetic flux tubes

Super-conductivity at the magnetic flux tubes of magnetic flux quanta is one the basic hypothesis
of the TGD based model of living matter. There is also evidence for magnetically mediated super-
conductivity in extremely pure samples [D43] . The magnetic coupling was only observed at lattice
densities close to the critical density at which long-range magnetic order is suppressed. Quantum
criticality that long flux tubes serve as pathways along which Cooper pairs can propagate. In
anti-ferromagnetic phase these pathways are short-circuited to closed flux tubes of local magnetic
fields.

Almost the same model as in the case of high T, and quantum critical super-conductivity applies
to the magnetic flux tubes. Now the flux quantum contains BE condensate of exotic Cooper pairs
interacting with wormhole contacts feeding the gauge flux of Cooper pairs from the magnetic flux
quantum to a larger space-time sheet. The interaction of spin 1 Cooper pairs with the magnetic
field of flux quantum orients their spins in the same direction. Large value of i guarantees thermal
stability even in the case that different space-time sheets are not thermally isolated.

The understanding of gap energy is not obvious. The transversal oscillations of magnetic flux
tubes generated by spin flips of electrons define the most plausible candidate for the counterpart
of phonons. In this framework phonon like states identified as wormhole contacts would be created
by the oscillations of flux tubes and would be a secondary phenomenon.

Large values of & allow to consider not only the Cooper pairs of electrons but also of protons
and fermionic ions. Since the critical temperature for the formation of Cooper pairs is inversely
proportional to the mass of the charge carrier, the replacement of electron with proton or ion would
require a scaling of A. If T, is proportional to A2, this requires scaling by (mp/me)1/2. For T.; < h
scaling by m,/m, ~ 2! is required. This inspired idea that powers of 2!! could define favored
values of /i/hy. This hypothesis is however rather ad hoc and turned out to be too restrictive.

Besides Cooper pairs also Bose-Einstein condensates of bosonic ions are possible in large & phase
and would give rise to super-conductivity. TGD inspired nuclear physics predicts the existence of
exotic bosonic counterparts of fermionic nuclei with given (A, Z) [L2] , [L2] .

Superconductors at the flux quanta of the Earth’s magnetic field

Magnetic flux tubes and magnetic walls are the most natural candidates for super-conducting
structures with spin triplet Cooper pairs. Indeed, experimental evidence relating to the interaction
of ELF em radiation with living matter suggests that bio-super-conductors are effectively 1- or 2-
dimensional. D < 2-dimensionality is guaranteed by the presence of the flux tubes or flux walls
of, say, the magnetic field of Earth in which charge carries form bound states and the system is
equivalent with a harmonic oscillator in transversal degrees of freedom.

The effect of Earth’s magnetic field is completely negligible at the atomic space-time sheets and
cannot make super conductor 1-dimensional. At cellular sized space-time sheets magnetic field
makes possible transversal the confinement of the electron Cooper pairs in harmonic oscillator
states but does not explain energy gap which should be at the top of 1-D Fermi surface. The
critical temperature extremely low for ordinary value of % and either thermal isolation between
space-time sheets or large value of /i can save the situation.

An essential element of the picture is that topological quantization of the magnetic flux tubes
occurs. In fact, the flux tubes of Earth’s magnetic field have thickness of order cell size from
the quantization of magnetic flux. The observations about the effects of ELF em fields on bio-
matter [J46] suggest that similar mechanism is at work also for ions and in fact give very strong
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support for bio-super conductivity based on the proposed mechanism.

Energy gaps for superconducting magnetic flux tubes and walls

Besides the formation of Cooper pairs also the Bose-Einstein condensation of charge carriers to the
ground state is needed in order to have a supra current. The stability of Bose-Einstein condensate
requires an energy gap E, pp which must be larger than the temperature at the magnetic flux
tube.

Several energies must be considered in order to understand E, pg.

1. The Coulombic binding energy of Cooper pairs with the wormhole contacts feeding the em
flux from magnetic flux tube to a larger space-time sheet defines an energy gap which is
expected to be of order E, pr = a/L(k) giving E, ~ 1073 eV for L(167) = 2.5 pm giving
a rough estimate for the thickness of the magnetic flux tube of the Earth’s magnetic field
B = .5 x 1074 Tesla.

2. In longitudinal degrees of freedom of the flux tube Cooper pairs can be described as particles
in a one-dimensional box and the gap is characterized by the length L of the magnetic
flux tube and the value of A. In longitudinal degrees of freedom the difference between
n = 2 and n = 1 states is given by Eo(k2) = 3h?/4m.L?(ky). Translational energy gap
E, = 3Ey(ks) = 3h?/4m.L?(k2) is smaller than the effective energy gap Eo(k1) — Eo(k2) =
h?/4m.L?(k1)—h?/4m.L? (ko) for k1 > ko+2 and identical with it for ky = ka+2. For L(kq =
151) the zero point kinetic energy is given by Ey(151) = 20.8 meV so that E,; pg corresponds
roughly to a temperature of 180 K. For magnetic walls the corresponding temperature would
be scaled by a factor of two to 360 K and is above room temperature.

3. Second troublesome energy gap relates to the interaction energy with the magnetic field. The
magnetic interaction energy F,, of Cooper pair with the magnetic field consists of cyclotron
term E. = nheB/m, and spin-interaction term which is present only for spin triplet case
and is given by F; = +heB/m,. depending on the orientation of the net spin with magnetic
field. In the magnetic field Be,q = 2Bg/5 = .2 Gauss (Bg = .5 Gauss is the nominal value
of the Earth’s magnetic field) explaining the effects of ELF em fields on vertebrate brain,
this energy scale is ~ 1072 eV for Ay and ~ 1.6 x 1072 eV for A = 24 x hy.

The smallness of translational and magnetic energy gaps in the case of Cooper pairs at Earth’s
magnetic field could be seen as a serious obstacle.

1. Thermal isolation between different space-time sheets provides one possible resolution of
the problem. The stability of the Bose-Einstein condensation is guaranteed by the thermal
isolation of space-time if the temperature at the magnetic flux tube is below E,,. This can
be achieved in all length scales if the temperature scales as the zero point kinetic energy in
transversal degrees of freedom since it scales in the same manner as magnetic interaction
energy.

2. The transition to large A phase could provide a more elegant way out of the difficulty. The
criterion for a sequence of transitions to a large h phase could be easily satisfied if there
is a large number of charge Cooper pairs at the magnetic flux tube. Kinetic energy gap
remains invariant if the length of the flux tube scales as A. If the magnetic flux is quantized
as a multiple of A and flux tube thickness scales as A%, B must scale as 1/h so that also
magnetic energy remains invariant under the scaling. This would allow to have stability
without assuming low temperature at magnetic flux tubes.

2.4 TGD based model for high 7, super conductors

High T, superconductors are quantum critical and involve in an essential magnetic structures, they
provide an attractive application of the general vision for the model of super-conductivity based
on magnetic flux tubes.
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2.4.1 Some properties of high 7, super conductors

Quite generally, high T, super-conductors are cuprates with CuO layers carrying the supra current.
The highest known critical temperature for high T, superconductors is 164 K and is achieved under
huge pressure of 3.1 x 10° atm for LaBaCuO. High T, super-conductors are known to be super
conductors of type II.

This is however a theoretical deduction following from the assumption that the value of Planck
constant is ordinary. For h = 247, (say) ¢ would be scaled up accordingly and type I super-
conductor would be in question. These super-conductors are characterized by very complex pat-
terns of penetrating magnetic field near criticality since the surface area of the magnetic defects is
maximized. For high T, super-conductors the ferromagnetic phase could be regarded as an analo-
gous to defect and would indeed have very complex structure. Since quantum criticality would be
in question the stripe structure would fluctuate with time too in accordance with 4-D spin glass
character.

The mechanism of high T, super conductivity is still poorly understood [D59, D65] .

1. Tt is agreed that electronic Cooper pairs are charge carriers. It is widely accepted that
electrons are in relative d-wave state rather than in s-wave (see [D29] and the references
mentioned in [D59] ). Cooper pairs are believed to be in spin triplet state and electrons
combine to form L = 2 angular momentum state. The usual phonon exchange mechanism
does not generate the attractive interaction between the members of the Cooper pair having
spin. There is also a considerable evidence for BCS type Cooper pairs and two kinds of
Cooper pairs could be present.

2. High T, super conductors have spin glass like character [D58] . High T, superconductors
have anomalous properties also above T, suggesting quantum criticality implying fractal
scaling of various observable quantities such as resistivity. At high temperatures cuprates are
anti-ferromagnets and Mott insulators meaning freezing of the electrons. Superconductivity
and conductivity are believed to occur along dynamical stripes which are antiferromagnetic
defects.

3. These findings encourage to consider the interpretation in terms of quantum criticality in
which some new form of super conductivity which is not based on quasiparticles is involved.
This super-conductivity would be assignable with the quantum fluctuations destroying an-
tiferromagnetic order and replacing it with magnetically disordered phase possibly allowing
phonon induced super-conductivity.

4. The doping of the super-conductor with electron holes is essential for high T, superconductiv-
ity, and there is a critical doping fraction p = .14 at which T is highest. The interpretation
is that holes make possible for the Cooper pairs to propagate. There is considerable evi-
dence that holes gather on one-dimensional stripes with thickness of order few atom sizes
and lengths in the range 1-10 nm [D65] , which are fluctuating in time scale of 10712 seconds.
These stripes are also present in non-superconducting state but in this case they do not
fluctuate appreciably. The most plausible TGD based interpretation is in terms of fluctua-
tions of magnetic flux tubes allowing for the formation of long connected flux tubes making
super-conductivity possible. The fact that the fluctuations would be oscillations analogous
to acoustic wave and might explain the BCS type aspects of high T, super-conductivity.

5. T, is inversely proportional to the distance L between the stripes. A possible interpretation
would be that full super-conductivity requires de-localization of electrons also with respect
to stripes so that T, would be proportional to the hopping probability of electron between
neighboring stripes expected to be proportional to 1/L [D65] .

From free fermion gas to Fermi liquids to quantum critical systems

The article of Jan Zaanen [D64] gives an excellent non-technical discussion of various features
of high T, super-conductors distinguishing them from BCS super-conductors. After having con-
structed a color flux tube model of Cooper pairs I found it especially amusing to learn that the
analogy of high T, super-conductivity as a quantum critical phenomenon involving formation of
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dynamical stripes to QCD in the vicinity of the transition to the confined phase leading to the
generation of string like hadronic objects was emphasized also by Zaanen.

BCS super-conductor behaves in a good approximation like quantum gas of non-interacting
electrons. This approximation works well for long ranged interactions and the reason is Fermi
statistics plus the fact that Fermi energy is much larger than Coulomb interaction energy at
atomic length scales.

For strongly interacting fermions the description as Fermi liquid (a notion introduced by Lan-
dau) has been dominating phenomenological approach. 3He provides a basic example of Fermi
liquid and already here a paradox is encountered since low temperature collective physics is that of
Fermi gas without interactions with effective masses of atoms about 6 times heavier than those of
real atoms whereas short distance physics is that of a classical fluid at high temperatures meaning
a highly correlated collective behavior.

It should be noticed that many-sheeted space-time provides a possible explanation of the para-
dox. Space-time sheets containing join along boundaries blocks of 3He atoms behave like gas
whereas the >He atoms inside these blocks form a liquid. An interesting question is whether the
3He atoms combine to form larger units with same spin as >He atom or whether the increase of
effective mass by a factor of order six means that A as a unit of spin is increased by this factor
forcing the basic units to consist of Bose-Einstein condensate of 3 Cooper pairs.

High T, super conductors are neither Fermi gases nor Fermi liquids. Cuprate superconductors
correspond at high temperatures to doped Mott insulators for which Coulomb interactions dom-
inate meaning that electrons are localized and frozen. Electron spin can however move and the
system can be regarded as an anti-ferromagnet. CuO planes are separated by highly oxidic layers
and become super-conducting when doped. The charge transfer between the two kinds of layers is
what controls the degree of doping. Doping induces somehow a de-localization of charge carriers
accompanied by a local melting of anti-ferromagnet.

Collective behavior emerges for high enough doping. Highest T, results with 15 per cent doping
by holes. Current flows along electron stripes. Stripes themselves are dynamical and this is essential
for both conductivity and superconductivity. For completely static stripes super-conductivity
disappears and quasi-insulating electron crystal results.

Dynamical stripes appear in mesoscopic time and length scales corresponding to 1-10 nm length
scale and picosecond time scale. The stripes are in a well-defined sense dual to the magnetized
stripe like structures in type I super-conductor near criticality, which suggests analog of type
I super-conductivity. The stripes are anti-ferromagnetic defects at which neighboring spins fail
to be antiparallel. It has been found that stripes are a very general phenomenon appearing in
insulators, metals, and super-conducting compounds [D62] .

Quantum criticality is present also above T,

Also the physics of Mott insulators above T, reflects quantum criticality. Typically scaling laws
hold true for observables. In particular, resistivity increases linearly rather than transforming from
T? behavior to constant as would be implied by quasi-particles as current carriers. The appearance
of so called pseudo-gap [D22] at T,y > T, conforms with this interpretation. In particular, the
pseudo-gap is non-vanishing already at T, and stays constant rather than starting from zero as
for quasi-particles.

Results from optical measurements and neutron scattering

Optical measurements and neutron scattering have provided especially valuable microscopic in-
formation about high T, superconductors allowing to fix the details of TGD based quantitative
model.

Optical measurements of copper oxides in non-super-conducting state have demonstrated that
optical conductivity o(w) is surprisingly featureless as a function of photon frequency. Below the
critical temperature there is however a sharp absorption onset at energy of about 50 meV [D39]

The origin of this special feature has been a longstanding puzzle. It has been proposed that
this absorption onset corresponds to a direct generation of an electron-hole pair. Momentum
conservation implies that the threshold for this process is E, + E, where E is the energy of the
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"gluon’ which binds electrons of Cooper pair together. In the case of ordinary super-conductivity
FE would be phonon energy.

Soon after measurements, it was proposed that in absence of lattice excitations photon must
generate two electron-hole pairs such that electrons possess opposite momenta [D39] . Hence the
energy of the photon would be 2E,,. Calculations however predicted soft rather than sharp onset of
absorption since pairs of electron-hole pairs have continuous energy spectrum. There is something
wrong with this picture.

Second peculiar characteristic [D40, D37, D36] of high T, super conductors is resonant neutron
scattering at excitation energy E,, = 41 meV of super conductor. This scattering occurs only below
the critical temperature, in spin-flip channel and for a favored momentum exchange (7/a,7/a)),
where a denotes the size of the lattice cube [D40, D37, D36] . The transferred energy is concentrated
in a remarkably narrow range around FE,, rather than forming a continuum.

In [D55] is is suggested that e-e resonance with spin one gives rise to this excitation. This
resonance is assumed to play the same role as phonon in the ordinary super conductivity and
e-e resonance is treated like phonon. It is found that one can understand the dependence of the
second derivative of the photon conductivity o(w) on frequency and that consistency with neutron
scattering data is achieved. The second derivative of o(w) peaks near 68 meV and assuming
E = E; + E,, they found nearly perfect match using F, = 27 meV. This would suggest that the
energy of the excitations generating the binding between the members of the Cooper pair is indeed
41 meV, that two electron-hole pairs and excitation of the super conductor are generated in photon
absorption above threshold, and that the gap energy of the Cooper pair is 27 meV. Of course, the
theory of Carbotte et al does not force the 'gluon’ to be triplet excitation of electron pair. Also
other possibilities can be considered. What comes in mind are spin flip waves of the spin lattice
associated with stripe behaving as spin 1 waves.

In TGD framework more exotic options become possible. The transversal fluctuations of stripes-
or rather of the magnetic flux tubes associated with the stripes- could define spin 1 excitations
analogous to the excitations of a string like objects. Gauge bosons are identified as wormhole
contacts in quantum TGD and massive gauge boson like state containing electron-positron pair or
quark-antiquark pair could be considered.

2.4.2 TGD inspired vision about high 7, superconductivity

The following general view about high T, super-conductivity as quantum critical phenomenon
suggests itself. It must be emphasized that this option is one of the many that one can imagine
and distinguished only by the fact that it is the minimal option.

The interpretation of critical temperatures

The two critical temperatures T and T, > T, are interpreted as critical temperatures. The recent
observation that there exists a spectroscopic signature of high 7. super-conductivity, which prevails
up to T, [D15] , supports the interpretation that Cooper pairs exist already below T.; but that
for some reason they cannot form a coherent super-conducting state.

One can imagine several alternative TGD based models but for the minimal option is the
following one.

1. T,, would be the temperature for the formation of two-phase system consisting of ordinary
electrons and of Cooper pairs with a large value of Planck constant explaining the high
critical temperature.

2. Magnetic flux tubes are assumed to be carriers of supra currents. These flux tubes are very
short in in anti-ferromagnetic phase. The holes form stripes making them positively charged
so that they attract electrons. If the spins of holes tend to form parallel sequences along
stripes, they generate dipole magnetic fields in scales of order stripe length at least. The
corresponding magnetic flux tubes are assumed to be carriers of electrons and Cooper pairs.
The flux tube structures would be closed so that the supra currents associated with these
flux tubes would be trapped in closed loops above T,.
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3. Below T,.; transversal fluctuations of the flux tubes structures occur and can induce recon-
nections giving rise to longer flux tubes. Reconnection can occur in two manners. Recall that
upwards going outer flux tubes of the dipole field turn downwards and eventually fuse with
the dipole core. If the two dipoles have opposite directions the outer flux tube of the first
(second) dipole can reconnect with the inward going part of the flux tube of second (first)
dipole. If the dipoles have same direction, the outer flux tubes of the dipoles reconnect with
each other. Same applies to the inwards going parts of the flux tubes and the dipoles fuse
to a single deformed dipole if all flux tubes reconnect. This alternative looks more plausible.
The reconnection process is in general only partial since dipole field consists of several flux
tubes.

4. The reconnections for the flux tubes of neighboring almost dipole fields occur with some
probability p(T') and make possible finite conductivity. At T, the system the fluctuations
of the flux tubes become large and also p(T, L), where L is the distance between stripes,
becomes large and the reconnection leads to a formation of long flux tubes of length of
order coherence length at least and macroscopic supra currents can flow. One also expects
that the reconnection occurs for practically all flux tubes of the dipole field. Essentially
a percolation type phenomenon [D11] would be in question. Scaling invariance suggests
pe(T, L) = p.(TL/R), where L is the distance between stripes, and would predict the observed
T, « h/L behavior. Large value of i would explain the high value of T..

This model relates in an interesting manner to the vision of Zaanen [D66] expressed in terms
of the highway metaphor visualizing stripes as quantum highways along which Cooper pairs can
move. In antiferromagnetic phase the traffic is completely jammed. The doping inducing electron
holes allows to circumvent traffic jam due to the Fermi statistics generates stripes along which
the traffic flows in the sense of ordinary conductivity. In TGD framework highways are replaced
with flux tubes and the topology of the network of highways fluctuates due to the possibility of
reconnections. At quantum criticality the reconnections create long flux tubes making possible the
flow of supra currents.

The interpretation of fluctuating stripes in terms of 1-D phonons

In TGD framework the phase transition to high T, super-conductivity would have as a correlate
fluctuating stripes to which supra currents are assigned. Note that the fluctuations occur also
for T' > T, but their amplitude is smaller. Stripes would be parallel to the dark magnetic flux
tubes along which dark electron current flows above T,.. The fluctuations of magnetic flux tubes
whose amplitude increases as T, is approached induce transverse oscillations of the atoms of stripes
representing 1-D transverse phonons.

The transverse fluctuations of stripes have naturally spin one character in accordance with the
experimental facts. They allow identification as the excitations having 41 meV energy and would
propagate in the preferred diagonal direction (7/a,m/a). Dark Cooper pairs would have a gap
energy of 27 meV. Neutron scattering resonance could be understood as a generation of these 1-D
phonons and photon absorption a creation of this kind of phonon and breaking of dark Cooper
pair. The transverse oscillations could give rise to the gap energy of the Cooper pair below T, and
for the formation of long flux tubes below T, but one can consider also other mechanisms based
on the new physics predicted by TGD.

Various lattice effects such as superconductivity-induced phonon shifts and broadenings, possi-
ble isotope effects in T, (questionable), the penetration depth, infrared and photoemission spectra
have been observed in the cuprates [D6]. A possible interpretation is that ordinary phonons are
replaced by 1-D phonons defined by the transversal excitations of stripes but do not give rise
to the binding of the electrons of the Cooper pair but to to reconnection of flux tubes. An al-
ternative proposal which seems to gain experimental support is that spin waves appearing near
antiferromagnetic phase transitions replace phonons.
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More precise view about high 7. superconductivity taking into account recent exper-
imental results

There are more recent results allowing to formulate more precisely the idea about transition to
high T, super-conductivity as a percolation type phenomenon. Let us first summarize the recent
picture about high T, superconductors.

1. 2-dimensional phenomenon is in question. Supra current flows along preferred lattice planes
and type II super-conductivity in question. Proper sizes of Cooper pairs (coherence lengths)
are & =1-3 nm. Magnetic length X is longer than &/+/2.

2. Mechanism for the formation of Cooper pairs is the same water bed effect as in the case of
ordinary superconductivity. Phonons are only replaced with spin-density waves for electrons
with periodicity in general not that of the underlying lattice. Spin density waves relate closely
to the underlying antiferromagnetic order. Spin density waves appear near phase transition
to antiferromagnetism.

3. The relative orbital angular mentum of Cooper pair is L=2 (22 — y? wave), and vanishes at
origin unlike for ordinary s wave SCs. The spin of the Cooper pair vanishes.

Consider now the translation of this picture to TGD language. Basic notions are following.

1. Magnetic flux tubes and possibly also dark electrons forming Cooper pairs.

2. The appearence of spin waves means sequences of electrons with opposite spins. The magnetic
field associated with them can form closed flux tube containing both spins. Assume that
spins-are orthogonal to the lattice plane in which supracurrent flows. Assume that the flux
tube branches associated with electron with given spin branches so that it is shared with
both neighboring electrons.

3. Electrons of opposite spins at the two portions of the closed flux tube have magnetic inter-
action energy. The total energy is minimal when the spins are in opposite directions. Thus
the closed flux tube tends to favor formation of Cooper pairs.

4. Since magnetic interaction energy is proportional to hesy = n X h, it is expected stabilize the
Cooper pairs at high temperatures. For ordinary super-conducti- vity magnetic fields tends
to de-stabilize the pairs by trying to force the spins of spin singlet pair to the same direction.

5. This does not yet give super-conductivity. The closed flux tubes associated with paired spins
can however reconnect so that longer flux closed flux tubes are formed. If this occurs for
entire sequences, one obtains two flux tubes containing electrons with opposite spins forming
Cooper pairs: this would be the "highway” and percolation would corresponds to this process.
The pairs would form supracurrents in longer scales.

6. The phase phase transitions generating the reconnections could be percolation type phase
transition.

This picture might apply also in TGD based model of bio-superconductivity.

1. The stability of dark Cooper pairs assume to reside at magnetic flux tubes is a problem also
now. Fermi statistics favors opposite spins but this means that magnetic field tends to spit
the pairs if the members of the pair are at the same flux tube.

2. If the members of the pair are at different flux tubes, the situation changes. One can have
L =1 and S = 1 with parallel spins (ferromagnetism like situation) or L = 2 and S = 0
state (anti-ferromagnetism like situation). L > 0 is necessary since electrons must reside at
separate flux tubes.
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Explanation for the spectral signatures of high 7. superconductor

The model should explain various spectral signatures of high T, super-conductors. It seems that
this is possible at qualitative level at least.

1. Below the critical temperature there is a sharp absorption onset at energy of about E, = 50
meV.

2. Second characteristic [D40, D37, D36] of high T, super conductors is resonant neutron scat-
tering at excitation energy FE,, = 41 meV of super conductor also visible only below the
critical temperature.

3. The second derivative of o(w) peaks near 68 meV and assuming E = E, + E,, they found
nearly perfect match using £, = 27 meV for the energy gap.

E4 =27 meV has a natural interpretation as energy gap of spin 1 Cooper pair. E,, = 41 meV
can be assigned to the transversal oscillations of magnetic flux tubes inducing 1-D transversal
photons which possibly give rise to the energy gap. E, = 50 meV can be understood if also
S = 0 Cooper pair for which electrons of the pair reside dominantly at the ”outer” dipole flux tube
and inner dipole core. The presence of this pair might explain the BCS type aspects of high T,
super-conductivity. This identification would predict the gap energy of S = 0 Cooper pair to be
E,(S = 0) = 9 meV. Since the critical absorption onset is observed only below T, these Cooper
pairs would become thermally stable at T, and the formation of long flux tubes should somehow
stabilize them. For very long flux tubes the distance of a point of ”outer” flux tube from the nearby
point ”inner” flux tube becomes very long along dipole flux tube. Hence the transformation of
S = 0 pairs to S = 1 pairs is not possible anymore and S = 0 pairs are stabilized.

Model for Cooper pairs

The TGD inspired model for Cooper pairs of high T, super-conductor involves several new physics
aspects: large h phases, the notion of magnetic flux tubes. One can also consider the possibility
that color force predicted by TGD to be present in all length scales is present.

1. One can consider two options for the topological quantization of the dipole field. It could
decompose to a flux tube pattern with a discrete rotational symmetry Z,, around dipole
axis or to flux sheets identified as walls of finite thickness invariant under rotations around
dipole axis. Besides this there is also inner the flux tube corresponding to the dipole core.
For the flux sheet option one can speak about eigenstates of L,. For flux tube option the
representations of Z,, define the counterparts of the angular momentum eigenstates with
a cutoff in L, analogous to a momentum cutoff in lattice. The discretized counterparts
of spherical harmonics make sense. The counterparts of the relative angular momentum
eigenstates for Cooper pair must be defined in terms of tensor products of these rather than
using spherical harmonics assignable with the relative coordinate r; — ro. The reconnection
mechanism makes sense only for the flux tube option so that it is the only possibility in the
recent context.

2. Exotic Cooper pair is modeled as a pair of large h electrons with zoomed up size at space-time
representing the dipole field pattern associated with a sequence of holes with same spin. If
the members of the pair are at diametrically opposite flux tubes or at the ”inner” flux tube
(dipole core) magnetic fluxes flow in same direction for electrons and spin 1 Cooper pair is
favored. If they reside at the ”inner” flux tube and outer flux tube, spin zero state is favored.
This raises the question whether also S = 0 variant of the Cooper pair could be present.

3. Large h is needed to explain high critical temperature. By the general argument the tran-
sition to large i phase occurs in order to reduce the value of the gauge coupling strength
- now fine structure constant- and thus guarantee the convergence of the perturbation the-
ory. The generation or positive net charge along stripes indeed means strong electromagnetic
interactions at stripe.
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Color force in condensed matter length scales is a new physics aspect which cannot be excluded
in the case that transverse oscillations of flux tubes do not bind the electrons to form a Cooper pair.
Classically color forces accompany any non-vacuum extremal of Kahler action since a non-vanishing
induced Kéhler field is accompanied by a classical color gauge field with Abelian holonomy. Induced
Kahler field is always non-vanishing when the dimension of the C'P, projection of the space-time
surface is higher than 2. One can imagine too alternative scenarios.

1. Electromagnetic flux tubes for which induced Kahler field is non-vanishing carry also classical
color fields. Cooper pairs could be color singlet bound states of color octet excitations of
electrons (more generally leptons) predicted by TGD and explaining quite impressive number
of anomalies [K82] . These states are necessarily dark since the decay widths of gauge bosons
do not allow new light fermions coupling to them. The size of these states is of order electron
size scale L(127) for the standard value of Planck constant. For the non-standard value of
Planck constant it would be scaled up correspondingly. For r = h/hy = 2 the size would
be around 3.3 Angstréms and for » = 224 of order 10 nm. Color binding could be responsible
for the formation of the energy gap in this case and would distinguish between ordinary two-
electron states and Cooper pair. The state with minimum color magnetic energy corresponds
to spin triplet state for two color octed fermions whereas for colored fermion and anti-fermion
it corresponds to spin singlet (pion like state in hadron physics).

2. A more complex variant of this picture served as the original model for Cooper pairs. Elec-
trons at given space-time sheet feed their gauge flux to large space-time sheet via wormhole
contacts. If the wormhole throats carry quantum numbers of quark and antiquark one can
say that in the simplest situation the electron space-time sheet is color singlet state formed
by quark and antiquark associated with the upper throats of the wormhole contacts carrying
quantum numbers of u quark and d quark. It can also happen that the electronic space-time
sheets are not color singlet but color octet in which case the situation is analogous to that
above. Color force would bind the two electronic space-time sheets to form a Cooper pair.
The neighboring electrons in stripe possess parallel spins and could form a pair transforming
to a large h Cooper pair bound by color force. The Coulombic binding energy of the charged
particles with the quarks and antiquarks assignable to the two wormhole throats feeding the
em gauge flux to Y% and color interaction would be responsible for the energy gap.

Estimate for the gap energy

If transverse oscillations are responsible for the binding of the Cooper pairs, one expects similar
expression for the gap energy as in the case of BCS type super conductors. The 3-D formula for
the gap energy reads as

E, = hwpexp(—-1/X) ,

wp = (67T2)1/30577,1/3
3
X = n(EF)Uo = §N(EF)7

_ 3 N(Ep)
2 Ep

n(Er)
(2.4.1)

X depends on the details of the binding mechanism for Cooper pairs and Uy parameterizes these
details.

Since only stripes contribute to high 7. super-conductivity it is natural to replace 3-dimensional
formula for Debye frequency in 1-dimensional case with

E, = hwexp(—-1/X) ,
w = ken . (2.4.2)
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where n is the 1-dimensional density of Cooper pairs and k a numerical constant. X would now
correspond to the binding dynamics at the surface of 1-D counterpart of Fermi sphere associated
with the stripe.

There is objection against this formula. The large number of holes for stripes suggests that the
counterpart of Fermi sphere need not make sense, and one can wonder whether it could be more
advantageous to talk about the counterpart of Fermi sphere for holes and treat Cooper pair as a
pair of vacancies for this ”Fermi sphere”. High T, super conductivity would be 1-D conventional
super-conductivity for bound states of vacancies. This would require the replacement of n with
the linear density of holes along stripes, which is essentially that of nuclei.

From the known data one can make a rough estimate for the parameter X. If E,, = hf = 41
meV is assigned with transverse oscillations the standard value of Planck constant would give
f = fo=9.8x10'2 Hz. In the general case one has f = fy/r. If one takes the 10712 second length
scale of the transversal fluctuations at a face value one obtains r = 10 as a first guess. F, = 27
meV gives the estimate

exp(—1/X) = —* (2.4.3)

giving X = 2.39.
The interpretation in terms of transversal oscillations suggests the dispersion relation
Cs

=1

L is the length of the approximately straight portion of the flux tube. The length of the ”outer”
flux tube of the dipole field is expected be longer than that of stripe. For L =  nm and fp ~ 10'2
Hz one would obtain ¢, = 1032 m/s.

Estimate for the critical temperatures and for &

One can obtain a rough estimate for the critical temperature 7.1 by following simple argument.

1. The formula for the critical temperature proposed in the previous section generalize in 1-
dimensional case to the following formula

h n.
(=<

8me g

Ter ). (2.4.4)

g is the number of spin degrees of freedom for Cooper pair and n. the 1-D density of Cooper
pairs. The effective one-dimensionality allows only single I = 2 state localized along the
stripe.The g = 3 holds true for S = 1.

2. By parameterizing n. as n. = (1 — pp)/a, a = z Angstrom, and substituting the values of
various parameters, one obtains

r2(1 — pp)?

Tar 92

x 6.3 meV . (2.4.5)

3. An estimate for p;, follows from the doping fraction pg and the fraction pg of parallel atomic
rows giving rise to stripes one can deduce the fraction of holes for a given stripe as

DPd
P = — . 2.4.6
Ps ( )
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One must of course have p; < ps. For instance, for ps = 1/5 and pg = 15 per cent one obtains
pr, = 75 per cent so that a length of four atomic units along row contains one Cooper pair on
the average. For T,; = 23 meV (230 K) this would give the rough estimate r = 23.3: r = 24
satisfies the Fermat polygon constraint. Contrary to the first guess inspired by the model of
bio-superconductivity the value of A would not be very much higher than its standard value.
Notice however that the proportionality T, o< r? makes it difficult to explain T, using the
standard value of h.

4. One pp x 1/L whereas scale invariance for reconnection probability (p = p(x = TL/h))
predicts T, = x.h/L = x.psh/a. This implies

TC _ 32’]T2 mea$2g2 Ds Te

T ho (1= (pa/ps)?)? v

(2.4.7)

This prediction allows to test the proposed admittedly somewhat ad hoc formula. For pg <<
ps Te/Te1 does behaves as 1/L. One can deduce the value of z. from the empirical data.

5. Note that if the reconnection probability p is a universal function of x as quantum criticality
suggests and thus also x. is universal, a rather modest increase of i could allow to raise T
to room temperature range.

The value of h is predicted to be inversely proportional to the density of the Cooper pairs at
the flux tube. The large value of /& needed in the modelling of living system as magnetic flux tube
super-conductor could be interpreted in terms of phase transitions which scale up both the length
of flux tubes and the distance between the Cooper pairs so that the ratio rn. remains unchanged.

Coherence lengths

The coherence length for high 7T, super conductors is reported to be 5-20 Angstroms. The naive
interpretation would be as the size of Cooper pair. There is however a loophole involved. The
estimate for coherence length in terms of gap energy is given by & = 4';3%. If the coherence length
is estimated from the gap energy, as it seems to be the case, then the scaling up of the Planck
constant would increase coherence length by a factor r = h/hg. r = 24 would give coherence
lengths in the range 12 — 48 nm.

The interpretation of the coherence length would be in terms of the length of the connected
flux tube structure associated with the row of holes with the same spin direction which can be
considerably longer than the row itself. As a matter fact » would characterize the ratio of size
scales of the "magnetic body” of the row and of row itself. The coherence lengths could relate to
the p-adic length scales L(k) in the range k = 151,152, ..,155 varying in the range (10,40]) nm.
k = 151 correspond to thickness cell membrane.

Why copper and what about other elements?

The properties of copper are somehow crucial for high T, superconductivity since cuprates are the
only known high T, superconductors. Copper corresponds to 3d'%4s ground state configuration
with one valence electron. This encourages the question whether the doping by holes needed to
achieve superconductivity induces the phase transition transforming the electrons to dark Cooper
pairs.

More generally, elements having one electron in s state plus full electronic shells are good
candidates for doped high T, superconductors. If the atom in question is also a boson the formation
of atomic Bose-Einstein condensates at Cooper pair space-time sheets is favored. Superfluid would
be in question. Thus elements with odd value of A and Z possessing full shells plus single s wave
valence electron are of special interest. The six stable elements satisfying these conditions are 5Li,
39K, 63Cu, #Rb, 133Cs, and 197 Au.
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A new phase of matter in the temperature range between pseudo gap temperature
and 7.7

Kram sent a link to a Science Daily popular article titled ” High-Temperature Superconductor Spills
Secret: A New Phase of Matter?” (see alsothis). For more details see the article in Science [D44] .

Zhi-Xun Shen of the Stanford Institute for Materials and Energy Science (SIMES), a joint
institute of the Department of Energy’s SLAC National Accelerator Laboratory and Stanford
University, led the team of researchers, which discovered that in the temperature region between
the pseudo gap temperature and genuine temperature for the transition to super-conducting phase
there exists a new phase of matter. The new phase would not be super-conducting but would be
characterized by an order of its own which remains to be understood. This phase would be present
also in the super-conducting phase.

The announcement does not come as a complete surprise for me. A new phase of matter is
what TGD inspired model of high T, superconductivity indeed predicts. This phase would consist
of Cooper pairs of electrons with a large value of Planck constant but associated with magnetic
flux tubes with short length so that no macroscopic supra currents would be possible.

The transition to super-conducting phase involves long range fluctuations at quantum criticality
and the analog of a phenomenon known as percolation [D11] . For instance, the phenomenon occurs
for the filtering of fluids through porous materials. At critical threshold the entire filter suddenly
wets as fluid gets through the filter. Now this phenomenon would occur for magnetic flux tubes
carrying the Cooper pairs. At criticality the short magnetic flux tubes fuse by reconnection to
form long ones so that supra currents in macroscopic scales become possible.

It is not clear whether this prediction is consistent with the finding of Shen and others. The
simultaneous presence of short and long flux tubes in macroscopically super-conducting phase is
certainly consistent with TGD prediction. The situation depends on what one means with super-
conductivity. Is super-conductivity super-conductivity in macroscopic scales only or should one
call also short scale super-conductivity not giving rise to macroscopic super currents as super-
conductivity. In other words: do the findings of Shen’s team prove that the electrons above gap
temperature do not form Cooper pairs or only that there are no macroscopic supra currents?

Whether the model works as such or not is not a life and death question for the TGD based
model. One can quite well imagine that the first phase transition increasing /& does not yet produce
electron Compton lengths long enough to guarantee that the overlap criterion for the formation of
Cooper pairs is satisfied. The second phase transition increasing i would do this and also scale up
the lengths of magnetic flux tubes making possible the flow of supra currents as such even without
reconnections. Also reconnections making possible the formation of very long flux tubes could be
involved and would be made possible by the increase in the length of flux tubes.

2.4.3 Speculations
21-Micrometer mystery

21 micrometer radiation from certain red giant stars have perplexed astronomers for more than
a decade [D49] . Emission forms a wide band (with width about 4 micrometers) in the infrared
spectrum, which suggests that it comes form a large complex molecule or a solid or simple molecules
found around starts. Small molecules are ruled out since they produce narrow emission lines. The
feature can be only observed in very precise evolutionary state, in the transition between red giant
phase and planetary nebular state, in which star blows off dust that is rich in carbon compounds.
There is no generally accepted explanation for 21-micrometer radiation.

One can consider several explanations based on p-adic length scale hypothesis and some expla-
nations might relate to the wormhole based super-conductivity.

1. 21 micrometers corresponds to the photon energy of 59 meV which is quite near to the zero
point point kinetic energy 61.5 meV of proton Cooper pair at k& = 139 space-time sheet
estimated from the formula

2

1
T = —AE(m,,137) ~ 61.5 meV .

1
AE(2m,,139) = - —
(2my, 139) 2 (2m,)L.(139)2 8


http://www.sciencedaily.com/releases/2011/03/110324153747.htm
http://www.sciencedaily.com/releases/2011/03/110324153747.htm
http://en.wikipedia.org/wiki/Percolation
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Here the binding energy of the Cooper pair tending to reduce this estimate is neglected, and
this estimate makes sense only apart from a numerical factor of order unity. This energy is
liberated when a Cooper pair of protons at k = 139 space-time sheet drops to the magnetic
flux tube of Earth’s magnetic field (or some other sufficiently large space-time sheet). This
energy is rather near to the threshold value about 55 meV of the membrane potential.

2. 21 micrometer radiation could also result when electrons at k = 151 space-time sheet drop
to a large enough space-time sheet and liberate their zero point kinetic energy. Scaling
argument gives for the zero point kinetic energy of electron at k = 151 space-time sheet
the value A(e,151) ~ 57.5 meV which is also quite near to the observed value. If electron
is bound to wormhole with quantum numbers of d Coulombic binding energy changes the
situation.

3. A possible explanation is as a radiation associated with the transition to high T, super
conducting phase. There are two sources of photons. Radiation could perhaps result from
the de-excitations of wormhole BE condensate by photon emission. A = 20.5 micrometers
is precisely what one expects if the space-time sheet corresponds to p ~ 2, k = 173 and
assumes that excitation energies are given as multiples of E,,(k) = 27/L.(k). This predicts
excitation energy E,,(173) ~ 61.5 meV. Unfortunately, this radiation should correspond to a
sharp emission line and cannot explain the wide spectrum.

Are living systems high 7T, superconductors?

The idea about cells and axons as superconductors has been one of the main driving forces in
development of the vision about many-sheeted space-time. Despite this the realization that the
supra currents in high 7, superconductors flow along structure similar to axon and having same
crucial length scales came as a surprise. Axonal radius which is typically of order r = .5 pm.
r =151 — 127 = 24 favored by Mersenne hypothesis would predict » = .4 um. The fact that water
is liquid could explain why the radius differs from that predicted in case of high T, superconductors.

Interestingly, Cu is one of the biologically most important trace elements [D2] . For instance,
copper is found in a variety of enzymes, including the copper centers of cytochrome c-oxidase, the
Cu-Zn containing enzyme superoxide dismutase, and copper is the central metal in the oxygen
carrying pigment hemocyanin. The blood of the horseshoe crab, Limulus polyphemus uses copper
rather than iron for oxygen transport. Hence there are excellent reasons to ask whether living
matter might be able to build high 7, superconductors based on copper oxide.

Neuronal axon as a geometric model for current carrying ”rivers”

Neuronal axons, which are bounded by cell membranes of thickness L.(151) consisting of two lipid
layers of thickness L.(149) are good candidates for high T, superconductors in living matter.

These flux tubes with radius .4 gm would define ”rivers” along which conduction electrons and
various kinds of Cooper pairs flow. Scaled up electrons have size L.(k.sy = 151) corresponding to
10 nm, the thickness of the lipid layer of cell membrane. Also the quantum fluctuating stripes of
length 1-10 nm observed in high T, super conductors might relate to the scaled up electrons with
Compton length 10 nm, perhaps actually representing zoomed up electrons!

The original assumption that exotic resp. BCS type Cooper pairs reside at boundaries resp.
interior of the super-conducting rivulet. It would however seem that the most natural option is that
the hollow cylindrical shells carry all supra currents and there are no Cooper pairs in the interior.
If exotic Cooper pairs reside only at the boundary of the rivulet or the Cooper pairs at boundary
remain critical against exotic-BCS transition also below T, the time dependent fluctuations of the
shapes of stripes accompanying high 7T, super-conductivity can be understood as being induced by
the fluctuations of membrane like structures. Quantum criticality at some part of the boundary is
necessary in order to transform ordinary electron currents to super currents at the ends of rivulets.
In biology this quantum criticality would correspond to that of cell membrane.
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2.5 Evidence for electronic superconductivity in bio-systems

There exists some evidence for super-conductivity in bio-systems. DNA should be insulator but
under some circumstances it becomes conductor [I28] and perhaps even high T, super-conductor.
Also evidence for Josephson effect has been reported [D33] .

2.5.1 DNA as a conductor?

Barton et al [I28] have done several experiments between 1993-1997 related to the conductivity
properties of DNA double helix. The conclusion is that DNA double helix has the ability to do
chemistry at distance: A DNA molecule with a chemical group artificially tethered to one end
appears to mediate a chemical change far down the heliz, causing a patch of damaged DNA to be
mended.”.

What seems to occur is flow of electron current along DNA with very small resistance. Typically
the experiments involve electron donator and acceptor separated by a long distance along DNA.
When acceptor is radiated it goes to excited state and an electron current flows from donator to
acceptor as a consequence. Standard wisdom tells that this should not be possible. The current
should flow by quantum tunnelling between adjacent building units of DNA and it should diminish
exponentially with distance. For proteins this is known to be the case. In experiments however no
distance dependence was observed. Irradiation with visible light was also involved.

There exist a theory which assumes that the current could flow along the interior of double
DNA, that is the region between the bases of strand and complementary strand. The electron
would be de-localized in bases rings which would form a stack along DNA. The current would flow
by tunnelling also now but the tunnelling probability would be so large that distance dependence
would be weak. The critics of Barton argue that this model cannot explain all the experiments of
Barton and that the model is not in accordance with basic organic chemistry and biology: ordinary
sun light should have rather drastic effects on us. Barton admits that they do not understand the
mechanism.

TGD suggests a possible explanation of phenomenon in terms of dark atoms or partially dark
atoms for which valence electrons are dark.

1. The bases of DNA contain 5 or 6-cycles: both correspond to Fermat polygons. This symmetry
suggests dark phase with G, C SU(2) having maximal cyclic group Zs or Zg so that one
would have n, = 5 or n, = 6 depending on the cycle. This identification would provide
first principle explanation for why just these cycles appear in living matter. Most naturally
organic atoms would be ordinary but some electrons would reside on dark space-time sheets
corresponding to n, =5 or n, = 6 and n, = 1.

2

2. The scaled up size of the electronic orbital would be roughly (n,n?/Z f f)ao and by a factor

€
nZ larger than the size of ordinary orbital. The large distance of valence electrons suggest
Zess = 1 as a first guess, which would imply de-localization of electrons in the length scale
625a¢p ~ 312 nm for Rb and 900ag ~ 45 nm for Rh. For the estimate Z.f; ~ 10 deduced
below the de-localization would occur in length scales 3 nm and 9 nm which is probably
quite enough since there is one DNA triplet per one nanometer if the conduction occurs as
a sequence of replacements of a hole with electron analogous to the falling down of domino

pieces.

3. The fact that the ratio 6/5 = 1.2 is rather near to the ratio 45/37 = 1.22 of nuclear charges of
Rh and Rb atoms would guarantee that the binding energy of the valence electron for Rh atom
with n, = 6 is reasonably near to that for Rb atom with n, = 5. This encourages to think
that the mechanism of conductivity involves the ionization of dark valence electron of acceptor
atom so that it can receive the dark valence electron of the donor atom. Delocalization makes
this process possible.

4. The DNA environment would induce the phase transition of Rh and Ru atoms to par-
tially dark atoms. The binding energy of the dark valence electron is reduced to E =
(nb/na)? 22 Eo/n?, where Z.s; is the screened nuclear charge seen by valence electrons,
n = 5 the principal quantum number for the valence electron in the recent case, and Fy = 13.6
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eV the ground state energy of hydrogen atom. Z.;; = 1 would give .02 eV binding energy
which is quite too small. If the binding energy reduces to that of a visible photon parame-
terized as FF = x eV one obtains the condition

Zepr = ngny/ E/Ey >~ bng\/x/13.6 .

For Rh z = 2 would give Z.sy = 11.5 and Z.5y = 9.6 for Rb.

2.5.2 DNA as a super-conductor?

Also in the model of ORMEs as dark matter led to n, = 6,7, = 1 in super-conducting phase.
This suggests DNA super-conductivity is based on the same mechanism as the explanation of
superconductivity assigned with ORMEs. In particular, the energy E = .05 eV associated with
the critical potential of neuronal membrane could correspond to the gap energy of the DNA super-
conductor and this could relate directly to the activation of DNA. As found, the dark variant of a
conventional super-conductor with gap energy around 10 K would give rise to a dark superconductor
with a gap energy around room temperature. The estimate F, = E/n? gives 14 K for n, = 6 and
20 K for n, = 5 for the gap energy. DNA carries -2 units of electric charge per single nucleotide
and the interpretation could be as one dark Cooper pair per nucleotide. n, = 6 would give the
higher critical temperature.

The fact that there is a twist 7/10 per single nucleotide in DNA double strand led to the proposal
that DNA pr RNA might serve as a minimal topological quantum computer with computation
based on braiding S-matrix and characterized by n, = 5 [K87] . Perhaps dark Cooper pairs
having n, = 5 with charge fractionized to five identical fractions along 5-cycles could relate to the
topological quantum computation.

DNA strand and its conjugate could form a pair of weakly coupled super-conductors forming
kind of a scaled down version for the pairs formed by the inner and outer lipid layers of the axonal
membrane or cell interior and exterior. Both DNA strand and double strand corresponds to the
secondary p-adic length scale L.(71,2) ~ 4.4 Angstroms. The soliton sequences associated with
the phase differences of super-conducting order parameter over the Josephson junctions connecting
DNA strands, and idealizable as a continuous one-dimensional Josephson junction, could serve as a
quantum control mechanism. Josephson junctions could correspond to MEs which propagate with
very low effective phase velocity along the DNA strand. The mathematics would be essentially
that of a gravitational pendulum [K62] . Soliton like structures associated with DNA have been
proposed also by Peter Gariaev [I31] .

Aromatic rings and large h phases

Aromatic rings contain odd number of 7 de-localized electron pairs with atoms in the same plane.
The de-localization of 7 electrons in the ring is used to explain the stability of these compounds [I1]
. Benzene is the classical example of this kind of structure. Delocalization and DNA conductivity
suggest interpretation in terms n, = 5 or n, = 6 phase and raises the question whether the de-
localization of electrons could occur also in the orthogonal direction and whether it could give rise
to Cooper pairs.

Aromatic rings consisting of 5 or 6 carbons are very common in biology. DNA basis have
been already mentioned. Carbohydrates consist of monosaccharide sugars of which most contain
aromatic ring (glucose used as metabolic fuel are exception). Monoamine neurotransmitters are
neurotransmitters and neuromodulators that contain one amino group that is connected to an
aromatic ring by a two-carbon chain (-CH2-CH2-). The neurotransmitters known a monoamines
are derived from the four aromatic amino acids phenylalanine, tyrosine, histidine, tryptophan.
Also norepinephrine, dopamine, and serotonin involve aromatic rings As a rule psychoactive drugs
involve aromatic rings: for instance, LSD contains four rings.

These observations inspire the question whether the compounds containing aromatic rings serve
as junctions connecting pre- and postsynaptic neurons and induce Josephson currents between
them. If Josephson radiation codes for the mental images communicated to the magnetic body,
the psychoactive character of these compounds could be understood. One can also ask whether
these compounds induce quantum criticality making possible generation of large i phases?
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Graphene as another example of dark electron phase?

The behavior of electrons in graphene, which is two-dimensional hexagonal carbon crystal with a
thickness of single atomic layer, is very strange [D41] . Electrons behave as massless particles but
move with a velocity which is 1/300 of light velocity. Graphene is an excellent conductor. TGD
can provide a model for these peculiar properties.

1. One can regard graphene as a giant molecule and the hexagonal ring structure suggests
that M* Planck constant is scaled up by a factor of 6 and that dark free electron pairs are
associated with the ring structures. If also C'P, Planck is scaled up with the same factor,
chemistry is not affected although the size scale of electron wave functions is scaled up by
a factor of 6. Just as in the case of DNA, the rings containing de-localized free electron
pairs could be responsible for the anomalously high conductivity of graphene. If quantum
critical super-conductor is in question, the super-conductivity could become possible in lower
temperature.

2. Consider now the explanation for the vanishing of the rest mass. The general mass formula
predicted by p-adic thermodynamics [K43] states that particle mass squared is given by
the thermal average of the conformal weight and that conformal weight and thus also mass
squared is additive in bound states:

(Zpif = Zm? (2.5.1)

The assumption p? = m? makes sense only for massless partons moving collinearly. In the
QCD based model of hadrons only longitudinal momenta and transverse momentum squared
are used as labels of parton states, which would suggest that one has
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(2.5.2)

The masses would be reduced in bound states: m? — m? — (p%);. This could explain why
massive quarks can behave as nearly massless quarks inside hadrons. In the recent case
electrons would become massless if one has hadron like many electron states (free electron
pairs?) with p2. = m2.

3. TGD also predicts the possibility of anomalous time dilation in the absence of gravitational
field implying also reduction of light velocity. The simplest example are vacuum extremals
corresponding to the warped imbedding ¢ = wt to M* x S',S! a geodesic sphere of CP,
which have induced metric for which time component of metric is g = 1 — R%w? instead of
g = 1. Light velocity defined from the time taken to get from point A to B is reduced by
a factor /gy from its maximal value. If the space-time sheets carrying the electrons have
gt = 1/300, one can understand the reduction of light velocity.

2.5.3 Conducting DNA and metabolism

Besides charge transfer also energy transfer along DNA could be of importance in living systems.

Could metabolism involve electronic visible-dark phase transitions at DNA level?

If the dark valence electron associated with an ordinary atom is transformed to ordinary electron,
the binding energy of the electron increases which means a liberation of a considerable amount
of energy. This phase transition could liberate a large amount of metabolic energy in a coherent
manner and might be involved with metabolism at molecular level.
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Could the transfer of electrons along DN A make possible energy transfer?

One important function made possible by the assumed dropping of electrons to larger space-time
sheets is the transfer of not only charge but also energy through long distances and metabolism
might well use this mechanism. The typical energy liberated when ATP molecule is used is about
.5 eV. In the model of ATP [K37] it is suggested that energy metabolism involves the circulation
of protons between atomic (k = 137) space-time sheets and magnetic flux tubes of Earth. The
dropping of proton from k& = 137 atomic space-time sheet to much larger space-time sheet liberates
this energy as zero point kinetic energy and generation of ATP molecule involves kicking of three
protons back to the atomic space-time sheets by using metabolic energy.

In many-sheeted space-time particles topologically condense at all space-time sheets having
projection to given region of space-time so that this option makes sense only near the boundaries
of space-time sheet of a given system. Also p-adic phase transition increasing the size of the space-
time sheet could take place and the liberated energy would correspond to the reduction of zero
point kinetic energy. Particles could be transferred from a portion of magnetic flux tube portion
to another one with different value of magnetic field and possibly also of Planck constant h.fs so
that cyclotron energy would be liberated.

In the following early version of the model assigning metabolic energy quantum to the dropping
of protons is considered. In [K60] a model of metabolism associating the metabolic energy quantum
to the change of cyclotron energy is discussed.

ATP might provide only the mechanism responsible for the energy transfer over short distances.
The dropping of any ion from any space-time sheet to a larger space-time sheet is possible and
liberates a definite amount of usable energy. When the smaller space-time sheet corresponds to
a super-conducting space-time sheet, the ions or their Cooper pairs can be rapidly transferred
as dissipation free supra currents to the region, where the energy is needed. This long distance
energy transfer mechanism could be associated with all kinds of linear structures: DNA, proteins,
microfilaments, microtubules, axons etc... The magnitude of the energy quantum released would
be fixed by the p-adic length scale hypothesis and the mass of the ion or of the Cooper pair. The
acceleration in endogenous electric fields provides a mechanism kicking the ions back to the smaller
space-time sheets.

Because of their low mass, electrons are exceptional. The dropping of an electronic Cooper
pair from k£ = 139 some space-time sheet presumably associated with the hydrogen bonds of
length about 3 nm connecting the nucleotides of different DNA strands would liberate a huge
energy of about 120 eV. The corresponding UV photon has frequency not far from the miracle
frequency associated with k = 151 p-adic length scale, which is the first of the four subsequent p-
adic miracle length scales corresponding to Gaussian Mersennes. The dropping of electron Cooper
pair from the space-time sheet of the DNA strand of thickness of order 4 — 5 Angstroms, which
presumably corresponds to the secondary electron Compton length L.(71,2) ~ 4.4 Angstroms,
liberates energy of about 15 eV, which in turn corresponds to the p-adic miracle length scale
L.(157). This would mean that all miracle length scales would correspond to some energy unit of
energy metabolism [K37] !

An interesting question relates to the possible function of this UV photon. The wavelength
A = L.(151) corresponds to the thickness of the cell membrane. It is also to the minimal length
of DNA sequence (10 DNA triplets) with the property that the net winding is a multiple of 27
(3x27). By its reflection symmetry this helical sequence might serve as a subunit of DNA sequence.
The ends of this subunit could act as mirrors connected by MEs carrying Bose-Einstein condensed
photons propagating back and worth between the mirrors. The energy liberated by the electron
as an UV photon could BE condense to this kind of ME.

At least in the case of monocellulars having DNA at cell membrane, the photon could also be
reflected between the outer and inner boundary of the cell membrane.

2.5.4 Some empirical evidence for super conductivity in bio-systems

There is indirect evidence for electronic super conductivity in bio-systems. The basic signatures
are photon emission and absorption with energies coming as multiples of the potential difference
between two weakly coupled super conductors and voltage-current characteristics of Josephson
current. The evidence is related to the tunnelling of electrons between a weakly coupled pair of
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super conductors.

According to [D20] , for several biological systems involving nerve or growth processes the square
of the activation energy is a linear function of temperature over a moderate range of physiological
temperatures. This behavior may be predicted from the hypothesis that the rate of biological
process is controlled by single electron tunnelling between micro-regions of super-conductivity. In
TGD framework natural candidates for this kind of regions are the lipid layers of cell membranes
and cells themselves.

Positive experimental evidence for Josephson effect is reported and discussed in [D33] . The
evidence is based on the observation of voltage-current characteristic typical to the Josephson
current flowing between weakly coupled super conductors, which are identified as neighboring
cells. Also the radiation of photons with energies which are multiples of the potential difference
between the weakly coupled super conductors is used as an empirical signature. The potential
difference is about 15 nV and in completely different range as the potential difference of order .05
V between the lipid layers of the cell membrane. Various species of organisms can detect weak
magnetic fields from .1 to 5 gauss and this is in accordance with the existence of Josephson junction
in systems, which are super conductors of type II in critical region between H., and H.,. The
detection of magnetic fields could be based on the same mechanism as the operation of SQUIDs.

2.5.5 Microtubular space-time sheets as super conductors?

Microtubules are fashionable candidate for a macroscopic quantum system. Microtubules are the
basic structural units of cytoskeleton and it has been suggested that cytoskeleton might play the
role of nervous system at single cell level and provide the key element for understanding bio-systems
as macroscopic quantum systems [J25] . Microtubules are hollow cylindrical tubes with inner and
outer radii of 14 nm and 25 nm respectively so that the thickness of the cylinder corresponds
roughly to the length scale I:(l51). Microtubules consist of dimers of a and § tubulines having
at least two conformations: the position of electron centrally placed in the a-tubulin-S-tubulin
juncture probably determines the conformation. Tubulin dimers have size ~ 8 nm not far from
the length scale L(157). There are 13 columns of tubulin dimers along the microtubule. The skew
hexagonal pattern of microbutules exhibits pattern made up of 5 right handed and 8 left handed
helical arrangements.

For left handed arrangement 27 rotation corresponds to a distance ~ 64 nm ~ ﬁ(163) along the
length of the microtubule [J36, J8] . It has been suggested [J25] that the electric dipole moments
of tubulin dimers form a macroscopic quantum system analogous to a spin system. An alternative
possibility is that microtubules might be super conducting. The cylindrical geometry is ideal for
the creation of constant magnetic fields inside the tube by helical supercurrents flowing along the
surface of the microtubule. The electrons determining the conformation of the tubulin dimer are
the most obvious candidates for Cooper pairs. Perhaps the electrons corresponding to a given
conformation of tubulin could form de-localized Cooper pairs.

The numbers 5 and 8 correspond to Fermat polygons which suggests that G, with n, =5x8 =
40 defining order of maximal cyclic subgroup is involved. n, = 40 was also obtained from the
requirement that the 20 amino-acids can be coded by the many-electron states of dark N-hydrogen
atom having n, = 1 [K24] . Super-conductivity would correspond to n, = 1 so that by the
previous argument the critical temperature would be scaled up by a factor n2 = 1600 from that
of a conventional super-conductor. The possible problems relate to the thermal stability of light
atoms if also nuclei are dark, which is however not expected.

The hypothesis that microtubules are infrared quantum antennas with average length giving
rise to .1 eV infrared photon fits nicely with the super conductor idea. The fact that .1 eV is the
basic energy scale of wormhole atomic physics explains the average length of microtubules. In case
of Cooper pairs there is natural coupling to the Josephson currents related to Josephson junctions
between lipid layers of the cell membrane. The coupling of wormhole supra currents to coherent
photons contains two contributions. The first contribution is the coupling of the wormhole current
to the difference of the gauge potentials describing topologically condensed coherent photons on
the two space-time sheets. The second contribution is proportional to the difference of dielectric
constants on the two space-time sheets and is non-vanishing even when the topological condensates
of coherent photons are identical.
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2.5.6 Are living systems high 7. superconductors?

The idea about cells and axons as superconductors has been one of the main driving forces in
development of the vision about many-sheeted space-time. Despite this the realization that the
supra currents in high 7T, superconductors flow along structure similar to axon and having same
crucial length scales came as a surprise. Axonal radius which is typically of order » = .5 um.
r = 151 — 127 = 24 favored by the hypothesis that Mersennes and their Gaussian counterparts
defined preferred p-adica length scales and their dark variants would predict » = .4 um. The fact
that water is liquid could explain why the radius differs from that predicted in case of high T,
superconductors.

Interestingly, Cu is one of the biologically most important trace elements [D2] . For instance,
copper is found in a variety of enzymes, including the copper centers of cytochrome c-oxidase, the
Cu-Zn containing enzyme superoxide dismutase, and copper is the central metal in the oxygen
carrying pigment hemocyanin. The blood of the horseshoe crab, Limulus polyphemus uses copper
rather than iron for oxygen transport. Hence there are excellent reasons to ask whether living
matter might be able to build high 7, superconductors based on copper oxide.

What are the preferred values of 7 for bio-superconductors?

The observed stripes would carry large A electrons attracted to them by hole charge. The basic
question concerns the value of i which in the general case is given by i = x,23. a refers to CD
and b to CP,. x; = n; holds true for singular coverings and x; = 1/n; for singular factor spaces.
n is is the order of maximal cyclic subgroup Z,, C G, where G defines singular covering or factor
space. Number theoretic vision suggests that the integers n;, which correspond to a n-polygon
constructible using only ruler and compass are physically favored. Thus n; would be a product
containing only different Fermat primes 22" + 1 (3,5,17,257, 216 + 1) and some power of 2.
The first question concerns the value of the Planck constant assignable to electron.

1. The secondary Compton time scale assignable to the CD of electron is scaled up from
T.(2,127) ~ .1 seconds (actually fundamental biorhythm) to r7T,(2,127), r = h/hy. The
corresponding p-adic length scale is /7 L¢(127) = /7 x 2.4 x 1072 m.

2. The appearance of 50 meV energy scale which can be interpreted in terms of Josephson
energy for cell membrane at criticality for nerve pulse generation is too intriguing signal to
be dismissed and forces to ask whether the Compton scales L.(k), k = 149, 151 associated
with the lipid layer of cell membrane and membrane itself are involved also with non-biological
high T, super-conductivity.

The model for living matter raises the question whether the favored values of r = n,n; corre-
spond to 2F¢, where kg is difference of integers k; defining Mersenne primes or Gaussian Mersennes.
This hypothesis can be tested.

1. r =21 (127—113 = 14) would predict effective p-adic length scale L.(127+14) = 141) = 3.3
Angstrom so that dark electrons would have atomic size scale. The thickness of the stripes
is few atomic sizes and the members of spin 1 Cooper pair in high 7T, super-conductors
would naturally have distance given by atomic length scale if they are correspond to nearest
neighbors in the lattice. This gives rise to a large Coulomb repulsion between electrons
which suggests that the electrons at the magnetic flux tube tend to have as large distance as
possible.

2. r=2% (151 — 127 = 24) would give L.(127+ 24 = 151) = 10nm so that dark electron would
have size which corresponds to the thickness of the cell membrane. Bio-superconductivity
could correspond to this value of h. The minimum option is that only the exotic Cooper
pairs making possible super-conductivity above T, and broken by quantum criticality against
transition to ordinary electron need have size of order L.(151) = 10 nm. The length of stripes
is in the range 1-10 nm and this forces to ask whether this length scale could correspond to
the size of Cooper pairs also for high T, super-conductors.
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Neuronal axon as a geometric model for current carrying ”rivers”

Neuronal axons, which are bounded by cell membranes of thickness L.(151) consisting of two lipid
layers of thickness L.(149) are good candidates for high 7. superconductors in living matter.

These flux tubes with radius .4 pm would define ”rivers” along which conduction electrons and
various kinds of Cooper pairs flow. Scaled up electrons have size L.(k.sy = 151) corresponding to
10 nm, the thickness of the lipid layer of cell membrane. Also the quantum fluctuating stripes of
length 1-10 nm observed in high T, super conductors might relate to the scaled up electrons with
Compton length 10 nm, perhaps actually representing zoomed up electrons!

The original assumption that exotic resp. BCS type Cooper pairs reside at boundaries resp.
interior of the super-conducting rivulet. It would however seem that the most natural option is that
the hollow cylindrical shells carry all supra currents and there are no Cooper pairs in the interior.
If exotic Cooper pairs reside only at the boundary of the rivulet or the Cooper pairs at boundary
remain critical against exotic-BCS transition also below T, the time dependent fluctuations of the
shapes of stripes accompanying high T, super-conductivity can be understood as being induced by
the fluctuations of membrane like structures. Quantum criticality at some part of the boundary is
necessary in order to transform ordinary electron currents to super currents at the ends of rivulets.
In biology this quantum criticality would correspond to that of cell membrane.

2.6 Exotic atoms, wormhole super conductivity and worm-
hole magnetic fields

Exotic atom, wormhole super conductivity and wormhole magnetic fields are purely TGD based
concepts and it seems that these concepts might be involved with the transition from organic
chemistry to biochemistry. There is certainly much more involved, in particular the long range
color and weak forces discussed in [K24] .

2.6.1 Exotic atoms

For ordinary atoms all electrons are condensed on the ”atomic” condensation level. One could
however think the possibility that some electrons, most probably some valence electrons with high
value of principal quantum number n, condense to the lower condensation level, at which atom
itself is condensed. This process would give rise to exotic atoms. The exotic counterpart of atom
with charge Z would behave chemically as element with Z — n(val), where n(val) is the number of
exotic valence electrons. The energy levels of electron at the exotic condensate level should depend
only very weakly on the nuclear charge of the parent atom: only the number of valence electrons is
what matters. In particular, ”electronic” alchemy becomes in principle possible by dropping some
electrons on the lower condensate level. One can consider two options depending on whether the
dropped electrons are ordinary or dark.

1. Dropped electrons are not dark

The model to be represented is the first version about exotic super-conductivity which was
based on the idea about wormhole contact as a counterpart of phonon. Much later it became
obvious that charged wormhole contacts can be in fact be identified as counterparts for charged
Higgs field making photons massive. This aspect is not discussed below.

The exotic electrons see the Coulomb field of nucleus with effective charge n(val). This charge
and gravitational flux flows from the atomic condensate level via the tiny wormhole contacts located
near the boundaries of atomic condensate level. If the electric flux of the wormhole is quantized
with proton charge as unit there are n(val) wormhole contacts, with each wormhole carrying one
unit of electric charge. Note that the minimal unit of flux is naturally 1/3 of elementary charge
and the detection of electric flux of this size would be a triumph of the theory. In order to be able
to evaluate the energy levels of this pseudo hydrogen atom one must know something about the
mass of the wormhole contacts. The following physical considerations give estimate for the mass.

p-Adic length scale hypothesis states that physically most interesting length /mass scales are
in one-one- correspondence with p-adic primes p near prime powers of two (p ~ 2*, k prime)
and p-adic mass scale is given by m ~ 1/L.(p), where L.(p) is p-adic length scale expressible in
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terms of Planck length as L.(p) ~ 104\/75\/5. The representation of wormhole contact as parton
pair suggests that apart from effects related to the binding of wormhole throats to single unit,
the inertial mass is just the sum of contributions of parton and antiparton associated with the
throats carrying opposite gauge quantum numbers. If the time orientations of the space-time
sheets involved are opposite, the energies can sum up to zero and the wormhole contact carries no
mass. Otherwise the mass is sum of the two masses and the dominant contribution to their mass is
determined by the length scale associated with the smaller space-time sheet and thus proportional
to 1/ \/P1- In atomic length scales this would give mass of order 10* eV and in the length scale
corresponding to room temperature mass would be of order 1072 eV. Atoms (k = 137) can feed
they electromagnetic gauge fluxes directly to ”lower” p-adic condensate levels (such as k = 149)
rather than & = 139 to minimize the contribution of wormhole masses to energy.

The small mass of wormhole implies that for atoms with sufficiently high Z it could be energet-
ically favorable to drop electrons to the lower condensate level. Very light wormhole contacts are
described by d’Alembert operator associated with the induced metric of the 3-dimensional surface
describing the boundary of atomic surface and having one time like direction.

Wormbhole contacts are free to move along the boundary of the atomic 3-surface. If wormhole
contacts are very light but not exactly massless, it is clear that wormhole contacts behave as bosons
restricted to this surface and that state they condense on ground state. For very light but not
massless wormhole contacts the lowest state has energy equal to rest mass of the wormhole and
next state has energy of order 7/a ~ 10* eV, where a is the radius of atom. Therefore very light
wormbhole contacts BE condense on the ground state and give rise to a constant charge distribution
on the spherical shell surrounding atom. For exactly massless wormhole contacts the zero energy
state is not possible and localization of massless wormhole contacts on surface of atomic size would
require energy of order 10 eV. In the interior of this shell electrons are free and in exterior they
move in the field of this charge distribution and form bound states. The energies of the electrons
at ”lower” space-time sheet depend only weakly on the value of Z (only via the dependence of the
size of atomic 3-surface on Z) so that the spectral lines associated with the exotic atoms should be
in certain sense universal.

The dropping of electrons of heavy atoms, such as Gold or Pb, to the lower space-time sheet,
might be energetically favorable or require only a small energy and be induced by, say, absorption
of a visible light. Once single electron is dropped it becomes more favorable for second electron to
drop since the potential well in the final state is now deeper. The fact, that wormhole contacts form
BE Einstein condensate, gives transition probability proportional to N? instead of N, N being the
number of wormhole contacts already present. In this manner even cascade like process could
become possible leading to drop of all valence electrons to the lower space-time sheet. One could
even end up from heavy metal such as lead to pseudo-Xenon noble gas evaporating instantaneously!

2. Could exotic valence electrons be dark?

The basic objection against the proposed model is that the proposed wormhole mechanism has
no experimental support. If temperature is same at the space-time sheets carrying the dropped
electrons, it is not possible to have high T, super-conductivity for conventional mechanisms.

The valence electrons could however be also dark, which would mean that at some radius
atomic electric gauge fluxes flow to a dark space-time sheet and is shared to n; sub-fluxes so that
the each sheet carries flux nyq;/ny. For ng/ny > 1 the fractionization of the radial electric gauge
flux could make the states of valence electrons thermally unstable. n,/n;, > 1 would however favor
the formation of Cooper pairs and thus high T, variant of conventional super-conductivity with
critical temperature scaled up by n2.

The presence of Ca, Na and K ions in cells and their importance for the functioning of cell
membrane could be also due to the fact that these ions are formed when some of the valence
electrons transform to dark electrons and become super-conducting. An alternative explanation
is that also the nuclei in question are dark and n,/n; is so high that atomic binding energies
for valence electrons are below thermal threshold and cold plasma of dark ions is formed. These
electrons could form Cooper pairs for large enough n,/n,. Magnetic flux sheets are excellent
candidates for these space-time sheets. The observed ions would result via a phase transition of
these ions to ordinary ones. Chemically the resulting elements would behave like noble gas. This
kind of mechanism might be involved also with the formation of high T, super-conductors.
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2.6.2 Mono-atomic elements as dark matter and high 7, super-conductors?

The ideas related to many-sheeted space-time began to develop for a decade ago. The stimulation
came from a contact by Barry Carter who told me about so called mono-atomic elements, typically
transition metals (precious metals), including Gold. According to the reports these elements, which
are also called ORMEs (”orbitally rearranged monoatomic elements”) or ORMUS, have following
properties.

1. ORMEs were discovered and patented by David [H13] [H13] are peculiar elements belonging
to platinum group (platinum, palladium, rhodium, iridium, ruthenium and osmium) and to
transition elements (gold, silver, copper, cobalt and nickel).

2. Instead of behaving as metals with valence bonds, ORMEs have ceramic like behavior. Their
density is claimed to be much lower than the density of the metallic form.

3. They are chemically inert and poor conductors of heat and electricity. The chemical inertness
of these elements have made their chemical identification very difficult.

4. One signature is the infra red line with energy of order .05 eV. There is no text book
explanation for this behavior. Hudson also reports that these elements became visible in
emission spectroscopy in which elements are posed in strong electric field after time which
was 6 times longer than usually.

The pioneering observations of David Hudson [H13]| - if taken seriously - suggest an interpre-
tation as an exotic super-conductor at room temperature having extremely low critical magnetic
fields of order of magnetic field of Earth, which of course is in conflict with the standard wisdom
about super-conductivity. After a decade and with an impulse coming from a different contact
related to ORMESs, I decided to take a fresh look on Hudson’s description for how he discovered
ORMEs [H13] with dark matter in my mind. From experience I can tell that the model to be
proposed is probably not the final one but it is certainly the simplest one.

There are of course endless variety of models one can imagine and one must somehow constrain
the choices. The key constraints used are following.

1. Only valence electrons determining the chemical properties appear in dark state and the
model must be consistent with the general model of the enhanced conductivity of DNA
assumed to be caused by large /i valence electrons with r = h/fhig = n, n = 5,6 assignable
with aromatic rings. r = 6 for valence electrons would explain the report of Hudson about
anomalous emission spectroscopy.

2. This model cannot explain all data. If ORMEs are assumed to represent very simple form
of living matter also the presence electrons having h/hy = 2! k = 1, can be considered
and would be associated with high T, super-conductors whose model predicts structures with
thickness of cell membrane. This would explain the claims about very low critical magnetic
fields destroying the claimed superconductivity.

Below I reproduce Hudson’s own description here in a somewhat shortened form and emphasize
that must not forget professional skepticism concerning the claimed findings.

Basic findings of Hudson

Hudson was recovering gold and silver from old mining sources. Hudson had learned that something
strange was going on with his samples. In molten lead the gold and silver recovered but when "1
held the lead down, I had nothing”. Hudson tells that mining community refers to this as ”ghost-
gold”, a non-assayable, non-identifiable form of gold.

Then Hudson decided to study the strange samples using emission spectroscopy. The sample
is put between carbon electrodes and arc between them ionizes elements in the sample so that
they radiate at specific frequencies serving as their signatures. The analysis lasts 10-15 seconds
since for longer times lower electrode is burned away. The sample was identified as Iron, Silicon,
and Aluminium. Hudson spent years to eliminate Fe, Si, and Al. Also other methods such as
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Cummings Microscopy, Diffraction Microscopy, and Fluorescent Microscopy were applied and the
final conclusion was that there was nothing left in the sample in spectroscopic sense.

After this Hudson returned to emission spectroscopy but lengthened the time of exposure to
electric field by surrounding the lower Carbon electrode with Argon gas so that it could not
burn. This allowed to reach exposure times up to 300 s. The sample was silent up to 90 s after
which emission lines of Palladium (Pd) appeared; after 110 seconds Platinum (Pt); at 130 seconds
Ruthenium (Ru); at about 140-150 seconds Rhodium; at 190 seconds Iridium; and at 220 seconds
Osmium appeared. This is known as fractional vaporization.

Hudson reports the boiling temperatures for the metals in the sample having in mind the idea
that the emission begins when the temperature of the sample reaches boiling temperature inspired
by the observation that elements become visible in the order which is same as that for boiling
temperatures.

The boiling temperatures for the elements appearing in the sample are given by the following
table.

Element | Ca Fe S Al Pd RA
Tg/°C 1420 | 1535 | 2355 2327 >2200 | 2500
Element | Ru Pt Ir Os Ag Au
Tg/°C | 4150 | 4300 | > 4800 | > 5300 | 1950 2600

Table 2. Boiling temperatures of elements appearing in the samples of Hudson.

Hudson experimented also with commercially available samples of precious metals and found
that the lines appear within 15 seconds, then follows a silence until lines re-appear after 90 seconds.
Note that the ratio of these time scales is 6. The presence of some exotic form of these metals
suggests itself: Hudson talks about mono-atomic elements.

Hudson studied specifically what he calls mono-atomic gold and claims that it does not possess
metallic properties. Hudson reports that the weight of mono-atomic gold, which appears as a
white powder, is 4/9 of the weight of metallic gold. Mono-atomic gold is claimed to behave like
super-conductor.

Hudson does not give a convincing justification for why his elements should be mono-atomic
so that in following this attribute will be used just because it represents established convention.
Hudson also claims that the nuclei of mono-atomic elements are in a high spin state. I do not
understand the motivations for this statement.

Claims of Hudson about ORMESs as super conductors

The claims of Hudson that ORMES are super conductors [H13] are in conflict with the conventional
wisdom about super conductors.

1. The first claim is that ORMEs are super conductors with gap energy about E, = .05 eV
and identifies photons with this energy resulting from the formation of Cooper pairs. This
energy happens to correspond one of the absorption lines in high T, superconductors.

2. ORMEs are claimed to be super conductors of type II with critical fields H.; and H., of order
of Earth’s magnetic field having the nominal value .5 x 10=* Tesla [H13] . The estimates
for the critical parameters for the ordinary super conductors suggests for electronic super
conductors critical fields, which are about .1 Tesla and thus by a factor ~ 22 larger than
the critical fields claimed by Hudson.

3. It is claimed that ORME particles can levitate even in Earth’s magnetic field. The latter claim
looks at first completely nonsensical. The point is that the force giving rise to the levitation
is roughly the gradient of the would-be magnetic energy in the volume of levitating super
conductor. The gradient of average magnetic field of Earth is of order B/R, R the radius of
Earth and thus extremely small so that genuine levitation cannot be in question.
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Minimal model

Consider now a possible TGD inspired model for these findings assuming for definiteness that the
basic Hudson’s claims are literally true.

1. In what sense mono-atomic elements could be dark matter?

The simplest option suggested by the applicability of emission spectroscopy and chemical in-
ertness is that mono-atomic elements correspond to ordinary atoms for which valence electrons are
dark electrons with large value of r = fi/hy. Suppose that the emission spectroscopy measures the
energies of dark photons from the transitions of dark electrons transforming to ordinary photons
before the detection by de-coherence increasing the frequency by r. The size of dark electrons and
temporal duration of basic processes would be zoomed up by 7.

Since the time scale after which emission begins is scaled up by a factor 6, there is a temptation
to conclude that r = 6 holds true. Note that n = 6 corresponds to Fermat polygon and is thus
preferred number theoretically in TGD based model for preferred values of i [K26] . The simplest
possibility is that the group Gy is trivial group and G, = Ag or Dg so that ring like structures
containing six dark atoms are suggestive.

This brings in mind the model explaining the anomalous conductivity of DNA by large & valence
electrons of aromatic rings of DNA. The zooming up of spatial sizes might make possible exotic
effects and perhaps even a formation of atomic Bose-Einstein condensates of Cooper pairs. Note
however that in case of DNA r = 6 not gives only rise to conductivity but not super-conductivity
and that r = 6 cannot explain the claimed very low critical magnetic field destroying the super-
conductivity.

2. Loss of weight

The claimed loss of weight by a factor p ~ 4/9 is a very significant hint if taken seriously. The
proposed model implies that the density of the partially dark phase is different from that of the
ordinary phase but is not quantitative enough to predict the value of p. The most plausible reason
for the loss of weight would be the reduction of density induced by the replacement of ordinary
chemistry with r = 6 chemistry for which the Compton length of valence electrons would increase
by this factor.

8. Is super-conductivity possible?

The overlap criterion is favorable for super-conductivity since electron Compton lengths would
be scaled up by factor n, = 6,n, = 1. For r = h/fiy = n, = 6 Fermi energy would be scaled up
by n2 = 36 and if the same occurs for the gap energy, T, would increase by a factor 36 from that
predicted by the standard BCS theory. Scaled up conventional super-conductor having T, ~ 10 K
would be in question (conventional super-conductors have critical temperatures below 20 K). 20
K upper bound for the critical temperature of these superconductors would allow 660 K critical
temperature for their dark variants!

For large enough values of r the formation of Cooper pairs could be favored by the thermal
instability of valence electrons. The binding energies would behave as E = rszf +Eo /n?, where
Zess is the screened nuclear charge seen by valence electrons, n the principal quantum number
for the valence electron, and Ey the ground state energy of hydrogen atom. This gives binding
energy smaller than thermal energy at room temperature for r > (Zess/n)\/2E0/3Troom = 17.4 X
(Zefg/n). For n=>5 and Z.sp < 1.7 this would give thermal instability for r = 6.

Interestingly, the reported .05 eV infrared line corresponds to the energy assignable to cell
membrane voltage at criticality against nerve pulse generation, which suggests a possible connection
with high T, superconductors for which also this line appears and is identified in terms of Josephson
energy. .05 eV line appears also in high T, superconductors. This interpretation does not exclude
the interpretation as gap energy. The gap energy of the corresponding BCS super-conductor would
be scaled down by 1/r2? and would correspond to 14 K temperature for r = 6.

Also high T, super-conductivity could involve the transformation of nuclei at the stripes con-
taining the holes to dark matter and the formation of Cooper pairs could be due to the thermal
instability of valence electrons of Cu atoms (having n = 4). The rough extrapolation for the critical
temperature for cuprate superconductor would be T.(Cu) = (ncy/ngrn)*T.(Rh) = (25/36)T.(Rh).
For T.(Rh) = 300 K this would give T,.(Cu) = 192 K: accoding to Wikipedia cuprate perovskite



88 Chapter 2. Bio-Systems as Super-Conductors: Part I

has the highest known critical temperature which is 138 K. Note that quantum criticality suggests
the possibility of several values of (ng, np) so that several kinds of super-conductivities might be
present.

ORMEs as partially dark matter, high T, super conductors, and high 7, super-fluids

The appearance of .05 €V photon line suggest that same phenomena could be associated with
ORMEs and high T, super-conductors. The strongest conclusion would be that ORMEs are T,
super-conductors and that the only difference is that C'u having single valence electron is replaced
by a heavier atom with single valence electron. In the following I shall discuss this option rather
independently from the minimal model.

1. ORME super-conductivity as quantum critical high T, superconductivity

ORME:s are claimed to be high T, superconductors and the identification as quantum critical
superconductors seems to make sense.

1. According to the model of high T, superconductors as quantum critical systems, the prop-
erties of Cooper pairs should be more or less universal so that the observed absorption lines
discussed in the section about high T, superconductors should characterize also ORMEs.
Indeed, the reported 50 meV photon line corresponds to a poorly understood absorption line
in the case of high T, cuprate super conductors having in TGD framework an interpretation
as a transition in which exotic Cooper pair is excited to a higher energy state. Also Copper
is a transition metal and is one of the most important trace elements in living systems [D2] .
Thus the Cooper pairs could be identical in both cases. ORMEs are claimed to be supercon-
ductors of type II and quantum critical superconductors are predicted to be of type II under
rather general conditions.

2. The claimed extremely low value of H, is also consistent with the high 7, superconductivity.
The supra currents in the interior of flux tubes of radius of order L,, = .4 pm are BCS type
supra currents with large /i so that T, is by a factor 2'4 (127 — 113 = 14 is inspired by the
Mersenne hypothesis for the preferred p-adic length scales) higher than expected and H. is
reduced by a factor 2710, This indeed predicts the claimed order of magnitude for the critical
magnetic field.

3. The problem is that r = 24 is considerably higher that r» = 6 suggested by the minimum
model explaining the emission spectroscopic results of Hudson. Of course, several values of &
are possible so that internal consistency would be achieved if ORMEs are regarded as a very
simple form of living matter with relatively small value of r and giving up the claim about
the low value of critical magnetic field.

4. The electronic configurations of Cu and Gold are chemically similar. Gold has electronic con-
figuration [Xe, 4f'45d'%)6s with one valence electron in s state whereas Copper corresponds
to 3d'%4s ground state configuration with one valence electron. This encourages to think
that the doping by holes needed to achieve superconductivity induces the dropping of these
electrons to k = 151 space-time sheets and gives rise to exotic Cooper pairs. Also this model
assumes the phase transition of some fraction of Cu nuclei to large & phase and that exotic
Cooper pairs appear at the boundary of ordinary and large i phase.

More generally, elements having one electron in s state plus full electronic shells are good
candidates for doped high T, superconductors. Both Cu and Au atoms are bosons. More
generally, if the atom in question is boson, the formation of atomic Bose-Einstein condensates
at Cooper pair space-time sheets is favored. Thus elements with odd value of A and Z
possessing full shells plus single s wave valence electron are of special interest. The six stable
elements satisfying these conditions are °Li, 39K, 93Cu, 8Rb, 133Cs, and 197 Au.

2. ”Levitation” and loss of weight

The model of high T, superconductivity predicts that some fraction of Cu atoms drops to the
flux tube with radius L,, = .4 pym and behaves as a dark matter. This is expected to occur also in
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the case of other transition metals such as Gold. The atomic nuclei at this space-time sheet have
high charges and make phase transition to large i phase and form Bose-Einstein condensate and
superfluid behavior results. Electrons in turn form large h variant of BCS type superconductor.
These flux tubes are predicted to be negatively charged because of the Bose-Einstein condensate
of exotic Cooper pairs at the boundaries of the flux tubes having thickness L.(151). The average
charge density equals to the doping fraction times the density of Copper atoms.

The first explanation would be in terms of super-fluid behavior completely analogous to the
ability of ordinary superfluids to defy gravity. Second explanation is based on the electric field
of Earth which causes an upwards directed force on negatively charged BE condensate of exotic
Cooper pairs and this force could explain both the apparent levitation and partial loss of weight.
The criterion for levitation is F., = 2eE/x > F,. = Am,g, where g ~ 10 m?/s is gravitational
acceleration at the surface of Earth, A is the atomic weight and m, proton mass, £ the strength
of electric field, and z is the number of atoms at the space-time sheet of a given Cooper pair. The
condition gives E > 5 x 10—10Ax V/m to be compared with the strength E = 10% — 10* V/m of
the Earths’ electric field.

An objection against the explanation for the effective loss of weight is that it depends on the
strength of electric field which varies in a wide range whereas Hudson claims that the reduction
factor is constant and equal to 4/9. A more mundane explanation would be in terms of a lower
density of dark Gold. This explanation is quite plausible since there is no atomic lattice structure
since nuclei and electrons form their own large i phases.

4. The effects on biological systems

Some monoatomic elements such as White Gold are claimed to have beneficial effects on living
systems [H13] . 5 per cent of brain tissue of pig by dry matter weight is claimed to be Rhodium
and Iridium. Cancer cells are claimed to be transformed to healthy ones in presence of ORMEs.
The model for high T, super conductivity predicts that the flux tubes along which interior and
boundary supra currents flow has same structure as neuronal axons. Even the basic length scales
are very precisely the same. On basis of above considerations ORMEs are reasonable candidates
for high T, superconductors and perhaps even super fluids.

The common mechanism for high T,, ORME- and bio- super-conductivities could explain the
biological effects of ORMEs.

1. In unhealthy state superconductivity might fail at the level of cell membrane, at the level of
DNA or in some longer length scales and would mean that cancer cells are not anymore able
to communicate. A possible reason for a lost super conductivity or anomalously weak super
conductivity is that the fraction of ORME atoms is for some reason too small in unhealthy
tissue.

2. The presence of ORMEs could enhance the electronic bio- superconductivity which for some
reason is not fully intact. For instance, if the lipid layers of cell membrane are, not only
wormhole-, but also electronic super conductors and cancer involves the loss of electronic
super-conductivity then the effect of ORMEs would be to increase the number density of
Cooper pairs and make the cell membrane super conductor again. Similar mechanism might
work at DNA level if DNA:s are super conductors in ”active” state.

5. Is ORME super-conductivity associated with the magnetic flux tubes of dark magnetic field
Bg = 0.2 Gauss?

The general model for the ionic super-conductivity in living matter, which has developed grad-
ually during the last few years and will be discussed in detail later, was originally based on the
assumption that super-conducting particles reside at the super-conducting magnetic flux tubes of
Earth’s magnetic field with the nominal value B = .5 Gauss. It became later clear that the
explanation of ELF em fields on vertebrate brain requires By = .2 Gauss rather than By = .5
Gauss [K23] . The interpretation was as dark magnetic field By = .2 Gauss. The model of EEG
led also to the hypothesis that Mersenne primes and their Gaussian counterparts define preferred
p-adic length scales and their dark counterparts. This hypothesis replaced the earlier r = 21F
hypothesis.
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For r = 2127-113=14 the predicted radius L,, = .4 pm is consistent with the radius of neuronal
axons. If one assumes that the radii of flux tubes are given by this length scale irrespective of the
value of r, one must replace the quantization condition for the magnetic flux with a more general
condition in which the magnetic flux is compensated by the contribution of the supra current
flowing around the flux tube: §(p — eA) - dl = nh and assume n = 0. The supra currents would
be present inside living organism but in the faraway region where flux quanta from organism fuse
together, the quantization conditions e [ B -dS = nh would be satisfied.

The most natural interpretation would be that these flux tubes topologically condense at the
flux tubes of Bg. Both bosonic ions and the Cooper pairs of electrons or of fermionic ions can act
as charge carriers so that actually an entire zoo of super-conductors is predicted. There is even
some support for the view that even molecules and macromolecules can drop to the magnetic flux
tubes [K37] .

Nuclear physics anomalies and ORMEs

At the homepage of Joe Champion [H19] information about claimed nuclear physics anomalies can
be found.

1) The first anomaly is the claimed low temperature cold fusion mentioned at the homepage
of Joe Champion. For instance, Champion claims that Mercury (Z=80), decays by emission of
proton and neutrons to Gold with Z=79 in the electrochemical arrangement described in [H19] .

2) Champion mentions also the anomalous production of Cadmium isotopes electrochemically
in presence of Palladium reported by Tadahiko Mizuno.

The simplest explanation of the anomalies would be based on genuine nuclear reactions. The
interaction of dark nuclei with ordinary nuclei at the boundary between the two phases would
make possible genuine nuclear transmutations since the Coulomb wall hindering usually cold fusion
and nuclear transmutations would be absent (Trojan horse mechanism). Both cold fusion and
reported nuclear transmutations in living matter could rely on this mechanism as suggested in
[K74, L2, K22].

Possible implications

The existence of exotic atoms could have far reaching consequences for the understanding of bio-
systems. If Hudson’s claims about super-conductor like behavior are correct, the formation of
exotic atoms in bio-systems could provide the needed mechanism of electronic super-conductivity.
One could even argue that the formation of exotic atoms is the magic step transforming chemical
evolution to biological evolution.

Equally exciting are the technological prospects. If the concept works it could be possible
to manufacture exotic atoms and build room temperature super conductors and perhaps even
artificial life some day. It is very probable that the process of dropping electron to the larger
space-time sheet requires energy and external energy feed is necessary for the creation of artificial
life. Otherwise the Earth and other planets probably have developed silicon based life for long time
ago. Ca, K and Na ions have central position in the electrochemistry of cell membranes. They
could actually correspond to exotic ions obtained by dropping some valence electrons from k = 137
atomic space-time sheet to larger space-time sheets. For instance, the k = 149 space-time sheet of
lipid layers could be in question.

The status of ORMEs is far from certain and their explanation in terms of exotic atomic concept
need not be correct. The fact is however that TGD predicts exotic atoms: if they are not observed
TGD approach faces the challenge of finding a good explanation for their non-observability.

2.6.3 Wormbholes and super-conductors
Charged wormbhole contacts behave like super conductor

Wormbhole contacts are bosons and suffer Bose-Einstein condensation to the ground state at suf-
ficiently low temperatures. Their masses are very small and they are mobile in the directions
tangential to the surface of atom. Very light but not exactly massless wormhole contacts look
therefore ideal candidates for super conducting charge carriers. The em current of wormhole
contacts at the ”lower” space-time sheet however corresponds to opposite current on the atomic
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space-time sheet so that actually motion of dipoles is in question (dipole moment is extremely
small). Kind of "apparent” super conductivity is in question, which looks real, when one restricts
attention to either space-time sheet only. It should be noticed that the dropping of electrons to
lower space-time sheets is not absolutely necessarily for wormhole super conductivity since worm-
hole contacts can appear as genuine particles. For instance, magnetic fields created by rotating
wormhole contacts on the boundaries of magnetic flux tubes are possible.

What is required for macroscopic wormhole super conductivity is the formation of a join along
boundaries condensate at the atomic space-time sheet. This implies that wormhole contacts move
freely in the outer surfaces defined by this condensate. Wormbhole contacts condense on ground
state since there is large energy gap: for very light wormholes and join along boundaries condensate
of size L the order of magnitude for the gap is about /L. Wormhole contacts can appear as super
conducting ”charge carriers” also at lower condensate levels. The energy gap allows objects with
size of order 10™° — 10~ meters in room temperature: later it will be suggested that the largest
macroscopic quantum systems in brain are of this size. If the thermalization time for between
degrees of freedom associated with different space-time sheets is long, wormhole contacts can form
metastable BE condensates also in longer length scales.

It has recently become clear that wormhole contacts can be seen as space-time counterparts
for Higgs type particles [K43] so that nothing genuinely new would be involved. Coherent states
of wormhole contacts could appear also in the description of the ordinary super-conductivity in
terms of coherent states of Cooper pairs and charged Higgs type particles making sense in the
zero energy ontology [K18] . Mathematically the coherent states of wormholes and Cooper pairs
are very similar so that one can indeed speak about wormhole super-conductivity. For instance,
both states are described by a complex order parameter. One can of course ask whether charged
wormhole contacts and Cooper pairs could be seen as dual descriptions of super-conductivity. This
need not be the case since standard Higgs mechanism provides an example of a presence of only
wormhole contact Bose-Einstein condensate.

Wormhole magnetic fields as templates for bio-structures?

Wormbhole magnetic fields are structures consisting of two space-time sheets connected by wormhole
contacts (a more detailed treatment will be found in later chapters). The space-time sheets do
not contain ordinary matter and the rotating wormhole contacts near the boundaries of the space-
time sheets create magnetic fields of same strength but of opposite sign at the two space-time
sheets involved. An attractive possibility is that not only ordinary but also wormhole magnetic
fields could correspond to defects in bio super conductors and that they serve as templates for
the formation of living matter. DNA and the hollow microtubular surfaces consisting of tubulin
molecules are excellent examples of structures formed around defects of type II super conductor.
The stripe like regions associated with the defects of superconductor could in turn correspond to
wormhole magnetic or Z° magnetic fields serving as templates for the formation of cell membranes,
epithelial cell sheets and larger structures of same kind.

Super conducting space-time sheets indeed form p-adic hierarchy and same holds true for the
sizes of defects characterized by the coherence length £ in case of super conductors of type II and
by the magnetic penetration depth A in case of super conductors of type I. The assumption that
defects correspond to wormhole magnetic fields means that defect is a two-sheeted structure with
wormhole magnetic field at larger sheet k cancelling the original magnetic field in the region of
defect whereas the upper sheet contains the field as such. If upper sheet k; is super-conductor and
the penetrating field is below the critical field B.(k), the field can penetrate only to the sheet k in
the region near boundaries of the higher level space-time sheet such that the field strength is so
large (by flux conservation) that it exceeds the critical value. This is achieved by the presence of
supra currents near the boundaries of the smaller space-time sheet k.

In the case of super conductor of type II penetration occurs as flux tubes in the entire space-time
sheet k1, when the field strength is in the critical range (H,,, H.,). This hierarchical penetration
in principle continues up to atomic length scales and once can say that defects decompose into
smaller defects like Russian doll. It might well be that the fractal structure of defects is a basic
architectural principle in bio-systems. Also the amplification of magnetic flux can take place: in
this case two sheets contain magnetic fields having opposite directions.

Also defects formed by genuine wormhole magnetic fields are possible: in this case no external
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field is needed to create the defect. This kind of defects are especially interesting since their 3-space
projections need not be closed flux tubes. Topologically these defects are closed as required by the
conservation of magnetic flux since the magnetic flux flows from space-time sheet to another one
at the ends of the defect behaving like magnetic monopoles.

In the case that the space-time sheets of wormhole magnetic field have opposite time orienta-
tions, the particles at the two space-time sheets have opposite inertial energies and it is in principle
possible to generate these kind of states from vacuum. A possible interpretation for negative en-
ergy particles at the second sheet of the field quantum of wormhole magnetic field is as space-time
correlates for holes.

An interesting working hypothesis is that wormhole magnetic fields serve as templates for the
formation of bio-structures. The motivations are that defect regions could be regarded as real-
ization for the reflective level of consciousness in terms of fermionic Fock state basis and that
the surrounding 3-surface is in super conducting state so that also primitive sensory experiencing
becomes possible. One could even say that defects formed by wormhole flux tubes are the simplest
intelligent and living systems; that the type of super conductor (I or II) gives the simplest classifi-
cation of living systems and that systems of type I are at higher level in evolution than systems of
type II. A possible example of defects of type II are all linear bio-structures such as DNA, proteins,
lipids in the cell membrane, microtubules, etc... Examples of defects of type I would be provided
by cell membranes, epithelial sheets and the bilayered structures in the cortex.

How magnetic field penetrates in super conductor?

There are motivations for finding a mechanism for the amplification of magnetic fields although
the original motivation coming from attempt to explain the claimed levitation of ORMEs in the
Earth’s magnetic field has disappeared.

1. Magnetic flux is channelled to flux tubes when it penetrates to super-conductors of type IT
and the strength of the magnetic field is scaled up roughly as A/ in this process.

2. Cells are known to be sensitive for very weak magnetic fields.

3. TGD proposal for the information storage in terms of topological integers related to magnetic
fields also requires that the weak magnetic macroscopic fields prevailing inside brain are
somehow amplified to stronger fields in microscopic length scales.

The basic mechanism for the amplification is the current of wormhole contacts induced by
external magnetic field at given condensate level, which in turn serves as a source for a secondary
magnetic field at higher level. Since the mass of the wormhole contact is very small the resulting
current of wormhole contacts and thus the induced secondary magnetic field is strong.

1. The relevant portion of the many sheeted space-time consists of ”our” space-time sheet and
many sheets above it and at the top is the atomic space-time sheet. At ”our” space-time
sheet external magnetic field induces em surface current of wormhole contacts at this level.
This current is concentrated on 2-dimensional surfaces, which corresponds to the boundaries
of 3-surfaces at the previous level of the hierarchy. The interaction of wormhole contacts with
the magnetic field is via the vector potential associated with the external magnetic field on
”our” sheet. To get rid of unessential technicalities it is useful to assume cylindrical geometry
at each space-time sheet: cylindrical surfaces with axis in same direction are considered and
the radii of these surfaces get smaller in the higher levels of the topological condensate.

2. Let us study what happens to the wormhole contacts on the cylindrical surface in constant
magnetic field in the direction of the cylinder of radius R, when the magnitude of the magnetic
field increases gradually. One has to solve d’Alembert type wave equation for the scalar field
(describing wormbhole contacts on cylinder in the vector potential associated with the external
magnetic field, which is constant on the cylinder and in direction of the azimutal coordinate
¢: Ay = BR/2. Ground states correspond to the with minimum energy solutions. Vector
potential gives just constant contribution to the d’Alembert equation and for small enough
values of B the constant, non-rotating solution remains energy minimum. When the condition
eAy =m, m =1,2,... is satisfied one however gets rotating solution with angular momentum
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L, = m with same energy as the original vacuum solution! This implies that at the critical
values

2m +1)
Bcnm = (CT 3 (261)

the solution with L, = m becomes unstable and is replaced with L, = m + 1 to achieve
energy minimum.

3. At the higher condensation level the current of wormhole contacts generate a surface current

n(#)ev

m

RE (2.6.2)
where n(#) is surface density of the wormhole contacts and v = Rw is the velocity of
rotating wormhole contacts: v is quantized from the quantization of angular momentum. E

is the energy of rotating wormhole. This surface current gives rise to axial magnetic field
B = n(#)ev in the interior of the cylinder at the higher condensate level.

4. The magnetic field can penetrate also to the higher levels of the hierarchy via exactly the
same mechanism. At higher levels the requirement that magnetic flux is quantized implies
relativistic energies for wormhole contacts (see fig. http://www.tgdtheory.fi/appfigures/
wormholecontact. jpg or fig. 10 in the appendix of this book) and therefore one has K =
n(#)ev ~ n(#)e. The magnetic fields at various levels have quantized values not depending
much on the original magnetic field!

5. In non-relativistic situation one has v ~ eBR/m(#) and the relationship B(higher) = K
following from Maxwell equations gives

B(higher) = ugr(p1,p2)B(lower) |
e’n
pr(P1,p2) = m((i))R. (2.6.3)

Non-relativistic wormhole contacts amplify the magnetic field at the larger space-time sheet
by a factor pgr(p1,p2). tr(p1,p2) ~ 10° is required to explain Hudson’s claims if penetration
takes place in single step: of course multistep process is also possible. It is useful to express
the parameters m and R and n(#) at given p-adic condensation level in terms of the p-adic
length scale L.(p) as

m(#) = Lmi(; mo <<1,
R = RoL(p) ,
v o= mn <<1,
moRQ
n(#) = LZ(OP) . (2.6.4)

By fractality the dimensionless numbers mg, Ry, ng. should not depend strongly on p-adic
condensation level. The expression for the amplification factor pgr(p1,p2) in non-relativistic
case reads as
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1r(p1,p2) o (2.6.5)

Situation of course becomes relativistic for suitably large values of integer m.



Chapter 3

Bio-Systems as Super-Conductors:
Part 11

3.1 Introduction

This chapter is devoted to further applications of the theory of high T, superconductors as quantum
critical superconductors involving dark matter hierarchy and large values of h.ss. The theory is
applied to explain the strange findings about ionic currents through cell membrane, exotic neutrino
superconductivity and the notion of cognitive neutrino pair are discussed, and the possibility that
superconductivity and Bose-Einstein condensates are involved with atmospheric phenomena is
considered.

3.1.1 Strange behavior of cellular water and quantal ionic currents through
cell membrane

The fact that cellular water does not leak out of cell in a centrifugal force suggests that some
fraction of water inside cell is in different phase. One explanation is that the nuclei of water inside
cell are in doubly dark phase whereas electrons are in singly dark phase (having Compton length
of 5 nm and perhaps directly ”visible” using day technology!) as indeed predicted by the model of
high Tc superconductivity. This conceptual framework could explain various findings challenging
the notions of ionic pumps.

The empirical findings challenging the notions of ionic pumps and channels, nicely summarized
by G. Pollack in his book [I52] , provide a strong support for the notions of many-sheeted space-time
and ionic super-conductivity.

1. The selectivity of the cell membrane implies that channels cannot be simple sieves and there
must be complex information processing involved.

2. The needed number of pumps specialized to particular ions is astronomical and the first
question is where to put all these channels and pumps. On the other hand, if the cell
constructs the pump or channel specialized to a given molecule only when needed, how does
it know what the pump looks like if it has never seen the molecule? The needed metabolic
energy to achieve all the pumping and channelling is huge. Strangely enough, pumping does
not stop when cell metabolism stops.

3. One can also wonder why the ionic currents through cell membrane look quantal and are
same through cell membrane and silicon rubber membrane.

These observations suggest strongly the presence non-dissipative ionic currents and quantum
self-organization. The TGD based explanation would be in terms of high T, electronic and possibly
even ionic superconductivity associated with cell membrane made possible by the large h.r¢ phase
for nuclei and electrons in the interior of cell. It however seems that thermal stability conditions
allow only protonic Cooper pairs in the model of ionic Cooper pairs based on direct generalization
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of the model of high T, electronic super conductivity. This does not however mean that quantal
ionic currents would be absent. This empirical input also supports a view about homeostasis as
a many-sheeted ionic flow equilibrium controlled by larger space-time sheets with the mediation
of massless extremals (MEs) serving as space-time correlates for Bose-Einstein condensates of
massless bosons (also of scaled down dark electro-weak bosons and gluons).

In the proposed picture one can understand how extremely low densities of ions and their supra
currents can control much higher ion densities at the atomic space-time sheets. The liquid crystal
nature of the bio-matter is crucial for the model. This vision allows also much better understanding
of the effects of ELF em fields on bio-matter. Also the effects of homeopathic remedies and
acupuncture known to crucially involve electromagnetic frequency signatures of chemicals can be
understood if homeostasis is based on many-sheeted ionic flow equilibrium.

One can argue that pumps in case of basic ions are needed only when the cell interior and
exterior are connected by join along boundaries bonds and that this connection is built only for
diagnostic purposes in order to measure the concentrations of ions by measuring the ionic currents
by their dissipation. The remote metabolism made possible by many-sheeted lasers reduces further
the energy costs when pumping actually occurs. The transfer as Josephson current might apply
only to the biologically important ions and pumps might be needed to achieve more efficient transfer
also in this case. Pumps (active transport) and channels (passive transport) for more complex polar
molecules realized as genetically coded proteins are certainly needed.

How noble gases can act as anesthetes?

Chemically inert noble gases are known to act as anesthetes. Somehow these atoms affect neuronal
membrane, probably reducing the nerve pulse activity. A possible explanation is in terms of
anomalous weak isospin due to the charged color bonds inside nuclei of noble gas generated in the
cellular environment. This bonds carry also em charge so that noble gas atom would behave like
ion with nuclear charge Z+1 or Z-1. Also the long ranged color force and dark weak force with
range L,,=.2 pum associated with noble gas nuclei in dark phase could be part of the solution of
the mystery.

Two models of cell membrane

TGD inspires two views about cell membrane: the wiews need not be contradictory. For the first
model cell is far from vacuum extremal, for the second model nearly vacuum extremal with classical
Z9 fields in key role.

1. There are several constraints on the first model coming from the TGD based identification
of bio-photons as energy conserving decay products of dark photons and one ends up to
a new view about metabolism and gneralization to of the notion of Josephson junction so
that Josephson energy includes besides electrostatic energy also the difference of cyclotron
energies at two sides of the membrane. It seem that that the first model might be enough
when generalized along lines inspired by Pollack’s findings about the fourth phase of water.

2. It has been clear from the beginning that the nearly vacuum extremals of Kahler action could
play key role key role in living systems. The reason is their criticality making them ideal
systems for sensory perception. These extremals carry classical em and Z° fields related
to each other by a constant factor and this could explain the large parity breaking effects
characterizing living matter. The assumption that at least some cell membranes are nearly
vacuum extremals and that nuclei can feed their Z° charges to this kind of space-time sheets
(not true for atomic electrons) in living matter leads to a modification of the model for the
cell membrane as Josephson junction. Also a model of photoreceptors explaining the frequen-
cies of peak sensitivity as ionic Josephson frequencies and allowing the dual identifications
Josephson radiation as biophotons (energies) and EEG radiation (frequencies) emerge since
the values of Planck constant can be very large. Contrary to the original believe, this model
does not require non-standard value of Weinberg angle and this model and first model allow
a hybrid.
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3.1.2 TGD inspired model for high 7. superconductivity

The following minimal model looks the most realistic model of high T, superconductivity found
hitherto. It also applies to ions and if the proposal that h.ys is proportional to the mass of ion,
it predicts same binding energies for all Cooper pairs as their spin-spin interaction energy. This
hypothesis predicts universal spectrum of bio-photons energies if they result from dark photons
and is motivated by the identification of gravitational Planck constant [K69] with A .

1. The general idea is that magnetic flux tubes are carriers of supra currents. In anti-ferromagnetic
phases these flux tube structures form small closed loops so that the system behaves as an
insulator. Some mechanism leading to a formation of long flux tubes must exist. Doping
creates holes located around stripes, which become positively charged and attract electrons
to the flux tubes.

2. Usually magnetic field tends to destroy Cooper pairs since it tends to flip the spins of elec-
trons of pair to same direction. In TGD flux quantization comes in rescue and magnetic
fields favor the formation of Cooper pairs. If one has two parallel flux tubes with opposite
directions of magnetic fluxes with large value of heyy = nh, S = 0 Cooper pairs with even
L > 2 are favored. This situation is encountered in systems near antiferromagnetic phase
transition in small scales leading to formation of sequences of flux loops carrying Cooper
pairs. Macroscopic super-conductivity results when the loops are reconnected to two long
flux tubes with opposite fluxes. If the magnetic fluxes have same sign, S = 1 Cooper pairs
with odd L > 1 are favored.

3.1.3 Hierarchies of preferred p-adic length scales and values of Planck
constant

TGD inspired quantum biology and number theoretical considerations suggest preferred values for
7 = hegf/hefso. For the most general option the values of h.sy are products and ratios of two
integers n, and np. Ruler and compass integers defined by the products of distinct Fermat primes
and power of two are number theoretically favored values for these integers because the phases
exp(i2m/n;), i € {a,b}, in this case are number theoretically very simple and should have emerged
first in the number theoretical evolution via algebraic extensions of p-adics and of rationals. p-Adic
length scale hypothesis favors powers of two as values of r.

The hypothesis that Mersenne primes M}, = 28 —1, k € {89, 107,127}, and Gaussian Mersennes
Mgy = (1+9)k—1, k € {113,151, 157,163, 167,239, 241..} (the number theoretical miracle is that
all the four p-adic length scales sith k£ € {151,157, 163, 167} are in the biologically highly interesting
range 10 nm-2.5 pm) define scaled up copies of electro-weak and QCD type physics with ordinary
value of h.ys and that these physics are induced by dark variants of corresponding lower level
physics leads to a prediction for the preferred values of r = 2~ kg = k; — k;, and the resulting
picture finds support from the ensuing models for biological evolution and for EEG [K23] . This
hypothesis - to be referred to as Mersenne hypothesis - replaces the earlier rather ad hoc proposal
r=hefs/hefrso = 211 for the preferred values of Planck constant.

3.1.4 Bose-Einstein condensates at magnetic flux quanta in astrophysi-
cal length scales

The model for the topological condensation at magnetic flux quanta of endogenous magnetic field
Beng = .2 Gauss is based on the dark matter hierarchy with levels characterized by the values
of Planck constant. The hypothesis for the preferred values of Planck constans allows to build
quantitative model for the Bose-Einstein condensation at magnetic flux quanta assuming that the
value of Bepq scales like 1/hcss. A justification for this hypothesis comes form flux quantization
conditions and from the similar scaling of Josephson frequencies.

1. There are several levels of dynamics. In topological condensation the internal dynamics of
ions is unaffected and hess has the ordinary value. For instance, the formation of Cooper
pairs involves dynamics at kg = 24 = 151 — 127 level of dark matter hierarchy if one assumes
that electrons and Cooper pairs have size given by the cell membrane thickess L(151). Also
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the dynamics of ionic Cooper pairs remains unaffected in the topological condensation to
magnetic flux quanta obeying k4 > 24 dynamics.

2. Cyclotron energies scale as as h.fs so that for a sufficiently high value of k4 thermal stability
of cyclotron states at room temperature is achieved for a fixed value of B. Same applies
to spin flip transitions in the recent scenario. The model for EEG based on dark matter
hierarchy involves the hypothesis that EEG quanta correspond to Josephson radiation with
energies in the visible and UV range and that they produce in the decay to ordinary photons
either bunches of EEG photons or visible/UV photons. This identification allows to deduce
the value of k4 when the frequency of the dark photon is fixed. The Mersenne hypothesis
for the preferred p-adic length scales and values of Planck constants leads to very precise
predictions.

3. Cyclotron energies E = (heyy/2m) x ZeB/Am,, are scaled up by a factor r = 2% from their
ordinary values and for 10 Hz cyclotron frequency are in the range of energies of visible light
for kd = 46.

4. These B-E condensates might be favored by the large negative spin interaction energies of
spins with the magnetic field (proportional to h.¢) so that spontaneous magnetization of the
magnetic body becomes possible. This kind or process would make possible for the system
to gain energy and angular momentum by feeding charged particles to its magnetic body.

3.1.5 Atmospheric phenomena and superconductivity

There is a considerable evidence that various electromagnetic time scales associated with the
atmospheric phenomena correspond to those associated with brain functioning. If magnetic sensory
canvas hypothesis holds true, this is just what is expected. In this section these phenomena are
considered in more detail with the aim being to build as concrete as possible a vision about the
dynamics involving the dark matter Bose-Einstein condensates at super-conducting magnetic flux
quanta, and membrane like structures near vacuum extremals.

In living matter Bose-Einstein condensates of dark matter at magnetic flux quanta near vacuum
extremals carrying both em and Z° magnetic fields are in fundamental role. Even neutral atoms
with net weak isospin spin which is non-vanishing for nuclei for which proton and neutron numbers
are different, couple to the classical Z° field so that a plasma like state would be in question.

Tornadoes and hurricanes provide the first example of self-organizing systems which might also
correspond to systems for which some space-time sheets are near vacuum extremals. Auroras
represent a second phenomenon possibly involving supra currents of Cooper pairs and of exotic
ions. Lightnings, sprites and elves might also involve higher levels of dark matter hierarchy. p-
Adic length scale hypothesis and the hierarchy of Planck constants provide a strong grasp to
these far from well-understood phenomena and allow to build rather detailed models for them as
well as to gain concrete understanding about how dark matter hierarchy manifests itself in the
electromagnetic phenomena at the level of atmosphere.

The appendix of the book gives a summary about basic concepts of TGD with illustrations.
There are concept maps about topics related to the contents of the chapter prepared using CMAP
realized as html files. Links to all CMAP files can be found at http://www.tgdtheory.fi/
cmaphtml.html [L9]. Pdf representation of same files serving as a kind of glossary can be found
at http://www.tgdtheory.fi/tgdglossary.pdf [L10]. The topics relevant to this chapter are
given by the following list.

e Magnetic body [L24]

e Basic Mechanisms associated with magnetic body [L12]
e Bio-anomalies [L13]

e Pollack’s observations [L29]

e Cell membrane anomalies [L15]

e DC currents of Becker [L17]

e High temperature superconductivity [L.22]


http://www.tgdtheory.fi/cmaphtml.html
http://www.tgdtheory.fi/cmaphtml.html
http://www.tgdtheory.fi/tgdglossary.pdf
http://www.tgdtheory.fi/webCMAPs/Bio-anomalies.html

3.2. Empirical support for ionic super-conductivity as a fundamental control
mechanism 99

3.2 Empirical support for ionic super-conductivity as a fun-
damental control mechanism

The notions of ionic channels and pumps associated with cell membrane are central for the standard
cell biology [I54] . There are however puzzling observations challenging this dogma and suggesting
that the currents between cell interior and exterior have quantum nature and are universal in
the sense that they not depend on the cell membrane at all [147, 125, 163, 156, 122]. One of the
pioneers in the field has been Gilbert Ling [I47] , who has devoted for more than three decades
to the problem, developed ingenious experiments, and written several books about the topic.
The introduction of the book [I52] ) gives an excellent layman summary about the paradoxical
experimental results’.

It was a pleasant surprise to find that these experimental findings give direct support for the
role of supercurrents and Josephson currents in biocontrol. In fact, the experimental data lead
to an archetype model cell homeostasis as a flow equilibrium in which very small densities of
super-conducting ions (also molecular ions) and ionic supercurrents at cellular and other super-
conducting space-time sheets dictate the corresponding densities at the atomic space-time sheets.
Z9 super-conductivity in principle allows to generalize the model also to the control of the densities
of neural atoms and molecules at atomic space-time sheets.

3.2.1 Strange behavior of the intracellular water

The basic strange feature of cellular interior is related to its gelatinous nature and is in fact familiar
for everyone. Although 80 percent of hamburger is water, it is extremely difficult to extract this
water out. Ling [I25] has demonstrated this at cellular level by using a centrifuge and cells for
which cell membrane is cut open: centrifugal accelerations as high as 1000 g fail to induce the
separation of the intracellular water.

The dipolar nature of biomolecules and induced polarization are basis prerequisites for the
formation of gels. Ling raises the cohesion between water and protein molecules caused by electric
dipole forces as a fundamental principle and calls this principle association-induction hypothesis
[I47] . This cohesion gives rise to liquid [F9] [D9] like structure of water implying among other things
layered structures and internal electric fields orthogonal to the plane of the layers [I39, 140, 147] .
For instance, cell membranes can be understood as resulting from the self-organization of liquid
crystals [K15] . The fundamental importance of electret nature of biomatter was also realized by
Frohlich [I35] and led him to suggest that macroscopic quantum phases of electric dipoles might
be possible. This concept, which is in central role in many theories of quantum consciousness, has
not been established empirically.

3.2.2 Are channels and pumps really there?

3.2.3 Are channels and pumps really there?

Standard neurophysiology relies strongly on the concepts of what might be called hydro-electro-
chemistry. The development of the theory has occurred through gradual improvements saving the
existing theory.

The development began from the basic observation that cells are stable gelatinous entities not
mixing with the surrounding water. This led to the hypothesis that cell membrane takes care
that the contents of the cell do not mix with the cell exterior. It was however soon found that
cell membrane allows some ions to flow through. The interaction between theory and experiment
led gradually to the notions of ion channel and ion pump, which are still central for the standard
paradigm of the cell [I54] . Note that also ’electric pump’ taking care that membrane potential is
preserved, is needed.

These notions developed gradually during the period when cell was seen as a bag containing
water and a mixture of various biochemicals. If cell biology would have started to develop during the
latter half of this century and after the discovery of DNA, cell as a computer metaphor might have
led to a quite different conceptualization for what happens in the vicinity of the cell membrane. Also

1T am grateful for "Wandsqueen’ for sending me the relevant URL address and for Gene Johnson for very stimu-
lating discussions.



100 Chapter 3. Bio-Systems as Super-Conductors: Part I1

the notion of liquid crystals [D9] would have probably led to different ideas about how homeostasis
between cell interior and exterior is realized [I39, 140, 147] .

For me it was quite a surprise to find that pump-channel paradigm is not at all so well-
established as I had believed as an innocent and ignorant outsider. The first chapter of the
book ”Cells, Gels and the Engines of Life” of Gerald Pollack [I52] provides a summary about the
experimental paradoxes (the interested reader can find the first chapter of this book from web).

The standard theoretical picture about cell is based on the observation that cell exterior and
interior are in a relative non-equilibrium. The measured concentrations of various atomic ions and
organic molecules are in general different in the interior and exterior and cell membrane seems to
behave like a semi-permeable membrane. There is also a very strong electric field over the cell
membrane. In standard approach, which emerged around 1940, one can understand the situation
by assuming that there are cell membrane pumps pumping ions from cell interior to exterior or vice
versa and channels through which the ions can leak back. Quite a many candidates for proteins
which seem to function like pump and channel proteins have been identified: even a pump protein
for water [I52] ! This does not however prove that pumping and channelling is the main function
of these proteins on the case of basic biological ions or that they have anything to do with how
ionic and molecular concentrations in the interior and exterior of the cell are determined. It could
quite well be that in the case of basic ions pump and channel proteins are receptors involved with
the transfer of information rather than charges and only effectively act as pumps and channels.

There are several serious objections of principle against the vision of cell as a bag of water
containing a mixture of chemicals. Even worse, the hypothesis seems to be in conflict with exper-
imental data.

Selectivity problem

Cell membrane is extremely selective and this leads to an inflation in the complexity of channels
and pumps. The problem might be christened as a dog-door problem: the door for dog allows also
cat go through it. Channels cannot be simple sieves: it is known that channels which let some
ions through do not let much smaller ions through. There must be more complicated criteria than
geometric size for whether the channel lets the ion go through. Quite generally, channels must be
highly selective and this seems to require complicated information processing to decide which ion
goes through and which not. As a consequence, the models for channels inflate in their complexity.

The only reasonable way to circumvent the problem is to assume that there is kind of binary
coding of various chemical compounds but it is difficult to see how this could be achieved in the
framework of the standard chemistry. The notion of fractional atom proposed in [K24] to give
rise to the emergence of symbols at the level of biochemistry could however allow this kind of
coding. Channels and pumps (or whatever these structures actually are) could be also generated
by self-organization process when needed.

Inflation in the number of pumps and channels

Channels and pumps for atomic ions and channels and pumps for an astronomical number of
organic molecules are needed. The first question is where to put all those channels and pumps?
Of course, one could think that pumps and channels are constructed by the cell only when they
are needed. But how does the cell know when a new pump is needed if the cell as never met the
molecule in question: for instance, antibiotic or curare molecule?

To realize how weird the picture based on channels and pumps is, it is useful to imagine a
hotel in which there is a door for every possible client letting only that client through but no
one else. This strange hotel would have separate door for every five point five milliard humans.
Alternatively, the building would be in a continual state of renovation, new doors being built and
old being blocked.

There is however an TGD based objection against this slightly arrogant argument. In TGD
framework cell is a self-organizing structure and it might be that there is some mechanism which
forces the cell to produce these pumps and channels by self-organization. Perhaps the basic char-
acteristic of quantum control in many-sheeted space-time is that it somehow forces this kind of
miracles to occur.
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Why pumping does not stop when metabolism stops?

One can also wonder how metabolism is able to provide the needed energy to this continual
construction of pumps and channels and also do the pumping. For instance, sodium pump alone is
estimated to take 45-50 per cent of the cell’s metabolic energy supply. Ling has studied the viability
of the notion of the ionic pump experimentally [147] by exposing cell to a coctail of metabolic poisons
and depriving it from oxygen: this should stop the metabolic activities of the cell and stop also
the pumping. Rather remarkably, nothing happened to the concentration gradients! Presumably
this is the case also for the membrane potential so that also the notion of metabolically driven
electrostatic pumps seems to fail. Of course, some metabolism is needed to keep the equilibrium
but the mechanism does not seem to be a molecular mechanism and somehow manages to use
extremely small amount of metabolic energy.

How it is possible that ionic currents through silicon rubber membrane are similar to
those through cell membrane?

A crucial verification of the channel concept was thought to come in the experiment of Neher and
Sakmann [I57] (which led to a Nobel prize). The ingenious experimental arrangement was following.
A patch of membrane is sucked from the cell and remains stuck on the micropipet orifice. A steady
voltage is applied over the patch of the membrane and the resulting current is measured. It was
found that the current consists of discrete pulses in consistency with the assumption that that a
genuine quantum level current is in question. The observation was taken as a direct evidence for
the postulate that the ionic currents through the cell membrane flow through ionic channels.

The later experiments of Fred Sachs [I56] however yielded a complete surprise. Sachs found
that when the patch of the cell membrane was replaced by a patch of silicon rubber, the discrete
currents did not disappear: they remained essentially indistinguishable from cell membrane cur-
rents! Even more surprisingly, the silicon rubber membrane showed ion-selectivity features, which
were essentially same as those of the cell membrane! Also the currents through synthetic polymer
filters [122] were found to have essentially similar properties: as if ion selectivity, reversal potential,
and ionic gating would not depend at all on the structure of the membrane and were more or less
universal properties. Also experiments with pure lipid-layer membranes [163] containing no channel
proteins demonstrated that the basic features — including step conductance changes, flickering, ion
selectivity, and in-activation— characterized also cell membranes containing no ionic channels.

The in-escapable conclusion forced by these results seems to be that the existing 60-year old
paradigm is somehow wrong. Ionic currents and the their properties seem to be universal and
depend only on very weakly on the properties of the membrane. This conclusion need not apply to
the currents of polar molecules for which genetically coded pump and channel proteins certainly
exists. Neither does it imply that pumps and channels could not be used to achieve a more
efficient transfer of ions. Pump - and channel proteins seem to be a well-established notion and
TGD approach suggests that they serve as Josephson junctions.

This however requires a generalization of the ordinary thermodynamical approach to cell mem-
brane by starting from zero energy ontology and replacing Boltzmann weight with the complex
square roots. Chemical potentials giving dominant part to the change of energy as it goes through
cell membrane is replaced with the difference of cyclotron energy which is in visible and UV range
from the condition that dark EEG photons have energies of bio-photons [K23]. One ends up with
a generalization of Josephson junction: the generalized Josephson energy includes besides Coulom-
bic energy difference also the cyclotron energy difference. Dark cyclotron contribution raises the
energy scale of .05-.1 eV associated with cell membrane to .5-10 eVs and one can understand the
nominal value .5 eV of metabolic energy currency.

3.2.4 Could the notion of the many-sheeted space-time solve the para-
doxes?

The basic paradoxes are related to the universality of the ionic currents challenging the notion of
ionic channels and the absence of metabolically driven chemical pumps assignable to cell membrane.
Chemical pumps take care that the differences of the chemical potentials associated with the two
sides of the cell membrane remain non-vanishing just like ordinary pump preserves a constant
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pressure difference. Also ’electrical pump’ taking care that the potential difference between the
cell exterior and interior is preserved is needed. The experiments suggest strongly that both
chemical pumps and ’electrical pump’, if present at all, need very low metabolic energy feed.

Many-sheeted space-time (see fig. http://www.tgdtheory.fi/appfigures/manysheeted. jpg
or fig. 9 in the appendix of this book) allows following interpretation for the puzzling findings.

1. What have been identified as pumps and channels are actually ionic receptors allowing the
cell to measures various ionic currents flowing through membrane.

2. Pumps are not needed because the cell interior and exterior correspond to disjoint space-time
sheets. The currents run only when join along boundaries contact (JAB) is formed and makes
the current flow possible. The fact that the formation of JABs is quantal process explains
the quantal nature of the currents. Channels are not needed because the currents run as
supercurrents (also the cyclotron states of bosonic ions define Bose-Einstein condensates)
along cell membrane space-time sheet. The absence of dissipation would explain why so
little metabolic energy feed is needed and why the ionic currents are not changed when
the cell membrane is replaced by some other membrane. JABs could be formed between the
space-time sheets representing lipid layers or between cell exterior /interior and cell membrane
space-time sheet. The formation of JABs has also interpretation as a space-time correlate
for the generation of quantum entanglement.

Note that the most recent TGD view about JABs differs from the original one. The recent
belief is that boundaries- and jus JABs- are not allowed by the boundary conditions: space-
time sheets with boundary are replaced with their double covers. Furthermore, elementary
particles and also larger systems correspond to space-time regions which as lines of general-
ized Feynman diagrams have Euclidian signature of the induced metric. This suggests that
magnetic flux tubes as deformations of cosmic strings have Euclidian signature of metric too.
This is quite possible and in the simplest situation would require that string world sheet has
Euclidian signature of the induced metric. JABs in this sense would serve as correlates of
quantum entanglement between system that they connect together.

Double cover property means that JABs identified as Kéhler magnetic flux tubes have cross
section,which are closed surfaces, and thus can carry quantized Kéahler magnetic flux. These
flux tubes would provide correlates for the magnetic fields known to exist in cosmological
scales but no possible in standard cosmology due to the fact that needed currents should be
coherent in long scales. For monopole fluxes no currents are needed.

3. The universality of the currents suggests that the densities of current carriers are universal.
The first interpretation would be in terms of a ordinary-dark-ordinary phase transition. Or-
dinary charge carriers at space-time sheets associated with cell interior and exterior would be
transformed to dark matter particles at the cell membrane space-time sheet and flow through
it as supercurrents and then transform back to ordinary particles (reader is encouraged to
visualize the different space-time sheets). This phase transition could give for the currents
their quantal character instead of the formation of JABs. Of course, the formation of JABs
might be prerequisite for this phase transition.

4. The ion densities in cell interior and exterior are determined by flow equilibrium conditions for
currents traversing from super-conducting space-time sheets to non-super-conducting space-
time sheets and back. Ion densities would be controlled by super-conducting ion densities by
an amplification mechanism made possible by the electret nature of the liquid crystal state.
The dissipation by the currents at the atomic space-time sheets associated with cell interior
and exterior is very weak by the weakness of the electric fields involved and at cell membrane
space-time sheet superconductivity means absence of dissipation.

One must of course be cautious in order to not draw too strong conclusions. Besides basic
ions cell membrane is non-permeable to various polar molecules such as the basic building bricks of
DNA and amino-acids. The safest assumption is that genetically coded pump and channel proteins
make possible the transfer. One must of course consider the possibility that channels and pumps
are used to make the transfer of basic ions more effective. Taking this into account, the proposed
vision does not differ so radically from the standard one as one might think first and only the
model for nerve pulse generation must be modified radically.
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Many-sheeted cell

TGD based model of nerve pulse and EEG relies on the notion of the many-sheeted space-time.
There is entire hierarchy of space-time sheets so that one can assign to cell and its exterior atomic
space-time sheets forming join-along boundaries condensate of units of size of about 10719 meters,
lipid layer resp. cell membrane space-time sheets with thickness of order L(149) ~ .5 x 10~® meters
resp. L(151) ~ 10~8 meters, and cellular space-time sheets with size of order few microns. These
space-time sheets are certainly not the only ones but the most important ones in the model of
EEG and nerve pulse.

1. Water molecules at the atomic space-time sheet can form join along boundaries bond con-
densates and the strange properties of water inside the cell can be understood if these lumps
in the cell interior have size larger than the join along boundaries bonds connecting atomic
space-time sheet of cell interior to that of cell exterior. Liquid crystal structure indeed gives
rise to layered crystal like structures of water.

2. Cell membrane space-time sheets have size of order cell membrane thickness and are assumed
to be super-conducting. The lipid layers of the cell membrane define space-time sheets of
thickness of about 50 Angstrom, which could act as parallel super-conductors connected by
Josephson junctions.

3. Cellular space-time sheets have size of order cell size and are multi-ion super-conductors.
Also they are connected to each other by join along boundaries bonds serving as Josephson
junctions. Also charged organic molecules could form super-conductors and be transferred
by the same mechanism between cell interior and exterior. In TGD framework also classical
70 fields are present and Z° super-conductivity is possible and could make possible neutral
supra currents and control of the densities of the neutral atoms and molecules.

Neuronal and cellular space-time sheets of size of order cell size are assumed to be parts of the
magnetic flux tube like structures associated with Earth’s magnetic field. Earth’s magnetic field
inside organisms could contain closed circuits and it is conceivable that the notion of magnetic
circulation containing neural circuitry as a sub-circuitry makes sense. Large value of i makes
possible high T, superconductivity. Only protonic Cooper pairs are possible at room temperature
besides electronic and neutrino Cooper pairs using the proposed criterion super conductivity. Bose-
Einstein condensates of bosonic ions at cyclotron states define also superconductors and at k = 4
level of dark matter hierarchy the cyclotron frequencies in Earth’s magnetic field correspond to
energies above thermal energy. These frequencies are in alpha band for most biologically relevant
bosonic ions.

Electronic Josephson currents through cell membrane oscillate with a frequency which is given
by the membrane potential eV = 70 meV: this predicts that the emission of infrared photons as
a signature of a living cell. Super currents transform to Ohmic currents when they enter to the
atomic space-time sheets.

Also present are 'many-sheeted circuits’ for which currents flow along super-conducting space-
time sheets go to atomic space-time sheets where they flow as very weak Ohmic currents, and run
back to super-conducting space-time sheets. The currents flowing in closed circuits traversing both
cellular and atomic space-time sheets are in flow equilibrium. Because of the high value of the cell
membrane electric field, the ionic currents flowing at cell membrane space-time sheets would give
rise to high dissipation. The ohmic currents from the cell exterior to interior can however enter to
the super-conducting cell membrane space-time sheet and back to the atomic space-time sheet of
the cell interior and thus avoid the dissipation.

This picture suggests that the flow of particles between the cell interior and exterior takes
mainly via the cell membrane space-time sheet. This would mean that & = 169 cell interior space-
time sheet has permanent bridges to the £ = 151 cell membrane space-time sheet, which in turn
has only temporary bridges to the k = 169 cell exterior space-time sheets.

The character of the ionic currents through cell membrane is highly relevant for the model of
the nerve pulse. The development of the model of nerve [K62] [K62] has taken a long time and
the original hypothesis about the decisive role of the ionic Josephson currents turned out to be
wrong. The recent version of the model assumes that the reduction of charge entanglement between
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magnetic body and neuron interior made possible by charged W MEs leads to a exotic ionization
of the Ca®™™ Bose-Einstein condensate. Exotic Ca™™ %1 Bose-Einstein condensate reduces the
membrane resting potential below the threshold for the generation of nerve pulse. The random
generation of JABs makes possible flow of ionic currents and leads to the generation of nerve pulse.
One cannot exclude the possibility that a portion of em or Z° ME drifting along the axon with the
velocity of nerve pulse and connecting cell exterior and cell membrane space-time sheets defines the
JAB: in the earlier version of the model Z° ME was responsible for the reduction of the membrane
potential.

Faraday’s law of induction in the many-sheeted space-time forces electrical non-
equilibrium

Faraday’s induction law in many-sheeted space-time gives strong constraints on the electric fields
over the cell membrane region at various space-time sheets. Suppose that cellular space-time sheet
and some other space-time sheets, say cellular and cell membrane space-time sheet, are in contact
so that one can form a closed loops traversing along both space-time sheets. Faraday’s law implies
that the rotation of electric field around a closed loop traversing first from cell exterior to interior at
cellular space-time sheet, going to the atomic space-time sheet and returning back to cell exterior
and down to cellular space-time sheet must be equal to the time derivative of the magnetic flux
through this loop. Since magnetic flux cannot grow indefinitely, the time average of this potential
difference is vanishing. During the generation of nerve pulse the situation might change but only
for a finite duration of time (of order millisecond).

Thus in electrostatic equilibrium there must be same exterior-interior potential difference over
all space-time sheets in contact with cellular space-time sheets and the variation of potential
difference at cellular space-time sheets induces automatically an opposite variation at other space-
time sheets. This means that the supercurrents at cellular space-time sheets can indeed control
potential differences at other space-time sheets, in particular at atomic space-time sheets. Faraday’s
law in the many-sheeted space-time also implies that Ohmic currents at atomic space-time sheets
cannot destroy the potential difference except for a finite period of time.

Faraday’s law makes also possible a gauge interaction between dark and ordinary matter. The
changes of dark matter charge densities induce changes of electric field patterns at dark matter
space-time and once JABs are formed between dark matter space-time sheet and space-time sheets
at lower level of dark matter hierarchy, closed many-sheeted circuits become possible and voltage
differences along space-time sheet at different levels of dark matter hierarchy correspond to each
other.

Massless extremals (MEs, topological light rays) serve as correlates for dark bosons. Besides
neutral massless extremals (em and Z° MEs) TGD predicts also charged massless extremals ob-
tained from their neutral counterparts by a mere color rotation (color and weak quantum numbers
are not totally independent in TGD framework). The interpretation of the charged MEs has re-
mained open hitherto. Charged W MEs could induce long length scale charge entanglement of
Bose-Einstein condensates by inducing exotic ionization of ionic nuclei. State function reduction
could lead to a state containing a Bose-Einstein condensate in exotically ionized state.

In this manner the charge inside neuron and thus by Faraday’s law membrane potential could be
affected by magnetic body. The generation of nerve pulse could rely on the reduction of the resting
potential below the critical value by this kind of mechanism inducing charge transfer between
cell interior and exterior. The mechanism might apply even in the scale of magnetic body and
make possible the control of central nervous system. Also remote mental interactions, in particular
telekinesis, might rely on this mechanism.

Flow equilibrium in many-sheeted space-time

The notion of many-sheeted space-time suggests that cell interior and exterior could be regarded as
a system in ‘'many-sheeted flow equilibrium’ so that the ion densities at atomic space-time sheets
are determined by the ion densities at the super-conducting cellular space-time sheets and by the
drift velocities by the basic formula ny/ny = vy /vy for flow equilibrium.

1. Cell exterior and interior understood as many-sheeted structures are in ionic flow equilibrium
holding true for each ion type. The ionic currents run along circuits which traverse along
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super-conducting space-time sheets, enter into atomic space-time sheets and back to super-
conducting space-time sheets.

2. To understand what is involved consider the simplest possible closed circuit connecting atomic
and cellular space-time sheets. The ionic supercurrent I; ; flowing from a super-conducting
space-time sheet to the atomic space-time sheet is transformed to Ohmic current I; o in the
atomic space-time sheet and in flow equilibrium one has

I s(int) = I, s = I; o (ext) = I;(membr) .

3. Ionic supra curent is sum of two terms.

Lis =1 g5+ Lisa -

The first term is the oscillatory Josephson current associated with the Josephson junction
connecting interior and exterior cellular space-time sheet. The second term is direct super-
current

1 n; s K;
Ii,s\d = 7ni,sv¢ =22t )
my; my
where ¢ is the phase of the super-conducting order parameter, and m; is the mass of the
ion. K; is the quantized momentum like quantum number associated of superconducting
loop (assuming for simplicity that current is constant).

4. Tonic Ohmic current is equal to
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Here k; is linear friction coefficient. Since cell exterior and interior are in different internal
states, k; is different for cell interior and exterior. E is the weak internal electric field made
possible by liquid crystal property which is also different for the interior and exterior. Flow
equilibrium conditions give for the ratio of the ion densities in interior and exterior

n,(int) _ vi(ext) _ E.ps ki(int)
ni(ext) — wvi(int) T Eint ki(ext)

Thus in flow equilibrium the ratio of the internal and external ion densities differs from unity
and is determined by the ratio of the ionic drift velocities, which are different in cell interior
and exterior.

5. The densities of the super-conducting ions at super-conducting space-time sheet determine
the corresponding ion densities at the atomic space-time sheet

ni(int) _  vis _ Kiki(int)
nis  viint) T miEine
ni(ext) _  vis _ Kiki(ext)
nis  vilext) = miEegt

Obviously, super-conducting ion densities control the ion densities at the atomic space-time
sheets. Very weak electric fields E.,; and F;,; and high values of friction coefficients k; make
possible a large amplification of the superconducting densities to the non-super-conducting
ionic densities at atomic space-time sheet. Thus the fact that liquid crystals allowing weak
but stable electric fields orthogonal to the layer like structure is crucial for the mechanism.
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6. Also flow equilibrium requires metabolism to keep the currents at the atomic space-time
sheets flowing. There are two options.
i) Assuming that the current flows through cell membrane as an Ohmic current, the power
dissipated in the circuit is equal to

P = Iz(lnt)(‘/znt + Vmemb + Vefct) = Ii,s(‘/int + Vmemb + ‘/ext) .

Since supercurrents and thus also Ohmic currents are weak and electric fields are weak in cell
interior and exterior, also dissipation can be extremely low in these regions. The dominating
and problematic term to the dissipation comes from the membrane potential which is very
large.

ii) An alternative option is that the current flows flows through cell membrane region as a
supercurrent by going from atomic to cell membrane space-time sheet and returning back to
atomic space-time sheet. This gives

P= Ii,s(vint + Vea:t) .

In this manner huge amount of metabolic energy would be saved and it is quite possible that
this is the only sensical manner to understand the experimental results of Ling [147] .

Refinements and generalizations

The proposed oversimplified model allows obviously refinements and variants. For instance, current
circuits could run from exterior cellular space-time sheet to cell membrane space-time sheet and
run only through the cell interior. In this case only the ionic concentrations in the cell interior
would be controlled: this does not look a good idea. This option might be necessary in the case
that cell exterior cannot be regarded as an electret carrying weak but stable electric field.

Several super-conducting space-time sheets are probably involved with the control and complex
super-conducting circuits are certainly involved. The structure of the cell interior suggests a highly
organized ohmic circuitry. In particular, cytoskeleton could be important carrier of currents and
atomic space-times sheets of the microtubules could be in crucial role as carriers of the ohmic
currents: there is indeed electric field along microtubule. The collagenous liquid crystalline net-
works [139, 140] are excellent candidates for the carriers of weak ohmic currents in the inter-cellular
tissue. Fractality suggests that also structures like proteins, DNA and microtubules are in a sim-
ilar flow equilibrium controlled by super-conducting ion densities at protein/DNA /microtubule
space-time sheets and probably also larger space-time sheets.

Bioelectromagnetic research provides a lot of empirical evidence for the existence of the direct
current ohmic circuits, mention only the pioneering work of Becker and the work of Nordenstrom
[J10, J33] . For instance, these direct currents are proposed to be crucial for the understanding of
the effects of the acupuncture. The ancient acupuncture, which even now is not taken seriously
by many skeptics, could indeed affect directly the densities and supercurrents of ions at super-
conducting space-time sheets and, rather ironically, be an example of genuine quantum medicine.

Explanation of the paradoxes in terms of many-sheeted space-time

The qualitative predictions of the flow equilibrium model conform with the experimental facts
discussed above.

1. One can understand how a gelatinous lump of matter can be a stable structure if the interior
of the cell is in a gelatinous state in length scales larger than the size of the Josephson
junctions at atomic space-time sheet. This means that water inside cell consists of coherent
lumps larger than the size of Josephson junction and cannot leak to the exterior. If the
exterior of the cell forms single large space-time sheet or consists of sheets connected by
Josephson junctions with size larger than the typical size for the coherent lumps of water in
cell exterior, cell exterior behaves like ordinary mixture of water and chemicals.
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2. The amplification mechanism of supercurrents relying crucially on liquid crystal property im-
plies that although liquid crystal pumps and metabolism are needed, the amount of metabolic
energy can be extremely small. Absolutely essential is however that ohmic currents run
through the super-conducting short circuit provided by the cell membrane space-time sheet.

3. The currents for various ions do not depend at all on the properties of the cell membrane but
are determined by what happens on cellular and other superconducting space-time sheets.
In flow equilibrium supercurrents and Josephson currents are identical with currents through
cell membrane at atomic space-time sheet. The observed quantal nature of the ionic currents
supports their interpretation as faithful atomic level images of supercurrents.

4. Since various ionic currents at the cellular space-time sheets dictate the ionic currents at
the atomic space-time sheets, the selectivity of the cell membrane would seem to be only
an apparent phenomenon. One must however be very cautious here. The self-organizing
cell membrane might have the virtue of being co-operative and develop gradually structures
which make it easier to establish the flow equilibrium. For large deviations from the flow
equilibrium, ohmic currents are expected to flow through the atomic space-time sheet as-
sociated with the cell membrane since super-conducting currents become overcritical and
super-conductivity is spoiled. Also the proteinic Josephson junctions between lipid layer
space-time sheets might be crucial. Thus the notions of channel and pump proteins might
make sense in the far from flow equilibrium regime where the currents though membrane
region are dominantly ohmic.

To sum up, one could see super-conducting space-time sheets as controllers of the evolution of
the cellular and other biological structures and the model of organism could be specified to some
degree in terms of the densities and currents of the super-conducting particles at various space-time
sheets besides the values quantized magnetic fluxes associated with various many-sheeted loops.
Setting up the goal at controlling space-time sheets would force the atomic space-time sheets to self-
organize so that the goal is achieved. This clearly provides a quantum mechanism of of volition.
A fascinating challenge is to apply this vision systematically to understand morphogenesis and
homeostasis.

Needless to say, the notion of many-sheeted current circuitry would have also revolutionary
technological implications since all undesired dissipative effects could be minimized and currents
at atomic space-time sheets would be used only for heating purposes! Of course, many-sheeted
current circuitries would also make possible quantum computer technologies.

Bio-control as a control of quantum numbers characterizing supercurrents

The magnetic quantum numbers K; which together with the densities of super-conducting ions
characterize the densities of various ions at atomic space-time sheets. Thus magnetic quantum
numbers associated with super-conducting circuits formed by magnetic flux tubes indeed charac-
terize biological information as speculated already more than decade ago on basis of mathematical
necessity. Direct ohmic currents and supercurrents determine these quantum numbers only par-
tially since in super-conducting circuit integer valued magnetic flux can flow without any induced
current in the circuit. In presence of dissipation the currents in super-conducting circuit are mini-
mal needed to guarantee quantized flux through the circuit.

In this picture biocontrol boils down to the changing of the various integers characterizing the
phase increments over closed superconducting loops. If nerve pulse involves induction of supra
curent compensating the deviation of the magnetic flux in circuit from integer multiple of flux
quantum, this can be achieved. The coupling of super-conducting circuits with MEs makes it
possible for MEs to affect the magnetic quantum numbers by time varying or constant magnetic
fields.

1. If dissipation is slow, supercurrents and thus also ionic concentrations can suffer a large change
and the homeostatis of neuron changes for a period determined by the rate of dissipation for
supercurrents.

2. The induced a supercurrent could also dissipate rapidly to minimal supercurrent required by
the quantization of the magnetic flux: the quantized part of the magnetic flux of external
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perturbation penetrates to super-conductor and is expected to affect the super-conducting
part of the system. This does not of course occur permanently for oscillating em fields.
The deviation of the external magnetic flux from a quantized value is coded to a small
supercurrent. This mechanism combined with stochastic resonance possible for SQUID type
circuits [D42] makes it possible to 'measure’ extremely weak magnetic fields of MEs by
amplifying them to biological effects.

MEs can also form junctions (possibly Josephson-) between two super-conducting circuits.
In this case a constant electric field associated by ME defines the frequency of the induced
Josephson current: the weaker the potential difference, the slower the oscillation period. This
mechanism might explain why the effects of ELF em fields in living matter occur in intensity
windows.

The role of the cell membrane

What is the role of the cell membrane in TGD inspired picture about cell? Very much what it
is found to be. Cell membrane recognizes various organic molecules, interacts with them, and
possibly allows them to go through. A protein in the cell membrane might act as an effective
channel or pump but this function would be only apparent in case of ions. Only if cell membrane
space-time sheet has join along boundaries contacts with the cell interior, can ions and proteins
enter cell interior through the membrane space-time sheet. One must also consider very seriously
the possibility that cell membrane space-time sheet is a carrier of supercurrents participating in
the control of the physics at atomic space-time sheets.

This vision conforms with a computer-ageist view about cell membrane as an interface between
computer and clients. Against the fact that tools (proteins) and symbols (DNA) emerge already
at atomic length scale, it would indeed seem rather strange that cell would reduce to a bag of
water containing mixture of chemicals. This view conforms also with fractality. Skin is the largest
connected part of the nervous system and cell membrane could be also seen as the skin of neuron
and thus a part of the nervous system of cell, specialized to receive signals from the external world.

In this vision cell is much more like a living, intelligent computer than a sack of ion-rich
water, and cell membrane is its interface with the external world. Proteins and biomolecules are
messages/messengers, and cell membrane allows them to attach to the receptor only if a number
of conditions are satisfied.

In many cases it is not necessary for the messenger to continue its travel to the interior since
electromagnetic and electromechanical communications with the cell nucleus are possible by liquid
crystal property of cell structures. TGD suggests MEs (‘massless extremals’) and magnetic flux
tubes carrying ionic super-conductors as a universal tool for these communications, and the simplest
hypothesis is that the fractally scaled down versions of the communications in the cell length scale
are realized also in the interior of the cell and inside cell nucleus, and even at the level of DNA. The
interaction of MES and topologically quantized magnetic fields could solve many of the paradoxical
features related with the phenomenon of pleiotropy discussed briefly in [K53] . In particular,
electromagnetic passwords and commands analogous to computer language commands based on
suitable frequency combinations or even amplitude modulated field patterns could be involved. For
instance, in case of DNA SQUID type mechanism combined with stochastic resonance could make
possible the activation of specified genes by using specific frequency combinations associated with
MEs.

3.2.5 Water memory, homeopathy, and acupuncture

Further guidelines for TGD based view about biocontrol and coordination were provided by the
empirical evidence for water memory and various effects involved with it [I26] [I27] . In [K34] a
detailed mechanism of homeopathy and water memory based on the model of biocontrol in terms
of many-sheeted ionic flow equilibrium is discussed.

1. Transfer of homeopathic potency to non-atomic space-time sheets is not enough

Many-sheeted ionic flow equilibrium suggests a possible mechanism of homeopathy: the ex-
tremely low densities of homeopathic remedies are at the controlling super-conducting space-time
sheets where the control is. Thus homeopathy could be seen as a high precision medicine mini-
mizing the amount of the remedy needed rather than some kind of magic treatment. This cannot
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be however the whole story. As already explained the study of homeopathic effects suggest an
electromagnetic representation of the biomolecules based on frequencies [I59] and it is possible
achieve the healing effect by transferring mere frequencies instead of using homeopathic potency.

2. Mechanisms of frequency imprinting and entrainment

According to [I59] , the homeopathic remedies seem to be characterized by frequencies varying
in the range containing at least the range 1073 — 10° Hz suggesting that electromagnetic fields
at specific frequencies characterize the homeopathic remedy. These frequencies can be imprinted
into water and also erased. Rather remarkably, the removal of Earth’s magnetic field erases the
imprinted frequencies.

One the other hand, the studies of acupuncture support the existence of certain highly coher-
ent endogenous frequencies [[59] at which em radiation has strong effects. The fact that these
frequencies can entrain to exogenous frequencies suggests a mechanism of homeopathy based on
entrainment. Effects are observed at pairs of high and low frequencies and the ratio of these fre-
quencies is constant over all acupuncture meridians with a standard derivation of 4+.15 per cent.
The first branch is at GHz range: in particular the frequencies 2.664 GHz, 1.42 GHz and 384
MHz have unexpected properties. The second branch of frequencies is in ELF range, in particular
Schumann frequency 7.8 Hz accompanies 384 MHz.

Consider now the explanation of the observations of Smith and others in in TGD framework
using the proposed model assigning to magnetic flux tubes parallel MEs making magnetic flux
tube effectively a magnetic mirror.

1. The basic idea is that water forms representations for chemicals it contains in terms of
transition frequencies of the chemical which become frequencies of MEs and structures of
water generating these MEs by emission and absorption processes. Also representations
of representations are possible. The molecule of a homeopathic potency is characterized
by characteristic frequencies associated with its transitions as well as ELF frequencies. Of
course, also transitions of a complex formed by molecule of the potency and water molecule
could be involved.

Water represents the transition frequencies of the potency molecule as transition frequencies
of water molecules or of structures which correspond to space-time sheets of various sizes.
This conforms with the fact that frequency imprinting disappears after thorough drying and
returns when water is added and that also bulk water without any potency allows frequency
imprinting. In the frequency range studied by Smith rotational transition frequencies of
water and of the space-time sheets containing water in liquid crystal form provide a good
candidate for a representational mechanism. ELF frequencies correspond now to the magnetic
transitions of these space-time sheets behaving like point like objects in Earth’s magnetic field.

2. The simplest assumption is that the ELF branch of the frequency spectrum corresponds
to the magnetic transition frequencies in Earth’s magnetic field whereas the high frequency
branch corresponds to the characteristic frequencies f = ¢/L of MEs parallel to the magnetic
flux tubes. This assumption conforms with the crucial role of Earth’s magnetic field in the
erasure of the imprinted frequencies. Also the importance of 7.8 Hz Schumann frequency for
the heart chakra [I59] can be understood.

The singly ionized Ca, Ar, and K (all 7.5 Hz for B = .5 x 10~* Tesla) and CI (8.5 Hz) have
cyclotron transition frequencies near to Schumann frequency. For LC water blobs the ELF
frequencies are below 1 Hz and the requirement that water blob has size smaller than radius of
magnetic flux tube of Earth’s magnetic field allows ELF frequencies down to 1/ f ~ 1000 years
so that all biologically relevant length scales are covered. Quite interestingly, the frequency f5
corresponding 1000 years is 20 Hz by the scaling law suggested by Smith and corresponds to
the lower bound for audible frequencies and that also language involves subneuronal mimicry
by LC water blobs. A fascinating possibility is that subneuronal LC water blobs could be
responsible for all biorhythms and be involved also with our long term memories.

3. Frequency entrainment for both ELF and high frequency branches can be understood if both
the thickness and length of the magnetic flux tubes are subject to a homeostatic control.
The assumption that the total magnetic energy of the flux tube remains constant during
the frequency entrainment together with the magnetic flux quantization implies that the
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ratio S/L of the area S of the magnetic flux tube to its length L remains constant during
entrainment. Thus the ratios f,/frrF of the magnetic transition frequencies to characteristic
frequencies of MEs would be homeostatic invariants in agreement with the empirical findings.
The value of the ratio is in good approximation f},/ferr = 2 x 101,

4. The electromagnetic signature of the homeopathic potency corresponds to MEs stimulated
by the electromagnetic transitions associated with the potency molecule. Since these fre-
quencies are also transition frequencies for water molecules or space-time sheets contain
water in liquid crystal form a resonant interaction is possible and em fields of MEs can be
amplified /replicated by the transitions associated with these structures.

5. According to [I59] , coherence propagates with a light velocity whereas coherent domain
of size L diffuses with a velocity given by the scaling law v o« Lf. In TGD the natural
interpretation for the velocity of coherence propagation is as a signal velocity inside ME
(possibly representing external em field). v is in turn associated with the motion of ME
transversal to some linear structure along it: this effect is not possible in Maxwell’s theory
since particle-field duality is not realized at the classical level. The velocities are reported
to be of order few meters per second and of the same order of magnitude as nerve pulse
conduction velocity and phase velocities for EEG waves. This relationship is of the same
form as the scaling law which relates together the phase velocity of EEG wave (velocity of
EEG ME in TGD framework) and the size L of corresponding structure of brain or body.
For instance, scaling law relates the size L for brain structures and corresponding magnetic
sensory canvas with much larger size L. = ¢/ f [K65] . Scaling law would give v/c = frrr/fn
and velocity of order mm/s for the motion of transversal MEs along magnetic flux tubes:
this velocity is considerably smaller velocity than m/s reported in [I59] .

A detailed model for various homeopathic effects is discussed in [K34] . The model leads
to a generalization of the view about many-sheeted DNA with magnetic mirrors transversal to
DNA coding the electromagnetic structure of the organism and allows to understand introns as
chemically passive but electromagnetically active genes. Magnetic mirrors provide also a recog-
nition mechanism fundamental for the functioning of the bio-system: consider only the ability of
amino-acids to find corresponding RNA triplets, the self assembly of tobacco mosaic virus and the
functioning of the immune system. Magnetic mirrors can also serve as bridges between sender and
receiver of intent in remote healing and viewing and these processes could be seen as scaled-up
version of those occurring routinely endogenously.

3.3 The roles of Josephson radiation, cyclotron radiation,
and of magnetic body

Before representing any detailed model for hearing, it is good to summarize the vision about the
roles of Josephson radiation, cyclotron radiation, and of magnetic body on basis of the proposed
general view about qualia and sensory receptors. The representation below is somewhat out of
date and the updated and considerably more detailed view can be found in [L8§].

3.3.1 The role of Josephson currents

The general vision is that Josephson currents of various ions generate Josephson photons having
dual interpretations as bio-photons and EEG photons. Josephson photons can in principle regen-
erate the quale in the neurons of the sensory pathway. In the case of motor pathways the function
would be different and the transfer of metabolic energy by quantum credit card mechanism using
phase conjugate photons is suggested by the observation that basic metabolic quanta 2 eV resp. 4
eV are associated with smooth muscle cells resp. skeletal muscle cells.

As already found in the previous section, the energies of Josephson photons associated with
the biologically important ions are in general in visible or UV range except when resting potential
has the value of -40 mV which it has for photoreceptors. In this case also IR photons are present.
Also the turning point value of membrane potential is +40 mV so that one expects the emission
of IR photons.
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Josephson photons could be used to communicate the qualia to the magnetic body.

1. If Josephson currents are present during the entire action potential, the entire range of
Josephson photons down to frequencies of order 2 kHz range is emitted for the standard value
of h. The reason is that lower frequencies corresponds to cycles longer than the duration of
the action potential. The continuum of Josephson frequencies during nerve pulse makes it
possible to induce cyclotron transitions at the magnetic body of neuron or large structure.
This would make possible to communicate information about spatial and temporal behavior
of the nerve pulse pattern to the magnetic body and build by quantum entanglement a
sensory map.

2. The frequencies below 2 kHz could be communicated as nerve pulse patterns. When the pulse
rate is above f = 28.57 Hz the sequence of pulses is experienced as a continuous sound with
pitch f. f defines the minimum frequency for which nerve pulses could represent the pitch
and there remains a 9 Hz long range to be covered by some other communication method.

3. The cyclotron frequencies of quarks and possibly also of electron would make possible a
selective reception of the frequencies emitted during nerve pulse. Same applies also to the
Josephson frequencies of hair cell (, which does not fire). If the value of Planck constant
is large this makes possible to communicate the entire range of audible frequencies to the
magnetic body. Frequency would be coded by the magnetic field strength of the flux tube.
Two options are available corresponding to the standard ground state for which Z° field is
very weak and to almost vacuum extremals. For the first option one as ordinary cyclotron
frequencies. The cyclotron frequency scales for them differ by a factor

() = Qers@ _ e(a)
D= Q@) ~ 20Qem(@)

+1per, e(u)=-1 ,e(d)=1

from the standard one. For p = .0295 one obtains (r(u),r(d),r(e) = (24.42,49.85,15.95).
The cyclotron frequencies for quarks and electron with masses m(u)=2 MeV, m(d)=5 MeV,
and m(e)=.5 MeV are given the table below for the two options. If one assumes that Be,q
defines the upper bound for field strength then he standard option would require both d
quark and electron. Gor dquark with kHz CD the upper bound for cyclotron frequencies
would be 20 kHz which corresponds to the upper limit of audible frequencies.

fermion fo(e)/MHz | f.(u)/MHz | f.(d)/MH=
standard .564 .094 .019
nearly vacuum extremal | 8.996 2.275 .947

Table 4. Cyclotron frequencies of quarks and electron in magnetic field Bepq = .2 Gauss for
standard vacuum with very small Z° field and nearly vacuum extremal.

4. Besides cyclotron frequencies also the harmonics of the fundamental frequencies assignable
to quark and electron CDs could be used and in case of musical sounds this looks a highly
attractive option. In this case it is now however possible to select single harmonics as in the
case of cyclotron transitions so that only the rate of nerve pulses can communicate single
frequency. Lorentz transform sub-CD scales up the frequency scale from the secondary p-adic
time scale coming as octave of 10 Hz frequency. Also the scaling of A scales this frequency
scale.

3.3.2 What is the role of the magnetic body?

The basic vision is that magnetic body receives sensory data from the biological body- basically
from cell membranes and possibly via genome - and controls biological body via genome. This
leaves a huge amount of details open and the almost impossible challenge of theoretician is to guess
the correct realization practically without any experimental input. The following considerations
try to clarify what is involved.
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Is magnetic body really needed?

Libet’s findings and the model of memory based on time mirror hypothesis suggests that magnetic
body is indeed needed. What is the real function of magnetic body? Is it just a sensory canvas?
The previous considerations suggest that it is also the seat of geometric qualia, in particular the
pitch of sound should be coded by it. It would be relatively easy to understand magnetic body as a
relatively passive sensory perceiver defining sensory map. If one assumes that motor action is like
time reversed sensory perception then sensory and motor pathways would be just sensory pathways
proceeding in opposite time directions from receptors to the various layers of the magnetic body.
Brain would perform the information processing.

Certainly there must exist a region in which the motor and sensory parts of the magnetic body
interact. What comes in mind is that these space-time sheets (or actually pairs of space-time sheets)
are parallel and generate wormhole contacts between them. This interaction would be assignable
to the region of the magnetic body could receive positive energy signals from associative sensory
areas and send negative energy signals to motor motor neurons at the ends of motor pathways
wherefrom they would propagate to premotor cortex, supplementary motor cortex and to frontal
lobes where the abstract plans about motor actions are generated.

Is motor action time reversal of sensory perception in zero energy ontology?

One could argue that the free will aspect of motor actions does not conform with the interpretation
as sensory perception in reversed direction of time. On the other hand, also percepts are selected
-say in binocular rivalry [J16] . Only single alternative percept need to be realized in a given
branch of the multiverse. This makes possible metabolic economy: for instance, the synchronous
firing at kHz frequency serving as a correlate for the conscious percept requires a lot of energy
since dark photons at kHz frequency have energies above thermal threshold. Similar selection of
percepts could occur also at the level of sensory receptors but quantum statistical determinism
would guarantee reliable perception. The passivity of sensory perception and activity of motor
activity would reflect the breaking of the arrow of time if this interpretation is correct.

What magnetic body looks like?

What magnetic body looks like has been a question that I have intentionally avoided as a question
making sense only when more general questions have been answered. This question seems however
unavoidable now. Some of the related questions are following. The magnetic flux lines along various
parts of magnetic body must close: how does this happen? Magnetic body must have parts of size
at least that defined by EEG wavelengths: how do these parts form closed structures? How the
magnetic bodies assignable to biomolecules relate to the Earth sized parts of the magnetic body?
How the personal magnetic body relates to the magnetic body of Earth?

1. The vision about genome as the brain of cell would suggest that active and passive DNA
strands are analogous to motor and sensor areas of brain. This would suggests that sensory
data should be communicated from the cell membrane along the passive DNA strand. The
simplest hypotesis is that there is a pair of flux sheet going through the DNA strands. The flux
sheet through the passive strand would be specialized to communicate sensory information to
the magnetic body and the flux sheet through the active strand would generate motor action
as DNA expression with transcription of RNA defining only one particular aspect of gene
expression. Topological quantum computation assignable to introns and also electromagnetic
gene expression would be possible.

2. The model for sensory receptor in terms of Josephson radiation suggests however that flux
tubes assignable to axonal membranes carry Josephson radiation. Maybe the flux tube
structures assigned to DNA define the magnetic analog of motor areas and flux tubes assigned
with the axons that of sensory areas.

3. A complex structure of flux tubes and sheets is suggestive at the cellular level. The flux
tubes assignable to the axons would be parallel to the sensory and motor pathways. Also
microtubules would be accompanied by magnetic flux tubes. DNA as topological quantum
computer model assumes and the proposed model of sensory perception and cell membrane



3.3. The roles of Josephson radiation, cyclotron radiation, and of magnetic body 113

level suggests transversal flux tubes between lipids and nucleotides. The general vision about
DNA as brain of cell suggest flux sheets through DNA strands.

During sensory perception of cell and nerve pulse the wormhole flux tube connecting the
passive DNA strand of the first cell to the inner lipid layer would recombine with the flux tube
connecting outer lipid layer to some other cell to form single flux tube connecting two cells.
In the case of sensory organs these other cells would be naturally other sensory receptors.
This would give rise to a dynamical network of flux tubes and sheets and axonal sequences of
genomes would be like lines of text at the page of book. This structure could have a fractal
generalization and would give rise to an integration of genome to super-genome at the level
of organelles, organs and organism and even hypergenome at the level of population. This
would make possible a coherent gene expression.

4. This vision gives some idea about magnetic body in the scale of cell but does not say much
about it in longer scales. The CDs of electrons and quarks could provide insights about the
size scale for the most relevant parts of the magnetic body. Certainly the flux tubes should
close even when they have the length scale defined by the size of Earth.

Additional ideas about the structure follow follow if one assumes that magnetic body acts a
sensory canvas and that motor action can be regarded as time reversed sensory perception.

1. If the external world is represented at part of the magnetic body which is stationary, the
rotation of head or body would not affect the sensory representation. This part of the
magnetic body would be obviously analogous to the outer magnetosphere, which does not
rotate with Earth.

2. The part of the magnetic body at which the sensory data about body (posture, head orien-
tations and position, positions of body parts) is represented, should be fixed to body and
change its orientation with it so that bodily motions would be represented as motions of the
magnetic , which would be therefore analogous to the inner magnetosphere of rotating Earth.

3. The outer part of the personal magnetic body is fixed to the inner magnetosphere, which
defines the reference frame. The outer part might be even identifiable as the inner magneto-
sphere receiving sensory input from the biosphere. This magnetic super-organism would have
various life forms as its sensory receptors and muscle neurons. This would give quantitative
ideas about cyclotron frequencies involved. The wavelengths assignable to the frequencies
above 10 Hz would correspond to the size scale of the inner magnetosphere and those below to
the outer magnetosphere. During sleep only the EEG communications with outer magnetic
body would remain intact.

4. Flux quantization for large value of i poses an additional constraint on the model.

(a) If Josephson photons are transformed to a bunch of ordinary small % photons magnetic
flux tubes can correspond to the ordinary value of Planck constant. If one assumes the
quantization of the magnetic flux in the form

/BdA =nh

used in super-conductivity, the radius of the flux tube must increase as Vh and if the
Josephson frequency is reduced to the sound frequency, the value of i codes for the
sound frequency. This leads to problems since the transversal thickness of flux tubes
becomes too large. This does not however mean that the condition might not make
sense: for instance, in the case of flux sheets going through DNA strands the condition
might apply.

(b) The quantization of magnetic flux could be replaced by a more general condition

f(p — ZeA)dl = nh , (3.3.1)
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where p represents momentum of particle of super-conducting phase at the boundary of
flux tube. In this case also n = 0 is possible and poses no conditions on the thickness of
the flux tube as a function of 4. This option looks reasonable since the charged particles
at the boundary of flux tube would act as sources of the magnetic field.

(c¢) Together with the Maxwell’s equation giving B = ZeNwv in the case that there is only
one kind of charge carrier this gives the expression

2m
N = —— 3.3.2
RZ2%e2 ( )
for the surface density N of charge carrier with charge Z. R denotes the radius of the
flux tube. If several charge carriers are present one has B = ), NiyZpev, and the
condition generalizes to

Zmivi
Ny = —————5 - 3.3.3
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It seems that this condition is the most realistic one for the large A flux sheets at which
Josephson radiation induces cyclotron transitions.

What are the roles of Josephson and cyclotron photons?

The dual interpretation of Josephson radiation in terms of bio-photons and EEG photons seems
to be very natural and also the role of Josephson radiation seems now relatively clear. The role of
cyclotron radiation and its interaction with Josephson radiation are not so well understood.

1. At least cell membrane defines a Josephson junction (actually a collection of them idealizable
as single junctions). DNA double strand could define a series of Josephson junctions possibly
assignable with hydrogen bonds. This however requires that the strands carry some non-
standard charge densities and currents- I do not know whether this possibility is excluded
experimentally. Quarks and antiquarks assignable to the nucleotide and its conjugate have
opposite charges at the two sheets of the wormhole flux tube connective nucleotide to a
lipid. Hence one could consider the possibility that a connection generated between them by
reconnection mechanism could create Josephson junction.

2. The model for the photoreceptors leads to the identification of bio-photons as Josephson
radiation and suggests that Josephson radiation propagates along flux tubes assignable to
the cell membranes along sensory pathways up to sensory cortex and from there to motor
cortex and back to the muscles and regenerates induced neuronal sensory experiences.

3. Josephson radiation could be used quite generally to communicate sensory data to/along the
magnetic body: this would occur in the case of cell membrane magnetic body at least. The
different resting voltages for various kinds of cells would select specific Josephson frequencies
as communication channels.

4. If motor action indeed involves negative energy signals backwards in geometric time as Libet’s
findings suggest, then motor action would be very much like sensory perception in time
reversed direction. The membrane resting potentials are different for various types of neurons
and cells so that one could speak about pathways characterized by Josephson frequencies
determined by the membrane potential. Each ion would have its own Josephson frequency
characterizing the sensory or motor pathway.

The basic questions concern the function of cyclotron radiation and whether Josephson radiation
induces resonantly cyclotron radiation or vice versa.

1. Cyclotron radiation would be naturally associated with the flux sheets and flux tubes. The
simplest hypothesis is that at least the magnetic field Be,q = .2 Gauss can be assigned with
the some magnetic flux quanta at least. The model for hearing suggests that Be,q is in this
case quantized so that cyclotron frequencies provide a magnetic representation for audible
frequencies. Flux quantization does not pose any conditions on the magnetic field strength
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if the above discussed general flux quantization condition involving charged currents at the
boundary of the flux quantum are assumed. If these currents are not present, 1/#4 scaling of
Bepg for flux tubes follows.

2. The assumption that cyclotron radiation is associated with the motor control via genome
is not consistent with the vision that motor action is time reversed sensory perception. It
would also create the unpleasant question about information processing of the magnetic body
performed between the receival of sensory data and motor action.

3. The notion of magnetic sensory canvas suggests a different picture. Josephson radiation
induces resonant cyclotron transitions at the magnetic body and induces entanglement of
the mental images in brain with the points of the magnetic body and in this manner creates
sensory maps giving a third person perspective about the biological body. There would be
two kind of sensory maps. Those assignable to the external world and those assignable to the
body itself. The Josephson radiation would propagate along the flux tubes to the magnetic
body.

4. There could be also flux tube connections to the outer magnetosphere of Earth. It would
seem that thee reconnections could be flux tubes traversing through inner magnetosphere
to poles and from there to the outer magnetosphere. These could correspond to rather low
cyclotron frequencies. Especially interesting structure in this respect is the magnetic flux
sheet at the Equator.

3.3.3 Magnetic homeostasis and magnetic circulation?

The possible importance of the precise value of the local magnetic field for say memetic code [K33]
suggests that living matter has learned to control local magnetic field inside magnetic flux tubes
just as it controls salt level of biological water.

Variation of the local strength of B.,q

Bepnaq -which is assigned to the magnetic body of particular body part- should scale as 1/h to
maintain the constant ratio of Josephson and cyclotron frequencies. This predicts hierarchy of
cyclotron frequency scales coming in octaves if one accepts that the preferred levels of dark matter
hierarchy come as r» = h/hg = 2¥¢ with values of k4 fixed by Mersenne hypothesis introduced in
introduction and discussed in detail in [K23] . Cell differentiation could lead to the differentiation
of the local value of kg and the value could vary even inside single cell nucleus.

Also a slight variation of the strength of B, for a given value of r is possible. The condition
that the ratios of Josephson frequencies and cyclotron frequencies remain constant means that the
scalings of Be,q and membrane resting potential are identical. Also the relative variation of EEG
frequency scale would be same as that of the resting potential. The variation of resting potential
is 10 per cent as is also that of EEG frequency scale so that this prediction is correct. Since the
resting potential is characteristic of cell type [K23] , also the value of Be,q for corresponding part
of magnetic body would be such. In the model of hearing the variation of both k; decomposing
the frequencies into octaves and smaller variations of Bg,q allowing to decompose octaves into
smaller intervals would make possible to sense the pitch of the sound [K61] . This sense would be
essentially a sensory quale assignable to magnetic body.

Magnetic circulation

There is a rather precise analogy with blood flow since both incompressible velocity field of blood
and magnetic field are divergenceless: one can imagine magnetic flux to flow along 'B-veins’ (mag-
netic flux tubes) along organism or at least CNS. Variation of the magnetic field strength would
be forced by the variation of the thickness of the flux tube since magnetic flux is conserved just as
the variation of the thickness of blood veins affects blood flow. Artificial small alteration of local
magnetic from outside would only interfere with this control.

For instance, alpha peak drifts in Hz range and this could be due the variation of the value
of local magnetic field varies as much as 10 per cent. If this variation is due to the homeostatic
variation of the local magnetic field, absolute variation should increase for higher frequencies: at
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the upper end of gamma band it would be 9 Hz. An alternative explanation for drifting is in
terms of amplitude modulation: amplitude modulation of frequency f; by frequency f implies
that original frequency is split to frequencies f; £+ f. In this case the amplitude of drifting does
not depend on frequency.

The analogy with blood flow suggests that one could speak about B-circulation completely
analogous to blood circulation: B-circulation could be crucial for bio-system to act as macro-
scopic quantum system. B-circulation would naturally accompany neural circuitry. It could be
also accompany ordinary blood circulation physically or could form an independent system. The
association with blood circulation would provide prerequisites for quantum control of also blood
circulation and metabolism. The control could be based on MW frequency Josephson currents
associated with ELF em fields inducing conformational changes of proteins coherently in large
regions in turn giving rise to needed synchronous biochemical self-organization processes.

Temperature dependence of the local magnetic field strength

EEG frequencies are known to change with [I16] [J15] in the sense that the increase of the temper-
ature raises the peak frequency of the power spectrum. This need not mean that the individual
EEG frequencies are affected since the distribution of these frequencies could be affected due to
the effects on the ionic conductances.

On the other hand, the equilibrium potentials for various ions are proportional to the temper-
ature. In TGD framework this would predict that also EEG frequency scale is proportional to
T so that the effect of temperature could be understood at least partially. Of course, very large
drop of temperature known to induce sleep EEG involves dropping of higher EEG bands from the
spectrum. The maximal reduction of body temperature have been to about 1 degree C and corre-
spond to 10 per cent reduction of absolute temperature. 10 per cent variation is also characteristic
variation of EEG band positions.

As far as nerve pulse generation is considered small reduction of temperature should lead to
reduced membrane potential and if the value of the potential inducing nerve pulse does not follow,
this would lead to a level of arousal. Maybe this could explain the stimulating effect of cold.

The question is whether cyclotron frequency scale follows the scale of the resting potential. If
this is not the case, the communications to the magnetic body suffer from temperature changes
since resonance conditions are lost. This could partially explain why a serious hibernation leads
to a lower level of arousal. Cyclotron frequency scale can follow the change of the temperature
as long as the transversal size scale of the magnetic flux quanta can react on the changes of the
temperature and by flux conservation induce a change of the magnetic field strength. It is however
highly questionable whether this is possible at distant parts of the magnetic body if it indeed can
have the size scale of Earth.

The results of Blackman [J13] suggesting that ELF effects with given frequency disappear when
body temperature is not in the range 36 — 37 C inspires the hypothesis that quantum critical high
T. superconductivity and almost vacuum extremal property of the cell membrane space-time sheet
are possible only in the range 36-37 C. This obviously provides a more plausible explanation for
the effect of hibernation. In this picture the extreme importance of temperature regulation for the
functioning of organism could be seen as a prerequisite for continual quantum control by magnetic
transition frequencies.

Circadial temperature variation can be something like 20 Kelvins , which means relative varia-
tion about 10 per cent for poikilotherms, which is of same order as alpha frequency drifting. The
relative width of the cyclotron resonance would be from this about 7 per cent (Af/f = AB/B
AT/T). The relative variation of the membrane resting potential as a function of temperature is
predicted to be sam.

Why the increase of the local magnetic field strength by factor of ten does not raise
alpha band to heaven?

The increase of the local magnetic field strength by a factor 10 — 20 is known to induce stress [J46]
and confuse biological timekeeper mechanisms but it certainly cannot raise alpha band above 100
Hz as as a very naive standard physics based application of the cyclotron frequency hypothesis
would suggest.
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In standard physics picture one could indeed argue that the increase of the strength of the
local magnetic field interferes directly with bio-control and has catastrophic consequences. This
is not the case of Be,q corresponds to so large value of Planck constant that cyclotron energy
corresponds to the energy of visible or UV photon and if the local magnetic field corresponds to
the ordinary (or just different) value of Planck constant. That the variation local magnetic field
has effect can be understood if the flux tubes of the dark magnetic field B.,4 are in contact with
the those of the local magnetic field presumably having standard value of Planck constant. This
would be classical interaction between visible and dark sectors of ”world of classical worlds”. One
can of course imagine also other interaction mechanisms.

3.3.4 Some remarks and questions
Synchronizing effect of Earth’s magnetic field

Earth’s magnetic field could act as grand synchronizer of biorhythms of even separate organisms.
Magnetic homeostasis does not prevent the effects due to the variation of Earth’s magnetic field
on human consciousness.

The close correlation of various cycles of biological and brain activity, in particular sleep-wake
cycle, with periodic circadial variations of the geomagnetic field [J46] , is consistent with this.
Magnetic storms change temporarily the value of the local magnetic field and also this should
have effects on consciousness. The statistics about mental hospitals supports this view [J46] .
Also Persinger has proposed that the modulations of Earth’s magnetic field caused by geomagnetic
perturbations have effect on human consciousness [J46, J37] . Michael Persinger has studied
extensively the effects of Schumann resonances on brain and has even explained religious and UFO
experiences as correlates of this interaction [J37] .

Also the diurnal changes of magnetic field caused by Moon having period of 25 hours are known
and this variation seems to provide fundamental biological clock which sets on in absence of the
normal 24 rhythm regulated by sunlight. The diurnal variations of the geomagnetic field are also
responsible for sleep-awake rhythm: the increased melatonin secretion during dark hours correlate
with the variation of Earth’s magnetic field.

It is also known that that the exposure to magnetic fields 10-20 times geomagnetic field induces
stress in rabbits and slowed reaction time in humans; that the absence of geomagnetic field leads
to a complete de-synchronization of biorhythms and that the synchronization of ELF biorhythms
is coupled to ELF geomagnetic pulsations [J46] . In particular, pineal gland serves as biological
timekeeper with cyclotron frequency of Co?* ion defining the basic time unit of .1 seconds.

Dr. Phil Callahan [I3] claims on basis of intensive experimental work that there is a tendency
of political strifes and wars to concentrate on regions where Schumann resonances are weak. This
would not be surprising since Schumann resonances act as collective bio-rhythms if vertebrate
brains are connected to the magnetic body of Earth.

3. What happens to astronaut’s magnetic body

There is an old objection against the notion of magnetic body. If the local value of Earth’s
magnetic field is crucial for the brain functioning, astronauts should experience grave difficulties or
at least dramatic changes in the character of consciousness. A possible estimate for the weakening
of the local magnetic field is based on the scaling law B oc 1/72 for dipole field. In this case a
rough estimate for the relative change of the EEG frequency scale is Af/f = 3AR/R ~ 6 per cent
for satellites moving below the ionosphere. This should affect the state of consciousness.

As a matter fact, there is reported evidence [J31, J28] that cosmonauts spending months in
MIR had strange altered states of consciousness involving among other things precognition of the
difficulties to be countered by MIR, and receiving advices and identification experiences with other
people and life forms, even dinosaurs of ancient Earth!

In the many-sheeted space-time the situation looks like following.

1. Only the levels kg for which the size scale is between the size scale of personal magnetic body
and the distance travelled could have been affected.

2. Astronauts could have drawn the magnetic flux sheets connecting them to the magnetic body
of Earth and higher level magnetic bodies with them but long period could have led to a loss



118 Chapter 3. Bio-Systems as Super-Conductors: Part I1

of the connections to the magnetic body of Earth.

3. At the level of cell nuclei nothing dramatic need happen. Energetically the stretching mag-
netic flux sheets associated with DNA is not a problem since the energy densities involved
are rather tiny. Furthermore, if the flux sheets carry homological monopole flux, they could
highly stable against increase of length since they would have magnetic monopole wormhole
contacts at their ends.

4. A long period in space without contact with magnetic Mother Gaia might relate to the
strange experiences reported by astronauts. One might imagine that the magnetic body
of say solar system or even galactic magnetic body replaces Earth’s magnetic body as a
kind of fundamental reference frame. For instance, the third person perspective could rely
on the inner magnetosphere which is at rest with respect to rotating Earth and the outer
magnetosphere which does not rotate with Earth would provide even higher level reference
system which begins to dominate in this kind of situation.

5. The experiences are consistent with TGD based view about geometric time and possibility
of geometric memories extending beyond the duration of individual life cycle. There is also
a consistency with Mersenne hypothesis summarized in the introduction and with the vision
about long term memory inspired by this hypothesis [K23] . If one takes seriously the
report about dinosaurs, which lived for ~ 10® years ago, the level k.py = 163 + kg = 257,
which corresponds to Josephson period of about 10® years could have contributed to the
conscious experience of astronauts. Therefore k3 = 94 characterizes the value of Planck
constant as r = h/hg = 2%, k.p; = 257 is consistent with Mersenne hypothesis. One
has 257 = 239 + 18, where keyy = 239 is member of the twin pair (239,241) of Gaussian
Mersennes suggested to be responsible for long term memory. 257—239 = 18 in turn equals to
the difference 107 — 89 = 18 corresponds to the ratio of hadronic p-adic length scale k = 107
and intermediate boson length scale k& = 89 defined by Mersenne primes. One cannot of
course take the individual numbers deadly seriously: what is important the general view
about memory based on hierarchy of weak physics assigned to Mersennes and their Gaussian
counterparts suggests an explanation for the reported transpersonal memories.

5. What the reduction of Earth’s magnetic field means?

The strength of Earth’s magnetic field has reduced 50 per cent during last 1.000 years. The
fact that an exponential evolution of civilization has occurred during this period, is perhaps not
an accident. Surprisingly many magnetic transition frequencies happen to be near to Schumann
resonance frequencies which do not depend on the strength of the magnetic field. If the scale of
dark magnetic field B.,q has followed the scale of Bg the the weakening of By furing this period
has reduced cyclotron frequency spectrum of heavy ions from 3—8 Hz range to the range 1.5—4 Hz
but leaving the spectrum of Schuman resonances unchanged. Rather remarkably, delta frequencies
near 3 Hz correspond to a peak in the frequency spectrum of so called sferics associated with
lightning activity [J17] .

These observations suggest the emergence of strong interaction between brain and higher levels
of the self hierarchy based on spherics and Schumann resonances. Assuming temporal linearity,
the reduction of Earth’s magnetic field has been 25 per cent after Newton and 5 per cent during
last 100 years. Perhaps an exponential development of mathematical consciousness made possible
by the activation of cyclotron frequencies of heavy ions with high nuclear and electronic angular
momenta and allowing large number of conscious-to-us magnetic transitions, and possibly also
involving some kind of fine tuning is taking place.

The weakening of Earth’s magnetic field probably relates to a forthcoming change in the polar-
ity of Earth’s magnetic field. One might guess that the personal magnetic bodies are not affected
appreciably during this period but that the violent change of Earth’s magnetic field induces dra-
matic effects on collective aspects of consciousness at kg = 44 level as the findings of Callahan
suggest.
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What about spin flips?

The natural question is whether also spin flips to which Larmor frequencies are associated could
be important. If anomalous magnetic moment vanishes Larmor frequency differs by a factor 1/2
from cyclotron frequency: fr = f./2 so that spin flip frequency is same as cyclotron frequency.
For atomic nuclei the Larmor frequency tends to be larger than cyclotron frequency as the table of
Appendix demonstrates. The effects of em fields in living matter at Larmor frequencies have not
been however reported.

The natural expectation is that Larmor frequency behaves in the same manner as cyclotron
frequency in the scaling of Planck constant and this is indeed the case since spin scales as ficy;.
This allows to consider the possibility that also spin flip transitions are of interest and perhaps
define correlates for sensory qualia.

Spin flip frequencies are in general of order few hundred Hz for B = .2 Gauss. The eight ions
listed in the table below have however exceptionally low Larmor frequencies and, very importantly,
the singly ionized states have vanishing electronic spin for all ions except Rh and Ir for which
electronic configuration corresponds to J — e = 2/2 (non-vanishing electronic spin implies that the
Larmor frequency of ion is of order f;, = f.(e)/2 ~ 3 x 10° Hz). This suggests that electromagnetic
spin flip transitions for these ions at least could be related to our consciousness. Note that K,
Ag and Au have spin flip frequencies near to the harmonics of the fundamental frequencies of
exotic super-symplectic representations important in EEG frequency range. Note that the spin
flip frequency of K is 39.1 Hz which is in 40 Hz thalamocortical resonance band. The spin flip
frequency 82.2 Hz for Cl might relate to the resonance frequency 80 Hz associated with retina.

Ion | (Z,A,S) fi/Hz | frip/Hz J

Cl | (17,35,F) | 85 82.2 3/2
K | (19,39,F) | 7.5 39.1 3/2
Rb | (37,85,F) | 3.5 81.0 5/2
Y | (39,89,F) | 34 41.2 1/2
Rh | (45,103,F) | 2.9 26.6 1/2
Ag | (47,107,F) | 2.8 34.2 (39.2) | 1/2
Ir | (77,193.F) | 1.6 17.0 3/2
Au | (79,197,F) | 1.5 14.0 3/2

Table 3. The ions for which electronic spin vanishes in ground state and minimum spin flip
frequency ffiip is below 90 Hz. fy;p is defined as fpin = 2f1/Jm, where J is nuclear spin. Ag
allows two stable isotopes with almost same abundances and the values of ff;, are given for both.

3.4 Model for ionic superconductivity

In this section the model for ionic superconductivity is constructed as a straightforward general-
ization of the TGD based model of high T electronic superconductivity [K13]. There is however a
exotic delicacy involved. TGD based model of atomic nucleus predicts that fermionic ions can have
bosonic chemical equivalents for which one of the color bonds connecting nucleons to nuclear string
is charged. Dark fermionic ions like Nat, K*, and C1~ could appear as Cooper pairs or be exotic
ions of this kind having different mass number and be able to form Bose-Einstein condensates.

The new model for the topological condensation at magnetic flux quanta of endogenous mag-
netic field differs radically from the earlier model and allows to understand that effects of ELF em
fields on brain. Bose-Einstein condensates of bosonic ions are predicted to be of special importance
for the functioning of living systems. Also a quantitative understanding of the effects of Schumann
resonances and EEG emerges.

3.4.1 Model for ionic superconductivity

TGD leads to a model of electronic super-conductivity based on the notion of magnetic flux tube
pair. Exactly the same mechanism is expected to work also in the case of ions and the only
differences come from the different mass and charge of ion.



120 Chapter 3. Bio-Systems as Super-Conductors: Part I1

1. The general idea is that magnetic flux tubes are carriers of dark charged particles including
ions and electrons. Usually magnetic field tends to destroy Cooper pairs since it tends to
flip the spins of electrons of pair to same direction. In TGD flux quantization comes in
rescue and magnetic fields favor the formation of Cooper pairs. If one has two parallel flux
tubes with opposite directions of magnetic fluxes with large value of heff = n x h, S =0
Cooper pairs with even L > 2 are favored. This situation is encountered in systems near
antiferromagnetic phase transition in small scales leading to formation of sequences of flux
loops carrying Cooper pairs. Macroscopic super-conductivity results when the loops are
reconnected to two long flux tubes with opposite fluxes. If the magnetic fluxes have same
sign, S = 1 Cooper pairs with odd L > 1 are favored.

This model applies to both electrons and fermionic ions and if the proposal that hess is
proportional to the mass of ion, it predicts same binding energies for all Cooper pairs as
their spin-spin interaction energy. This hypothesis predicts universal spectrum of bio-photons
energies if they result from dark photons and is motivated by the identification of gravitational
Planck constant [K69] with hess. In this case binding energies would be in eV range and
much above thermal energy at room temperature.

2. Mersenne hypothesis discussed in the introduction is assumed and makes possible precise
quantitative predictions using scaling arguments. With the motivation coming from the
model of cell membrane as Josephson junction it is also assumed that magnetic field scales
as 1/h and that the supra currents at the boundaries of flux tubes guarantee that the quan-
tization condition §(p — eA) - dl = 0 is satisfied. This allows the flux tubes to have a fixed
transversal size (cell membrane thickness) irrespective of the value of Planck constant. The
original hypothesis was that Be,q = 0.2 Gauss and its p-adically scaled variants powers of
two) could define preferred values of endogenous magnetic field. If biophotons result when
dark photons with h.rs proportional ion mass are ordinary photons, they have a universal
energy spectrum in visible and UV range, which directly corresponds to the spectrum of
magnetic fields strengths and for flux tubes carrying monopole flux to the spectrum for the
thickness of the flux tube. This would suggests effectively continuum of values of Bejgq-

3. In the case of bosonic ions there is no need for Cooper pairs and super-conductivity could
be due to the Bose-Eintein condensation of ions. TGD based nuclear physics also predicts
exotic ions, which are chemically like their fermionic counterparts but are actually bosons.
This is made possible by the possibility of the color flux tubes connecting nucleons to nuclear
string to carry charges 1,0, —1.

3.4.2 Super conductors of exotic bosonic counterparts of fermionic ions

If ion is boson, no Cooper pairs is needed in order to have a super conductor, and Ca™t and
Mgt ions at dark magnetic flux tubes with large value of Planck constant could give rise to
high T, super-conductors in this manner. Fermionic ions (Na™, K*,C17,..) would not define supra
currents. The explanation of the effects of ELF em fields on vertebrate brain however suggests
cyclotron Bose-Einstein condensates of also ions behaving chemically like fermionic ions. Also the
model of nerve pulse requires Josephson currents of ions which are chemical equivalents of fermionic
ions.

TGD based nuclear physics [L2] allows this kind of ions. The model indeed predicts the possi-
bility of exotic nuclei for which one or more color bonds connecting nucleons to the nuclear string
are charged. These exotic nuclei with electronic states identical to those of genuine ions could
save the situation. The table below describes how cyclotron frequencies for B = .2 Gauss of the
most important ions are modified in the simplest replacements with exotic ions. For instance, the
notation Mg tells that there is double electronic ionization and electron shell of Argon as usual
but that one color bond is negatively charged.
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ITon fe/Hz Pseudo—ion f./Hz

BNat 131 YNe, 15.7

BNat 131 Mgt 12.5

R+ 17 04, 7.5 (3.4.1)
S G 40Cqtt 7.5

30l 8.6 404 7.5

fe(K+) and f.(Cl™) are replaced with the frequency 7.5 Hz and one can do only using the cyclotron
frequencies f(Ca*1)/2 = 7.5 Hz, f.(Mg*"t) = 12.5 Hz, and f(Ca™") = 15 Hz. The nominal
values of the lowest Schumann frequencies are 7.8 Hz and 14.3 Hz. All ions with relevance for
nerve pulse and EEG could be bosonic ions or bosonic pseudo-ions. I do not know how well the
needed ionization mechanisms are understood in the standard framework.

3.4.3 More quantitative picture about Bose-Einstein condensates

Cyclotron frequencies of biologically important ions in the endogenous magnetic field B.,q = 0.2
Gauss are involved with the effects of ELF em fields on vertebrate brain and are also central in
the model of EEG [K23] . This motivates a more detailed study of these frequencies. Also the
cyclotron frequencies of biologically important molecules are interesting.

Bose-Einstein condensates of bosonic ionized atoms

The number of elements for which ions are bosons is not very large. The following table lists the
cyclotron frequencies of bosonic ions which are biologically important for Be,q = .2 x 10~ Tesla.

Ion fi/Hz | E1/eV
6Lit 50.1 3.3
2N g2F T 25.0 1.65
1602- 37.6 2.48
3267 18.8 1.24

WCa?t 1150 .99
S5Mn2t [ 114 75
56Fe2t 1 10.8 71
59Co*t 1100 .66
6izn2+ 194 .62
8052~ [ 7.6 5

Table 1. The first columns give the cyclotron frequencies and cyclotron energies for biologically
relevant bosonic ions in Beng = .2 x 107* Tesla. The third column gives cyclotron energy.

The table inspires some comments.

1. For LiT the dominating isotope "Li* is fermion. SLit is boson and its abundance is 5 per
cent. Lit ions are used as medications in mania and represents mood stabilizer [J3] . A
possible explanation is that the cyclotron oscillations of Bose-Einstein condensate of 6Lit
ions serve as a biological clock helping to stabilize the mood. The cyclotron frequency is
however 50 Hz and higher than thalamocortical resonance frequency having nominal value
40 Hz.

An alternative explanation for the effect of Lit is based on the observation that ”Li, has
cyclotron frequency equal to 42.9 Hz for B,,q = .2 x 10~4 Tesla, which is at the upper limit of
the 40 Hz resonance band. The presence of lithium ions or their Cooper pairs could enhance
thalamocortical resonance.

These hypothesis could be tested by looking whether the use of pure A =6 (A = 7) isotope
of Lit amplifies the beneficial effect and the use of A =7 (A = 6) isotope nullifies it.
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2. For Mg?* cyclotron energy corresponds to the energy of photon of green light. Chlorophyll
is not able to convert nutrients to sugar without magnesium, which suggests that cyclotron
transitions of Mg BE condensate are at least partially responsible for the green color of plants.
Mg BE condensate could control the coherent occurrence of photosynthesis in the size scale
of plant.

3. For oxygen ion the cyclotron frequency is 37.6 Hz and rather near to ~ 40 Hz thalamocortical
resonance frequency, which suggests that the cyclotron transitions of oxygen ions might play
key role in inducing coherent firing of neurons at this frequency. This would mean that
oxygen would be much more than a mere provider of metabolic energy. Note also that An = 3
cyclotron transition of Na™ ion corresponds to frequency 39 Hz and might be involved with
the synchronous firing.

4. Ca?t ions play a unique role in the functioning of living matter. In particular, calcium
waves appearing in a wide range of time scales are known to serve a crucial role in nervous
system [J27] . Ca2*t corresponds to .99 eV cyclotron energy scale, which is twice the energy
of metabolic energy quantum. Hence one can ask whether the cyclotron transitions of Ca?*t
BE condensate could induce a collective emission of metabolic energy quanta and in this
manner induce coherent metabolic activity in the scale of entire body.

5. The cyclotron frequencies Mn, Fe, Co, Cu, and Zn are in alpha band and corresponding
cyclotron energies are somewhat above metabolic energy quantum. These energy quanta
could drive protons from larger space-time sheet to k = 137 atomic space-time sheet. 10 Hz
frequency is known to define an important biological clock and Co ions could be essential for
the functioning of this clock. n = 3 multiple of Co?* cyclotron frequency corresponds to the
30 Hz threshold of gamma band known to be important for cognition. Also 3f.(Fe*") = 32.2
Hz and 3f.(Mn?*) = 34.2 belong to gamma band. The presence of Bose-Einstein condensates
of these ions in length scale of 5L(212) = 141 km could mean that these bio-rhythms are
shared by different organisms inside regions of this size.

6. The fact that the cyclotron frequency of Se?~ ion, which is known to be a biologically
important trace element, corresponds to the nominal value of the metabolic energy quantum,
raises the question whether Selenium BE condensate might act as a metabolic synchronizer.

Cyclotron frequencies and Schumann frequencies

Even in the case that Cooper pairs of fermionic ions are not thermally stable, the cyclotron tran-
sitions of fermionic ions like KT, C17, and Nat are expected to be important. In the following
table cyclotron frequencies and energies of some fermionic ions are given. Notice that the cyclotron
energy of K+ ion corresponds to metabolic energy quantum. Quite generally fermionic ions cannot
be involved with the generation of Josephson part of EEG.

Ion f/Hz | E./]eV

"Liy | 42.9
F~ | 158 | 1.04
NaF | 13 .86

Alt 111 73
Cl— | 85 .56

K+ [75 50
Cut | 48 333.9
AgT |28 18
T [ 24 16
Aut |15 10

Table 2. The first columns give cyclotron frequencies and corresponding cyclotron energies for
some ions in Bepg = .2 X 10~% Tesla for some fermionic ions.
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The first thing to notice is the close relationship of cyclotron frequencies with the lowest reso-
nance frequencies in the spectrum of geo-electromagnetic field starting from 5 Hz, so called Schu-
mann frequencies [F12] | are 7.8,14, 20,26,33,39 and 45 Hz. 5 Hz corresponds roughly to the
threshold 4 Hz of theta frequency range below which EEG spectrum lies during sleep which sug-
gests that wake-up state involves the coupling of brain with geo-electro-magnetic activity. 7.8 Hz
corresponds to the threshold for alpha waves associated with wake-up state without cognition; 14
Hz corresponds to threshold of 13 Hz for beta waves accompanying cognitive activities, and 33
Hz is quite near to the threshold 30 Hz for gamma waves known to be important in the temporal
coding of sensory data.

Consider now examples of cyclotron frequencies keeping in mind that Schumann frequencies
vary typically within 1 Hz interval around their mean values [F12] .

1. As already noticed, the frequencies, which are multiples of 15 Hz can be assigned to Ca?™"
ion. The excitations n = 3,5, 7,.. correspond to the frequencies 45, 75,105, ... Hz. All these
frequencies have been observed. The two lowest frequencies correspond to Schumann fre-
quencies 14 and 45 Hz with accuracy of 1 Hz.

2. Nay has A = 23 and gives f = 13 Hz. This is the lower bound for the frequency of beta EEG
waves which are associated with conscious cognition. This would suggest that the presence
of em field of 13 Hz frequency correlates with large fluxes of Na, ions through the axonal
cell membrane during nerve pulse generation. This could result from increased amplitude
of Nay Josephson current facilitating the emission of nerve pulses at the second half of the
EEG cycle. Silencing of mind by meditation or closing eyes reduces amplitudes associated
with EEG frequencies below 13 Hz and conscious cognition disappears.

n = 3 excitation of Nay corresponds to 39 Hz, which is one of the Schumann frequencies and
quite near to the 40 Hz resonant frequency associated with the thalamocortical circuit. This
could correspond to jumping of Na, ions from ground state to n = 3 state or vice versa.
n = 5 quantum jumps correspond to 65 Hz which is average EEG frequency during REM
sleep! Thus 13, 39 and 65 Hz frequencies correspond to the basic signatures of conscious
cognition. The two lowest transition frequencies correspond to Schumann frequencies 14 and
45 Hz within accuracy of 1 Hz.

3. Ky has A = 39 and gives f = 7.5 Hz, which is theta frequency rather near to the lowest
Schumann resonance frequency 7.8 Hz. K ion flux could correlate with em fields in the range
of the alpha frequencies creating cyclotron resonance. Theta activity dominates during sleep
and Adey’s observations [J46] demonstrate that 7 Hz ELF field increases reaction times.

Second and third transition frequencies are within 1.5 Hz Schumann frequencies 20 and 37.5
Hz.

4. Cl_ ion has A = 35 and gives f = 8.5 Hz. Chloride ion has inhibitory effect. n = 3,7, ..
excitations correspond to 25.5, 42.5 Hz,... Rather interestingly, frequencies rather near to
40 Hz associated with thalamo-cortical loops appear as excitations for all ions relevant to
nerve pulse activity. Note that 39 Hz is also Schumann frequency. Two lowest transition
frequencies of C'l_ are quite near to Schumann frequencies 7.8 and 25 Hz.

5. Fe?t has A = 56 and corresponds to 10.7 Hz. 3f.(Fe*t) = 32.2 Hz is rather near to
Schumann frequency 33 Hz whereas Co?t corresponds to 10 Hz in excellent accuracy. Co
has especially large nuclear magnetic moment and serves as a natural magnet. Fe?" and/or
Co?* could be present in magnetic sensory organ possessed also by humans making it possible
to navigate using magnetic fields. Yarrow suggests that Co makes B1o magnetic vitamin [J46]
so that it can serve as fundamental biological clock at frequency very precisely equal to 10
Hz. Co is carried by Bjs vitamin and is known to be important for normal consciousness:
among other things the lack of Bys causes fatigue, blurred vision and cognitive problems.

6. Mg?>t has A=24 and f = 25 Hz which is near to Schumann frequency: n = 3 corresponds 75
Hz. Charged polypeptides could also form BE condensates and be involved with cyclotron
mechanism: they are rather heavy and their cyclotron frequencies are in Hz range. Negatively
charged organic molecules are indeed known to be present in neurons.
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To sum up, surprisingly many magnetic transition frequencies are near to Schumann frequencies
which suggests strong resonant interaction between brain and geo-electromagnetic fields.

What about proton’s cyclotron frequency?

There are good reasons to expect that the cyclotron frequency of proton and its odd harmonics
play an important role in brain functioning. The cyclotron frequency of proton in Be,q = .2 Gauss
is f(p) = 300 Hz. The frequency associated with n = 3 transition would be 3f(p) = 900 Hz. Third
harmonics of cyclotron frequencies of many ions with f. in alpha band belong to gamma band
known to relate to cognition. Perhaps this is true also in the case of proton.

The duration of single bit of the memetic codeword consisting of 127 bits and having total
duration defined by the p-adic timescale 7! 1)2 = .1 seconds corresponds to the frequency f,, =
1027 Hz. This frequency is by 10 per cent higher than the cyclotron frequency of proton for
Beng = .2 Gauss. If magnetic homeostasis is realized, as will be discussed later, and if it allows 10
per cent variation of the strength of magnetic field as the width 1 Hz of alpha band suggests, it is
possible to realize this frequency as proton’s cyclotron transition frequency.

The frequency of neuronal synchronization, which is obviously associated with cognitive pro-
cessing, is ~ 1 kHz and might well be identifiable with f,,. The maximum rate of neuronal firing
is slightly below kHz: this rate however corresponds to the rate of quantum jumps rather than
oscillation frequency at space-time level.

Bose-Einstein condensates of bosonic molecular ions

Also biologically relevant bosonic molecular ions such SOZ_, COg_7 NO;, NO; could form Bose-
Einstein condensates. The cyclotron frequencies for bosonic molecular ions satisfying the thermal
stability condition A < 233 x Z at room temperature are typically in theta and delta band and
above f, = 1.29 Hz.

DNA is negatively charged and an interesting question is whether DNA satisfies the stability
condition. The molecular weights of DNA nucleotides A, T,C,G are 132,126,96,149. The molecular
weight of deoxyribose sugar attached to the nucleotide is 100 and that of phosphate group POi_ is
95. Altogether this makes molecular weights 327, 321, 291, 344. Since phosphate group is doubly
charged this structure has cyclotron energy which is higher than thermal energy. Also DNA
sequences satisfy the thermal stability condition. The presence of DNA Bose-Einstein condensates
at magnetic flux quanta could mean that DNA can be transferred between different organisms
along these space-time sheets and that DNAs of different organisms of same species could form
quantum coherent systems inside regions where magnetic field can be regarded as a constant.

3.5 Atmospheric phenomena and super-conductivity

There is a lot of evidence that various electromagnetic time scales associated with the atmospheric
phenomena correspond to those associated with brain functioning. If magnetic sensory canvas
hypothesis holds true, this is just what is expected. In this section these phenomena are considered
in more detail with the aim being to build as concrete as possible vision about the dynamics
involving the dark matter Bose-Einstein condensates at super-conducting magnetic flux quanta. If
almost vacuum extremals are in question, a strong analogy with living matter is implied and both
em and Z° fields are present. In case of cell membrane this assumption is highly successful.

One particular consequence is that there is a coupling to left handed weak nuclear isospin
proportional to neutron proton difference as well as coupling to nuclear electromagnetic charge
Z which dominates for heavier nuclei and gives rather large coupling (here it is essential that
atomic electrons do not condense at the almost vacuum extremal). This means that the system
behaves like plasma such that all particles have same sign of net weak isospin. Either opposite
Z9 charge carried by neutrinos or ionization is necessary in order to achieve stability. Also large
parity breaking is implied in macroscopic length scales. One implication would be vortices with a
preferred direction of rotation.
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3.5.1 Tornadoes as a macroscopic quantum phenomenon involving super-
conductivity?

Tornadoes represent a piece of not completely understood atmospheric physics. To mention just
two questions which have received no satisfactory answer.

1. What makes possible the ability of tornado to preserve its structure and coherence?
2. What makes possible the coherent rotation of matter inside tornado?

3. How to understand various luminous phenomena associated with the tornadoes [H17, H1,
H24] ?

Classical Z° forces and the vision about magnetic flux tubes as bio-superconductors suggests
a new approach to the physics of tornados possibly providing also answers to these questions. My
own attempts to understand tornadoes have been based on three separate approaches. Tornado as
a magnetic spiral vortex carrying em and Z° magnetic fields, tornado as an analog of a rotating
magnetic system known as Searl device, and tornado as a system for which the interactions between
visible and dark matter are essential.

The most recent approach to tornadoes and rotating magnetic systems relies on the recent
model of cell membrane as almost vacuum extremal and assumption that tornades could be seen
in many respects as p-adically scaled up variants of the axonal membrane. The combination of
this line of approach with the earlier ones, probably not mutually consistent in every detail, will
be discussed in the sequel.

Tornadoes as magnetic spiral vortices near vacuum extremals?

The basic idea is that tornadoes are a phenomenon involving complex many-sheeted space-time
topology and classical em and Z° magnetic fields in an essential manner making tornadoes macro-
scopic quantum systems in meteorological length and time scales.

1. A partial answer to the question relating to the stability and coherence is self-organization,
which in fact implies in TGD context that tornado has ’self’ and is conscious in some primitive
sense. In standard physics context the ability of tornado to have a well defined macroscopic
structure despite the locally chaotic nature of the hydrodynamic flow involved, is not easy to
understand. In particular, self-organization does not as such explain the coherent rotation
of the matter inside tornado. The almost vacuum extremal property is characteristic aspect
of cell membrane [K23] , which suggests that tornado or at least the boundary layer between
exterior and interior of tornado corresponds to almost vacuum extremal so that tornado
might be perhaps compared to neuronal axons in some respects. Self organization is indeed
associated with strong gradients and the boundary layer certainly represents this kind of
region.

2. In TGD framework the answer to the question relating to the rotation of matter inside
tornado is that tornado or its boundary corresponds to magnetic flux tube with em and
Z" magnetic fields -or more generally -a more complex structure consisting of magnetic flux
quanta, say a hierarchy of hollow flux tubes inside hollow flux tubes.

3. One expects that these Z° ions rotate with almost the same rotation velocity and in the
same direction in the Z° magnetic field associated with the space-time sheet of the tornado.
Although rotation velocities can have both signs, coherent motion in single direction can occur
stably and large parity breaking favors the other direction of rotation. Z° magnetic field is
generated if all screening neutrinos do not co-rotate with the matter or if the screening of
nuclear Z° charge by neutrinos is not complete. Conducting and super-conducting neutrinos
are expected to be unable to follow the rotation of the nuclei whereas the neutrinos below
Fermi surface should co-rotate with matter so that Z° magnetic field can be generated.
Situation is completely analogous to that of an electric conductor.
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4. Neutral atoms and molecules are highly charged Z° ions with effective charge proportional
to nuclear charge if electrons do not condense on almost vacuum extremal. The quantization
of em and Z° magnetic field of tornado to flux tubes suggests strongly itself and the classical
orbits of Z° ions in the average Z° magnetic field correspond to Z° magnetic flux tubes
with a helical shape. In the case of tornado these flux tubes are expected to have spiral like
structure implied by garden hose instability and provide an example of spiral waves which
seem to be a very general phenomenon in excitable media. Just like the flux tubes of the
magnetic field, also Z° magnetic flux tubes are expected to be super-conducting. One of the
first proposals of TGD inspired view about supra phase was that also super-fluidity might
involve Z° magnetic vortices [K39] but at that time I did not realize that almost vacuum
extremals- which I was of course well aware- might be in question.

5. Also the vortices of any hydrodynamic flow could involve Z° magnetic boundary layers at
least: in particular, the mechanism inducing transition from superfluidity to ordinary fluid
flow is generation of Z° magnetic vortices at critical velocities which are much lower than
those predicted by hydrodynamical arguments [K39] . The leakage mechanism of radial em
or ZY supra currents from magnetic flux tubes might be involved with the dissipation and
also with sono-luminescence [C2] . Also TGD inspired cosmology and classical view about
gravitational fields relies on the approximation that cosmologies can be idealized with vacuum
extremals [K83] .

To build a more quantitative picture one needs some information about the model for almost
vacuum extremals.

1. In the model of cell membrane as almost vacuum extremal electrons are not assumed to
condense at the almost vacuum extremal space-time sheets since this would not be consistent
with atomic physics. Nuclei however feed their Z° charges to these space-time sheets. Neutral
atoms for N — Z > 0 have left-handed weak isospin equal to (Z — N)/2 and same vectorial
charge proportional to sin?(fy )Z. The classical Z° field is for vacuum extremal proportional
to em field and this allows to use only em field and effective em charge expressible as

Z-N ‘
Qepp = ——5— F2Z 4 dem p=sin’(Ow) . (3.5.1)

Z denotes proton number, N neutron number, and ¢.,, the charge due to ionization in units
of proton charge. What is remarkable that even neutral atoms have large effective em charge
due to the charge of protons. There is also an axial coupling to the classsical Z° field causing
large parity breaking effects. The value of Weinberg angle for almost vacuum extremals is
not expected to be same as for far from vacuum extremals. The model for photoreceptors
fixes p to be p = .0295 to be compared with p ~ .23 for standard model vacuum. Just
fixing the value p predicts correctly the frequencies of peak sensitivity for the four types of
photoreceptors [K23] .

Radiation at visible photon energies is the signature of tornadoes [H5] difficult to understand
in the standard physics framework. Also rotating magnetic systems [H23] exhibit similar strange
characteristics. Same applies to sonolumiscence [C2] . One can consider two mechanisms generating
radiation at visible and UV frequencies.

1. First mechanism is based on Josephson radiation. The almost vacuum extremal property,
the suggested membrane like structure at the boundary of tornado, and the hypothesis that
scaled up variant of axonal membrane with an appropriate value of Planck constant could in
question suggests that there is also an electric field over the membrane. T TGD based model
for rotating objects also predicts radial electric field [K83] and there is also a kinematic effect
producing this kind of electric field [K6] . From the vanishing of total Lorentz force one has
FE = wpB, where B is the strength of the magnetic field, w the angular velocity of rotation,
and p is the distance from the rotation axes. For wk/p outside the rotating magnetic system
voltage is same for all flux sheets and voltage is
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V =kARB =wRARB .

If the value of the analog of membrane potential is same as for cell membrane, one would
have electric strength ~ 9.5 V/m for the minimal sized vortex. This condition would relate
the magnetic field strength to the basic parameters of the tornado. This kind of assumption
is of course somewhat ad hoc and only its success can justify it.

Superconducting atoms and molecules would be Z° ions with effective em charge proportional
to the total nuclear charge Z and gain in this electric fields energies comparable in visible and
UV range (few eVs) and one expects that the dark Josephson radiation at low frequencies
is generated providing the system with the analog of EEG. The leakage of dark Josephson
photons and Z0 ions to the ordinary space-time sheets and their interaction with atoms
and molecules could in turn induce ordinary ionization which might be required also by the
stability of the system. This would explaoin the visible light from this kind of systems. The
rotation frequency of the system might directly relate to the frequency of dark Josephson
radiation. The energy spectrum of radiation would serve as a signature allowing to distinguish
the model from models explaing the radiation in terms of atomic transitions.

2. One can consider also second mechanism. The mechanism for the breaking of the ordinary
super-conductivity in the case of the magnetic flux tubes is based on the idea that for curved
flux tubes ionic current with an overcritical ion velocity leaks along join along boundaries
bonds from the magnetic flux tubes to non-super-conducting space-time sheets. The reason
is simply the inertia of the charged particle. This process implies the generation radiation
in case of the ordinary electromagnetic ions. This process occurs in the reconnection of
magnetic flux tubes and more generally, when the curvature of flux tube becomes very large
so that the inertia of the particle drives it to a larger space-time sheet. The model applies
also to Z° magnetic case and if the particles are ordinary em ions, the generation of radiation
is expected also now. Of course, also the collisions of neural particles generate also radiation
but much more weakly. It is of course possible that stability condition requires also ordinary
ionization of atoms.

This mechanism, besides providing a model for dissipation, might explain also the luminous
phenomena associated with tornadoes [H17, H1, H24] . Tornadoes are expected to involve
also ordinary magnetic fields and corresponding flux tube structures so that also they could
give rise to luminous phenomena by the same mechanism as in the case of auroras.

Rotating magnetic systems as dark matter systems analogous to neuronal axon

A useful analogy for the tornado is provided by rotating magnetic system known as Searl device
[H23] . This system is reported to starts to spontaneously accelerate at certain critical rotation
frequency. The TGD inspired model for the system is discussed in [K6] . Spontaneous acceleration
is accompanied by spontaneously occurring concentric cylindrical magnetic walls of thickness ~
.5 c¢cm with mutual distance of ~ .5 m. What is intriguing that the spontaneous acceleration
starts at 9.1 Hz rotation frequency and and acceleration continues up to 10 Hz after which the
experimentation brecomes impossible due to the problems with the mechanical stability. 10 Hz
corresponds to the alpha band of EEG and to the fundamental frequency of electron’s CD. There
is also a strong parity breaking involved: depending on the direction of rotation the weight of
the system either decreases or increases, which suggests that some space-time sheets involved
correspond to almost vacuum extremals: this could also explain the problems with stability.
These observations suggest that it might make sense to apply the idea about scaled up cell
membrane to the boundary layer and magnetic flux walls associated with the rotating magnetic
system. There are several scales and possibly also several values of Planck constant involved.

1. The radius of the rotating magnetic system is about 1 m and corresponds to the p-adic
length scale k = 204 which corresponds to 1.2 m. This would suggest k; = 204 — 163 = 41.
Note that one has hess = nh, where n is product of distinct Fermat primes and power 2%4.
The distance between magnetic walls is about .5 m and would correspond to kg = 39. The
thickness of the magnetic walls is about 5 cm corresponding to about kg = 32. It is difficult
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to say anything definite about the thickness of the boundary layer assignable to the rotating
magnetic system. 1 mm is one estimate based on the fact that the cylindrical rollers are
at this distance from the central cylinder. This would suggest k = 184 and k; = 21. The
corresponding dark photon frequencies are 320 Hz, 1280 Hz, .66 MHz, and .32 GHz. Note
that the second frequency corresponds to the 1.28 kHz frequency asignable to the CD of
quark.

2. The very special role of 10 Hz frequency suggests the value kq = 2%6. Note that the time
scale of electron’s CD is in question. Of course, several dark values of Planck constant are
possible.

3. One can also consider the possibility that magnetic walls of thickness 5 cm could be dark
matter systems with thickness allowing an interpretation as scaled up counterparts of cell
membran of thickness 10 nm. The ratio of these scales is 5 x 10%. This would give kg = 2%°
not far from the value deduced from 10 Hz critical rotation frequency. Here one must however
notice that cell membrane thickness is not affected in the scalings of Planck constant so that
also other values of Planck constant are possible.

The idea about a strict scaling of the cell membrane suggests that there is also an electric field
orthogonal to the boundary layer. From the vanishing of the total Lorentz force one has £ = wpB,
where B is the strength of the magnetic field, w the angular velocity of rotation, and p is the
distance from the rotation axes. For w = k/p outside the rotating magnetic system voltage is same
for all flux sheets and voltage is V = EARB.

If the value of the analog of membrane potential is same as for the cell membrane, one would
have electric strength ~ 9.5 V/m. Superconducting atoms and molecules in in this field would gain
energies of UV photons and highly energetic dark Josephson radiation at these frequencies would
be generated providing the system with the analog of EEG. If the voltage is same also in the case
of cell membrane, dark Josephson radiation at frequencies determined by the value of the Planck
constant is generated. The rotation frequency of the system -very near to 10 Hz- might relate to
the frequency of Josephson radiation.

Magnetic walls could contain dark matter Bose-Einstein condensates in cyclotron state carrying
maximal magnetic field of B = .05 Tesla [K6] , [H23] . Magnetic walls could serve as angular
momentum and energy storages from which the system draws energy by time mirror mechanism
(see fig. http://www.tgdtheory.fi/appfigures/timemirror.jpg or fig. 24 in the appendix of
this book), which means sending of negative energy phase conjugate photons absorbed by the
Bose-Einstein condensate.

One can imagine several interpretation for the ionization of the air.

1. One already discussed explanation for the ionization of air would be in terms of energetic
dark atoms and molecules and dark Josephson radiation leaking to the space-time sheets
carrying visible mater. For instance, for No and Oy molecules one has Z;,; equal to 15
and 16 respectively, and the energies of UV photons are in few eV scale for cell membrane
potential and could ionize molecules [K23] .

2. The observed ionization of the air in the vicinity of the rotating system could be also under-
stood in terms of an Ohmic current generated by the radial vacuum electric field implied by
the rotating magnetic field. Since the electric field corresponds to a non-vanishing vacuum
charge density, this current charges the rotating magnetic system. Current carriers drop from
atomic space-time sheets to larger space-time sheets at the boundary of the system liberating
their large zero point kinetic energy of order 1 keV. The resulting voltage allows in principle
to use the system as an over-unity device by adding load to a wire connecting the system
to ground. The model leads to the proposal that rotating magnetic flux quanta provide a
fundamental mechanism leading to the generation of plasmoids, which can be regarded as
primitive living systems [I48] .

Tornadoes as dark matter systems

The identification of tornadoes as large & systems is suggested by the ability to self-organize and
preserve the self-organization pattern for relatively long periods of time. Dark matter would imply
self organization and make the system living in a primitive sense.
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The identification of tornadoes as rotating magnetic systems near vacuum extremals would
allow to interpret the luminous phenomena associated with tornadoes [H17, H1, H24] in terms of a
plasma resulting by the mechanisms proposed in previous section. The angular momentum stored
to dark Bose-Einstein condensates at the magnetic walls would provide angular momentum and
energy for the tornado. As a matter fact, the formation of these Bose-Einstein condensates could
force the rotation of tornado by angular momentum conservation.

The already discussed model of the boundary layer between rotating magnetic system and
external world as a scaled up variant of cell membrane space-time sheet applied to the boundary
layer between tornado and external world would make essentially the same predictions if one
assumes that the voltage through the layer is same as in the case of the cell membrane. In
particular, ionization is expected by the atoms and molecules gaining energies corresponding to
photons in visible and UV regions and the resulting ions would in turn generate Josephson photons.

There are several kinds of tornadoes [H5] . For supercell tornadoes called twisters the width is
usually below d = 90 m but can sometimes extend over 1.6 km. Wind velocity is typically vy = 160
km/h= 44 m/s at the outer boundary. This gives a rough estimate for the angular velocity at the
outer boundary as w = v/d. The rotation frequency is f = 1/27 ~ .16 ~ 27¢ x 10 Hz in
this particular case. For a radius of 1.6 km and same wind velocity one would have f ~ 8.8 mHz
~ 2710 % 10 Hz By the basic rule the values of kg4 vary in the range [52, 56] with p-adic length scales
163 + k4 in the range [215,218]. The length scale range would be [40,113] m. What is encouraging
that the lower limit corresponds to the radius of the minimum sized tornado. The upper limit is
too small by an order of magnitude. The interpretation suggested by the interpretation in the case
of rotating systems is that 114 m would correspond to the thickness of the boundary layer between
tornado and exterior world. For the minimal tornado the boundary layer would cover the entire
interior.

3.5.2 Auroras as an astrophysical quantum phenomenon?

Auroras are perhaps the most magnificent electromagnetic phenomenon in the atmosphere. The
mechanism generating the auroras is not completely understood. What is however known that
auroras involve the motion of ions along flux lines of Earth’s magnetic field acting effectively as
current wires. This suggest the that the ionic currents could be supra currents running along the
flux tubes of the magnetic field of Earth or its dark counterpart Be,q = 2Bg/5 suggest to exist
on basis of findings about the effects of ELF em fields on vertebrate brain [K23] . Hence auroras
could be a directly visible macroscopic quantum phenomenon! In the following a model of auroras
based on this vision and explaining the latest findings about them is developed.

Basic facts, ideas and puzzles related to auroras

Auroras occur at heights of 56-970 km along a circle surrounding the magnetic North (South)
pole [F8] . Magnetic storms accompany auroras and auroras are especially intense during sunspot
maxima. Protons and electrons of the solar wind are known to flow along magnetic flux lines
acting effectively as current wires. Some mechanism accelerates electrons and protons during their
travel to the pole region where they collide with the ions (mainly oxygen and nitrogen) of the
ionosphere and generate visible light. The spectral lines correspond to ionic transitions and each
color corresponds to a particular ion dominating at a particular height.

A brief summary of the basic ideas and problems related to the auroras is in order before
representing TGD based model.

1. The reconnection of solar magnetic field lines carried by solar wind with the field lines
of Earth’s magnetic field was proposed by James Dungey as a mechanism explaining the
energetics of the auroras. There is indeed increasing empirical support for the view that the
reconnection of the magnetic field lines of Sun and Earth accompanies [F8] [F4, F7, F14] .
What would happen would be that the reconnected nearby opposite fields lines form a tightly
bent U-shaped structure which straightens and acts as a catapult giving recoil energy to the
plasma ions flinging in the direction of Earth. The highly energetic protons and electrons of
the solar wind would flow towards Earth and collide with the ions of atmosphere and generate
the auroras in this manner. The detailed understanding of the reconnection mechanism is
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lacking and here TGD suggests microscopic topological description relying on magnetic flux
tubes.

2. The problem of the reconnection mechanism is how the solar and earthly magnetic flux lines
running in opposite directions and carrying opposite currents know of each other and can
change their direction so that the lines can meet. In TGD framework the reconnection of
the magnetic flux tubes could be seen as a process changing space-time topology and this
process is now one of the basic mechanisms of TGD inspired quantum biology [K29] . At
the point of reconnection magnetic field becomes zero in Maxwell’s theory and it is thought
that the charged particles must be able to leave the flux lines by some unknown mechanism
so that demagnetization occurs. TGD in turn suggests that inertial effects force ions flow to
larger space-time sheets along join along boundaries bonds.

3. An electric field parallel to the magnetic flux lines has been postulated as the mechanism of
acceleration: empirical evidence for the existence of this electric field has been found quite
recently [F5] . Two U shaped potential regions with positive resp. negative charges have
been found at heights 5000-8000 km resp. 1500-3000 km. It is convenient to christen lower
U shaped region as N and the upper one as U. The negatively charged region feeds electrons
to the aurora region and positively charged region sucks them back. There is however no
consensus about how this kind of electric field is generated and how it could be stable.

A TGD inspired model for auroras

There are several poorly understood aspects related to the modelling of auroras. TGD approach
provides new views to these problems. The following vision is perhaps the most plausible option
discovered hitherto.

The basic condition is that cyclotron energies are above thermal energy. This allows to deduce
lower bound the value of Planck constant assignable to the magnetic flux quanta. For Be,q = .2
Gauss the cyclotron frequencies of electron and proton are .6 MHz and 300 Hz respectively and
the formula E = .41 x 1077 x (f/Hz), r = h/hy, allows to deduce the estimate for the minimum
value of Planck constant in terms of thermal energy and cyclotron frequency as
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Both electronic and protonic supra currents flow for kg > kq(e,min) 4+ 11. I refers to ion with
charge Z and mass number A.

1. The ionosphere of Earth is at room temperature roughly below 85 km and at temperature
1200 K at upper layers. For B.,q both electronic and protonic currents incould flow as
supra currents if this condition is satisfied for temperature roughly room temperature for
kq(p) = kq(e) > 34 below 85 km and for kq(p) = kq(e) > 36 at the upper layers.

2. The reconnection of field lines generalizes to reconnection of magnetic flux tubes. The large
inertia of ions in reconnection process from solar wind flux tube can induce their leakage and
subsequent transfer to the upper magnetic flux tube in reconnection process. This would
accumulate negative charge to the lower and positive charge to the upper U shaped flux
tube.
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3. The rapid straightening of the lower U shaped flux tube behaving like rubber band provides
the mechanism of acceleration and brings ions of solar wind to the ionosphere where the
collision with the flux tubes of inner magnetosphere induces the collision of electrons and ions
and generates auroras. The liberation of cyclotron energy of electrons in cyclotron transitions
of Bose-Einstein condensate of Cooper pairs of electrons and protons, and possibly even of
exotic OT ions makes possible ionization and electronic excitations of ions involved.

1. Could em currents flow along magnetic flux quanta of solar and Earth’s magnetic field as
supra currents?

The question is under what conditions the statement that charged particles move along the
flux lines of Earth’s magnetic field without appreciable dissipation translates in TGD framework
to supra currents flowing along the flux tubes of Earth’s magnetic field.

1. Consider first the flux tubes of solar wind. The solar wind is made of Hydrogen (95 and
Helium (4 and Carbon, Nitrogen, Oxygen, Neon, Magnesium, Silicon and Iron (~ 1. The
temperature is T ~ 15 eV. The magnetic field has strength ~ 10 nT. Both proton and
electron Cooper pairs cyclotron energies a would be above thermal energy at kq(p, min) > 56
levels of dark matter hierarchy.

2. Consider next flux tubes in magnetotail. In magnetotail the field strength of Earth’s magnetic
field is around 30 nT in the lobes of the inner magnetosphere at the night side of Earth and
temperature is around .5 eV (metabolic energy quantum again). This gives kq(p, min) = 50
to be compared with kq(p, min) > 56 for solar wind meaning that the reconnection process
involves a phase transition changing the value of Planck constant.

3. An interesting question is whether Bose-Einstein condensates of exotic O ions could be
present near polar regions where field is stronger. What is known that cyclotron resonance
frequencies of O" and H™ ions appear in the frequency spectrum of electric fields in the
aurora regions [F3] . This however requires only k; > 53 since magnetic field is much
stronger and near to By = .5 Gauss. What is interesting and perhaps of significance is that
O™ exotic ion would be the heaviest possible ion forming Bose-Einstein condensates and also
the dominating one besides proton.

2. Radii of flur quanta

The gyroradius pr/ZeB, where pr is momentum transversal to B, of proton resp. electron
of solar wind in the magnetotail is known to be about 700 km resp. 20 km whereas the radii of
the magnetic flux tubes would be in the range in 10-100 micrometers for ordinary value of 4 and
minimal magnetic flux. One must of course notice that currents at the boundaries of flux quanta
allow to have arbitrary radii of flux quanta and this is the only sensible option in biomatter. One
can consider several scaling laws for the the radius of the flux tube.

p-Adic length scale hypothesis suggests that scaling law could be R « +/r, r = h/hg. Also
the radii of cyclotron orbits scale as y/rn/eB, where n labels the cyclotron states. For Bepq
and for r = 1 the minimum radius would be about 5 pym. If the flux quantization in standard
form is satisfied for Be,q with kq(p, min) = 36, the radius is about 1 m. For solar wind with
kq(p,min) = 56 and B = 10 nT this would give minimal radius of about 5 km. For tail with
B = 30 nT and kq(p, min) = 50 this would give 23 km which is slightly larger than electron’s
gyroradius. The value of gyroradius gives a condition on n if one assumes that the situation is
semiclassical. For proton would have n ~ 926 in tail.

The gyroradii of ions are smaller than the radii of flux tubes if one assumes standard flux
quantization. If the radii of flux tubes are comparable than gyroradii, the ions can leak out from
solar flux tube in the reconnection process. This would be essential for how the negatively and
positively charged regions are generated in the reconnection process.

8. Reconnection mechanism

In TGD framework one can understand how reconnection can occur. The helical structure
of the flux tubes implies that they can be in transversal direction to the average magnetic field
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and this means that flux tubes can meet each other in U-shaped manner. Thus the process of
reconnection would be a genuine quantal and topological transition for which the flux quantization
would be essential.

It seems natural to expect that the location of the reconnection region is determined from the
requirement that the flux tubes of solar wind and Earth’s magnetic field have same thickness so
that also local magnetic fields have the same strength from flux quantization. In Maxwell’s theory
this corresponds to the fact that the two magnetic fields sum up to zero. The reconnection process
should be also energetically favored.

4. Acceleration mechanism

One can regard Earth’s magnetic field as a collection of magnetic flux tubes containing matter
and analogous to rubber strings. For instance, the rotation of the magnetic flux tubes could be
essential prerequisite for the stability of curved flux tubes. Also the idea about catapult action
meaning that the reconnected U shaped magnetic flux tube in East-West plane, briefly N, rapidly
straightens and becomes a flux tube in ionosphere and collides with flux tubes of ionosphere looks
natural. k; > 56 — k4 > 50 phase transition would naturally accompany this process.

The collision of flux tubes would in turn induce the collision of ions and electrons inside them
and generate auroras. For k; = 56 at solar wind flux tubes the high energy scale E. = 15 keV
of the cyclotron energy states of electrons would induce ionization of atoms in the magnetic flux
tubes and induce generation of visible light in atomic transitions of ions and also generation of
X rays and perhaps even gamma rays. Even when the phase transition to kg > 50 state occurs
inside ionosphere, the cyclotron energy scale is 1.44 eV, which is in infrared. Here one must of
course be careful to notice that this energy is just the minimum energy. One can think that the
charged particles of solar wind end to large n cyclotron states at magnetotail and end up to lower
energy states by emission of cyclotron radiation. Analogous collision of flux tubes could explain
generation of X and gamma rays associated with lightnings.

5. Formation of return current and generation of strong voltage between reconnection region
and aurora region

This picture allows also to understand why a return current from aurora region to U is formed
and what might cause the strong voltage of about 10* Volts between the top of N and ionosphere.

The formation of the return current of electrons suggests the presence of closed electric field
lines so that electric field would not be conservative. These closed field lines would correspond to
closed structures formed from magnetic flux tubes carrying electric field. This means that there
must be time varying magnetic flux through the surface , call it X2, orthogonal to Earth’s surface
and extending from the aurora region in ionosphere to U. This is the case if the highly curve N
contracts (recall the rubber band analogy) to a relatively straight flux tube inside ionosphere in
magnetic East-West direction. The change of the magnetic flux through X2 would be the magnetic
flux carried by this flux tube. Of course, several flux tubes might be involved.

The generalization of the flux quantization condition to time domain reads as

T
26/ VdTl = nrhy
0

where T is the time during which flux tube traverses the boundary of ionosphere. The condition
follows from Faraday’s induction law and magnetic flux quantization, and relates the change of
flux to the time and non-conservative voltage around flux loop. If n refers to the flux of single flux
tube of Earth’s magnetic field in which case it would have radius R,, = /n x 23 km, n > 1 by the
requirement that electron gyroradius is smaller than R,,.

This condition allows to estimate the value of T using the estimate V = 10* V [F2] for the
voltage between recombination region and auroral region. For Bi,; and ky = 56 this gives T =
n x 49 s for the time during which the flux tube traverses the boundary of the ionosphere. In [F5]
200 s time scale is associated with the straightening process on basis of experimental data so that
n = 4 suggests itself. This would support the idea about quantal process. Th